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FOREWORD 

The Fourth International Conference on the Peaceful Uses of Atomic 
Energy, held at Geneva from 6 to 16 September 1971 under the Presidency 
of Glenn T. Seaberg, was jointly sponsored by the United Nations and the 
International Atomic Energy Agency. The conference sessions were held 
at the Palais des Nations. During the same period a Governmental Scientific 
Exhibition on the theme ''Atoms for Development'' was displayed at the Palais 
des Expositions in Geneva. 

The Proceedings are published in 15 main volumes, fourteen of which 
contain all the 514 papers presented at the conference. The papers are 
printed in English, French, Russian or Spanish, and the abstracts in all 
four languages; the discussions are in English. The fifteenth volume con
tains a Subject Index, an Author Index (including discussion contributors), 
a Paper Number Index, a complete Contents List of all volumes, and a List 
of Delegations. There are three supplementary volumes containing the dis
cussions in French, Russian and Spanish respectively. 

The conference, which attracted more than four thousand participants, 
observers and journalists, was planned to interest not only scientists and 
technologists but also public officials, economists and planners. It thus 
had a somewhat broader scope than the conferences of 1955, 1958 and 1964. 
The main topics were grouped under the following six headings: nuclear 
power; nuclear fuels and materials; health, safety and legal aspects; iso
topes and irradiation; international and administrative aspects; and selec
ted subjects of particular interest to developing countries. 

The fourth Geneva Conference proved again to be an exceptional forum 
enabling those working throughout the world on the peaceful application of 
atomic energy to exchange the latest information on the discoveries, projects 
and problems of both developed and developing nations. 
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OPENING OF THE CONFERENCE 



MESSAGE DE BIENVENUE 
du President de la Confederation helvetique, 
M. Rudolf Gnagi 

C'est un grand honneur et un r~el plaisir pour moi d 1assister a 
l' ouverture de la quatrieme Conf~rence internationale sur l' utilisation 
de l'energie atomique a des fins paciflques. 

Les autorit~s fed~rales de meme que les autorit~s cantonales 
genevoises sont heureuses de constater qu'une fois de plus, apres les 
conferences de 1955, 1958 et 1964, Geneve a et~ chois1e pour lieu de 
cette rencontre. Si la ra1son principale de ce choix devait etre que 
!'atmosphere genevoise se prete particulierement bien a une reunion 
«a des fins paciflques », je ne pourrais qu' exprimer 1ci rna gratitude 
pour le certificat ainsi delivre a Geneve eta la Suisse. Je ne pms 
qu'esperer que toutes les conferences qui se tiendront ici viseront 
toujours, de la meme maniere, des objectifs paclfiques et humanitaires. 
La Suisse et Geneve n'ont pas de voeu plus cher. 

Les trois r~unions pr~cedentes ont montre a l'ev1dence que de 
telles mamfestations donnent 11 occaswn aux nombreux hommes de science 
qui y prennent part de proceder tout a la folS a de fructueux ~changes 
d 1informations nouvelles et de pr~senter des travaux sur les progres 
r~alis~s dans les applicatwns pratiques de l'~nerg1e nucleaire. Ces 
conf~rences permettent de faire le bilan, au niveau international, des 
progres accomplis dans le domaine de l'energie nucl~aire et d'en d~ter
miner 11 importance pour 11 avenir de l'humanit~. 

Si notre monde connaft une progression demograph1que constante, 
les exigences de tout un chacun s'accroissent egalement. Les besoins 
toujours plus imperieux de denrees alimenta1res, de produits industriels 
et de services ne peuvent etre satisfaits qu'avec l'aide de la science et 
de la technique. Il est tout particulierement evident que les objectifs 
universels ne peuvent etre atteints que si la production d' energle 
s'accroft rapidement. Si d~ja l'on prevoit que la productwn d'electricit~ 
devra doubler au cours des 10 a 15 prochaines annees pour couvrir la 
consommation des pays fortement industrialises, le taux de croissance 
de cette production devra etre encore beaucoup plus ~lev~ dans les pays 
en voie de developpement. Pareille evolution ne pourrait etre maftrisee 
si l'on ne disposait pas de l'energie nucleaire. Il est particulierement 
rejouissant de constater que les problemes difficiles qui se posalent au 
d~but dans la technique nucleaire ont pu etre resolus en relativement 
peu de temps. Cette technique est done prete aujourd'hui deja a contri
buer, pour une large part, a couvrir les nouveaux besoins considerables 
en energie auxquels on doit s'attendre. 

Maints ph~nomenes observ~s au cours des dernieres annees ont 
cependant montr~ que nous ne devons pas consid~rer uniquement la 
cro1ssance. La plupart des nouvelles r~alisations techniques n'ont pas 
que des bons c~t~s. Il n'est que de considerer la pollutwn croissante 
de notre environnement qui menace directement les plantes et les ani
maux, sans parler des atteintes a notre sant~. Tout cela suscite de 
vives inquietudes dans de larges milieux de la population. Et l'on se 
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demande en maints endroits si le progres technique ne conduit pas <1 
des dommages irr~versibles d 1une ampleur telle qu 1ils ne sauraient 
~tre compenses par les avantages que peut offrir ce progres. C 1est 
pourquoi la science et la techmque sont de plus en plus consider~es 
avec un certain scepticisme. Ce faisant, l'on oubhe cependant souvent 
que sans elles nous ne pourrions faire face <1 nos problemes. Il importe 
pourtant que nous fassions preuve de plus de prevoyance que par le 
passe et que tout soit entrepris, smon pour emp~cher, du moins pour 
limiter les effets prejudiciables. Cette maniere de voir n'est d'ailleurs 
pas nouvelle pour les spec1alistes de la technique nucleaire. Il me 
parait en effet remarquable que l'on ait exig~ des le debut dans les 
centrales nucleaires, par le moyen de dispositions legales, un degr~ 
~lev~ de s~curit~ et que l'on ait entrepris des etudes approfondies sur 
les effets de la radioactivite. A ce point de vue, le developpement de 
l'~nergie nucleaire peut servir d 1exemple <1 maintes autres techniques. 
Ces efforts visant <1 determiner par avance les effets d'un nouveau pro
duit doivent s'~tendre dans la mesure du possible <1 tous les d~veloppe
ments et proc~des techniques. Mais il importe qu 1ils soient egalement 
poursuivis tout particulierement dans le domaine de 11 energie nucleaire, 
au rythme des progres r~ahses. Les autorit~s responsables doivent <1 
cet effet pouvoir compter sur l'aide compr~hensive des meilleurs 
sp~cialistes. Il est de ce fait extr~mement important que les chercheurs 
ne se limitent pas <1 obtenir des r~sultats int~ressants du pomt de vue 
scientiflque. Il leur appartient ~galement d'analyser les applications 
pratiques de ces resultats et d' ~tudier les amelwrations permettant 
d' evlter les dommages. 

Dans cet ordre d' idee, il me para it en outre necessaire que le 
scientifique se tourne de temps <1 autre vers le grand public pour l'in
former, et pour le rassurer serais-je tent~ de dire. L'utilisation de 
l' ~nergie atomique <1 des fins pacifiques et particulierement la construc
tion de centrales nucleaires pour la productwn d'electricite font souvent 
l'objet de contestations. Il importe done de fournir <1 l'opimon publique 
les informatwns obJectives dont elle a besoin. Il est hautement souhai
table que 11 examen des questions relatives <1 une bonne information du 
public permette de degager une conception g~nerale, utile <1 toutes les 
nations int~ressees. 

La technique nucleaire ne saurait demeurer stationnaire devant 
les succes remarquables obtenus de nos jours. Au prix d 1efforts consi
d~rables, l'industrie, fortement appuyee par des centres de recherche 
gouvernementaux, est parvenue <1 mettre sur le march~ des centrales 
nucleaires economiquement rentables et concurrentielles qui ont d~j<\ 
fait leurs preuves. Tous ceux qui ont contribue <1 ces r~alisations 
meritent notre pleine reconnaissance. Les pr~occupations que suscitent 
notre environnement comme aussi le sort des g~nerations futures ne 
nous autorisent pas <1 nous reposer sur nos lauriers. Les hommes de 
science sont bien plut~t invit~s de fa~on pressante <1 perfectionner la 
technique nucleaire de telle sorte que ses applications puissent ~tre 
~tendues et que ses effets sur l'entourage soient encore r~duits. Nous 
pensons plus particuherement ici <1 la diminution des exigences de telles 
installations en ce qui concerne les eaux de refroidissement ainsi qu' <1 
l'utilisation de l 1€mergie nucH"aire pour d'autres besoins ~nerg~tiques, 
tels le chauffage, par exemple. La technique nucleaire r~duit notablement 
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Mr. Nello Cello, Vice-PreSident of the Swiss Confederation, delivering the Message of Welcome from the 
President of the Swiss Confederatwn, Mr. Rudolf Gnag1. Behmd him, at the presidmg table, from left to 
right: Mr. Philippe de Seynes, UN Under-Secretary-General for Economic and Social Affairs, who pre
sented the Message from U Thant, UN Secretary -General; Mr. Vittono Wmspeare Guicciardi, UN Under
Secretary-General and Duector-General of the UN Office at Geneva, representmg the UN Secretary-General; 
Mr. Glenn T. Seaborg, President of the Conference; and Mr. Sigvard Eklund, Duector General of the 
International Atomic Energy Agency. 

la mise a contribution de l'air et de 11 eau pour la production d' €mergie 
comparativement aux autres methodes utilisees JUsqu'lci. L'importance 
de l'air pur et de l'eau propre pour la sante des hommes, des animaux 
et des plantes nous obhge done a dlriger resolument nos efforts dans 
cette voie, m~me si cela doit nous coOter quelque chose. 

Des travaux de developpement 1mportants devront cependant encore 
~tre effectues pour tirer pleinement profit de ces possibihtes. Une 
meilleure utilisation des combustibles nuclea1res, dont la quanhte 
dispomble sur notre planete est limitee, sera par ailleurs necessaire 
a long terme. Les efforts considerables requis pour atteindre cet 
objectif seront rendus plus aises si l 1on recherche, dans toute la mesure 
du possible, une collaboration mternationale permettant d' eviter des 
duplications inutilement coO.teuses. c• est precisement a cet egard 
que la conference devrait, nous le souhaitons, donner l'occaswn de 
prendre de nouvelles mitiatives. 

La Suisse, qm est un petit pays, ne peut naturellement apporter 
qu'une contribution modeste. Nous sommes cependant fiers de posseder 
dans notre pays des centrales nucleaires operant sur une base commer
ciale et d 1avoir une industrie qui fournit deja toutes sortes de compo
sants de reacteurs aussi bien en Suisse qu' a l' etranger. Nous recon
naissons que nous devons ces realisatwns aux contacts nombreux et 
fructueux que nous avons pu etablir, en partie gr~ce aux premieres 
Conferences de Geneve, avec les pays qui etaient a l'avant-garde de la 
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technique nucH~aire. Nous fondant sur les expenences acquises au 
cours des dernieres annees, nous pensons qu'il nous est possible de 
fournir une contribution interessante ala mise en valeur de 11 energie 
nucleaire dans certains domaines selectifs de la recherche, et des 
realisations industrielles; cette contribution ne sera cependant pleine
ment valable que si elle s'integre dans le cadre d'une collaboration 
internationale. Nous esperons pour cette raison que l'un des resultats 
de cette conference sera de renforcer et de multiplier les rapports, au 
plan mternational, entre speciahstes de la techmque nucleaire, et de 
contribuer ainsi a maftriser quelques-uns des nombreux grands pro
blemes qui se posent pour que 11 humanite tout entiere soit delivree de la 
faim et des privations. 

La Suisse poursuit traditionnellement des buts pacifiques et 
humanitaires. Nous sommes done parhculierement sensibles aux ob
jectifs fixes par !'Organisation des Nations Unies pour la quatrieme 
conference de Geneve, objectifs qui trouvent leur expression dans le 
titre de cette Conference, «A vantages pour l'humanite des utilisations 
de 11 energie atomique», et dans celui de l 1Exposition scientifique 
gouvernementale, «Les atomes au service du developpement». 

Le fait que ces rencontres soient presidees par une personnalite 
scientifique aussi eminente que le Professeur Seaborg, le fait que les 
chefs des autontes responsables des questions d'energie atomique, 
ceux de 11 economie electrique et de l'industrie ainsi que de nombreux 
scientifiques et ingenieurs de premier plan et appartenant a tant de 
nations soient presents ici, garantissent que la quatrieme Conference 
constituera, comme les precedentes, 11 un des evenements les plus 
importants dans l'histoire du developpement de 11 energie nucleaire. 

Au nom du Conseil federal, je souhaite la bienvenue aux organi
sateurs de la Conference et a ses participants. A vous, Messieurs les 
experts, je souhaite de glaner, dans des dialogues fructueux, des in
formations utiles, mais aussi une connaissance accrue de vos Inter
locuteurs, base d 1une meilleure comprehension et par la m~me, d'une 
entente plus profonde entre nations. Je vous transmets le salut du 
peuple suisse et le voeu des autorites federales que la quatrh~me Confe
rence de Geneve sur l'utilisation de l'energie atomique a des fins 
paciflques puisse apporter une precieuse et significative contribution 
au developpement du bien- Nre de to us les peuples. 

Translations into English, Russian and Spanish follow. 
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Vww of the Assembly Hall at the Opernng of the Conference. 

MESSAGE OF WELCOME 
from the President of the Swiss Confederation, 
Rudolf Gnagi 

It is a great honour and genuine pleasure for me to attend the 
opening of the Fourth International Conference on the Peaceful Uses of 
Atomic Energy. 

The Federal authorities, as well as those of the Canton of Geneva, 
are happy to note that, following the 1955, 1958 and 1964 Conferences, 
Geneva has once again been chosen as the venue for the gathering. 
Should the guiding motive for the choice be that the atmosphere of Geneva 
is particularly conducive to a meeting "for peaceful purposes", then I 
must express here my gratitude for the high commendation that Geneva 
and Switzerland have thereby been accorded, I can only hope that all 
the conferences held here in future will likewise be directed to peaceful 
and humanitarian ends, Switzerland and Geneva have no wish more 
cherished than that, 

7 
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The three previous conferences have shown that such occasions 
afford the many men of science attending them an opportunity for a 
fruitful exchange of new information and also for reporting on the head
way made in the practical application of nuclear energy. Such conferences 
enable us to sum up, on an international plane, the progress made in the 
nuclear energy field and to assess its significance for the future of 
mankind. 

Our world is witness to a constant increase in population, with a 
similar increase in the needs of each and every individual. The ever
more pressing demand for food, industrial output and services can only 
be met with the aid of science and technology. It is perfectly clear that 
universal aims cannot be attained unless the production of power is 
rapidly increased. While it can already be foreseen that electrical 
power production will have to be doubled within the next 10 or 15 years 
if it is to meet the consumption requirements of highly industrialized 
countries, in the developing countries the growth-rate of power generation 
will have to be very much higher. A progression of this kind cannot be 
achieved unless nuclear power is made available. It is especially 
heartening to see that the difficult problems that arose at the outset in 
nuclear technology have been overcome within a relatively short time. 
Thus, today, nuclear technology is in a position to make a substantial 
contribution to meeting the new and considerable energy requirements 
that can be anticipated. 

Many of the developments observed during the last few years, 
however, have shown us that it is not only growth that we must consider. 
Most new technical achievements are not without their drawbacks. In 
this connection one need think only of the increasing pollution of our 
environment, which constitutes a direct threat to vegetable and animal 
life, not to mention its deleterious effect on our health. All this is 
giving rise to growing concern on the part of the general public, and in 
many places people are wondering whether technical progress is not 
leading to irreversible damage on a scale where it can no longer be 
offset by the gains that such progress has to offer. That is the reason 
why science and technology are more and more being viewed with a 
certain degree of scepticism. But, in so doing, people often forget 
that without them we would not be able to cope with our problems. It 
is important, however, for us to manifest more foresight than we have 
done in the past and that every step be taken to limit harmful effects, if 
not to prevent them altogether. This point of view, moreover, is not a 
new one for nuclear technologists. I think it indeed worthy of note that 
at nuclear power stations there has been insistence from the very 
beginning, through the enactment of statutory provisions, on a high degree 
of safety and that detailed studies on the effects of radioactivity have 
been undertaken. Seen in this light, the development of nuclear energy 
can serve as an example to many other branches of technology. Efforts 
to predetermine the effects of a new product should. as far as possible, 
cover all new technical developments and processes. It is important 
to pursue such efforts, especially those in the field of nuclear energy, 
at the same pace as the progress achieved. The responsible authorities 
should be able to count on the unstinted assistance of the most qualified 
experts. It is therefore vital for research workers not to limit them
selves to aiming at results that are interesting from the theoretical 
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point of view. They should also analyse the practical application of 
their findings and study improvements by which harmful effects can be 
avoided. 
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Furthermore, it seems to me essential in this respect that scientists 
should now and then turn their attention to the public at large in order to 
keep it informed and, I am tempted to say, to offer reassurance. The 
peaceful use of atomic energy, especially the construction of nuclear 
stations for generating electricity, is often a subject of controversy. 
The public should accordingly be provided with all the unbiased data 
that it requires. It is highly desirable that the search for effective 
methods of informing the public should lead to an overall conception of 
the problem, of use to all the mterested countnes. 

Nuclear technology cannot stand still in the face of the remarkable 
success which it has achieved so far. At the cost of considerable effort, 
and with the strong support of governmental research centres, industry 
has been able to market economically viable and competitive nuclear 
power stations that have already proved their worth. All those who have 
made contributions to these attainments deserve our full recognition. 
However, concern regarding our environment and the fate of future 
generations prevents us from resting on our laurels. Rather, men of 
science are urged to improve nuclear technology in such a way that its 
range of applications can be broadened and its effects on the environ
ment reduced still more. We are thinking more particularly of the 
reduction of the cooling-water requirements of nuclear stations and 
the use of nuclear energy to satisfy other power needs, such as heating. 
In comparison with the other methods that have been employed so far, 
nuclear technology appreciably diminishes the calls on air and water for 
power generation. Hence, the importance of clean air and pure water 
for the health of human, animal and plant life compels us to channel 
our efforts in this direction even if it involves some expense. 

There still remains, however, a considerable amount of develop
ment work to be done if we are to exploit these possibilities to the full. 
Better utilization of nuclear fuels -the quantity of which available on 
our planet is limited- will likewise be necessary in the long run. The 
considerable effort required to attain this goal will be eased if we 
strive to the maximum extent for a level of international collaboration 
that will enable us to avoid unnecessary and costly duplication. It is 
just in this respect, we trust, that the Conference will provide an 
opportunity for fresh initiative. 

Being a small country, Switzerland cannot, of course, make more 
than a modest contribution. We are nevertheless proud that in our 
country we have nuclear power stations operating on a commercial basis 
and an industry that already supplies all sorts of reactor components 
both at home and abroad. We realize that we owe these achievements 
to the many fruitful contacts that we have been able to establish, partly 
through the earlier Geneva Conferences, with the countries that are in 
the forefront of nuclear technology. On the basis of the experience 
gained in the course of the last few years, we feel ourselves in a position 
to make a worthwhile contribution to the development of nuclear energy 
in certain selected research areas, and in connection with certain in
dustrial projects; this contribution, however, will only be of full value 
if it is made within the framework of international collaboration. We 
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therefore hope that among the results of this Conference there will be a 
strengthening and expansion, on an international plane, of contacts 
between nuclear experts, and hence a contribution to surmounting some 
of the many serious problems that the whole of mankind faces if it is to 
be free from hunger and want. 

Switzerland has traditionally pursued peaceful and humanitarian 
aims. We are therefore especially responsive to the goals set by the 
United Nations for the Fourth Geneva Conference as formulated in the 
Conference theme "Benefits for mankind from the peaceful uses of 
atomic energy" and the theme of the Governmental Scientific Exhibition 
"Atoms for development". 

The fact that these meetings are presided over by as illustrious 
a scientist as Professor Seaborg, and likewise the fact that the key 
figures of institutions concerned with atomic energy, electrical power 
generation and industrial affairs, as well as many leading scientists and 
engineers from many countries, are present here is a guarantee that 
the Fourth Conference, like its predecessors, will be a landmark in 
the history of nuclear energy. 

On behalf of the Federal Council I extend a welcome to the organ
izers of the Conference and to its participants. I trust that the experts 
present will glean useful information through their fruitful discussions 
and that they will also come to know their fellow participants more 
closely, since this is the basis for a better understanding and, as a 
result, a closer bond between the nations. May I convey to you the 
greetings of the Swiss people and give expression to the hope of the 
Federal Authorities that the Fourth International Conference on the 
Peaceful Uses of Atomic Energy may make a valuable and significant 
contribution to the welfare of all peoples. 

ITPMBETCTBEHHOE ITOCJIAHME 
Ilpe3H,ZJ;eHTa lllBeiiuapcKoii KoH<f>e,D;epauHH 
Py,ZJ;oJib<f>a rHErM 

,llJHI MeHll 60Jiblllall 'leCTb H HCTHHHOe y.UOBOJibCTBHe ITpHcyTCTBOBaTb Ha 
OTKpb!THH lJeTBepTOH MeJK,nyHapO,UHOH KOH<i>epeHLIHH ITO HCITOJlb30BaHHIO aTOM
HOH 3HeprHH B MHpHblX LleJiliX . 

.Pe,nepaJibHble BJiaCTH, TaK JKe KaK H pyKOBO,UCTBO KaHTOHa )!(eHeBbi, C 
y,noBJieTBOpeHHeM KOHCTaTHpyiOT, 'ITO ITOCJie KoH<PepeHLIHH 1955, 1958 H 
1964 ro,UOB )!(eHeBa CHOBa Bb!6paHa MeCTOM ,!(Jill ,naHHOH BCTpe'!H. ECJIH on
pe,neJiliiOIIIHM MOTHBOM 3TOrO Bbi6opa liBHJIOCb TO, 'ITO aTMOC<Pepa )!(eHeBbl 
liBJilleTCll OC06eHHO 6JiaronpHliTHOH ,!(Jill npOBe,neHHll COBelllaHHll 11 B MHpHb!X 
l.leJlliX 11

, TO ll ,!(OJIJKeH Bblpa3HTb CBOIO npH3HaTeJibHOCTb 3a TaKyro BblCOKyro aT
TeCTal.IHIO )!(eHeBbl H illBeil:l.lapHH. 5I Mary JIHIIIb Ha,UeliTbCll Ha TO, 'ITO BCe 
KOH<PepeHLIHH, KOTOpb!e 6y,nyT npOXO,UHTb 3,UeCb B 6y,ny111eM, TaKJKe 6y,nyT 
Bcer,na HanpaBJieHbi Ha ocyllleCTBJieHHe MHpHbiX H ryMaHHbiX ueneil:. illBeil:
l.laPHll H )!(eHeBa He HMeJIH KaKoro-nu6o ,npyroro HaMepeHHll. 

TpH npe,nllleCTBYIOIIIHe KOH<i>epeHI.IHH CO BCeil: O'leBH,UHOCTblO ITOKa3aJIH, 
'ITO TaKHe BCTpe'IH ,UaiOT B03MOJKHOCTb MHOrHM yqeHbiM-y'!aCTHHKaM O,UHO-
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BpeMeHHO OCyll1eCTBJHITb nnO,!IOTBOpHbiH o6MeH HOBeifmeif HH1>0pMai..IHeif H 

npe,!ICTaBn.I!Tb ,!IOKna,llbl 06 ycnexax, ,!IOCTHrHyTbiX B o6naCTH npaKTHl.JeCKOrO 

npHMeHeHH.H .H,llepHOH 3HeprHH. TaKHe KOH1>epeH1..1HH no3Bon.HIOT no,!IBeCTH Ha 

MeJK,llyHapO,!IHOM ypOBHe HTOr ycnexaM, ,!IOCTHrHyTb!M B o6naCTH .si,llepHOH 3Hep

rHH1 H onpe,11enHTb HX 3Hal.JeHHe ,lln.H 6y.lly111ero qenoBel.JeCTBa. 

Ham MHp .I!Bn.HeTC.II CBH,lleTeneM Henpepb!BHOrO pOCTa HaceneHH.II 1 yBenH

l.JHBaiOTC.II TaKJKe noTpe6HOCTH KaJK,!IOrO l.JenoBeKa B OT,llenbHOCTH. 0cTpa.H 

noTpe6HOCTb B npO,llyKTaX nHTaHH.II H npOMbimneHHb!X H3,llenH.IIX MOJKeT 6b!Tb 

Y.liOBneTBopeHa TOnbKO c noMOII1biO HayKH H TexHHKH. CoBepmeHHO ol.JeBH.liHO, 

'ITO 06111He 1..1enH MOryT 6b!Tb ,!IOCTHrHyTDI TOnbKO npH 6b!CTpOM pOCTe npOH3-

BO,!ICTBa 3HeprHH. ll ecnH B Bb!COKOpa3BHTb!X B npOMbimneHHOM OTHOilleHHH 

CTpaHaX npe,llyCMaTpHBaeTC.II yBenH'IHTb npOH3BO,!ICTBO 3neKTp03HeprHH B,!IBOe 

B Tel.JeHHe 6nHJKaHillHX 10-15 neT, TO B pa3BHBai0111HXC.II CTpaHaX TeMnbi pOCTa 

npoH3BO.llCTBa 3HeprHH ,!IOnJKHDI 6niTb e111e 6onee BbiCOKHMH. TaKoii poeT He 

B03MOJKeH 6e3 Hcnonb30BaHH.II .H,llepHoii 3HeprHH. Tio3TOMY oco6eHHO npH.HT

HO OTMeTHTb 1 'ITO Te Tpy,!IHb!e npo6JieMbl 1 KOTOpb!e B03HHKanH BHa'lane B o6-

naCTH .H.llepHoii TexHHKH, pemeHbi 3a cpaBHHTenbHO KopoTKoe BpeM.H. YJKe 

cero,!IH.H .H,llepHa.H TeXHHKa cnoco6Ha B 3Hal.JHTenbHOH cTeneHH Y.liOBneTBOp.HTb 

pacTyll1He noTpe6HOCTH B 3HeprHH. 

0,liHaKO MHOrHe .11BneHH.II 1 Ha6n!O,llaeMbie B Tel.JeHHe nocne,!IHHX neT, noKa-

3biBaiOT 1 'ITO Mbl ,!IOnJKHbl y.nen.HTb BHHMaHHe He TOnbKO yBenH'IeHHIO npOH3-

BO,liCTBa 3HeprHH. EonbillHHCTBO HOBb!X TeXHHl.JeCKHX ,!IOCTHJKeHHH ,llaiOT He 

TOnbKO O,!IHH npeHMyll1eCTBa. .UocTaTOl.JHO yKa3aTb Ha yBenH'IHBaiOII1eec.H 3a

rp.113HeHHe oKpyJKaiOII1eii Hac cpe,llbi, KOTopoe npe,llcTaBn.HeT np.HMYIO yrpo3y 

pacTHTenbHOMY H JKHBOTHOMY MHPY, He roBop.H yJKe o6 y111ep6e HameMy 3,llo

pOBbiO. Bee 3TO Bbi3biBaeT pacTy111ee 6ecnoKoiicTBO B mHpOKHX cno.s~x Hace

neHH.H. MHOrHe 3a,lla!OT ce6e BOnpoc, He HaHeCyT nH TeXHHl.JeCKHe ,!IOCTHJKe

HH.II TaKOH HeBocnonHHMb!H y111ep6, KOTOpb!H He CMOJKeT 6b!Tb KOMneHCHpO

BaH BI>Iro,llaMH, nonyqaeMbiMH B pe3ynbTaTe 3Toro nporpecca. Tio3TOMY yc

nexH HayKH H TeXHHKH BOcnpHHHMaiOTC.II C onpe,lleneHHb!M CKenTHI..IH3MOM. 

0,!1HaKO npH 3TOM '!aCTO 3a6b!BaiOT 0 TOM 1 'ITO 6e3 HayKH H TeXHHKH Mbl He 

CMOJKeM pemHTb HamH npo6neMbl. TI03TOMY HaM BaJKHO npO.I!Bn.I!Tb 6onbillYIO 

l.JeM B npomnOM npOHHI..IaTenbHOCTb H HanpaBn.I!Tb BCe ycHnH.H Ha T0 1 l.JT06b! 1 

ecnH He npe,!IOTBpaTHTb, TO, no KpaiiHeii Mepe, orpaHH'IHTb Bpe,!IHbie nocne,li

CTBH.H. 3Ta TO'!Ka 3peHH.II He .I!Bn.HeTC.II HOBOH ,lln.ll cnei..IHanHCTOB B o6naCTH 

.H,llepHOH TeXHHKH. 5I Cl.JHTaiO He06XO,!IHMb!M OTMeTHTb 1 'ITO Ha aTOMHb!X 3neK

TpOCTaH1..1H.IIX C CaMOrO Hal.Jana 3KCnnyaTai..IHH Tpe6yeTC.II Bb!COKa.H CTeneHb 

6e3onacHOCTH 1 Ha OCHOBe Cyll1eCTBYIOII1HX npaBOBb!X HOpM 1 H npOBO,li.IITC.II 

rny6oKHe HCCne,!IOBaHH.II npo6neM B03,lleHCTBH.II pa,!IHOaKTHBHOCTH Ha OKpyJKai0-

111YIO cpe,11y. B 3TOM nnaHe .H,llepHa.H 3HepreTHKa MOJKeT cnyJKHTb npHMepOM 

,11n.11 MHOrHX ,llpyrHX TeXHHl.JeCKHX OTpacneif. YcHnH.II 1 HanpaBneHHb!e Ha npe

,!IOnpe,lleneHHe B03,lleHCTBH.II HOBOrO BH,lla 3HeprHH1,!10nJKHbl 1 no B03MOJKHOCTH 1 

pacnpOCTpaH.I!TbC.II Ha BCe HOBbie TeXHHl.JeCKHe pa3pa60TKH H npOI..IeCCbl. 0co-

6eHHO BaJKH0 1 l.JT06bi TaKHe ycHnH.H npHnaranHCb B o6naCTH .H,llepHOH 3Hepre

THKH. .Un.H 3TOrO COOTBeTCTBYIOII1He opraHbl ,!IOnJKHbl HMeTb B03MOJKHOCTb 

nonaraTbC.II Ha BCeMepHyiO noMOII1b cne1..1HanHCTOB Bb!COKOH KBanH1>HKa1..1HH. 

B 3TOH CB.II3H oco6eHHO BaJKH0 1 l.JT06bi HCCne,!IOBaTenH He orpaHH'IHBanHCb no

nyl.JeHHeM pe3ynbTaTOB 1 npe,!ICTaBn.IIIOII1HX nHillb TeopeTHl.JeCKHH HHTepec. 0HH 

,!IOnJKHbl aHanH3HpOBaTb BOnpOCbl npaKTHl.JeCKOrO npHMeHeHH.II pe3ynbTaTOB 

HX HCCne,!IOBaHHH 1 a TaKJKe H3yl.JaTb B03MOJKHOCTH BHe,llpeHH.II ycOBepmeHCTBO

BaHHH1 KOTOpb!e n03BOn.IIT H36eJKaTb Bpe,!IHble B03,lleHCTBH.II Ha OKpyJKaiOII1YIO 

cpe.ny. 
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13onee Toro, MHe npe,n:cTaBJI.HeTC.H Heo6xo,n:HMbiM, 'iT06br yqeHbre BpeM.H 

OT BpeMeHH HH<f>OpMHpOBaJIH no 3TOMy BOnpocy II!HpOKHe CJIOH HaceJieHH.H 1 
no.n:roTaBJIHBa.H TeM caMbiM o6!1\eCTBeHHOe MHeHHe. HcnoJib30BaHHe aToM

HOM 3HeprHI1 B MHpHb!X '-leJI.HX 1 H OC06eHHO CTpOHTeJibCTBO aTOMHb!X CTaHI..IHH 

,liJI.H npOH3BO,liCTBa 3JieKTp03HeprHH 1 'iaCTO .HBJI.HeTC.H npe,n:MeTOM cnopa • TI 03-

TOMY BaJI<HO npe,n:OCTaBHTb 06!1\eCTBeHHOCTH 06'beKTHBHYIO HH<f>OpMai..IHI01 B KO

TOpOH OHa HyJK,n:aeTC.H. BeCbMa JKeJiaTeJibH0 1 'iT06b! H3y'ieHHe 3<f><f>eKTHBHb!X 

MeTO,liOB HH<f>OpMai..IHH 06!1\eCTBeHHOCTH n03BOJIHJIO 6bi Bblpa6oTaTb 06!1\yiO KOH

'-Ielll.IHI01 npHeMJieMyro ,liJI.H BCeX 3aHHTepeCOBaHHb!X CTpaH • 

.IJ:oCTHrHyTbie K HaCTO.Hll\eMy BpeMeHH nOHCTHHe Bbi,llaiO!l\HeC.H ycnexH .HB

JI.HIOTC.H rapaHTHeH TOrO 1 'iTO pa3BHTHe .H,n:epHOH TeXHOJIOrHH OCTaHOBHTb HeJib-

3.H. UeHoii orpoMHbiX ycHJIHH npOMbiiiiJieHHOCTb Hana.n:Hna, npH MO!l\HOH no.n:

.n:epJKKe rocy,n:apCTBeHHb!X Hay'iHO-HCCJie,liOBaTeJibCKHX '-leHTpOB 1 COOpylKeHHe 

KOMMepqecKHX aTOMHb!X 3JieKTpOCTaH1..1HH 1 3KOHOMH'ieCKH peHTa6eJibHb!X H 

KOHKypeHTOCTIOC06Hb!X. Bee 1 KTO co,n:eHCTBOBaJI 3TOMY ycnexy 1 3aCJIYlKHBa

IOT HaiiieH HCKpeHHeH npH3HaTeJibHOCTH. 0,n:HaKO 03a6o'ieHHOCTb 1 Bbl3biBae

Ma.H 3arp.H3HeHHeM OKpyJKaiO!l\eH HaC Cpe,n:bi 1 H 6ecnOKOHCTBO 3a cy,n:b6b! 6y,n:y

Il\HX noKoJieHHH He .n:aiOT HaM npaBa nO'iHTb Ha JiaBpax. Y'ieHbiM Ha,n:neJKHT 

HaCTOH'iHBO COBepiiieHCTBOBaTb .H,n:epHyro TeXHHKY B '-leJI.HX paCIIIHpeHH.H c<f>epb! 

ee npHMeHeHH.H 1 a TaKJKe B '-leJI.HX yMeHb!lleHH.H ee Bpe,liHOrO B03,lleHCTBH.H Ha 

OKpylKaiO!l\YIO cpe,n:y. B 'iaCTHOCTH, Mbl HMeeM B BH.LIY COKpall\eHHe TI0Tpe6ne

HH.H .H,llepHblMH CTaHI..IH.HMH BO,llbl ,liJI.H OXJiaJK,n:eHH.H 1 a TaKJKe HCnOJib30BaHHe 

.H,n:epHOH 3HeprHH ,liJI.H Y.LIOBJieTBOpeHH.H ,n:pyrHX 3HepreTH'ieCKHX HyJK,n: 1 TaKHX, 

KaK OTOTIJieHHe. Tio CpaBHeHHIO C ,n:pyrHMH MeTO,llaMH 1 HCnOJib3yeMb!MH ,liO 

CHX nop ,liJI.H npOH3BO,liCTBa 3HeprHH 1 .H,llepHa.H TeXHOJIOrH.H nopoJK,n:aeT 3Ha'iH

TeJibHO MeHb!lle npo6JieM 1 CB.H3aHHb!X C 3arp.H3HeHHeM B03,llyXa H BO,llbl. BaJK

HOCTb COXpaHeHH.H B 'iHCTOTe OKpylKaiO!l\eH cpe,n:bl ,liJI.H paCTHTeJibHOrO H JKH

BOTHOrO MHpa, a TaKJKe ,liJI.H 3,ll0p0Bb.H 'ieJIOBeKa, BCe 6onee B03pacTaeT; 

HMeHHO Ha 3TOM He06XO,liHMO COCpe,n:oTa'iHBaTb HaiiiH yCHJIH.H, ,n:aJKe eCJIH 3TO 

6y,n:eT CB.H3aHo c onpe.n:eneHHbiMH pacxo,n:aMH. 

KpoMe Toro, HYlKHO B TIOJIHOH Mepe HCTIOJib30BaTb yJKe HMeiO!l\HeC.H y HaC 

B03MOJKHOCTH. HaH60Jiee pai..IHOHaJibHOe HCTIOJib30BaHHe .H,n:epHoro TOTIJIHBa, 

KOJIH'ieCTBO KOTOporo Ha HaiiieH TIJiaHeTe orpaHH'ieH0 1 TaKJKe 6y,n:eT ,liOJirO OC

TaBaTbC.H HaCyll\HOH npo6JieMOH. YCHJIH.H 1 HanpaBJieHHbie Ha ,liOCTHJKeHHe 3TOH 

'-leJIH 1 6y,n:yT 6onee llJIO,liOTBOpHb!MH 1 eCJIH BCeMepHO pa3BHBaTb MeJK,n:yHapo,n:

HOe COTpy,n:HH'ieCTB0 1 KOTOpoe n03BOJIHT H36eJKaTb 6ecnoJie3HOrO H ,n:oporo

CTO.Hll\ero ,n:y6JIHpOBaHH.H. llMeHHO B 3TOM OTHO!IleHHH KoH<f>epeH'-IH.H ,liOJIJKHa, 

no HaiiieMy MHeHHI01 BC.H<JeCKH CO,lleHCTBOBaTb npO.HBJieHHIO Jiro60H HHHI..IHaTHBbl. 

IIIBeHI..IapH.H, 6y,n:y'iH He60JibliiOH CTpaHOH 1 MOJKeT BHeCTH, ecTeCTBeHH0 1 
JIH!Ilb CKpOMHb!H BKJia,n:. 0,n:HaKO Mbl rop,n:HMC.H TeM, 'iTO B HaiiieH CTpaHe 

HMeiOTC.H aTOMHb!e 3JieKTpOCTaH1..1HH 1 3KCnJiyaTHpyeMb!e Ha KOMMepqeCKOH OC

HOBe, a ee npoMbiiiiJieHHOCTb yJKe npoH3BO.LIHT pa3JIH'iHbie Y3Jibi peaKTopoB, 

KaK ,liJI.H y,n:oBJieTBOpeHH.H BHyTpeHHHX noTpe6HOCTeH IIIBeHI..IapHH 1 TaK H Ha 3KC

nopT. Mbl nOHHMaeM, 'iTO 06.H3aHbl HaiiiHMH ycnexaMH MHOrO'iHCJieHHb!M H 

nJIO,liOTBOpHb!M KOHTaKTaM, KOTOpb!e Mbl CMOrJIH ycTaHOBHTb 1 'iaCTH'iHO 6na
ro,n:ap.H npe,n:bl.LIY!l\HM )!(eHeBCKHM KOH<f>epeHI..IH.HM 1 CO CTpaHaMH 1 H.LIY!l\HMH B 

aBaHrap,n:e pa3BHTH.H .H,n:epHOH TeXHHKH. Ha OCHOBe Ollb!Ta, npH06peTeHHOrO 

3a TIOCJie,liHHe ro,n:b! 1 Mbl ,n:yMaeM, 'iTO CMOJKeM BHeCTH CBOH BKJia,n: B ,n:eJIO HC

llOJib30BaHH.H .H,n:epHOH 3HeprHH B HeKOTOpb!X KOHKpeTHb!X 06JiaCT.HX HCCJie,n:o

BaHHH. 0,n:HaKO 3TOT BKJia,n: 6y,n:eT HMeTb 3Ha'ieHHe JIH!Ilb B paMKaX MeJK,n:yHa

pO,liHOrO COTpy,n:HH'ieCTBa. TI03TOMy Mbl Ha,n:eeMC.H 1 'iTO O,liHHM H3 pe3yJibTa

TOB KoH<f>epeH'-IHH 6y,n:eT yKpenJieHHe H paCII!HpeHHe MeJK,n:yHapO,liHb!X CB.H3eH 
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MeJK.liY CTiel.IHaJIHCTaMH B 06JiaCTH H,!\epHOll TeXHHKH 1 a TaKJKe CO,!\eil:CTBHe pe
IIIeHHIO HeKOTOpblX BaJKHbiX npo6JieM 1 - KaK HanpHMep, Up06JieMbl H36aBJieHHS! 
Bcero tieJioBetiecTBa OT roJIO,!\a H JIHIIIeHHil: 0 

lliBeil:l.lapHH Tpa.!\Hl.IHOHHO npoBO.!\HT MHPHYIO H ryMaHHYIO nonHTHKY 0 IT os
TOMy HaM oco6eHHO 6JIH3KH 1.1eJIH 1 nocTaBJieHHbie OpraHH3al.IHeil: 06'be,!\HHeH
HbiX Hal.IHll nepe,!\ l.JeTBepTOll )i(eHeBCKOll KOHi!>epeHLIHeif If Haiiie,!\IIIHe CBOe 
OTpaJKeHHe B ee ,!\eBH3e - 11 MHpHOe HCTIOJib30BaHHe aTOMHOll 3HeprHH Ha 6na
ro '!eJIOBe'!eCTBa 11 

1 a TaKJKe B ,!\eBH3e HaytiHO-TeXHH'!eCKOll BblCTaBKH - 11 aTOM 
Ha CJiyJK6e nporpecca 11 

1 opraHH30BaHHOll npaBHTeJibCTBaMH CTpaH-y'!aCTHHl.lo 
ToT l!>aKT, 'ITO pa6oTa KoHI!>epeHLIHH npoXO.!\HT TIO.!\ npe,!\ce,!\aTeJibCTBOM 

TaKoro Bb!,!\aiOmerocH ytieHoro, KaKHM HBJIHeTcH npol!>eccop CH6opr, H 'ITO Ha 
He if npHCYTCTBYIOT pyKOBO,!\HTeJIH Hal.IHOHaJibHblX Be,!\OMCTB 1 3aHHMaiOII.IHXCH 
BOnpocaMH HCTIOJib30BaHHH aTOMHOll 3HeprHH 1 pa3BHTHH 3HepreTHKH If npo
MbliiiJieHHOCTH1 a TaKJKe BH,!\Hble ytieHble If HHJKeHepbl H3 MHOrHX CTpaH MHpa, 
HBJIHeTCH 3aJIOrOM TOrO 1 'ITO l.JeTBepTaH )i(eHeBCKaH KOHi!>epeHl.IHH 1 KaK If 

npe,!\IIIeCTBYIOII.IHe eil: KOHi!>epeHl.IHH 1 HBHTCH BaJKHOll BeXOll B HCTOpHH MHpHoro 
HCTIOJib30BaHHH aTOMHOll 3HeprHH o 

OT HMeHH <Pe,!\epaJibHoro CoBeTa H npHBeTCTBYIO opraHH3aTopoB KoHI!>e
peHLIHH If ee ytiaCTHHKOB o 5I yBepeH, 'ITO npHCyTCTBYIOII.IHe 3,!\eCb CTiel.IHaJIHC
Tbl H3BJieKyT 6oJibiiiYIO TIOJib3Y H3 TIJIO,!\OTBOpHblX ,!\HCKYCCHil:, 6JIHJKe Y3HaiOT 
,!\pyr .llpyra o lfMeHHO 3TO HBJIHeTCH OCHOBOll B3aHMOTIOHHMaHHH If 1 B KOHe'!HOM 
HTOre, 6oJiee TeCHblX CBH3eif MeJK,!\y OT,!\eJibHblMH CTpaHaMH o fJ03BOJibTe ne
pe,!\aTb BaM npHBeTCTBHe OT IIIBeifl.lapCKOrO HapO,!\a If Bblpa3HTb TIOJKeJiaHHe 
<Pe,!\epa!IbHOrO npaBHTeJibCTBa 1 'IT06bl l.JeTBepTaH )i(eHeBCKaH KOHI!>epeHl.IHH 
no HCTIOJib30BaHHIO aTOMHOll 3HeprHH B MHpHblX l.leJIHX BHeCJia l.leHHblll If 3Ha
'IHTeJibHblll BKJia,!\ B YJIY'!IIIeHHe 6JiarOCOCTOHHHH BCeX HapO,!\OB o 

MENSAJE DE BIENVENIDA 
del Presidente de la Confederaci6n Helvetica, 
Rudolf Gnagi 

E s un gran honor y un verdadero placer para mi asistir a la 
apertura de la cuarta Conferencia Internacional sobre la Utilizaci6n de 
la Energia At6mica con Fines Pacificos, 

Tanto a las autoridades federales como a las autoridades cantonales 
ginebrinas les cabe la satisfacci6n de comprobar que, tras las conferen
cias de 1955, 1958 y 1964, una vez mas se ha escogido a Ginebra para 
celebrar esta reuni6n. Si el motivo principal de esta elecci6n es que la 
atm6sfera ginebrina se presta particularmente a una reuni6n «con fines 
pacificos», no puedo por menos que expresar aqui mi gratitud por el 
titulo que asi se otorga a Ginebra y a Suiza. No puedo esperar, senores, 
sino que todas las conferencias que tengan lugar en esta ciudad persigan 
siempre fines tan pacificos y tan humanitarios, Este es el deseo mas 
ferviente de Suiza y de Ginebra. 

Las tres reuniones anteriores demostraron hasta la saciedad que 
estos acontecimientos facilitan a los numerosos hombres de ciencia que 
en ellas toman parte la oportunidad de proceder a un fructuoso inter
cambia de informaci6n reciente y de presentar al mismo tiempo trabajos 
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sobre los progresos realizados en la aplicaci6n pr(l.ctica de la energ1a 
nuclear, Estas conferencias permiten hacer unbalance, a nivel inter
nacional, de los avances conseguidos en la esfera de la energ1a nuclear y 
determinar su importancia para el porvenir de la humanidad, 

Si bien es cierto que nuestro mundo actual es testigo de un constante 
y progresivo crecimiento demografico, tambi€m lo es que igualmente 
aumentan las exigencias de cada individuo, La necesidad cada vez mas 
imperiosa de alimentos, de productos industriales y de servicws no 
puede satisfacerse mas que con la ayuda de la ciencia y de la t€!cnica, 
Es especialmente evidente que no pueden lograrse estos objetivos uni
versales si no aumenta r(l.pidamente la producci6n de energ1a. Si se 
prev€! ya que la producci6n de electricidad debera duplicarse en el curso 
de los 10 a 15 aiios venideros para poder cubrir el consumo de los 
pa1ses muy industrializados, la tasa de crecimiento de esta producci6n 
debera ser a{m mucho mas elevada en los pa1ses en desarrollo, No se 
podria hacer frente con €!xito a una evoluci6n de tal naturaleza si no 
se dispusiera de la energ1a nuclear, Es motivo de particular satisfacci6n 
poder comprobar que los diffciles problemas que se plantearon en un 
principio en la tecnolog1a nuclear han podido resolverse en un plazo de 
tiempo relativamente corto, As1, pues, esta tecnolog1a esta ya hoy d1a 
en condiciones de contribuir en gran parte a cubrir las considerables 
nuevas necesidades de energ1a que son de esperar, 

Sin embargo, muchos fen6menos que se han observado en estos 
ultimos aiios han venido a demostrar que no debemos pensar exclusiva
mente en el crecimiento, La mayor1a de las nuevas realizaciones 
t€!cnicas no poseen solamente aspectos positivos, Basta con considerar 
la creciente contaminaci6n de nuestro medio ambiente, que amenaza 
directamente tanto a las plantas como a los animales, por no hablar del 
atentado a nuestra propia salud. Todo esto suscita vivas inquietudes en 
amplios sectores de la poblaci6n y una interrogaci6n surge por doquier: 
(,es que elprogreso t€!cnico no conduce a daiios irreversibles de tal 
envergadura que no cabe compensarlos con las ventajas que ofrece? 
E sta es la raz6n de que la ciencia y la t€!cnica susciten un escepticismo 
cada vez mayor. Sin embargo, al pensar as1 olvidamos con frecuencia 
que sin ellas no podriamos hacer frente a nuestros problemas. Sea 
como fuere, debemos hacer gala de un mayor esp1ritu de previsi6n 
que en lo pasado y debemos emprender todo lo necesario, sino para 
impedir, al menos para limitar los efectos perjudiciales. Cabe aiiadir 
que este punto de vista no es nuevo para los especialistas de la tecnolog1a 
nuclear, En efecto, creo indispensable mencionar que desde un princi-
pio se ha exigido en las centrales nucleares, a trav€!s de las disposi
ciones legales, un elevado grado de seguridad y que se han emprendido 
profundos estudios acerca de los efectos de la rad1actividad. Desde este 
punto de vista, el desarrollo de la energ1a nuclear puede servir de 
ejemplo a muchas otras tecnolog1as, Estos esfuerzos encaminados a 
determinar por anticipado los efectos de un nuevo producto deben am
pliarse, en la medida de lo posible, a todos los procedimientos y 
consecuciones t€!cnicos, Pero interesa especialmente no cejar en este 
empeiio en la esfera de la energia nuclear, al mismo ritmo de los pro
gresos que se realicen. En este sentido, las autoridades responsables 
deben poder contar con la ayuda incondicional de los mejores especialistas, 
Por ello, es de suma importancia que los investigadores no se limiten 
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a obtener resultados interesantes desde el punto de vista cientifico. 
Les corresponde igualmente analizar las aplicaciones pr~cticas de tales 
resultados y estudiar aquellos perfeccionamientos que permitan impedir 
que se produzcan danos. 

15 

En este orden de ideas, me parece tambi~n necesario que el 
cient1fico se dirija de vez en cuando al publico en general para informar
lo y casi d1re que para tranquilizarlo. La utilizaci6n de la energfa 
at6mica con fines pacificos y, concretamente, la construcci6n de 
centrales nucleares para la producci6n de electricidad son con frecuen
cia objeto de controversia. Por lo tanto, interesa facilitar a la opini6n 
publica la informaci6n objetiva que necesita. Es muy de desear que el 
examen de las cuestiones relativas a la debida informaci6n del publico 
permita desembocar en un enfoque general que sea de utilidad para 
todas las naciones interesadas. 

La tecnologfa nuclear no puede permanecer estacionaria ante 
los notables exitos obtenidos en nuestros dias. Al precio de un esfuerzo 
considerable, la industria, firmemente apoyada por los centros 
gubernamentales de investigaci6n, ha llegado a introducir en el merca
do centrales nucleares que resultan econ6micamente rentables y 
capaces de competir, y que ya han dado prueba de su capacidad. Todos 
los que han contribuido a estas consecuciones son plenamente merece
dores de nuestra gratitud, pero tanto las preocupaciones que suscita 
nuestro medio ambiente como igualmente el destino de las futuras 
generaciones son cosas que no nos permiten descansar sobre nuestros 
laureles. Antes bien, se insta urgentemente a los cientificos a perfec
cionar las t~cnicas nucleares de manera que sus aplicaciones puedan 
difundirse y reducirse aun mas sus efectos sobre el medio circundante. 
Al decir esto, pensamos concretamente en la reducci6n de las necesi
dades que este tipo de instalaciones tiene en lo que respecta al agua 
de refrigeraci6n, asf como en la utilizaci6n de la energfa nuclear para 
otras necesidades energ~ticas, como la calefacci6n, por ejemplo. La 
tecnologia nuclear reduce notablemente la escala en que el aire y el 
agua participan en la producci6n de energia, en comparaci6n con los 
demas metodos utilizados hasta la fecha. La importancia del aire y 
del agua puros para la salud del hombre, de los animales y de las 
plantas nos obliga pues a dirigir resueltamente nuestros pasos por 
este camino, aun cuando ello nos haya de costar algo. 

Sin embargo, habr~n de realizarse aun importantes trabajos de 
desarrollo para aprovechar plenamente estas posibilidades. Por otra 
parte, a largo plazo se impondra la necesidad de utilizar mejor los 
combustibles nucleares, ya que es limitada la cantidad de que dispone
moB en nuestro planeta. El considerable esfuerzo preciso para alcanzar 
este objetivo sera mucho menor si se trata de encontrar, en la medida 
de lo posible, una colaboraci6n internacional que permita evitar una 
duplicaci6n de trabajos inutilmente costosa. Precisamente en este 
sentido la Conferencia deberia -y asi lo deseamos- proporcionar la 
ocasi6n de adoptar nuevas iniciativas. 

Suiza, pais pequeno, s6lo puede aportar naturalmente una modesta 
contribuci6n. Sin embargo, nos sentimos orgullosos de poseer en 
nuestro pais centrales nucleares en explotaci6n comercial y de contar 
con una industria que suministra ya todo tipo de componentes de reac
tores, tanto en Suiza como en el extranjero. Reconocemos que estos 



16 OPENING OF THE CONFERENCE 

logros se los debemos a los numerosos y fructiferos contactos que 
hemos podido entablar, en parte gracias a las primeras Conferencias 
de Ginebra, con los paises que iban a la vanguardia de la tecnologia 
nuclear. Basfmdonos en la experiencia adquirida en estos ftltimos anos, 
creemos poder contribuir en notable medida a la revalorizaci6n de la 
energia nuclear en ciertos sectores escogidos de la investigaci6n y de 
las realizaciones industriales; sin embargo, esta contribuc16n s6lo tendr:3. 
un aut€mtico valor si se integra dentro del marco de una colaboraci6n 
internacional. Por ello, esperamos que uno de los frutos de esta 
Conferencia sea el de reforzar y multiplicar las relaciones, en el plano 
internacional, entre los especialistas de la tecnologia nuclear y el de 
contribuir de esta manera a superar algunos de los muchos y graves 
problemas que hay que resolver para que la humanidad entera se vea 
liberada del hambre y de las privaciones. 

Tradicionalmente, Suiza persigue fines pacificos y humanitarios. 
Por ello nos afectan especialmente los objetivos fijados por las Naciones 
Unidas para la cuarta Conferencia de Ginebra, objetivos expresados en 
el subtitulo de esta Conferencia: « Beneficios para la Humanidad», 
y en el lema de la Exposici6n Cientifica Gubernamental « Atomos para 
el Desarrollo». 

El hecho de que esta reuni6n est~ presidida por una personalidad 
cientifica tan eminente como el Profesor Seaborg, el que los directivos 
de las instituciones responsables de las cuestiones de energia at6mica, 
los de la economia electrica y los de la industria, asi como numerosos 
cientificos e ingenieros de primera fila y pertenecientes a tantas 
naciones se encuentren presentes aqui, son prenda de que la cuarta 
Conferencia constituir~, como las anteriores, uno de los sucesos m:3.s 
importantes en la historia del desarrollo de la energia nuclear. 

En nombre del Consejo Federal, doy la bienvenida a los organiza
dores de la Conferencia y a todos los participantes. S6lo me resta 
desear a Vds., los expertos que en ella toman parte, que adquieran 
una fttil informaci6n a trav~s de fructuosos di~logos, pero tambi€m un 
mayor conocimiento de sus colegas, base de una mejor comprensi6n 
y por lo tanto de un entendimiento mfl.s profunda entre las naciones. 
Tengo el honor de transmitirles el saluda del pueblo suizo y los votos 
que las autoridades federales formulan por que la cuarta Conferencia de 
Ginebra sobre la Utilizaci6n de la Energia At6mica con Fines Pacificos 
aporte una contribuci6n valiosa e importante para el desarrollo del 
bienestar de todos los pueblos. 



MESSAGE FROM U THANT, 
Secretary-General of the United Nations 

Many of those who wrote about science and its application during the late 
19th century looked upon it as a source of solutions to the age- old problems 
of mankind - want, hunger and sickness. They came to believe that science 
would free man from superstition, myth and ignorance. Science would per
mit man to approach his problems empirically and thus create a richer and 
more rewarding society. 

We are now witnessing the initial phase of what one might call the scien
tific revolution, an era with almost unlimited horizons. But we must also 
acknowledge that optimism about what science can do for man has recently 
been somewhat tempered. Its benefits have opened new vistas, but have also 
brought about some unforeseen and unpleasant side-effects, the significance 
of which is now being carefully assessed. 

The 1mpact of the automobile on the economy, for instance, cannot be 
over-estimated, but we are now aware of the pollution problems caused by 
the enormous increase in the use of motor vehicles all over the world. 
Another problem which we are facing is insecticide res1dues, to avoid detri
mental side-effects, new non-persistent agents have to be developed with 
highly specific effects. Among possible new techniques, nuclear techniques 
show promise. 

Only by taking fullest advantage of science and technology will mankind 
be able to cope with the problems of populatwn growth and its related demands 
on our diminishing resources and to achieve for great masses of people an 
improved standard of living at the same time. 

Over the years the United Nations has given growmg importance to its 
role in promoting scientific co-operation throughout the world. Science 
recognizes no frontiers, and scientists themselves are essentially inter
nationalists in their outlook and conscious of the vital importance of inter
national co- operation. Science is, therefore, an invaluable means of breaking 
down political barriers between nations, particularly barriers to the free 
exchange of information, which we all know is essential for the advancement 
of science. The first three international conferences on peaceful uses of 
atomic energy in 1955, 1958 and 1964 were eminently successful in removing 
artificial restraints that had been imposed on scientific communication. 
They, therefore, played a valuable political as well as a scientific and eco
nomic role. 

If the first objective of freedom in the quest for knowledge has been 
largely achieved, the equally important aim of accelerating the transfer of 
science and technology to the developing countries is still far from being 
fulfilled. A major initial step was taken at the United Nations Conference on 
the Applications of Science and Technology for the Benefit of Less-Developed 
Areas in 1963. This is not the place to refer to the many endeavours of the 
United Nations and of its agencies to promote the process of transfer of 
technology, but it is appropriate to recall to this Conference the comprehen
sive report the United Nations produced in 1969 on the contribution of nuclear 
energy to the economic and scientific advancement of the developing countries. 

It is also essential to direct more of the effort of science and technology 
to solving the problems which some of its applications have created. The 
United Nations Conference in Stockholm in June 1972 will be the first major 
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international meeting to consider the total impact of technology on the human 
environment. 

Nuclear energy now being capable of making a growing contribution to 
the well-being of the developing countries, it is fitting that this Conference, 
even more than its predecessors, should be designed to be of interest to 
economists, planners and statesmen as well as to scientists themselves. 
I was pleased to learn that many of the papers which will be presented 
during the Conference which is being opened here today will highlight poten
tial benefits as well as potential dangerous side-effects. They will take into 
account the interactions between atomic energy and other related scientific 
fields. They will also give information on cost and financing of nuclear 
installations which will help individual nations to decide which benefits of 
nuclear energy will be most useful to them and when they should be introduced. 

I understand, for example, that there are many areas of the world in 
which it would not yet be economic or practicable to construct nuclear power 
plants, usually because the power demand is still too small to permit the 
construction of economically sized nuclear power plants or because there are 
still rich, untapped resources of conventional power available. I am confident 
that by the end of this Conference, attending government officials will have 
been able to secure much of the data on which to decide when and under what 
circumstances it would be appropriate for their government to begin a nuclear 
power program. 

As this Conference begins I would like to take the opportunity to record 
our debt of gratitude to the scientists who presided with such success and 
distinction over the first three Geneva Conferences: Dr. Homi Bhabha, who 
is alas no longer with us, Dr. Francis Perrin and Professor Vassily Emelyanov, 
former chairman of the USSR State Committee for Atomic Energy who, I am 
very pleased to say, is attending this opening ceremony. 

I wish also to pay a special tribute to the eminent members, both past 
and present, of the United Nations Scientific Advisory Committee who have 
unstintingly given their time and their best efforts in organizing these four 
"Geneva Conferences". Dr. Rabi, the chief architect of the first Conference 
will be one of the speakers this morning. The idea of a conference of this 
type originated, I have been told, with Dr. Rabi and Mr. Lewis Strauss in 
1953. The Conferences have resulted in greatly increased scientific co
operation in this field and have provided a considerable stimulus to the work 
of the International Atomic Energy Agency. A beneficial fall-out has been 
the close working collaboration between the United Nations and the Agency in 
organizing the meetings. 

I have mentioned unwanted side-effects of science and technology. In no 
other field is this more striking than in nuclear technology, where the poten
tial energy of the atom was first demonstrated in the form of a military 
weapon. Problems arising from the ambivalence of nuclear technology have 
not ceased to be the object of intensive work in the United Nations and its 
organs. I am pleased that some progress in controlling these problems has 
been made, for example by the Moscow Treaty of 1963 and the Non
Proliferation Treaty of 1968. I have also been encouraged by the success of 
the IAEA in working out safeguards which are both effective and acceptable 
and which were endorsed with virtual unanimity by the 50 interested nations 
that took part in the task. It is, therefore, also appropriate that this Con
ference will be examining the technical questions of safeguards which are 
indissolubly linked with the growth and spread of nuclear power. 
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These ach1evements do not mean that all is well, and I regret that 
weapons testlng continues. I sincerely hope that an agreement on a complete 
test ban will be reached in the near future in the Conference of the Committee 
on Disarmament at present meeting in Geneva. 

Nuclear energy properly safeguarded and safely used can bring untold 
benefits to mankind. The responsibility for its advancement, its safeguarding 
and its safe use will rest to a considerable extent with the persons who are 
attending this Conference. I trust that you will all leave this Conference, 
scientist and non-scientist alike, with a fuller knowledge of what has been 
accomplished to date by peaceful nuclear energy and what it is likely to ac
complish by the end of the twentieth century. 

I wish your Conference every success. 

Translations into French, Russ1an and Spanish follow. 

MESSAGE DE U TRANT, 
Secretaire general 
de 1' Organisation des Nations Unies 

Beaucoup d 1 auteurs d' ouvrages consacres ala science et a ses applica
tions a la fin du siecle dernier pensaient qu' elles permettraient de resoudre 
les eternels probl'emes de 11 humamte: la misere, la faim et la maladie. 
Ils esperaient bien que la science libererait 11 homme des superstitions, des 
mythes et de 11 ignorance. La science devait permettre a 1' homme de re
soudre ses problemes empiriquement et de creer ainsi une societe plus riche 
et plus feconde. 

Nous assistons maintenant ala phase initiale de ce qu'on pourrait appeler 
la revolution scientifique; une ere qui nous ouvre des horizons presque illi
mites. Mais il faut aussi reconna!tre que 1' optimisme au sujet de ce que la 
science peut apporter a 11 homme s' est depuis peu legerement attemue. Ses 
heureux resultats nous ont ouvert de nouvelles perspectives, mais en meme 
temps ils ont produit des effets secondaires imprevus et decevants dont on 
etudie actuellement la signification avec le plus grand soin. 

Par exemple, !'incidence de 1' automobile sur 1' economie ne peut pas 
etre surestimee, mais on connatt aussi les problemes poses par la pollution 
ala suite de 11 augmentation enorme du nombre de vehicules a moteur en 
circulation dans le monde entier. Autre probleme: celui des residus d' in
secticides; pour eviter les effets secondaires nefastes, il faut mettre au 
point des agents non persistants a caractere extremement specifique. Parmi 
les nouvelles methodes posslbles, les techniques nucleaires sont tres 
seduisantes. 

Ce n' est qu 1 en tirant pleinement parti de la science et de la technologie 
que 1' humanite pourra resoudre le probleme de la poussee demographique et 
des demandes qu' elle imposera sur nos ressources en diminution et assurer 
en meme temps un niveau de vie meilleur a de grandes masses de population. 

Au cours des ans, les Nations Unies ont donne une importance toujours 
croissante a leur role de promoteur de la cooperation scientifique dans le 
monde entier. La science ne connait pas de frontieres et les savants eux-
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memes ont une conception essentiellement internat10naliste et ont conscience 
de 1' importance capitale de la cooperat10n internat10nale. La science con
tribue par consequent, et d' une maniere inestimable, a faire tomber les 
barneres politiques entre les nations, en particulier celles qui s' opposent au 
libre echange des informations qui, nous le savons tous, est indispensable 
au progres de la science. Les trois premieres Conferences internationales 
sur 11 utilisation de 11 energie atomique a des fins pacifiques, en 1955, 1958 et 
1964, ont eu pour principal merite de supprimer les restrictions qui avaient 
ete artificiellement imposees a la communication scientifique. Elles ont done 
joue un role vraiment utile tant sur le plan politique que sur le plan scienti
fique et economique. 

Si 1' on a atteint en grande partie ce principal objectif, la liberte dans 
la recherche de la connaissance, un objectif tout aussi important, 11 accele
ration du transfert de la science et de la technologie aux pays en voie de 
developpement, est encore loin de 1' etre. Un premier pas considerable a 
ete fait a la Conference des Nations Unies sur les applications de la science 
et de la technique au profit des pays sous-developpes en 1963. Il n' y a pas 
lieu de rappeler ici les nombreux efforts deployes par 1' Organisation des 
Nations Unies et ses institutions specialisees pour promouvoir ce transfert 
des connaissances technologiques, mais il faut rappeler a la Conference le 
rapport complet publie par les Nations Unies en 1969 sur la contribution de 
11 energie nucleaire au progres economique et scientifique des pays en voie de 
developpement. 

Il est egalement indispensable que la science et la technique soient 
mieux utilisees pour resoudre les problemes qu' ont crees certaines de leurs 
applications. La Conference que les Nations Unies organiseront en juin 1972 
a Stockholm sera la premiere grande reunion internationale chargee d' etudier 
toutes les incidences de la technologie sur le milieu humain. 

L' energie nucleaire est desormais capable de contribuer de plus en plus 
au bien-etre des pays en voie de developpement; c 1 est done a juste titre 
que cette quatrieme Conference, plus encore que celles qui 11 ont precedee, 
doit interesser les economistes, les planificateurs et les hommes politiques 
tout autant que les scientifiques. J' ai ete heureux d' apprendre que nombre 
de memoires qui seront presentes pendant cette Conference mettront en lu
miere non seulement les b1enfaits que 1' on peut attendre de l'energie atomique, 
mais aussi les effets secondaires dangereux qui peuvent en resulter. Ils 
tiendront compte des interactions de 11 energie atomique et d' autres domaines 
scientifiques connexes. Ils donneront egalement des renseignements sur les 
couts et le financement des installations nucleaires, ce qui permettra a 
chaque pays de voir quels sont les avantages de 1' energie nucleaire qm lui 
seront le plus utiles et quand il pourra en tirer le meilleur profit. 

Je sais par exemple qu 1 il y a encore bien des regions du monde ou il ne 
serait pas a 1' heure actuelle economiquement raisonnable ou pratique de se 
doter de centrales nucleaires, le plus souvent parce que la demande d'energie 
y est encore trop faible pour justifier la construction de centrales nucleaires 
de dimensions rentables, ou parce qu' elles possedent encore des ressources 
abondantes non exploitees d 1 energie classique. Je ne doute pas qu' ala fin 
de la Conference les delegations disposeront de donnees plus completes pour 
decider si, et dans queUes circonstances, leurs gouvernements pourront 
lancer des programmes energetiques nucleaires. 

Au moment ou commence cette Conference, je voudrais profiter de 
11 occasion qui m' est offerte de dire toute la gratitude dont nous sommes 
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redevab1es a 11 egard des hommes de science qui Ont preside avec un Sl grand 
succes et une telle distinction les trois premieres Conferences de Geneve: 
NI. Homi Bhabha qui, helas, n 1 est plus parmi nous, NI. Francis Perrin et 
NI. Vass11y Emelyanov, anc1en president du Comite d 1 Etat pour 11 energie 
atomique de 11 Union sovietique, qui, j 1 aile plaisir dele relever, assiste 
a Cette CeremOnie d I OUVerture, 

Je tiens aussi a rendre particulierement hommage a tous les membres 
eminents du Comite consultatif scientifique de 11 Organisation des Nations 
Unies qui ont inlassablement consacre leur temps et le meilleur d 1eux-memes 
a 11 organisation de ces quatre Conferences de Geneve. Monsieur Rabi, le 
ma'itre d 1c:euvre de la premiere Conference, sera parmi les orateurs qui 
prendront la parole ce matin. Je crois savoir que c 1 est M. Rabi et 
M. Lew1s Strauss qui, en 1953, ont eu les premiers 11 idee d 1 une conference 
de ce genre. Ces conferences ont permis d 1 accroitre la cooperation scien
tlflque d 1 une maniere considerable et ont beaucoup stimule les travaux de 
11 Agence 1nternatwnale de 11 energie atomique. Une consequence heureuse 
a ete la collaboration de travail etroite de 11 Organisation des Nations Unies 
et de 11 Agence pour la preparation de ces reunions. 

J 1 ai parle des effets secondaires indesirables de la science et de la 
technologie. Dans aucun autre domaine cela n 1 est plus frappant qu 1 en ma
tiere de technologie nucleaire, puisque 11 energie contenue dans 11 atome 
S 1 est mamfestee pour la premiere fois sous la forme d 1 une arme. Les 
problemes poses par 11 ambivalence de la technologie nucleaire n 1 ont pas 
cesse de faire 11 objet d 1 une intense activite a 11 Organisation des Nations 
Unies et dans ses organes. Je suis heureux de constater que certains progr'es 
ont ete faits vers la solution de ces problemes, par exemple par la conclu
sion du Traite de Moscou en 1963 et celle du Traite sur la non-proliferation 
en 1968. Je vois aussi un encouragement dans le succes obtenu par l 1Agence 
internationale de 11 energie atomique dans 11 elaboration de garanties ala fois 
efficaces et acceptables, auxquelles ont souscrit la quasi-unanimite des 
50 nations qui ont participe a cette tache. C 1 est done a juste titre que la 
Conference etudiera aussi les modalites techniques des garanties qui sont 
indissolublement liees a 11 essor eta la diffusion de 1' energie nucleaire. 

Les resultats obtenus ne signifient pas que tout est parfait et je regrette 
que les essais d 1 armes se poursuivent. J 1 espere sincerement que 11 on abou
hra bientot a une interdiction complete des essais atomiques a la Conference 
du Comite du desarmement qui se reunit actuellement a Geneve. 

L 1 energie nucleaire assortie de garanties appropriees et utilisee dans 
des conditions sures peut apporter des bienfaits inouis a 11 humanite. La 
responsabilite de ses progres, de 11 appbcation des garanties et de son 
utilisation en toute securite incombe dans une mesure considerable a ceux 
qui participent ala Conference. Je suis convaincu que tous, les hommes de 
science comme les non-specialistes, partiront d 1 ici avec une connaissance 
plus complete de ce que 11 energie nucleaire pacifique a permis jusqu 1 ici 
de realiser et ce qu 1 elle pourra accomplir d 1 ici ala fin du 20~me siecle. 

Je souhaite ala Conference le plus grand succes possible. 
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IJOCJIAHHE Y TAHA, 
reHepanbHOro CeKpeTapH 
OpraHH3ai.fiU'I 06'be,D;HHeHHbiX HauH:H: 

MHorHe H3 Tex, KTO nHcan o npHMeHeHHH HayKH B KOHUe XIX BeKa, 

paCCMaTpY!BanH ee K8K HCTO<!HHK pemeHHSI BeKOBbiX npo6neM <IenOBe<IeCTBa -

6e,D;HOCTH 1 rono,D;a H 6one3HeH. 0HH npHillnH K Bb!BO,ll;y, <ITO HayKa OCB060,ll;HT 

<~enoBeKa OT npe,D;paccy,D;KOB, cyeBepHH H HerpaMOTHOCTH. HayKa no3BonHT 

<IenOBeKy peillHTb 3MnHpH<IeCKH 3TH npo6neMbl H, T8KHM o6pa30M, C03,ll;8Tb 

6onee coBepmeHHOe o6mecTBO. 

Ceii<IaC Mbl SIBnHeMCSI CBH,ll;eTenHMH Ha<IanbHOH CT8,ll;HH npouecca, KOTO

pb!H MO)KeT 6b!Tb H83B8H Hay<IHOH peBOniOUHeH, 3p0H C nO<ITH HeOrpaHH<IeHHDI

MH ropH30HT8MH. 0,D;H8KO Mbl ,ll;On)!(Hbl T8K)Ke npH3H8Tb: OnTHMH3M B OT

HOilleHHH Toro, <ITO HayKa MO)KeT C,D;enaTb ,D;nH <IenOBeKa, He,D;aBHO B HeKOTO

pOH CTeneHH yMeHbillHnCH. ,n:ocTH)KeHHSI HayKH OTKpblnH HOBble nepcneKTHBbi, 

HO BMeCTe C TeM npHHeCnH HeKOTOpbie Henpe,D;BH,ll;eHHble H HenpHSITHble no6oq

Hble 3fl>!peKTDI, KOTOpbie CeH<IaC TmaTenbHO H3y<IaiOTCSI. 

BnHHHHe 8BTOM06Hnll Ha 3KOHOMHKY, HanpHMep, Henb3SI nepeoueHHTb, 

HO Mbi ceiiqac xopomo 3HaeM o npo6neMax 3arpH3HeHHH, Bbi3BaHHDIX 3Ha<IH

TenbHbiM yBenH<IeHHeM HCnOnb30B8HHSI aBTOTpaHCnOpTa B MHpe. ,n:pyrOH npo6-

neMOH, C KOTOpOH MDI CTanKHBaeMCSI, SIBnHIOTCSI OCT8TKI1 HHCeKTHUH,ll;OB; <!T0-

6b! H36e)K8Tb Bpe,D;HbiX no60<!Hb!X 3fl>!peKTOB, He06XO,ll;HMO pa3pa60TaTb HOBble 

HeCTOHKHe BemeCTBa C OC06b!MH CBOHCTB8MH. Cpe,D;H B03MO)!(HbiX HOBbiX Me

TO,ll;OB HaH6onee nepcneKTHBHbiMH noKa3anH ce6H H,ll;epHbie MeTO,ll;bl. 

TonbKO nyTeM caMoro mHpoKoro Hcnonb30BaHHH npeHMymeCTB HayKH H 

TeXHHKH <IenOBe<IeCTBO CMO)KeT pemaTb npo6neMbl pOCTa HaceneHHSI H CBSI38H

Hbie C HHM npo6neMbl y,ll;OBneTBOpeHHSI noTpe6HOCTeH B H8illHX HCTOJ118101l1HXCSI 

pecypcax H B TO )Ke BpeMSI ,ll;OCTH<ib ,D;nll rpoMa,ll;HOrO KOnH<IeCTBa n:IO)leH Bbi

COKoro ypOBHSI )KH3HH. 

Co BpeMeHeM OpraHH38UHH 06t>e,D;HHeHHbiX HauHii cTana HrpaTb 6onee 
B8)KHYIO pOnb B CO,ll;eHCTBHH Me)K,ll;yHapO,ll;HOMy Hay<IHOMY COTpy,ll;HH<IeCTBY. 

HayKa He npH3HaeT rpaHHU, a CaMH y<IeHble HBnHIOTCSI, no cymeCTBY, HHTep

H8UHOHanHCT8MH B CBOHX B3rnH,ll;8X H noHHM8HHH 6onbill0H B8)KHOCTH Me)K,D;y

HapO,ll;HOrO COTpy,ll;HH<IeCTBa. HayKa, no3TOMY, HBnHeTCSI HeoueHHMbiM cpe,D;

CTBOM nOMKH nonMTH<!eCKHX 6apbepoB Me)K,ll;y HapO,ll;aMH, OC06eHHO B o6naCTH 

CB060,ll;HOrO 06MeHa HH!pOpMaUHeii, KOTopaH, KaK Mbl BCe 3HaeM, COBepmeHHO 

He06XO,ll;HMa ,ll;nll Hay<IHOro nporpecca. IJepBbie TpH Me)K,D;yHapO,ll;Hbie KOH

!pepeHUHH no HCnOnb30B8HHIO aTOMHOH 3HeprHH B MHpHbiX uenHX, npOXO,ll;HB

illHe B 1955, 1958 H B 1964 ro,D;ax, 6binH BeCbMa ycnemHbiMH B ycTpaHe

HHH HCKYCCTBeHHDIX orpaHH<IeHHH Ha nyTH ycTaHOBneHHSI Hay<IHDIX CBSI3eH. 

ITo3TOMY 3TH KoH!pepeHUHH HrpanH 6onbmyro ponb KaK B nonHTH<IecKoM, TaK 

H B Hay<IHOM H 3KOHOMH<IeCKOM nnaHe. 

EcnH nepBaH uenb - ,ll;OCTH)KeHHe CB06o,D;Horo o6MeHa 3HaHHHMH - 61.ma, 

B OCHOBHOM, ocymeCTBneHa, TO TaKaSI )Ke B8)KH8SI 38,ll;8<!8 YCKOpeHHSI nepe,D;a

<!H Hay<IHbiX H TeXHH<IeCKHX 3H8HHH pa3BHB810111HMCSI CTpaHaM eme ,D;aneKa OT 

B~>monHeHHH. Ha<Iano 3TOMY 6~>mo nono)KeHo Ha KOH!pepeHUHH OpraHH38UHH 

06t>e,D;HHeHHDIX HauHii no npHMeHeHHIO HayKH H TexHHKH ,D;nH HY)K,D; MeHee pa3-

BHTDIX paHOHOB MHpa, COCTOSIBilleHCSI B 1963 ro,D;y. He CTOHT KaCaTbCSI ,D;eH

TenbHOCTH OpraHH3aUHH 06t>e,D;HHeHHbiX HauHii H ee y<~pe)K,ll;eHHii, HanpaBneH

HOH Ha CO,ll;eHCTBHe nporpeccy B o6naCTI1 nepe,D;a<IH TeXHOnOrHH, O,ll;H8KO Ha 
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H:b!HemHeii KoHcpepeH!.IIU:I ene.nyeT ynoMHHYTb o Beeo6'!>eMmomeM .noKna.ne, no.n

roToBneHHOM OpraHH3al..ll:leii 06'!>e.ZJ;HHeHHbiX Hal..li:IH B 1969 ro.ny, no Bonpoey 

0 BKna.n;e H.ZJ;epHOH 3Hepri:IH B 3KOHOMI:I'IeeKI:Ie H Hay'IHble .n;oeTH)KeHI:IH pa3BH

BaiOJlii:IXeH eTpaH o 
Cne.nyeT TaK)Ke npl:lnO)KI:ITb 6onbme yel:lnl:lii B o6naeTI:I HayKI:I :1:1 TeXHI:IKI:I, 

e TeM 'IT06bi pemi:!Tb npo6neMbl1 KOTOpbie B03HHKnl:l B eBH31:1 e pa3BI:ITI:IeM He

KOTOpbiX HanpaBneHI:IH 0 KoHcpepeHI..li:IH OpraHH3al..ll:ll:l 06'!>e.ZJ;I:IHeHHbiX Hal..li:IH, 
KOTOpaH eoeTOI:ITeH B CTOKrOnbMe B I:IIOHe 1972 ro.n;a, 6y.ZJ;eT nepBblM 6onb
llii:IM Me)K.ZJ;yHapO.ZJ;HbiM eoBell.laHI:IeM, r.n;e 6y.ZJ;yT paeeMOTpeHbl Bee BI:I.ZJ;bl B03-

.n;eiieTBI:IH TeXHHKI:I Ha OKPY*aromyro qenoBeKa epe.n;y 0 

B HaeTOHII.Iee BpeMH H.ZJ;epHaH 3Hepri:IH MO)KeT BHeeTI:I 6onblliOH BKna.n; B 

.ZJ;eno ynyqmeHHH 6naroeoeTOHHI:IH pa3BI:IBaiOJlii:IXeH eTpaH 1:1 He06XO.ZJ;I:IM0 1 'IT0-

6bi 3Ta KoHcpepeHI..lHH, no epaBHeHHro e npe.nmeeTBYIOII.II:IMH, 61>rna opraHI:I3o

BaHa e yqeTOM I:IHTepeeOB 3KOHOMI:IeTOB 1 nnaHOBI:IKOB 1 nonHTI:I'IeeKI:IX .ZJ;eHTe

neii, a TaK*e eaMI:IX yqeHbiXo MHe 61>rno npHHTHO Y3HaTb, 'ITo BO MHOrl:lx .no

Kna.nax, KOTOpbre 6y.n;yT npe.neTaBneHbi Ha OTKpbrBaromeiieH 3.ZJ;eeb eero.n;HH 

KoHcpepeHI..lHI:I, 6y.neT .naH o63op noTeHI..ll:lanbHbiX 6nar, a TaK)Ke B03MO)l(Horo 

no60'IHOrO Bpe.ZJ;HOro Bni:IHHI:IH H.ZJ;epHOH 3Heprl:ll:lo IJp1:1 3TOM 6y.n;eT yqTeHa B3a

I:IMOeBH3b Me)K.ZJ;y aTOMHOH 3Heprl:leH 1:1 .ZJ;pyri:IMI:I eOOTBeTeTBYIOIIII:IMI:I o6naeTH

MI:I HayKI:Io B .ZJ;OKna.n;ax 6y.n;eT npe.n;eTaBneHa I:IHcpOpMal..li:IH 0 eTOI:IMOeTI:I 1:1 cpi:I

HaHeHpoBaHI:II:I eoopy)KeHI:IH H.ZJ;epHbiX yeTaHOBOK 1 KOTOpaH nOMO)KeT OT.ZJ;enbHbiM 

eTpaHaM pemi:!Tb 1 KaKI:Ie BbirO.ZJ;bl MO)KHO 1:13Bne'lb OT HenOnb30BaHI:IH H.ZJ;epHOH 
3HeprHH 1:1 Kor.n;a ene.nyeT npl:leTyni:ITb K ee npHMeHeHHIOo 

5I nOHI:IMaro, Hanpi:!Mep, 'ITO B Ml:lpe eymeeTByeT MHOrO paHOHOB 1 r.n;e no 

3KOHOMI:I'IeeKI:IM 1:1n1:1 npaKTI:I'IeeKI:IM eoo6pa)KeHI:IHM e11.1e HeB03MO)KH0 npHeTy

ni:ITb K eTpOI:ITenbeTBY aTOMHbiX 3neKTpOeTaHI..lHH. KaK npaBI:InO 1 3TO 06'I>He

HHeTeH TeM 1 'ITO noTpe6HOeTb B 3Heprl:ll:l Bee e11.1e eni:IIIIKOM Mana, 'IT06bi MO)K

HO 6binO eTpOI:ITb aTOMHbie sneKTpoeTaHI..ll:ll:l 3KOHOMI:I'IeeKI:I Bl>IrO.ZJ;HOrO pa3-

Mepa, HnH TeM, ~To e11.1e I:IMeiOTeH 6oraTbre He~:~enonb30BaHHbre peeypebr 
o6bi'IHbiX l:leTo'IHHKOB 3Hepri:IH. 5I yBepeH, 'ITO no 3aBepmeHI:IH pa6oTbi KoH

cpepeHI..ll:ll:l npHeyTeTBYIOII.II:Ie Ha Heii npe.n;eTaBI:ITenl:l npaBI:ITenbeTB eMoryT no
ny'IHTb MHOrO .ZJ;aHHbiX1 KOTOpbie noMoryT I:IM pemi:!Tb1 KOr.ZJ;a H np1:1 KaKI:IX ye

nOBI:IHX .ZJ;nH !:IX npaBHTenbeTB 6y.ZJ;eT l..leneeoo6pa3HO npl:leTynHTb K oeyll.leeTB
neHI:IIO nporp~MM B o6naeTI:I H.ZJ;epHOH 3HepreTI:IKH. 

B eBH3H e Ha'lanoM pa6oTbl KoHcpepeHI..ll:ll:l 1 MHe 61>1 XOTenocb BOenonb-

30BaTbeH enyqaeM, 'IT06bi B:b!pa31:1Tb Hamy npH3HaTenbHOeTb yqeHbiM 1 KOTO

pble npe.nee.naTenbeTBOBanl:l e TaKI:IM yenexoM Ha nepBbiX Tpex )l(eHeBCKI:IX 

KoHcpepeHI..li:IHX: .n-py XoMH Ea6a, KOToporo 6onbme HeT e HaMI:I, .n-py 4>peH

el:ley IT eppeHy, npocpeeeopy Bael:lnl:lro EMenbHHOBY, 6biBmeMy npe.nee.naTenro 
roey.napeTBeHHOro KOMI:ITeTa no Henonb30BaHI:IIO aTOM HOM 3HeprHH CCCP, 

KOTOpbiH 1 1:1 MHe npi:IHTHO OTMeTHTb 3T0 1 npHeyTeTByeT Ha l..lepeMOHI:II:I ee OT

KpbiTI:IH. 

5I XOTen 61>1 TaK)Ke OT.ZJ;aTb .ZJ;aHb yBa)KeHHH qneHaM, KaK npomnbiM 1 TaK 

1:1 HaeTOHII.II:IM, Hay'IHo-KOHeyn~>TaTHBHOro KOMI:ITeTa OpraHH3al..li:IH 06'!>e.ZJ;I:IHeH
HbiX Hal..li:IH, KOTOpbie 6eeKOpbieTHO )KepTBOBanH eBOI:IM BpeMeHeM 1:1 OT.ZJ;anH 

Bee eBOI:I el:lnbr ,n;nH opraHH3al..li:IH qeTbipex ")l(eHeBCKI:IX KoHcpepeHI..ll:lii" • 
,U-p Pa6H, HHHI..ll:laTop eo3biBa nepBoii KoHcpepeHI..ll:ll:l, 6y.neT o.n;HI:IM 1:13 .noKna.n
'II:IKOB Ha eerO.ZJ;HHIIIHeM yTpeHHeM 3aee.ZJ;aHI:II:I. lf.ZJ;eH e03biBa TaKOH KOHcpe

peHI..ll:ll:l1 KaK MHe roBopl:lnl:l, 61>rna Bl>IeKa3aHa .n-poM Pa6H 1:1 r-HoM JlbiOI:ICOM 

IDTpayeoM B 1953 ro.ny. IJpoBe.n;eHI:Ie KoHcpepeHI..li:IH enoeo6eTBOBano paem:~:~

peHI:Iro Hay'IHOro eOTpy.ZJ;HI:I'IeCTBa B 3TOH o6naeTI:I 1:1 3Ha'II:ITenbHOH aKTI:IBI:I3a

l..ll:ll:l ,n;eHTenbHOeTI:I Me)K.ZJ;yHapo,n;Horo areHTeTBa no aTOMHOH 3Hepri:IH. KoH-
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<f>epeHI.11111 crroco6cTBOBaJII1 6onee TecHoMy coTpy.IIHI1"'eCTBY MeJK.IIy OpraHI1-
3aQI1eii 061.e,lii1HeHHI>rx Ha1.111ii 11 MAr A T3 B rrpoBe,lleHI111 Hay"'Ho-TeXHI1"!ec
K11X COBe!l1aHI1H o 

5I yrroMliHYJI o HeJKenaeMI>rx rro6o"!HI>IX 3<fl<f>eKTax HayKI1 11 TeXH11KI1 0 H11 
B O,!IHOH 113 ,11pyr11X 06JiaCTeH 3TO He IlpOliBI1JIOCb TaK, KaK B li,llepHOH TeXHI1-
Ke, r,11e IlOTeHQI1aJibHali 3Hepr11ll aTOMa 6I>!Jla BnepBb!e IlpO,lleMOHCTp11pOBaHa 
B Bl1,lle opyJKI1li o I1po6JieMl>l, B03HI1KaiO!I111e B pe3yJihTaTe ,!IBOHCTBeHHOCTI1 
Ilpi1MeHeHI1li li,llepHOH 3Hepr1111 1 BCer,lla liBJiliJII1Cb 11 liBJili!OTCli 061>eKTOM 11H

TeHCI1BHOH pa6oTI>I OpraHI13aQI111 061.e,lii1HeHHI>rx Ha1.111ii 11 ee OT,lleJibHI>IX y"'

peJK,lleHI1H 0 BecbMa rrpHliTHO, "'TO 6b!JI ,!IOCTI1rHyT onpe,lleJieHHbiH nporpecc B 
pemeHI111 3TI1X rrpo6neM, KaK Harrp11Mep, 3aKJiro"!eHI1e MocKoBcKoro ,11orosopa 
1963 ro,11a 11 .IJ:oroBopa o HepacrrpocTpaHeHI111 li,llepHoro opyJKI1li 1968 ro,11a o 

MeHli B.IIOXHOBJilleT TaKJKe ycrrex MArAT3 B pa3pa6oTKe 3<f><f>eKTI1BHOH 11 rrp11-
eMJieMoii CI1CTeMbl rapaHTI1H 1 KOTOpali 6biJia e,lii1HO,!IYillHO O,!I06peHa 50-ro 3ai1H
TepeCOBaHHblMI1 rocy,llapCTBaMI1 1 Ilp11HliBilli1MI1 yYaCTife B ee IlO,llrOTOBKe o 
IT 03ToMy Heo6xo,1111Mo, "'T06hr HaCTOli!I1ali KoH<f>epeHQI1li 113Y"'I1Jia TeXHI1"!ecKHe 
acrreKThl rapaHTI1H 1 Henocpe,!ICTBeHHO CBli3aHHb!e C pa3BI1TI1eM li,llepHOH 3Hep
reT11K11o 

3 Tl1 ,!IOCTI1JKeHI1li He 03Ha '!a!OT, "'TO y HaC BCe B IlOpli,!IKe, 11 li COJKaJiero, 

"'TO 11Cilb!TaHI1li li,llepHoro opylK11li IlpO,!IOJIJKaiOTCli o 5I 11CKpeHHe Ha,lleiOCb, "'TO 
cornameHHe o rroJIHOM 3arrpemeHHif Hcrri>rTaHI1ii li,llepHoro opyJKI1li 6y,11eT ,!IOc
TI1rHyTo B He,llaJieKOM 6y,11yll1eM Ha KOMI1TeTe ITO pa3opyJKeHI1!01 KOTOpb!H B 
HacTollmee BpeMli pa6oTaeT B )l(eHeBe 0 

5l,!1epHali 3Hepr11.ll Ha,!IJieJKa!1111M o6pa30M IlOCTaBJieHHa.li IlO,ll rapaHTI111 If 

Ilp11MeH.lleMa.li rrp11 C06Jiro,lleH!flf HOpM 6e30ilaCHOCTif, MOJKeT rrpHHeCTI1 "!eJIOBe

"!eCTBY orpOMHYIO IlOJih3Y o 0TBeTCTBeHHOCTh 3a ee pa3BifTI1e, IlOCTaHOBKY 
IlO,ll rapaHTI111 11 6e30!laCHOe rrpHMeHeHI1e B 3Ha'II1TeJibHOH CTerreHI1 6y,11eT B03-
JIOJKeHa Ha Tex, KTO ceii"!aC IlpHCYTCTByeT Ha 3TOH KoH<f>epeHQifl1 o 5I yBepeH, 
"'TO BCe Bb!1CileQ11aJII1CTb! 1 pa6oTaiO!I111e B pa3JI!f"!Hb!X 06JiaCT.liX HayK11 11 TeXHH

Kif, pa31>e,lleTecb rrocne 3TOH KoH<f>epeHQI111 c rroJIHbiM rroHI1MaHHeM Toro, "'TO 
,!IOCTI1rHyTo Ha cerO,!IH.li B 06JiaCTI1 MHpHOrO 11CilOJib30BaH!fli .li,llepHOH 3Hepr1111 

11 'ITO, O"'eB11,!1HO, 6y,11eT ,!IOCTI1rHyTO K KOHI.IY ,!IBa,!IQaToro BeKa o 
5I JKeJiaro sameH: KoH<f>epeHQI111 BC.li"!eCKI1X ycrrexoB B pa6oTe o 

l\IIENSAJE DE U THANT, 
Secretario General de las Naciones Unidas 

Muchos de los autores que a finales del siglo XIX escnbieron en torno a 
la ciencia y a sus aplicaciones juzgaron que iba a ser la panacea de los pro
blemas que la humanidad tenfa planteados desde tiempos inmemoriales; la 
necesidad, el hambre y la enfermedado Llegaron a creer que la ciencia 
liberarfa al hombre de la supersticion, del mito y de la ignorancia, y que le 
permitir{a abordar sus problemas de una forma empfrica, creando as{ una 
sociedad mas prospera y que ofrecerfa mayo res oportunidades 0 

Hoy dfa, somos testigos de la fase inicial de lo que podrfamos Hamar 
(( la revolucion cientffica», una era cuyos horizontes diffcilmente pueden 
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vislumbrarse. Ahora bien, hemos de reconocer tambiEm que el optimismo 
que despierta lo que la ciencia puede hacer por el hombre se ha enfriado un 
tanto. Los beneficios que reporta han abierto nuevos panoramas, pero tam
biEm han acarreado ciertas consecuencias secundarias, imprevistas y desa
gradables, cuya trascendencia se esta sopesando minuciosamente en la 
actualidad. 

No pueden ponderarse nunca lo bastante, por ejemplo, las repercusiones 
del automovil sobre la economfa, pero hoy en dfa nos damos cuenta de los 
problemas de contaminacion que ha trafdo consigo la enorme difusion de los 
vehfculos de motor en el mundo entero. Otro problema al que hay que hacer 
frente es el de los residues de los insecticidas; para impedir que haya efectos 
secundarios nocivos, hay que encontrar nuevos agentes de accion no persis
tente y de efectos muy especi"ficos. Entre los nuevos metodos posibles, las 
tecnicas nucleares ofrecen alentadoras perspectivas. 

Solo si aprovecha al maXlmO las ventajas que ofrecen la ciencia y la 
tecnologfa, podra enfrentarse la humanidad con los problemas de la explosion 
demografica y con los gravamenes que esta impone sobre los decrecientes 
recursos del mundo y conseguir al mismo tiempo un nivel de vida mas elevado 
para grandes masas de la poblacion. 

A lo largo de los afios, las Naciones Unidas han venido concediendo cre
ciente importancia al papel que les corresponde en el fomento de la coopera
cion cientffica en el mundo entero. La ciencia no conoce fronteras y los 
propios cientfficos tienen un espfritu esencialmente internacional y conciencia 
de la vital importancia que entrafia dicha cooperacion internacional. Por lo 
tanto, la ciencia constituye un medio de incalculable valor para derribar las 
fronteras polfticas entre las naciones, sobre to do las barreras que se oponen 
al ltbre intercambio de informacion, que, como todos sabemos, es esencial 
para el progreso de la cienc1a. Las tres primeras conferencias internacio
nales sobre la utilizacion de la energfa atomica con fines paci"ficos celebradas 
en 1955, 1958 y 1964 lograron suprimir ciertas restricciones artificiales que 
se habfan impuesto a la comunicacion en el campo cientffico. Desempefiaron, 
por tanto, un importante papel, tanto polltico como cientffico y economico. 

Si bien se ha alcanzado en gran parte el primer objetivo de la libertad en 
la busqueda del conocimiento, esta aun lejos de lograrse otra meta no menos 
importante, que es acelerar la transmision de ciencia y de tecnologfa a los 
pafses en desarrollo. Se dio un paso imcial de gran importancia en la Con
ferenda de las Naciones Umdas sobre la aplicacion de la ciencia y la tecno
logfa en beneficia de las regiones menos desarrolladas, celebrada en 1963. 
No es este el lugar oportuno para citar los numerosos esfuerzos que las 
Naciones Unidas y los organismos de su sistema han emprendido con miras a 
fomentar el proceso de difusion de la tecnologfa, pero procede recordar en 
esta Conferencia el amplio informe que las Naciones Unidas prepararon en 
1969 sobre la aportacion de la energfa nuclear al progreso economico y 
ci~ntffico de los pafses en desarrollo. 

Es igualmente esencial intensificar· los esfuerzos de la ciencia y la 
tecnologfa hacia la resolucion de los problemas a que han dado lugar algunas 
de sus aplicaciones. La Conferencia que las Naciones Unidas celebrara en 
junio de 1972 en Estocolmo constituira la primera reunion internacional de 
alto rango en la que se estudiaran de un modo global las repercusiones de la 
tecnologfa sobre el medio humano. 

Ahora que la energfa nuclear esta en condiciones de aportar una creciente 
contribucion al bienestar de los pafses en desarrollo, procede que esta Con-



26 OPENING OF THE CONFERENCE 

ferencia, mas aun que las precedentes, trate de interesar tanto a los econo
mistas, planificadores y a hombres de estado como a los propios cientfficos. 
He visto con satisfaccion que un gran nucleo de las memorias que se presen
taran en el curso de la Conferencia que hoy se inaugura aquf pondran de re
lieve tanto los posibles beneficios como los efectos peligrosos secundarios 
potenciales. Tendran presentes las relaciones mutuas entre la energfa 
atomica y otros campos cientfficos afines. Facilitaran asimismo informacion 
sobre el costo y financiamiento de las instalaciones nucleares, que ha de 
servir de ayuda a las distintas naciones en el momento de decidir cuales de 
los beneficios de la energfa nuclear les han de ser mas utiles y la fecha en 
que de ben introducirse. 

Entiendo, por ejemplo, que hay muchas regiones en el mundo en las que 
no serfa todavfa economico o viable construir centrales nucleoelectricas, 
generalmente debido a que la demanda de energfa es todavfa demasiado pe
quefia para permitir la construccion de centrales nucleoelectricas de dimen
siones economicas 0 porque se dispone aun de ricos recursos de energfa 
clasica todavfa sin explotar. Tengo la seguridad de que al termino de la pre
sente Conferencia, los funcionarios gubernamentales que a ella asistenhabran 
podido reunir muchos de los datos que precisan para decidir en que circuns
tancias serfa oportuno que sus gobiernos pongan en marcha un programa de 
energfa nucleoelectrica. 

Al comenzar esta Conferencia, aprovecho la oportunidad para hacer 
constar nuestra deuda de gratitud a los cientfficos que han presidido con tal 
acierto y distincion las tres primeras Conferencias de Ginebra: el 
Dr. Homi Bhabha que desgraciadamente ya no se encuentra entre nosotros, 
el Dr. Francis Perrin y el Prof. Vassily Emelyanov, ex-presidente del 
Comite Estatal de la Union Sovietica para la Energfa Atomica quien - y es 
un placer para mf anunciarlo - asiste a esta ceremonia de apertura. 

Deseo igualmente tributar un especial homenaje a los eminentes miem
bros, tanto actuales como antiguos, del Comite Cientffico Consultivo de las 
Naciones Unidas que no han regateado ni su tiempo ni sus mejores esfuerzos 
en la organizacion de estas cuatro «Conferencias de Ginebra». El Dr. Rabi, 
arquitecto principal de la primera Conferencia sera uno de los oradores que 
haran uso de la palabra esta manana. Segun se me ha informado, la idea de 
una conferencia de este tipo partio en 1953 del Dr. Rabiyde Mr. Lewis Strauss. 
Estas Conferencias han dado lugar a una cooperacion cientffica mucho mayor 
en esta esfera y han estimulado considerablemente la labor del Organismo 
Internacional de Energfa Atomica. Uno se sus frutos beneficiosos ha sido la 
estrecha colaboracion de trabajo entre las Naciones Unidas y el OIEA en la 
organizacion de las reuniones. 

He mencionado ya los efectos secundarios perniciosos de la ciencia y la 
tecnologfa. En ninguna otra esfera puede verse este hecho con mayor claridad 
que en la tecnologfa nuclear, en la que la energfa potencial del atomo se de
mostro por primera vez en forma de arma militar. Los problemas que se 
derivan de la ambivalencia de la tecnologfa nuclear no han cesado de ser 
objeto de intensos trabajos en las Naciones Unidas y en sus organos. Es 
para mf una satisfaccion que se hayan logrado algunos progresos en el control 
de estos problemas, por ejemplo, en virtud del Tratado de Moscu de 1963 y 
del Tratado sobre la no proliferacion de 1968. Me siento tam bien alentado 
por el exito que ha logrado el OIEA en la elaboracion de unas salvaguardias, 
eficaces y aceptables, que han sido refrendadas practicamente por unanimidad 
por las 50 naciones interesadas que participaron en esta labor. Por consi-
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guiente, precede tambi€m que esta Conferencia estudie los aspectos tecnicos 
de las salvaguardias que estan indisolublemente vinculados con el desarrollo 
y la difusion de la energfa nucleoelectrica. 

Estas consecuciones no quieren decir que todas las perspectivas sean 
favorables, y lamento que prosigan las pruebas con armas. Sinceramente 
conffo en que se llegara en un futuro proximo a una proscripcion completa de 
estas pruebas en la Conferencia del Comite de Desarme que actualmente se 
esta reuniendo en Ginebra. 

La energfa nuclear, debidamente salvaguardada y empleada en condi
ciones de seguridad, puede reportar beneficios sin precedente ala bumani
dad. En gran parte, las personas que asisten a esta Conferencia tienen la 
responsabilidad del progreso de dicba energfa, de que se le apliquen salva
guardias y de que se emplee sin riesgos. Estoy seguro de que todos, tanto 
los cientfficos como los que no lo son, tend ran al termino de esta Conferencia 
un conocimiento mas complete de lo que se ba conseguido basta la fecba en 
la esfera de la utilizacion de la energfa nuclear con fines pacfficos y de lo 
que es probable que se logre basta el final del siglo XX. 

Deseo todo genera de exitos a esta Conferencia. 



OPENING ADDRESS 

Glenn T. SEA BORG 

President of the Conference 

I embark on this office with great humility, some pride, and an over
whelming sense of hope and excitement for the future of the still new science 
on which we have come here to confer. 

I come with humility because a conference of this magnitude cannot 
fail to call to mind the tremendous debt which we of the present owe to the 
towering intellects of the past whose accomplishments made possible the 
fantastic age of science in which we live. Man's acquisition of knowledge 
has been a continuous process and even from the vantage point of history we 
can identify only with difficulty the truly crucial discoveries and their 
authors. When we examine even the most dramatic and far-reaching 
contributions, we find that they are built on the foundations of previous 
thinkers, who often came remarkably close to the summit which was later 
gained. 

Our field of nuclear energy is no exception. No history of its origins 
would omit the revolutionary contributions of Einstein, of Rutherford, of 
Bohr and, of course, of Fermi, Hahn, Meitner, and Strassmann, who 
unlocked the final doorway to the realization of practical energy from the 
nucleus of the a tom. 

I come with some pride because my own country has, I believe, done 
its share not only in developing the peaceful uses of nuclear energy, but -
equally important- in fostering and applying the concept that these benefits 
should be available to all nations. I hope that I can be pardoned if I observe 
that this conference stands as a tribute to, among others, the late President 
Dwight D. Eisenhower, whose proposals before the United Nations General 
Assembly on 8 December 1953 initiated the Atoms for Peace program, 
and who later personally suggested the convening of the first Geneva 
Conference. 

I come with hope and excitement because I believe we are still on the 
threshold of an era of great discovery and of consolidation and exploitation 
of past discoveries, an era which, by the end of this century, will bring 
from nuclear energy unimagined benefits that will directly improve the 
quality of life for the greater part of the six to seven billion people who 
will then inhabit the earth. 

Inevitably, occupying this podium leads one to review the wisdom of 
those who served before as Presidents of these conferences. Only Homi 
Bhabha, in 1955, had the well-deserved honour but the far harder task, 
of speaking first. The choice of Dr. Homi Bhabha as President of the first 
Geneva Conference was an inspired one. Not only did it do honour to this 
outstanding man of science and government, but by drawing a president 
from the developing world it emphasized the universality of both the 
capabilities and the needs in the field of nuclear energy. Building on the 
magnificent foundation created by Dr. Bhabha, India has moved ahead to 
become the first of the developing countries to apply nuclear energy as a 
primary power source. Thus Dr. Bhabha correctly prophesied that nuclear 
energy was of importance not only to the industrialized nations of the world 
but to the developing nations as well. Indeed, his basic theme was that if 
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the vast majority of the world's population now living in the developing 
nations is to achieve the energy-dependent standard of living already 
enjoyed by the industrialized countries, nuclear power must enjoy wide
spread application. 

Bhabha also made the then sensational prediction that within two 
decades we would achieve the production of useful energy from fusion, 
thereby opening the way to the use of deuterium from the sea as a virtually 
limitless source of energy. With commendable scientific caution, 
Dr. Bhabha predicted only that, within this time, a method would be 
found for liberating fusion energy in a controlled manner. He did not 
forecast when this discovery would be forged into an economic and reliable 
commercial energy source. While time is running out for the achievement 
of the goal predicted by Dr. Bhabha, I will join him in the prophet's role 
and say that I do not rule out that a positive energy production from fusion 
might still be achieved by 1975, and almost certainly will be reached by 
1980. If that comes to pass, Dr. Bhabha, whose life was tragically ended 
near this city while en route to an international atomic energy meeting, 
will be even more established as a man of great scientific foresight. 

The President of the Second Geneva Conference was an equally dis
tinguished nuclear pioneer from France - Francis Perrin. Faced with the 
knowledge that the hoped-for goal of economic nuclear power was more 
difficult than had been realized earlier, the Second Geneva Conference 
was an occasion of comparative pessimism. Professor Perrin correctly 
foresaw that at first nuclear power would be principally useful in the 
already highly industrialized countries. The phase that he predicted did 
indeed take place, but, as nuclear power is in operation or being installed 
in such nations as India, Pakistan, Korea, China, Argentina, and Brazil, 
we see this phase drawing to an end. By 1980, nuclear power plants are 
likely to be in operation in more than 15 countries currently considered 
as developing nations under United Nations criteria. 

Professor Perrin stressed as one of the most important aspects of 
these conferences their function in removing the veils of secrecy from an 
important area of science, and opening up hitherto closed channels of 
communication. This was profoundly correct and was indeed a major 
achievement of the two earliest Geneva Conferences. The unclassified 
status of virtually all fields of importance to the peaceful uses of nuclear 
energy is now well established and taken for granted, but unfortunately 
the earlier classification for military purposes has in some instances been 
replaced by controls imposed in the name of commercial secrecy. As a 
nation whose well- being is based largely on the contributions of private 
enterprise, we do not doubt the importance of offering adequate rewards 
for private scientific initiative. The important and difficult point is to 
achieve the proper balance between widespread dissemination of information 
during the early phases of research and development on the one hand, and 
proper opportunity for the protection of detailed and advanced technology 
on the other hand. As a scientist who believes, as did Professor Perrin, 
that secrecy stultifies progress, I fear that the secrecy which is practiced 
in the name of commercial privacy can be as debilitating as that which was 
earlier practiced in the name of national security. If this Conference pro
vides the same incentive for the publication of some information now con
sidered proprietary as did earlier conferences for the publication of 
classified information, it will, indeed, serve a valuable purpose. 
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The Third Geneva Conference was a historic landmark. It clearly 
marked the beginning of the era of economic nuclear power. Indeed, it 
was possible to say at that conference, which I had the honor of attending 
as chairman of the United States delegation and for which I delivered the 
summary speech, that an "economic breakthrough" had been achieved in 
nuclear power technology. With more than 150 million kilowatts of nuclear 
power capacity now in operation, under construction, or on order in the 
world today, few, if any, can doubt the accuracy of that statement. 

The President of the last Geneva Conference was my friend and 
colleague, Professor V. S. Emelyanov of the Soviet Union. In his excellent 
review of the status of nuclear science and technology, Professor Emelyanov 
wisely called attention to the importance of international co-operation and 
made special mention of the growing role and effectiveness of the Inter
national Atomic Energy Agency in fostering this co-operation. He also 
made the first reference to the exciting new prospects for the use of 
nuclear energy for the large-scale desalting of sea-water- an application 
which I believe we will see come into use well within our lifetime. 

As I look back on the progress in nuclear science and technology, it 
seems to me that one fascinating fact stands out above all others. This 
field of science is perhaps the first, and certainly the largest, where 
progress did not "just happen". Great progress had been made in many 
other fields of science and technology before nuclear energy arrived on 
the scene. But in a general sense, progress in those fields came about 
as a result of the actions and interactions of many different and essentially 
independent programs and people. In the field of nuclear energy, for the 
first time, the pace of progress in a whole vast field of science was largely 
set as the result of the deliberate decisions and actions of governments 
and- at the outset- only a few of them. In keeping with this approach, 
even the international co-operation which brings us together here owes its 
existence to the deliberate decisions and actions of governments rather 
than to the more traditional channels of scientific co-operation. 

I believe it has been an exciting and, on the whole, a highly successful 
experiment with vast ramifications outside its immediate boundaries. 
While human ingenuity remains the indispensable ingredient to scientific 
progress, our experience in nuclear energy has shown unmistakably that 
the pace and even the direction of development can be profoundly affected 
by the large-scale intervention of governmental policies and resources. 

In an even more complete sense, this experience has been repeated in 
the field of space science. But I believe that nuclear energy remains not 
only the model, but the more magnificent example for the time being, 
since here we have seen the forced-draft development of a field of science 
and technology which has major and immediate practical and economic 
impact for a large proportion of the world's countries. 

Perhaps the only historical model for what has taken place in nuclear 
energy in the last 25 years is an earlier age of discovery, when far
sighted governments of that day undertook the exploration not just of a 
new world of science, but of a new world across the seas. Perhaps, in 
the eyes of history, the consequences of our explorations in the new world 
of nuclear energy will match in significance those of that earlier age of 
discovery. 

I have chosen to speak in very general terms of the background of our 
conferences and of the science which they treat. The real message of this 
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Conference, the story of seven years of progress since we last met in 1964, 
will necessarily and properly unfold from the Proceedings which will 
follow. But I will not entirely forego the opportunity to speak, as have 
my predecessors, of what has happened, and what we might expect to see 
happen in the years ahead. 

The dramatic background for our Conference - one to which I have 
already pointed - is that nuclear power is no longer ''around the corner'', 
but here. The total investment in the 150 million kilowatts of power plants 
to which I referred will exceed $45 billion when they are completed in 1980 
and, of course, by that time many more plants totalling many millions of 
additional kilowatts will be well along towards completion. The power which 
these plants will generate in 1980 will almost equal the whole generating 
capacity of the USA at the time of our last conference. And by the turn of 
the century, there seems little doubt that half of the US total of more than 
1500 million kilowatts will be nuclear, with a similar pattern of growth 
taking place in other major regions of the world. 

But despite this success - one which I believe deserves the overworked 
term of phenomenal- much remains to be done and problems still beset 
our burgeoning new industry. The great remaining task for nuclear power 
technology is to unlock the massive energy resources of the fertile isotopes
uranium- 238 and thorium - by completing the development of an economic 
breeder reactor. This goal is now occupying the energies and resources 
of most of the world's major nuclear power development programs. I do 
not doubt that it will be achieved, but the costs to be met and the time re
quired will be great. I believe that we will see the introduction of com
mercial fast- breeder reactors of the liquid-metal- cooled type in several 
countries inthemid-1980s. While several large-scale prototypes can and 
indeed must be built before then if this goal is to be achieved, these proto
types will not themselves be economically competitive. 

For the most part, our current problems in nuclear power are centred 
on the issue of the environment, and because of that, they are in a certain 
sense ironic. No new field of science and technology- perhaps of all 
human endeavour- has applied such intensive voluntary restraints to ensure 
the safety of its activities as has nuclear energy. As a result, in country 
after country, nuclear activities have achieved safety records at the very 
top of all industrial activities. Sophisticated new procedures and equip
ment have been developed to ensure the containment of the radiation and 
materials involved in nuclear activities. Regulatory procedures of un
precedented stringency have been adopted by the leading nuclear nations 
to ensure the safety of their nuclear power activities. 

Viewed objectively, nuclear power offers an unparalleled opportunity 
to reverse the trend towards greater and greater environmental pollution 
from conventional fuels and combustion products, with all their known 
al1'd unknown hazards. 

Despite this, strong and sometimes strident voices have been raised 
against the use of nuclear power on environmental grounds in a number of 
countries. As responsible guardians of the public trust in the safety of 
nuclear activities, we should not deny careful consideration to even the 
most improbable hypotheses relating to the hazards of nuclear power, and 
we have not done so. Indeed, to ensure the safety of our activities, we of 
the nuclear community pioneered the approach of taking seriously the 
highly improbable. Today's nuclear power plants involve the release of 
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such small amounts of radiation that an individual located continuously at 
a nuclear plant boundary would receive less additional radiation exposure 
each year than that experienced by those of us who crossed the Atlantic 
to attend this conference. The patient explanation of facts such as these 
has borne fruit. Today I believe there is noticeably greater public under
standing of the safety of nuclear power than at this time a year ago. And 
with public understanding, public acceptance will be the inevitable result. 
This Conference gives us another important means of reaching that goal. 

Reviewing progress in the field of controlled fusion has been a hall
mark of these Geneva Conferences ever since Dr. Bhabha 1s exciting pre
diction in 1955. Today, even though the goal of achieving net energy pro
duction from controlled fusion still eludes us, we know far more than ever 
about plasmas and their behaviour. As a result, as I have already said, 
I believe, Dr. Bhabha's prediction of net energy within two decades of 1955 
will be missed, if at all, by only a small margin. But the translation of 
this result into a practical and economic source of commercial electric 
power is a potentially much more difficult and time-consuming job which 
I do not believe can be realized much before the end of this century. 

In virtually every other area of our broad field, the progress since 1964 
has been great. Radioisotopes, which have long since taken their place as 
a powerful tool of research, medicine and industry have increased their 
application considerably since 1964. But that tells only part of the story, for 
the dramatic aspect has been in the number of new applications. From 
human cardiac pacemakers to providing power for lunar experiments, 
radioisotopes are performing tasks that could not be duplicated in any 
other way. 

I believe there is a good prospect that radioisotope-powered artificial 
hearts will be successfully developed and in experimental use within five 
years. In a more quiet way, radioisotopes are creating a revolution in 
medicine that many experts compare with the introduction of the X-ray in 
1896. The medical scintillation camera permits the study of entire organs 
while actually functioning, with radiation exposures to the patient far less 
than those that would be required by the use of conventional X-rays. 

Food preservation through irradiation on a widespread commercial 
basis is still one of the goals ahead of us, although some specialized appli
cations are beginning to come into use. Here, as in some other areas, I 
suspect that our priorities have become disordered through a failure to 
balance risks against benefits. With tens of millions of the world's people 
still suffering from hunger and its more insidious partner, malnutrition, 
the ability of radiation to extend the storage time of food, and to reduce 
losses due to infestation and sprouting has not been given the role which 
it deserves. This is another area where I believe I can safely predict 
widespread application within a decade or two. 

During this Conference, you will receive an up-to-date report on the 
peaceful uses of nuclear explosives. I would not seek to obscure the still 
controversial nature of this application of nuclear energy. There are people 
in many nations who believe sincerely that the exploitation of the peaceful 
benefits of nuclear explosives will somehow increase the pressures and 
opportunities for the acquisition of nuclear weapons - from which peaceful 
nuclear explosives are unfortunately indistinguishable. This attitude over
looks, however, the progress which is reflected in the Treaty on Non
Proliferation of Nuclear We a pons (NPT). Article V of this Treaty demonstrates 
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not only the worldwide interest in peaceful nuclear explosives, but provides 
a logical solution to the conflict between widespread availability of these 
benefits and the need to avoid the spread of nuclear explosive devices 
themselves. 

The adoption of this Treaty is in itself a major development that 
merits taking note of in this progress report. In 1964, Professor Emelyanov 
called attention to the then recently adopted treaty banning nuclear weapons 
tests in the atmosphere, outer space, and under water, and expressed the 
hope, shared by all, that further steps would be taken towards the solution 
of international problems by negotiation. The Non-Proliferation Treaty 
is another solid step in this progression. 

It would be remiss not to identify in this summary of major progress 
since 1964 the development by the International Atomic Energy Agency of 
the new framework for the application of safeguards under the NPT. Both 
the results of this work, and the constructive spirit in which it was carried 
out show that positive accomplishments can be secured through international 
co-operation even in areas of great political and technical complexity. 
I am convinced that through this endeavour, the IAEA has greatly improved 
the prospects for a broad and effective implementation of the NPT. 

What of the future? I have already ventured some predictions in point
ing to the highlights of our recent progress, but there are many other 
exciting prospects in store for us before this century ends. I believe that 
through the use of nuclear propulsion the outer planets such as Jupiter will 
surely be examined instrumentally in this century, and that man is likely to 
visit Mars by the same means. 

Giant earth-stationary satellites bearing compact nuclear reactors 
will broadcast television programs and other messages directly to home 
receivers. 

Nuclear-powered tankers and other nuclear merchant ships will 
almost certainly ply the seas. 

Peaceful nuclear explosives will be employed on a widespread scale 
to improve the recovery of underground natural resources, and possibly 
to modify topography in such ways as the building of harbours, canals, 
and reservoirs. 

Our achievements will not be exclusively scientific and technological. 
I believe we will see international agreements to ensure the safe transport 
of radioactive materials and their safe disposal. Nuclear trade will 
become essentially conventional in nature, subject only to the requirement 
that its peaceful purpose be ensured by appropriate safeguard arrangements. 
International co-operation will continue to flourish, but will become less 
a concern of governments and more a direct activity of scientists and 
industry. On the frontier of nuclear science, larger accelerators will be 
built under international auspices. 

I believe that all these will take place if we continue to act wisely in 
allocating to nuclear science and technology the resources which they 
deserve. The demands on the world's resources have never been greater. 
Many of the needs are urgent and, in some respects, more basic than the 
need for advanced technology. Even in the most affluent nations, poverty 
and hunger persist, and the gap which separates the industrialized from 
the developing nations is still disappointingly wide. But no civilization 
would ever reach greatness if the level of all its activities were held to a 
common denominator. Excellence in science and technology is as neces-
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sary to a successful society as is excellence in the arts, or any other field 
of human endeavour. In the final analysis, the alleviation of the human 
wants which have been with us for so long will depend on the degree to 
which a society can fashion and apply new technology to make our natural 
and human resources go further. 

The solution to the problem of priorities must not be to stifle scientific 
initiative, but to encourage it even as we seek to meet the other urgent 
needs. Perhaps, here again, our Conference can play a role in increasing 
public and official understanding of the relevance of our goals to the needs 
of society. 

It has become an honoured tradition of these conferences to pay tribute 
to distinguished nuclear scientists whose lives have ended since our 
previous meeting. This time our list is an especially sad one, since it 
includes the names of the President of the First Geneva Conference, 
Homi Bhabha, and of the great and beloved pioneer of nuclear energy, 
Otto Hahn. To honour their memory, to honour Sir John Cockcroft, Lise 
Meitner, and Igor Tamm, and all the other members of this unique inter
national community who have departed since we last met, I propose that we 
rise for a moment of silence. 

I now express the wish that our Conference proceed in the same tradition 
of scientific excellence and full and open discussion that has marked our 
previous meetings. 

Translations into French, Russ1an and Spamsh follow. 

DISCOURS D 10UVERTURE 

Glenn T. SEA BORG 

President de la Conference 

C1est avec un sentiment de grande humilite melee d 1un peu d 1orgueil, 
une emotion et un espoir immenses pour l'avenir de la science encore 
nouvelle dont nous allons parler, que j 1assume la presidence de cette 
Conference. 

J'eprouve un sentiment d 1humilite parce qu'une conference de cette 
ampleur ne peut pas manquer de me rappeler la dette enorme que nous 
avons envers les intelligences hors serie dont les decouvertes ont permis 
l'avenement de l'ere scientifique dans laquelle nous vivons maintenant. 
L'acquisition des connaissances par 11homme a ete un processus continu et, 
meme avec le recul de l'histoire, on ne peut identifier qu'avec difficulte les 
decouvertes vraiment capitales et leurs auteurs. Meme lorsque nous 
examinons les decouvertes les plus fantastiques et les plus importantes quant 
a leurs consequences, nous constatons qu 1elles sont construites sur les 
fondements poses par les penseurs precedents qui etaient souvent arrives 
tres pres du sommet qui fut ensuite atteint. 
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L'emergie nucleaire ne fait pas exception. Aucun historien de ses 
origines ne saurait omettre les apports revolutionnaires d 'Einstein, de 
Rutherford, de Bohr et, bien entendu, de Fermi, Hahn, Meitner et 
Strassmann qui ont ouvert la derniere porte conduisant a la realisation 
pratique de !'exploitation de l'energie contenue dans le noyau de l 1atome. 

J 1eprouve aussi un certain orgueil parce que mon pays a fourni, je le 
crois, sa part non seulement en developpant les applications de l'emergie 
atomique a des fins pacifiques, mais aussi- et c 1est egalement important
en defendant et en appliquant l 1idee que ces avantages doivent etre dis
ponibles pour tous les pays. J 1espere que l'on me pardonnera si je fais 
observer que la presente Conference vient rendre hommage, entre autres, 
au regrette President Eisenhower, dont les propositions faites devant 
l'Assemblee generale des Nations Unies le 8 decembre 1953 ont amorce 
le programme connu sous le nom de l 1«Atome pour la paix>> et qui, plus 
tard, a propose personnellement !'organisation de la premiere Conference 
de Geneve. 

J 1eprouve un sentiment d 1espoir et une vive emotion parce que je pense 
que nous sommes encore au debut d 1une periode de grandes decouvertes 
nouvelles, et de consolidation et d 1exploitation des decouvertes du passe, 
une periode qui, a la fin de ce siecle, apportera a l'humanite des bienfaits 
inesperes tires de l'energie nucleaire, qui amelioreront directement la 
qualite de la vie pour la plus grande partie de la population de six a sept 
milliards d 'habitants qui sera alors celle de notre planete. 

Lorsqu1on occupe cette tribune, on est inevitablement conduit a se 
souvenir de la sagesse de ceux qui ont preside les trois precedentes 
Conferences. En 1955, M. Homi Bhabha a eu l'honneur bien merite d 1etre 
le premier a assumer la presidence, ce qui etait aussi une tache tres 
lourde. Le choix de M. Homi Bhabha ala tete de la premiere Conference 
de Geneve fut un choix heureux. Non seulement il rendait justice a ce 
grand savant et homme d'Etat, mais en se portant sur un ressortissant 
d 1un pays en voie de developpement il soulignait l'universalite des capacites 
et des besoins dans le domaine de l'energie nucleaire. Sur les magnifiques 
fondements poses par M. Bhabha, l'Inde fut le premier pays en voie de 
developpement utilisant l'energie nucleaire comme source primaire 
d 1electricite. Car M. Bhabha avait bien vu que l 1energie nucleaire etait 
importante non seulement pour les pays industrialises, mais aussi pour les 
pays en voie de developpement. Et meme, son idee maltresse eta it que si 
la grande majorite de la population du monde qui habite actuellement les 
pays en voie de developpement voulait atteindre le niveau de vie tributaire 
de l'energie dont beneficiaient deja les pays industrialises, l'energie 
d'origine nucleaire devrait recevoir une application generalisee. 

M. Bhabha avait aussi fait une prediction sensationnelle, a savoir 
qu 1en deux decennies nous realiserions la production d 1€mergie utilisable 
a partir de la fusion, ouvrant ainsi la voie a !'utilisation du deuterium des 
mers qui constitue une source d 1energie virtuellement illimitee. M. Bhabha 
avait eu la sagesse de predire seulement que, pendant cette periode, on 
trouverait une methode pour liberer l'energie de fusion d 1une maniere 
contrcHee mais non pas que cette decouverte pourrait etre appliquee pour 
constituer une source d 1energie industrielle rentable et fiable. Pendant 
que le delai fixe par M. Bhabha n'est pas encore expire, je veux me 
joindre a lui dans le role de prophete et dire que je n 1exclus pas qu'une 
production positive d 1energie a partir de la fusion puisse etre realisee en 
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1975 et qu 1elle le sera presque certainement en 1980. Dans ce cas, 
M. Bhabha, qui a trouve une mort tragique non loin de cette ville alors 
qu'il se rendait a une grande reunion internationale consacree a l'imergie 
atomique, verra sa reputation de grand prophete scientifique vraiment 
consacree. 

Le President de la deuxieme Conference de Geneve fut aussi un 
pionnier nucleaire, un Fran~ais, M. Francis Perrin. Sachant bien que 
l'objectif tant souhaite de l'energie nucleo-electrique rentable serait plus 
difficile a atteindre que l 1on ne l'avait cru tout d'abord, les participants 
a la deuxieme Conference de Geneve se montraient rela tivement pessimistes. 
Le Professeur Perrin a eu le merite de prevoir que tout d 1abord l'energie 
d'origine nucleaire serait principalement utile dans les pays deja tres 
industrialises. Cette prediction se realisa effectivement; mais, comme 
des centrales nucleaires sont deja en exploitation ou en cours d 'installation 
dans des pays comme l 1Inde, le Pakistan, la Coree, la Chine, !'Argentine 
et le Bresil, on voit que cette phase approche de son terme. En 1980, il 
est probable que des centrales nucleaires seront exploitees dans plus de 
15 pays actuellement consideres comme en voie de developpement d 1apres 
les criteres de !'Organisation des Nations Unies. 

Le Professeur Perrin a souligne que l'un des plus importants aspects 
de ces conferences est le fait qu'elles font dispara1tre les voiles du secret 
dans un domaine tres important de la science, ouvrant ainsi des communica
tions jusqu 1alors fermees. C 1est strictement exact et c 1est meme un des 
principaux merites des deux premieres Conferences de Geneve. Il est 
maintenant acquis que virtuellement tous les domaines importants de 
l 1utilisation pacifique de l'energie atomique ont cesse de constituer des 
secrets militaires; mais, malheureusement, des contr6les imposes au nom 
du secret industriel sont venus les rem placer. Etant donne que le bien-
etre d 1un pays est fonde en grande partie sur les contributions des entre
prises privees, nous ne doutons pas de !'importance qu'il y a a remunerer 
!'initiative scientifique privee. Ce qui est important mais difficile, c 1est 
d'etablir un equilibre approprie entre la dissemination g{meralisee de 
renseignements pendant les premieres phases des travaux de recherche 
et de mise au point, et une protection convenable des techniques detaillees 
et perfectionnees. En tant qu 1homme de science, je pense com me le 
Professeur Perrin que le secret sterilise le progres et j'ai peur que les 
precautions prises au nom de la propriete industrielle ne soient aussi 
nefastes que celles qui existaient autrefois pour des raisons de securite 
nationale. Si la presente Conference fournit le meme stimulant a la publi
cation de certains renseignements actuellement consideres comme du 
domaine de la propriete que les precedentes Conferences a la publication 
des renseignements «classes», elle aura atteint un objectif extremement 
important. 

La troisieme Conference de Geneve a marque une date dans l'histoire: 
l'avenement de l'energie d 1origine nucleaire rentable. On a meme pu dire 
a cette Conference, a laquelle j 1ai eu l'honneur de participer a la tete de 
la delegation des Etats- Unis et de prononcer le discours de synthese, 
qu 1une «percee economique» avait ete effectuee en ce qui concerne la tech
nologie nucleo-electrique. Avec plus de 150 millions de kilowatts pour les 
centrales nucleaires en exploitation, en construction ou sous commande 
dans le monde, on ne peut guere aujourd 1hui douter de la veracite de cette 
declaration. 
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Le President de la troisieme Conference de Geneve fut mon ami et 
collegue, le Professeur Emelyanov, envoye par l'Union sovietique. Dans 
le remarquable tour d 1horizon qu'il a effectue sur la science et la techno
logie nucleaires, M. Emelyanov a appele l 1attention sur !'importance de 
la cooperation internationale, en mentionnant tout specialement le role 
croissant et l 1efficacite de l'Agence internationale de l'energie atomique 
dans ce domaine. Il a egalement parle pour la premiere fois des perspec
tives nouvelles et seduisantes offertes par l 1utilisation de l'energie 
nucleaire dans de grandes usines de dessalement de l 1eau de mer, et je 
pense que notre generation pourra assister a cette realisation. 

Lorsque je jette un regard en arriere sur le developpement de la science 
et de la technologie nucleaires, il me semble qu'un fait extremement 
interessant eclipse tous les autres: ce domaine de la science est peut-etre 
le premier et certainement le plus vaste ou le progres n'est pas arrive 
«comme cela». De grands progres ont ete faits dans beaucoup d 1autres 
domaines de la science et de la technique avant que l'energie nucleaire 
entre en scene. Mais, d 1une maniere generale, ces progres ont ete le 
resultat des actions et des interactions de differents programmes et 
personnes ess entiellement independants. En matiere d 'ener gie nucleaire, 
pour la premiere fois, la marche du progres dans tout un vaste domaine 
de la science a ete en grande partie le resultat de decisions de gouverne
ments et- aux tout premiers debuts- seulement d'un petit nombre. Dans 
la meme optique, meme la cooperation internationale qui nous reunit ici 
doit son existence aux decisions et aux actes deliberes de gouvernements 
plutot qu 1aux voies plus traditionnelles de la cooperation scientifique. 

Je crois que c 1est une experience passionnante et, dans l 1ensemble, 
tres fructueuse avec de vastes ramifications en dehors de ses frontieres 
immediates. Alors que l'ingeniosite de l'homme reste l'element indispen
sable du progres scientifique, notre experience en matiere d'energie 
nucleaire a montre indubitablement que la rapidite et meme la direction 
du developpement peuvent etre profondement affectees par des interventions 
importantes de directives et de res sources gouvernementales. 

D 1une maniere encore plus complete, cette experience s'est repetee 
dans le domaine de la science spatiale, mais je pense que l'energie nucleaire 
reste non seulement le modtHe mais aussi l'exemple le plus significatif 
a l 1heure actuelle, car nous avons assiste au developpement en force d'un 
domaine de la science et de la technique qui a une incidence pratique et 
economique considerable et immediate pour une grande proportion des 
pays du monde. 

Le seul precedent historique de ce qui s 1est passe en matiere d 1energie 
nucleaire depuis 25 ans est peut-etre une ere de decouvertes plus ancienne 
lorsque des gouvernements a larges vues entreprirent l'exploration non 
pas d 1un nouveau monde de la science mais d'un nouveau monde au-dela 
des mers. Il est possible que, aux yeux de l'histoire, les consequences 
de nos explorations dans le nouvel univers de l'energie nucleaire aient la 
meme importance que celles des grandes decouvertes geographiques. 

J'ai voulu parler en termes tres generaux de la toile de fond de nos 
conferences et des sciences auxquelles elles sont consacrees. Le message 
veritable de cette reunion, l'histoire des sept annees de progres depuis 
notre derniere rencontre en 1964, se degageront necessairement et pertinem
ment des discussions qui vont suivre. Mais je ne veux pas entierement 
laisser passer l 1occasion de parler, comme l'ont fait mes predecesseurs, 
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de ce qui s'est passe et de ce que nous pouvons attendre des annees qui 
viennent. 
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Comme je vous l'ai deja dit, cette Conference est marquee par le fait 
capital que l'energie d 1origine nucleaire n'est plus <«i notre porte» mais 
qu 1elle est atteinte. Le montant total des investissements pour les 
150 millions de kilowatts nucleaires dont j 1ai parle depassera 45 milliards 
de dollars lorsque les centrales seront terminees en 1980 et, naturellement, 
a ce moment, beaucoup d 1autres centrales representant plusieurs millions 
de kilowatts supplementaires approcheront alors de leur achevement. 
L 1energie que ces usines produiront en 1980 sera presque egale a la 
capacite totale de production d 1eiectricite des Etats-Unis ala derniere 
Conference de Geneve. Et, vers l'an 2000, il ne fait guere de doute que 
la moitie de la capacite de production d'energie €dectrique des Etats-Unis, 
qui depassera 1, 5 milliard de kilowatts, sera nucleaire et que le rythme 
de developpement sera le meme dans les autres grandes regions du monde. 

Mais, en depit de ce succes qui merite, je crois, l'epithete de pheno
menal, il reste beaucoup a faire et notre nouvelle industrie proliferante 
doit resoudre encore des problemes. La grande tache qui incombe encore 
a la technologie nucleo- electrique est de de gager les res sources ener
getiques massives enfermees dans les isotopes fertiles - uranium- 238 et 
thorium- en achevant la mise au point d'un reacteur surgenerateur 
rentable. Cet objectif occupe actuellement les energies et les ressources 
de la plupart des grands programmes de developpement energetique 
nucleaire. Je ne doute pas qu'il sera atteint, mais il faudra beaucoup de 
temps et des frais importants. Je pense que nous verrons !'introduction 
de reacteurs surgenerateurs rapides industriels refroidis par un metal 
liquefie dans plusieurs pays ver s 1980. Plusieurs prototypes de grandes 
dimensions peuvent etre construits avant cette date et on devra meme 
les construire si l'on veut atteindre le but fixe; mais ils ne seront pas 
eux-memes concurrentiels. 

Nos problemes actuels en matiere d 1energie d 1origine nucleaire sont 
centres sur la question de l'environnement et il y ala une certaine ironie. 
Aucun domaine nouveau de la science et de la technique n'a connu de telles 
restrictions volontaires visant a assurer la securite. Dans tous les pays, 
les activites nucleaires ont obtenu des dossiers de securite qui les placent 
a la pointe de toutes les activites industrielles. On a mis au point des 
procedes et du materiel extremement complexes pour assurer le confine
ment de l'environnement et des matieres. On a adopte des procedures 
normatives d 1une rigueur sans precedent dans les principaux pays nucleaires 
pour assurer la securite. 

Consideree objectivement, 11€mergie d 1origine nucleaire offre une 
occasion sans precedent de renverser la tendance a une pollution de l'en
vironnement toujours plus grande pa::- les combustibles classiques et les 
produits de combustion, avec tous les risques connus et inconnus que cela 
com porte. 

Et malgre cela, des voix puissantes et parfois stridentes se sont 
elevees contre l'emploi de l'energie nucleo-electrique, au nom de la 
protection du milieu, dans plusieurs pays. Comme nous sommes charges 
de maintenir la confiance du public dans la securite des activites nucleaires, 
nous ne saurions refuser d 1etudier avec soin meme les plus improbables 
hypotheses relatives aux risques de l'energie d 1origine nucleaire. Et 
meme, pour assurer la securite de nos activites, nous sommes les 
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premiers, nous les membres de la communaute nucleaire, a avoir pris 
au serieux des risques extremement improbables. Aujourd 'hui, les 
centrales nucleaires impliquent le degagement de quantites de rayonne
ments si petites que meme un individu sejournant constamment au voisinage 
d'une centrale nucleaire recevra chaque annee une dose de rayonnement 
supplementaire moins importante que ceux qui ont traverse l 1Atlantique 
pour assister a cette Conference. L 1explication patiente de faits comme 
celui-ci a porte des fruits. Aujourd 1hui, je pense que le public comprend 
beaucoup mieux la securite de l'energie nucH~aire qu'il y a un an. Et si 
le public comprend, il doit inevitablement accepter l 1atome. La presente 
Conference nous offre un moyen d'atteindre ce but. 

La tradition veut que l'on fasse le point des progres de la fusion 
contrt>lee aux Conferences de Geneve, depuis la prediction faite par 
M. Bhabha en 1955. Aujourd 1hui, me me si la production nette d 1energie 
par fusion contr6lee est un objectif qui continue a nous echapper, nous 
en savons beaucoup plus sur le plasma et son comportement. C1est 
pourquoi, comme je vous l'ai deja dit, je crois que la prophetie de 
M. Bhabha concernant la production nette d'energie avant 1975 ne sera pas 
contredite ou qu'elle ne le sera qu'a une etroite marge pres. La traduction 
de ce resultat en une source pratique et economique d 'emergie electrique 
industrielle risque d'ihre beaucoup plus difficile et de prendre beaucoup 
plus de temps, et je pense que l 1on y parviendra avant la fin de ce siecle. 

Dans presque tous les autres secteurs du large domaine qui nous 
occupe, les progres realises depuis 1964 sont tres importants. Les radio
isotopes qui, depuis longtemps, ont pris leur place en tant qu'instrument 
puissant pour la recherche, la medecine et l'industrie, ont vu leurs appli
cations se multiplier depuis 1964. Mais ce n'est pas tout, car un nombre 
sensationnel de nouvelles applications sont apparues. Depuis le regulateur 
cardiaque jusqu'aux sources d'energie pour les experiences sur la lune, 
les radioisotopes accomplissent des taches irrempla9ables. 

Je pense que l'on a bon espoir de m~ttre au point des coeurs artificiels 
actionnes par les radioisotopes et de les experimenter d 1ici a cinq ans. 
D 1une maniere generale, les radioisotopes provoquent une revolution en 
medecine que beaucoup de specialistes comparent avec l 1introduction de 
rayons X en 1896. Les compteurs a scintillation medicaux permettent 
d 1etudier des organes entiers pendant leur fonctionnement, en imposant 
au malade une exposition aux rayonnements bien inferieure a celle qui 
serait necessaire si l'on employait des rayons X classiques. 

La conservation des denrees alimentaires par irradiation a l'echelle 
industrielle est encore un objectif que l'on s 1efforce d 1atteindre, bien que 
certaines applications particulieres commencent a etre utilisees. La 
encore, je pense que les urgences ont ete bouleversees parce qu'on n'a 
pas reussi a equilibrer les risques par rapport aux a vantages. Lorsque 
10 millions d 'habitants du globe souffrent encore de la faim et d 1un mal 
plus insidieux, la malnutrition, la possibilite d 1augmenter grace aux 
rayonnements la duree de conservation des aliments et de diminuer les 
pertes resultant de 11infestation et de la germination n'a pas obtenu toutle 
r6le qu'elle merite. C1est la un autre secteur ou je pense que l'on peut 
prevoir sans risque d 'erreur une application generalisee dans les dix ou 
vingt ans qui viennent. 

Pendant la Conference, vous recevrez un rapport a jour sur les appli
cations pacifiques des explosions nucleaires. Je ne chercherai pas a 
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obscurcir la nature encore controversee de cette application de l'energie 
nucleaire. Dans beaucoup de pays, des personnes pensent sincerement 
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que !'exploitation des avantages pacifiques des explosifs nucleaires aug
mentera quelque peu les pressions et la possibilite d 1acquisition d 1armes 
nucleaires - dont les explosifs nucleaires pacifiques sont malheureusement 
impossibles a distinguer. Cette attitude ne tient cependant pas compte 
des progres qui se refletent dans le Traite sur la non-proliferation des 
armes nucleaires. L 1Article V de ce Traite montre non seulement !'interet 
mondial que suscitent les explosifs nucleaires mais fournit en outre une 
solution logique au conflit entre le desir de mettre ces avantages a la 
disposition de tous et le besoin d 1eviter la proliferation des agents ex
plosifs nucleaires eux-memes. 

L 1adoption de ce Traite est en elle-meme une grande realisation qui 
merite que j 1en parle dans ce tour d'horizon. En 1964, le Professeur 
Emelyanov a appele !'attention sur le Traite recemment adopte interdisant 
les essais d'armes nucleaires dans !'atmosphere, dans l'espace exterieur 
et sous l'eau, et il a exprime l'espoir, partage par tous, que l'on prendrait 
d 1autres mesures pour resoudre les problemes internationaux par voie de 
negociation. Le Traite sur la non-proliferation est un autre pas considerable 
dans cette voie. 

Dans ce resume des principaux progres realises depuis 1964, on ne 
saurait manquer de souligner le developpement par l'Agence internationale 
de l'energie atomique (AIEA) d 1un nouveau cadre pour !'application des 
garanties au titre du TNP. Les resultats de ce travail et l 1esprit construc
tif dans lequel il a ete realise montrent que des resultats positifs peuvent 
etre atteints grace a la cooperation internationale, meme dans des secteurs 
d'une grande complexite politique et technique. Je suis convaincu qu 1en 
entreprenant cette tache, l'AIEA a considerablement ameliore les perspec
tives d 1une execution large et efficace du TNP. 

Que dire de l'avenir? J'ai deja risque quelques predictions en sou
lignant les points saillants des progres que nous venons de realiser; mais 
de nombreuses autres perspectives seduisantes vont s'ouvrir pour nous 
avant la fin de ce siEkle. Je pense que grace a la propulsion nucleaire 
des planetes exterieures comme Jupiter seront certainement etudiees a 
l 1aide d 1instruments avant l'an 2000 et que l'homme pourra par le meme 
moyen arriver jusqu1a Mars. 

Des satellites geants, stationnaires par rapport a la Terre et munis 
de petits reacteurs nucleaires, diffuseront des programmes de television 
et d 1autres messages qui parviendront directement a leurs destinataires. 

Des bateaux-citernes nucleaires et d 1autres navires marchands a 
propulsion atomique sillonneront presque certainement les mers. 

Des explosifs nucleaires pacifiques seront employes sur une vaste 
echelle pour faciliter la recuperation de res sources naturelles souterraines 
et peut-etre pour modifier la topographie en construisant des ports, des 
canaux et des reservoirs. 

Nos realisations ne seront pas uniquement scientifiques et techno
logiques. Je pense qu 1il y aura des accords internationaux assurant le 
transport et !'evacuation en toute securite des matieres radioactives. 
Le commerce nucleaire deviendra essentiellement conventionnel et sera 
soumis a la seule exigence que son objectif pacifique soit assure par des 
accords de garanties appropries. La cooperation internationale continuer a 
a se developper mais elle sera mains !'affaire des gouvernements et 
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deviendra une activite plus directe des scientifiques et de 11industrie. A 
la frontiere de la science nucleaire, de plus grands accelerateurs seront 
construits sous des auspices internationaux. 

Je pense que tout cela se produira si nous continuons a allouer sage
menta la science eta la technologie nucleaires les ressources qu 1elles 
meritent. Les demandes imposees aux ressources mondiales n 1ont jamais 
ete plus grandes. Beaucoup des besoins sont urgents et, a certains egards, 
plus fondamentaux que le besoin d 1une technologie perfectionnee. Meme 
dans les pays les plus riches, la pauvrete et la faim persistent et l'ecart 
qui separe les pays industrialises des pays en voie de developpement est 
toujours terriblement large. Mais aucune civilisation ne deviendra jamais 
grande si le niveau de toutes ses activites est ramene a un denominateur 
commun. L 1excellence en matiere de science et de technique est aussi 
necessaire a une societe prospere que !'excellence dans les arts et dans 
les autres domaines de 11effort humain. En derniere analyse, le soulage
ment des miseres que 11humanite subit depuis si longtemps dependra de la 
mesure dans laquelle la societe pourra fac;onner et appliquer la nouvelle 
technologie pour promouvoir le progres que permettent nos ressources 
na turelles et humaines. 

La solution du probleme des priorites ne do it pas etouffer 1 'initiative 
scientifique mais !'encourager, meme si l'on cherche a satisfaire aussi les 
autres besoins urgents. Peut-etre que, la aussi, la Conference peut 
jouer un r6le en faisant mieux comprendre au public et aux dirigeants que 
nos objectifs correspondent bien aux besoins de la societe. 

La tradition exige que je rende hommage aux eminents savants 
nucleaires qui ont disparu depuis notre derniere reunion. Cette fois, la 
liste est particulierement douloureuse parce qu 1elle comprend les noms 
du President de la premiere Conference de Geneve, Homi Bhabha, et de 
ce grand pionnier de l'energie nucleaire que nous aimions tous, Otto Hahn. 
Pour honorer leur memoire, pour honorer Sir John Cockcroft, Lise Meitner 
et Igor Tamm, et tous les autres membres de cette communaute inter
nationale unique qui nous ont quittes depuis la derniere Conference, je 
propose d 1observer une minute de silence. 

Il me reste a souhaiter que cette Conference renoue avec la tra.dition 
de haute tenue scientifique et de discussions libres et ouvertes qui a 
marque nos precedentes reunions. 

BbiCTYITJIEHHE HA OTKPbiTllll KOH<I>EPEHUHH 

rneHH T .CHEOPr 
IT pe,ll;Ce,ll;a Tenb KoH<PepeHLIHH 

5[ IIpHCTyiiaiO K HCIIOJIHeHHIO CBOHX 06H3aHHOCTeH C 'IYBCTBOM Bb!COKOH 
OTBeTCTBeHHOCTH 7 C HeKOTOpOH rop,ll;OCTbl0 7 Ha,ll;e.lK,ll;OH H BOJIHeHHeM 3a 6y,ll;y
~ee BCe e~e MOJIO,ll;OH HayKH, ,ll;JIH o6cy.lK,ll;eHHH IIp06JieM KOTOpOH Mbl 3,ll;eCb 
co6paJIHCb. 

5[ IIpHCTyiiaiO K HCIIOJIHeHHIO CBOHX o6H3aHHOCTeH C 'IYBCTBOM Bb!COKOH 
OTBeTCTBeHHOCTH 7 IIOTOMY 'ITO IIpOBe,ll;eHHe KOH<f>epeHI.IHH TaKoro MaCWTa6a 
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He MO)KeT He Ha!IOMHHTb HaM 0 TOM orpOMHOM ,liOJire, B KOTOpOM Mbl, COBpe

MeHHOe !IOKOJieHHe, HaXO,lllfMCll !Iepe,ll Bbi,llaiOII11fMHCll HHTeJIJieKTaMH !IpOWJIOrO, 

'l:blf ,liOCTH)KeHHll !IpHBeJIH K BeKy (f>aHTaCTH'l:eCKOH HayKH. IJpH06peTeHHe 3Ha

HHH qeJIOBeKOM rrpe,liCTaBJilleT C06oj:j !IOCTOliHHb!H rrpouecc, If ,lla)Ke HaM, HMero-

111HM B03MO)KHOCTb !IpOCJie,liHTb BCIO HCTOpHIO pa3BHT!fll HayKH, C Tpy,!IOM y,llaeT

Cll Bbi,lleJIHTb !IOHCTHHe peWaiOII1He OTKpb!Tifll If ycTaHOBHTb HX aBTOpOB. IJpH 

paCCMOTpeHHH ,lla)Ke CaMb!X Cyll1eCTBeHHb!X BKJia,liOB B HayKy Mbl y6e)K,llaeMCll, 

'ITO B HX OCHOBe Jie)KaT H,lleH HaWHX rrpe,liWeCTBeHHHKOB-MblCJIHTeJieH, ,liOBOJib

HO "!aCTO IIpH6JIH)KaBWHXCll K 3aBeTHOH ueJIH, KOTOpall ,liOCTHraJiaCb !I03)Ke. 

06JiaCTb ll,llepHOH 3HeprHH He liBJilleTCll HCKJIIO"'eHHeM. lfcTOpHll ee !Ipo

HCXO)K,lleHHll He MO)KeT He Y"'HTb!BaTb peBOJIIOJllfOHHb!X BKJia,liOB 3HHWTeHHa, 

Po3ep(f>op,lla, Eopa H, KOHe"!HO, 4>epMH, XaHa, Mei1THepa H illTpaccMaHa, Ko

Topbie !IOJIO)KifJIH Ha'l:aJIO !IpaKTH"'eCKOMY H3BJieqeHHIO 3HeprHH H3 ll,llpa aTOMa. 

5I !IpHCTyiiaiO K HC!IOJIHeHHIO CBOHX 06ll3aHHOCTei1 C 'l:YBCTBOM HeKOTOpOH 

rop,!IOCTH, !IOCKOJibKY MOll CTpaHa BHecJia CBOH BKJia,ll He TOJibKO B pa3BHTHe 

HC!IOJib30BaHHll ll,llepHOH 3HeprHH B MHpHb!X QeJiliX, HO If B YTBep)K,lleHHe KOH

ueiiQHH, "'TO 611ara OT HC!IOJib30BaHHll 3TOrO BH,lla 3HeprHH ,!IOJI)I(Hbl 6biTb ,liO

CTyiiHbl BCeM HapO,llaM. 5I Ha,lleiOCb, 'ITO MeHll He OCY.llliT 3a Ha!IOMHHaHHe 0 

TOM, 'ITO !IpOBe,lleHHeM 3TOH KoH(f>epeHJlHH Mbl OT,llaeM ,llaHb !IOKOHHOMY IIpe-

3H,lleHTY ,llyai1Ty ,ll.3i13eHxayspy, KOTOpbiH 8 ,lleKa6pll 1953 ro,11a BHec Ha pac

cMoTpeHHe reHepaJibHOH AccaM6JieH OpraHH3aUHH 06'l>e,liHHeHHb!X HauHH 

IIpe,liJIO)KeHHll, !IOJIO)KifBWHe Ha"!aJIO OCyll1eCTBJieHHIO rrporpaMMbl 11 ATOMbl ,llllll 

MHpa", H KOTOpb!H !I03,!1Hee rrpe,!IJIO)KHJI C03BaTb IJepByro )!(eHeBCKyiO KOH(f>e

peHQHIO. 

5I !IpHCTyiiaiO K HC!IOJIHeHHIO CBOHX 06ll3aHHOCTeH C Ha,lle)K,!IOH H BOJIHe

HHeM, !IOTOMy 'ITO ll C"'HTaiO, 'ITO Mbl BCe e111e HaXO,liHMCll Ha !IOpore 3pbl Be

JIHKHX OTKpb!THH, ,llaJibHei1mero pa3BHTHll H HC!IOJib30BaHHll ,liOCTH)KeHHH rrpom

Jib!X neT, - Ha rropore spbi, KOr,lla (K KOHUY XX BeKa) qeJioBeK rrony"'HT OT 

HC!IOJib30BaHHll ll,llepHOH 3HeprHH KOJIOCCaJibHbie BbirO,llbl. 3TH BblrO,llbl He

IIOcpe,liCTBeHHO !IpHBe,llyT K ynyqmeHHIO )Kif3HeHHOrO ypOBHll 6oJibWeH "!aCTH 

WeCTH-CeMH-MHJIJIHap,liHOrO HaCeJieHHll, KOTOpOe K TOMY BpeMeHH 6y,11eT !IpO

)KHBaTb Ha 3eMHOM mape. 

HaXO,llliCb Ha 3TOH !IO'l:eTHOH TpH6yHe, HeBOJibHO IIpHXO,liHWb K Mb!CJIH Ha

!IOMHHTb o MY.!IPOCTH Tex, KTO rrpe,llce,llaTeJibCTBOBaJI Ha rrpe,llbi.liY111HX KoH

(f>epeHUHllx. B 1955 ro,11y TaKall qecTb 6biJia OKa3aHa ,11-py XOMH Ea6a, HO 

eMy rrpe,!ICTOSIJIO Bbl!IOJIHHTb 6oJiee CJIO)KHYIO 3a,llaqy - BbiCTYIIHTb rrepBblM. 

BI>I6op ,11-pa XoMH Ea6a rrpe,llce,llaTeneM IJepBoi1 )!(eHeBcKoi1 KOH(f>epeHUHH 

6b!JI BeCbMa y.lla"'HbiM. EMy 6biJia OKa3aHa qecTb He TOJibKO KaK Bbi,llaiOII1e

MyCll yqeHoMy H rocy,llapCTBeHHOMY ,lleliTenro. Ha3Ha"'eHHe rrpe,liCe,llaTeJieM 

KoH(f>epeHUHH rrpe,llcTaBHTeJill pa3BHBaroll1erocll MHpa IIO,ll"!epKHBaJio yHHBep

caJibHOCTb B03MO)KHOCTeH If !IOTpe6HOCTeH B 06JiaCTH HC!IOJib30BaHHll ll,llep

HOH sHeprHH. Enaro,11apll 6onbmorr HayqHorr H opraHH3aTopcKorr ,lleliTeJibHoc

TH ,11-pa Ea6a, lfH.liHll Bbl,liBHHYJiacb Ha rrepBoe MeCTO cpe,!IH pa3BHBai0111HXCll 

CTpaH B o6JiaCTH HC!IOJib30BaHHll ll,llepHOH 3HeprHH KaK OCHOBHOrO 3Hepro

HCTO"'HHKa. TaKHM o6pa3oM, ,11-p Ea6a coBepmeHHO rrpaBHJibHO rrpe,llcKa3an, 

'ITO ll,llepHall 3HeprHll HMeeT Ba)KHOe 3Ha"!eHHe He TOJibKO ,llllll HH.liYCTpHaJibHO 

pa3BHTbiX, HO TaK)Ke If ,!IJ!ll pa3BHBai0111HXCll CTpaH. Ero OCHOBHall KOHQe!IQHll 

COCTOliJia B TOM, "'TO pa3BHBaiOII1HeCll CTpaHbi, COCTaBJili!OII1He 60JibWYIO "!aCTb 

HaceneHHll 3eMHoro mapa, ,llllll .liOCTH)KeHHll )Kif3HeHHoro ypoBHll HH.liYCTpHanb

HO pa3BHTbiX CTpaH, KOTOpb!H OIIpe,lleJISieTCll 06111HM COCTOliHHeM 3HepreTHKH, 

,!IOJI)I(Hbl 6onee WHpOKO HC!IOJ!b30BaTb ll,llepHyiO 3HeprHIO. 
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Ea6a c.z~enaJI TaK)Ke ceHcal{I10HHOe npe.z~cKa3aHI1e o TOM, 'ITO qepe3 .liB a 

,lleCHTIIJieTI1H Ml>I ,li06beMCH !1p0113BO,liCTBa liOJie3HOH 3Hepr1111 3a C'leT H,llep

HOrO CI1HTe3a 11 TeM CaMl>IM OTKpOeM liYTb K 113BJietieHI110 ,lleJ1:Tep11H 113 MopeJ1: 

11 OKeaHOB ,liJIH ero 11Cl10Jlb30BaHI1H B KatieCTBe npaKTI1'!eCKI1 Hei1CCHKaeMOrO 

11CTO'!H11Ka 3Hepr1111. C !1p11Cyll\eH HaytiHOH OCTOpO)KHOCTbiO .z~-p Ea6a !1pe.z~

CKa3aJI, 'ITO B 3TOT nep110,11 BpeMeHI1 6y,11eT Haif,lleH TOJibKO MeTO,ll liOJiytieHI1H 

H,llepHOH 3Hepr1111 3a cqeT ynpaBJIHeMoro TepMOH,llepHoro CI1HTe3a. OH He 

YTO'!HHJI, KOr,lla 3TO OTKpb!TI1e 6y,11eT BOliJIOII\eHO B 3KOHOMI1'!eCKI1 BbirO,li

Hl>!H 11 Ha,lle)!(Hl>IH KOMMeptieCKI1M 11CTO'!HI1K 3Hepr1II1. IT OK a HayKa CTpe

MI1TCH K ocyll\eCTBJieHI1IO l{eJieJ1:, npe,llcKa3aHHbiX .z~-poM Ea6a, H np11coe,1111-

HIOCb K He My B pOJII1 !1pOpOKa 11 OTMeqy, 'ITO He 11CKJIIO'laiO B03MO)KHOCTI1 !1p0-

113BO,liCTBa 3Hepr1111 3a C'leT H,llepHOrO CI1HTe3a K 1975 ro,11y, 11 !10'!TI1 HaBep

HHKa - K 1980 ro.z~y. Ecn11 3TO npe,liBI1.11eHI1e c6y.z~eTcH, TO .z~-p Ea6a, )i(I13Hb 

KoToporo Tparl1tieCKI1 o6opBaJiacb He,llaJieKo OT sToro ropo.z~a, Kor.z~a OH Ha

npaBJIHJICH Ha O,liHO 113 Me)K,llyHapO,liHbiX COBell\aHI1M !10 11CliOJib30BaHI110 aTOM

HOH 3Hepr1111, np11o6peTeT penyTal{I1IO tieJioBeKa 6oJibiiioro HaytiHoro npe,liBI1-

.11eH11H. 

ITpe,liCe,llaTeJieM BTopoif )i(eHeBCKOM KOHcpepeHl{l111 6b!JI TO)Ke BIOI,llaiOII\11HCH 

ytieHl>IM B o6JiaCTI1 11C!10Jlb30BaH11H H,llepHOM 3Hepr1111 - .PpeHCI1C ITeppeH (.PpaH

l{11H). ITecc11MI1CTI1tiecKI1H xapaKTep BTopoH: )KeHeBCKOH: KOHcpepeHl{l111 o6'bHc

HHJICH TeM, 'ITO liOJiytieHI1e 3KOHOMI1'leCK11 Bl>IrO,liHOM H,llepHOM 3Hepr1111 OKa3a

JIOCb .z~enoM 6onee TPY.liHbiM, '!eM 3TO npe.z~nonaranocb. ITpocpeccop IT eppeH 

!1paBI1JlbHO !1pe,liCKa3aJI, 'ITO 11C!10Jlb30BaHI1e H,llepHOM 3Hepr1111 6y,11eT 3KOHOMI1-

tieCKI1 Bl>IrO,liHO CHatiaJIO B Bl>ICOKOpa3BI1Tl>IX B !1pOMl>IIIIJieHHOM OTHOIIIeHI111 

CTpaHaX. CJie,llyeT OTMeTI1Tb, 'ITO 3Ta CTa,lii1H pa3BI1TI1H He TOJibKO ,liOCTI1rHy

Ta, HO y)Ke !10,11XO,lii1T K KOHL{y, !10CKOJibKY B HaCTOHII\ee BpeMH aTOMHbie 3JieK

TpOcTaHl{l111 HaXO,liHTCH B 3KC!1JiyaTal{l111 IIJII1 B CTa,lll111 CTp011TeJibCTBa B TaKI1X 

cTpaHax, KaK I1H.1111H, ITaKI1CTaH, KopeH, K11Tai1:, ApreHTI1Ha 11 Epa3HJI11H. ITo 

BCeif BepOHTHOCTI1, K 1980 ro,11y aTOMHI>Ie 3JieKTpOcTaHl{III1 6y,llyT HaXO,lii1TCH 

B 3KC!1JiyaTal{l111 6onee '!eM B 15 CTpaHaX, KOTOpbie B HaCTOHII\ee BpeMH, COr

JiaCHO Kp11Tep1IHM 0praHI13al{IIII 06'be,lii1HeHHl>IX Hal{IIH, OTHOCHTCH K pa3pH,lly 

pa3BIIBaiOII\IIXCH. 

ITpocpeccop ITeppeH C'li1TaJI O,liHOH 1!3 Haii60Jiee Ba)!(Hb!X cpyHKl{I1H TaKIIX 

KoHcpepeHl{I1H - ycTpaHeHI1e 3aBeCI>I ceKpeTHOCTI1 B 3TOH Ba)KHOH o6nacTI1 

HayKII, a TaK)Ke II3l>ICKaHI1e HOBblX B03MO)KHOCTeJ1: ,llliH paCIII11peHI1H KOHTaK

TOB 11 CBH3eH • 3 TO 6I>IJia COBepiiieHHO npaBI1JlbHaH TO'!Ka 3peHI1H, KOTOpaH 

HaiiiJia OTpa)KeH!Ie B 11TOrax .liBYX !1pe,lll>I,llyll\11X )i(eHeBCKIIX KOHcpepeHl{I1M. B 

HaCTOHII\ee BpeMH !1paKT!ItieCK11 BO BCeX ccpepax ,lleHTeJibHOCTI1, 11MeiOII\11X 

3HatieH!Ie ,liJIH 11Cl10Jlb30BaHI1H H,llepHOH 3Hepr1111 B M11pHI>IX l{eJIHX, ycTaHOBJieH 

11 !1p11MeHHeTCH KaK ,liOJI)KHOe CTaTyc HeceKpeTHOCTI1, HO, K CO)KaJieHI1IO, C06-

JIJ0.11eHI1e ceKpeTHOCTI1, BBe,lleHHOe paHee B BOeHHl>IX l{eJIHX, 6I>IJIO 3aMeHeHO 

B pH,lle CJiyqaeB OCyll\eCTBJieH11eM KOHTpOJIH 3a CeKpeTaMI1 KOMMeptieCKOro 

xapaKTepa. MoH CTpaHa, 6JiaroCOCTOHH11e KOTOpOH OCHOBI>IBaeTCH B 3Hatii1-

TeJibHOH CTe!1eHI1 Ha ,lleHTeJibHOCTI1 tiaCTHbiX !1pe,11!1p11HT11M, He COMHeBaeTCH 

B Ba)KHOCTI1 npe,liOCTaBJieHI1H Ha,liJie)Kall\11X B03Harpa)K,lleHI1M 3a !1pOHBJieHI1e 

qacTHOM HaytiHOH 11HI11{11aTI1Bbi. Ba)!(Hl>IM 11 TPY.liHI>IM .z~enoM HBJIHeTcH .liOCTI1-

)KeHI1e He06XO,lii1MOrO paBHOBeC11H Me)K,lly III11pOKI1M pacnpocTpaHeHI1eM 11H

cpopMal{l111 Ha paHHI1X CTa,lii1HX 11CCJie,liOBaHI1H 11 pa3pa60TOK, C O,liHOH CTOpOHbi, 

11 COOTBeTCTBYIOII\ee o6ecnetieHI1e CeKpeTHOCTI1 B OTHOIIIeHI111 pa3pa6oTaHHOM 

11 ycoBepiiieHCTBOBaHHOH TeXHOJIOrl111, C ,11pyroJ1: CTOpOHl>I. ITp11,11ep)K11BaHCb 

TO'!KI1 3peHHH npocpeccopa ITeppeHa, '!To ceKpeTHOCTb CB0.1111T nporpecc Ha 
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HeT, H onacaiOCb, <ITO C06JIIO,lleH!1e CeKpeTHOCTH BO HMH COXpaHeHHH KOMMep

<IeCKOfi TafiHbl MOJKeT HMeTb TaKOfi JKe OTpHI..\aTeJibHbiH 3~~eKT, KaK 3TO HMe

JIO MeCTO npH C06JIIO,lleHHH CeKpeTHOCTI1 BO HMH o6ecne<IeHI1H HaQI10HaJibHOfi 

6e3onacHOCTH. ,llaHHaH KoH~epeHQHH .neficTBHTeJII>HO oKaJKeT none3HYIO yc

nyry, ecJIH OHa B TaKOfi JKe CTeneHH 6y,lleT CTHMYJI11pOBaTb ny6JII1KaQHIO pH,lla 

HH~OpMaQHOHHbiX MaTepHaJIOB 1 KOTOpbie B HaCTO.HII.Iee BpeM.H npe,liHa3Ha<IeHbl 

JIHillb ,!IJIH BHyTpeHHero nOJib30BaHHH 1 KaK 3TO 6biJIO C,lleJiaHO Ha npe,llbi,D;YII.IHX 

KOH~epeHQHHX B OTHOilleHHH ony6JIHKOBaHI1H CeKpeTHOfi HH~OpMaQHH. 

TpeTbH )!(eHeBCKaH KOH~epeHQH.H HBHJiaCb 11CTOp11<IeCKOH Bexofi Ha nyTH 

pa3BHTHH aTOMHOH HayKI1 11 TeXHI1KI1. 0Ha 03HaMeHOBaJia Ha<IaJIO 3pbl 3KOHO

MH<iHOrO 11cnoJII>30BaHI1H H,n;epHofi :JHepr1111. B caM OM ,n;ene, Ha Tofi KoH~e

peHl-11111, r,n;e H 11MeJI <IeCTb np11CYTCTBOBaTb B Ka<IeCTBe pyKOBO,D;I1TeJIH ,n;ene
raQI111 Coe,n;HHeHHbiX IliTaTOB AMep11K11 11 BbicTynan c 3aKJIIO<II1TeJII>HbiM o63o

poM, MOJKHO 6biJIO 3aHBHTb, <ITO B H,n;epH0-3HepreTI1<IeCKOH TeXHOJIOrl111 npo11-

30illeJI 11 3KOHOM11<IeCKI1H C,D;BI1r 11 
• Cefi<IaC 1 KOr,n;a B MHpe BBe,D;eHbl B 3KCnJiya

Tal-111101 HaXO,D;HTCH B CTa,!\1111 CTpOHTeJibCTBa 11JII1 np11HHTbl 3aKa3bl Ha COOpyJKe

HI1e aTOMHbiX 3JieKTpOCTaHQI1fi 0611.1efi MOII.IHOCTbiO 6oJiee 150 MJIH. KBT, MallO 

Hafi,n;eTCH TaKI1X CKenTI1KOB, - eCJII1 OHI1 B00611.1e Hafi,n;yTCH, - KOTOpbie COM

HeBaJII1Cb 6bi B cnpaBe,D;JII1BOCTI1 3TOrO 3aHBJieHHH. 

Tipe,n;ce,n;aTeJieM TpeTbefi )!(eHeBCKOfi KOH~epeHQHI1 6b!JI MOM ,n;pyr 11 KOJI

Jiera npo~eccop B.C. EMeJib.HHOB 113 CoBeTcKoro Co103a. B CBOeM npeBoc

xo,n;HoM 063ope 0 COCTO.HHI111 pa3BI1TI1H H,n;epHOfi HayKH 11 TeXHHKI1 npo~eccop 

EMeJibHHOB cnpaBe,D;JII1BO o6paTI1JI BHI1MaHI1e Ha 3Ha<IeHI1e MeJK,n;yHapO,D;HOrO 

COTpy,n;HI1<IeCTBa, a TaKJKe OC060 OTMeTHJI B03paCTaiOII.IYIO pOJib 11 3~~eKTI1B

HYIO ,n;eHTeJII>HOCTb MeJK,n;yHapo,n;Horo areHTCTBa no aTOMHOfi 3Hepr1111 B ,n;ene 

yKpenJieHI1H 3TOrO COTpy,D;H11<IeCTBa. 0H TaKJKe 6biJI nepBbiM 1 KTO yKa3aJI Ha 

BeJIH<IeCTBeHHble nepcneKT11Bbl onpecHeHHH MOpCKOfi BO,D;bl C nOMOII.IbiO H,n;ep

HbiX MeTO,D;OB B 6onee 11111pOKHX MaCIIITa6ax, np11MeHeHI1e KOTOpbiX npO<iHO 

BOfi,D;eT B Halll 6biT. 

Kor,n;a H OKI1,!\b!BaiO B3rJIH,D;OM ,D;OCTI1JKeHI1H B 06JiaCTH H,D;epHOfi HayKI1 11 

TeXHI1KI1 1 O,D;I1H ~aKT npe,n;cTaBJIHeTCH MHe Hai160Jiee np11Me<IaTeJibHbiM. 3Ta 

o6JiaCTb HayKI1 HBJIHeTcH, BepoHTHO, nepBOH H, 6e3yCJIOBH0 1 caMOH 06111HpHOH 1 

r.ne nporpecc He "npoH30illeJI BHe3anHo" . Bo MHOrl1x ,n;pyrHx o6nacTHX Hay

KH H TeXHHKH nporpecc 6biJI ,D;OCTHrHyT ,!\0 TOrO, KaK no.HBHJiaCb .H,D;epHaH 

3HeprHH. O.n;HaKo B QeJIOM 3TO HBHJIOCb pe3yJII>TaToM ,n;eficTBHfi 11 B3aHMo

,n;eficTBHfi MHOrHX pa3JIH<!HbiX H, no cyll.leCTBY, He3aBHCHMbiX ,n;pyr OT ,n;pyra 

JIIO,llefi, a TaKJKe peaJIH3aQHH Hay<IHbiX nporpaMM. B o6nacTH H,n;epHofi 3Hep

rHH BnepBbie nporpecc B IIIHpOKOM Hay<IHOM nJiaHe 6biJI B 3Ha<IHTeJibHOfi CTe

neHH o6yCJIOBJieH QeJieHanpaBJieHHbiMI1 pellleHI1HMI1 H ,n;efiCTBHHMH npaBH

TeJibCTB (npH<IeM BHa<IaJie JIHillb npaBI1TeJibCTB HeMHOrHX CTpaH). EJiaro,n;apH 

3TOMy ,D;aJKe paCIIIHpeHHe MeJK,n;yHapO,D;HOrO COTpy,n;HH<IeCTBa, KOTOpOe HaC 

06'be,D;HHHeT, 06'bHCHHeTCH CKOpee QeJieHanpaBJieHHbiMH pellleHHHMH H ,n;eficT

BHHMH npaBHTeJibCTB, <IeM OCyll.leCTBJieHHeM Hay<IHOrO COTpy,n;HH<IeCTBa no 

Tpa,n;HaQHOHHbiM KaHaJiaM. 

5I C<ii1TaiO 3TO nopa311TeJibHbiM 11 1 B QeJIOM 1 11CKJIIO<iHTeJibHO ycnelliHblM 

3KcnepHMeHTOM, BbiXO,D;H11.111M ,n;aneKo 3a paMKH o.n;Hofi 3Tofi o6nacTH. B TO 

BpeMH KaK <IeJIOBe<IeCKI1fi pa3yM HBJIHeTCH HeOT'beMJieMOH COCTaBHOfi <IaCTbiO 

Hay<IHOrO nporpecca, Halll OnbiT B 06JiaCTH H.n;epHOH 3HeprHH HarJIH,D;HO noKa-

3biBaeT, <iTO TeMnbi 11 ,n;aJKe HanpaBJieHI1e pa3BHTHH MOryT onpe,n;eJIHTbCH no

JIHTHKOH H B03MOJKHOCTHMI1 npaBHTeJibCTB. 

3 TOT On biT HallleJI TaKJKe BOnJIOII.IeHHe (,n;aJKe B 6onee nOJIHOM CMbiCJie) B 

o6JiaCTH KOCMH<IeCKOH HayKH. Ho H ,n;yMaiO, <ITO .H,llepHaH HayKa HBJIHeTC.H BCe 
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)l(e He TOJibKO 06pa31.10Bb!M 7 HO .If 3aMeqaTeJibHb!M npHMepOM 7 llOCKOJibKY 3,lleCb 

Mbl Ha6JIIO,D;aeM TIJiaHOMepHOe pa3B.IfT.Ife HayKH .If TeXH.IfK.If 7 KOTopoe OKa3b!BaeT 

OCHOBHOe .If Henocpe,D;CTBeHHOe npaKT.IfqecKOe .If 3KOHOM.IfqecKOe BJI.IfHH.Ife Ha 

60Jiblll.lfHCTBO CTpaH MHpa. 

Bo3MO)I(HO, e,D;HHCTBeHHbiM HCTOp.lfqecKHM npHMepoM Toro, qTo npoH:JOIII

no B 06JiaCT.If H,D;epHOH 3HeprH.If 3a TIOCJie,D;H.Ife 25 JieT 1 HBJiffiOTCH OTKpb!T.IfH 6o

Jiee paHHero nepHO,D;a, KOr,D;a ,D;aJibHOBH,D;Hble npaBHTeJibCTBa cnoco6cTBOBaJIH 

He TOJibKO pa3BifTif!O HOBOrO MHpa HayKH 7 HO If COTpy,D;H!fqeCTBY C ,D;pyrHMif 

CTpaHaMH MHpa. B03MO)I(H0 7 B lfCTOpHqeCKOM TIJiaHe pe3yJibTaTbl HallllfX HC

CJie,D;OBaHHH B TaKOH HOBOH 06JiaCTif KaK H,D;epHaH 3HeprHH no CBOeH 3HaqH

MOCTif 6y,D;yT COOTBeTCTBOBaTb paHee C,D;eJiaHHb!M OTKpb!TifHM. 

5I npe,D;noqeJI rOBOpHTb B CaMOM 06111eM nJiaHe 0 npe,D;nOCblJIKaX C03b!Ba 

HalllHX KoHi!JepeHI.IIfH If 0 TOH 06JiaCTif HayKH 7 npo6JieMbl KOTOpOH Bb!HOCHTCH 

Ha HX o6cy)I(,D;eHHe. MHCCHH ,D;aHHOH KoHI!JepeHI.IIflf - KOTopyiO OT,lleJIHeT ceMH

JieTHHH nepHO,D; pa3BHTHH OT npe,D;bi,D;YII1ei1 KoHI!JepeHI.IIflf 1964 ro,D;a - Haii,D;eT 

,ll;OJI)I(HOe OTpa)l(eHHe B ee Tpy,D;aX. 0,D;HaKO H He 6y,D;y JIIflllaTb ce6H B03MO)I(

HOCT!f OTMeTHTb 7 KaK If MO.If npe,D;IlleCTBeHHifKif 7 TO, qero Mbl y)l(e ,D;OCTifrJIIf 

If Ha qTo Mbl MO)I(eM paccqlfTb!BaTb B 6y,D;yll1eM. 

3HaMeHaTeJibHbiM ,ll;JIH HallleH KoHI!JepeHI.IIflf 1 KaK H y)l(e OTMeqaJI HBJIHeT

CH TO 1 qTO 0 H,D;epHOH 3HepreTHKe He npHXO,ll;lfTCH 60Jibllle rOBOpHTb KaK 0 

"qeM-TO 6JIH3KOM 11 
1 TIOCKOJibKY OHa y)l(e npoqHO BOIIIJia B Hallly )l(lf3Hb. 06111aH 

CyMMa KanHTaJIOBJIO)I(eHHH B aTOMHbie 3JieKTpOCTaHI.IIflf MOII1HOCTb!O 150 MJIH. 

KlfJIOBaTT 7 0 KOTOpb!X H ynOMHHaJI, npeBb!CifT 45 MJip,D; .,ll;OJIJI. K MOMeHTY 3a

BepllleHHH lfX CTpOHTeJibCTBa B 1980 ro,D;y. KOHeqH0 7 K 3TOMy BpeMeHH B CTa

,ll;lflf 3aBepllleHHH 6y,D;eT HaXO,ll;lfTCH 60JiblllOe qHCJIO ,ll;OTIOJIHHTeJibHb!X 3JieKTpO

CTaHI.IIfH7 06111aH MOII1HOCTb KOTOpb!X COCTaBHT MlfJIJIIfOHbl KlfJIOBaTT. KOJIH

qecTBO 3JieKTp03HeprHH 7 npO!i3BO,ll;lfMOe 3TifMif 3JieKTpOCTaHI.IIfHMif B 1980 ro

,D;y, 6y,D;eT paBHO npoH3BO,D;CTBY Bcei1 3JieKTp03HeprHH Coe,D;HHeHHbiX 111TaTOB 

AMepHKH KO BpeMeHH npe,D;bi,D;YII1ei1 KoHI!JepeHI.IIflf. Ilo Bcei1 BepoHTHOCTH, K 

KOHI.IY 3TOrO BeKa nOJIOBHHa BCero KOJI!fqeCTBa npOH3BO,ll;lfMOH 3JieKTp03Hep

rHH B Coe,!IHHeHHb!X 111 TaT aX AMepHKif 7 KOTOpaH COCTaBJIHeT 1500 MJIH. KlfJIO

BaTT7 6y,D;eT Bblpa6aTb!BaTbCH aTOMHb!Mif 3JieKTpOCTaHI.I.IfHM.If 7 npHqeM aHaJIO

rHqHbie TeMnbi pa3B.IfT.IfH Ha6JIIO,D;aiOTCH .If B ,D;pyrHX OCHOBHbiX paHOHaX MHpa. 

0,D;HaKO HeCMOTpH Ha ,ll;OCT.IfrHyTbie ycneXH 7 KOTOpb!e KaK H cq.lfTai07 TIO 

npaBy qaCTO Ha3b!BaiOT I!JeHOMeHaJibHb!M.If 7 HaM npe,D;CTO.IfT e111e HeMaJIO C,D;e

JiaTb .If nepe,D; pacTyll1ei1 HOBOH OTpaCJib!O npOMbiiiiJieHHOCT.If CTO.IfT MHO)I(eCTBO 

HepellleHHb!X npo6JieM. Ba)I(HOH 3a,llaqej:i B o6JiaCT.If TeXHOJIOr.lf.lf HCnOJib30Ba

H.IfH H,D;epHOH 3HeprH.If HBJIHeTCH OTKpb!T.Ife orpOMHb!X 3HepreT.IfqecK.IfX B03-

MO)I(HOCTei1 BOCnpOH3BO,ll;HII1.1fX .lf30TOnOB- ypaHa-238 .If TOpHH - nyTeM 3a

BepllleH.IfH pa3pa60TK.If 3KOHOM.IfqHoro peaKTOpa-pa3MHO)I(.IfTeJIH Ha 6biCTpb!X 

HeHTpOHaX. B pa3JI.IfqHb!X CTpaHaX MHpa 60JibllllfHCTBO nporpaMM B 06JiaCT.If 

HCnOJib30BaH.IfH aTOMHOH 3HeprH.If npe,D;ycMaTpHBaeT npOBe,D;eH.Ife HayqHb!X HC

CJie,D;OBaH.IfH B 3TOM HanpaBJieH.If.lf. 5I He COMHeBaiOCb B OCyll1eCTB.IfMOCT.If 3TOH 

l.leJI.If 7 HO 3TO noTpe6yeT 60Jiblll.lfX paCXO,ll;OB .If MHOrO BpeMeH.If. 5I llOJiaraiO, 

qTo B cepe,D;HHe 80-x rO,D;OB B pH,D;e CTpaH Mbl CTaHeM CB.If,D;eTeJIHM.If BHe,D;pe

H.IfH npOMb!IIIJieHHb!X 6b!CTpb!X peaKTOpOB-pa3MHO)I(IfTeJieH C )l(.lf,ll;KOMeTaJIJI.If

qecK.IfM.If TenJIOHOCHTeJIHM.If. O,D;HaKo ,D;O HcnOJib30BaHHH TaKHX peaKTopoB Ha 

npOMb!IIIJieHHOH OCHOBe He06XO,lllfMO TIOCTpOHTb HeCKOJibKO .lfX KpyTIHb!X npo

TOT.IfnOB7 KOTOpb!e CaM.If no ce6e He 6y,D;yT 3KOHOM.IfqeCK.If KOHKypeHTOCTIOC06-

Hb!M.If. 

Halll.lf TeKyll1He npo6neMbi B o6nacTH H,D;epHOH 3HepreTHK.If cocpe,D;OToqe

Hbi, rJiaBHbiM o6pa3oM, Ha npo6JieMe 3arpH3HeHHH oKpy)l(aJOII1ei1 Hac cpe,D;br. 
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H IT03TOMY OHM HBJH!IOTCH B HeKOTOpOM CMbiCJie HpOHHqecKHMH. HH B O.llHOH 

.llpyroif HOBOH 06JiaCTH HayKH H TeXHHKH - B03MO)!(HO 113 BCeX BH.llOB qeJIOBe

qecKOH .z~eHTeJibHOCTH - He rrpe.z~rrpHHHMaJIHCb TaKHe HHTeHCHBHble Mepbl ITO 

o6ecrreqeHHIO TeXHHKH 6e30ITaCHOCTH, KaK B 06JiaCTH HCITOJib30BaHHH H.llepHOH 

3HeprHH. B pe3ynbTaTe, HeKoTopbie CTPaHbi .!IOCTHrJIH peKOp.!IHbiX rroKa3aTe

neif ITO TeXHHKe 6e30ITaCHOCTH B H)lepHOH IIpOMbllllJieHHOCTH ITO cpaBHeHHIO CO 

BCeMH .llpyrHMH OTpacJIHMH. EbiJIH pa3pa60TaHbl HOBble rrpoue.z~ypbl H BH.llbl 

o6opy.llOBaHHH B UeJIHX rrpe)IOTBpameHHH pacrrpOcTpaHeHHH pa.llHaUHH, a TaK)!(e 

MaTepHaJIOB, HCITOJlb3yeMbiX B H)lepHOH ripOMbiiiiJieHHOCTH. Be.nylllHMH H)lep

Hb!MH .nep)!(aBaMH 6b!JIH YTBep)!(.zleHbl 6ecrrpeue.lleHTHbie ITO CBOeif CTpOrOCTH 

rrpaBOBble ITOJIO)!(eHHH )IJIH o6ecrreqeHHH TeXHHKH 6e30ITaCHOCTH B 06JiaCTH HC

ITOJib30BaHHH H)lepHOH 3HeprHH. 

06'beKTHBHO rOBOpH, H.zlepHaH 3HepreTHKa )laeT HeBH.llaHHyiO B03MO)!(HOCTb 

KOpeHHblM o6pa30M H3MeHHTb TeH)IeHUHIO KO Bee B03paCTaiOilleMy 3arpH3HeHHIO 

OKpy)!(aiOilleH HaC cpe)lbl 06biqHbiMH BH.llaMH TOITJIHBa H ITPO.!IYKTaMH cropaHHH, 

CO BCeMH HX H3BeCTHbiMH H HeH3BeCTHbiMH OITaCHbiMH ITOCJie)ICTBHHMH. 

HeCMOTpH Ha 3TO, B pH.lle CTpaH pa3)1a!OTCH CHJibHbie, a rropoif H pe3KHe 

rOJIOCa rrpOTHB HCITOJib30BaHHH H.llepHOH 3HeprHH B CBH3H C ee HK06bi Bpe)IHbiM 

B03.lleifcTBHeM Ha OKpy)!(aromyro Hac cpe.z~y. 0TBeqaH 3a o6ecrreqeHHe 6e3orrac

Hoif .neHTeJibHOCTH B H)lepHOH o6JiaCTH, Mbl He .!IOJI)!(Hbl OTKa3biBaTbCH OT Tllla

TeJibHOrO paCCMOTpeHHH )la)!(e CaMbiX HeBepOHTHbiX rHITOTe3, OTHOCHIIIHXCH K 

orracHbiM rrocne.!ICTBHHM H.nepHoif 3HepreTHKH. Mbi, yqeHbie-H.z~epmHKH, rrep

BbiMH cepbe3HO IIO.!IOIIIJIH K paCCMOTpeHHIO BOIIpOCOB ITO o6ecrreqeHHIO 6e3orrac

HOH )leHTeJibHOCTH B Hallleif 06JiaCTH, KOTOpbie Ka3aJIHCb rrpaKTHqecKH He Ocy

llleCTBHMbl. BbiXO.ll pa)IHaUHH Ha COBpeMeHHbiX aTOMHbiX 3JieKTpOCTaHUHHX 

CTOJib He3HaqHTeJieH, qTO )I03a .!IOITOJIHHTeJibHOrO 06JiyqeHHH, e)!(erO.llHO rro

JiyqaeMaH qeJIOBeKOM, ITOCTOHHHO HaXO.!IHIIIHMCH B 30He HX paCITOJIO)!(eHHH, HB

JIHeTCH MeHbllle TOH, KOTOpyiO ITOJiyqHJIH yqaCTHHKH HbiHelllHeif KoHcpepeHUHH, 

rrepeceKIIIHe ATnaHTHqecKHif oKeaH. HacToifqHBOe o6'bHCHeHHe TaKHX o6cTOH

TeJibCTB )laJIO CBOH 6JiarOTBOpHbie pe3yJibTaTbl. 5I cqHTaiO, qTO B HaCTOHillee 

BpeMH ITO CpaBHeHHIO C IIpOIIIJibiM rO)IOM, CO CTOpOHbl 061lleCTBeHHOCTH 3aMeT

HO B03paCJIO ITOHHMaHHe 6e30ITaCHOCTH BHe.z~peHHH H)lepHOH 3HepreTHKH. A 

3a 3THM HeH36e)!(HO rrocne.z~yeT H o6mecTBeHHoe rrpH3HaHHe. Ha .z~aHHOH KoH

cpepeHUHH Mbl HMeeM eme O.llHY XOpOillyiO B03MO)!(HOCTb YCKOpHTb )IOCTH)!(eHHe 

3TOH UeJIH. 

Co BpeMeHH BOJIHyiOIIIHX rrpe.z~cKa3aHHif, c.z~enaHHbiX .llOKTopoM Ea6a B 

1955 ro.ny, o63op ycrrexoB, .nocTHrHyTbiX B o6nacTH yrrpaBJIHeMoro TepMOH.llep

Horo CHHTe3a, HBHJICH O)IHHM H3 OCHOBHbiX KpHTepHeB )i(eHeBCKHX KOHcpepeH

UHH. CerO)IHH, )la)!(e HeCMOTpH Ha TO, qTo HaM BCe eme He y.z~aeTCH rronyqHTb 

ITOJie3HyiO 3HeprHIO OT yrrpaBJIHeMoro TepMOH)IepHOrO CHHTe3a, Mbl 3HaqHTeJib

HO IIOITOJIHHJIH CBOH 3HaHHH 0 ITJia3Me H ee ITOBe)leHHH. IJ 03TOMy, KaK H y)!(e 

CKa3aJI, H Bepro, qTo rrpe.llCKa3aHHH, C.lleJiaHHbie )IOKTOpOM Ea6a OTHOCHTeJibHO 

B03M0)!(HOCTH ITOJiyqeHHH ITOJie3HOH 3HeprHH H3 3TOrO HCTOqHHKa B 6JIH)!(aHIIIHe 

.llBa .z~ecHTHJieTHH, c6y.z~yTCH CBOeBpeMeHHO, a ecJIH H C OIT03.!1aHHeM, TO BeCb

Ma He3HaqHTeJibHbiM. 9KOHOMHqHOe HCITOJib30BaHHe 3TOrO HCTOqHHKa 3JieK

Tp03HeprHH Ha rrpOMbllllJieHHOH OCHOBe B03MO)!(HO HBJIHeTCH 6onee TPY.llHOH 3a

.naqeif,H H He .!IYMaiO, qTO Mbl )I06'beMCH 3TOrO paHbllle KOHUa Hb!HeiiiHero CTO

JieTHH. 

B rrepHO.ll ITOCJie 1964 ro.na rrpaKTHqeCKH BO BCeX OCTaJibHbiX 06JiaCTHX 

Hallie if IIIHpOKOH ccpepbl )leHTeJibHOCTH 6b!JIH .llOCTHrHyTbl 60JiblllHe ycrreXH. 

Pa.llHOH30TOITbi, KOTOpble .naBHO y)!(e CTaJIH MOIIIHbiM cpe.llCTBOM rrpoBe.neHHH 

HayqHbiX HCCJie.llOBaHHH, B 3TOT rrepHO.ll BpeMeHH ITOJiyqHJIH HaH60Jiee IIIHpOKOe 
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npHMeHeHHe a Me,lllil-IHHe H npoMbiiiiJieHHOCTH. BecbMa aHyiiiHTeJibHbre ycnexH 

6biJIH TaKJKe ,liOCTHrHyTbl a l-leJIOM pH,lle HOabiX 06JiaCTeH, CaH3aHHb!X C HCIIOJib-

30BaHHeM H30TO!IHb!X MeTO,liOB, 0T npHMeHeHHH B Ka'leCTBe CTHMYJIHTOpOB 

cep,lle'!HOH ,lleHTeJibHOCTH '!eJIOBeKa, ,!10 HCIIOJib30BaHHH KaK HCTO'IHHKa 3Hep

rHH !IpH !IpOBe,lleHHH 3KCIIepHMeHTOB Ha JlyHe, pa,!IHOH30TO!Ibl Bb!IIOJIHHIOT ceH:

'!aC 3a,lla'!H 1 KOTOpbie HeB03MOJKHO OCy!l-leCTBHTb JII06biM ,llpyrHM MeTO,liOM. 

5I BepiO B nepcneKTHBHOCTb Toro, 'ITO B 6JIHJKaHlliHe !IHTb JieT B 3KCIIepH

MeHTaJibHOH Me,liH!-IHHe 6y,11yT ycnernHO pa3pa6oTaHbl H Ha'IHYT npHMeHHTbCH 

HCKyCCTBeHHbie cep,ll!-la, pa6oTaiO!I-1He Ha 3HeprHH pa,!IHOH30TO!IOB, TipHMeHe

HHe pa,liHOH30TOIIHb!X MeTO,liOB B Me,liH!-IHHe !IpOH3BeJIO !IO,!IJIHHHYIO peBOJl!O!-IHIO, 

KOTopyiO MHOrHe 3KC!IepTb! cpaBHHBaiOT C nepBb!M HC!IOJlb30BaHHeM peHTre

HOBCKHX Jiy'!eH B 1896 ro.z~y. Me,llli!-lliHCKaH C!-lliHTHJIJIH!-IHOHHaH KaMepa ,llaeT 

B03MOJKHOCTb H3Y'IHTb ace opraHbl '!eJIOBeKa B !IpO!-IeCce HX <f>YHK!-IHOHaJibHOH 

,lleHTeJibHOCTH 1 !IpH'!eM IIal-IHeHT B ropa3,!10 MeHbilleH CTerreHH !IO,liBepraeTCH 

06Jiy'leHHI01 '!eM !IpH !IpHMeHeHHH 06b!'!Hb!X peHTreHOBCKHX Jiy'!eH. 

CoxpaHeHHe IIH!l-leBb!X IIpO,liYKTOB C IIOMO!l-lb!O 06Jiy'!eHHH Ha lliHpOKOH KOM

Mep'!eCKOH OCHOBe BCe e!l-le HBJIHeTCH O,!IHOH 113 CTOH!l-IHX IIepe,ll HaMH 3a,lla'l, 

XOTH B OT,lleJibHb!X 06JiaCTHX !IpOMbllliJieHHOCTH 3TOT MeTO,ll yJKe HailleJI lliHpo

KOe !IpHMeHeHHe. MHe KaJKeTCH, 'ITO B 3TOH H B HeKOTOpb!X ,llpyrHX 06JiaCTHX 

HeCKOJibKO HapylliHJICH !IpHH!-IH!I O'!epe,!IHOCTH, IIOCKOJibKY pHCK, Ha KOTOpb!H 

Mbl H,lleM, He BCer,lla COOTBeTCTByeT !IOJiy'!aeMb!M BbirO,llaM. 0,!1HaKO cero.z~

HH1 KOr,lla B MHpe ,lleCHTKH MHJIJIHOHOB JIIO,lleH ace e!l-le CTpa,llaiOT OT rOJIO,lla H 

He,liOCTaTKa !IHTaHHH 1 Mbl y,lleJIHeM MallO BHHMaHHH B03MOJKHOCTH HC!I0Jlb30-

BaHHH pa,lllia!-llili B l-leJIHX yBeJIH'!eHHH CpOKa XpaHeHHH IIH!l-leBb!X !IpO,llyKTOB H 

COKpa!l-leHHH HX IIOTepb BCJie,liCTBHe IIOp'IH H npopacTaHHH. 5I Mory cMeJIO 

npe,liCKa3aTb 1 'ITO '!epe3 O,liHO-,liBa ,lleCHTHJieTHH B 3TOH o6JiaCTH H30TO!Ibl TaK

JKe HaH,llyT lliHpOKOe !IpHMeHeHHe. 

Ha ,llaHHOH KoH<f>epeHI-IHH 6y.z~eT upe,llcTaBJieH ,liOKJia.ll, uo.z~roTOBJieHHbiH 

C y'!eTOM BCeX IIOCJie,liHHX ,liOCTHJKeHHH B o6JiaCTH HCIIOJib30BaHHH H,llepHblX 

B3pb!BOB B MlipHb!X !-leJIHX, 5I He XO'IY yTO'IHHTb H 6e3 TOro !IpOTHaope'IHBb!H 

XapaKTep 3TOrO BH,lla !IpHMeHeHHH H,llepHOH 3HeprHH, Bo MHOrHX CTpaHaX 

ecTb JI!O,llli, KOTOpbie C'IHTaiOT, 'ITO HC!IOJib30BaHHe H,llepHb!X B3pbiB'!aTb!X Be

!l-leCTB B MlipHbiX !-leJIHX B HeKOTOpOH CTerreHH 6y,11eT C!IOC06CTBOBaTb pacrnH

peHHIO B03MOJKHOCTeH B !IpOH3BO,liCTBe H,llepHoro opyJKHH. K COJKaJieHHIO, H,llep

Hb!e B3pbiB'!aTb!e Be!l-leCTBa, HC!IOJib3yeMbie B MlipHb!X 1-leJIHX, HH'!eM He OT

Jlli'laiOTCH OT HC!IOJib3yeMb!X B BOeHHb!X l-leJIHX. 0,!1HaKO 3TH JI!O,llli 3a6biBaiOT 

0 TeX ,liOCTHJKeHHHX, KOTOpb!e HalliJIH CBOe OTpaJKeHHe B )lorOBOpe 0 HepaCIIpo

CTpaHeHHH sr.z~epHoro opyJKHH. B CTaTbe V 3Toro )loroBopa roBopHTCH He 

TOJibKO 06 HHTepece, !IpOHBJIHeMOM BO BCeM MHpe K HC!IOJib30BaHHIO H,llepHbiX 

B3pb!B'IaTb!X Be!l-leCTB B MHpHb!X 1-leJIHX, HO TaKJKe ,llaeTCH JIOrH'IeCKOe perueHHe 

!IpOTHBOpe'!HH MeJK,lly cy!l-leCTBYIO!l-leH B03MOJKHOCTb!O IIOJIY'IHTb 3TH 6nara H 

He06XO,liHMOCTb!O H36eJKaTb paciipOCTpaHeHHH CaMHX H,llepHb!X B3pb!B'!aTb!X 

ycTpOHCTB. 

Tio,llnHcaHHe 3Toro )loroBopa caMo no ce6e sransreTcsr BaJKHbiM co6biTHeM, 

KOTOpoe 3aCJiyJKHBaeT yiiOMHHaHHH B yKa3aHHOM ,liOKJia,lle. B 1964 ro,lly 

npo<f>eccop EMeJibHHOB o6paTHJI BHHMaHHe Ha TOJibKO 'ITO BCTy!IHBlliHH B CHJiy 

)lorOBOp 0 3a!Ipe!l-leHHH HC!IbiTaHHH H,llepHOrO opyJKHH B aTMOc<f>epe, KOCMOCe 

H IIO,ll BO,!IOH H Bb!pa3HJI BCe06!l-IYJO Ha,lleJK,lly, 'ITO 6y,11yT npe,li!IpHHHTbl ,llaJib

HeHlliHe rnarH ,!IJIH perneHHH MeJK,llyHapo,liHbiX npo6neM nyTeM rreperoBopoB. 

3aKJIIO'!eHHe )loroBopa o HepacnpocTpaHeHHH sr.z~epHoro opyJKHH HBJisreTcsr e!l-le 

O,!IHHM BaJKHb!M mar OM Ha IIYTH K ,liOCTHJKeHHIO 3TOH !-leJIH. 
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B 3TOM KpaTKOM H3ROiKeHHH HalllHX OCHOBHb!X yciTeXOB 3a ITepHO,ZJ; ITOCne 
1964 ro,ZJ;a 6brno 6br yiTyllleHHeM He OTMeTHTh pa3pa6oTKY MeiK,ZJ;yHapo,ZJ;HhiM 

areHTCTBOM ITO aTOMHOH 3HeprHH HOBOH CHCTeMbl ITpHMeHeHHSI rapaHTHH B 

COOTBeTCTBHH C ,[(orOBOpOM 0 HepaciTpOCTpaHeHHH SI,ZJ;epHOrO opyiKHSI. Pe-

3YflhTaThl 3TOH pa60Tb! H ee KOHCTpyKTHBHb!H .liYX rOBOpS!T 0 TOM, 'ITO ,ZJ;aiKe 

ITpH pellleHHH CROiKHbiX BOITpOCOB ITORHTHtJeCKOro H TeXHH'!eCKOrO XapaKTepa 

MOiKHO ,ZJ;OCTH'lh 3HatJHTenhHbiX yciTeXOB ITOCpe,ZJ;CTBOM MeiK,ZJ;yHapO,ll;HOrO COT

py,ZJ;HHtJeCTBa. 5I yBepeH, tJTo HMeHHo ITO::JToMy MArAT3 3HatJHTenhHO ynyq
IllHno ITepciTeKTHBbl IllHpOKOrO H ::J<f><f>eKTHBHOrO ITpeTBOpeHHSI B iKH3Hb ITOno

iKeHHH ,UoroBopa o HepaciTpocTpaHeHHH li,ZJ;epHoro opyiKHSI. 

l:.JTO MOiKHO CKa3aTb 0 6y,ZJ;yii1eM? 5f yiKe IT03BORHR ce6e C,ZJ;enaTh HeKOTO

pbie ITpOrH03bl B CBeTe HalllHX OCHOBHbiX ,ZJ;OCTHiKeHHH, HO ,ZJ;O KOHI.la 3TOrO CTO

neTHSI Mbl eme HMeeM MHOrO ,ll;pyrHX 3aMaH'IHBb!X ITepciTeKTHB. 5f yBepeH, 

'ITO HCIT0Rh3YSI SI,ZJ;epHb!e ,ZJ;BHraTenH, Mbl yiKe B 3TOM CTOReTHH C ITOMOII1h!O aB

TOMaTH'!eCKHX aiTITapaTOB HeiTpeMeHHO HCCRe,ZJ;yeM TaKHe ITRaHeTbl 1 KaK I0rrH

Tep, H 'ITO qenOBeKy C ITOMOII1h!O 3THX cpe,ZJ;CTB y,ZJ;aCTCSI IT06biBaTh Ha Mapce. 

rHraHTCKHe CTal.IHOHapHb!e CITYTHHKH 3eMnH C KOMITaKTHb!MH SI,ZJ;epHh!MH 

peaKTOpaMH 6y,ZJ;yT TpaHCRHpOBaTh TeneBH3HOHHb!e ITporpaMMbl H ,ll;pyrHe ITe

pe,ZJ;atJH HeiTOCpe,ZJ;CTBeHHO B ,ZJ;OMa ITOTpe6nTenei1:. 

MOiKHO C ITORHOH yBepeHHOCTh!O CKa3aTh, 'ITO TaHKepbl H ,ll;pyrne Topro

Bb!e cy,ZJ;a, pa60TaiOI11He Ha SI,ZJ;epHOH 3HeprHH, B CKOpOM BpeMeHH 6y,ZJ;yT 6opo3-

,ZJ;HTh MOpS! H OKeaHbl. 

MHpHbie SI,ZJ;epHb!e B3pb!Bbl 6y,ZJ;yT IllHpOKO HCITORh30BaThCSI ,ZJ;RSI CKOpeiillle

ro o6HapyiKeHHSI MeCTOpOiK,ZJ;eHHH ITORe3Hb!X HCKOITaeMbiX, a TaKiKe, B03MOiKHO, 

,ZJ;RSI H3MeHeHHSI TOITOrpa<f>HH, - HaiTpHMep, ITyTeM CTpOHTeRhCTBa raBaHei1:, 

KaHanoB H pe3epByapoB. 

HalllH ,ZJ;OCTHiKeHHSI He 6y,ZJ;yT HOCHTh l.JHCTO HaytJHb!H H TeXHH'!eCKHH xa

paKTep. 5f yBepeH, 'ITO 6y,ZJ;yT 3aKRIO'!eHbl MeiK,ZJ;yHapO,ll;Hb!e cornallleHHSI ITO 

o6eciTetJeHHIO 6e30ITaCHOH ITepeB03KH pa,ZJ;HOaKTHBHb!X MaTepHaROB H HX 3axo

poHeHHSI. ToproBnll l!,ZJ;epHbiMH MaTepHanaMH ITpHo6peTeT o6bitJHhiH xapaKTep 

TORbKO ITpH ycnOBHH, 'ITO ee MHpHOe Ha3HatJeHHe 6y,ZJ;eT ITO,ll;KpeiTneHO COOT

BeTCTBYIOII\HMH cornaiiieHHS!MH o rapaHTHSIX. MeiK,ZJ;yHapo,ZJ;Hoe coTpy,ZJ;HHtJecT

BO 6y,ZJ;eT ITpO,ll;ORiKaTb COBepllleHCTBOBaThCSI H B MeHbllleH CTeiTeHH CTaHeT ,ZJ;e

ROM ITpaBHTeRhCTB, BCe 60nhllle ITpOS!BRSIS!Ch B HeiTOCpe,ZJ;CTBeHHOH ,ZJ;el!Tenh

HOCTH ytJeHbiX H ITpOMbllllReHHbiX KpyroB. B Halll SI,ZJ;epHb!H BeK 6y,ZJ;yT ITOCTpoe

Hbl ITO,ZJ; MeiK,ZJ;yHapO,ll;HOH ::JrH,ZJ;OH ell\e 6onee MOII\Hb!e ycKOpHTenH. 

5f yBepeH, 'ITO BCe 3TO ocymecTBHMO 1 ecnH Mbl 6y,ZJ;eM ITpO,ll;ORiKaTh ,ZJ;eHCT

BOBaTh 6naropa3yMHO H aCCHrHOBaTb COOTBeTCTBYIOII\He cpe,ZJ;CTBa, He06XO,ZJ;H

Mb!e ,ZJ;RSI pa3BHTHSI aTOMHOH HayKH H TeXHHKH. CITpOc Ha MHpOBb!e pecypCbl 

cei1:tJaC KaK HHKOr,ZJ;a BeRHK. BeChMa HeOTROiKHb!M H B HeKOTOpOM CMh!Cne 

6onee BaiKHb!M ,ZJ;enOM SIBRS!eTCSI y,ZJ;OBneTBOpeHHe tJeROBetJeCKHX ITOTpe6HOCTei1:, 

'!eM ITOTpe6HOCTei1: B pa3BHTHH TeXHHKH. .[(a iKe B CaMh!X ITpOI.lBeTaiOII\HX CTpa

HaX ITpO,ll;ORiKaeT cymecTBOBaTh 6e,ZJ;HOCTh H rono,ZJ;, a 3KOHOMHtJeCKHH pa3pb!B 

MeiK,ZJ;Y HH,ZJ;ycTpHaRhHO pa3BHTbiMH H pa3BHBaiOII1HMHCSI CTpaHaMH BCe ell\e He

COH3MepHMO BeRHK. 0,ZJ;HaKO HH O,ZJ;Ha l.IHBHRH3al.IHSI He CMOiKeT ,ZJ;OCTH'lh CBOe

ro BeRH'IHSI, ecnH ypoBeHh BCeH ee ,ZJ;eS!TeRbHOCTH CBO,ZJ;HTCSI K O,ZJ;HOMY 061!\eMy 

3HaMeHaTeniO. CoBepllleHCTBO B HayKe H TeXHHKe TaK iKe He06XO,ZJ;HMO ,ZJ;RSI yc

ITelllHO pa3BHBaiOII\erOCSI 061!\eCTBa, KaK H COBepllleHCTBO B HCKYCCTBe H ,ll;py

rHX o6naCTSIX tJeROBetJeCKOH ,ZJ;eS!TeRhHOCTH. B KOHetJHOM HTore, pellleHHe 

3TOH ITpo6neMbl 6y,ZJ;eT 3aBHCeTb OT Taro, HaCKORhKO 06II1eCTBO CMOiKeT pa3-

pa6oTaTb H ITpHMeHHTh HOByiD TeXHHKY B uenl!X ,ZJ;aRhHeiilllero pa3BHTHSI HalllHX 

IIpHpO,ZJ;Hb!X H JIIO,ZJ;CKHX pecypCOB. 



50 OPENING OF THE CONFERENCE 

PerneHHe rrpo6JieMbi rrepBooqepe,liHOCTH ,IIOJIJKHO 3aKJIIO'laTbc.H He B rro,llaB
JieHHH Hay'lHOH HHH1.1HaTHBb! 1 a B ee IIOOII\peHHH 1 ,llaJKe KOr,lla Mbl CTapaeMC.H 
y.liOBJieTBOpHTb ,11pyrHe HeOTJIOJKHbre rroTpe6HocTH o6ll\eCTBa. Bo3MOJKHO, tlTO 
Hailla KoH<PepeHI.:lli.H TaKJKe MOJKeT CbirpaTb CBOIO pOJib B rrpe,liOCTaBJieHHH B03-
MOJKHOCTH 06ll\eCTBeHHb!M H o<PHLlHaJibHb!M KpyraM ell\e Jiyqrne OC03HaTb CO
OTBeTCTBHe HaillHX I.:leJieH 06ll\eCTBeHHb!M HHTepecaM. 

Ha 3THX KOH<!>epeHI.:lli.HX CTaJIO IIOtleTHOH Tpa.liHI.:lHeif 'lTHTb IIaM.HTb BH,li
Hb!X yqeHb!X B 06JiaCTH HCIIOJlb30BaHH.H .H,llepHOH 3HeprHH 1 'lb.H JKH3Hb o6opBa
JiaCb CO BpeMeHH Harneif !IOCJie,liHeif KoH<PepeHI.:llili. Ha 3TOT pa3 CIIHCOK oco-
6eHHO rreqaJieH, IIOCKOJibKy OH BKJIIOqaeT HMeHa rrpe,liCe,llaTeJI.H rrepBOH )!(eHeB

CKOH KOH<!>epeHI.:lHH XOMH Ea6a, H3BeCTHOrO H JII06HMOrO BCeMH IIHOHepa B 
06JiaCTH .H,llepHOH 3HeprHH OTTO XaHa. 51 rrpe,liJiararo BCTaTb H IIO'lTHTb MH
HyTOH MOJI'laHH.H rraM.HTb cspa ,I(JKoHa KoKpo<PTa, JlH3e MeifTHep H Hrop.H 
TaMMa, a TaKJKe BCeX ,llpyrHX yqeHb!X C MHpOBb!M HMeHeM, KOTOpb!X 60Jibille 
HeT C HaMH. 

TI 03BOJlbTe MHe Bbipa3HTb IIOJKeJiaHHe, tlT06bi Hailla KoH<PepeHI.:lHll ITO Tpa
.11H1.1HH !IpOXO,liHJia Ha Bb!COKOM Hay'lHOM ypOBHe, tlT06bi Ha He if BeJIHCb TaKHe 
JKe IllHpOKHe H OTKpOBeHHb!e ,IIHCKYCCHH, KOTOpb!MH 6b!JIH 03HaMeHOBaHbl Ha

IllH rrpe,llbl.liYII\He BCTpeqH. 

DISCURSO DE APERTURA 

Glenn T. SEA BORG 
Presidente de la Conferencia 

Asumo este puesto con el que me ha distinguido el Secretario General 
con gran humildad, un cierto orgullo y una abrumadora sensacion de 
esperanza y de entusiasmo ante el futuro de la ciencia, nueva todav:fa, 
sobre la que vamos a tratar aqu:f. 

Me presento con humildad, porque una conferencia de esta envergadura 
no puede dejar de recordarnos la inmensa deuda de gratitud que los hombres 
de hoy tenemos con los genios del pasado, cuya obra ha hecho posible la 
fantastica era de la ciencia en que vivimos. La adquisicion de conocimientos 
por parte del hombre ha sido un proceso continuo e incluso desde la 
posicion de ventaja de la historia solo podemos identificar con dificultad 
los descubrimientos verdaderamente cruciales y a sus autores. Cuando 
examinamos incluso las aportaciones mas espectaculares y mas ricas en 
frutos, nos encontramos con que se basan sobre los cimientos asentados 
por pensadores anteriores, que muchas veces llegaron notablemente cerca 
de la cumbre mas tarde alcanzada. 

Nuestro campo de la energ:fa nuclear no es ninguna excepcion. En 
ninguna historia de sus or:fgenes se podr:fan omitir las revolucionarias 
aportaciones de Einstein, de Rutherford, de Bohr y, por supuesto, de 
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Fermi, Hahn, Meitner y Strassmann, que abrieron la ultima puerta hacia 
la obtencion practica de la energ{a encerrada en el nucleo del :3.tomo. 

Me presento con un cierto orgullo porque, a mi entender, mi propia 
patria ha cumplido la parte que le corresponde no solo en el desarrollo 
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de la utilizacion de la energ{a nuclear con fines padficos, sino tambien -
lo que es igualmente importante - en el fomento y aplicacion del concepto 
de que estos beneficios de ben ponerse al alcance de todas las naciones. 
Espero que se me perdone si hago observar que esta Conferencia 
supone un homenaje, entre otras personas, al fallecido Presidente 
Dwight D. Eisenhower, cuyas propuestas ante la Asamblea General de las 
Naciones Unidas el 8 de diciembre de 1953 pusieron en marcha el programa 
de Atomos para la Paz y quien mas tarde sugirio personalmente la 
convocatoria de la primera Conferencia de Ginebra. 

Me presento con esperanza y entusiasmo, porque creo que estamos 
todav{a en el umbral de una era de grandes descubrimientos y de consolida
cion y aprovechamiento de los descubrimientos efectuados en el pasado, 
era que, a finales del presente siglo, obtendra de la energia nuclear 
beneficios inimaginables que contribuiran directamente a elevar el nivel 
de vida de la mayor parte de los seis a siete millares de millones de 
hombres que habitaran entonces la tierra. 

Al ocupar este estrado, es inevitable recordar la sabidur:la de aquellos 
hombres que han ostentado anteriormente el puesto de Presidentes de estas 
conferencias. Solo Homi Bhabha, en 1955, tuvo el honor, bien merecido, 
pero con mucho la tarea mas ardua, de hacer uso de la palabra en primer 
lugar. La eleccion del Dr. Homi Bhabha como Presidente de la primera 
Conferencia de Ginebra fue muy acertada. Con ella no solamente se rindio 
honor a este sobresaliente hombre de ciencia y de gobierno, sino que al 
nombrar un presidente del mundo en desarrollo, se subrayo el caracter 
universalista de las posibilidades y de las necesidades en el campo de la 
energ{a nuclear. Construyendo sobre los solidos cimientos creados por 
el Dr. Bhabha, la India ha progresado hasta convertirse en el primero de 
los pa:lses en desarrollo que ha aplicado la energ:la nuclear como fuente 
primaria de energia electrica. As:l, el Dr. Bhabha profetizo certeramente 
que la energ{a nuclear no solo era de importancia para las naciones 
industrializadas del mundo, sino tambien para las naciones en desarrollo. 
De hecho, su tema basico fue el de que la gran mayor:la de la poblacion 
mundial que en la actualidad vive en los pa:lses en desarrollo debe alcanzar 
el nivel de vida, funcion de la energ1a, del que ya gozan los pa:lses 
industrializados mediante una amplia aplicacion de la energ{a nucleoelectrica. 

Bhabha formulo tambien la prediccion- sensacional en aquella fecha
de que, en el plazo de dos decadas, conseguir1amos la produccion de 
energia util a partir de la fusion nuclear, abriendo con ello el camino al 
empleo del deuterio del mar como fuente practicamente ilimitada de 
energia. Con encomiable prudencia cientlfica, el Dr. Bhabha predijo 
solo que, dentro del citado plazo, se encontrar:la un metodo para liberar 
la energ{a de fusion de forma controlada. No anticipo cuando se 
convertiria este descubrimiento en una fuente de energ{a comercial eco
nomica y de garantla. Mientras transcurre el tiempo hacia la consecucion 
de la meta profetizada por el Dr. Bhabha, asumire tambien el papel de 
adivino y dire que no descarto el hecho de que pueda conseguirse todav{a 
en 1975 una produccion positiva de energ{a de fusion y que casi con certeza 
se lograra hacia 1980. Si ello se convierte en realidad, el Dr. Bhabha, 
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cuya vida termino tan tragicamente cerca de esta ciudad mientras se 
hallaba en camino a una reunion internacional sobre energ[a atomica, 
quedara aun mas consagrado como hombre de gran intuici6n cientlfica. 

El Presidente de la segunda Conferencia de Ginebra fue tambien un 
distinguido precursor nuclear de Francia: Francis Perrin. Al tener que 
hacer frente a la realidad de que la esperada meta de conseguir energ{a 
nucleoelectrica en condiciones economicas era mas diflcil de alcanzar que 
lo anteriormente previsto, la segunda Conferencia de Ginebra se 
caracterizo por un relativo pesimismo. El Profesor Perrin previo 
certeramente que, en un principia, la energ[a nucleoelectrica ser1a prin
cipalmente de utilidad en los pafses ya muy industrializados. La fase por 
el predicha lleg6 de hecho, pero, con la energfa nucleoelectrica ya im
plantada o en trance de serlo en naciones como la India, el Paquistan, 
Corea, China, Argentina y Brasil, vemos que tal fase se aproxima a su 
fin. Para 1980, es probable que esten en explotacion centrales nucleares 
en mas de 15 pafses actualmente calificados de naciones en desarrollo de 
acuerdo con los criterios de las Naciones Unidas. 

El Profesor Perrin subrayo como uno de los aspectos mas importantes 
de estas conferencias la funci6n que representan levantando los velos del 
secreta en un importante campo de la ciencia, abriendo asf canales de 
comunicaci6n cerrados hasta la fecha. Ello es totalmente cierto y, de 
hecho, ha sido una de las consecuciones mas importantes de las dos 
primeras Conferencias de Ginebra. La calidad de no secretos de casi todos 
los campos de importancia en la utilizaci6n de la energ{a nuclear con fines 
paclficos esta hoy en dfa bien consagrada y se da por supuesta, pero 
desgraciadamente, el anterior secreta relacionado con los fines militares 
ha quedado sustituido en algunos casos por otros controles impuestos en 
nombre del secreta comercial. Como naci6n cuyo bienestar se basa en 
gran parte en las aportaciones de la empresa privada, no dudamos de la 
importancia de ofrecer la adecuada compensaci6n a la iniciativa cientffica 
privada. El punto importante y dif{cil es conseguir el equilibria adecuado 
entre una amplia difusi6n de la informacion durante las fases iniciales de 
investigaci6n y desarrollo, por una parte, y la debida oportunidad para 
proteger una tecnologfa detallada y avanzada, por otra. Como cientffico 
persuadido, al igual que el Profesor Perrin, de que el secreta anquilosa 
el progreso, me temo que el secreta que se guarda en nombre de los 
derechos comerciales privados resulte tan pernicioso como el anterior
mente practicado en nombre de la seguridad nacional. Si la presente 
Conferencia llega a ofrecer el mismo incentivo para la publicacion de 
ciertos datos que hoy son considerados como de propiedad privada, como 
lo hicieron las conferencias anteriores res pecto de la publica cion de 
informacion secreta, habra conseguido un valioso fin. 

La tercera Conferencia de Ginebra marco un hito hist6rico. Vino a 
marcar claramente el comienzo de la era de la energ[a nucleoelectrica 
econ6mica. En efecto, fue posible afirmar en esa conferencia, a la que 
tuve el honor de asistir como presidente de la delegaci6n de los Estados 
Unidos y en la que pronuncie el discurso de recapitulaci6n, que se hab[a 
conseguido romper la «barrera econ6mica» en la tecnologfa de la energ{a 
nucleoelectrica. Actualmente, con mas de 150 millones de kilovatios de 
capacidad nuclear en explotaci6n, en construccion o en fase de pedido en 
el mundo, seran pocos, si hay alguno, los que duden de la certeza de esta 
afirmaci6n. 
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El Presidente de la ultima Conferencia de Ginebra fue mi amigo 
personal y colega, el Profesor V. S. Emelyanov, de la Union SoviE~tica. 
En la excelente revista que paso al estado de la ciencia y de la tecnologfa 
nucleares, el Profesor Emelyanov recalco sabiamente la importancia de 
la cooperacion internacional e hizo mendon especial de las crecientes 
funciones y eficacia del Organismo Internacional de Energfa Atomica en 
el fomento de esta cooperacion. Aludio tambiEm por primera vez a las 
prometedoras perspectivas de la utilizacion de la energfa nuclear para la 
desalacion en gran escala del agua del mar, aplicacion que yo creo que 
veremos llegar a la practica en el curso de nuestra vida. 

Si miro retrospectivamente hacia los progresos realizados por la 
ciencia y la tecnologfa nucleares, me parece que hay un hecho fascinante 
que destaca por encima de todos los demas. Este campo de la ciencia es 
quiza el primero, y ciertamente el mayor, en el que los progresos no se 
han limitado a «suceder». Se habfan efectuado grandes avances en muchos 
otros campos de la ciencia y de la tecnologfa antes de que entrara en 
escena la energfa nuclear. Pero, hablando en terminos generales, los 
avances en esos campos se produjeron como resultado de las acciones e 
interacciones de numerosos programas y personas diferentes y esencial
mente independientes. En la esfera de la energfa nuclear, por prim era 
vez, el ritmo de progreso en todo un vasto campo de la ciencia ha quedado 
determinado en gran parte como consecuencia de las decisiones y actos 
deliberados de los gobiernos y - al comienzo - de tan solo unos pocos de 
ellos. En consonancia con este punto de vista, incluso la cooperacion 
internacional que nos reline aquf debe su existencia a las decisiones y 
actos conscientes de los gobiernos, mas que a los canales tradicionales 
de la cooper a cion cientffica. 

Creo que ha sido un experimento fascinante y, en conjunto, de gran 
exito, con vastas ramificaciones que se sa len de sus fronteras inmediatas. 
Aunque el ingenio humano sigue siendo el ingrediente indispensable para el 
progreso cientlfico, la experiencia que hemos adquirido en la esfera de la 
energfa nuclear ha venido a demostrar de forma inequivoca que el ritmo y 
hasta la direccion del desarrollo pueden quedar profundamente afectados 
por la intervencion en gran escala de las poHticas seguidas por los 
gobiernos y por los recursos a dis posicion de estos. 

En un sentido aun mas general, esta experiencia se ha repetido en el 
campo de la ciencia espacial. Pero yo creo que la energfa nuclear no 
solamente sigue siendo el modelo, sino el ejemplo mas caracterfstico por 
el momenta, ya que en este caso hemos visto el desarrollo forzado de un 
campo de la ciencia y de la tecnologfa que tiene unas repercusiones prac
ticas y economicas, de gran importancia e inmediatas, para una gran 
proporci6n de los pafses del mundo. 

Quiza el unico antecedente historico de lo que ha sucedido con la energfa 
nuclear en los ultimos 25 anos sea una epoca anterior de descubrimientos en 
la que gobiernos de gran vision de aquel memento emprendieron la explora
cion, no precisamente de un nuevo mundo de la ciencia, sino de un nuevo 
mundo a traves de los mares. Tal vez a los ojos de la historia las conse
cuencias de nuestras exploraciones en el nuevo mundo de la energfa nuclear 
equiparen en importancia a las de aquella pasada epoca de descubrimientos. 

He optado por hablar en terminos muy generales de los antecedentes 
de nuestras conferencias y de la ciencia de que en ellas se tra ta. Es 
forzoso y natural que el mensaje real de esta Conferencia, la historia de 
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siete aiios de avance desde que nos reunimos por ultima vez en 1964, se 
desprenda de las deliberaciones que se van a desarrollar a continuaci6n. 
Pero no dejare pasar totalmente por alto la oportunidad de hablar, como 
han hechos mis predecesores, de lo que ha sucedido y de lo que podemos 
esperar que ocurra en los aiios por venir. 

El espectacular tel6n de fonda de nuestra Conferencia - al que ya he 
aludido- es que la energ:i'a nucleoelectrica ya no esta «a la vuelta de la 
esquina>>, sino que ya la tenemos aquL La inversion total en las centrales 
nucleares con una capacidad de 150 millones de kilovatios a que me he 
referido superara los 45 000 millones de dolares cuando se encuentren 
terminadas en 1980 y, por supuesto, para esa fecha habra otras muchas 
centrales pr6ximas a su terminaci6n, con una capacidad total de muchos 
millones de kilovatios adicionales. La potencia que generaran tales 
centrales en 1980 sera casi igual a la capacidad total de generaci6n de los 
Estados Unidos en la fecha en que se celebr6 nuestra ultima conferencia; 
y a finales de siglo, puede casi asegurarse que la mitad de los 1500 millones 
de kilovatios que se generaran en total en los Estados Unidos sera de origen 
nuclear, siguiendo un esquema de crecimiento semejante otras regiones 
importantes del mundo. 

Sin embargo, pese a este exito - que creo merece el desgastado 
calificativo de fenomenal -, queda mucho por hacer y todav:i'a hay problemas 
que acosan a nuestra floreciente nueva industria. La gran tarea que queda 
por resolver en la tecnolog:i'a de la energia nucleoelectrica es la de liberar 
los enormes recursos energeticos contenidos en los is6topos fertiles 
urania- 238 y torio, completando el desarrollo de un reactor reproductor 
econ6mico. Esta meta consume en la actualidad las energ:i'as y recursos 
de la mayor:i'a de los programas importantes de desarrollo de la ener g:i'a 
nucleoelectrica del mundo. No dudo que se conseguira, pero los costas 
a que habra que hacer frente y el tiempo necesario seran grandes. Creo 
que veremos la implantaci6n de reactores reproductores rapidos comerciales 
del tipo refrigerado por metal liquido en varios pa:i'ses a mediados de la 
decada de los aiios ochenta. Si bien antes de conseguir ese objetivo se 
podran construir prototipos a gran escala - y de hecho deber:i'an construirse--; 
tales prototipos no podran por si mismos competir econ6micamente. 

En su mayor parte, los problemas que actualmente tenemos planteados 
en el campo de la energ:i'a nucleoelectrica se centran en torno a la cuesti6n 
del media ambiente y, precisamente por ella, resultan en cierto modo 
1romcos. En ningun nuevo campo de la ciencia y de la tecnolog{a - quiza 
en ninguna empresa humana - se han aplicado voluntariamente restricciones 
tan intensas por garantizar la seguridad de sus actividades como en el 
campo de la energ{a nuclear. Como fruto de ella, en un pa1s tras otro, 
se han logrado en las actividades nucleares records de seguridad que estan 
a la cabeza de todas las actividades industriales. Se han desarrollado 
nuevas procedimientos y aparatos de compleja 1ndole a fin de garantizar la 
contenci6n de las radiaciones y de los materiales que intervienen en las 
actividades nucleares. Las naciones mas destacadas en la esfera nuclear 
han adoptado reglamentos de un rigor sin precedente para cerciorarse de la 
ausencia de riesgos en sus actividades relacionadas con la energ{a 
nucleoelectrica. 

Objetivamente considerada, la energ{a nucleoelectrica brinda una 
oportunidad sin rival para invertir la tendencia hacia una contaminaci6n 
cada vez mayor del media ambiente, producida por los combustibles 
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tradicionales y por los productos de combustion, con todos los riesgos 
conocidos y desconocidos que entranan. 

Pese a ello, en una serie de pa{ses se han elevado fuertes voces -
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a veces estridentes - en contra de la utilizaci6n de la energ{a nucleo
eH~ctrica basandose en razones relacionadas con el media ambiente. Como 
custodies responsables de la confianza publica en la seguridad de las 
actividades nucleares, no debemos rehusar atenta consideraci6n ni 
siquiera a los casas hipoteticos mas improbables en relacion con los 
riesgos de la energ{a nucleoelectrica, y nunca lo hemos hecho. En reali
dad, para cerciorarnos de que estamos desarrollando nuestras actividades 
sin riesgos, los miembros de la comunidad nuclear hemos propugnado la 
polltica de tamar muy en serio los casas mas improbables. En la 
actualidad las centrales nucleares dan lugar a la liberacion de unas dosis 
de radiacion tan pequenas que un individuo que permaneciese de un modo 
continuo en los Hmites de una central nuclear estar{a expuesto a una 
dosis adicional de radiaciones cada ano inferior a la que recibimos aquellos 
de nosotros que hemos atravesado el Atlantica para asistir a esta 
Conferencia. La paciente explicacion de hechos como estos ha producido 
sus frutos. Hoy dia, creo que existe una comprension publica notablemente 
mayor de la seguridad que ofrece la energia nucleoelectrica que hace un 
ano en esta misma fecha, y, con la comprension del publico, la consecuencia 
inevitable sera. la aceptaci6n por parte de este. La presente Conferencia 
nos proporciona un nuevo e importante media para alcanzar esa meta. 

Pasar revista a los progresos realizados en la esfera de la fusion 
controlada ha sido siempre una caracteristica propia de estas Conferencias 
de Ginebra des de que el Dr. Bhabha expreso su fascinante prediccion 
en 1955. En la actualidad, aunque aun se nos escapa la meta de conseguir 
la producci6n neta de energ{a a partir de la fusion controlada, sabemos 
mucho mas que nunca acerca de los plasmas y de su comportamiento. 
Por lo tanto, como ya he dicho creo que la prediccion del Dr. Bhabha de 
que se obtendr{a energ{a neta en el plaza de dos decadas a partir de 1955 
fallara, en todo caso, solo por un pequeno margen. Sin embargo, la 
transformaci6n de este resultado en una fuente comercial, practica y eco
nomica, de energ{a electrica es, en potencia, mucho mas dif{cil y exigira 
mucho mas tiempo y no creo que pueda plasmarse en realidad mucho antes 
de finales del presente siglo. 

En casi todos los restantes sectores del vasto campo de nuestra 
especialidad se han producido grandes progresos desde 1964. La a plica
cion de los radioisotopes, que hace ya mucho desde entonces que han 
asumido su puesto como poderoso instrumento de investigacion, en medicina 
y en la industria, se ha multiplicado muchas veces desde 1964. Pero esto 
es solo parte de la historia, porque las innovaciones mas espectaculares 
se han producido en el numero de nuevas aplicaciones. Des de los 
estimuladores del ritmo card{aco humano a la provision de energ{a para 
los experimentos lunares, los radioisotopes estan desempenando funciones 
que no se podr{an haber realizado de ninguna otra manera. 

Creo que existen buenas perspectivas de que se puedan desarrollar 
con exito y entren en aplicacion experimental en el plaza de cinco anos los 
cora zones artificiales accionados por radioisotopes. Mas silenciosamente, 
los radioisotopes estan creando una revolucion en medicina que muchos 
expertos comparan con la introduccion de los rayos X en 1896. La camara 
medica de centelleo perrnite estudiar organos enteros rnientras funcionan, 
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quedando expuesto el paciente a dosis de radiaci6n mucho menores que las 
que exige el empleo de los rayos X tradicionales. 

La conservaci6n de alimentos por irradiaci6n sobre una amplia base 
comercial es todavia una de las metas que tenemos por delante de 
nosotros, aunque estan empezando a utilizarse algunas aplicaciones 
especializadas. En este caso, como en algunos otros, sospecho que se 
ha introducido un cierto desorden en el grado de prioridades por dejar 
de sopesar los riesgos frente a los beneficios. Cuando decenas de millones 
de habitantes de la tierra siguen sufriendo hambre y padeciendo de su 
acompanante mas insidioso la malnutrici6n, la posibilidad de prolongar el 
periodo de almacenamiento de los productos alimenticios por irradiaci6n 
y de reducir las perdidas debidas a la infestaci6n y a la formaci6n de 
brotes no ha recibido la importancia que merece. Es este otro sector en 
el que creo poder predecir, sin riesgo de error, que se producira una 
amplia difusi6n dentro de una decada o dos. 

En el transcurso de esta Conferencia, se distribuira un informe puesto 
al dia sobre la utilizaci6n de los explosives nucleares con fines padficos. 
No voy a tratar de complicar mas aun la naturaleza todavia abierta a 
controversias de esta aplicaci6n de la energia nuclear. En muchas 
naciones hay personas que creen con toda sinceridad que el aprovechamiento 
de los beneficios padficos de los explosives nucleares dara lugar de alguna 
manera a un aumento de las presiones y de las oportunidades para adquirir 
armas nucleares, de las cuales no se pueden desgraciadamente distinguir 
los explosivos nucleares de caracter padfico. Sin embargo, los que 
sostienen esta postura pasan par alto los progresos que se reflejan en el 
Tra tado so bre la no proliferaci6n de las arm as nucleares. El articulo V 
de dicho Tratado demuestra no solamente un interes mundial par los 
explosives nucleares de caracter padfico, sino que aporta una soluci6n 
l6gica al conflicto que se plantea entre la amplia disponibilidad de estos 
beneficios y la necesidad de evitar la proliferaci6n de los dispositivos 
explosivos nucleares propiamente dichos. 

La adopci6n de este Tratado es de par si un importante acontecimiento 
que bien merece ser mencionado en el presente informe sobre los progresos 
realizados. En 1964, el Profesor Emelyanov llam6 la atenci6n sobre el 
tratado, entonces recientemente adoptado, en virtud del cual se proscribian 
las pruebas con armas nucleares en la atmosfera, en el espacio ultra
terrestre y bajo las aguas, y dio expresi6n a su esperanza, compartida 
par todos, de que se adoptar1an nuevas pasos hacia la resoluci6n de los 
problemas internacionales por via de negociaci6n. El tratado sabre la no 
proliferaci6n constituye otro importante paso en este camino. 

Seda negligencia no mencionar en el presente resumen de los princi
pales progresos realizados desde 1964 el desarrollo par parte del 
Organismo Internacional de Energia At6mica de un nuevo marco para la 
aplicaci6n de salvaguardias en virtud del Tratado sobre la no proliferaci6n. 
Tanto los resultados logrados en estas tareas como el espiritu constructive 
en que se han desarrollado ponen de relieve que se pueden alcanzar 
consecuciones positivas por conducto de la cooperaci6n internacional, 
incluso en materias de gran complejidad polltica y tecnica. Estoy 
persuadido de que con esta empresa el OIEA ha hecho aumentar grande
mente las perspectivas de un amplio y eficaz cumplimiento del Tratado 
sobre la no proliferaci6n. 
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<'.Que podemos decir sabre el futuro? He aventurado ya algunas 
predicciones al aludir a los puntas mas destacados de los progresos 
efectuados recientemente, pero nos aguardan otras muchas interesantes 
perspectivas antes de que finalice el presente siglo. Creo que mediante 
el empleo de la propulsion nuclear se podran examinar con instrumentos 
dentro del presente siglo los planetas extraterrestres tales como Jupiter 
y que es probable que el hombre visite Marte por el mismo media. 
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Satelites gigantes estacionarios de la Tierra, con reactores nucleares 
de reducidas dimensiones a bordo, transmitiran programas de television y 
otros tipos de mensajes directamente a los receptores domesticos. 

Casi con toda certeza, surcaran los mares petroleras de propulsion 
nuclear y otros buques mercantes accionados por el mismo sistema. 

Los explosives nucleares de caracter pacifica se emplearan en amplia 
escala para aumentar el rendimiento de los recursos naturales subterraneos 
y, posiblemente, para modificar la topograffa, por ejemplo, mediante la 
construccion de puertos, canales y embalses. 

Pero nuestros logros no seran exclusivamente de caracter cientffico 
y tecnologico. Creo que seremos testigos de acuerdos internacionales que 
garanticen el transporte y evacuacion de los materiales radiactivos sin 
ningun genero de riesgos. El comercio en la esfera de lo nuclear 
adquirira carta de naturaleza, sujeto exclusivamente al requisite de que 
sus fines pacfficos queden garantizados por los oportunos arreglos de 
salvaguardia. Seguira prosperando la cooperacion internacional, pero 
dependera menos de los gobiernos y pasara a ser una actividad mas 
directa de los cientfficos y de la industria. En la front era de la ciencia 
nuclear, se construiran aceleradores de mayores dimensiones bajo 
a us picios internacionales. 

Creo que todos estos acontecimientos se convertiran en realidad si 
seguimos actuando con prudencia y tino al asignar a la ciencia y tecnologfa 
nucleares los recursos que merecen. Nunca han sido mayores las 
demandas ejercidas sobre los recursos del mundo. Muchas necesidades son 
de caracter urgente y, en algunos aspectos, mas fundamentales que la 
necesidad de una tecnologfa de tipo avanzado. Hasta en las naciones mas 
pr6speras subsisten la pobreza y el hambre y el abismo que separa a las 
naciones industrializadas de aquellas en desarrollo es todavfa decepcional
mente amplio. Sin embargo, ninguna civilizacion alcanzarfa nunca la 
grandeza si se sometieran a un comun denominador todas sus actividades. 
Para una sociedad floreciente es tan necesario sobresalir en la ciencia y 
en la tecnologfa como en las artes o en cualquier otro campo de actividad 
humane. En ultimo extreme, para colmar las necesidades humanas que 
llevamos tan largo tiempo arrastrando hay que tener en cuenta el grado en 
que una sociedad es capaz de concebir y aplicar una nueva tecnologfa que 
haga prosperar nuestros recursos naturales y humanos, 

La solucion del problema de las prioridades no debe sofocar la 
iniciativa cientlfica, sino alentarla, incluso cuando tratemos de satisfacer 
las demas necesidades urgentes. Quiza tam bien en este aspecto pueda 
desempenar una funci6n nuestra Conferencia, aumentado la comprension 
oficial y del publico de la forma en que estan relacionadas nuestras metas 
con las necesidades de la sociedad. 

Se ha convertido en honorable tradici6n de estas conferencias tributar 
un homenaje a los cientfficos nucleares de prestigio fallecidos desde la 
reunion anterior. Esta vez, la lista es particularmente triste, ya que 
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comprende los nombres del Presidente de la primera Conferencia de 
Ginebra, Homi Bhabha, y del grande y querido precursor de la energ:la 
nuclear, Otto Hahn. Para honrar su memoria, para honrar a Sir John 
Cockcroft, a Lise Meitner y a Igor Tamm, y a todos los demas miembros 
de esta comunidad internacional de caracter:lsticas singulares que nos han 
abandonado desde que nos reunimos por ultima vez, propongo que nos 
pongamos en pie para guardar un momento de silencio. 

Solo me resta expresar el deseo de que esta Conferencia desarrolle 
sus tareas siguiendo la misma tradici6n de caUdad cientlfica y de franqueza 
y profundidad de dialogo que ha caracterizado nuestras anteriores reuniones. 



OPENING ADDRESS 

Sigvard EKLUND 
Director General 
of the International Atomic Energy Agency 

The first three "Geneva Conferences", held in 1955, 1958 and 1964, were 
devoted to exchange of information and to a careful analysis of the prospects 
which appeared to be opening up as a result of the harnessing of atomic energy 
for peaceful purposes. Many of you will certainly recall how the ups and 
downs of nuclear science and technology were reflected at those meetings. 
By the time of the Third Conference, experience - genuine experience - had 
been accumulated to enable us to appraise the competitive position of nuclear 
power with some confidence. Development of new reactor concepts was a 
theme which elicited a great deal of discussion. 

Today, we have reached the stage where nuclear power can in some 
areas compete with conventional means of generating electricity; more than 
that, it is accounting for an ever-increasing proportion of installed capacity: 
at present the figure is 2o/o; but by 1980 it is expected to reach 13% and by 
the turn of the century, some 50%. Responsibility for the development and 
construction of reactors has, to a great extent, been taken over by industry. 
The large-scale introduction of nuclear power has become a matter of 
importance to economists, planners and government officials. Most of the 
problems of present-day reactors are now understood, at least in theory, 
and in some cases even solved. 

We are now faced with the practical problems of operating these plants, 
integrating the nuclear industry into national economies in an orderly 
fashion, securing adequate supplies of nuclear fuel, removing any barriers 
to international trade in nuclear materials a'nd demonstrating to the consumer 
that the use of nuclear power will have no significant detrimental effects on 
the environment. 

This trend towards the commercialization of nuclear power was recog
nized by the United Nations General Assembly when it declared that the 
present Conference should be convened,and requested that an agenda be 
drafted which would be "of interest to public officials, economists and 
planners as well as technologists". As you may imagine, the Secretary
General, with the assistance of the United Nations Scientific Advisory Com
mittee and in co-operation with the IAEA, had no easy task in fulfilling that 
mandate. 

We hope that the planning specialists and government officials, in 
particular those coming from developing countries, will find some guidance 
at this Conference, the scope of which in certain respects is larger than 
that of the previous ones. At the same time, we trust that the scientists 
and nuclear technologists will also find sessions which are particularly 
stimulating to them. We are sure that the Conference will provide an 
occasion for different groups to reach a better understanding of each 
other's problems and goals. 

59 



60 OPENING OF THE CONFERENCE 



Mr. Sigvard Eklund and the Sctentiflc Secretanat of the Conference 

Kostadw Kostadwov Laszlo Sztany1k 

Charles Pelzer Compton Rcnme S1gvard Eklund Ivan Zhdudev Pedro llerzbug 



62 OPENING OF THE CONFERENCE 

I think we can all agree that nuclear power has now come of age. Those 
of you who attended the World Energy Conference in Bucharest this June will 
recall the interesting sessions where nuclear power was discussed as an 
important supplement to our conventional energy sources. One may ask 
oneself why a special international conference on nuclear energy is needed 
at all, in the light of what I have just said. Nuclear power, however, because 
of the nature of the fuel used to produce it, has special international 
implications that set it apart from conventional means of generating 
electricity. 

Firstly, the present generation of reactors represents only a transitory 
stage; international collaboration will facilitate reaching the next stages in 
the nuclear power industry - the commercial use of fast breeder reactors 
and, ultimately, the fusion reactor. 

The strategic importance of nuclear materials which may be used either 
for peaceful or military purposes makes it vital to take international steps 
towards their regulation and control. Finally, because of their radiotoxicity 
and safety implications, nuclear fuels, especially when irradiated, have to 
be handled as potentially hazardous substances and these factors acquire a 
special importance when they are transported across national frontiers. The 
trade in nuclear materials is constantly growing and this growth is a 
necessary factor in the further development of the industry. 

The growth of nuclear power depends on the supply of uranium. The 
European Nuclear Energy Agency and IAEA jointly conduct periodic surveys 
of world uranium and thorium reserves and have concluded that consider
ably more uranium must be found in the 1980s to meet the growing demand. 
If one considers that 85o/o of the deposits reported to exist in the Western 
World are located in only five countries, one may reasonably assume that 
large unexploited resources exist elsewhere, particularly in the developing 
countries. However, even the most intense exploitation of the world's 
uranium resources in conventional-type deposits might not be adequate to 
meet the long-term requirements of nuclear power, unless the fast breeder 
reactor comes into commercial use. 

Another question that has come to the fore recently is that of uranium 
enrichment, at present mainly carried out by the United States of America 
and the Union of Soviet Socialist Republics. The increased use of nuclear 
power will create a need for additional enrichment capacity. 

France has suggested a European enrichment plant, based on the French 
gaseous diffusion method. The Federal Republic of Germany, the Nether
lands and the United Kingdom are collaborating in the development and 
exploitation of the gas centrifuge process, and South Africa has announced 
the development of a new enrichment method. The United States of America 
has recently declared its readiness to engage in exploratory multilateral 
discussions with other nations which have expressed an interest in con
structing uranium enrichment facilities based on the United States gaseous 
diffusion technology. In addition to the discussions in the formal sessions 
on uranium enrichment, I am sure that the corridors of the Palais des 
Nations and the restaurants of Geneva will provide the venue for many 
personal contacts on this important subject during the Conference. The 
IAEA is also following these developments with interest, both because of the 
Agency's statutory function as a supplier of fuel and because of their future 
significance for international safeguards. 
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Another matter of great current interest - and one which has caused 
headaches in nuclear circles in several countries recently - is the public 
concern about the effect of nuclear power production on the environment. 
This concern has even reached the point where it has slowed down, if not 
impeded, the development of nuclear power in some countries. It is indeed 
paradoxical, and most unfortunate, that an industry, the nuclear industry, 
which has, from the beginning, taken such care to ensure that it will not 
harm the environment, and which can boast of a near perfect safety record, 
should have become the target of well-intentioned, but not always well
informed "environmentalists". As a matter of fact, if we do not consider 
hydro-power, which leads to special environmental problems, nuclear power 
is the cleanest means of producing electricity. 

A major educational task lies before the atomic energy commissions, 
the nuclear industry, and the international organizations concerned. I do 
think there is a great need, in the whole controversy about the environment, 
to put things into the right perspective. This should not imply that there is 
no place for legitimate concern for the environment in the production of 
electricity by nuclear power; one has only to consider the improvements 
that can still be made with respect to thermal discharges. Also, although 
only very small amounts of radioactivity are released to the environment, 
containment is required for the much larger quantities that are not released, 
sometimes for periods of several centuries. With the projected growth of 
the industry, it will be essential that the excellent controls which have been 
exercised in the past continue to be applied, and even further developed, in 
the future. I trust this Conference will positively contribute to solving some 
of these problems. 

The Secretary General has already mentioned the Treaty on the Non
Proliferation of Nuclear Weapons (NPT) which came into force on 5 March 
1970. According to the Treaty, States not possessing nuclear weapons give 
up the option to develop, manufacture or receive them from any other 
country. States possessing nuclear weapons pledge themselves not to 
transfer nuclear weapons or explosive devices or to assist in their manu
facture. The Agency was designated as the control organ of the Treaty, 
whereby non-nuclear-weapon States agree to accept Agency safeguards in 
order to verify the fulfilment of their obligations under the Treaty. The 
Agency is now in the process of negotiating safeguards agreements with non
nuclear-weapon States Parties to the Treaty. The Treaty has been signed 
by 98 non-nuclear-weapon States, 65 of which have ratified so far. 

The Non-Proliferation Treaty, if properly implemented, should have 
as great an impact on the peaceful developments of nuclear energy as on 
the control of nuclear weapons. It is a source of satisfaction that the 
nuclear-weapon-States, pursuant to Article V of the Treaty which deals with 
peaceful nuclear explosions, have released a substantial amount of infor
mation on the status of this technology and its potentialities through the 
IAEA; this topic will be further discussed at a special session of this 
Conference. Article IV of the Treaty requires all Parties to facilitate and 
participate in the fullest possible exchange of equipment, materials and 
scientific and technological information for the peaceful uses of atomic 
energy with due consideration for the needs of the developing areas of the 
world. But NPT alone - even if fully implemented - would not solve the 
dilemma created by the military potential of the atom. I fully agree with 
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the Secretary-General in his appeal for a complete test ban, which should 
open the way for further nuclear disarmament measures. 

Nuclear technology is faced with an information explosion which can be 
coped with only by calling upon another technology embodied in the computer. 
The IAEA recently set up an International Nuclear Information System (INIS): 
a de-centralized, computer-based system which encompasses most of the 
world's nuclear literature in selected fields. A broadening of the subject 
scope is envisaged as the System develops. One of the System's products, 
a bibliographical list called the INIS A tomindex, is photo-typeset using the 
Agency-produced computer tape. The list of Conference papers which you 
have before you was produced in this way. 

Out of the 72 countries participating in this Conference, some 50 will 
be presenting papers, as compared with 38 at the Third Conference in 1964. 
This is an indication of the growing interest of the developing countries in 
nuclear energy. For reasons that will become clear during the discussions, 
nuclear power is still confined to a small though steadily increasing group 
of developing countries. I hope the Conference will give us new pointers as 
to how we can accelerate the growth of nuclear power in the developing world. 
As you may have seen from the program, a panel on the introduction of 
nuclear power into the developing countries will take place during the 
Conference. This panel can be considered as part of the Agency's intensified 
efforts in this regard and will be followed up by more formal meetings 
during the autumn. 

At the first United Nations Conference on the Peaceful Uses of Atomic 
Energy, in 1955, I attended the opening session from the gallery seated at 
the side of Dr. Glenn Seaborg, a privilege given to us as we were both to 
chair sessions at the Conference. I mention this at this solemn occasion 
when I have the privilege of seeing Dr. Seaborg next to me again, this time 
in his capacity as President of the Conference. For more than a decade 
Dr. Seaborg has served his country as chairman of the United States Atomic 
Energy Commission. When he now leaves that post, where his scientific 
approach and outstanding personality have had an impact on almost the 
whole world, I want to use this opportunity to thank him most whole
heartedly for his generous personal contribution in promoting the use of 
nuclear energy in order to bridge gaps between people, institutions and 
countries. All best wishes follow him for success in his future activities. 

Translations mto French, Russian and Spanish follow. 
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Les trois premieres Conferences deGeneve, orgamsees en 1955, 1958 
et 1964, etaient consacrees a des echanges de documentation eta l'analyse 
approfondie des perspectives qui semblaient s 'ouvrir a la suite de la 
domestication de l'energie atomique a des fins pacifiques. Beaucoup d'entre 
vous se rappellent certainement comment les hauts et les bas de la science 
et de la technologie nucleaires se sont refletes dans ces reunions. Au 
moment de la troisieme Conference, les lec;:ons de !'experience - une 
experience vraiment digne de ce nom - s 'etaient accumuH~es et permirent 
d'apprecier avec une certaine confiance la competitivite de l'energie d'origine 
nucleaire. La mise au point de nouvelles filieres de reacteurs fut un theme 
qui suscita beaucoup de discussions. 

Aujourd'hui, nous avons atteint le stade ou, dans certaines regions, 
l'energie nucleo-electrique peut concurrencer les moyens classiques de 
production d'electricite; en outre, elle represente une proportion toujours 
croissante de la capacite installee: 2o/o actuellement, probablement 13o/o en 
1980 et environ 50o/o vers l'an 2000. La responsabilite de la mise au point 
et de la construction des reacteurs a, dans une grande mesure, ete prise 
en charge par l'industrie. L'introduction en grand de l'energie d'origine 
nucleaire est devenue une question importante pour les economistes, les 
planificateurs et les fonctionnaires. La plupart des problemes poses par 
les reacteurs actuels sont maintenant bien compris, du moins en theorie, 
et dans certains cas ils sont meme resolus. 

Les problemes pratiques qui se presentent maintenant a nous portent 
sur l'exploitation de ces centrales, !'integration harmonieuse de l'industrie 
nucleaire dans les economies nationales, la recherche d'approvisionnements 
convenables de combustible nucleaire, la levee des barrieres qui font 
obstacle au commerce international des matieres nucleaires, la demonstra
tion au consommateur de l'absence d'effets nefastes significatifs de cette 
industrie sur l 1environnement. 

L 1Assemblee generale des Nations Unies a reconnu cette tendance 
lorsqu'elle a souhaite que l'on organise cette Conference et que son ordre 
du JOUr «interesse les fonctionnaires, les economistes et les planificateurs 
tout comme les technologues». Comme vous vous en doutez, la tache du 
Secretaire general pour s'acquitter de ce mandat, avec le concours du 
Comite consultatif scientifique de l'ONU et de l'AIEA, n'a pas ete facile. 

Nous esperons que les planificateurs et les fonctionnaires, en particulier 
ceux des pays en voie de developpement, trouveront des enseignements a 
cette Conference dont la portee est a certains egards plus vaste que celle 
des precedentes. En meme temps, je suis sur que les scientifiques et les 
technologues nucleaires trouveront nos travaux particulierement interessants. 
Nul doute que la Conference fournisse a differents groupes !'occasion de 
mieux comprendre les problemes et les objectifs de leurs partenaires. 

Je pense que nous sommes tous d'accord pour dire que l'energie nucleo
electrique a atteint sa majorite. Ceux d 1entre vous qui ont assiste a la 
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Conference mondiale de l'energie, en juin dernier a Bucarest, se souviennent 
des seances interessantes ou l'on a etudie l'energie d'origine nucleaire en 
tant que complement important des sources d'energie classiques, On 
pourrait se demander pourquoi une conference specialement consacree a 
l'energie nucleaire est necessaire apres ce que je viens de dire. Mais cette 
forme d'energie, a cause de la nature du combustible qu 1elle utilise, a des 
incidences internationales particulieres, bien distinctes de celles de l'energie 
electrique classique. 

Et d 1abord, la generation de reacteurs actuelle ne represente qu 1un stade 
transitoire; la collaboration internationale permettra d'atteindre plus facile
ment les pro chaines eta pes de 11industrie nucleo -electrique, a sa voir 
!'industrialisation des reacteurs surgenerateurs rapides et, finalement, le 
reacteur a fusion. 

D'autre part, !'importance strategique des matieres nucleaires qui 
peuvent ~tre utilisees a des fins pacifiques ou militaires exige que l'on 
prenne des mesures internationales pour les reglementer et les controler. 
Enfin, a cause de leur radiotoxicite et des problemes de securite qu 1ils 
posent, les combustibles nucleaires, surtout lorsqu 1ils sont irradies, doivent 
etre manipules comme des substances dangereuses et cela devient tout 
particulierement important lorsqu 1ils sont transportes au-dela des frontieres 
nationales. Le commerce des matieres nucleaires ne cesse de connaitre un 
developpement qui est d 1ailleurs necessaire a l'essor de 11industrie atomique. 

Le developpement de l'energie d'origine nucleaire depend des approvi
sionnements d'uranium. L'Agence europeenne pour l'energie nucleaire et 
l'AIEA procedent conjointement a des enqu~tes periodiques sur les reserves 
mondiales d'uranium et de thorium, et elles ont constate qu'il faudrait 
trouver beaucoup plus d'uranium dans quelque dix ans pour satisfaire la 
demande mondiale toujours en hausse. Si l'on considere que 85o/o des 
gisements signales dans le monde occidental sont situes dans seulement 
cinq pays, on peut raisonnablement supposer que de vastes ressources 
inexploitees existent ailleurs, en particulier dans les pays en voie de 
developpement. Mais m~me !'exploitation la plus intense de toutes les 
ressources mondiales d 1uranium contenues dans des gisements de type 
classique risque de ne pas etre suffisante pour satisfaire les besoins a 
long terme de l'energie nucleo-electrique, a moins que le reacteur 
surgenerateur rapide ne soit industrialise. 

Une autre question qui est venue au premier plan est celle de l'enrichisse
ment de !'uranium, actuellement effectue par les Etats-Unis d'Amerique 
et l'Union des Republiques socialistes sovietiques. L'utilisation accrue de 
l'energie d'origine nucleaire creera un besoin de capacite d'enrichissement 
supplementaire. 

La France a suggere la construction d'une usine d'enrichissement 
europeenne, appliquant la methode franyaise par diffusion gazeuse. La 
Republique federale d'Allemagne, les Pays-Bas et le Royaume-Uni 
collaborent ala realisation eta !'exploitation du procede de centrifugation 
en phase gazeuse, et l'Afrique du Sud a annonce la mise au point d 1une 
nouvelle methode d 1enrichissement, Les Etats -Unis d 'Amerique se sont 
declares prets a engager des discussions multilaterales preparatoires avec les 
pays qui ont manifeste de !'interet pour la construction d 'installations d 1 enri
chissement fondees sur la technologie americaine de diffusion gazeuse. En plus 
des discussions officielles sur l'enrichissement de !'uranium, je suis sur que 
les couloirs du Palais des Nations et les restaurants de Geneve seront le 
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the~tre de contacts personnels sur cet important sujet pendant la Conference. 
L'AIEA, elle aussi, suit ces developpements avec inter~t, d'abord parce 
que l 1Agence est, de par son Statut, fournisseur de combustible, et ensuite 
a cause de leur importance future pour les garanties internationales. 

Une autre question qui suscite actuellement un vif interet - et qui 
commence a donner des migraines dans les milieux nucleaires de plusieurs 
pays - est !'apprehension du public pour les consequences de la production 
nucleo-electrique sur l'environnement. Ces craintes ont meme fini par 
ralentir, sinon entraver, le developpement de l'energie d'origine nucleaire 
dans certains pays. Certes, il est paradoxa! et tres malencontreux qu'une 
industrie comme l'energie atomique, qui des le debut a pris tant de soin 
pour ne pas nuire a l'environnement et peut se glorifier d'un dossier de 
securite presque parfait, soit en butte aux attaques de defenseurs du milieu 
humain pleins de bonnes intentions mais souvent mal informes. En fait, mise 
a part la centrale hydro-electrique qui pose des problemes particuliers pour 
l'environnement, la centrale nucleaire est l'usine de production d'electricite 
la plus «propre». 

Une vaste action d'education du public incombe aux commissions de 
l'E:mergie atomique, a l'industrie nucleaire et aux organisations inter
nationales competentes. Je pense qu'il y a grand besoin, dans toute la 
controverse sur l 1environnement, de remettre les faits dans leur veritable 
perspective. Cela ne signifie pas qu'il n 1y ait pas de place pour des in
quietudes legitimes pour le milieu dans la production d'electricite nucleaire; 
il suffit de considerer les perfectionnements que l'on peut encore apporter 
aux decharges thermiques. En outre, bien que seules de tres petites 
quantites de radioactivite soient evacuees dans l'environnement, un confine
ment est necessaire pour les quantites beau coup plus grandes qui ne sont pas 
rejetees, et parfois pendant plusieurs siecles. Avec le developpement prevu 
de cette industrie, il sera indispensable que le contrCile tres strict qui a 
ete exerce dans le passe soit maintenu et qu'il soit m~me ulterieurement 
amplifie. Je suis certain que cette Conference contribuera a resoudre 
certains de ces problemes. 

Le Secretaire general a deja evoque le Traite sur la non
proliferation des armes nucleaires (TNP) qui est entre en vigueur le 
5 mars 1970 . .Aux termes de ce Traite, les Etats qui ne possedent pas 
d 1armes nucleaires renoncent a en mettre au point, a en construire ou a 
en recevoir d'aucun pays. Les Etats qui en possedent s'engagent eux
memes a ne pas transferer des armes ou des engins explosifs nucleaires 
et a ne pas participer a leur fabrication. L'Agence a ete designee par le 
Traite comme organe de contrCile: les Etats non dotes d'armes nucleaires 
s'engagent a accepter les garanties de l'Agence pour verifier qu'ils 
s'acquittent des obligations qui leur incombent en vertu du Traite. L'Agence 
a entame la negociation d'accords de garanties avec des Etats non dotes 
d 1armes nucleaires parties au Traite, lequel a ete signe par 98 Etats non 
dotes d 1armes nucleaires et ratifie jusqu'ici par 65 d'entre eux. 

Le Traite sur la non-proliferation, s 'il est convenablement execute, 
devrait avoir une incidence aussi grande sur le developpement de l'energie 
atomique a des fins pacifiques que sur le contrCile des armes nucleaires. 
C'est une source de satisfaction de constater que les Etats dotes d'armes 
nucleaires, conformement a !'article V du Traite qui concerne les explosions 
nucleaires pacifiques, ont communique a l'AIEA une masse considerable de 
documentation sur la situation de cette technologie et ses possibilites; ce 
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sujet fera l'objet d'une seance Speciale de la Conference. L'article v du 
Traite invite toutes les parties a faciliter l'echange le plus large possible 
de materiel, de matieres et de documentation scientifique et technique sur 
l'application de l'energie atomique a des fins pacifiques, et d'y participer, 
en tenant dument compte des besoins des pays en voie de developpement. 
Mais le TNP seul - m~me s'il est pleinement execute - ne resoudra pas 
le dilemme cree par le potentiel militaire contenu dans l'atome. Je me 
joins sans reserves a l'appellance par le Secretaire general pour une 
interdiction totale des essais, qui devrait ouvrir la voie a d'autres mesures 
de desarmement nucleaire. 

La technologie nucleaire connait actuellement une proliferation explosive 
de sa documentation et doit recourir a l'aide d'une autre technologie, celle 
des ordinateurs. L'AIEA a mis au point un Systeme international de 
documentation nucleaire (INIS), decentralise et mecanise, qui embrasse la 
plus grande partie de la litterature nucleaire mondiale sur certains sujets. 
On envisage d'elargir la liste des sujets a mesure que le Systeme se 
developpera. L'un des produits d 1INIS, une liste bibliographique portant 
le nom d I A tomindex est imprimee photographiquement a partir de la bande 
d'ordinateur produite par l'Agence. La liste des memoires de la Conference 
qui vous a ete remise a ete obtenue de cette maniere. 

Sur les 72 pays qui participent a la Conference, quelque 50 presenteront 
des communications (contre 38 ala troisieme Conference). Cela montre 
l'inter~t croissant des pays en voie de developpement pour l'energie 
nucleaire. Pour des raisons qui apparaltront clairement pendant les 
discussions, l'energie d 1origine nucleaire est encore l'apanage d'un petit 
nombre, en augmentation constante, de pays en voie de developpement. 
J'espere que cette Conference nous donnera des indications sur la maniere 
d'accelerer le developpement de cette forme d'energie dans le tiers monde. 
Comme l'indique le programme, un groupe d'etude de l'equipement nucleo
electrique des pays en voie de developpement se reunira pendant la 
Conference. On peut le considerer comme un exemple des efforts intensifs 
deployes par l 1Agence a cet egard et il sera suivi par des reunions plus 
formelles cet automne. 

En 1955, j 1ai assiste ala seance d'ouverture de la premiere Conference 
des Nations Unies sur l 1utilisation de l'energie atomique a des fins 
pacifiques depuis la tribune, a cote de M. Glenn Seaborg, a qui on avait 
accorde comme a moi ce privilege en qualite de president de seance. J'ai 
encore auJourd'hui le plaisir de voir M. Sea borg a cote de moi, mais cette 
fois en qualite de President de la Conference. Depuis plus de dix ans, 
M. Seaborg exerce les fonctions de president de la Commission de l'energie 
atomique des Etats-Unis. Au moment ou il quitte ce poste, ou son esprit 
scientifique et son eminente personnalite se sont faits sentir dans presque 
tous les pays du monde, je profite de l'occasion qui m'est offerte dele 
remercier chaleureusement d'avoir par son action personnelle et genereuse 
contribue a promouvoir l'utilisation de l'energie nucleaire pour combler 
les ecarts qui separent les peuples, les institutions et les pays. Et mes 
meilleurs vceux de reussite l'accompagneront dans la suite de sa carriere. 
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BhiCTYTIJIEHllE HA OTKPhiTllll KOH<PEPEHUllll 

3HrBap.z~ 3 KJIYH,ll 

reHepaJibHbiH ,llHpeKTOp 

MeJK,llyHapo.z~Horo areHTCTBa 

no aTOMHOM :;nreprHH 

TiepB!>Ie TpH )i(eJ-IeBCKHe KOH<JlepeHI.IHH 1 COCTOflBWHeCfl B 1955, 1958 H 

1964 rO,llaX1 61>IJIH nOCBflllleHbl 06MeHy mllpOpMai.IHeM H TlllaTeJibHOMy aHaJIH3y 

nepcneKTHB1 KOTOpi>Ie OTKpbiBaJIHCb B pe3yJibTaTe HCnOJib30BaHHfl aTOMHOM 

3HeprHH B MHpH!>IX QeJiflX, MHOrHe H3 BaC HeCOMHeH!-10 TIOMHflT 1 KaKOe WHpO

KOe OTpaJKe~IHe HaWJIH ycneXH H Hey,lla<JH aTOMHOH HayKH H TeXHHKH B MaTepH

aJiaX :'ITHX KoH<JlepeHLIHH. K MOMe~ITy npoBe,lleHHfl TpeTbeH KoH<JlepeHI.IHH 61>rJI 

HaKOTIJieH 60JibWOH OTI!>IT, KOTOpblH n03BOJIHJI HaM C onpe,lleJie~IHOH yaepeH

HOCTblO OQeHHTb KOHKypeHTOCTIOC06HOCTb fl,llepHOM 3HepreTHKH, Pa3pa60TKa 

HOBbiX THTIOB peaKTOpOB flBHJiaCb TeMOH 1 KOTOpafl Bbl3BaJia WHp0KyiO ,liHCKyc

CHIO, 

Cero,l\Hfl Mbl ,liOCTHrJIH CTa,liHH, KOr,lla fl,llepJ-Iafl 3HepreTHKa B HeKOTOpblX 

paHOHaX MOJKeT KOHKypHpOBaTb C 06!>I<IHI>IMH cpe,liCTBaMH TipOH3BO,liCTBa 3JleK

Tp03HeprHHj 60Jiee TOrO 1 Ha6JIIO,llaeTCfl nOCTOflHH!>IH pOCT ,l\OJIH ee ycTa~IOB

Jie~IHOH MOIIIHOCTH: B HaCTOfllllee BpeMfl OJ-Ia paBHa 2o/o, OlKH,llaeTCfl 1 <ITO K 

1980 ro.z~y OJ-Ia ,liOCTHrHeT 13o/o, a K KOHLIY 3TOrO BeKa - npHMepHO 50o/o. 0TBeT

CTBeHHOCTb 3a pa3pa60TKy H CTpOHTeJibCTBO peaKTOpOB 1 B 3Ha<JHTeJibHOH CTe

neHH, JIOJKHTCfl J-Ia npOM!>IWJieHHOCTb, Ill HpOKOe BHe,llpeHHe fl,llepHOH 3Hepre

THKH CTaJIO ,lleJIOM OC060H BalKHOCTH ,l(Jlfl 3KOHOMHCTOB 1 TIJiaHOBHKOB H COTpy.z~

HHKOB rocy.z~apCTBeHHblX yqpeJK,lle~IHH, B HaCTOfllllee BpeMfl 60JibWHHCTBO 

np06JieM1 CBfl3aHHblX C pa3pa60TKOH H 3KCnJiyaTaQHeH COBpeMeHHblX peaKTO

pOB1 o60CHOBaH0 1 TIO KpaifHeH Mepe TeopeTH<JeCKH 1 H <JaCTH<JHO - npaKTH<JeCKH. 

Ceifqac Mbl CTOHM nepe,ll peweHHeM npaKTH<JeCKHX npo6JieM 3KCnJiyaTa

l.IHH 3THX peaKTOpOB1 BKJIIO<JeHHfl fl,llepHOH npOMbiWJieHHOCTii B HaQHOHaJibHyiO 

3KOHOMHKy, o6ecne<IeHHfl COOTBeTCTByiOllleH nOCTaBKH fl,llepHOrO TOTIJIHBa, JIHK

BH,llal.IHH BCfl<JeCKHX 6apbepoB B MeJK,llyHapO,liHOH TOprOBJie fl,llepHbiMH MaTepH

aJiaMH, M1>r TaKJKe ,liOJIJKHbi HarJifl,liHO noKa3aTb noTpe6HTeJiflM, <ITO HcnoJib-

30BaHHe fl,llepHOH 3HeprHH ~Ie OKaJKeT KaKoro-JIH60 3Ha<JHTeJibHOrO Bpe,liHOrO 

B03,lleHCTBHfl Ha OKpyJKaiOlllyiO HaC cpe.z~y. 

3Ta TeH,lleHQHfl K HCnOJib30BaHHIO fl,llepHOH 3HepreTHKH Ha KOMMepqecKOH 

OC!-IOBe 6brJia o.z~o6peHa reHepaJibHOH AccaM6Jieeii OpraHH3aQHH 06'be,liHHeH

HblX Hal.IHH, r.z~e 6biJia OTMe<JeHa Heo6xo.IIHMOCTb C03biBa .z~amiOH KoH<JlepeH

LIHH H TIO,llrOTOBKH TIOBeCTKH ,l\Hfl 1 KOTOpafl OTBe<JaJia 61>1 11 HHTepecaM npaBH

TeJibCTBeHHblX <JHHOBHHKOB 1 3KOHOMHCTOB 1 TIJiaHOBHKOB 1 a TaKJKe TeXHH<JeCKHX 

cneQHaJIHCTOB 11
• KaK Bbl 3HaeTe, reHepaJibHblH CeKpeTapb c TIOMOlllblO Ha

y<IHO-KOHCYJibTaTHBHOro KOMHTeTa OpraHH3aQHH 06'be,liHHe<IHbiX Hal.IHH H B 

coTpy.IIHH<JecTBe c MAr AT3 BbiTIOJIHHJI HeJierKyiO 3a.z~aqy. 

Mbl Ha,lleeMCfl 1 <ITO cneQHaJIHCTbl B o6JiaCTH nJiaHHpOBaHHfl 1i COTpy,liHHKH 

rocy.z~apcTBei-moro annapaTa, oco6eHHO H3 pa3BHBaiOIIIHXCfl cTpaH, npHo6pe

TyT Ha ,llaHHOH KoH<JlepeHI.IHH B HeKOTOpOM OTHOWeHHH 60JibWHH On biT 1 <JeM Ha 

npe.lii>I.IIYIIIHX KoH<JlepeHI.IHflX. B TO JKe BpeMH Mbi c<JHTaeM, <ITO yqe~lbie H cne

l.IHaJIHCTbi, pa6oTaiOIIIHe no aTOMHOH TeMaTHKe 1 TaKJKe npOflBHT 60JibWOH liHTe

pec K npoBe,lleHHIO MHorHx 3ace.z~aHHH. Mbr yBepeHbi, 'iTO Ha KoH<JlepeHQHH 
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JIIO,ll;II pa3JIII'iHbiX B3rmi,!(OB 6y,!!yT IIMeTb B03MO~HOeTb ,!(OeTII'ib Jiyqruero nOHII

MaHII.S eTO.SIIIIIX nepe,!! HHMH 3a,!(aq. 

5I .!!yMaiO, Bee Mbl MO~eM eorJiaeHTbe.S e TeM, 'iTO .S,!!epHa.S 3HepreTHKa 

B HaeTO.Sillee BpeM.S ,!(OeTHrJia eBOero eOBepiiieHHOJieTH.S. Te, KTO npHeyT

eTBOBaJI Ha BeeMHpHOH 3HepreTH'ieeKOH KOHcpepeHQHH B EyxapeeTe B HIOHe 

1971 ro,!(a, nOMH.ST HHTepee!-I])Ie 3aee,!(a!-mH, Ha KOTOpblX H,!!epHaH 3HepreTHKa 

paeeMaTpHBaJiaeb KaK ,!(OnOJIHe!-me K HaiiiHM 06bi'iHbiM HeTO'iHHKaM 3HeprHH. 

Ka~,!!l'>IH Mo~eT 3a,!!aTb ee6e sonpoe, ,!!JI.S qero soo6111e Hy~Ho npoBO.!!HTb ene

QHaJihHYIO Me~,!!yHapO.!!HYIO KOHcp epeHQIIIO no !IenOJib30BaHHIO .S,!!ep!-IOH 3Hepr1111 

B eBeTe TOro, 0 'ieM .S TOJibKO "'TO rOBOpHJI. 0,!!HaKO H,!!epHa.S 3HeprHH 113-3a 

xapaKTepa TOnJIHBa, HenoJib3yeMoro .!!JIH ee npoH3BO,!!eTsa, HMeeT oeo6oe 

Me~,!(yHapO,!!HOe 3Ha"'eHHe, 'iTO eTaBHT ee Ha 0e060e MeeTO epe,!!H 06bi'iHbiX 

epe,!!eTB npOI13BO,!(eTBa 3JieKTpO::lHeprHH. 

COBpeMeH!-I])Ie THnbl peaKTOpOB npe,!!eTaBJIHIOT TOJibKO nepeXO.!!HyiO eTa,!(HIO; 

Me~.!!yHapo,!!Hoe eoTpy.!!HH"'eeTBO 6y.neT enoeo6eTBOBaTb .noeTH~eHHIO ene.nyiO

IIIHX eTa,!(HH B pa3BIITI111 H,!!epi-I0-3!-IepreTH'ieeKOH npOMbiiiiJieHHOeTH - KOMMep

qeeKoro HenOJib30BaHHH peaKTOpos-pa3MHO~HTeJieH Ha 6biCTpblX HeHTpOHaX 

11, B KOHe'iHOM IITOre, TepMO.S,!!ep!-IOrO peaKTOpa. 

CTpaTerH'ieCKOe 3Ha'ieHHe H,!!epHbiX MaTepHaJIOB, KOTOpble MoryT 6b!Tb 

HCnOJib30BaHbl KaK ,!(JIH MHpHbiX, TaK 11 ,!(JIH BOeHHbiX QeJieH, rOBOpHT 0 ~113!-leH

HO Ba~HOH He06XO,!(HMOeTH npe,!!npHH.STb rnar11 B Me~,!(yHapO,!!HOM MaeiiiTa6e, 

HanpaBJieHHbie Ha OCyllleeTBJie!-111e KOHTpOJI.S 3a 3THMI1 MaTepHaJiaMII. HaKO

HeQ, BCJie,!(eTBHe pa,!!HOTOKeH'iHOeTH 11 He06XO,!(HMOCTI1 o6ecneqe!-111H 6e30nae

HOCTH, C .S,!!epHbiM TOnJIHBOM, OC06e!-IHO KOr,!(a OHO 06Jiyqe!-I0 1 eJie,!!yeT o6pa

lllaTheH KaK e noTeHQHaJibHO onaeHbiM BellleeTBOM. 3TH cpaKTOpbl npH06peTa

IOT oco6oe 3Ha'iei-me, Kor .na .s.nep1-10e TonJIHBO nepeB03HTe.s qepe3 HaQHOHaJib

Hl'>Ie rpai-mQl'>I. ToproBJIH .s.nepHbiMH MaTepHaJiaMH nocTOHHHO pacrnHp.seTe.s, 

"'TO HBJIHeTCH He06XO,!(HMbiM cpaKTOpOM B ,!(aJibHeHIIIeM npOMbiiiiJieHHOM npor

peece. 

Pa3BHTHe .s.nepHOH 3HepreTHKH 3aBHCIIT oT eHa6~eHHH ypaHoM. Espo

neiicKoe areHTCTBO no .s.nep!-IOH 3HeprHH 11 MArAT3 nepHO.!!H'iecKH no.nroTaB

JIHBaiOT COBMeeTHbie 0630pb1 MHpOBbiX 3anaCOB ypaHa 11 TOpH.S. 0!-111 npHIIIJIH 

K Bb!BO.!!y, 'iTO B 80-rO,!(bl He06XO,!(HMO 6y,!!eT HaHTH 6oJiee 6oraTbie MeCTOpO~

,!(e!-mH ypa1-1a B QeJI.sx y.!!OBJieTBopeHHH pacTyiiiHX noTpe6HocTeii. EcJIH eqH

TaTh, "'TO 85o/o 3aJie~eH ypaHa Ha 3ana,!(e npHXO,!!HTe.S TOJlbKO Ha nHTb CTpaH, 

TO MO~HO ,!(OeTOBepHO npe,!!nOJIO~HTb 0 HaJIH"'HH KpynHMX Hepa3Be,!(aHHb!X MeeTO

pO~,!(eHHH, oco6eHHO B pa3BHBaiOIIIHXe.S eTpaHaX. 0,!!!-laKO ,!!a~e np11 caMOH HHTeH

eHBHOH pa3pa6oTKe MHpOBbiX 3anaeoB ypaHa HeE03MO~Ho 6y.neT y.nosJieTso

pHTh ,!(OJirocpO"'Hbie noTpe6HOeTH .s,nepHOH 3HepreTHKI1 1 eCJIH peaKTOpb!-pa3-

MHO~HTeJIH Ha 6biCTpb!X HeHTpOHaX He Ha"'HYT 3KCnJiyaTHpOBaTbeH Ha KOMMep

qecKOH OCHOBe. 

O,nHoii 113 eaMbiX aKTyaJihHl'>IX 3a noene,nHee speM.s eTaJia npo6neMa o6o

rallleHHH ypaHa, KOTOpOe B HaeTO.Sillee BpeM.S OeyllleCTBJIHeTeH rJiaBHMM o6-

pa30M Coe,!!HHeHHbiMH illTaTaMH AMepHKH 11 Coi030M CoseTeKHX CoQHaJIHCTH

qecKHX Peeny6JIHK. Bee 6onee IIIHpoKoe HcnoJib30Bai-me .s.nep!-IOH 3HeprHH 

B])J30BeT He06XO,!(HMOeTb yseJIH'ie!-mH MaeiiiTa60B o6ora111eHHH ypaHa. 

<l>paHQHH npe.nno~HJia nocTpOHTb B Espone 3aso.n no o6ora111eHHIO ypaHa 

e HenOJib30BaHHeM cppaHQy3eKoro ra30,!!Hcpcpy3HOHHOrO MeTO,!!a o6ora111e!-mH. 

<l>e,nepaTHBHaH Peeny6JIHKa repMai-mH, HH,nepJiaH,!(bl 11 Coe,!(HHeHHOe KopoJieB

CTBO COTpy,nHH"'aiOT B pa3pa60TKe 11 HCnOJib30Ba!-11111 npOQeeca o6ora111eHHH 

ypaHa e noMOIIIhiO ra30Bl'>IX QeHTp!Icpyr, a IO~Ha.s AcppHKa o6'l>HBHJia o pa3pa-

6oTKe HOBoro MeTo,na o6ora111eHH.S. Coe,nHHeHHbie illTaTbl AMepHKH He,!!aBHO 
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38l'IBI1JI11 0 CBOeH rOTOBHOCTI1 H8'{8Tb MHOrOCTOpOHHee paCCMOTpeHI1e 3TOrO 

BOnpoca C ,!1pyri1MI1 rocy,llapCTB8MI1 1 KOTOp:b!e B:b!p8311JII1 3811HTepeCOB8HHOCTb 

B CTp011TeJibCTBe ycTaHOBOK no o6oramei-11110 ypaHa Ha OCHOBe aMep11KaHCKOH 

ra30,!111cpcpy3):i!0!-IHOH TeXJ-IOJIOl'I1H. 5I yBepeH, '{TO BOnpOC:bl o6orameHI1l'l ypaHa 

6y.LiyT o6cyJK,llaThCl'l He TOJibKO Ha Ocp11UHaJihH:biX 3aCe,llaHHl'IX1 HO H B Kynyapax 

,l(Bopua Hau11H: 11 pecTopaHax )KeHeB:bi, KOTOp:bie HBHTCH MecToM ycTaHoBJieH11l'l 

MHor11x JIH'{H:b!X KOHTaKTOB no 3TOMy BaJKHOMy Bonpcy. MAr AT3 ToJKe c 

HHTepeCOM CJie,lii1T 3a pa3B11TI1eM C06:biTI1H. 3To o6':bJICHJieTCJI ee ycTaBH:biM11 

06JI3aTeJibCTBaMI1 KaK nOCTaBJni1Ka TOnJII1Ba 11 TeM cpaKTOM 1 '{TO 3Ta ,lleJITeJib

HOCTb 6y,lleT HMeTb 60JibUIOe 3Haqe!-me ,l(Jil'l MeJK,llyHapO,liHbiX rapaHTI1H. 

,l(pyrHM BalKH:biM BOnpOCOM, KOTOpb!H He,llaBHO B:bi3BaJI 6ecnOKOHCTBO y 

cneU11aJII1CTOB no l'l,llepHOH 3Hepr1111 pH,lla CTpaH, l'IBJIJieTCl'l 03a6oqeHHOCTb 06-

JneCTBeHHOCTI1 B OTHOUieHI111 BJIHl'IH11l'l JI,llep!-IOH 3Hepr1111 Ha OKpyJKaiOJnyiO HaC 

cpe.Liy, 3Ta 03a6oqeHHOCTb ,liOCTI1rJia TaKOH CTa,lll111 1 KOr,lla OHa 38TOpM03HJia, 

ecJII1 B006Jne He np110CTaHOBI1Jia pa3BHTI1e JI,llepHOH ::mepreTI1K11 B HeKOTOp:b!X 

CTpaHaX. IlOI1CTI1He napa,liOKCaJihHO 11 ,LIOCTOHHO COJKaJieHI1l'l TO, '{TO TaKOH OTpac

JIH npOM:biUIJieHHOCTH KaK JI,llepHaJI, B KOTOpOH C CaMoro HaqaJia ee pa3BI1TI1l'l 

npe,liTip11HI1MaJIOCb TaK MHOrO YCI1JI11H 1 '{T06:b! He HaHeCTI1 ymep6a OKpyJKaiOJneH 

cpe,lle, 11 KoTopaH MoJKeT rop,L111Thcl'l o6ecneqeH11eM no'ITI1 noJIHoil: 6e3onacHoc

TI1, TipHUIJIOCb CTaTb MI1UieHhiO ,LIJIJI Hana,LIOK CO CTOpoH:bl 6narOHaMepeHH:b!X1 HO 

He BCer,lla ,liOCTaTO'{HO HHcpOpMHpOBaHH:biX 11 HI-IBaHp3HM3HTaJII1CTOB 11
, ol>aKTI1-

qecKH1 ecn11 He cqi1TaTh rH,llp03HepreTHKI1, KOTopaH c03,llaeT oco6:bie npo6ne

Mhi .LIJIH oKpyJKaiOmeH: cpe.LI:bi, JI,llepHaJI 3HepreTHKa JIBJIJieTcH Ha116onee qJicT:b!M 

cpe,LICTBOM TipOH3BO,liCTBa 3JieKTp03Hepr1111, 

KOMI1CCHJ'IM no aTOMHOH 3Hepr11H 1 OTpaCJil'IM JI,llepHOH npOM:biUIJieHHOCTI1 H 

3aHHTepeCOB8HH:biM MeJK,llyHapO.LIH:biM opraHI13aUHl'IM npe,LICTOI1T npo,lleJiaTb 

60JibUIYIO pa3':bl'ICHI1TeJibHYIO pa6oTy. 5I TIOJiaraiO, '{TO BO BCeH 3TOH npo6JieMe 

3arpH3!-IeHI1JI OKpylKaiOmeil: HaC cpe,ll:bl He06XO,li11MO npHHTI1 K Bceo6meMy B3a

HMOnO!-IHMaHHIO. 3 TO He 03HaqaeT 1 '{TO np11 npOI13BO,liCTBe 3JieKTp03!-Iepr1111 C 

TIOMOJnbiO JI,llepHOH 3!-Iepr11H He ,liOJIJKHa npOHBJil'ITbCl'l 3aKOHHaJI 03a6oqe!-IHOCTb 

B OTHOUieHHH 3aJni1T:bi OKpylKaiOmeiJ: cpe,ll:blj CJie,llyeT cepbe3HO npo,llyMaTb 0 

B03MOJK!-I:b!X ycOBepUieHCTBOBaHI1l'IX B OTHOUieHH11 c6poca TepMaJibH:biX OTXO,LIOB, 

XOTJI B OKpyJKaiOinYIO HaC cpe,lly B:b16paC:biBaiOTCl'l !-le6oJibUII1e KOJIHqecTBa pa

,LIH08KTHBH:b!X BemecTB, ,l(Jil'l xpaHeHI1l'l pa,lii10aKT11BH:biX OTXO,LIOB B Teqe1-me Hec

KOJibKHX cToJieTI1H noTpe6yroTcJI 6oJibUIHe eMKOCTI1. YqHT:biBaJI nepcneKTHB:bi 

pa3BHTI1l'l ,llaHHOH 0TpaCJII1 npOM:biUIJieHHOCTH, Heo6XO,LIHMO B ,llaJibHeil:UieM CO

BepUieHCTBOBaTb cymecTByiOinYIO c11cTeMy KOHTponH. 5I yBepeH, qTo KoHcpe

peHUHJI BHeceT CBOH TIOJIOlKHTeJibH:biH BKJia,ll B peUieHI1e MHOri1X 113 yKa3a!-IH:biX 

npo6neM. 

reHepaJib!-l:biH CeKpeTapb yJKe roBOp11JI OTHOCI1TeJibHO ,l(orOBOpa 0 Hepac

npocTpaHeHI111 JI,llepHoro opylKifl'l 1 KOTOp:biH BCTYTII1JI B CI1JIY 5 MapTa 1970 ro,lla. 

B cooTBeTcTBI111 c .UoroBopoM, rocy,llapcTBa, He o6na,llaiOml1e JI,llepH:biM opy

JKI1eM, o6JI3yiOTcJI He pa3pa6aT:biBaTb, He npo113BO.LII1Tb 11 He np11o6peTaTb ero 

OT KaKoH-JII160 ,llpyroH CTpaH:bl, rocy,llapCTBa, o6Jia,llaiOJnl1e l'l,llepH:biM opylK11-

eM, 6epyT Ha ce6JI o6JI3aTeJibCTBO He nepe,llaBaTb JI,llepHoe opyJKI1e 11JII1 B3PMB

H:bie ycTpOHCTBa 11 He OKa3:b!BaTb TIOMOin11 B 11X np0113BO,liCTBe. Ha AreHTCTBO 

B03JIOJKeHO ocymeCTBJieHI1e KOHTpOJibH:biX cpyHKU11H no ,l(orOBOpy, np11 3TOM 

rocy.LiapcTBa, He o6na,llaiOml1e JI,llepH:biM opyJKI1eM, corJiaUiaiOTcJI np11HJITb ra

paHTI111 AreHTCTBa C UeJibiO npoBepK11 B:biTIOJIHeHHl'l 11X 06JI3aTeJibCTB B COOT

BeTCTBI111 c .UoroBopoM. B HacToJimee BpeMJI AreHTCTBO Be,lleT neperoBOp:bi 

o 3aKJIIO'{eHI111 corJiaUie!-mH: no rapaHTI1JIM c rocy,llapcTBaMI1-yqacT!-111KaMI1 .Uo

roBopa, He o6na,llaiOJni1MI1 JI,llepH:biM opyJKI1eM. .UoroBop no,lln11can11 98 rocy-



72 OPENING OF THE CONFERENCE 

,llapCTB 1 He o6Jia,llaiO!Ili1X H,llepH!>IM opyJKI1eM 1 65 113 KOTOpi>!X yJKe paT11«ll111111pO

BaJII1 ero. 

,Il;oroBop o HepacnpocTpaHei-ml1, np11 ero Ha,liJieJKa!IleM BI>ITIOJIHeHI1H, .r~on

JKeH OKa3aTb OrpOMHOe BJI11H!-Ilie KaK Ha MHpHOe HCnOJib30Ba!-IHe H,llep!-IOH 3Hep

ri1H1 TaK H Ha KOHTpOJih 3a H,llepH!>IM opyJKHeM. Bbi3b!BaeT y.liOBJieTBOpei-me 

TOT q,aKT 1 <JTO rocy,llapcTBa, 06Jia,llaiO!IlHe H,llepHb!M opyJKHeM, B COOTBeTCTBHH 

CO CTaTheH V ,Il;orOBOpa, KaCaiO!IleHCH MHpHb!X H,llepHbiX B3pb!BOB 1 ony6JII1KO

BaJIH qepe3 MArAT3 3Ha<JHTeJihHOe KoJIH<JecTBo HH«llopMal.IHOHHI>IX MaTep11a

JioB no BOnpocaM TeX!-IOJIOri1H npOBe,lleHHH TaKHX B3pb!BOB 11 HX noTeHI.IHaJib

HI>IX B03MOJKHOCTei1; o6cyJK,lleHHe ,lla!-IHOH TeMbl 6y,lleT npO,liOJIJKe!-10 Ha cne

l.IHaJibHOM 3ace,llaHI111 KoHq,epeHI.IHH. CTaThH IV ,Il;oroBopa Tpe6yeT, <JT061>1 

BCe rocy,llapcTBa-yqacTHHKH OKa3b!BaJIH CO,lleHCTBHe H yqacTBOBaJII1 B B03-

MOJKHOM caMOM nOJIHOM o6MeHe o6opy,lloBa!-JHeM, MaTep11aJiaMI1 1 a TaKJKe Ha

y<JHO-TeXHH<JeCKOH HHq,opMal.IHei1 B o6nacTI1 MHpi-IOro HcnoJih30BaHHH aTOMHOH 

3HeprHI11 c ,liOJIJKHbiM y<JeToM HYJK.ll pa3BHBaiO!Il11XCH paiioHoB MHpa. O.r~HaKo, 

,llaJKe ecJIH ,Il;orOBOp 6y.lleT nOJIHOCThiO Bb!TIOJIHeH 1 3TO He peiii11T ,li11JieMMy, no

pOJK,lleriHyiO BOeHHbiM noTeHI.IHaJIOM aTOMa. .5I nOJIHOCThiO COrJiaCeH C reHe

paJibHI>IM CeKpeTapeM 1 KOTOpbiH np113BaJI K noJIHOMy 3anpe!Ile!-IHIO 11Cnb!TaHI1H 

H,llep!-IOrO opyJKHH 1 "'TO 6y,1:1eT CO,lleHCTBOBaTb ,llaJibHeHIIIHM ycnexaM B o6JiaCTH 

H,llep!-IOrO pa30pyJKeHHH. 

B CBH3H C pa3BHTHeM H,llep!-IOH TeXHHKH 3Ha<JHTeJihHO B03pocJia noTpe6-

HOCTh B nony<JeHI1H HOBei1IIIHX HHIPOpMal.I110HHI>IX MaTep11aJioB. 3Ta 3a,lla<Ja 

MOJKeT 6b!Th peiiieHa JIHillh C nOMO!IlhiO 3JieKTpO!-JHO-Bb!<JHCJIHTeJibHI>IX MaiiiHH. 

MAr AT3 He.llaBHo co3,llaJio MeJK,llyHapo.r~Hyro cHcTeMy .s~.r~ep!-IOH HH«llopMal.IHH 

(HHHC): ,llel.leHTpaJIH30Ba!-IHyi01 OCHOBaHHyiO Ha 3JieKTpOH!-IO-Bbi<JHCJIHTeJih!-IOH 

TeXHHKe CI1CTeMy, KOTOpa.ll aKKyMyJIHpyeT B ce6e 60JiblllyiO <JaCTh MHpOBOH 

JIHTepaTypbl no pa3JIH"!Hb!M BOnpocaM MHp!-IOrO HCnOJih30BaHHH H,llep!-IOH 3Hep

rHH. Ilpe.llycMOTpei-IO paciiiHperme TeMaTH<JecKoro oxBaTa no Mepe pa3BHTH.II 

CaMOH CHCTeMbi. B.biTIYCK O,liHOro H3 113,llaHHH ,llaH!-IOH CI1CTeMbl - 6116JIHOrpa

IPH<JeCKOrO nepe<JHH AToMHH.lleKc HHHC, - ocHoBaH Ha np11MeHeHHH q,oTone

<JaTHoro cnoco6a pa3MHOJKeHHH Ha KOMn".biOTep!-IOH JieHTe 1 H3rOTOBJIHeMOH B 

AreHTCTBe. CnHcoK .liOKJia.liOB KoHq,epeHI.IH11 1 KOTOpbiH B1>1 11MeeTe nepe,ll co-

6oi1, 61>IJI H3rOTOBJieH yKa3aHHbiM cnoco6oM. 

H3 72 cTpaH, yqacTByiOIIlHX B KoHq,epei-I1111H, OKOJIO 50 cTpaH npe.llcTaEHT 

CBOH ,liOKJia,llbi, B TO BpeMH KaK Ha TpeTbeH KoHq,epeHQ11H 1 COCTOHBIIIeHCH B 

1964 ro,lly 1 )IOKJia)lbl 6b!JIH npe)ICTaBJieH.bl 38-IO CTpaHaMI1. 3TO CBI1)1eTeJib

CTByeT 0 pacTy!IleM 11HTepece pa3BHBaiO!IlHXCH CTpaH K H,llep!-IOH 3HeprHH. Ilo 

pH.lly npi1"1HH 1 KOTOpb!e CTaHyT HCHbiMH BO BpeMH )IHCKyCCHH 1 H)lepHaH 3Hep

reTHKa Ha<JH!-IaeT BHe)lpHThCH JIHillb B HeMHOri1X pa3BHBaiO!IlHXCH CTpaHaX, <JHC

JIO KOTOpb!X nOCTeneHHO pacTeT. .5I Ha,lleiOCb 1 "'TO Ha KoHq,epeHI.IH11 6y.llyT on

pe)leJieHbl HOBbie HanpaBJieHHH 6oJiee IIIHpOKOrO 11CnOJib30BaH11H H)lepHOH 3Hep

reTI1KH B pa3BHBaiO!IleMcH M11pe. KaK Bb! MorJII1 yBH)IeTb 113 nporpaMMI>I, BO 

BpeMH KoHq,epeHI.IHH 6y.lleT npoBe)lei-IO coBe!Ilai-me 3KcnepToB no aonpocaM 

B!-le,llpe!-IHH H,llep!-IOH 3HepreTHKH B pa3BI1BaiO!IlHXCH CTpa!-IaX. 3TO COBe!Ila!-me 

MOJKHO paccMaTpHBaTh KaK qacTb aKTHB!-IOH )leHTeJib!-IOCTH AreHTCTBa B 3Toi1 

o6nacTH. OceHbiO 1971 ro.11a 6y.lleT npoBe)leHo HeCKOJibKO coBe!Ilai-mi1 6onee 
o«PHll11aJibHOro xapaKTepa. 

Ha Ilepaoi1 KOH«llepeHI.IHH OpraHI13al.IHH 06".be.liHHeHHbiX Hal.IHH no HcnoJib-

30BaHHIO H)lepHOH 3HeprHH B M11pH.b!X l.leJIHX1 COCTOHBIIIeHCH B 1955 ro.lly, H 

HaXO)IHJICH BO BpeMH OTKpb!TI1H KoHq,epeHI.111H Ha TpH6yHe H CH)IeJI pH.liOM C 

.r~-poM rneHHOM CH6oproM. 3Ta npHB11JierHH 61>1Jia npe.liOCTaBJieHa HaM, noc

KOJihKY M.bi o6a 61>1JIH npe)lce)laTeJIHMH 3ace)lai-mi1 KoHq,epeH1.11111. .5I ynoMI1Haro 
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06 3TOM Ha ,l(aHHOM TOplKeCTBe llOTOMy, 'ITO 11MeiO B03MOlKHOCTb Bl1,l(eTb 
,l1-pa C1160pra, C11,l(HJU11M CHOBa pH,l10M CO MI-IOH, HO ceJiqac yJKe B pOJII1 Ilpe,l1-
ce,l1aTeJIH KoHiflepeHI-11111. Ha npoTHJKeHI111 6onee t.JeM ,l1ecHTI1JieT11H ,l1-p C116opr 
HBJIHJICH IIpe,l1ce,l1aTeJieM KoM11cc1111 no aTOMHOH 31-1epr1111 Coe,l111HeHHhiX IIITa
TOB AMep11KI1. l1 Tenepb, KOr,l(a OH llOKI1,l(aeT 3TOT llOCT, Ha KOTOpOM ero Ha
Y'IHhiH llO,l(XO,l( 11 Bhi,l(aiOJUI1eCH JI11'1Hble Cll0C06HOCTI1 OKa3aJII1 BJI11HHI1e llO'ITI1 Ha 
BeCb M11p, H XOTeJI 6bi BOCTIOJib30BaTbCH B03MOlKHOCTbl0 1 'IT06bi OT BCero cep,l1-
l.la n06JiarO,l1ap11Tb ero 3a TOT 60JibiiiOH JII1'1Hb!H BKJia,l( B ,l(eJIO 11CTIOJib30BaHI1H 
H,l1epHOH 3Hepr1111 1 KOTOpb!H CTIOC06CTBOBaJI B3ai1MOTIOHI1MaHI110 MelK,l(y HapO,l1a
MI1, yqpeJK.l(eJ-mHMI1 11 cTpaHaMI1. IloJKeJiaeM eMy Bcero Hai1JIYt.JIIIero B ero 
6y.l1yiU eli ,l(eHTeJibHOCTI1. 

DISCURSO DE APERTURA 

Sigvard EKLUND 
Director General 
del Organisrno Internacional de Energ!a At6rnica 

Las tres primeras «Conferencias de Ginebra», celebradas en 1955, 1958 
y 1964, estuvieron dedicadas a1 intercambio de informacibn y a un minucioso 
analisis de las perspectivas que al parecer se abrian como consecuencia del 
dominio de la energia atomica para fines pacificos. Por supuesto, muchos 
de Vds. recordaran como quedaron reflejados en esas reuniones los altibaJOS 
de la ciencia y de la tecnologia nucleares. Cuando se celebro la tercera 
Conferencia, se habia acumulado suficiente experiencia - auH=ntica 
experiencia - que nos permitio evaluar con un cierto espiritu de confianza 
la posicion de competencia de la energia nucleoelectrica. El desarrollo de 
reactores de nueva concepcion fue un tema que suscito largos debates. 

A ctualmente, hemos llegado a un estadio en el que la energia 
nucleoelectrica puede competir en algunas regiones con los medias tradicio
nales de generacion de electricidad; es mas, representa una proporcion 
constantemente creciente de la capacidad instalada: hoy dia, la cifra es 
del 2o/o, pero se espera que para 1980 llegue al 13o/o y a finales de siglo a 
alrededor del 50o/o. En gran parte, la industria ha asumido la labor de 
desarrollar y construir reactores. La implantacion en gran escala de la 
energia nucleoelectrica se ha convertido en una cuestion de importancia 
para los economistas, los planificadores y los hombres de estado. En la 
actualidad, se comprenden, al menos en teoria, la mayoria de los problemas 
que plantean los reactores actuales, problemas que incluso se han resuelto 
en algunos casas. 
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Hoy dia, hemos de hacer frente a los problemas practicos que entrana 
la explotacion de estas centrales, integrando la industria nuclear en el 
marco de las economias nacionales de un modo ordenado, asegurando los 
apropiados suministros de combustibles nucleares, suprimiendo toda 
barrera que se oponga al comercio internacional de materiales nucleares y 
demostrando al usuario que el empleo de la energia nucleoeH~ctrica no 
ejercera efecto nocivo alguno de importancia sobre el medio ambiente. 

Esta tendencia hacia la comercializacion de la energia nucleoeH~ctrica 
fue reconocida por la Asamblea General de las Naciones Unidas en la que 
se declare que deberia convocarse la actual Conferencia y se pidio que se 
redactara un programa que interesara a los funcionarios publicos, economistas 
y planificadores, asi como a los tecnicos. Como pueden imaginar, el 
Secretario General, con la asistencia del Comite Cientifico Consultive y en 
cooperacion con el OIEA, no ha tenido una tarea facil en dar cumplimien-
to a tal mandato. 

Esperamos que los especialistas en planificacion y los funcionarios 
gubernamentales, sobre todo los que vienen de los paises en desarrollo, 
encuentren una cierta orientacion en esta Conferencia, cuyo alcance es en 
ciertos aspectos mayor que el de las anteriores. A la vez, confiamos en 
que los hombres de ciencia y los tecnologos nucleares encontraran tambien 
sesiones que les ofrezcan especial aliciente. Estamos seguros de que la 
Conferencia proporcionara una ocasion para que grupos diferentes lleguen 
a una comprension redproca mas profunda de sus problemas y metas. 

Creo que todos podemos convenir en que la energia nucleoelectrica ha 
alcanzado la mayoria de edad. Aquellos de Vds. que en el pasado mes de 
junio asistieron en Bucarest a la Conferencia Mundial de la Energia 
recordaran las interesantes sesiones en las que se discutio la energia 
nucleoeletrica como un importante suplemento de nuestras fuentes energeticas 
clasicas. Puede uno preguntarse por que se precisa en absoluto una confe
rencia internacional especial sobre la energia nuclear, en vista de lo que 
acabo de decir. Sin embargo, la energia nucleoelectrica, dada la naturaleza 
del combustible utilizado para producirla, tiene especiales repercusiones 
internacionales que la colocan en lugar aparte de los medios tradicionales 
de generacion de electricidad. 

En primer lugar, la actual generacion de reactores representa tan solo 
una etapa transitoria; la colaboracion internacional ha de hacer posible que 
se alcancen los siguientes estadios en la industria de la energia nucleo
electrica: el empleo comercial de los reactores reproductores rapidos y, 
finalmente, el reactor de fusion. 

La importancia estrategica de los materiales nucleares que pueden 
utilizarse bien para fines pacificos o bien para fines militares presta vital 
importancia a la adopcion de medidas internacionales con miras a su 
regulacion y control. Finalmente, debido a sus aspectos de radiotoxicidad 
y seguridad, los combustibles nucleares - sobre todo despues de 
irradiados - han de manejarse como sustancias potencialmente peligrosas y 
estos factores adquieren especial importancia cuando se transporta a traves 
de las fronteras nacionales. El comercio de materiales nucleares aumenta 
constantemente y este crecimiento es un elemento necesario para el ulterior 
desarrollo de la industria. 

El desarrollo de la energia nucleoelectrica depende del suministro de 
uranio. La Agencia Europea para la Energia Nuclear y el OlEA llevan a 
cabo conjuntamente estimaciones periodicas de las reservas mundiales de 
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uranio y de torio y han llegado a la conclusion de que debe encontrarse una 
cantidad considerablemente mayor de uranio en la decada de los anos 
ochenta para poder satisfacer la creciente demanda. Si se tiene presente 
que el 85o/o de los yacimientos dados a conocer se encuentran en el mundo 
occidental, en solamente cinco paises, se puede suponer razonablemente 
que en otros lugares exist en grandes recursos por explotar, en especial 
en los paises en desarrollo. Sin embargo, ni siquiera la explotacion mas 
intensiva de los recursos de uranio del mundo de los yacimientos de tipo 
convencional podria no resultar adecuada para satisfacer los requisitos a 
largo plazo de la energia nucleoelectrica, a menos que entren en explotacion 
comercial los reactores reproductores rapidos. 

Otra cuestion que ha pasado recientemente a primer plano es la del 
enriquecimiento del uranio, que en la actualidad llevan a cabo principalmente 
los Estados Unidos y la Union Sovietica. La difusion del empleo de la 
energia nucleoelectrica hara preciso aumentar la capacidad de enrique
cimiento. 

Francia ha sugerido una planta europea de enriquecimiento, basada en 
el metodo frances de difusion gaseosa. La Republica Federal de Alemania, 
los Paises Bajos y el Reino Unido estan colaborando en el desarrollo y 
explotacion del proceso de centrifugacion en fase gaseosa, y Sudafrica ha 
anunciado el desarrollo de un nuevo metodo de enriquecimiento. Los 
Estados Unidos han declarado recientemente que estan dispuestos a entrar 
en negociaciones exploratorias multilaterales con otras naciones que han 
manifestado su interes por construir instalaciones de enriquecimiento de 
uranio basadas en la tecnologia norteamericana de difusion gaseosa. Ademas 
de los debates que se desarrollen en las sesiones oficiales en torno al 
enriquecimiento del uranio, estoy seguro de que los pasillos del Palacio de 
las Naciones y los restaurantes de Ginebra seran lugar de reunion para 
tratar, mediante contactos personales, este importante tema a lo largo del 
transcurso de la Conferencia. El OlEA esta siguiendo tambien estos 
acontecimientos con interes, tanto en vista de la funcion estatutaria del 
Organismo como suministrador de combustible como a causa de su futura 
importancia en relacion con las salvaguardias internacionales. 

Otra cuestion de gran interes actual - y que ha dado lugar recientemente 
a quebraderos de cabeza en los circulos nucleares de diversos paises - es 
la preocupacion publica en torno a los efectos de la produccion de energia 
nucleoelectrica sobre el medio ambiente. Tal preocupacion ha llegado al 
punto de reducir el ritmo de desarrollo de la energia nucleoelectrica en 
algunos paises, si no a impedirlo del todo. Ciertamente, es un hecho 
paradojico y desafortunado que una industria - la nuclear - que desde un 
principio ha adoptado tales precauciones para no ejercer efectos nocivos sobre 
el medio ambiente y que puede jactarse de haber logrado un record de 
seguridad casi perfecto, se haya convertido en el blanco de « defensores 
del medio ambiente», bienintencionados pero no siempre debidamente informa
dos. El hecho es que, si prescindimos de la energia hidroelectrica, que 
plantea problemas ambientales especiales, la energia de origen nuclear 
constituye el medio para producir electricidad que menos contribuye a la 
contaminacion del ambiente. 

Las comisiones de energia atomica, la industria nuclear y las organiza
ciones internacionales interesadas tienen ante si. una importante labor 
educativa por realizar. En toda la controversia en torno al medio ambiente, 
creo que es muy necesario tener las ideas claras. Ello no qui ere decir que 
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no haya lugar a preocuparse legitimamente por el ambiente en relacion con 
la produccion de electricidad de origen nuclear; basta con considerar los 
perfeccionamientos que aun caben respecto del desprendimiento de energia 
termica. Igualmente, aunque solo se descargan en el media ambiente dosis 
de radiactividad muy pequenas, es necesaria una contencion para las 
cantidades mucho mayores que no se descargan, a veces por periodos de 
varios siglos. Ante el previsto crecimiento de la industria nuclear, es de 
vital importancia que se sigan aplicando en el futuro, e incluso perfeccionando 
aun mas, los excelentes controles que se han venido aplicando hasta ahara. 
Confio en que esta Conferencia contribuya de un modo positivo a la resolucion 
de algunos de estos problemas. 

El Secretario General ha mencionado ya el Tratado sobre la no pro
liferacion de las armas nucleares (TNP) que entro en vigor el 5 de marzo 
de 1970. En virtud de este Tratado los Estados no poseedores de armas 
nucleares renuncian a desarrollarlas, fabricarlas o recibirlas de ningUn otro 
pais. Por su parte, los Estados poseedores de las citadas armas se 
comprometen a no facilitar armas o dispositivos explosivos nucleares y a 
no ayudar a su fabricacion. El Organismo fue designado organa de control 
del Tratado, en virtud de lo cual los Estados no poseedores de armas 
nucleares convienen en aceptar las salvaguardias del Organismo, al objeto 
de verificar el cumplimiento de sus obligaciones en virtud del Tratado. 
Actualmente, el Organismo esta procediendo a negociar acuerdos de 
salvaguardia con los Estados no poseedores de armas nucleares Partes en 
el Tratado. Este ha sido firmado por 98 Estados no poseedores de armas 
nucleares, 65 de los cuales lo han ratificado ya. 

El Tratado sobre la no proliferacion, debidamente aplicado, debe tener 
una influencia tan grande sobre la utilizacion pacifica de la energia nuclear 
como sabre el control de las armas nucleares. Es motivo de satisfaccion 
el que los Estados poseedores de armas nucleares, actuando en consonancia 
con el articulo V del Tratado, hayan dado a conocer, por conducto del OlEA, 
importante informacion sabre el estado actual de esta tecnologia y las 
posibilidades que ofrece; este punta se examinara en mayor detalle en una 
sesion especial de esta Conferencia. El articulo IV del Tratado exige de 
sus Partes que faciliten y participen en el mas amplio intercambio posible 
de equipo, materiales e informacion cientifica y tecnologica relativa a la 
utilizacion de la energia atomica con fines pacificos, teniendo debidamente 
en cuenta las necesidades de las regiones en desarrollo del mundo. Pero 
el TNP por si solo - aunque se le de plena cumplimiento - no resolvera 
el dilema planteado por el potencial militar del atomo. Convengo plenamente 
con el Secretario General en su llamamiento a una proscripcion total de las 
pruebas, que deberia abrir el camino hacia nuevas medidas de desarme 
nuclear. 

La tecnologia nuclear ha de hacer frente a una explosion de informacion, 
situ a cion que solo podra resolverse recurriendo a otra tecnologia: la de 
las computadoras. El OlEA ha puesto recientemente en marcha un Sistema 
Internacional de Documentacion Nuclear (INIS); se trata de un sistema 
descentralizado, basado en el empleo de computadoras, que abarca la 
mayo ria de la literatura nuclear del mundo, en sectores especializados. 
Conforme se vaya desarrollando el Sistema, se tiene previsto ampliar su 
repertorio de temas. Uno de los productos de este Sistema, una lista 
bibliografica denominada «INIS Atomindex», se compone por fototipia 
utilizando la cinta producida por la computadora del Organismo. La lista 
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de las memorias presentadas en esta Conferencia que se ha distribuido se 
ha preparado de esta forma. 

De los 72 paises que participan en la actual Conferencia, presentaran 
memorias unos 50, en comparacion con 38 en la tercera Conferencia 
celebrada en 1964. Ello demuestra el creciente interes de los paises en 
desarrollo por la energia nuclear. Por razones que se aclararan en el 
curso de las deliberaciones, la energia nucleoelectrica esta todavia 
limitada a un pequeno grupo - aunque constantemente creciente - de paises 
en desarrollo. Confio en que la Conferencia nos de nuevas indicaciones 
sobre la forma en que podemos acelerar la proliferacion de la energia de 
origen nuclear en el mundo en desarrollo. Como se indica en el 
«Programa», durante la Conferencia se reunira un grupo de expertos 
sobre la implantacion de la energia nucleoelectrica en los paises en desa
rrollo. Este grupo de expertos puede considerarse como parte de los 
esfuerzos intensificados del Organismo en este sentido y sera complementado 
en el proximo otono en reuniones de caracter mas oficial. 

En la primera Conferencia de las Naciones Unidas sobre la Utilizacion 
de la Energia Atomica con Fines Pacificos, en 1955, asisti ala sesion de 
apertura desde la galeria, sentado al lado del Dr. Glenn Seaborg, distincion 
que se nos concedio ya que ambos habiamos de presidir sesiones de la 
Conferencia. Menciono esta circunstancia en esta solemne ocasion en que 
me cabe el privilegio de ver de nuevo al Dr. Seaborg proximo ami, esta 
vez en su calidad de Presidente de la Conferencia. Durante mas de una 
decada, el Dr. Seaborg ha venido prestando servicios a su patria como 
Presidente de la Comision de Energia Atomica de los Estados Unidos. Ahora 
que cesa en su cargo, desde el que ha influido, con su vision cientifica y su 
sobresaliente personalidad, practicamente sobre el mundo entero, deseo 
aprovechar la oportunidad para agradecerle de todo corazon su generosa 
aportacion personal a la causa de servirse de la energia nuclear para salvar 
las barr eras que separan a las personas, las instituciones y los pueblos. 
Le des eo todo genero de exitos en sus futuras actividades. 



OPENING ADDRESS 

I. I. RABI 
Member of the United Nations Scientific Advisory Committee 

Through the decades and even the centuries it has been the dream of 
the great spirits in the various countries to create an organization which 
would unite the aspirations of peoples to live in peace. The United Nations 
is the most recent realization of this aspiration. The United Nations now is 
the congress of humanity which was born out of the fire and agony of the 
great war of 193 9 to 194 5, and which will be remembered as the time when 
the products of the highest technology were perverted to the wholesale 
destruction of people and their cultural monuments. The United Nations 
is the latest attempt of mankind to seek a political instrument for the ad
vancement of peace. Real peace means more than the absence of violent 
war. To fulfil human expectations, peace must be a condition which permits 
the release of the latent creative energies of all people to the end of en
hancing and elevating the quality of human life on this globe. 

The development of atomic weapons has given an absolute urgency to 
practical action towards what might otherwise have been only a shining 
ideal. The power which existing knowledge of the structure of matter has 
given to men was manifested through the atomic bomb, and is a reality 
which has already been painfully and fully demonstrated in war twenty- six 
years ago. This conference, however, and the preceding three conferences 
have been devoted to the benign quality, the other face so to speak of man's 
Promethean gifts. Just as fire can be used to destroy, it can be even more 
powerful in the creative arts of peace. 

It has been my great privilege to have been a member of the Scientific 
Advisory Committee which advised the Secretary-General of the United 
Nations, first Dag Hammerskjold and now U Thant, for all the four con
ferences from the first in 1955 until now, sixteen years later. While the 
total impact and meaning of these Geneva Conferences still await the 
historian of the future and also the release of many secret documents which 
describe the problems of atomic politics in all their profundity and confusion, 
yet the fact remains that we are here, representatives of many nations 
assembled in the thousands which shows that these meetings are held to 
be of value and promise, 

Many here will still remember the joyous atmosphere of the first 
Geneva Conference of September 1955. Then for the first time scientists 
from the Western countries and from the Socialist countries met in large 
numbers, free to talk about their scientific problems and to realize their 
common humanity and to renew the special bonds which united them in the 
universal culture of science, An important by-product of this first con
ference, held under the high auspices of the United Nations, was that as a 
result of the pressure of preparing for a world conference, governments 
permitted a great release of scientific and technical knowledge hitherto 
kept secret in the bureaucracies of the various countries. The open and 
free discussions which took place made possible a more realistic assess
ment of the time scale and scope for the practical applications of nuclear 
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energy. This conference and the subsequent two led to a better understanding 
of the promise and danger of atomic energy in all Member States. Indeed, 
without these conferences it is perhaps doubtful whether the immensely impor
tant International Atomic Energy Agency would have been created at all; 
almost certainly it would not have been created as soon as it actually was. 

Standing before you on this podium and recalling the great occasions 
of past conferences I must commemorate a few of these great figures of 
the past who are no longer with us. First of all, Dag Hammerskjtild, 
the heroic Secretary-General of the United Nations whose deep understanding 
of the meaning of science to humanity and whose skilful guidance brought 
these conferences into being; secondly, Dr. Homi Bhabha of India, the 
president of our first conference, a great theoretical physicist, a man of 
universal talents, a real renaissance figure and leader and head of the 
Indian Atomic Energy Authority. We still mourn his tragic and early death 
in an aeroplane accident while en route to a meeting of the Scientific Advisory 
Committee of the International Atomic Energy Agency. 

Sir John Cockcroft of the United Kingdom, Professor Ernest Lawrence, 
Director of the great Radiation Laboratory in Berkeley, California, and 
Academician V.I. Veksler of Dubna, were the inventors and founders of the 
techniques of modern nuclear and high energy physics and Nobel Prize 
Laureates of the greatest distinction. Unfortunately they are no longer with 
us to lend even greater eminence and inspiration to this conference. Last 
of all I must recall Professor Nils Bohr of Denmark, one of the greatest 
figures in the history of physics of all times and whose memorable lecture 
at the first conference is still treasured. He was the first great world 
figure who pointed out to us the moral problems inherent in the application 
of atomic energy and the need for an open world. 

Atomic energy, although far from mature, is nevertheless no longer 
in its infancy. It is now a very big business, both private and governmental. 
Its applications lead into almost every important activity in industry, in 
science, in health, in archeology and even astronomy. I will not speak to 
you about atomic technology or the future of fission and fusion technology. 
Dr. Seaborg and Dr. Eklund and many in the audience know very much more 
about it than I ever hope to learn. Rather, I wish to devote my brief re
marks more to the basic meaning of science and the scientific spirit for all 
mankind. 

Increasingly there is a basic contradiction within ourselves and in our 
cultures which we as a race must either resolve or mankind will perish from 
the earth just as other species which somehow failed to meet the necessities 
of a changed environment. This lesson, as has been pointed out by the 
anthropologists, is the basic meaning of evolution for the present day. 
Species which were too limited by the past are now extinct. From now on 
into the future the advance of science and technology brings us to the brink 
of change in our human environment in o. possibly fatal and irreversible 
way. In the past, vast geological and meteorological changes affected human 
life and indeed all life, changes like ice ages, the continental drift, huge 
volcanic explosions or the rise of new species of diseases. The possible 
changes of environment which I now discuss are man-made rather than 
so-called "acts of God". In many cases the works of man now surpass in 
their effects the catastrophic results of spontaneous natural events. 

The population explosion coupled with a desire for a so-called higher 
standard of living puts enormous stresses on the environment, as is evident 
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in atmospheric and water pollution and in the disposal of waste inherent 
in the daily life of people who consume vast amounts of material not only 
for food but in the obsolescence attending a modern standard of living such 
as old cars, old furniture, newspapers, worn-out clothing, plastic which 
are not degraded by bacterial action, etc. There is no purpose in continuing 
this weary catalogue, Even atomic energy itself poses other vast and novel 
problems of waste disposal. The exhaustion of mineral resources and raw 
materials like coal, gas and oil keeps on occurring in euphoric haste. We 
proceed blindly in the faith that science will find a solution to the problems 
of diminishing natural resources, To meet some of these problems, which 
involve the natural desire for love of children and the devotion to religious 
and other customs, these basic human feelings must ultimately be partially 
diverted for the greater common good of mankind. The biblical injunction 
of the past to increase and multiply becomes the pressing danger of the 
present and the future. The population explosion may indeed prove to be 
the central cause from which other problems follow. 

The Mayas of Central America in their methods of cultivation of maize 
so exhausted the soil at their sites that after a certain number of years they 
had to then move on to other territories, Human populations are now so 
dense and widespread that soon no other sites for exploitation will be avail
able. Mankind was once a small perturbation to the enormous resources 
and the general ecology of the oceans and the continents. Now in almost 
every region man is the principal factor. We begin to realize that we have 
only one earth, and that gone there is no other, Nature now survives only 
by human sufferance and human planning. We must remember that the 
elimination of many species of life, through human action or neglect, may 
be only the prelude for the elimination of mankind itself. 

It certainly has not escaped the notice of this intelligent audience that 
I have so far failed to mention the most immediate danger of all, nuclear 
warfare. This senseless threat to human culture and indeed to human 
survival has no precedent in history. Surely there is no ideal or pretended 
goal of any nation which is high enough to endanger the very existence of all 
humanity for its achievement. Perhaps Hitler in his maddest last moments 
wished to bring down all of humanity in his defeat, but for responsible states
men otherwise sane, to play such a role is to me and many of my fellow 
scientists, incomprehensible. Perhaps the situation can be attributed to 
an over-emphasis on local and tribal history which has been the basic tra
dition of the past, and a failure to appreciate the sacred meaning of man
kind as a whole. Most unfortunately there is a lack of political invention 
which would create political means for statesmen to act rationally when it 
comes to controlling these vast dangers inherent in our developing science 
and technology. 

Thus far, we have dealt with science in reference to its practical 
applications in the technologies of industry, agriculture, health, communi
cation, etc. Important as these are, both in benefit and danger to mankind, 
they represent only the externals of human life, the problems of health, comfort 
and life support. However, the most important part of a person's life is within 
himself and his deeper meaning and his relation to his fellow men, to life 
itself and the universe outside himself. Self-understanding and self
realization in this context are the basic ends which humans need to satisfy. 
l\ s the poets have reiterated through generations, each man is alone 
and basically afraid, alone in a universe into which he was born, 
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The explorations of modern science connect mankind most directly 
with the universe as a whole. From the basic laws of physics one can 
begin to understand the special properties of the various atomic species 
which make possible life itself and the same basic laws extend universally 
from the most distant parts of space to the innermost fastnesses of matter 
of the infinitesimally small. The special properties of matter which make 
life possible turn out to be no accident, but rather a direct result of the 
most basic general laws of physics as manifested in quanti-mechanics 
and relativity. From these studies we learn that man is unique and yet 
a part of the totality, subject to universal laws. It is part of the glory 
of the race that these laws were discovered by mankind. 

It has been stated that the proper study of mankind is man, but we now 
see that this cannot be approached narrowly but only through the whole, 
which is science. Mankind is the mind and the developing consciousness 
of the universe. 

We can hope that if indeed we survive into the future, that men will 
realize deeply that their most noble goal is to understand themselves within 
the universe and that this goal will override all the petty and parochial aims 
that so disturb the peace and endanger mankind's future existence, 



MESSAGES FROM HEADS OF STATE 
OR GOVERNMENT 

MESSAGE FROM MR. PIERRE ELLIOT TRUDEAU, 
THE PRIME MINISTER OF CANADA 

On behalf of the Canadian people, I send greetings to the Delegates 
and warm wishes for the success of the Fourth United Nations Conference 
on the Peaceful Uses of Atomic Energy. 

Your conference takes place at a time when nuclear energy is achieving 
notable success as a viable, economical source of power and in so doing 
is easing our concern over the depletion of non-renewable world energy 
resources. It is a time, too, when radioactive materials are being used 
in an increasing number and variety of ways for the benefit of mankind. 

May this Fourth General Conference provide the inspiration and the 
means for us all to discharge better our responsibilities as members of 
the UN family in meeting the challenges of the nuclear age. 

A translation into French follows. 

MESSAGE DE M. PIERRE ELLIOT TRUDEAU, 
PREMIER MINISTRE DU CANADA 

Au nom du peuple canadien, j' exprime aux delegues nos meilleurs 
vceux pour le succes de la quatrieme Conference des Nations Unies sur 
11 utilisation pacifique de l' energie atomique. 

Cette conference a lieu a une epoque ou l' energie nucleaire se manifeste 
de plus en plus comme une source d' energie silre et economique, qui 
contribue a alleger notre inquietude devant l' epuisement des res sources 
non renouvelables du globe, a une epoque, egalement, ou 11 on dec ouvre 
sans cesse de nouvelles fac;:ons d' utiliser les substances radioactives pour 
le bien de l' humanite. 

Puissent vos travaux nous inspirer a tous la determination et les 
moyens de mieux faire face, comme nous en avons la responsabilite en 
tant que membres de la grande famille des Nations Unies, aux defis de l' ere 
nucleaire. 

MESSAGE DE M. GEORGES POMPIDOU, 
PRESIDENT DE LA REPUBLIQUE FRANr;AISE 

Je tiens a feliciter I' Organisation des Nations Unies d' a voir organise 
cette quatrieme Conference internationale sur 11 utilisation de l' energie 
atomique a des fins pacifiques et a dire l' interet que la France attache 
aux travaux qui vont se derouler au cours de cette manifestation. 

83 



84 OPENING OF THE CONFERENCE 

u effort qui a ete accompli depuis plus de trente annees, apres a voir 
ete scientifique ou militaire, debouche aujourd'hui largement sur des 
applications industrielles. 

La France s' est engagee resolument dans cette voie. 
Elle est disposee, dans ce domaine ou le poids de la recherche et des 

investissements est considerable, a cooperer avec d' autres Nations en vue 
de l' amelioration des conditions de vie et du progres de l' humanite. 

A translation into English follows. 

MESSAGE FROM MR. GEORGES POMPIDOU, 
THE PRESIDENT OF THE FRENCH REPUBLIC 

Permit me to congratulate the United Nations on convening this Fourth 
International Conference on the Peaceful Uses of Atomic Energy, and to 
stress the great interest that France attaches to the work which is to be 
accomplished during the proceedings. 

The endeavour that has been put forth for more than 30 years, after 
having at first been scientific or military, is today largely devoted to 
industrial applications. 

France is resolutely committed to this path. 
In a field such as this, where the onus of research and investment is 

considerable, France is prepared to co-operate with other nations for the 
improvement of living conditions and for the progress of mankind. 

MESSAGE FROM MR. GUSTAV W. HEINEMANN, 
THE PRESIDENT OF THE FEDERAL REPUBLIC OF GERMANY 

With the first three Geneva Conferences on the Peaceful Uses of Atomic 
Energy held in 1955, 1958 and 1964, the United Nations provided both a 
good start and a further impulse for the world-wide exchange of knowledge 
and experience in the fields of nuclear sciences and technology, and for 
better co-operation between individual nations. In the meantime, great 
progress has been achieved in these sectors, and the manifold benefits 
which mankind can derive from the peaceful uses of atomic energy are 
manifest. I congratulate the United Nations on having, at this time, called 
anew for a world-wide exchange of experience, both oral and written, and 
also visual by means of illustrations and models. The aims of this venture
namely, demonstrating the progress made and enabling all peoples to par
take in this progress -is welcomed by the Federal Republic of Germany. 
This Fourth International Conference on the Peaceful Uses of Atomic Energy 
is to show the world the benefits which can be gained for mankind from this 
new source of energy. This natural power is to be employed solely in the 
interests of peace and the welfare of nations. I wish the Conference every 
success and request you, Mr. President, to convey my best wishes and 
greetings to all participants. 
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MESSAGE FROM MRS. INDIRA GANDHI, 
THE PRIME MINISTER OF INDIA 

New technologies open the doors of opportunity but also raise new 
problems. Nuclear technology is proving true to this record. So great 
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are its scope and power that its potential contribution to human welfare is 
appreciated in the developing countries no less than in the industrialized 
countries. But the promotion and applica"tion of nuclear science and tech
nology raise awesome social and political problems, within nations and 
between them. Among the important challenges facing mankind is the 
solution of these problems on the basis of equality of opportunities, benefits 
and responsibilities. We, in India, look to the conference to chart the 
route and indicate the milestones. 

Twenty years ago, when the generation of electricity through atomic 
reactors was still a dream, the possibility of securing clean power was 
amongst the most exciting prospects involved. Today, when many nations 
have launched or are about to launch major nuclear power programs, the 
situation is different and a source of concern. I hope that this conference 
will be an occasion for mankind to pledge its collective ingenuity, integrity 
and self-restraint to ensure that nuclear industry becomes an ally rather 
than a threat to the quality of our environment. 

In India, we believe that science and technology are a means to our 
objective of improving the quality of life of our people as rapidly as possible. 
This is the spirit which has led us to promote nuclear science and tech
nology and to apply them for peaceful purposes. We are resolved to pursue 
that course with steadfast determination, while actively striving to ensure 
that the benefits of atomic energy are extended to all, within the frame
work of a just international system. 

On behalf of the people and Government of India, I send greetings and 
good wishes to the conference. 

MESSAGE FROM MR. EDWARD HEATH, 
THE PRIME MINISTER OF THE UNITED KINGDOM 

I am happy to extend to this Conference the good wishes of Her Majesty's 
Government in the United Kingdom. 

The speed with which atomic energy has been harnessed for economic 
progress is a matter for pride and satisfaction. When the first of the 
UN Conferences was held in 1955, atomic power was still a dream, and 
few had the knowledge and the materials needed to use atomic energy. 
After only sixteen years, atomic power stations are an important source 
of energy in many countries - in the United Kingdom they produce about 
lOo/o of all the electricity we use. 

These Conferences have made a valuable contribution to this spread 
of the benefits of atomic energy. If progress is to be maintained both know
ledge and materials must continue to be available. An important material 
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is enriched uranium, and the demand is increasing rapidly as nuclear power 
becomes more widely used. We all hope that the gas centrifuge project, 
which is being developed JOintly by United Kingdom, Netherlands and German 
Federal Republic organizations, will make an important contribution to 
meeting this demand. 

While the peaceful uses of atomic energy goes forward there has also 
been advance in the establishment of safeguards. The Non-Proliferation 
Treaty has received world-wide support; and the safeguards procedures 
developed by the IAEA to serve the needs of this Treaty will represent 
an important reassurance that nuclear material is not being misused. We 
hope that both the Non-Proliferation Treaty and the IAEA' s Model Safeguards 
Agreement will win yet wider acceptance. 

MESSAGE FROM MR. RICHARD NIXON, 
THE PRESIDENT OF THE UNITED STATES OF AMERICA 

My warmest greetings to all who are attending the Fourth International 
Conference on the Peaceful Uses of Atomic Energy in Geneva. 

It is difficult to believe that 16 years have passed since the first of 
these conferences in 1955. I was serving as Vice President at that time 
and I remember well the strong favourable reaction in all parts of the 
World when President Eisenhower first suggested that such a conference 
be brought together. And I recall, too, the challenge which President 
Eisenhower presented in his message to that first conference when he 
declared that the atom must become man's "obedient and tireless servant 

Since that time, there have been tremendous strides in the effort to 
make nuclear energy the servant of mankind. The International Atomic 
Energy Agency has played an increasingly important role in that process 
and its work deserves the most generous commendation. The most impor
tant thing about this progress of the past is that it can serve as the foun
dation for even greater progress in the future. 

In the last few years, the human race has shared in a remarkable 
new experience: the ability to look upon our planet as it appears from outer 
space. In that act, we have gained a new appreciation both of the beauty 
of our earth and of its fragility. We have been reminded of the artificiality 
of political boundaries and of the obligation we all share to reach across 
such boundaries for the sake of improving our common home. 

At a time when the limits of many natural resources are becoming 
much more apparent, our capacity to manage resources and to find alterna
tives where necessary is becoming even more acute. It is here one of the 
most important benefits of nuclear energy can be realized. This fact was 
emphasized in my recent message to the United States Congress concerning 
our domestic energy program and I would underscore this point again in 
addressing this distinguished international group. 

I extend my very best wishes for a most productive conference. 

II 



OPENING OF THE CONFERENCE 

ITOCJIAHHE ITPE.Il:CE.IJ:ATEJI5I COBETA MHHMCTPOB CCCP 

A.H.KOCbirHHA 
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OT HMeHH CoseTcKoro ITpaBHTeJibCTBa npHseTCTByJO yqacTHHKOB IV MeJK

,nyHapo,nHOH KoH<PepeHI.IHH OOH no MHpHoMy HcnoJib30BaHHJO aTOMHOH 3HeprHH. 

ITpomno acero 16 neT c Toro speMeHH, Kor.na Ha I )l(eHescKol1 KoH<PepeH

liHH OpraHH3al.IHH 06'I>e,llHHeHHbiX Hal.IHH no MHpHoMy HcnoJib30BaHHJO aTOMHol1 

3HeprHH Y"'€Hb!€ H cnel.IHaJIHCTbl pa3JIH"!Hb!X CTpaH BnepBb!€ BCTp€THJIHCb Ha 

WHpOKOM M€JK,llyHapO,llHOM <PopyMe ,llJIH o6CylK,ll€HHH nyTeH HCnOJib30BaHHH 

MHpHOrO aTOMa Ha 6nar0 "'€JIOBeKa. 3a TaKOH cpaBHHT€JibHO He60JibillOH CpOK 

,llOCTHrHyT 3Ha"'HT€JibHb!H nporpecC B 3TOH HOBOH o6JiaCTH HayKH H TeXHHKH. 

0T 3Tana Hay"!Hb!X nOHCKOB H pa3pa60TOK 50-x rO,llOB aTOMHaH 3HeprHH BCTy

nHJia B nepHO,ll IDHpOKOrO HCnOJib30BaHHH B l.I€JIOM pH,ll€ CTpaH H B CaMb!X pa3-

JIH"!Hb!X 06JiaCTHX "'€JIOB€"1€CKOH ,ll€HT€JibHOCTH. 

Bee 6onee T€CHO€ 06'I>e,llHH€HHe YCHJIHH JIIO,ll€H HayKH pa3JIH"!Hb!X CTpaH 

H€COMH€HHO 6y,neT cnOC06CTBOBaTb CKOpelimeMy pemeHHJO BaJKHeHWHX npo6-

JI€M MHpHOrO HCnOJib30BaHHH aTOMHOH 3HeprHH, B OC06€HHOCTH CBH3aHHb!X C 

Y.llOBJI€TBOpeHH€M BCe B03pacTaJOI!1HX 3HepreTH"'€CKHX noTpe6HOCTeH "'€JIOBe

qecTBa. 

CoseTcKHH Co103, .nocTHrmHI1 60JibWHX ycnexos a .nene npaKTH"'eCKoro 

npHMeHeHHH aTOMHOH 3HeprHH 1 HeyKJIOHHO Bb!CTynaeT 3a TaKoe MeJK.nyHapo,n

HOe COTPY.llHH"'€CTBO B 06JiaCTH HCnOJib30BaHHH aTOMHOH 3HeprHH B MHpHb!X 

l.I€JIHX 1 KOTOpoe B nOJIHOH Mepe OTBe"'aeT l.I€JIHM H npHHI.IHnaM YcTaBa 0pra

HH3al.IHH 06'I>e,llHHeHHbiX Hal.IHH, MeJK.llyHapo.nHoro areHTCTBa no aTOMHOH 

3HeprHH H nOJIOJK€HHHM .IJ:oroaopa 0 HepacnpOCTpaHeHHH H,nepHoro opylKHH. 

HeJib3H 3a6b!BaTb 0 TOM, "'TO HMeJOTCH H HeMHpHb!e o6JiaCTH npHMeHe

HHH aTOMHOH 3HeprHH, OKa3b!Ba!Ol!IH€ cepb€3HOe H onaCHOe, C TO"'KH 3peHHH 

COXpaHeHHH MHpa, BJIHHHHe KaK Ha 06l!IHH noJIHTH"!eCKHH KJIHMaT, TaK H, B 

qacTHOCTH, Ha B03MOJKHOCTH 6onee IDHpoKoro pa3BHTHH COTPY.llHH"!eCTBa B 

MHpHb!X l.I€JIHX. BOT no"'eMy CoseTCKHH COJ03 nOCJie,llOBaTeJibHO 6opeTCH 3a 

pemeHHe np06JieMbl H,llepHOrO pa30pyJKeHHH B l.I€JIOM H 3a npHHHTHe OT,ll€Jib

Hb!X Mep, nocTeneHHO nO,llBO,llHIIIHX K 3TOH U€1111. Mb! npH,naeM 60JibillOe 3Ha

"'€HHe peaJIH3al.IHH Bbl.l\BHHYT&rx CoseTCKHM CoJ030M npe.nnoJKeHHH, KacaiOI!IHX

CH MeponpHHTHH, HanpaBJieHHb!X Ha ,llOCTHJKeHHe KaK H,llepHOrO pa3opyJKeHHH 1 

TaK 11 aceo6l!lero H nonHoro pa3opyJKeHHH. 

CoseTcKoe npasHTeJibCTBO BbipaJKaeT ysepeHHOCTb, "'TO IV )l(eHescKaH 

KbH<PepeHI.IHH, npOXO,llH!llaH nO,ll ,ll€BH30M 11 B&IrO,llbl ,llJIH "'€JIOB€"1€CTBa OT HC

nOJib30BaHHH aTOMHOH 3HeprHH B MHPHb!X l.leJIHX", 6y,neT cnoco6cTBOBaTb pac

mHpeHHJO MeJK,nyHapo,nHoro Hay"'Ho-TexHH"!ecKoro cOTPY.llHH"!ecTsa. 

Pa3pemHTe noJKeJiaTb BCeM yqaCTHHKaM 3TOH KOH<PepeHI.IHH ,llaJibH€HIDHX 

ycnexos B .nene MHpHoro HcnoJib30BaHHH aTOMHOH 3HeprHH B HHTepecax acero 

"'€JIOB€"1€CTBa. 

MocKBa, KpeMnh 

A translation into English follows. 
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MESSAGE FROM MR. A.N. KOSYGIN, 
THE CHAIRMAN OF THE COUNCIL OF MINISTERS OF THE USSR 

On behalf of the Soviet Government, I extend greetings to all those 
attending the Fourth International Conference on the Peaceful Uses of 
Atomic Energy. 

Sixteen years have passed since the First Geneva Conference on the 
Peaceful Uses of Atomic Energy, when scientists and experts from different 
countries met together for the first time, on a broad international basis, 
to discuss peaceful ways of utilizing atoms for the good of mankind. Over 
this relatively short period considerable headway has been made in this 
new branch of science and technology. From the stage of scientific 
research and development in the 1950s atomic energy has moved on to 
a time when it is being used on a wide scale in a large number of countries 
and in the most varied areas of human endeavour. 

The ever more closely merging efforts of men of science in different 
lands will undoubtedly promote the rapid solution of the most important 
problems involved in the peaceful utilization of atomic energy, especially 
those associated with meeting man's continuously growing energy 
requirements. 

The Soviet Union, which has made great advances in the practical 
application of nuclear energy, stands resolutely in favour of the kind of 
international co-operation in atoms for peace which fully accords with 
the purposes and principles of the United Nations Charter, the Statute of 
the International Energy Agency and the provisions of the Treaty on the 
Non- Proliferation of Nuclear Weapons. 

It must not be forgotten that there are also non-peaceful areas in 
which atomic energy is used, and that from the standpoint of preserving 
peace they exert a serious and hazardous effect on the overall political 
climate and, more particularly, on the opportunities for broader develop
ment of peaceful co-operation. This is why the Soviet Union is consistently 
campaigning for settlement of the problems of nuclear disarmament as a 
whole, and for the adoption of specific measures that will gradually lead 
to that end. We attach great importance to the implementation of the 
Soviet Union's proposals relating to measures for achieving both nuclear 
disarmament and general and complete disarmament. 

The Soviet Government is firmly convinced that the Fourth Geneva 
Conference with its theme of "Benefits for mankind from the peaceful 
uses of atomic energy" will help to expand international co-operation on 
the scientific and technical plane. 

Allow me to wish all those taking part in the Conference further success 
in the peaceful use of atomic energy in the interests of the whole of mankind. 

Moscow, Kremlin 
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NUCLEAR ENERGY AND WORLD PEACE 

The Honourable Mitchell SHARP 
Secretary of State for External Affairs of Canada 

It is an honour for me and for my country that I should be the first 
foreign minister to address one of these important conferences. Canada 
has a long experience in the development of the peaceful uses of nuclear 
energy, going back to the late 1940s. The decision to concentrate our 
resources on this aspect of nuclear science is one we have never regretted 
and that through the years has enjoyed the support of an overwhelming 
majority of the Canadian people. 

Sixteen years have passed since the first of these conferences opened 
in this hall. That first conference in 1955 caught the attention of the 
world and gave rise to great expectations. Until then the words "atomic 
energy" brought to mind only the mushroom cloud, the firestorm and the 
helplessness of man in face of this new catastrophic weapon. Until 1955 
only a few scientists knew of the technical accomplishments and positive 
possibilities that had been shrouded in secrecy. It was here, in this Palais 
des Nations, that the shrouds were torn away and the world saw that man 
could use his new knowledge and this new power source as well for his 
betterment as for his destruction. 

The new expectations of 1955 were balanced, perhaps overbalanced, 
by man1 s continuing fear of the nuclear weapons race. The public heard 
about the more fascinating uses of isotopes and about the prospects for 
megawatts of electrical power, generated by atomic energy. But for most 
of the next decade much more was heard about megatons and megadeaths 
than about megawatts. Fall-out was the new plague to be feared and 
ICBMs were targetted on many of the world1 s great cities and unfortunately 
still are. To the age-old fears of war and oppression was added a new 
fear, of instant widespread destruction brought about by the pressure 
of a finger on a button, bringing into doubt the capacity of statesmanship 
and diplomacy to keep the peace. 

In more recent years, our fears seem to have diminished. This is 
the normal human reaction to an ever-present threat; the farmer who 
tills the slopes of a volcano year after year learns to stop worrying about 
an eruption that may never come. Our fears have been lulled by our 
recognition that the two great military powers of the world are for the 
time being in a state of equilibrium, an equilibrium that neither can disrupt 
without risking its own and possibly mankind1 s destruction. 

Canada welcomes the initiatives taken by the United States of America 
and the Soviet Union towards strategic arms limitation, the SALT talks. 
The two nuclear powers have begun to carry out their obligations under 
Article VI of the Non-Proliferation Treaty. The task they have under
taken is both complex and difficult. The joint announcement by the United 
States of America and the Soviet Union on 20 May 1971 that theyhadreached 
an understanding in principle to concentrate this year on working out an 
agreement for the limitation of the deployment of anti-ballistic missile 
systems and that together with this ABM systems agreement they would 
agree on certain measures with respect to the limitation of offensive 
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strategic weapons, is heartening evidence of progress. We shall all watch 
with eager anticipation their efforts to translate this understanding into 
concrete agreements in the coming months. It is to be hoped that the SALT 
agreements will include measures to curtail the nuclear arms race in its 
qualitative as well as its quantitative aspects. 

The Non-Proliferation Treaty, which came into force on 5 March 1970, 
and the safeguarding procedures that have been recently worked out by 
the International Atomic Energy Agency's Safeguards Committee offer 
some hope that the further spread of nuclear weapons will be limited. 
The solemn declarations of states party to the Treaty to renounce this 
kind of military force and their agreement to allow international personnel 
to inspect their nuclear installations justify a cautious optimism. There 
are, however, states that have not signed the Treaty, and its effectiveness 
will be diminished if some important nuclear and so-called "near-nuclear" 
nations continue to stand aside. I am pleased to announce today that our 
negotiations are proceeding favourably and that Canada expects to conclude 
the Safeguards Agreement, that is the Canadian agreement, with the 
Agency before the end of the year. 

The measure of confidence arising out of the Non-Proliferation Treaty 
will be strengthened if it is brought into smooth and effective operation. 
The states that have renounced nuclear weapons have done so in the belief 
that their own interests are best served by this renunciation; they recognize 
that they have less to fear from others when they show that others have 
nothing to fear from them. The mutual trust and confidence born of this 
renunciation will endure only to the extent that these same states now 
co-operate with the International Atomic Energy Agency and its inspectors 
in the operation of safeguards. 

All of us must keep carefully audited records of our production, 
movement and consumption of fissionable materials if we ourselves are 
to feel confident that we have good internal control. The records that we 
need for good housekeeping at home fulfil most, if not all, the require
ments for international inspection. For this reason, I do not believe that 
safeguards impose a great new burden as is sometimes suggested. I 
know that some organizations fear that in submitting to detailed inspections 
their commercial secrets might be compromised, but the real commercial 
secrets lie in unaffected areas, such as the design and manufacture of 
components, and these fears are exaggerated. It is now in the interests 
of each state to be generous in its co-operation with the Agency's 
inspectorate and to demonstrate to the rest of the world community that 
its intentions are wholly peaceful. 

The peace of the world may not be quite as precarious as it was a few 
years ago, but the dangers are still real. The Moscow Partial Test Ban 
Treaty of 1963 has stopped many - but by no means all - of the nuclear 
explosions that contaminate our atmosphere. To some extent this Treaty 
can be looked upon as a major public health measure rather than as arms 
control. Our newspapers no longer give us those daily fall-out readings 
to remind us that nations are developing nuclear weapons to even higher 
levels of effectiveness. But the testing goes on underground - this kind 
of activity has accelerated since the signing of the Partial Test Ban -
and the development of ever more sophisticated nuclear weapons continues. 

With these realities in mind, many states of the world, including 
Canada, have concluded that the time is ripe for a renewed and determined 
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effort to achieve a ban on underground nuclear tests. Seismological 
investigation, investment in improved facilities, and the possibility of 
international co-operation in seismic data exchange have all begun to 
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give grounds for believing that adequate seismological methods of dis
criminating between undergound nuclear explosions and natural seismic 
events can be found. Problems and ambiguities remain - particularly 
with explosions of extremely low yield, where verification trails off into 
the realm of the improbable. But the potential for seismological identifi
cation has sharply narrowed and made more manageable the issue of veri
fication that has for too long bedevilled efforts to achieve an underground 
test ban. 

The verification problem is in the last analysis a political rather than 
a technical question, and in our view, as well as that of a very large 
number of non-nuclear nations, the time has come for the two major nuclear 
powers to take up again their efforts to resolve this problem where they 
left off eight years ago. At the same time, we should not ignore the 
desirability of all nuclear powers adhering to the Moscow Treaty and 
joining with others in an effort that would lead to a complete ban on all 
nuclear tests. Until such a ban can be reached I urge the two major nuclear 
powers to scale down their underground tests, starting with the biggest. 

As I address you today I am aware - uneasily aware - of the fact 
that a quarter of mankind, the people of China, is unrepresented amongst 
us. I accept the assurance of Mr. Chou En-lai that Chinese intentions 
are peaceful but I am sure we will all be happier when the representatives 
of that ancient civilization and powerful modern state are taking part in our 
deliberations rather than observing them in silence. Canada will do all 
it can to ensure that this is the last conference on nuclear energy in which 
a quarter of mankind goes unrepresented. 

In the sixteen years since our first conference in 1955, nuclear 
scientists and engineers have forged ahead. In most situations, large 
quantities of electricity can now be produced by the fission of uranium as 
cheaply as by burning coal or oil. Fears of a world energy crisis have 
been postponed, perhaps for centuries. It is now our task to apply the 
technology that has been developed to bring to all men a supply of energy 
sufficient to meet their needs. The technology is ready, the world needs 
electricity, and we can expect to see a continuing shift away from new 
fossil-fuel stations towards new nuclear stations. 

As you know, a great and exhausting debate has been raging between 
those who question the safety of nuclear power plants and those who defend 
them. The emotion generated by this discussion must not be allowed to 
conceal the essential facts of the situation. The nuclear industry has an 
outstanding record of safe operation. No other industry - and this for 
obvious reasons - has been as conscious of its obligations to protect 
its workers, the public and the environment itself. In a world in which 
everyone every day is exposed to innumerable hazards, we must keep a 
sense of proportion. Man would be foolish indeed to deny himself a source 
of energy that he sorely needs. Thisplanethas yielded up the fossil fuels 
that permitted us to launch our industries. But fossil fuels cannot sustain 
us through the centuries, and I say this in the full realization that mankind 
may have to learn to limit its energy consumption. When we consider 
the risks of nuclear power, we must also weigh against them the risks 
that will arise if we turn away from nuclear power. Not only the risks 
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that arise from the alternatives that we can temporarily employ - coal, 
oil and gas - but also the risks that would arise were the nations, facing 
a global shortage of energy, to come into conflict over the sharing of 
what was left. 

I do not wish to be misunderstood on this question. I do not suggest 
that problems do not exist or that they are capable of simple solutions -
rather that they are capable of management at an acceptable cost if adequate 
resources are brought to bear. 

Peace is more than the absence of war, as Dr. Rabi has reminded us. 
To have peace we must build a world society in which man can express 
his personality and develop his potential without attacking his neighbour 
or coveting his goods. That is why nuclear fission has such a great 
contribution to make to the building of a peaceful world, and to the eradi
cation of poverty. Substantial efforts have been made by the United Nations, 
by the International Atomic Energy Agency, and by individual countries 
in this great endeavour. My own country has played an important part 
by co-operating with developing countries in their own nuclear power 
programs. 

Perhaps it is well, however, to add a word of caution based upon our 
own experience. Nuclear energy is only one tool for economic development. 
It has its limitations. It is massively expensive. Only the richest and 
most highly industrialized countries can afford the experimentation that 
is essential to the development of technology. 

For example, the production of electricity from nuclear reactors has 
now reached the state where it is possible to contemplate the building of 
large generating stations wherever there is a demonstrable need for large 
amounts of electrical power, and where the power generated can be brought 
to bear effectively on the solution of existing problems. The question is: 
how many developing countries can meet these criteria? 

We have all heard of the "agro-industrial complex" and particularly 
the project that is under study in India. This would involve the use of 
nuclear power to pump deep underground water to the surface for irrigation. 
As I understand it, nuclear power would also be used for the local production 
of fertilizer. If successful, such a complex would offer the potential for 
a major new step in the "green revolution" that has already had such 
beneficial effects in the Indian sub-continent. Its success could open an 
important new chapter in the story of man's fight against hunger and 
malnutrition. 

The application of nuclear energy to the large-scale desalting of sea
water is another, and I am sure you will admit, a more difficult question. 
The need undoubtedly exists, and this could be the concept that will start 
new "green revolutions" in the deserts of the world. But just as nuclear 
energy is not always the most economical means of generating electricity, 
so we must be careful not to mislead peoples and governments into believing 
that the dream of large-scale desalination of sea-water is just about to 
become a reality. 

In the course of the next days, you will devote much of your time to 
the large-scale use of atomic energy for the production of electricity and 
for desalting sea-water. You will also consider the nwnerous applications 
of isotopes and radiation - in research, in industry, in agriculture and 
in medicine. There have been remarkable achievements, particularly 
with the new nuclear techniques for the diagnosis and treatment of cancer 
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and of some of the other diseases that afflict mankind. You will seek to 
evaluate what contributions these can make to the improvement of life in 
the developing countries. 

Isotopes and radiation are tools - their use is not an end in itself. 
We must, as I have said, identify what our aims are and then see whether 
atomic energy provides the best tool for achieving them. For example, 
the developing countries have a great need to find better ways of preventing 
the wastage of food in storage. Pests and various forms of decay destroy 
a large fraction of what is produced. Irradiation may help to conserve 
this food, but until this has been demonstrated and its economic feasibility 
established, better known techniques - dehydration, canning or refriger
ation - are still probably more appropriate in most situations, and their 
use ought not be neglected. 

Another problem is the provision of sterile medical supplies, often 
under adverse conditions remote from the facilities of modern hospitals. 
One technique is now well established: it involves first sealing medical 
supplies in hermetic packages and then irradiating them to ensure complete 
sterility. The supplies are safe from any infection until the moment when 
the packages are opened - and, of course, this can be at the moment 
they are needed for use. I believe this technique is ready for immediate 
adoption in developing countries. It is best if the choices can be made in 
the developing countries themselves I suggest -by their own scientists 
and economists, their own entrepreneurs. To do this they must have their 
own centres of excellence where innovators are encouraged and where 
proper evaluations can be made in relation to local needs and local priorities. 

We have come to Geneva to discuss the silver lining of the nuclear 
cloud, a happy circumstance that unfortunately does not permit us to 
disregard the cloud itself. The achievements and possibilities of the peace
ful uses of atomic energy on which I have touched this afternoon justify 
a sense of pride and hope. Nevertheless, we are discussing a force that, 
if misused, has a destructive capacity difficult for any of us, scientist 
or layman, to comprehend fully. 

Meeting here in this ancient and free city where so many of mankind1 s 
hopes for peace have centred, you constitute a body of expertise on nuclear 
questions that is unique. As I wish you well in your discussions of peace
ful nuclear technology I urge you to keep in mind your special responsibility 
to all mankind, and above all to the rising generations born into a nuclear 
world they did not make. 

Today there is an equilibrium, albeit an accelerating one, between the 
great nuclear powers, the United States of America and the Soviet Union. 
These powers are now seeking ways to limit the nuclear arms race -
I hope, to find an equilibrium at a lower and less menancing level. I have 
suggested to you that China may soon be a nuclear power to be reckoned 
with. There are others standing in the wings. This will call for a new 
equilibrium, and the sooner China comes fully into the councils of the 
world, the better for us all. 

So I leave with you this thought. The peoples of the world need the 
energy and other benefits that nuclear science has to offer. They accept 
reluctantly and fearfully the mutual balance of nuclear deterrence that 
offers them a measure of security. But many of those without the special 
knowledge and expertise you enjoy look upon nuclear energy as inherently 
dangerous and threatening, like a half-domesticated• beast. You, ladies 
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and gentlemen, as the managers of nuclear knowledge and technology, are 
uniquely equipped to bring home to your governments, directly and by 
moulding world public opinion, their responsibility to see to it that the 
beast is fully domesticated and kept at useful work for the benefit of all. 



L' ENERGIE NUCLEAIRE ET L' A VENIR 

S. ANDRZEJEWSKI 

Haut Commissaire du Gouvernement et 
President du Conseil national pour 1' utilisation 
pacifique de 1' energie nucleaire, 
Pologne 

I. Ll importance de 11 energie pour le developpement economique est 
generalement reconnue. Le rapide accroissement de la consommation 
d 1 energie sous toutes ses formes nous oblige de plus en plus a des 
recherches minuheuses dans les domaines de 11 exploitat10n des ressources 
energetiques et de la satisfaction des besoins energetiques du monde 0 

De telles recherches concernent: 
la determination qualitative et quantitative des besoms en energie dans 
11 avenir, 
la confrontation de ces besoins avec les ressources energehques du 
monde, 
les possibilites techniques de leur ut1lisat10n. 

Chacun de ces trois elements comporte plUSleurs inconnues, qui 
ne peuvent pas ihre determinees a l' heure actuelle 0 

Les recherches et etudes, au fur et a mesure de leur developpement, 
permettent de preciser certains problemes de plus en plus exactement 
et de connaitre de mieux en mieux les ressources energehques du monde. 
On constate ainsi que les differences entre les pronostics globaux relatifs 
aux besoins en energie d1minuent. Par contre il existe de grandes dif
ferences entre les contributions particulieres ala satisfaction des besoins 
globaUX et entre leS methodeS d I explOitatiOn deS diverseS reS SOUrCeS en energie. 

II. En fait, pendant la peri ode de cent ans s I etendant du milieu du 
xrxe Siecle jUSqU I a 1950 leS besoinS d I energie danS le monde Ont aug
mente regulierement d 1 environ 2o/o par an [ 1]. Ce n 1 est qu 1 au cours 
des dernieres decennies qu 1 on a observe une augmentatwn sensible de 
la consommation d 1 energie, en raison de 11 acceleration du developpe
ment industriel. On sait que la consommation d 1 energie depend du 
revenu national par habitant et que le taux d 1 accroissement de lacon
sommation d 1 energie et celu1 du revenu national sont etroitement lies 
(fig. 1 ). Un accroissement particulierement rapide du revenu national 
et de la consommation d 1 energie peut etre observe dans deux groupes 
de pays: les pays hautement developpes d 1une part; les pays qui nl avaient 
jusqu 1 a present que peu developpe leur economie mais qui ont pris le 
chemin d 1 une prompte evolution economlque, d 1 autre part. 

Dans le premier cas, nous avons le facteur de la revolut10n scientifique 
et technique. Dans la majorite des pays hautement developpes la moyenne 
annuelle de 11 accroissement de la consommation d 1 energie est de plus 
de 5o/o. Dans certains cas, par exemple en Finlande, en Italie et au 
Japon, les valeurs depassent 10% par an. Generalement on peut constater 
une montee jusqu 1 au niveau d 1 un certain assouvissement, so it 2 a 4 tonnes 
equivalent charbon par habitant, apres quoi les accroissements annuels 
se stabilisent a un niveau de 3, 5 a 5, 5o/o. 
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FIG 1. Consommanon d energ1e et revenu nanonal brut dans differents pays (me de [ 10]) . 

Dans les pays en voie de developpement, dont 11 economie doit se 
developper a partir d 1 un mveau tres bas, 1' accroissement annuel au 
premier Stade de 1 I industrialisation S 1 eleve generalement a 20o/o pOUr 
diminuer ensuite tres rapidement jusqu 1 a lOo/o et moins. Cependant ces 
grandeurs relatives n 1 ont actuellement aucune signification pratique 
dans le cadre de la consommation mondiale d 1 energie. Un tiers de 
11 humanite consomme plus de quatre cinquiemes du combustible et de 
11 energie produits. Ces disproportions vont encore augmenter au cours 
de la pro chaine decennie car la forte expansion demographique que l'on peut 
constater dans les pays en voie de developpement ne s 1accompagne pas 
d 1un accroissement proportionnel de la consommation d 1energie. 
Amsi on peut admettre que dans la prochaine decennie c 1 est la consom
mation d 1 energie dans les pays economiquement developpes qui determiner a 
le niveau de la consommation mondiale. Ces disproportions d1minueront 
cependant dans la derniere decennie de notre siecle. A la VII e Conference 
mondiale de 1' energie, qui s I est tenue a Moscou en 1968, deux hypotheses 
ont ete presentees concernant l'evolution de la demande jusqu 1a 
11 an 2000. Puis que entre -temps on a constate que la consommahon 
d 1 energie en 1970 avait atteint le niveau correspondant a l'hypothese 
la plus elevee, ce sont ces donnees qui sont reproduites au tableau I [2]. 
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Les taux observes d 1 affa1blissement de 11 accroissement de la consom
mation dans chaque pays nous conduisent a admettre que la consommatwn 
mondiale d 1 energ1e se developpera selon une «fonction de saturation» 
(fig. 2) et que nous nous trouvons au stade initial de ce processus. 

Si les pays consommant le plus d 1 energie ont le momdre accroisse
ment relatif, 11 faut toutefOlS prendre en consideration le fait qu 1 a Un 
moment donne la part essentielle de la consommation d 1 energie dans 
le monde sera le resultat du developpement des pays qm font actuellement 
leurs premiers pas sur la vo1e de 11 mdustrialisation; en outre 1 I augmen
tation demographique de ces pays est superieure a la moyenne mondlale. 

III. L I energle consommee l I est par trOIS secteurs principaux: 
a) 11 industrie; b) les transports; c) les menages et le commerce. 
On peut constater qu 1 actuellement c 1 est 11 industne qui consomme le 
plus d 1 energ1e (40 a 60%) dans les pays developpes. Les transports, 
selon le degre de motorisatwn, la densite de la population, le rapport 
trafic terrestre/par eau, consomment 12 a 30% de 1' energie. Les 
18 a 30% rest ants vont aux utilisations domestiques et municipales. 
[3- 5]. Ce dermer chiffre depend surtout du climat. Dans un climat 
fr01d, le chauffage consomme beau coup de combustible. Dans un climat 
chaud, les mstallations de climatisat10n consomment de plus en plus 
d 1 energie. L I amelioration des conditions de logement a une grande 
mfluence sur 11 augmentation de la consommation des menages et des 
services publics. Le developpement de la motorisation et des 
echanges internationaux influencent la consommation d 1 energie par les 
moyens de transport. L 1 amelioration du niveau de vie et 11 augmenta
tion parallele de la production industrielle conduisent egalement a une 
consommatwn accrue d 1 energie et de combustible dans 11 industrie. 
Cependant les ameliorations technologiques, qui permettent de d1minuer 
la COnSOmmation Unitaire d I energie et de COmbUStible, S I 0pp0sent a 
cette tendance. La production de fonte brute en est un exemple: grace 
a une preparation soigneuse de la charge, a 1' augmentation de la pression 
et de la temperature de 11 air eta 11 augmentation du rendement du four, 
on a obtenu une diminution reguliere des quantites de coke necessalres. 
De meme la fabrication des engra1s artificiels (azotes), qui, de tous les 
precedes chimiques, consomma1t le plus d 1 energie, est devenue 
grace a la rationalisation des methodes technologiques independante au 
point de vue de la consommation de 11 energie. C 1 est pourquoi dans 
certains pays on prevoit une pet1te diminutwn de la part de 11 industrie 
dans l 1 ensemble de la consommatwn d 1 energie. 

Les ecarts importants qu' on constate dans la consommation d 1 energie 
peuvent etre illustres par les chiffres suivants: en 1969 certains grands 
pays en VOle de developpement utilisaient 0, 16 tonne equivalent charbon 
par hab1tant, alors que les pays hautement developpes en utilisa1ent 9, 5 
et prevoyaient que la consommatlOn auralt passe a 17' 5 tonnes equivalent 
charbon par habitant en 11 an 2000 [2]. 

IV. On peut satisfaire ces bes01ns en ayant recours a d1fferentes sources 
d 1 energie primaire (houille, petrole, gaz naturel, etc.) ou secondaire 
(par exemple l I energie electrique). Les princlp3.UX cnteres economiques 



TABLEAU I. STRUCTURE DE LA CONSOMMATION COMMERCIALE DE MATIERES PREMIERES ENERGETIQUES 
DANS LE MONDE [2] 
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qui guident le choix des combustibles et des formes d 1 energle, outre le 
critere decisif de leur convenance dans chaque cas particulier, sont: 

le prix un1taire de la chaleur, 
11 importance des 1nvestissements necessaires, 
les investissements secondaires, 
les frais d 1exploitation, 
l 1 influence sur le milieu de l 1 homme. 

101 

Le gaz naturel est un combustible ideal pour toutes les installations 
stationnaires. Les frais d 1 exploitation en sont inferieurs a ceux du 
petrole. Les installations utihsant le gaz naturel comme source de 
chaleur sont beaucoup moins cheres que celles chauffees au fuel-o1l ou 
a la houille [6). Les foyers a gaz peuvent ihre fac1lement automatises. 
Le rendement de combustion est pratiquement independant de la puis
sance thermique. Le gaz naturel utilise dans le reseau urbam ne pro
duisant ni soufre ni cendres, 1l est du point de vue de la protection du 
m1lieu un combustible de choix. Les frais de distnbution sont constitues 
pour la plus grande part par des charges fixes; le stockage du gaz etant 
couteux, une distrlbUtiOn regulH~re est preferable. 

Le gaz naturel n 1 est pas seulement un combust1ble, il constitue 
aussi une precieuse matiere premiere ch1mique. Sa grande efflcacite 
et 11 entretien assez facile des petits foyers, ainsi que ses produits de 
combustion inoffens1fs pour l 1 environnement font du gaz naturel un com
bustible parfait pour les menages et services publics qui, avec l 1industrie 
chimique, sont les utilisateurs les plus importants de ce combustible. 
Du fait de ses grandes qualites ce combustible est de plus en plus largement 
consomme et les pronostics pour'Ia periode allant jusqu1a l'an 2000 pre
voient qu 1il pourrait jouer dans le bilan energetique un role plus important 
que la houille (fig. 3). 
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L 1interet des combustibles liquides ne contenant pas de soufre n'est pas 
inferieur a celui du gaz, et leur stockage est plus facile. En outre, les frais 
d' investissement sont plus faibles que pour la houille ou 11 uranium; 
c' est pourquoi on peut les utiliser parfaitement dans des installations 
a bas facteur de charge. Ils constituent le combustible le plus 
couramment employe pour les transports aeriens, routiers et maritimes. 
Ils concurrencent avec succes la traction electnque sur les !ignes de 
chemin de fer. Cependant le role du petrole et de ses derives a ete 
affecte par les exigences relatives ala protection du milieu. Les bateaux
citernes, pendant le dechargement et surtout lors de la vidange des 
cales, polluent les mers et les oceans. Le naufrage d'un navire avec sa 
cargaison, que se repand ala surface de 11eau, souille les plages et detruit 
la vie biologique des cotes. Les dechets des raffineries polluent les fleuves 
et les eaux littorales. De meme les gaz d 'echappement des moteurs a 
combustion interne constituent un danger pour !'atmosphere. 

Ceci explique 1' interet qu' il y aurait a mettre au point, pour les 
villes et les banlieues, un moyen de transport autre que 11 automobile 
a moteur a combustion interne. Si 11 on parvenait a remplacer le moteur 
a combustion interne par un moteur electnque alimente par des accumula
teurs charges au reseau, les besoins en petrole pourraient changer radicale
ment, d 1 autant plus que la protection du milieu rend Impossible la com
bustion de grandes quantites de fuel-oil degageant beaucoup de soufre dans 
les centrales. La desulfuration du fuel-oil ou des gaz d 1 echappement 
augmente considerablement les frais d' exploitation et diminue la capacite 
de concurrence des combustibles liquides, qui, ala suite des dernieres 
augmentatiOns du prix du petrole, a deja tres fortement baisse au profit 
d I autres combustibles. Certain pays ont deja reagi a 11 augmentation du 
prix du petrole en elargissant leur programme de construction de centrales 
nucleaires. 

Les projections effectuees jusqu' a maintenant prevoyaient un rapide 
accr01ssement de la consommation de petrole, qui avait deja, dans le 
bilan des combustibles pour 1969, devance la houille, avec une consommation 
superieure a celle de chacun des autres combustibles. La derniere 
hausse de prix du petrole, qu' on peut considerer comme refletant une 
conjoncture generale, pourrait faire pencher la balance en faveur du gaz 
et de l I energie nucleaire, COmpte tenU deS exigenCeS relatiVeS ala 
protection du milieu. 

La houille, le second combustible dans l' histoire apres le bois, 
passe par une periode de stagnation. Son extraction pendant les dix 
derniereS annees S I est maintenue a Un n!VeaU d 1 environ de 2 milliards 
de tonnes. Dans la meme periode 11 extraction du lignite a legerement 
augmente. La stabilisation des quantites de combustibles solides 
extraites s 1 explique par la concurrence du petrole. Pour un cout de la 
chaleur a peine inferieur la houille entrafne des investissements superieurs dans 
les installations qui 11utilisent. Une centrale brulant de la houille est de 
20 a 25o/o plus chere quI une centrale utilisant le fuel-oil. Les frais 
d 1 exploitation sont superieurs et l 1 evacuation des cendres pose des 
problemes. Des installations de depoussierage correctement construites 
et bien exploitees ont ehmine la pollution de 11 air' mais le probleme 
du stockage de grandes quantites de cendre existe toujours. Lorsque 
le rendement des foyers n' est pas eleve, comme c' est le cas pour la 
houille, l I entretien est labOrieUX et l' automatisatiOn difflcile a realiser. 
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C' est pour cette raison que dans les menages la hoUllle a ete remplacee 
par le gaz, 1' electricite ou le fuel-Oll. Seuls les grands etablissements, 
comme par exemple les centrales thermiques, utilisent encore la houille, 
en raison de son prix moins eleve mais surtout parce qu'elle renferme 
moins de soufre. La houille est en outre le combustible utilise pour la 
metallurgie. 

Bien que !'exploitation de la houille ait progress€ toujours plus 
lentement pendant les 20 dernieres annees et qu'on prevoie que sa partici
pation dans le bilan energetique du monde diminuera, on peut penser que les 
prochaines decennies verront un constant accroissement de l 1 extraction 
de la houille, qui s' elevera a 2, 5 a 3, 5o/o par an. Le ralentissement a 
sa source dans les tendances generalement ala baisse dans ce domaine 
en Europe occidentale. Les causes en sont 11 augmentation des frais 
d' exploitation et la difhculte de trouver de la main-d' ceuvre pour les 
mines. La modernisation des conditions de travail peut changer cet 
etat de fait. On peut citer com me exemple la mine de charbon« Jan)), 
en Haute-Silesie (Pologne ), completement automatisee, ou le rendement 
par mineur est plusieurs fois superieur au rendement dans une mine 
conventionnelle. 

L I energie nucleaire connaitra un taux de developpement tres eleve: 
50% par an dans la prochaine decennie, puis, les annees suivantes, 14%, 
soit un accroissement relatlf plus rapide que dans le cas du gaz ou du 
petrole. L 1 energie nuclea1re possede des caracteristiques complete
ment differentes de celles des combustibles liquides. Les depenses 
d 1 investissement sont plus elevees que pour les autres combustibles, 
par contre les frais de productwn de la chaleur sont plus bas. Le 
rendement est d' autant me11leur et les frais d 1 investlssement d' autant 
plus bas que les unites sont plus grandes, et les couts decroissent avec 
11 augmentation de la puissance plus rapidement que dans d 1 autres 
installations energetiques (voir tableaux II a IV). Ainsl 1 I utilisation de 
l' energie d 1 origine nucleaire est actuellement economlquement justifiee 
dans des installations de grande puissance a facteur de charge eleve, 
c' est-a-dire dans de grandes centrales de base, dans de grandes centrales 
alimentant simultanement en chaleur les etablissements industnels, 
pour le dessalement de l 1 eau de mer, ou dans de grands complexes 
agro-industriels, actuellement en cours d 1 etude. Le transport des com
bustibles nucleaires etant peu couteux, les centrales nuclt~aires peuvent 
ihre construites directement aupres des centres de consommation. Elles 
peuvent aussi 11 ihre dans des zones fortement peuplees puisqu' elles ne 
polluent pas 11 atmosphere et que leur surete est presque absolue. 

TABLEAU II. COMPARAISON DES FRAIS DE COMBUSTIBLE POUR 
DES CENTRALES TOTALISANT 500 MW (UNIPEDE, 1961) 

Pu1ssance (MW) 
Combusnble 

4 X 125 2 X 250 

Homlle 1,0 0,92 

Fuel-all 0,85 0, 78 

Gaz nature! 0,833 o, 77 
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TABLEAU III. FRAIS D 1 INVESTISSEMENT POUR DES CENTRALES 
DE 500 ET 1000 MW 
(Frais en $EU/kW, premiere charge non incluse, en 1970; tire de [6]) 

Putssance ( M W) 
Cambusttble 

500 1000 

Halillle 165 140 

Fuel-otl 140 115 

En erg te nucleatre 
190 150 

(PWR au BWR) 

TABLEAU IV. FRAIS D 1 INVESTISSEMENT POUR DIVERS TYPES DE 
CENTRALES 
(Valeurs de 1969; tire de [9]) 

Cambusnble 

PUissance (MW(e)) 

Frats $/kW 

Nucleatre Fuel-at! 

300 500 1000 300 500 1000 

311 248 191 177 152 132 

Ces fra1s est1maufs comprennent les fra1s dnects et 1nduects, les Interets 1ntercalaues et 
1· augmentanan des pnx pendant Ia canstrucnan 

Ces quahtes expliquent le developpement extraordinairement rapide de 
11 energie nucleaire qui, vers la fin du siecle, occupera probablement 
dans le bilan de 1' electricite une place comparable a celle des com
bustibles classiques. 

Dans certains pays 1' energie hydrauhque peut jouer un role impor
tant; cependant elle aura dans le bilan energetique du monde une position 
marginale. Les couts de construction d 1 une centrale hydrauhque sont 
generalement plus eleves; c 1 est pourquoi pour la production d 1 energie 
seule, les centrales thermiques classiques ou nucleaires sont plus 
economiques. D 1 autres raisons cependant parlent en faveur des centrales 
hydrauliques: surtout 11 Irrigation des territoires pauvres en eau ou 
11 endiguement des eaux d 1 inondatiOn. 

v. L I energie electrique est d I une importance particuliere pour satis
faire les besoins energetiques. Dans les evaluations ci-dessus elle n 1 est 
pa~ prise en consideration parce que c 1 est une energie secondaire pro
venant de la converSIOn en energie electrique, soit de 11 energie d 1 une 
chute d 1 eau, soit de 11 energie thermique fournie par la combustion de 
combustibles classiques ou la fission du noyau atomique. Le rendement 
de ce processus de transformation est bas; il ne depasse pas 0, 4 dans 
le meilleur des cas. Si 11 on prend egalement en consideration les frais 
de transport, le rendement sera encore inferieur et le plus souvent ne 
depassera pas 0, 25. C 1 est pourquoi le chauffage electrique exige une 
quantite de combustible 3 a 4 fois plus grande que celle qui est necessaire 
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en cas de consommation directe. Pourtant des raisons technologiques 
et de commodite conduisent a 11 augmentation de la pmssance des instal
lations thermo-electnques. Par contre, l' eclairage ainsi que la 
commande des installations stationnaires sont exclusivement du domaine 
de l'edectricite. 

L' accroissement annuel de la consommation d 1 energie electrique 
dans le monde a atteint recemment environ 7%. Cela signifle que la 
consommation a double tous les dix ans. Dans les pays en voie de 
developpement cet accroissement depasse parfois 14o/o, mais Il dimmue 
au fur et a me sure de 11 augmentation de la consommation et beaucoup 
de pronostlcs prevoient qu 1 il diminuera d 1 environ 1% au cours de 
chaque decennie. La grande commodite d 1 empl01 de 11 enerpe electrique 
pourrait amener une forte augmentation de la consommation SI les frais 
d 1 exploitation etaient abaisses. En outre, com me nous 11 avons dit plus 
haut, la propagation de 11 automobile electrique a batteries d 1 accumula
teurs pourrait aussi conduire a un accroissement Important de la con
sommatlOn d 1 energie electnque. Puis que dans ce cas le rendement 
final de la source pnmaire d' energie serait inferieur a celui du moteur 
a combustion interne, On aSSISterait a une augmentation generale de la 
consommation d 1 energie. 

VI. Le rapide accroissement de la consommatlOn d 1 energie a pour 
corollaire une acceleration de la consommation des reserves energetiques; 
cette acceleration est plus forte dans le cas des combustibles dont les 
reserves sont les m01ns importantes, c' est-a-dire le gaz naturel et le petrole. 
Il faut alors confronter la consommat10n avec les reserves. L 1 etude 
detaillee de ces reserves peut conduire a reviser les evaluatiOns imtiales 
concernant les quantites disponibles et leur mode d'utilisation. Nous retiendrons 
ici les donnees du tableau V [7, 8]. Les donnees concernant 11uranium sont 
moderees, mais les chiffres seraient plusieurs fois plus eleves si l'on 
prenait en consideration les reserves dont !'extraction est plus couteuse. 
Si les besoins en petrole et en gaz naturel continuent a augmenter au 
rythme prevu, alors en 11 an 2000 environ, la moitie de ces ressources 
sera epmsee. D 1 apres 11 hypothese de Hubbert [7] 11 exploitation se 
deroulera selon le schema suivant: les 10 premiers et les 10 dermers 
pour-cent des matieres premieres seront exploites lentement; 

TABLEAU V. RESSOURCES ENERGETIQUES INITIALES DANS LE 
MONDE [7] 

Quannte 
Energ•e oJo 

( 1015 kWh( th)) 

Hou11le et llgmte 7600 X 109 t 56 59 

Petrole et gazolme 280 X 109 t 3, 35 3,5 

Gaz nature! 283 x 1012 m 3 2, 94 3,1 

Uramum (U 30 8 ) a 1700 X 10 3 t 33 34,4 

Total 95,29 100,0 

a Gout d' extracnon mfeneur a 22 $EU/kg. 
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FIG.4. Taux previsible d: eplllsement des ressources mond1ales (energ1e therm1qUe fourme par les 
combusnbles fosS1les) . 

la partie principale, c 1 est-a-dire 80o/o, le sera dans un temps relative
ment court. On peut prevoir que 11 extraction diminuera apres que la 
moitie environ des reserves aura ete utili see. Ainsi, apres l 1 an 2000 
la contribution du petrole et du gaz dimmuera probablement et leur place 
sera prise par 11 energie nuclemre et la houille, dont 11 extractiOn augmentera 
(fig.4). Les donnees concernant d 1 autres ressources, comme par 
exemple lJ energie geothermique, l I energie des mareeS et lJ energie SOlaire, 
sont encore insuffisantes pour nous permettre d 1 evaluer le role qu 1 elles 
pourront jouer dans le bilan total des combustibles. Les reserves 
dl energie dont 11 exploitation a ete mai'trisee au point de vue technique 
suffiront pendant des centaines d 1 annees et il est impossible de faire 
des previsions exactes pour une periode si longue. A l 1 heure actuelle 
on ne peut pas prendre en consideration 11 energie thermonucleaire, car 
on n 1 en posse de pas encore la mai'trise. Il ne s 1 agit pas de se proteger 
contre un manque d 1 energie mais d 1 assurer une exploitation optimale 
deS COmbustibleS et de l I energie. 

Les consequences de 11 accroissement de la consommatwn d 1 energie 
sont diverses et souvent defavorables pour l' environnement. On peut 
les ramener a trois problemes essentiels: 

la concentration des etablissements de production et de transformation 
des combustibles et de 11 energie, 
les transports, 
l I influence nuisible sur le milieu. 

L 1augmentation des besoins provoque la concentration des installations 
d 1extraction et de transformation des combustibles, qui permet 11abaisse
ment des frais de construction et d 1 exploitation des mines, des centrales 
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electriques et des raffinenes. Dans ces conditions 11 entretien des petits 
etablissements de ce genre n 1 est pas rentable, non plus que l• exploitation 
de petits gisements de houille, la construction de petites centrales 
hydrauliques ou de centrales electriques eqmpees de petites unites, qui 
ne peuvent concurrencer les etablissements de grande taille. Cette 
situation constitue un handicap pour les pays economiquement developpes. 
Comme les reserves de combustible ne sont pas reparties uniformement, 
leur Utilisation a 11 endroit de l I extractiOn est tres SOUVent impOSSible. 
Il faut alors transporter des milliards de tonnes de houille, de petrole 
et de gaz liquide ou faire circuler ce gaz et ce petrole dans de longs pipe
lines. La rentabilite est proportionnelle ala capacite de transport. 
Cela constitue aussi un handicap pour les gros utilisateurs. Le trans
port du petrole dans des bateaux-c1ternes entraine la pollution des mers 
et des oceans, qul se prodU!t pendant les transbordements, pendant le 
nettoyage de la cale, et, dans une mesure catastrophique, par suite 
d 1 avaries graves au petroher ou de son naufrage. Ces catastrophes sont 
de plus en plus dangereuses puisque la capacite des petrohers augmente 
toujours. 

Le transport terrestre de la houille greve considerablement les 
transports par chemin de fer. La plus grande partie des mvestissements 
reserves aux transports publics fmit par ihre consacree au transport 
des combustibles. 

La pollution du miheu pendant le transport des combustibles n' est 
pas elevee par rapport a celle que causent la conversion et la combustion 
des combustibles. Les raffineries et les cokeries bouleversent l' environ
nement. La combustion de toutes sortes de combustibles remplit 
l• atmosphere d' oxydes d' azote, tres souvent d' oxydes de soufre, et, 
dans le cas des combustibles solides, de cendre. Meme le gaz carbonique, 
estime inoffensif, n' est par sans danger pour 11 atmosphere terrestre. 
L'anhydride sulfureux ou les polluants dont on ne ressent pas les effets 
lorsque les concentrations restent faibles sont en mesure de detruire la vie 
biologique de 11environnement quand est depassee une certaine valeur seuil. 
On a constate aussi que l'echauffement des eaux superficielles par la chaleur 
provenant de la condensation de la vapeur dans les condensateurs, juge 
jadis inoffensif, peut detruire la vie biologique des eaux. La prevention de 
ces consequences nuisibles pour 11environnement, qui resultent de !'utilisation 
des combustibles, entrafne des frais qui ne sont pas sans influence sur les 
proportions relatives des divers combustibles utilises. 

VII. Ces considerations mettent en evidence !'importance de l'energie 
nucleaire et expliquent dans une certaine mesure son developpement rapide. 
Le doublement de la puissance des centrales nuclea1res tous les deux 
ans prevu pour la presente decennie est sans precedent. 

L 1 energie nucleaire n'est pas utilisee que dans les centrales 
electriques. La construction de centrales «force-chaleur» est projetee 
et !'utilisation des reacteurs a haute temperature comme source de 
chaleur pour les procedes metallurgiques et chimiques est en cours d'etude. 

La raison principale du developpement si dynamique de 11 energie 
nucleaire est sa superiorite, du point de vue economique, sur les com
bustibles classiques. La chaleur est produite dans un reacteur a moindres 
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frais, la charge dans le bilan du commerce et de 11 importation des com
bustibles est inferieure, et les frais de transport sont neghgeables. En 
outre l 1 environnement n 1 est pas affecte. Les centrales nuchiaires sont 
d 1autant plus concurrentielles que la puissance des unites est elevee [ 9]. 
Cela conduit a une concentration de puissance beaucoup plus grande que 
dans le cas des centrales classiques, et il arrive souvent que la plus grande 
unite d 1un pays soit une unite nucH~aire (tableau VI). Ces particularites 
des centrales nucleaires freinent certainement leur introduction rapide dans 
les pays en voie de developpement. Dans la plupart des cas l'i puissance 
du reseau, et plus particulit~rement la densite de la demande (kW fkrn2), 
est trop faible pour qu 1on puisse songer a installer des unites nucleaires 
d 1une puissance assez elevee pour concurrencer les unites classiques. 
D 1autre part les frais d 1investissement sont plus eleves que dans le cas 
des centrales classiques [9]. Si on envisage un taux d 1interet eleve ou un 
court delai d 1amortissement, le cout unitaire eleve de l'energie reculera 
encore le moment ou une telle centrale pourrait devenir concurrentielle. 
Le fait que leur lieu d 1implantation est pratiquement sans effet sur les 
frais de combustible est une qualite tres importante des centrales nucleaires. 
Leur innocuite pour l 1environnement permet de les construire a proximite 
des centres de consommation de fa~on a maintenir au minimum a la fois 
les frais de transport du combustible et ceux de transport de l'energie 
tout en delestant les moyens de transport d 1une charge importante. La 
diminution des investissements secondaires dans le domaine du transport
lesquels par exemple dans le cas du transport de la houille a une distance 
de 600 krn atteignent 40% des depenses de la centrale meme- peut compenser 
les frais plus eleves d 1investissement de la centrale nucleaire. 

L 1 innocuite des centrales nucleaires [9, 10] est une qualite de plus 
en plus estimee de l 1 energie nucleaire. L 1 incommodite des centrales 
class1ques, de plus en plus insupportable avec la concentration progressive 
de la puissance, contraste avec 11 absence d 1 effets des centrales nuclea1res 
sur 11 environnement. Les objections qui ont ete elevees a propos de 
11 emission de substances radioactives ne sont pas convaincantes parce que 
ces substances sont souvent presentes dans les gaz de combustwn de la 
houille utllisee dans les centrales classiques. Dans les deux cas pour-

TABLEAU VI. PROJECTION DES COUTS DE L 1 ENERGIE POUR LES 
REACTEURS A EAU LEGERE JUSQU 1 A L 1 AN 2000 
(tire de [9]) 

Annee 1975 1985 2000 

Puissance du reacteur (MW(e)) 1000 2000 5000 

Pnx de reVlent en $ du kW mstalle 170 110 70 

PnxduU 3 0 8 ($/kg) 17' 6 20 26, 5 - 57' 5 

Charges flxes (mills/kWh) 3,4 2,2 1,4 

Cycle du combusnble (mills/kWh) 1,2 1,1 1,3-2,0 

Frais d' explouauon (mills/kWh) 0,4 0,3 0, 2 

Gout del' energie (mills/kWh) 5,0 3,6 2,9-3,6 
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tant, l I actlvite est mfeneure a la quantlte admiSSible de quelqUeS Ordres 
de grandeurs [11]. Les exigences de la protection de l 1 atmosphere sont 
particuherement importantes dans les pays developpes economlquement 
et a forte densite de population. La pollution de l I atmosphere y est 
souvent proche de la limite admissible ou elle 11 a meme deja depassee, 
et on ne peut pas se permettre alors d 1 aggraver ces cond1tions par la 
construction de centrales class1ques (hg. 5, tableau VII). 
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FIG.5. Producnon prevue de S02 et C02 par 1" mdustne electro-energenque (nre de [ 10]). 

TABLEAU VII. COMPARAISON DE L 1 ACTIVITE REJETEE PAR LES 
CENTRALES NUCLEAIRES ET CLASSIQUES 
(tire de [11]) 

HoUllle N ucleaue ( PWR) 

PUissance ( MW( e)) 1000 462 

Hauteur de la chemmee ( m) 240 60 

Hauteur efflcace de la chemmee ( m) 460 

Degagements a la chemmee 
4,5x10 9 Cendres pulverulentes (g/ an) 

Ra-Th (mC1/an) 47,9 

Gaz rares (C1/an) 3, 7 

Effluents l!qu1des 
Produns de flss10n ( C1/ an) 3,8 
Tnnum ( C1/ an) 1, 735 

D1spers10n max1male (m) 35 000 840 

Organe cnnque os corps enner 

Dose max1male adm1ss1ble ClPR 57 

(!lrem/h) 333 57 

Debn de dose (!lrem/h-MW(e)) 35,2 X 10-6 1,2X10- 6 

Fracnon de dose CIPR par MW(e) 10, 6 x 10-8 2,1X10-S 
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L 1 energie nucleaire est devenue un facteur complementaire dans 
le bilan energetique du monde, de plus en plus tendu; elle permet aussi 
de resoudre beaucoup de probh~mes pressants de 11 economie contemporame, 
comme par exemple la reductiOn des frais de transport des combustibles et 
la protection de 11 environnement de 1' homme. Dans les pays industnalises 
et surpeuples, il ne serait pas possible de resoudre le probleme du develop
pement de 11 energie electrique en assurant la protection de 11 environne
ment sans la participation des centrales nucleaires. Les depenses en 
deviseS pOUr 11 importatiOn des COmbustibleS nucleaireS S I elevent, par 
rapport aux depenses en devises pour 11 importatiOn de la quantite eqm
valente de houille, a 60o/o si on Importe les elements finis, et a 35% seule
ment si on importe de 11 uranium ennchi et vend en meme temps 11 uranium 
et le plutonium regeneres. 

Les reacteurs surgenerateurs permettront de tirer meilleur parti de 
l'uranium et la demande de combustible diminuera sensiblement. Les 
depenses principales seront alors celles du traitement du combustible. 

VIII.a) L 1 energie nucleaire a enrichi les ressources energetiques du 
monde d 1 un apport nouveau et particulierement important. 

b) Le fait que les centrales nucleaires n 1 affectent pas 11 environne
ment rend possible le developpement de 11 energie dans les regions ou la 
concentration industrielle et la pollution de 11 atmosphere ne permettent 
plus de construire de centrales utilisant des combustibles classiques. 

c) Cette qualite amsi que les frais de transport negllgeables per
mettent de construire les centrales nucleaires aupres des centres de con
sommatwn de 11 energie, sans frais notables de transport des combustibles 
et de transport de 1' energie meme. 

d) La non-dependance des frais de 11 energie de ceux du transport 
du combustible, 11 economie d 1 investissements dans le domame de transport 
facilitent grandement l'utilisatwn des ressources naturelles dans les 
pays en voie de developpement possedant un reseau de voies de com
municatiOn peu developpe. 

e) Pour que la participation de 11 energie nucleaire augmente dans 
les pays en voie de developpement, 11 mteret des constructeurs d 1 installa
tions destinees aux centrales nucleaires doit se concentrer sur les 
reacteurs de puissance moyenne. 

f) L 1 utilisation rationnelle de 1' energie nucleaire dans les centrales 
de grande taille a fort COeffiCient d I UtiliSation exige d I aSSOcier deS 
centraleS nucleaires de base a deS InStallatiOnS de pOinte, ainsi qUI a 
de petites centrales thermiques utilisant des combustibles classiques 
tels que le gaz, le fuel- oil et la houille. 

Bien sur, 11 energie atomique n 1 est pas la panacee qui permettra 
d I eliminer tOUteS difficulteS danS 11 industrie deS COmbustibleS et de 
1' energie, mais Il est certain qu 1 elle contribuera a resoudre des problemes 
qui, sans elle, seraient tres difhciles a regler ou meme msolubles. 
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A translation into English follows. 

NUCLEAR ENERGY AND THE FUTURE 

S. ANDRZEJEWSKI 
Government Commissioner, and 
President of the National Council 
for the Peaceful Uses of Nuclear Energy, 
Poland 

I. The importance of energy for economic development is generally 
recognized. The rapidly growing consumption of energy in all its forms 
compels us to research more and more carefully into the exploitation of 
energy resources and the satisfaction of world energy requirements. Such 
research involves: 

The qualitative and quantitative determination of energy reqmrements 
in the future, 

Collation of these requirements with world energy resources; 

The technical feasibility of utilizing the latter. 

In each of these three factors there are several unknowns whlCh cannot 
be ascertained at present. 

As research and investigation proceed, certain aspects of the problem 
can be worked out in ever greater detail, the world energy resources 
become better known, and we then see that the differences between the 
overall predictions regarding energy requirements are on the wane. 
Conversely, there are big differences between the specific forms of 
contribution to the meeting of overall needs and the methods used to exploit 
the various energy resources. 



TABLE I. STRUCTURE OF COMMERCIAL CONSUMPTION OF PRIMARY ENERGY SOURCES (2] 

1900 1920 1940 1950 1960 1970 1980 1990 2000 

World (equivalent torrrres of coal) - - - 2520 4230 6650 9820 15 600 27 400 

Contnbution ("/o) 

Coal 94.2 86.7 74.6 62.4 52. 1 32 28. 7 22.8 16. 8 

Oil 3. 8 9.5 17.9 25.2 31. 3 46 41.0 39 34.6 

Natural gas 1.5 1.9 4. 6 10. 8 14. 6 20 24.4 27.6 29.0 

Hydroelectric energy 0.5 2.0 2. 9 1.6 2. 0 2 2.3 2.3 2. 1 

Nuclear energy - - - - - 0. 1 3. 6 8.3 17. 5 
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II. During the hundred years elapsing between the middle of the mneteenth 
century and 1950, energy requirements throughout the world consistently 
increased by about 2o/o p. a. [ 1].1 It is only during the most recent decades 
that an appreciable increase in energy consumption has been observed, 
due to the speed-up in industrial development. 

It is known that energy consumption depends upon per capita national 
income and that the growth-rates for energy consumption and national in
come are closely related (Fig. 1).2 An especially rapid growth in national 
income and in energy consumption can be observed in two groups of 
countries: (1) the highly developed countries, and (2) those countries which 
so far have been poorly economically developed but wh1ch have now em
barked upon the road to rapid economic progress. 

In the first-named category we have the factor of the scientific and 
technological revolution. In the majority of highly developed countries, 
the mean annual increase in energy consumption is more than 5o/o. In 
certain cases, for example in Finland, Italy and Japan, the figures exceed 
1 Oo/o p. a. Generally speaking, there is an increase until a certain degree 
of saturation 1s reached, represented by 2-4 t of coal equivalent per 
capita, after which the annual increase levels off at a figure between 3. 5 
and 5. 5o/o. 

In the developing countries, where the level at which econom1c develop
ment begins is very low, the annual growth at the initial stage of industri
alization usually amounts to 20% and then drops down very quickly to 10o/o 
or less. At the present time, however, these relative growth hgures 
have hardly any practical significance in the context of the world con
sumption of energy. One third of mankind consumes more than four fifths 
of the present fuel and power output. Over the next decade this dispro
portion will increase still more. The high population increase observable 
in the developing countries is not accompanied by a proportional mcrease 
in energy consumption m absolute terms. It may thus be assumed that 
durmg the next decade it will be the energy consumption in economically 
developed countries that determines the level of world consumption. This 
disproportion, however, will be reduced in the last decade of the century. 
At the 7th World Power Conference held in Moscow in 1968 two predictions 
were made with regard to the development of energy requirements up to 
the year 2000. Since, in the meantime, it has been observed that the energy 
consumption for 197 0 reached the higher of the two levels predicted, 1t 
is these data that are shown in Table I [2]. The rate of fall-off in the in
crease in energy consumption for different countries leads us to beheve 
that world energy consumption will develop in accordance with a kind of 
saturation function as shown in Fig. 2,3 and that we are at present wit
nessing the initial phase of this process. 

Although the countries consuming most energy show the lowest relative 
growth, it must be remembered that at any given moment the bulk of the 
energy consumed in the world will be the result of the development of 

1 TheReferenceswlll be found at the end of the French vemon of th1s paper, p. 110. 
2 Ftg. 1, Per capita energy use and gross national product m selected countries (taken from Ref. [ 10]), 

For all Ftgures see the French vemon of thts paper. 
3 Ftg. 2. Estimated growth -rate of energy consumption, 

For all Figures see the French verswn of thts paper. 
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countries that are at present passing through the first stages of industri
alization; moreover, the population increase in these countries is above 
the world average. 

III. The energy generated is consumed by three main sectors: (a) industry; 
(b) transport; (c) domestic users and commerce. It can be seen that at 
the present time industry consumes most of the energy (40-60o/o) in the 
developed countries. Depending on the degree of motorization, population 
density and ratio of land to water traffic, transport takes 12-30o/o of the 
energy. The remainder is accounted for by domestic appliances and 
municipal services [3-5]. This latter figure is mainly dependent on climate. 
In cold climates heating takes a great deal of fuel. In hot climates air
conditioning equipment is consuming more and more power. Improvement 
in housing conditions brings about a marked increase in energy consumption 
by households and municipal services. The development of motorization 
and of international relations affects the amount of energy consumed by 
transport. Improvement in living standards and a parallel increase in 
industrial output also result in a higher consumption of fuel and power in 
industry. Technological improvements, however, which make it possible 
to decrease the unit energy consumption, run counter to this trend. The 
production of pig-iron is an example· through careful preparation of the 
charge, increased pressure and temperature of the air, and improved 
furnace efficiency, there has been a systematic decrease in the quantity of 
coke required. Similarly, the manufacture of artificial (nitrogen) ferti
lizers, which used to consume more energy than any other chemical 
process, has become self-sufficient in terms of energy consumption, thanks 
to the rationalization of the technological processes. This is why in certain 
countries a slight decrease is foreseen in the part played by industry in 
the overall energy consumption. 

The big differences to be observed in energy consumption can be 
illustrated by the following figures: in 1969 some of the larger developing 
countries were consuming 0. 16 t of coal equivalent per capita, while the 
highly developed countries used 9. 5 t and estimated that the consumption 
would have reached 17. 5 t of coal equivalent per capita by the year 2000 [2]. 

IV. These requirements can be met by resorting either to various primary 
sources (coal, oil, natural gas, etc.), or to secondary sources (e. g. 
electricity). The main economic criteria motivating the choice of fuels 
and forms of energy (apart from the decisive factor of their suitability 
in each individual case) are: 

The unit price of heat; 
The size of the investment involved;' 
Secondary investments; 
Operating costs; 
The effect on the environment of man. 

Natural gas is an ideal fuel for all stationary installations. Operational 
costs are lower than for oil. Installations using natural gas as a source 
of heat are much less expensive to run than those using fuel oil or coal [6]. 
Gas furnaces can easily be automated. The efficiency of combustion is 
virtually independent of the calorific value. Natural gas used for the 
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mains supply does not produce any sulphur or ash, and is an excellent fuel 
from the standpoint of protecting the environment. Distribution costs are 
mainly made up of fixed charges; since storage of the gas is costly, regu
lar distribution is desirable. 

Natural gas is not only a fuel, but also a valuable chem1cal raw material. 
Its high efficiency, the relative simplicity of maintaining small gas furnaces, 
together with the fact that its combustion products are not harmful to the 
e11vironment, make it a perfect fuel for households and municipal services 
which, together with the chemical industry, are the main consumers of 
this fuel. Because of its excellent qualities it is consumed in increasing 
quantities. Predictions for the period up to the year 2000 foresee that, 
in the overall energy balance, gas consumption may be higher than that of 
coal (Fig. 3).4 

Sulphurless liquid fuels are just as valuable as gas, and it is easier to 
store them. Furthermore, the investment cost is lower than for coal or 
uranium and hence they can be used efficiently in installations operating 
with a low load factor. They are the fuels most commonly employed at 
the present time for air, road and sea transport. They can also compete 
successfully with electric traction on the railways. However, the role of 
oil and its derivatives has been affected by the requirements of environ
mental protection. When unloading their oil, and particularly when the 
holds are being cleaned up, oil tankers pollute the seas and oceans. The 
shipwreck of a tanker together with its cargo, which spreads to the surface 
of the water, leads to soiling of beaches and the destruction of bwlogical 
life along the coasts. Waste products from refineries pollute rivers and 
off-shore waters. Similarly, exhaust gas from internal combustion engines 
constitutes a hazard for the atmosphere. 

This explains the advantage to be gained by developing some means 
of transport other than the automobile engine for cities and their surrounding 
areas. If the internal combustwn engine could be replaced by an electric 
motor powered by mains-charged accumulators, oil requirements would 
undergo a radical change, especially since protection of the environment 
forbids the burning of large quantities of fuel oil releasing excessive sulphur 
at power stations. Desulphurization of fuel oil or exhaust gases makes for 
a considerable mcrease in operating costs and reduces the competitiveness 
of hquid fuels, which, following the latest oil price increases, has already 
substantially declined to the advantage of other fuels. Some countries have 
already responded to the mcreased cost of oil by expanding their program 
for the construction of nuclear power stations. 

The projections made to date envisage a rapid growth in oil consumption, 
which had already outstripped coal in the fuel balance for 1969, with a 
consumption higher than that of any other fuel. The latest oil price in
crease, which can be considered to reflect the overall market s1tuation, 
may tip the balance in favour of gas and nuclear energy, in view of the need 
to protect the environment. 

Coal, the second fuel in history after wood, is going through a period 
of stagnation. Over the last 10 years the coal output has remained at a 

4 Fig. 3. Predicted world consumpncn of pnmary energy resource! up to the year 2000. 
For all Figures see the French version of this paper. 
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level of about 2 000 million tons. Over the same period the output of lignite 
has slightly increased. The stabilizatwn of the amount of sohd fuel mined 
is explained by competltion from oil. At a cost of heat that is only just 
lower, coal involves greater investments m the installations that make use 
of it. A power station operatmg on coal costs 20-25o/o more than one using 
oil. The operating costs are higher and disposal of the ash gives rise to 
problems. Properly constructed and operated dust-filtermg units have 
eliminated air pollutwn, but there is still the problem of handlmg large 
amounts of ash. When the efficiency of furnaces is not very high - as is 
the case with coal- maintenance is a laborious process and automatwn 
is difficult. This is why on a domestic level coal has been replaced by gas, 
electricity or fuel oll. Only larger plants, such as thermal power statwns, 
still use coal, as It is cheaper than heavy oils and especially because It 
contains less sulphur. Up to the present time coal has been the main fuel 
used in metallurgy. 

Despite a slower growth-rate m the use of coal over the last 20 years 
and the decrease expected m its contnbution to the world energy balance, 
it seems that the next few decades will witness a steady nse in coal 
production, by 2.5- 3.5o/o p. a. The slackemng off is due to the general 
trend in Western Europe towards a decline in this respect. The reasons 
for this are the higher operating costs and the difficulties involved in fmding 
labour for the mines. Modernization of working condihons might change 
this state of affairs. An example that may be quoted in this connection 
is the Jan coal mine m Upper Silesia (Poland), which is completely auto
mated and where the output per miner is several times greater than that 
in a conventional mme. 

Nuclear energy will experience a very high rate of development: 50o/o p.a. 
over the next decade, and then 14o/o during the followmg years, i.e. a 
faster relative increase than for gas or oil. Nuclear energy possesses 
features that differ totally from those of liquid fuels. Investment costs 
are higher than for other fuels, while, on the other hand, heat production 
costs are lower. The larger the units the greater their efficiency and 
the lower the investment required, and costs decrease more rapidly with 
output than in other power plants (see Tables II-IV). Thus, the use of 
nuclear energy is at the present time economically worthwhile in high
capacity power plants with a high load factor, i.e. large base-load power 
stations, large power stations simultaneously producing heat for industrial 
establishments or for the desalination of sea-water, or large agro-industrial 
complexes at present at the design stage. Since the transport of nuclear 
fuel is not very costly, nuclear power stations can be built in direct proximity 
to centres of consumption. They can also be constructed in densely popu
lated areas, since they do not pollute the atmosphere and are almost perfectly 
safe. These advantages explain the inordinately fast development of nuclear 
energy, which by the end of the century will probably occupy a place in the 
electricity balance on a par with conventional fuels. 

In certain countries hydroelectric energy may play an important part, but 
in the world energy balance it will occupy only a marginal position. The 
cost of constructing a hydroelectric power station is usually higher, hence 
as regards the production of power alone, conventional thermal stations or 
nuclear plants are economically preferable. Other factors militate in favour 
of hydroelectric power stations, particularly the irngation of water-depleted 
land or the damming of flood waters. 
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TABLE II. COMPARISON OF FUEL COSTS FOR 500-MW POWER 
PLANTS (UNIPEDE, 1961) 

Capacity (MW) 

Fuel 
4 y 125 2 X 250 

Coal 1. 0 0. 92 

Fuel ml 0. 85 0. 78 

Natural gas 0. 833 0. 77 

TABLE III. CAPITAL COSTS FOR 500-MW AND 1000-MW POWER 
STATIONS 

117 

(Costs in $/kW, 1970 US dollars, first core not included; taken from [6]) 

Fuel 

Coal 

Fuel 01! 

Nuclear energy 

(PWR or BWR) 

500 

165 

140 

190 

Capacity ( MW) 

1000 

140 

115 

150 

TABLE IV. INVESTMENT COSTS FOR VARIOUS TYPES OF POWER 
STATION 
(1969 values, taken from [9]) 

Fuel 

Capacity (MW(e)) 

Cost ($/kW) 

Nuclear 

300 500 1000 

311 248 191 

Fuel oil 

300 500 1000 

177 152 132 

These estnn ated costs mclude both duect and mdirect expend1ture, 1nterest dunng constructwn, 

and pnce escalation dunng construction. 

TABLE V. INITIAL ENERGY RESOURCES IN THE WORLD [7] 

Quant1ty 
Energy content 

("/o) 
( 1015 kWh(th)) 

Coal and ilgmte 7600 X 109 t 56 59 

Petroleum liqmds 280 X 109 t 3. 35 3. 5 

Natural gas 283 x 1012 m' 2. 94 3. 1 

Uramum (U 30,) a 1700 X 103 t 33 34.4 

Total 95. 29 100.0 

a Extraction cost lower than US $22/kg. 
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V. Electrical power is of particular importance in meeting energy needs. 
In the evaluations given above it has not been taken into consideration, 
since it constitutes a secondary source, stemming from the conversion 
of the energy of a waterfall or of the thermal energy created by the burning 
of conventional fuels or by nuclear fission. The efficiency of these conversion 
processes is low at best it never exceeds 0. 4. If we also take transport 
costs into consideration, the efficiency is still lower and often remains 
below 0. 2 5. Hence electric heating requires three or four times more fuel 
than is needed in the case of direct consumption. However, technological 
factors together with considerations of convenience are leading to the in
creased capacity of thermoelectric plants. On the other hand, both lighting 
and operation in stationary plants belong exclusively to the realm of elec
trical power. 

The annual growth in the world consumption of electrical energy has 
recently attained some 7%. This means that consumption has been doubling 
every ten years. In the developing countries the increase is at times 
greater than 14%, but falls off as higher levels are reached, and there are 
many predictions that it will drop by about 1% during each decade. If 
operating costs were lower, the fact that electrical energy is so convenient 
to use might result in much higher consumption. Furthermore, as pointed 
out above, the large-scale adoption of battery-powered electric cars could 
also bring about a considerable increase in the consumption of electrical 
energy. Since in such a case the final efficiency of the primary energy 
source would be lower than that of the internal combustion engine, there 
would be a general increase in energy consumption. 

VI. The corollary of the rapid increase in energy consumption is acceler
ated utilization of energy resources; this acceleration is greater in the 
case of fuels of which there are smaller reserves, namely natural gas 
and oil. Consumption should therefore be collated with the reserves. A 
detailed study of these reserves could lead us to a reappraisal of the initial 
estimates relating to quantities available and how they should be used. 
The data in Table V [7, 8] illustrate this; the data on uranium are con
servative, but the figures would be several times higher if the reserves 
for which the mining costs are higher were taken into account. If the oil 
and natural gas requirements continue to increase at the anticipated rate, 
half of these resources will have been used up by the year 2000. According 
to the hypothesis put forward by Hubbert [ 7], exploitation of the resources 
will conform to the following pattern: the first and last 10o/o of the raw 
material will be extracted over a prolonged period, while the bulk of it, 
i.e. 80%, will be obtained over a relatively short time. We can expect 
extraction to decrease when roughly half of the reserves have been used 
up. Thus, after the year 2000 the contribution of oil and gas will most 
likely decline and their place will be taken by nuclear energy and coal, 
extraction of which will be increased (Fig. 4) .5 The data for other resources, 
for example, geothermal, tidal and solar energy, are not yet sufficient for 
us to evaluate the role they could play in the total fuel balance. The energy 
reserves for which, from the technical standpoint, the exploitation tech
niques have been fully mastered, will suffice for hundreds of years to come, 

5 Fig. 4. Foreseeable depletion rate for world resources (thermal energy supplied by fossil fuels). 
For all Figures see the French vemon of this paper. 
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and it is not possible to make any exact forecasts for so long a period. 
At the present time thermonuclear energy is not in the running, since 
controlled nuclear fusion is not yet a reality. The problem is not one of 
taking precautions to avert a dearth of energy, but of ensuring optimal 
exploitation of fuel and power. 

The results of the growth in energy consumption are varied and often 
unfavourable for the environment. They can be summarized in the form 
of the following main problems: 

Concentration of plants producing and processing fuel and power; 
Transport; 
Deleterious effects on the environment. 

Increased energy needs bring about the concentration of fuel extraction 
and processing facilities, a factor which helps to reduce the cost of 
constructing and operating mines, power stations and refineries. Under 
these conditions it is not profitable to maintain small plants of this kind, 
to work small coal deposits, or to construct small hydroelectric power 
stations or small-unit thermal power stations, since they cannot compete 
with large facilities. This situation is a handicap to economically developed 
countries. Since the fuel reserves are not uniformly distributed, it is 
often impossible to make use of them at the point of extraction. Thus 
enormous quantities of coal, oil and liquid gas have to be transported, or 
the gas and oil pumped through long pipelines. Profitability is proportional 
to transport capacity. This is also a handicap for large consumers. The 
carriage of oil in tankers involves pollution of the seas and oceans, for 
example when the oil is shipped or when the tanks are cleaned out, and 
causes a disastrous degree of pollution when a tanker meets with a serious 
accident or is wrecked. The hazards inherent in such incidents are even 
greater in that the carrying capacity of oil tankers is growing continuously. 

Overland shipment of coal is a considerable burden on rail transport. 
The bulk of investments earmarked for public transportation end up by 
being spent on the shipment of fuel. 

Pollution of the environment during fuel transport is not very high 
compared with that caused by the conversion and combustion of fuels. 
Refineries and coke works have an adverse effect on the environment. 
The combustion of various kinds of fuel fills the air with nitrogen oxides, 
in many cases with sulphur oxides and, in the case of solid fuel, with ash. 
Even carbon dioxide, considered to be harmless, is not without hazard 
for the earth's atmosphere. Sulphur dioxide and pollutants, the effects 
of which are not felt in small concentrations, are capable of destroying 
the biological life of the environment when a certain threshold value is 
exceeded. It has also been noted that the heating of surface water by heat 
produced by the condensation of steam in condensers, at one time thought 
to be harmless, may destroy the biological life in the water. Prevention 
of the deleterious effect on the environment resulting from the use of fuel 
involves expenditure that plays a big part in deciding the relative proportions 
of the various fuels used. 

VII. These factors bring out the importance of nuclear energy and partly 
explain its rapid progress. The expected doubling of nuclear power station 
capacity every two years during the present decade is something without 
precedent. 
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TABLE VI. PROJECTION OF ENERGY COSTS FOR LIGHT-WATER 
REACTORS UP TO THE YEAR 2000 
(taken from Ref. [9]) 

Year 1975 1985 2000 

Reactor capacity (MW(e)) 1000 2000 5000 

Unit cost ($/kW Installed) 170 110 70 

U30, cost ($/kg) 17. 6 20 26. 5 - 57. 5 

Ftxed charges (mills/kWh) 3.4 2. 2 1.4 

Fuel cycle (mills/kWh) 1.2 1.1 1. 3 - 2. 0 

Operation and matntenance (mills/kWh) 0.4 0. 3 0. 2 

Energy cost (mllls/kWh) 5. 0 3. 6 2. 9 - 3, 6 

Nuclear energy is used not only in power stations producing electricity 
alone. The construction of dual-purpose heat and power stations has been 
projected and the use of high-temperature reactors as a heat source for 
metallurgical and chemical processes is under study. 

The main reason for this dynamic development of nuclear energy is its 
economic advantage over conventional fuels. The heat is produced in a 
reactor at lower cost, the expenditure involved in buying and importing 
fuel is modest, and transport costs are negligible. Furthermore, the 
environment is not affected. The higher the capacity of nuclear power 
stations, the more competitive they are [ 9]. This leads to a much greater 
concentration of capacity than in the case of conventional power stations, 
and it often happens that the largest plant in a given country is a nuclear 
one (Table VI). These features of nuclear power stations are certainly 
inhibiting their rapid adoption m developing countries. In most cases the 
capacity of the system, more especially the density of requirements 
(k\V jkm2), is too small to entertain the Idea of installing nuclear plants of 
sufficient capacity to compete with conventional stations. On the other 
hand, the investment costs for nuclear stations are higher than for conven
tional plants [ 9]. If a high interest rate or rapid amortization is envisaged, 
the heavy expense of the first plant means that the time when it could 
become competitive is further off. The fact that the siting of these power 
stations hardly affects the cost of fuel at all is a very important advantage 
of nuclear power stations. Their safety vis-a-vis the environment means 
that they can be built and operated as near as required to centres of con
sumption, thereby keeping to a minimum the fuel transport and energy 
transmission costs while relievmg transport vehicles from a heavy burden. 
The decrease m secondary investments in fuel transport costs - which, 
for example, in a case where coal is shipped a distance of 600 km, amount 
to 40% of the outlay for the station itself- may offset the higher investment 
required for a power station operating on nuclear energy. 

The safety of nuclear power stations [ 9, 1 O] is a characteristic of 
nuclear energy that is gaining more and more recognition. The incon
venience of conventional power stations, which becomes more and more 
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intolerable as concentration of capacity progresses, contrasts sharply 
with the fact that nuclear power statwns do not affect the environment 
adversely. The objections that have been raised in connection With the 
release of radioactive materials are not convincing, since the same materi
als are often present in the combustion gases produced by coal in conven
tional power stahons. In both cases, however, the activity is lower than 
the permissible concentration by several orders of magnitude [ 11]. The 
need to protect the atmosphere is especially important in economically 
developed countries with a high populatwn density. The degree of environ
mental pollution in these countries iS often close to, or already higher 
than, the permissible limit, and we therefore cannot afford to aggravate 
the situatwn by building more power stations of the conventional type (Fig. 5; 
Table VII). 6 

TABLE VII. COMPARISON OF ACTIVITY RELEASED BY NUCLEAR 
AND CONVENTIONAL POWER STATIONS 
(taken from Ref. [11]) 

Coal Nuclear(PWR) 

Capacny (MW(e)) 1000 462 

Stack hetght (m) 240 60 

Effective stack hetght (m) 460 0 

Stack dtscharges 

Fly ash (g/yr) 4. 5 X 109 

Ra-Th (mCt/yr) 47.9 

Noble gases (Ct/yr) 3.7 

Ltqmd effluents 

F!Sswn products (Ct/yr) 3.8 

Tritium (Ct/yr) 1. 735 

Maximum dtspersion (m) 35 000 840 

Cntlcal organ bone whole body 

ICRP dose limll (~rem/h) 333 57 

Dose rate (~rem/h · MW(e)) 35. 2 X 10-6 1. 2 x 1o-• 

Fractwn ICRP dose/MW(e) 10. 6 x 10-s 2. 1 X 10-s 

Nuclear energy has become a complementary factor in the world energy 
balance, which is being subjected to ever greater strain. This form of 
energy also enables us to cope with a host of urgent problems in the present
day economy, for example reduction of fuel transport costs and protection 
of man's environment. In the highly industrialized and over-populated 
countries it may not be possible to increase electrical capacity and, at the 
same time, safeguard the environment without the use of nuclear power plants. 
The cost in foreign currency of importing nuclear fuel amounts to 60% of 

• Ftg. 5. Projected SO, and CO, production by the electrical power tndustry. 
For all Ftgures see the French verswn of thiS paper. 
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the cost of importing the equivalent amount of coal if fabricated elements 
are purchased and only to 35o/o if enriched uranium is imported and the re
generated uranium and plutonium are sold. 

Breeder reactors will allow better utilization of uranium, and fuel 
requirements will therefore be appreciably decreased. The main expendi
ture will then relate to fuel reprocessing. 

VIII. (a) Nuclear energy has added a very important new contribution to 
world energy resources, 

(b) The fact that nuclear power stations do not affect the environ
ment makes it possible to develop nuclear energy in areas where the con
centration of industry and pollution of the atmosphere are such that we can 
no longer afford to build power stations operating on conventional fuels; 

(c) This positive characteristic, plus the negligible transport costs, 
enables nuclear power stations to be built near energy consuming centres 
without the need for appreciable expenditure on fuel transport and on trans
mission of the power itself; 

(d) The fact that energy costs are independent of fuel transport costs, 
together with the saving on investments in the transport sector make it 
much easier to use natural resources in developing countries with an 
underdeveloped communications network; 

(e) To increase the part played by nuclear energy in the developing 
countries, manufacturers of plant intended for nuclear power stations 
should concentrate their efforts on medium-power reactors; 

(f) The efficient use of nuclear energy in large-size power plants 
with a high utilization factor necessitates the combination of base-load 
nuclear stations with peak-load facilities and with small thermal power 
stations operating on conventional fuels such as gas, oil and coal. 

Obviously, atomic energy is not a panacea for all the ills existing in 
the fuel and power industry, but it can certainly help to solve problems 
which, without it, would be very difficult or even impossible to deal with. 
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OE30P PAEOTbJ KOH4>EPEHUI1I1 

H. H • EOrOJTIOEOB 

AKa,l1eMHll HayK CCCP, 

MOCKBa, 

Co103 CoBeTCKHX CouHaJIHCTHtieCKHX 

Pecny6JIHK 

HatiHHall CBOH 0630p, ll XOTeJI 6b! npe)!(,l1e BCero Bb!pa3HTb 6Jiaro,Z1apHOCTb 

3a Ty 60JibiiiYIO tieCTb, KOTopal! 6biJia OKa3aHa MHe - npe,Z1CTaBHTeJIIO COBeT

CKOH HayKH - npe,Z1JIO)!(eHHeM C,l1eJiaTb HTOrOBblH ,l10KJia,l1. EMeCTe C TeM, ll 

,l10JI)!(eH OTKpOBeHHO CKa3aTb, 'ITO TIOCTaBJieH B O'IeHb 3aTpy,Z1HHTeJibHOe TIOJIO

)!(eHHe, TIOCKOJibKY Tenepb aTOMHall HayKa H TeXHHKa HaCTOJibKO pa3BHJIHCb, 

'ITO O,ljHOMy tieJIOBeKy npaKTH'IeCKH HeB03M0)!(H0 rny60KO BHHKHYTb BO BCe ee 

acneKTbl. TI0:3TOMY B ,ljaHHOM 063ope ll 6y.11y BblHY)!(.lleH OCTaHOBHTbCll JIHIIlb 

Ha CaMb!X OCHOBHbiX, no MOeMy MHeHHIO, ,ljOCTH)!(eHHliX, 0 KOTOpb!X rOBOpH

JIOCb Ha :3TOH KoHTepeHUHH. 3,l1ecb ll, pa3yMeeTcl!, npHJIO)!(Y Bee CHJibi ,l1Jill 

MaKCHMaJibHO 06'DeKTHBHOrO OCBell(eHHll BCeX rJiaBHb!X acneKTOB, XOTll HeCoM

HeHHO B03MO)!(H0, 'ITO HeKOTOpb!H OCTaTOK cy6'DeKTHBHOrO TIO,l1XO,l1a, HeKOTO

pall cy6'DeKTHBHOCTb TpaKTOBKH BCe )!(e 6y.l1yT HMeTb MeCTO, nOCKOJibKY Kpyr 

MOHX HHTepeCOB orpaHH'IeH onpe,ljeJieHHb!MH paMKaMH. 

IV KoHTepeHUHll, 11 :3TO Heo6XO.l1HMO KOHCTaTHpoBaTh B nepByiO oqe

pe,Z1h, Bbi3BaJia 60JibliiOH HHTepec H npHBJieKJia 60JibiiiOe KOJIH'IeCTBO yqacTHH

KOB. HeCOMHeHHO, 'ITO npoHCIIIe,ljiiiHH Ha HeH Me)!(,l1yHapO,Z1HbiH 06MeH HaytiHbi

MH H TeXHHtieCKHMH H,ljel!MH, noKa3 noJiytieHHb!X B pa3Hb!X CTpaHaX ,ljOCTH)!(e

HHH .llOJI)!(eH oKa3aTb caMoe cyll(eCTBeHHoe BJIHl!HHe Ha ,l1aJibHei1IIIee pa3BHTHe 

aTOMHOH HayKH H TeXHHKH. 

79 cTpaH npHcJiaJIH CBOHX npe,Z1CTaBHTeJieH Ha :3TY KoHTepeHUHIO ,l1Jill o6-

cy)!(.l1eHHll npo6JieM, CBll3aHHb!X C HCnOJib30BaHHeM aTOMHOH :3HeprHH. 3a 

ceMh neT, npoiiie,Z1IIIHX co BpeMeHH npoBe,l1eHHll III )!(eHeBcKoH KOHTepeHUHH, 

npaKTH'IeCKH BO BCeX CTpaHaX MHpa HHTeHCHBHO pa3BHBaJiaCb aTOMHal! HayKa 

H TeXHHKa, KOTOpaH, KaK He,l1aBHO 3al!BHJI Ha reHepaJihHOH AccaM6Jiee OOH 

reHepaJibHb!H ,Z1HpeKTOp MAr A T3 ,ljOKTOp 3HrBap,Z1 3 KJIYH.ll' ,ljOCTHrJia CBOe

ro COBepiiieHHOJieTHll. AHaJIH3HpyH ,l10KJia,l1bl ytieHbiX H cneuHaJIHCTOB 113 MHO

rHX cTpaH, MO)!(HO c yBepeHHOCThiO no,l1TBep,Z1HTh, 'ITO IV )!(eHeBcKall KOHTe

peHUHH nOKa3aJia, 'ITO pa60Tbl, CBll3aHHb!e C npaKTH'IeCKHM HCnOJib30BaHHeM 

l!,ljepHOH :3HeprHH, 6ypHO pa3BHBa!OTCll. 

EcJIH nepe.11 npoBe,l1eHHeM I )KeHeBCKOH KOHTepeHUHH B 1955 ro.11y aToM

Hall :3HepreTHKa 6biJia npe,Z1CTaBJieHa TOJibKO e,ljHHCTBeHHOH aTOMHOH :3JieKTpo

CTaHUHeH (06HHHCKall aTOM Hall :3JieKTpOCTaHUHll MOII(HOCTb!O 5 MET), TO ne

pe.11 npoBe,l1eHHeM IVKOHTepeHUIUf KOJIH'IeCTBO ,l1eHCTBYIOII(HX 11 cTpOHII(HXCH 

:3HepreTH'IeCKHX peaKTOPOB ,ljOCTHrJio 6onee 230. no ,l1aHHb!M MAr AT3 Ha 

KOHe'-1 anpeJil! 1971 rO,lja pa6oTaJIO 102 peaKTOpa H HaXO,ljHJICll B CTa,l1HH 

CTpOHTeJibCTBa 131 :3HepreTH'IeCKHH peaK TOp. ,UOCTH)!(eHHll B 06JiaCTH l!,Z1ep

HOH TeXHOJIOrHH H ee npHMeHeHHll B MHpHb!X UeJil!X npHBJieKaJIH BHHMaHHe He 

TOJibKO ytieHb!X H HH)!(eHepOB, HO H rocy,Z1apCTBeHHb!X ,ljel!TeJieH. 

B HaCTOl!II(ee BpeMl! y ueJIOrO pli,Z1a CTpaH HMeiOTCll nHTHJieTHHe HJIH ,ljOJI

rocpO'IHb!e HaUHOHaJibHbie nporpaMMbl pa3BHTHll aTOMHOH HayKH H TeXHHKH. 

H aJIHtiHe TaKHX HaUHOHaJibHbiX nporpaMM, a TaK)!(e coTpy.llHH'IeCTBO B paMKax 
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MAr AT3 H .npyrHX cneuHaJIH3HpoBaHHbiX MelK.nyHapo,Z:IHbiX opraHH3al.IHH no-

3BOJIHeT 6onee ueneycTpeMJieHHO pernaTb BalKHeHIIIHe npo6JieMbi HCnOJib30Ba

HHH aTOMHOH 3Heprlili. 3Ha4HTeJibHbiH BKJia,Z:I B 3<fl<fleKTHBHOe peiiieHHe npo6-

JieM HCnOJib30BaHHH aTOMHOH 3HeprHH B M!ipHbiX ueJIHX BHeCeH npe,Z:ICTaBJieH

Hb!Mii Ha 3Ty KoH<flepeHUiiiO ,Z:IOKJia,Z:IaMH li TeMH TBOp4eCKHMii o6cylK.LieHHHMH, 

KOTOpbie npOBO,Z:IIiJIIiCb B 3aJiaX .llBopua HaUHH, Ha Bb!CTaBKe li B CaMbiX pa3Hb!X 

MeCTax B ropo.ne )i(eHeBe. 

I1TaK, 5I n03BOJIIO ce6e KpaTKO OCTaHOBiiTbCH Ha 0630pe OT,Z:IeJibHb!X BOn

pOCOB, paccMoTpeHHbiX Ha IV )i(eHeBcKoi:f KoH<flepeHUHH no HcnoJib30BaHHIO 

aTOMHOH 3Heprlili B MlipHbiX UeJIHX. 

I1Me51 B BH.LIY MelK,Z:IyHapO,Z:IHbiH xapaKTep pa6oT, npOBO,Z:IIiMbiX B 06JiaCTii 

HCnOJib30BaHH51 aTOMHOH 3HeprHH B M!ipHbiX UeJIHX, MHe 6bl He XOTeJIOCb Bbi

,Z:IeJIHTb p01Ib TOH HJIH HHOH CTpaHbl, nOCKOJibKY BCe HaiiiH ,Z:IOCTHlKeHHH B 3TOM 

nJiaHe li.LIYT B 06ll.lyiO KOnHJIKY MelK,Z:IyHapO,Z:IHbiX ,Z:IOCTHlKeHHH. OueHHBaH xa

paKTep li OCHOBHbie pe3yJibTaTbl npe,Z:Ibi.LIYlllliX )i(eHeBCKHX KOH<flepeHUiiH no 

HCnOJib30BaHHIO aTOMHOH 3HeprHH B MlipHb!X UeJIHX, MHOrHe opaTOpbl nO,Z:14ep

KHBaJIH, 'lTO III )i(eHeBcKaH KoH<flepeHUHH 1964 ro.na npo.neMoHcTp!ipOBaJia 

TaKOe COCTOHHHe, KOr,Z:Ia H,Z:IepHaSI 3HepreTHKa ylKe BbliiiJia li3 CTa,Z:IIili 3KCne

pHMeHTa, H.nepHbie 3JieKTpocTaHUMM Ha4aJIM KOHKypHpoBaTb c o6bi4HbiMH 

3JieKTpOCTaHUHHMii li, 60Jiee TOrO, HaiiiJIIi CBOH nyTb pa3BiiTMH. 

B Ha4aJie Harnei:f pa6oTbi, 3.necb B )i(eHeBe, HaM HanoMHHJIH Te 3a.na'lH, 

KOTOpbie reHepaJibHaH AccaM6JieH nocTaBHJia nepe.n IV )i(eHeBCKOH KOH<flepeH

UHei:f: OHa ,Z:IOJilKHa 6b!Tb noJie3HOH He TOJlbKO ,Z:IJIH y4eHbiX 1i liHlKeHepOB, HO 

TaKlKe ,Z:IJIH opraHH3aTOpOB npOMbiiiiJieHHOCTii, a,Z:IMHHHCTpaTOpOB li 3KOHOMHC

TOB. TaKOH npHUeJI liCXO,Z:IIiJI li3 C03HaHHH TOrO, 4TO K MOMeHTy C03b!Ba 

IV KoH<flepeHUMM H.nepHaH 3 HepreTHKa .nocTHr na 3 Tan a 3 peJIOCTH. 

Xo.n KoH<flepeHUHH no.nTBep.nHJI 3TH MCXO.z:IHbie npe.nnocb!JIKH H no3BOJIHeT 

C4HTaTb, 4TO nocTaBJieHHaH uenb .nocTHrHyTa. ITepcoHaJibHbiH cocTaB KoH

<flepeHUHH li xapaKTep npe,Z:ICTaBJieHHbiX MaTepHaJIOB CBH,Z:IeTeJibCTByeT 0 TOM, 

4TO aTOMHaH 3HeprHH npO,Z:IOJilKaeT yKpenJIHTb CBOH n031il.llili B CaMbiX pa3HO

o6pa3Hb!X c<flepax .neHTeJibHOCTH qeJioBeKa, a caMaH KpynHaH o6nacTb ee npH

MeHeHMH - H,Z:IepHaH 3HepreTMKa - nOJIY4MJia IIIHpOKOe pacnpocTpaHeHMe BO 

BCeM MMpe. 

llMeHHO 3TOT <flaKT Bbi,Z:IBMraeT Ha nepBbiH nJiaH pH,Z:I BalKHbiX npo6JieM, 

KOTOpbie MOrJIM Ha 60Jiee paHHMX 3Tanax pa3BMTMH He HaXO,Z:IMTbCH B UeHTpe 

BHHMaHMH IIIHpOKMX KpyroB. CIO,Z:Ia OTHOCHTCH 1 npelK,Z:Ie BCero, BOnpOCbl B03-

.nei:fCTBMH Ha OKpylKaiOli.IYIO cpe.ny 1 6e30naCHOCTb HaCeJieHMH, BOnpOCbl 3axo

pOHeHMH OTXO,Z:IOB, npo6JieMbl pa60Tbl aTOMHbiX 3JieKTpOCTaHUMH B 3Hepro

CMCTeMaX, MCCJie,Z:IOBaHMH no Bbi6opy OnTHMaJibHOrO TOnJIMBHOrO l.IMKJia ,Z:IJIH 

pa3JIM4Hb!X TMnOB peaKTOpOB 1 M3y4eHMe CTOHKOCTM KOHCTPYKl.IMOHHbiX MaTe

pHaJIOB. 

0630p KaK M!ipOBb!X nOTpe6HOCTeH B 3HeprHH, TaK li 3HepreTH'leCKHX 

pecypCOB noKa3biBaeT, 4TO K KOHLIY 3TOrO CTOJieTHH C nOMOll.lbiO aTOMHOH 

3HeprHH ,Z:IOJilKHa, no-BH,Z:IMMOMY, Bb!pa6aTbiBaTbCH noJIOBHHa BCei:f 3JieKTpHqe

CKOH 3Heprlili, npO!i3BO,Z:IIiMOH B MHpe. roBOpH 0 lllicPPaX, MOlKHO OTMeTHTb, 

4TO K KOHLIY CTOJieTHH MOli.IHOCTb H,Z:IepHOH 3HepreTHKii no npe,Z:ICTaBJieHHbiM 

3.necb nporHo3aM B03Mo lKHO npH6JIH3HTCSI K 3 MJIH. MBT. Pac'leTbi noTpe6-

HOCTei:f nOKa3biBaiOT, 'lTO B 1980 ro.ny MOli.IHOCTb H,Z:IepHbiX CTaHUHH COCTaBHT 

npHMepHo 300 000 MBT (3JI), a 3a 20 nocne.nyiOli.IMX neT npoH3BO.z:ICTBO 3JieK

TpH4eCKOH 3Heprlili OT aTOMHbiX 3JieKTpOCTaHQHH ,Z:IOJilKHO yBeJIHUifTbCH npH

MepHO B 8-10 pa3. MaJIO CKa3aTb, 4TO 3TO O'leHb CJIOlKHaH li Tpy.nHaH npo6-
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JieMa, B peilleHiili KOTOpOH npHMYT y-qaCTHe y-qeHbie, liH)I(eHepbi li opraHH3a

TOphi npO!i3BO,!ICTBa BCero M!ipa. 3Ta 3a,lla-qa npH6JIH)I(aeTCSI K lflaHTaCT!i'{e

CKOH. 0,!1HaKO peilleHHe :3TOH 3a,lla'{li y)l(e Ha'{aJIOCb Ill!ipOKiiM BHe,llpeHHeM 

:3HepreTii'{eCKiiX TenJIOBblX peaKTOpOB li 0Tpa60TKOH liH)I(eHepHbiX npo6JieM 

6biCTpbiX peaKTOpOB. 

PeaKTOpbi Ha TenJIOBbiX HeHTpOHaX npOiliJI!i 3Ha'{liTeJibHbiH nepHO,ll li3y-qe

HiiSI li OCBOeHHSI M :3KCTIJiyaTMpyiOTCSI Cei:i-qac B npOMb!IliJieHHOCTM. 3 TO 1 npe )!(

)le BCero 1 OTHOCMTCSI K peaKTOpaM C BO)ISIHbiM 3aMe)IJIMTeJieM M 1 B 3Ha'{HTeJib

HOH Mepe, K peaKTOpaM C rpalfJMTOBbiM 3aMe,!IJIMTeJieM - KaK C ra30Bb1M 1 TaK 

M C BO,!ISIHbiM TenJIOHOCHTeJieM. Cei:i-qac MHOrHe CTpaHbl y)l(e pacnoJiaraiOT 

)IOCTaTO'{HO 6oraTbiM onbiTOM Mx :3KcnnyaTaUMM. Ha :3TOM nyTM 6biJIM H ycne

XM, M Tpy)IHOCTM. Tenepb y)l(e SICH0 1 '{TO Tpy.IIHOCTM, B OCHOBHOM 1 npeO,!IOJie

Hbl1 HaKonneHHbiH onl>IT C03)1aJI xopomy10 npe,llnocbiJIKy Ha-qaBmerocSI 6ypHoro 

pOCTa Sl)lepHOH :3HepreTMKM. li3JIO)I(eHMe OnbiTa pa3BMTMSI M 3KCnJiyaTaUMM 

:3TiiX peaKTOpOB - O'{eHb Ba)I(HaSI TeMa, 3aTpOHyTaSI HailleH KoHlflepeHUMeH. 

C Jie .liYIOiliMH Kpyr Hay'{HO- TeXHM'{eCKiiX npo6JieM, np!i BJieKillliH 60JibiliOe 

BHHMaHHe y-qaCTHMKOB KoHlflepeHUMii 1 - o6ecne-qeHHe 6e3onaCHOH 3KCTIJiyaTa

l.llili aTOMHbiX 3JieKTpOCTaHUiiH. 3Ta npo6JieMa HMeeT pa3H006pa3Hble acneK

Tbl: npaBHJ!bHOe KOHCTpy!ipOBaHMe peaKTOpOB li MX CMCTeM OXJia)l(,lleHHSI j )IO

CTaTO'{HO nOJIHbiH y-qeT np!ipO.l\HbiX lflaKTOpOB li o60CHOBaHHbiH Bbi6op MeCT 

pacnOJIO)I(eHMSI aTOMHbiX 3Jie KTpOCTaHUiiHj pa3BiiTMe cneuHaJibHbiX HOpM 1 npa

BHJI M npoue.11yp, HanpaBJ!eHHbiX Ha o6ecne-qeHMe 6e3onacHOCTM aTOMHbiX 3JieK

TpocTaHUHHj o6ecne-qeHMe 1i KOHTpOJib Ka'{eCTBa o6opy)loBaHMSI ,!IJISI aTOMHbiX 

3JieKTpOCTaHUMH. 

TmaTeJibHOe H o6ocHOBaHHoe pemeHHe 3THX BonpocoB .liHKTyeTCSI caMMMM 

MaCiliTa6aMM pacnpOCTpaHeHMSI aTOMHbiX 3JieKTpOCTaHUMH 1 He06XO,llliMOCTbiO 

MX pa3MemeHHH B rycTOHaCeJieHHbiX paHOHaX, BOBJie'{eHHeM B 3TY clflepy Ho

Bb!X Mace JIIO)IeH 1 a TaK)I(e HOBbiX CTpOHTeJib Hb!X M npOMbiiliJieHHbiX npe,llnpHSI

TMH H oTpacneH: npoMbiiliJieHHOCTH. H apSI.liY c paccMoTpeHMeM 3TH X yaJIOBbiX 

BOTipOCOB aTOMHbiX 3JieKTpOCTaHUiiH C peaKTOpaMH Ha TenJIOBbiX HeHTpOHax, 

KoHlflepeHUHSI y.lleJIHJia BHHMaHHe pa3BHTHIO H KOHCTPYKUHH ycoBepmeHCTBO

BaHHbiX T!iTIOB peaKTOpOB, JIM60 o6ecne-qMBaiOIIIMX TIOBbiilleHHyiO 3lfl lfleKTiiBHOCTb 

TepMO.l\HHaMM'{ecKoro UHKJia, JIH6o o6na,llaiOillliX yny-qmeHHbiMH noKa3 aTeJISIMM 

TODJIMBHOrO UMKJia. CIO)la CJie)lyeT OTHeCTii BbiCOKOTeMnepaTypHbie ra30Bble 

peaKTOpbi 1 TSI)I(eJIOBO)IHbie peaKTOpbl pa3JIIi'lHbiX BapliaHTOB 1 rpalfJHTOBbiH pe

aKTOp C OXJia)l()leHHeM KliDSIIIIeH B0)10H 1 peaKTOpbl Ha COJieBbiX pacnJiaBaX, Ha 

)lMCCOU!iMpyiOIIIIiX raaax. 

EbiCTpbie peaKTOpbi-6p!i)lepbl OTKpbiBaiOT B03M0)1(HOCTb Jiy'lillerO MCTIOJib-

30BaHHSI CblpbeBbiX pecypCOB SI)lepHOrO TOTIJIHBa )lJISI UeJieH 3HepreTHKii. ITpo

rpaMMe paapa60TK!i 3TOrO TMna peaKTOpOB B HaM60Jiee pa3BMTbiX CTpaHax 

y.lleJISieTCSI MaKCHMaJibHOe BHHMaHHe. 

3KCnepMMeHTaJibHbie 6biCTpbie peaKTOpbl y)l(e MHOro JieT 3KcnnyaTMpyiOT

CSI B CIIIA, CCCP, BeJIMKo6pHTaHHM M .PpaHUMH. Coopy)l(aiOTCSI peaKTOpbi B 

liTaJIMH, 5JnoHHH H <PPr. PeaKTOpl>I y)l(e .liOKaaaJIH ycTOH'{HBOCTb H Ha,lle)I(

HOCTb pa6oTbl 1 ,llaJIH ODbiT )IJISI npoeKTMpOBaHHH KOMMeptJeCKMX peaK TOpOB. 

K HaCTOSIIlleMy BpeMeHM onpe,lleJIMJIOCb HanpaBJieHMe M OCHOBHble -qepTbl 3TMX 

peaKTOpOB: HaTpMeBOe OXJia)l()leHMe 1 KepaMM'leCKOe TOTIJIHBO B 060JI0'{Ke li3 

Hep)l(aBeiOIIIeH CTaJIH 1 TpeXKOHTypHbie CXeMbl C napOBbiM!i Typ6HHaMM. 0)1HaKO 

,!10 TeXHM'{eCKOrO OCyllleCTBJieHHSI KpynHbiX KOMMep'leCKMX peaKTOpOB paCCTOH

HMe eme BeJIMKO, M aa.na-qei:i 6JIH)I(aHmero 6y .liYIIIero HBJISieTcH coopy)l(eHMe npo

TOTMnOB. 
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B CTa,'lHH 3aBeplll6HHH CTpOHT6JlbCTBa 11 MOHTa)Ka HaXO,'lHTCH KpynHbie 

3HepreTwleCKHe peaKTOP.bi Ha 6.biCTp.biX HeHTpoHax B CCCP, BeJIHKo6pHTaHHH 

11 BO ¢paHQHH. Pa3pa6oTaH.bi npoeKT.bi )leMoHcTpaQHOHH.biX peaKTopoB-npoTo

THnoB B ¢Pr 11 CiliA, B CTa,'lHH pa3pa60TKH HaXO)lHTCH npOeKT.bl B HTaJIHH H 

5JnOHHH. 

HHT6HCHBH.b!e pa60T.bl npOBO)lHTCH BO MHOrHX CTpaHaX no HCn.biTaHHIO TOn

JIHBH.biX 3JI6M6HTOB 1 HCn.biTaHHIO o6opy)lOBaHHH. HMeHHO 3TH BOnpOC.bl 1 npe)1-

CTaBJI6HH.bie Ha KoH<flepeHQHH 1 xapaKTepH3YIOT COCTOHHH6 B OCB06HHH peaKTO

poB-6pH,'lepOB. lleHTp TH)KeCTH B OCB06HHH 6.b!CTp.b!X peaKTOpOB nepeMell1a-

6TCH B T6XHH'l6CKHe npo6JieM.bl 060CHOBaHHH Ha,'16)KH0CTH pa3JIH'-IHOrO o6opy

,'lOBaHHH 11 CHCT6M KOHTpOJIH B peaJI.bH.blX ycJIOBHHX 3KCnJiyaTaQHH. MO)KHO 

0)KH)laT.b, '-ITO 3TH 3a,'la'-!H 6y.'1yT ycneiiiHO pellleHhl B 6JIH)KaHIIIH6 H6CKOJI.bKO 

neT, 11 nepH0-'1 nocne 1980 ro,'la 6y )leT nepHO,'lOM coopy)KeHHH KOMMepqecKHX 

6biCTphiX peaKTOpOB 1 3a KOTOp.b!MH Ha'-!HHaeTCH HOBhiH 3Tan 3HepreTHKH -

3HepreTHKH 6pH,'lepOB 1 npOH3B0)1HI11HX 3JieKTp03HeprHIO 11 TOnJIHBO )lJIH ,'laJI.b

H6Hlllero pa3BHTHH. 

EhiCTpopa3BHBaiOI11aHcH aTOMHaH 3HepreTHKa, ecTeCTBeHHO, Tpe6yeT co

OTBeTCTBYIOII1ero pa3BHTHH BCeX 3B6Hb6B TOnJIHBHOrO QHKJia. HeT He06XO,'lH

MOCTH rOBOpHTb 0 Ba)KHOCTH 06ecne'-!eHHH ropiO'-IHM. IJO OQ6HK6 1 C)leJiaHHOH 

B O,'lHOM 113 0630pHhlX )10KJia,'lOB 1 pa3Be)laHHhl6 3anaChl ypaHOBOrO ChipbH 1 113 

KOTOporo ypaH MO)KeT 6.b!Tb H3BJI6'-16H no '-16H6 )10 10 )lOJIJiapOB 3a <flyHT, CO

CTaBJIHIOT npHMepHO 1 MJIH. T. 3 TOro KOJIH'-16CTBa ,'lOCTaTO'-IHO )lJIH y )10BJieT

BOp6HHH noTpe6HOCT6H B ypaHe TOJibKO )10 KOHQa C6MH)16CHThiX rO,'lOB. B 

3TOH CBH3H Ha KoH<flepeHQHH nO,'l'-16pKHBaJiaCb Ba)KHOCT.b BC6M6pHOrO paCIIIH

peHHH nOHCKOBhiX pa60T no BhiHBJieHHIO HOBhiX M6CTOp0)K,'16HHH ypaHa, a TaK

)K6 no coBepmeHCTBOBaHHIO MeTO-'lOB nepepa6oTKH PY-'1, B oco6eHHOCTH c HH3-

KHM C0,'16p)KaHH6M ypaHa. 

Ho MHe JIH'-IHO Ka)K6TCH 1 '-ITO H6JI.b3H H6)100Q6HHBaT.b Ba)KHOCTb pa3BHTHH 

HOBhiX M6T0)10B noJiy'-!eHHH H,'16pHOrO ropiO'-!ero BC6B03MO)J(Hh!MH Cnoco6aMH 1 

B TOM '-IHCJie nyTeM H3BJI6'-!6HHH ypaHa 113 MOpCKHX B0,'1 1 HM6H B BH-'lY 1 'iTO TaM 

ero - OKOJIO 4000 MJIH. T • 

TaK KaK B 60JibiiiHHCTB6 BBO,'lHMhiX H nJiaHHpyeMhiX peaKTOpOB HCnOJib-

3Y6TCH o6ora1116HHhiH ypaH 1 BnOJIHe 06"bRCHHM 60JI.biiiOH HHTepec, npORBJieH

HhiH Ha KoH<flepeHQHH B OTHOIII6HHH npo6JieM H30TOnHOrO o6ora1116HHH ypaHa, 

pa3pa60TKH H COB6plll6HCTBOBaHHH M6T0,'10B H T6XHOJIOrHH o6oraii16HHH. 

3a nepH0-'1 Me)K)ly III 11 IVKoH<flepeHQHHMH 6oJiblllOH nporpecc )lOCTHrHyT 

B 06JiaCTH H3rOTOBJI6HHH TOnJIHBa 11 ero pereHepaQHH nOCJie HCnOJib30BaHHH 

B peaKTOpax. BMeCTe C TeM 1 3)16Cb 61116 npe)lCTOHT MHOroe C)16JiaT.b 1 HanpH

Mep pa3BHTb MeTO,'lhl nepepa60TKH ropiO'iero 6b!CTph!X peaKTOpOB, ycoBep

llleHCTBOBaTb nepepa60TKy TOpHHC0,'16p)Kall1ero TOnJIHBa. 

MHe JIH'-IHO Ka)KeTCH, '-ITO 6e3 pellleHHH npo6neM 6biCTphiX peaKTopos He Jib-

3H peiiiHT.b 3a,'la'-!y C03,'1aHHH 60JiblllOH aTOMHOH 3HepreTHKH. 

H aKoHe'-1, cJie,'lyiOI11HM nepcneKTHBH.biM 3TanoM B pa3BHTHH H,'lepHOH 3Hep

reTHKH )10JI)KH0 CTaTb BOBJie'-!eHHe B 3HepreTH'-16CKHH QHKJI HOBOrO H,'lepHOrO 

roproqero - B.biCOKOTeMnepaTypHOH )leHTepHeBOH nJia3Mhi. KaK 11 )lBa)lQaTb 

JieT Ha3a)1, B OCHOBe HaM60JI66 npO)lBHHYThiX pa60T no C03)1aHHIO B.biCOKOTeM

nepaTypHOH nJia3Mhl ,'lOCTaTO'iHOH nJIOTHOCTH 11 TeMnepaTyp JI6)KHT H)16H 0 ee 

MarHHTHOH TepMOH30JIHQHH. 

MHe XOTeJIOCb 6bi nO,'l'i6pKHYTb 3,'16Cb 1 '-IT0 1 6Jiaro)lapH HHHQHaTHB6 3aMe

'iaTeJibHOrO coseTcKoro y'ieHoro, noKOHHoro aKa,'leMMKa Kyp'-laTosa.s 1955 ro

-'lY pa6oTbl no ynpaBJIH6MOMY TepMOH,'16pHOMY CHHTe3y 6.biJIH pacceKp6'i6Hhl 1 
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'ITO OKa3aJIO 'Ipe3Bbi'IaHHO 6narOTBOpHOe BJIIHIHI1e Ha BCe pa3BI1TI1e 3TOH BaJK

HOH o6naCTI1. 

8 HaCT051111ee BpeM51 Mbl 11MeeM Tpl1 OCHOBHbiX HanpaBJieHI151 3KCI1ep11MeH

TOB B o6111eii nporpaMMe TepM051.!\epHbiX pa3pa6oToK: 3Kcnep11MeHTbi no no

JIY'IeHI1IO rOp51'IeH 11Jia3Mbl B 3aMKHYTbiX MarHI1THb!X CI1CTeMaX (TOKaMaK 11 

CTeJIJiapaTop), a.lll1a6aTI1'IeCKI1X MarHI1THbiX JIOBYIJIKaX, a TaKJKe B 11MI1YJibCHbiX 

MarHI1THbiX 110JI.SIX. ,lleTaJibHble 11CCJie.!IOBaHI1.51 CBOHCTB BbiCOKOTeMnepaTyp

HOH 11Jia3Mbi 1 11CKJIIO'II1TeJibHa.51 11306peTaTeJibHOCTb cp11311KOB, 3aH.SITbiX pa3pa-

60TKOH 3TOH npo6JieMbl 1 1103BOJII1JII1 HaHT11 6onee 011TI1MaJibHbie peJKI1Mbl npo-

1.\eCCOB TepMOI130JI.511.11111 ITJia3Mbl 11 1 TaK11M o6pa30M 1 ITOBbiC11Tb ee rJiaBHbie 

cpi1311'IeCKI1e napaMeTpbi. 

Co BpeMeHI1 III JKeHeBCKoii KOHcpepeHI.\1111 y.11anocb no'ITI1 Ha nop51.!\0K no

BbiCI1Tb napaMeTpbl 11Jia3Mbl 11 B ycTaHOBKaX C MarH11THbiM11 3epKaJiaM11. lf3-

BeCTHbiH nporpecc 11MeeTC51 B Hal16onee pa3pa60TaHHb!X 113 MeTO.l\OB 6b!CTpo

ro HarpeBa ITJia3Mbl B 11MITyJibCHbiX MarHI1THbiX ITOJI.SIX. 

TIOM11MO ynOM.SIHYTbiX pa3.lleJIOB TepM051.!\epHOH nporpaMMbl, CTaBilii1X Tpa

.l\111.\110HHblM11, B 110CJ!e.!IHI1e rO.llbl Ha'IaJII1 pa3BI1BaTbC.SI OTHOCI1TeJibHO MOJIO.l\b!e 

HanpaBJieHI151. K HI1M CJie.llyeT OTHeCTI1 3KCnepi1MeHTbl C ycTaHOBKaMI1 1 1103-

BOJI51IOII111MI1 C03.!\aTb B O'IeHb He60JibiiiOM o6"beMe 'Ipe3Bbi'IaHHO 11JIOTHbiH cry

CTOK Bb!COKOTeMnepaTypHOH 11Jia3Mbl - 11 11Jia3MeHHbiH cpoKyc". TipaB.lla, 

.llaJibHeHIIII1e nepcneKTI1Bbl 3TOrO Me TO .!Ia e111e He 51CHbl, 110CKOJ!bKY ycJIOBI151 

3KCI1epi1MeHTa 110Ka He 1103BOJI51IOT pa3o6paTbC51 B MeXaHI13Me HeHTpOHHOrO 

113Jiy'IeHI151 11Jia3MeHHOrO cpoKyca 11 ero 3aBI1CI1MOCTI1 OT pa3JII1'IHbiX cp11311'Iec

K11X napaMeTpOB. 

8 CaMoe 110CJ!e.!1Hee BpeM51 III11pOKI1H pa3MaX Ha'II1Ha!OT np11o6peTaTb 11C

CJie.!IOBaHI1511 CB513aHHbie C B03MOJKHOCTb!O HarpeBa Bell1eCTBa M0111Hb!M CBeTO

BbiM 11MnynbcoM oT na3epa. Oco6a51 npi1BJieKaTeJibHOCTb 3Toro MeTo.lla co

CTOI1T B TOM 1 'ITO OH 1103BOJI51eT, B np11HI.\1111e, OTKa3aTbC51 OT 11.11e11 MarHI1THOH 

TepM01130JI511.11111 nna3Mbl. 8 3KCnepHMeHTaX, npoBe.lleHHbiX Ha OCHOBe 3TOrO 

MeTO.lla, 11HTeHC11BHOCTb HeHTpOHHOrO 113Jiy'IeHI151 COCTaBJI51eT 110Ka 104 HeHTpo

HOB 3a 11MI1YJibC. 0.!1HaKO He06bi'IaHHO 6biCTpb!H nporpecc B 110BbiiiieHI111 3ana

ca 3Hepr1111 B Jia3epHOM 11MI1YJibCe 11 K.IT • .l\. caMoro Jia3epa, OT KOTOpb!X rJiaB

Hb!M o6pa3oM 3aBI1C51T nepcneKTI1Bbi 3 Toro HanpaBJieHI151, MOJKeT yJKe B caMbie 

6JII1JKaHIIII1e rO.llbl C.lleJiaTb MeTO.ll Jia3epHoro HarpeBa O.!IHI1M 113 y.llapHbiX Ha

npaBJieH11H BO BCeH TepM051.llepHOH nporpaMMe. ,lleJiaiOTC51 TaKJKe nepBbie III a

r11 B pa3pa60TKe BeCbMa 11p11BJieKaTeJibHblX C clJI1311'IeCKOH TO'IKI1 3peHI151 Me

TO.l\OB CBepx6biCTporo HarpeBa Bell1eCTBa 3JieKTpOHHbiM ny'IKOM 60JibiiiOH 

M0111HOCTI1. 

AHaJII13 COBpeMeHHOrO COCT051HI151 npo6JieMbl TepMO.SI.l\epHOrO CI1HTe3a ITO

Ka3biBaeT, 'ITO, HeCMOTp51 Ha 11051BJieHI1e 11p11HI.\111111aJibHO HOBbiX HanpaBJieH11H 1 

OHa e111e He BbliiiJia 113 CTa.l\1111 pa3pa60TK11 cp11311'IeCK11X OCHOB 110JIY'IeHI151 Ta

K11X napaMeTpOB 11Jia3Mbl 1 KOTOpble 1103BOJII1JII1 61>1 11CI10Jib30BaTb 11pOI1CXO.l\51-

II111e B HeH peaKI.\1111 .!IJI51 TeXHI1'IeCKOrO peiiieHI151 3a.lla'I C03.!1aHI151 TepM051.!\ep

HOrO peaKTopa. 

Ey.lleM Ha.lle.51TbC.51 1 'ITO OCTaBIJia.SIC.SI 'IaCTb nyTI1 6y.lleT npOii.lleHa He Me.li

JieHHee npe.llbi.!IYII1eii • 

.ilaJibHeiiiiiee pa3B11TI1e 51.!\epHOH 3HepreTI1KI1 B 6JII1JKaHIIII1e rO.llbl 6y.11eT co-

11pOBOJK.llaTbC51 HaKOI1JieHI1eM BCe B03pacTaiOII111X KOJII1'IeCTB 51.!\epHb!X MaTep11aJIOB. 

B 3TOH CB51311 6onbiiiOe BHI1MaHI1e Ha KoHcpepeHI.\HH 6biJIO y.lleJieHo npo6-

neMaM rapaHTI1H 11 KOHTpOJI51 51.!\epHbiX MaTep11aJIOB, npe.llyCMOTpeHHb!X ,lloro

BOpOM o HepacnpocTpaHeHI111 51.!\epHoro opyJKI151. 
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Y cnenmaH pa3pa6oTKa Me lK.llyHapo.l(HbiM areHTCTBOM no aTOMHOM 3Hep

rHH THITOBOrO COrJiaiiieHH51 0 KOHTpOJie, a TaKJKe .1(0CTHlKeHH51 B ycoBepiiieHCT

BOBaHMH TeXHH'l:eCKHX MeTO.l(OB H Cpe.l(CTB KOHTpOJI51 51,1\epHb!X MaTepHaJIOB 1 

BCeJI51IOT ysepeHHOCTb, 'iTO UeJIH KOHTpOJI51 1 rrpe.l(yCMOTpeHHOro ,llorOBOpOM 0 

HepacnpocTpaHeHMH 51.1\epHoro opylKH51, 6y.11yT ocymecTBJieHbi c .1\0CTaTO'l:HoH: 

3<P<PeKTHBHOCTb!O rrpH yMepeHHblX 3aTpaTaX H 6e3 KaKOrO-JIH60 ymep6a .l(Jl51 

MHpHOrO rrpHMeHeHH51 51,1\epHOM 3HeprHM. 

CoseprneHCTBOBaHHIO MeTO.l\OB nepepa6oTKH H 3axopoHeHHH OTXO.l\OB KoH

<PepeHUHH y.neJIHJia 60JibiiiOe BHI1MaHHe. Pa3pa6aTbiBaeMbie 11 HCITOJII>3yeMb!e 

MeTO.l\bl 3aKa'-!MBaHI151 OTXO.l(OB B rpyHT 1 OTBepJK.l(eHHH 1 3aXopOHeHI1e B COJIH

Hb!e <PopMaUHH H .11pyr11e MeTO.l(bl n03BOJIHIOT Ha.l(elKHO y.l(aJIHTb OTXO.l(b!. 

B 3TOM CBH3H MHe npe.l(CTaBJIHeTC51 HeonpaB.l(aHHb!M c6poc pa,1\110aKTHB

Hb!X OTXO.l(OB B MOpH H OKeaHbl, BBH.l\Y B03MO lKHOrO 3arpH3HeHI151 rl1.1(pOc<Pepb!. 

Heo6X0,1\11MO TaKJKe CKa3aTb 0 60JibiiiOM C.l(BI1re, npOI130IIIe.l(IIIeM CO Bpe

MeHH npoBe.lleHI1H III :JK eHeBCKOM KOH<PepeHU1111, B o6JiaCTI1 pa3BI1TH51 pa6oT no 

npHKJia.l(HOM pa,1\11aUHOHHOM XHMHH 11 ocymeCTBJieHHIO pa,1\HaUHOHHO-XHMI1'-!eCKHX 

npOUeCCOB B npOMb!IIIJieHHOM MaCIIITa6e. B HeKOTOpb!X CTpaHaX Ha OCHOBe 

npouecCOB pa.1(11aUHOHHOM M0.1\H<!li1KaU1111 nOJIHMepHb!X MaTepHaJIOB opraHH30-

BaHO npOMb!IIIJieHHOe npOH3BO.l(CTBO pa3JII1'-!Hb!X MaTepHaJIOB H H3.l(eJIHM
1 

06Jia

.l(aiOII(HX YH11KaJibHb!MH CBOMCTBaMI1, ocyll(eCTBJieHbl npoueCCb! pa.l(HaU110HHOrO 

C11HTe3a. BaJKHO OTMeTHTb, '-ITO B pa3BI1BaiOII(11XCH CTpaHaX II111pOKO pa3Bep

HyJIHCb 11CCJie.l(OBaHHH B 06JiaCTH npHKJia.l(HOM pa.l(HaUHOHHOM XHMHH, HanpaB

JieHHb!e Ha npOMb!IIIJieHHOe OCyll(eCTBJieHHe pa.l(HaUHOHHb!X npoueCCOB. 

Ha.l(eJKHaH pa6oTa aTOMHbiX 3JieKTpocTaHUHM H o6ecne'l:eHHe 6e3onacHo

CTH qeJioBeKa HeB03MOlKHO 6e3 nporpecca B o6JiaCTH 51.1\epHoro npH6opocTpo

eHHH. B HaCTOHII(ee BpeM51 yJKe pa3pa6oTaHbl H BbliTYCKaiOTC51 npOMb!IIIJieR

HOCTb!O COTHI1 Tl1nOB npH60pOB, npHMeH51eMb!X ,1\JIH pa.l(HOMeTpHH, .1(0311MeTpHH 

H TeXHOJIOrl1'-leCKOrO KOHTpOJI51 pa3JIH'l:Hb!X 51,1\epHblX peaKU11M. 3TO 0'-!eHI:. o6-

Ha,1\eJKHBaeT H C03,1\aeT yBepeHHOCTb B TOM, '-ITO B CaMOe 6JIMJKaifiiiee BpeM51 

Ha OCHOBe nOCJie.l(HI1X .1\0CTI1JKeHHM B MI1Kp03JieKTpOHI1Ke 6y.l(yT C03.1(aHbl KOM

nJieKCHb!e aBTOMaTI1'-!eCKI1e CI1CTeMbl, n03BOJI51101l(He Ha.l(eJKHO KOHTpOJIHpOBaTI:. 

H ynpaBJIHTb aTOMHb!MI1 3HepreTI1'-!eCK11MH ycTaHOBKaMI1. 

Tiep110.11 co BpeMeHH III )!(eHeBCKoH: KOH<PepeHUHH xapaKTepH3yeTCH 3Ha

'-IHTeJib Hb!M nporpeCCOM B 06JiaCTH np11M€H€HI151 pa,1\110aKTHBHb!X 1130TOnOB H 

H3JIY'-I€HI1M B pa3JIH'l:Hb!X 06JiaCT51X Me,1\11U11Hbl. lliHpOKOe pa3BHTHe nOJIY'-IHJIH 

M€TO.l(bl pa.l(HOH30TOnHb!X HCCJI€,1\0BaHI1M C U€Jib!O .l(HarHOCT11KH pa3JIH'l:Hb!X 3a-

6oJieBaHHM qeJIOBeKa B 06IJ1eTepaneBTH'-!eCKOM npaKTHKe, XHpyprHH H OHKOJIO

rHH. 

0CHOBHb!e TeH.l(eHU11H, xapaKTepH3YIOIJ1He COBpeMeHHYIO Jiy'-leByiO Tepa

n1110, KOTOpb!e HaiiiJI11 OTpaJKeHHe B ,1\0KJia.l(aX IV :JKeHeBCKOM KOH!PepeHUHH, 

3aKJIIO'l:aiOTC51: 

- B paCIIIHpeHHH .l(Harra30Ha 51,1\epHb!X H3JIY'l:€HHM, rrpHM€H51€MblX B pa,1\HO

TepaneBTI1'-i€CKOM npaKTHKe (raMMa -113JIY'-I€HI1e, 113Jiy'-!eH11e 6eTaTpOHOB H 

JIHHeMHb!X ycKOpi1TeJieM, npOTOHHaH H H€MTpOHHa51 Tepan11H); 

- B COBeprneHCTBOBaHHH pa.l(HaUMOHHO-qlH3H'l:eCKHX napaMeTpOB H KJIH

HHKO-M€TO.l(H'l:eCKHX 060CHOBaHHM JIY'l:€BOM TeparrHH 1 0ITTI1MH3aUMH nporpaMM 

Jiy'l:eBoro JI€"4:€HH51 C U€Jib!O ero HH.l\HBH.l(yaJII:.HOro rrJiaHHpOBaHHH Ha OCHOBe 

rrpHM€H€HI151 3Jl€KTpOHHO-Bbl'l:HCJIHTeJII:.HOM T€XH11KH. 

3Ha'-!llT€JibHYIO pOJib B .l(aJII>H€MIIIeM COBepiiieHCTBOBaHHH pa.l(HOH30TOnHOM 

.l(HarHOCT11KH H Jiy'l:eBOM TepanHH HrpaeT TaKJKe C03,1\aHHe KpynHb!X pa.l(HOJIO-
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rw-IeCKHX ueHTpOB H rro.nroTOBKa Ka.npoB crreuHa.JIHCTOB. MaTepHanoi, .nono
JKeHHbie Ha KoH1JepeHUHH, CBH.l\eTeRbCTBYIOT 0 cepbe3HOM BHHMaHHH K H3y'-!e

HHIO 6HOROrH'-!eCKHX 31J1JeKTOB B03.lleiicTBH51 pa3RH'-1Hb!X THITOB pa.nHaUHH, Hc

cne.l\OBaHH51 MeXaHH3MOB ny'-!eBOrO !10BpeJK.lleHH51 H penapal.IHH Ha KReTO'-IHOM 

H MOneKyR51pHOM ypOBHe H B03MOJKHOCTH HCI10Rb30BaHH51 3aJIIHTHb!X cpe.!ICTB. 

CBOH BKna.n BHOCHT pa.nHo6HonorH51 B pa3pellieHHe TaKOH BaJKHOH rrpo6-

neMbi, KaK o6ecrre'-!eHHe HaceneHH51 3eMHOrO mapa .l\OCTaTO'-!HbiM KORH'-!eCTBOM 

ITOJIHOI.IeHHbiX npO.l\YKTOB ITHTaHH51. 3 TO .l\OCTHraeTC51 nyTeM HCITORb30BaHH51 

BbiCoKoypoJKaiiHbiX copTOB 3epHOBbiX KYRbTyp, rrony'-leHHbiX MeTO.l\OM pa.nHa

l.IHOHHOH ceneKI.IIili, COBeprueHCTBOBaHHeM CITOC06a ny'-leBOH CTepHRH3al.IHii. 

Bee lliHpe HCI10Rb3YIOTC51 H3ny'-!eHH51 .l\R51 HH.l\YLIHPOBaHH51 none3Hb!X MyTa

UHH y MHKpoopraHH3MOB. 

Oco6oe BHHMaHHe B .noKna.nax y.nen51nocb npo6neMe oKpyJKaiOIIIeii cpe.l\bi. 

ITpoBO.l\51TC51 o6mHpHbie Hccne.noBaHH51 rryTeii rrocTyrrneHH51 pa.nHoaKTHBHOCTH 

BO BHeiiiHIOIO cpe.ny, npOHHKHOBeHH51 H B3aHMO.lleiifcTBH51 3 THX rrpO.!IYKTOB C 

6Hoc1Jepoii. 

B .noKna.nax Ha KoH1JepeHUHH e.nHHO.l\YlliHO OTMe'-leHo, '-ITO npo6neMa BnH-

51HH51 pa.l\HOaKTHBHbiX BeJIIeCTB Ha '-!eROBeKa H 6Hoc1Jepy B uenOM 51BR51eTC51 

0.!\HOH H3 Y3ROBblX B BOITpocax MlipHoro HCITORb30BaHH51 51.!\epHOH 3HeprHH. 

)loKna.l\bl y6e.!IHTeRbHO ITOKa3aRH, '-ITO BOITpOCaM 6e30!1aCHOCTH pa60Tbl aTOM

Hb!X 3ReKTpOCTaHUHH, 3arp513HeHH51 BHeJIIHeiif cpe.llbl B pa3Hb!X CTpaHaX MHpa 

y.nen51eTC51 orpOMHOe BHHMaHHe. 

HHTepecHa cpaBHHTenbHa51 oueHKa rrocne.ncTBHH pa6oTbl o6bi'-IHbiX npe.n

rrpH51THii H aTOMHbiX cTaHUHH, npHne.neHHa51 Ha KoH1JepeHUHH. IT pH pa6oTe 

06bi'-!Hb!X rrpe.nrrpH51THH !10Tpe6yeTC51 B HeCKORbKO Tb!C51'-1 pa3 60nblliee KORH'-!e

CTBO B03.!\yXa .l\R51 pa36aBneHH51 TOKCH'-!Hb!X BeJIIeCTB .l\0 .l\OITYCTHMOrO ypOBH51, 

'-!eM rrpH pa6oTe aTOMHb!X 3ReKTpOCTaHUHH. KpoMe Toro, KORH'-!eCTBO pacceH

BaeMoro 06111ero KORH'-IeCTBa Terrna (KOTOpOe MOJKeT, B KOHe'-!HOM C'-!eTe, Bbi-

3BaTb HeJKenaTeRbHble KRHMaTH'-!eCKHe H3MeHeHH51) Ha e.!IHHHI.IY !10Re3HOH MOJII

HOCTH aTOMHOH 3ReKTpOCTaHUHH 3a C'-!eT BbiCOKOrO K031J1JHUHeHTa rrone3HOrO 

.neiifCTBH51 3Ha'-!HTeRbHO MeHbllle, '-I eM npH pa6oTe 06bi'-!Hb!X 3neKTpOCTaHUHH. 

Hcrronb30BaHHe aToMHOH 3HeprHH He Tpe6yeT pacxo.na KHcnopo.na H He Be.neT 

K Herrpepb!BHOMY pocTy co.nepJKaHH51 yrneKHCnoro ra3a B aTMOC1JepHOM B03-

.nyxe. 

EORbJIIOe BHHMaHHe B .l\OKna.nax 6binO y.neneHO BOnpocaM peaKUHH HaCe

neHH51, o6JIIeCTBeHHOCTH Ha pa3BHTHe aTOMHOH 3HepreTHKH. Ee3ycnoBHO, 

3TOT BOI1p0C Tpe6yeT CaM OrO TJIIaTeRbHOrO BHHMaHH51, KpOITOTRHBOH pa60Tbl. 

8 paMKaX KoH1JepeHUHH 6binO rrpOBe.neHO HHTepecHoe COBelllaHHe ITO 3KO

norH'-!eCKHM BOITpOCaM, Ha KOTOpOM npe.l\CTaBHTenH .nee 51TH CTpaH 06MeH51RHCb 

MHeHH51MH H OTBeTHRH Ha .nec51TKH ITOCTyiTHBJIIHX BOI1pOCOB. H a COBelllaHHH 

rro.nqepKHBanacb ponb y'-leHoro, rrpoBO.l\51lllero o6'DeKTHBHhre Hccne.noBaHH51 B 

1JopMHpOBaHHH ITOROJKHTenbHOrO 06J11eCTBeHHOrO MHeHH51 ITO rrpH3HaHHIO 51.!\ep

HOH 3HeprHH. 

B MaTepHanax KoH1JepeHI.IIili llllipOKO OCBeJIIeHbl BOITpOCbl 3Ha'-!eHH51 H.llep

HOH TeXHOROrHH .l\R51 pa3BHBaiOIIIHXC51 CTpaH C OXBaTOM rrpaKTH'-!eCKH BCeX ac

rreKTOB npHMeHeHH51 aTOMHOH 3HeprHH H rrpoaHanH31ipOBaHbl rryTH yBeRH'-!eHH51 

BKna.na 51.!\epHOH TeXHOROrHH B 3 KOHOMH'-!eCKHH rrporpecc. 

Bo BCeX CTpaHaX, B TOM '-!Hcne B pa3BHBaiOIIIHXCH, Ha6niO.llaeTCH CTpe

MHTenbHO paCTYIIIHH cnpoc Ha 3HeprHIO, li H.l\epHaH 3HeprHH HBRHeTC51 0.!\HHM 

H3 rryTeii y.noBneTBopeHH51 3Toro cnpoca. O.nHaKo 51.llepHa51 3HepreTHKa .nonJK-
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Ha BCer,lla CpaBHflBaTbCll: C 6onee Tpa,lll1J.jHOHHb!MH BH,llaMH npOH3BO,llCTBa 3JieK

Tp03HeprHH C yqeTOM TOro, "!TO Ka)J(,llb!H BH,ll HCTO"!HHKa 3HeprHH HMeeT CBOH 

npeHMy!I(eCTBa H H8,llOCTaTKHo 

TonJIHBHYIO 6a3y .nnH aToMHOfi 3HepreTHKH pa3BHBaiOII(HXCH CTpaH, Bepo

HTHO, '-18Jl8C006pa3HO pa3BHBaTb Ha perHOHaJinHOH OCHOBe, C MaKCHMaJibHb!M 

HCnOJib30BaHH8M C06CTBeHHOrO ypaHOBOrO Cb!pbll: 1 nOHCKH H pa3Be,llKY KOTO

poro cne.nyeT ycHJIHTb, a .llllll: o6ora!I(eHHll: ypaHa pa3BHBaiOII(HecH CTpaHoi MO

ryT BOCnOJib30BaTbCll: ycJiyraMH ,llpyrHX CTpaH o 

C03,llaHHble B pa3BHBaiOII(HXCll: CTpaHaX aTOMHb!e 1..1eHTpb! cnoco6CTByiOT 

no,llrOTOBKe KBaJIHqJH'-1HpOBaHHb!X cne'-1HaJIHCTOB o 0HH TaK)J(e cnOC06CTBYIOT 

pa3BHTHIO Hay"!Hb!X HCCJie,llOBaHHfi B 06JiaCTll:X, HMe!OII(HX Ba)J(HOe npHKJia,ll

HOe 3Ha"!eHHe ,llJill: 3 KOHOMHKH o fiOCTpOeHHb!e B 3 THX '-1eHTpax yCKOpHTeJIH 

3apH)J(eHHb!X "!aCTH'-1 H HCCJie,llOBaTeJibCKHe peaKTOpb! ll:BJill:IOTCll: Ha,lle)J(Hb!MH 

HCTO"!HHKaMH pa,llHa'-1HH ,llJill: HCCJie,llOBaHHH H 6a30H ,llJlll: no,llrOTOBKH Ka,llpOB o 

Ka.npo!, O"!eBH,llHO, ll:BJill:IOTCll: O,llHHM H3 Ba)J(HefiiiiHX cpaKTOpOB B ,lleJie npHMe

HeHHll: aTOMHOH 3HeprHH B 3THX CTpaHaXo 

5J".nepHall: TeXHOJIOrHll: JIHIIIb He,llaBHO Ha"!aJia ,llaBaTb CBOH BKJia,ll B 3KOHO

MH"!eCKHH nporpecc pll:,lla CTpaH, H eCTb BCe OCHOBaHHll: K TOMy, "!TO ll:JJ;epHall: 

TeXHOJIOrHll: H MHOrHe ee 3KOHOMH"!Hl>Ie npHMeHeHHll: 6y.nyT cnoco6CTBOBaTb 

3KOHOMH"!eCKOMY H Hay"!HO-TeXHH"!eCKOMY pa3BHTHIO 60JibiiiOro "!HCJia CTpaH 

C pacTy!I(efi 3cpcpeKTHBHOCTb!O o 

Oco6oe MecTo B .llOKJia.nax Ha KoHcpepeH'-1HH 6oiJIO OTBe.neHo Me)J(.nyHapo.n

HoMy COTPY.llHH"!eCTBY B o6JiaCTH no.nroToBKH Ka.npoB o MHorHe pa3BHToie 

CTpaHol npe,llOCTaBJill:IOT TeXHH"leCKyiO nOMOII(b ,llJill: no,llrOTOBKH nepCOHaJia H3 

pa3BHBa!OII(HXCll: CTpaH o EOJibiiiYIO pOJib B HaJia)I(HBaHHH TaKoro COTpy ,llHH"le

CTBa, oco6eHHO MHOrocTopoHHero, HrpaeT MAr AT3, c TeM "!T06oi no.nro-

TOBKa cne1..1HaJIHCTOB BeJiaCb C yqeTOM HX Cne'-1HcpH"!eCKHX Hy)J(,ll H B03MO)J(H0CTefio 

B 3TOM CMoiCJie IV )KeHeBCKal! KOHcpepeH'-1Hll no HcnoJib30BaHHIO aTOMHOfi 

3HeprHH B MHpHb!X '-1eJil!X liBHJiaCb 60JibiiiHM BKJia,llOM B Me)J(,llyHapO,llHOe COT

py ,llHH'-JeCTBO o )lByXHe,lleJibHb!H )J(HBOH o6MeH onbiTOM no HayKe, TeXHHKe H 

3KOHOMHKe, no npaBOBb!M H nOJIHTH"!eCKHM acneKTaM, no o6MeHy HHcp0pMa'-1H

ej:i H no.n;rOTOBKe Ka,llpOB Cb!rpaiOT CBOIO nOJIO)J(HTeJinHYIO pOJib o 

B npHBeTCTBeHHbiX nocnaHHl!X rnaB pll.na cTpaH-y"!aCTHH'-1 KoHcpepeH'-1HH 

OTMe"!aJiaCb He06XO,llHMOCTb paCIIIHpeHHl! Me )J(,llyHapO,llHOrO COTpy ,llHH"!eCTBa 

no MHpHOMy HCnOJib30BaHHIO aTOMHOH 3HeprHH H ero nOJIO)I(HTeJibHall pOJib B 

,lleJie CM5ir"!eHH5i Me)J(,llyHapO,llHOH Hanpl!)J(eHHOCTH 11 yKpenJieHH5i MHpa BO BCeM 

MHpe 1 nO,ll"!epKHBaJiaCn He06XO,llHMOCTb npO,llOJI)I(aTb yCHJIHll B HanpaBJieHHH 

orpaHH"!eHHll roHKH ll,llepHb!X BOOpy )J(eHHH o 

B 3TOH CB5!3H e!I(e pa3 OTMe"!aJiaCb Ba)J(HOCTb )loroBopa 0 HepacnpOCTpa

HeHHH 5i,llepHoro opy)J(Hll, BCTynHBIIIero B CHJIY 5 MapTa 1970 ro,llao TOT cpaKT, 

"!TO )lorOBOp nO,llnHCaJIH 98 rocy.napCTB H paTHcpH'-1HpOBaJIH 3 rocy.napCTBa, 06-

Jia,llaiOII(He l!,llepHbiM opy)J(HeM, H 64 rocy.napCTBa, He o6Jia,llaiOII(He 3THM opy

)J(HeM, CBH,lleTeJibCTByeT 0 IIIHpOKOM Me)J(,llyHapO,llHOM npH3HaHHH Ba)J(HOCTH 

,lloroBopao 

Pa3pa6oTKa Me)J(,llyHapo,llHbiM areHTCTBOM no aTOMHofi 3HeprHH npoeKTa 

THnoBoro CorJiaiiieHHH o KOHTpone Bcenl!eT yBepeHHOCTb, "!TO 1..1eJIH KOHTpOJill, 

npe.nycMOTpeHHb!e )lorOBOpOM, 6y.nyT ocy!I(eCTBJieHbl C ,llOCTaTO"!HOH 3cpcpeK

THBHOCTb!O o 

B 3aKJIIO"!eHHe pa3pe1IIHTe MHe c.nenaTb pll.ll o6II(HX 3aMe"!aHHfi o 

3 Ta KoHcpepeH'-1Hll 6oiJia noCBl!II(eHa "!HCTO npHKJia,llHb!M, )J(fi3HeHHb!M BO

npoCaM 0 0Ha 6Mna cnnaHHpoBaHa TaK, "!T06or 6biTb Henocpe.ncTBeHHO none3-
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HOH He TOJibKO )lll51 yqeHbiX H HH)KeHepOB, HO H )IJI51 opraHH3aTOpOB !1pOMb!IlllleH

HOCTH1 a)IMHHHCTpaTOpOB H 3KOHOMHCTOB. 

I1 ace )Ke MHe XOTeJIOCb 6bi !10)1"1epKHYTb OCHOBOITOJiaraiO!IIYIO pOllb <iJyH

,llaMeHTaJibHOH HayKH. IJOCKOllbKy MHe npe,!IOCTaBHJIH B03MO)KHOCTb BbiCTy

!111Tb C 0630pOM pa6oTbl KoH<iJepeHU1111 1 f! XOTeJI 6bi o6paTI1Tb OC06oe BHI1Ma

HI1e Ha pOllb <iJyH,llaMeHTaJibHOH HayK11 - TOH HayKI1, 11CCJie)IOBaHI1f! B KOTOpOH 

B )laHHbiH MOMeHT 1 Ka3aJIOCb 6bi 1 He npe,!ICTaBJif!IOT !10llb3bl )la)Ke )lllf! yqeHbiX 

CMe)KHbiX cneul1allbHOCTeH. 

Jli1Illb Bl10CJie)ICTBI111 OKa3biBaeTCf! 1 "'TO, BpO,lle 6bi 1 "111CTO TeopeTI1"!e

CKHe <iJyH)IaMeHTallbHbie HCCJie)IOBaHH51 "!aCTO )laiOT TOT 3a)leJI 1 KOTOpbiH !1pH

B0)111T K C03)1aHHIO HOBbiX 06JiaCTeJ:i TeXHHKH. B CB513H C 3THM BCITOMHHM, Ha

rrp11Mep, "'TO B TpH,!IUaTbie rO)Ibl HCCJie)IOBaHH51 B 06JiaCTH aTOMHOrO 51,!1pa C"!H

TaJIHCb MHOrHMH HaCTOllbKO a6cTpaKTHb!MH, HaCTOJibKO OTOpBaHHbiMI1 OT )KH3-

HH, "'TO Bb!CKa3biBaJIHCb )la)Ke COMHeHH51 B uenecoo6pa3HOCTI1 11X 1 XOT51 6bi 

CKpOMHOrO, <iJHHaHCHpOBaHI151. 

,llanee, 3a)loJiro .110 noHaJieHH51 caMOH 11,11e11 o6 yrrpaBJif!eMOH TepMOH,llep

HOH peaKUHH ycrreiiiHO pa3BI1BaJICf! "111CTO a6cTpaKTHbiH 1 TeOpeTH"!eCKHH !10)1-

XO)I K H3y"!eHHIO !1Jla3Mbl, TaK CKa3aTb 1 pa,!IH C06CTBeHHOrO 11HTepeca. 11 BOT 

TaKHe HCCJie)IOBaHH51 HaiiiJIH 3aTeM IIII1pOKOe ITOJie )IJI51 CBOero I1pH1IO)KeHH51 B 

rrpo6JieMe ynpaBJI51eMoro TepMOfl.llepHoro CHHTe3a. 

5J He 6y .!IY 3)1eCb npHBO,!IHTb 60JibiiiOe "'HCJIO aHaJIOrH"!HbiX rrpHMepOB. 

CKa)Ky JIHIIIb, "'TO B HaCTOf!!IIee apeM51 Mbi HMeeM, rro-aH)IHMOMy, aHanorHq

Hoe l10JIO)KeHI1e B <iJH3HKe Bb!COKHX 3HeprHH, HHaqe rOB0p51 - B <iJH3HKe 3Jie

MeHTapHbiX "!aCTHU. 

IloKa 3)1eCb He "'YBCTByeTC51 Bb!XO,na B 60JibiiiHe !1pHJIO)KeHI1fl, HO 1 !10 MOe

MY rny6oKOMY y6e)K,lleHI110 1 HeCOMHeHHO, "'TO TO rrpOHHKHOBeH11e B TaHHbl rny-
611HHOH CTpyKTypbl MaTep1111 1 B 3aKOHbl B3aHMO.lleHCTBH51 ee OCHOBHbiX MHKpo-

6JIOKOB - 3JieMeHTapHbiX "!aCTI1U 1 KOTOpOe !10CTe!1eHHO )IOCTI1raeTC51 1 )IOJI)KHO 

!1pHBeCTI1 K 60JibiiiHM 1 MO)KeT 6biTb COBepiiieHHO HeO)KH)IaHHbiM 1 rrpaKTI1"!eCKHM 

npHJIO)KeHI151M. 

Bo06!IIe 1 KOHe"!HO 1 BCe 11HTepecyiOTC51 !1JIO)IaMI1 HayKI1, 11 3 TO ecTeCTBeH

H01 HO !1pH 3TOM KaKoe-TO BHHMaHHe CJie)lyeT y)leJI51Tb H TeM rny60KO 3apbi

TbiM KOpH51M TOrO ,11epeaa, Ha KOTOpOM TaKHe ITJIO)Ibl MOryT paCTH. 

'-ITO MO)KHO CKa3aTb B 3aKJIIO"!eHI1e 0 TeX rrepcrreKTI1BaX, KOTOpb!e pacKpbi

BaiOT rrepe,11 HaMH y)Ke ITOJiyqeHHble )IOCTH)KeHI151 B 06JiaCTH aTOMHOH HayKH 1i 

TeXHHKH? 

KaK BI1.!1HO H3 .liOKJia,noa Ha 3TOH KoH¢epeHUH11, nepcneKTI1Bbi 3)1ecb .no

CTaTO"'HO IIIHpOKiie. 3TO H np111IO)KeHHfl K Me)IHUHHe 1 11 K 6110JIOrl111 B006!IIe 1 

11 K ceJibCKOMY X03f!HCTBY. 

Ha OCHOBaHHI1 pa60Tbl KoH<iJepeHUHii MO)KHO C)leJiaTb Bb!BO)I, "'TO pa3BI1T11e 

aTOMHOH 3HepreTHKH o6ecrre"!HBaeT coxpaHeHI1e )IOCTaTO"'HOH "'HCTOTbl BHeiii

HeH cpe,llbi, H 6onee Toro, 3aMeHa 3Hepr11H, Bbipa6aTbiBaeMoH Ha o6hi"'HOM 

TOI11IHBe, aTOMHOH 3HeprHeH np11Be)leT K 3Ha"!HTellbHOMy yMeHbiiieHHIO 3arpH3-

HeHI151 BHeiiiHeH cpe)lbl TOKCI1"1HblM11 Be!IIeCTBaMI1 11 K 03,!10p0BJieHI110 cpe,llbl 

o611TaHI1f!. 

113 3HeproeMK11X np11JIO)KeHI1H 11Cl10Jlb30BaH11f! aTOMHOH 3Hepr1111 CJie,llyeT 

oco6o no.z~qepKHYTb npo6neMy onpecHeHI1f! BO.llbi. Be ,lib HeJib3f! 3a6hiBaTb, "'TO 

B He)laJieKOM 6y.lly!IIeM BOI1p0C 0 !10JiyqeHI111 npeCHOH BO)Ibl MOJKeT CTaTb 11C

KJIIO"'I1TeJibHO OCTpblM. I1 11MeHHO 6naro,11apH 60JibiiiOH 3HeproeMKOCTI1 3TOH 

npo6JieMbl aTOMHaf! TeXHI1Ka )IOJI)KHa CblrpaTb 3.lleCb peiiiaiO!IIYIO pOJib. 

B 3aKJIIO"!eHI1e - 0 npo6JieMe KOHCTpy11pOBaHI1f! 11 COBepiiieHCTBOBaHI1f! 

aTOMHbiX .liBI1raTeneJ:i. Y)Ke ceJ:iqac 11MeiOTCf! MopcKI1e cy,11a c aToMHbiMH .!IB11-
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raTeJI.HMH. If KOr)la npH)leT BpeM.H llOJieTa Ha OT)laJieHHhle llJiaHeTl'>I, HeT COM
HeHH.H, 'ITO KaK pa3 aTOMHble ilBHraTeJIH 6yilyT llOCTpOeHbl )lll.H :3TOH ueJIH, no
MOra.H 'JeJIOBeKy 3aBOeBl'>IBaTl'> KOCMOC. 

A translation into English follows. 

REVIEW OF THE WORK OF THE CONFERENCE 

N. N. BOGOLYUBOV 

Academy of Sciences of the USSR, 
Moscow, Union of Soviet Socialist Republics 

In commencing this review I would first like to express my gratitude 
for the great honour that has been accorded me, as a representative of 
Soviet science, by the proposal that I should give an address summing up 
the work of the Conference. I should say frankly, however, that it has 
put me in a very awkward position inasmuch as nuclear science and 
engineering have now developed to the extent that it is virtually impossible 
for one man to deal thoroughly with all aspects of the matter. In this re
view I shall therefore be compelled to deal only with what I consider to 
be the most fundamental achievements reported at the Conference. In so 
doing I shall, of course, make every effort to cover all the main points 
with maximum objectivity, although there is no doubt that there may still 
be a certain subJectivity and a somewhat subjective approach in my 
interpretation, since the range of my interests lies w1thin certam limits. 

This Conference - and this is the first thing that has to be stated -
has aroused great interest and attracted a large number of participants. 
There is no doubt that the exchange of scientific and technical ideas that 
has taken place, and the demonstration of the gains achieved in various 
countries, will have a very considerable effect on the further development 
of atomic science and engineering. 

Seventy-nine countries have sent their representatives to the Con
ference to discuss the problems involved in using nuclear energy. Over 
the seven years that have passed since the Third Geneva Conference there 
has been intensive development of nuclear science and engineering in 
virtually all countries of the world and, as Dr. Sigvard Eklund, D1rector 
General of the IAEA, recently stated in the General Assembly of the United 
Nations, nuclear science has come of age. Analysing the papers presented 
by scientists and experts from many countries, we can say with confidence 
that the Fourth Geneva Conference has demonstrated that the practical ap
plication of nuclear energy is developing by leaps and bounds. 

Whereas before the First Geneva Conference in 1955 nuclear power 
generation was represented by only one atomic power station (the Obninsk 
Atomic Power Station with a capacity of 5 MW), before the Fourth Con
ference the number of power reactors in operation or under construction 
had reached more than 230. According to figures supplied by the IAEA, 
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102 of these power reactors were in operation and 131 were under con
struction by the end of April 1971. The developments in nuclear technology 
and its use for peaceful purposes have attracted the attention not only of 
scientists and engineers, but also of statesmen. 

At present a large number of countries have five-year plans or long
term national programs for the development of nuclear science and 
engineering. The existence of these national programs, together with 
co-operation within the framework of the International Atomic Energy 
Agency and other specialized international organizations, affords the 
most apposite means of solving the key problems involved in the utiliza
tion of nuclear energy. A considerable contribution to the effective solu
tion of the problems attending the utilization of nuclear energy for peace
ful purposes has been made by the papers presented at this Conference 
and by the creative discussions that have been held here at the Palais des 
Nations, at the Governmental Scientific Exhibition, and in a great variety 
of other places in Geneva. 

And so I will make some brief comments on some of the topics that 
have been considered at the Fourth Geneva Conference on the Peaceful 
Uses of Atomic Energy. 

In view of the international character of the work being done on the 
peaceful application of nuclear energy, I do not wish to single out the part 
played by any one country, since all our achievements in this connection 
are a contribution to the common storehouse of international attainment. 
In evaluating the previous Geneva Conferences on the Peaceful Uses of 
Atomic Energy and assessing their principal results, many speakers 
have stressed that the Third Conference held in 1964 demonstrated that 
nuclear power generation had already passed beyond the experimental 
stage, and that nuclear power stations had begun to compete with con
ventional power stations and, furthermore, had taken their own path of 
development. 

At the beginning of our work here in Geneva we were reminded of the 
tasks set by the General Assembly of the United Nations for the Fourth 
Geneva Conference: it was to be useful not only for scientists and engineers, 
but equally for industrial planners, administrators and economists. This 
aim was based on the knowledge that by the time the Fourth Conference 
was convened, nuclear power production would have come of age. 

The course of the Conference has confirmed these initial premises 
and makes it clear that the set purpose has been achieved. The 
persons taking part in the Conference and the kind of papers presented are 
an indication that nuclear energy is becoming firmly entrenched in a very 
wide variety of human activities, and that the most important sphere of 
application, namely nuclear power production, has reached the stage of 
extensive development on a world-wide scale. 

The widespread adoption of nuclear power brings into prominence 
a number of important problems that may have escaped the attention of 
many people at an earlier stage. I have in mind, first and foremost, 
the effect on the environment, the safety of the population, problems of 
radioactive waste disposal, the incorporation of nuclear power stations 
into power grids, the selection of the optimum fuel cycle for various 
reactor types, and the study of the strength of construction materials. 

A review of world demands for energy and of energy resources in
dicates that by the end of this century half the total electric power pro-
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duced in the world will be generated by nuclear power plants. In terms of 
figures, according to the forecasts made here, nuclear power output may 
reach three million megawatts by the end of this century. Calculation of 
requirements shows that in 1980 the capacity of nuclear power stations 
will be approximately 300 000 MW(e), and that over the following twenty 
years the output of electrical power from nuclear power stations should 
increase by a factor of approximately 8- 10. It is an understatement to 
say that this is a highly complex and difficult problem requiring the par
ticipation of scientists, engineers and industnal planners throughout the 
world for its solution. It is a task that approaches the fantastic. But the 
solution of these problems is already well under way through "the wide
spread introduction of thermal power reactors and the surmounting of the 
difficulties involved m fast-reactor engineering. 

Thermal neutron reactors have undergone a considerable period of 
development and have now been adopted on an industrial scale. This 
relates first and foremost to water-moderated reactors and, to a con
siderable extent, to graphite-moderated reactors with both gas and water 
cooling systems. At present a large number of countries have already 
gained extensive experience in operating these types. Many ups and 
downs have been encountered in this work. It is now clear that the dif
ficulties have by and large been overcome and that the experience gained 
has enabled the stage to be set for the very rapid development of nuclear 
power production beyond its present level. The experience acqmred in 
developing and operating these reactors has been a very important topic 
of discussion at the Conference. 

The next set of scientific and technical questions which has been of 
considerable interest to those attending the Conference is that of the safe 
operation of nuclear power stations. There are various aspects to this 
problem: the proper design of reactors and their cooling systems, ade
quate allowance for natural factors; correct siting; the devising of special 
standards, rules and procedures for ensuring safety of operation; the 
quality control of power station equipment. 

Careful and sound solutions of these problems are called for by the 
actual scale of deployment of nuclear power stations and by the need for 
siting them in thickly populated regions and for bringing large numbers 
of additional people into this sphere of activity, along with new construc
tion and industrial undertakings of various kinds. Besides considering 
key problems relating to nuclear power stations embodying thermal 
reactors, the Conference has dealt with the development and construc
tion of improved types of reactors, characterized either by enhanced 
efficiency of the thermodynamic cycle or improved fuel-cycle parameters. 
Within the same general context, attention has also been paid to high
temperature gas reactors, heavy-water reactors of various types, the 
graphite reactor with boiling-water cooling, molten-salt reactors and 
dissociating- gas reactors. 

Fast breeder reactors open up the way for improved utilization of 
the source-material resources of nuclear fuel for power generation. 
Maximum attention is being devoted in the most advanced countries to the 
development of reactors of this type. 

Experimental fast reactors have been in operation for many years in 
the United States of America, the Soviet Union, the United Kingdom and 
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France. Such reactors are being built in Italy, Japan and the Federal 
Republic of Germany. They have already demonstrated operational 
stability and reliability and are providing experience for the design of 
commercial reactors. By now the general trend in the design and basic 
features of these reactors has been established: sodium cooling, ceramic 
fuel in a stainless steel cladding, three-circuit systems with steam 
turbmes. We still have a long way to go, however, before all the techno
logical problems facing us in the construction of large commercial reac
tors can be solved, and our task for the immediate future is the construc
tion of prototypes. 

Large fast-neutron power reactors are in the final stages of construc
tion and assembly in the Soviet Union, the United Kmgdom and France. 
Designs have been completed in the Federal Republic of Germany and the 
United States of America for demonstration prototype reactors, other 
proJects are in the developmental stage in Italy and Japan. 

Intensive work is being carried on in many countries in connection 
with the testing of fuel elements and equipment. These questions, which 
were dealt with at the Conference, are the ones which characterize the 
situation with respect to the mastery of breeder-reactor technology. 
The focal point in the work of bringing fast reactors into general use is 
shifting to the technological problems of achieving reliability in various 
types of equipment and control systems under actual conditions of opera
tion. It may be expected that these problems will be resolved within the 
next few years and that the period after 19 80 will see the construction of 
fast reactors for commercial use. This will mark the beginning of a new 
stage in power engineering - that of breeder reactors producing both 
electric power and fuel for future development. 

The rapid development of atomic power generation of course requires 
a corresponding development in all links in the fuel cycle. It is unnecessary 
to dwell on the importance of ensuring the supply of fuel. According to an 
estimate given in one of the review papers, the proven reserves of ore 
from which uranium can be extracted at a cost of up to $10/lb amounts to 
approximately 1 million tons. This quantity is sufficient to satisfy uranium 
requirements only until the end of the 1970s. In this connection, stress 
has been laid during the Conference on the importance of increasing 
throughout the world the prospecting for new uranium deposits and also 
the importance of improving methods of processing ore, particularly of 
low-grade varieties. 

It seems to me personally that one must not underestimate the im
portance of developing new methods for the production of nuclear fuel by 
all possible means, including the extraction of uranium from sea-water, 
bearing in mind the fact that uranium is present in the sea in quantities 
of the order of 4000 million tons. 

Since most of the commissioned and planned reactors make use of 
enriched uranium, it is quite logical that during the Conference great 
interest has been shown in the isotopic enrichment of uranium and in the 
development and improvement of enrichment methods and technology. 

During the period between the Third and Fourth Geneva Conferences 
substantial progress has been made in the production of fuel and the 
reprocessing thereof after use in reactors. But there remains much to 
be done, for example the development of methods for reprocessing fast
reactor fuels and improving the reprocessing of thorium-containing fuel. 
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It seems to me that unless the problem of fast reactors can be 
solved it will be impossible to resolve the problem of large-scale nuclear 
power production. 

Finally, the next step in the development of nuclear power engineering 
must be the introduction into the fuel cycle of a new type of nuclear fuel, 
namely, high-temperature deuterium plasma. As was the case 20 years 
ago, the underlying notion in the most advanced work on the production 
of high-temperature plasma of sufficiently high density and temperature 
is magnetic thermal insulation. 

I should like to emphasize here that it was thanks to the initiative 
shown by an outstanding Soviet scientist, the late Academician Kurchatov, 
in 1955, that work on controlled thermonuclear fusion was declassified; 
this fact has had an extremely beneficial effect on the overall development 
of this important field. 

At present the overall program of thermonuclear research provides 
for experiments in three main directions - experiments to obtain a hot 
plasma in closed magnetic systems (Tokamak and Stellarator) and in 
adiabatic magnetic traps, and experiments with pulsed magnetic fields. 
Detailed studies on the properties of high-temperature plasmas and the 
exceptional inventive spirit of the physicists engaged on this problem 
have made it possible to find optimum conditions for the processes of 
thermal insulation of plasma and thereby to increase its main physical 
parameters. 

Since the Third Geneva Conference it has been possible to increase 
the plasma parameters by almost an order of magnitude in magnetic 
mirror units as well. Definite progress has been made in the most ad
vanced methods of fast plasma heating in pulsed magnetic fields. 

Apart from the above-mentioned sections of the thermonuclear pro
gram, which have now become conventional, in recent years developments 
have started in relatively new directions. These include experiments 
with units which make it possible to generate a highly dense bunch of 
high-temperature plasma in a very small volume - the "plasma focus". 
It is true that the future outlook for this method is still not clear, since 
the experimental conditions are not yet such as to enable us to under
stand the mechanism of neutron radiation of the plasma focus and its 
dependence on various physical parameters. 

Very recently, studies connected with the possibility of heating 
matter by a powerful laser beam have acquired wide significance. The 
special attraction of this method is that the concept of magnetic thermal 
insulation of pla.sma can, in principle, be done away with. In experi
ments based on this method the neutron radiation intensity is at present 
104 neutr-ons per pulse. However, the unusually rapid progress achieved 
in increasing the store of energy in the laser beam and the efficiency of 
the laser itself, on which the prospects of development along these lines 
mainly depend, can even in the very near future render the method of 
laser heating one of the most promising in the whole thermonuclear 
program. Initial steps have also been taken towards the development 
of what are, from the standpoint of physics, highly attractive methods 
involving very fast heating of matter by a high-intensity electron beam. 

Analysis of the present status of thermonuclear fusion shows that, 
in spite of the emergence of basically new trends, it has not yet gone 
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beyond the stage of development of the physical basis for deriving the 
requisite plasma parameters permitting use of the reactions occurring 
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in the plasma for the technological solution of the problem of constructing 
a thermonuclear reactor. 

Let us hope that the remaining problems will be solved as rapidly as 
the earlier part has been. 

The further development of nuclear power in the coming years will 
be accompanied by an accumulation of ever-growing quantities of nuclear 
materials. In this connexion, the Conference placed great emphasis on 
problems of the safeguarding and control of nuclear materials, as provided 
under the Treaty on the Non-Proliferation of Nuclear Weapons. 

' The success achieved by the International Atomic Energy Agency in 
drafting a model safeguards agreement, and the progress made in working 
out technical ways and means of safeguarding nuclear materials, inspire 
the conviction that the aims of safeguards as laid down in the Treaty on 
the Non-Proliferation of Nuclear Weapons will be satisfactorily fulfilled 
at moderate cost and without detriment to the peaceful uses of atomic 
energy. 

The improvement of methods of processing and disposing of wastes 
was carefully studied by the Conference. Reliable disposal is ensured by 
methods now being developed or already in use, including the pumping 
of waste under the ground, the solidification of waste and the burying of 
waste in salt formations. 

It seems wrong to me, however, to release radioactive waste into 
the seas and oceans, in view of the possible pollution of the hydrosphere. 

Something must also be said about the great change which has taken 
place since the third Geneva Conference in the development of research 
on applied radiation chemistry and the application of radiation-chemical 
processes in industry. In some countries, the industrial manufacture of 
various materials and products with special properties has been organized, 
and processes of radiation synthesis have been applied, on the basis of 
methods involving the modification of polymers by radiation. It should be 
pointed out that in the developing countries a great research effort is under 
way in the field of applied radiation chemistry with a view to the industrial 
application of radiation processes. 

Reliable operation of nuclear power stations, and the safety of man, 
cannot be assured without progress in the field of nuclear instrumentation. 
At present, hundreds of types of instruments used for radiometry, dosi
metry and the technological control of various nuclear reactions have 
already been developed and are being produced by industry. This is highly 
encouraging and provides an assurance that in the very near future integral 
automated systems will be created on the basis of the most recent advances 
in microelectronics, by means of which atomic power plants can be reliably 
controlled and operated. 

The period since the Third Geneva Conference has been marked by 
considerable progress in the use of radioactive isotopes and of radiations 
in various branches of medicine. Radioisotope techniques for the purpose 
of diagnosing a variety of human diseases have been widely developed in 
general therapeutic practice, surgery and oncology. 
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The main trends in modern radiotherapy which have been reflected 
in the papers presented to the Fourth Geneva Conference are: 

A widening of the range of nuclear radiations applied in radiothera
peutic practice (gamma rays, radiation from betatrons and linear 
accelerators, proton and neutron therapy); 
Improvement of the radiation-physical parameters and of the clinical 
and methodological foundations of radiotherapy, optimization of 
programs for radiotherapy with a view to its individual planning, 
based on the application of computer technology. 

Of considerable importance for the further improvement of radio
isotope diagnostics and radiotherapy is also the establishment of large 
radiological centres and the training of specialist staff. The papers 
before the Conference show the emphasis placed on the study of the 
biological effects of various types of radiation, the investigation of the 
mechanisms of radiation damage and its repair at the cellular and 
molecular levels, and the possibilities of use of protective substances 
and procedures. 

Radiobiology is making its contribution to the solution of so vital a 
problem as the supply of a sufficient quantity of wholesome food for the 
world's population. This is being achieved by the use of high-yield 
varieties of grain crops obtained by the method of radiation-induced 
selection and by improvements brought about through radiation-induced 
sterilization. 

Radiation is being used increasingly for inducing beneficial mutations 
in microorganisms. 

The papers presented gave particular attention to the problem of the 
environment. Large-scale research is in progress on the manner in 
which radioactivity reaches the environment and on penetration of the 
biosphere by radioactive products and their interactions with it. In the 
papers presented at the Conference it is universally pointed out that the 
effect of radioactive substances upon man and the biosphere as a whole 
represents one of the central problems of the peaceful use of nuclear 
energy. 

The papers show clearly that questions of the safe operation of 
nuclear power stations and of pollution of the environment in various 
countries of the world are receiving a vast amount of attention. 

The comparative assessment made at the Conference of the con
sequences of the operation of conventional plants and of atomic stations 
is interesting. Conventional plants require several thousand times more 
air for diluting toxic substances to a permissible level than atomic power 
stations. In addition, the total amount of heat released (which may 
eventually produce undesirable climatic changes) per unit of useful out
put is considerably less in the case of an atomic power station, on account 
of its high efficiency, than in that of a conventional power station. The 
use of atomic energy does not involve consumption of oxygen and does 
not result in a steady build-up of carbon dioxide in the air. 

A great deal of attention has been given in the papers to questions 
of the public reaction to the development of the nuclear energy industry. 
This matter undoubtedly requires the closest attention and painstaking work. 
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In the course of the Conference an interesting debate took place on 
ecological problems, on the subJect of which the representatives of ten 
countries exchanged views and replied to the dozens of questions that 
were asked. In the debate stress was laid on the role of the scientist 
doing obJective research in moulding a public opinion favourable to atomic 
energy. 

Wide prominence was given in the Conference papers to the importance 
of nuclear technology for the developing countries; virtually all aspects of 
the use of atomic energy were covered, and an analysis was made of ways 
of increasing the contribution of nuclear technology to economic progress 
in the areas concerned. 

In all countries, including the developing countries, there is a rapidly 
increasing demand for power, and nuclear power is one of the means of 
satisfying that demand. Nuclear power must, however, always be com
pared with the more traditional ways of producing electricity, since each 
type of energy source has its advantages and disadvantages. 

It is probably desirable to develop the fuel base for the developing 
countries' atomic power industry on a regional basis, with maximum 
utilization of their own uranium resources, prospecting for which should 
be mtensified while, for the enrichment of uranium, recourse can be 
had to the services of other countries. 

The nuclear centres that have been set up in the developing countries 
are helping to train experts. They are also making possible the develop
ment of research in the fields which are of the greatest practical importance 
for the economy. The charged-particle accelerators and research reac
tors that have been built at those centres constitute dependable radiation 
sources for research and a basis for the training of personnel. Availability 
of personnel is clearly one of the most important factors in the use of 
atomic energy in those countries. 

Nuclear technology has only recently begun to make 1ts contribution 
to the economic progress of a number of countries, and there is every 
prospect that nuclear technology and its many economic applications will 
promote the economic and the scientific and technological development 
of a large number of countries with increasing effectiveness. 

A special place in the papers at the Conference has been assigned to 
international co-operation in the field of personnel training. Many de
veloped countries are giving technical assistance for the training of 
personnel from developing countries. An important role in organizing 
this co-operation, particularly multilateral co-operation, is being played 
by the IAEA, which seeks to ensure that the training of experts is carried 
out with due regard for their specific needs and potentialities. 

In this sense the Fourth International Conference on the Peaceful 
Uses of Atomic Energy has made a great contribution to international 
co-operation. The two weeks which we have devoted to a lively exchange 
of experience on the scientific, technical and economic aspects of the 
subJect, on its legal and political aspects, and on information services 
and the training of specialized personnel, will yield valuable results. 

In their messages to the Conference, the heads of a number of 
participating States drew attention to the need for expanding international 
co-operation in the peaceful uses of atomic energy, and to the positive 
contribution of such co-operation towards relieving international tension 
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and strengthening peace throughout the world; they likewise emphasized 
the need for continuing efforts to curb the armaments race in nuclear 
weapons. 

In this connexion, attention was once again drawn to the importance 
of the Treaty on the Non-Proliferation of Nuclear Weapons, which came 
into force on 5 March 1970. The fact that the Treaty has been signed 
by 98 States and that it has been ratified by three nuclear-weapon States 
and by States not possessing nuclear weapons bears witness to the broad 
international recognition of the Treaty's importance. 

The success achieved by the International Atomic Energy Agency in 
drafting a model safeguards agreement inspires the conviction that the 
aims of safeguards as laid down in the Treaty will be satisfactorily 
fulfilled. 

In conclusion I should like to make a few general remarks. 
This Conference has been devoted to purely practical problems of 

vital importance. It was planned so as to be directly useful not only to 
scientists and engineers but also to industrial planners, managers and 
economists. 

Here, however, I must emphasize the fundamental importance of the 
part played by pure science. And since I have been given an opportunity 
to review the work of the Fourth Geneva Conference, I should like to 
stress the part played by pure science, research in which does not at 
any given time seem to be of use even to scientists specializing in allied 
disciplines. 

Only afterwards does it appear that what seemed to be entirely 
theoretical pure research often has the incidental effect of leading to the 
creation of new branches of technology. We may recall in this connexion 
that in the 'thirties research into the atomic nucleus was considered by 
many people to be so abstract and so divorced from life that doubts were 
expressed as to the expediency of financing it, even on a modest basis. 

Again, long before even the idea of a controlled thermonuclear re
action made its appearance, a purely abstract, theoretical approach to 
the study of plasma was successfully developed, an approach based, so 
to speak, on the intrinsic interest of the subject. And now this research 
has found a broad field of application in connexion with the problem of 
controlled thermonuclear synthesis. 

I shall not stop to give a large number of such examples here. Let 
me just say that we obviously now have a similar situation in high-energy 
physics, i.e. in the physics of elementary particles. 

There is no sign yet of this leading to broader applications, but it 
is my profound conviction that the penetration which is thus gradually 
taking place into the secrets of the inner structure of matter, into the laws 
governing the interaction of its basic microconstituents, the elementary 
particles, must undoubtedly lead to major, perhaps quite unexpected, 
practical applications. 

Everyone is interested, of course, in the fruits of science, but at 
the same time thought should be given also to the deep-lying roots of the 
tree upon which such fruits can grow. 

What can be said in conclusion about the prospects which the suc
cesses already achieved in the sphere of atomic science and technology 
are opening up before us? 
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As may be seen from the papers presented at this Conference, the 
outlook here is quite extensive; it includes applications to medicine, 
biology in general, and agriculture. 

143 

The work done by the Conference Justifies the conclusion that the 
development of nuclear power maintains sufficient cleanliness of the 
environment; and what is more, the replacement of power obtained from 
conventional fuel by nuclear power will lead to a considerable decrease 
in the pollution of our environment by toxic substances and to an improve
ment in its quality. 

Among the power-consuming applications, the desalination of water 
should be especially emphasized. It must not be forgotten that the problem 
of obtaining fresh water may become particularly acute in the not-too
distant future. And precisely on account of the vast amount of energy 
required to solve this problem, nuclear technology is destined to play a 
decisive part. 

Then there is the problem of designing and improving atomic motors. 
Ships with nuclear propulsion already exist. And when the time comes 
for flights to distant planets, there is no doubt that atomic motors will 
be designed for this purpose, thus contributing to man's conquest of 
space. 



CLOSING REMARKS 

Sigvard EKLUND 
Director General 
of the International Atomic Energy Agency 

We have just heard the summary of the highlights of the Conference by 
Academician Bogolyubov so I will not dwell on the scientific program as 
such. May I limit myself to reflecting somewhat on the value of holding a 
Conference of this magnitude - a point on which I have heard various 
opinions from many different people. 

At the opening of this Conference, I mentioned the difficult mandate 
given to us by the United Nations General Assembly; that is, to draft an 
Agenda of interest to public officials, economists and planners as well as 
technologists. One means of trying to fulfil the mandate was to have general 
sessions with surveys, and technical sessions with detailed scientific papers. 
I think we are all most grateful to those who worked so hard to be able to 
present surveys of energy needs and uranium resources, and of foreseeable 
developments in nuclear power. The discussions of environmental questions 
have been thought-provoking and have given a better perspective on this 
problem. Our gratitude also goes to the scientists who shared with us the 
results of their latest work. However, it was inevitable that there would 
be some participants who found the scientific and technical papers too 
specific and others who found the surveys too general. 

From sessions during the last couple of days, I have a feeling that the 
problems of the developing countries were also brought forward in an 
illuminating way, especially during the panel discussion on "The 
Introduction of Nuclear Power into Developing Countries". 

The overriding value of a Conference of this type proved to be its 
role as a forum. The people most concerned with the development of nuclear 
energy have been brought together to exchange views, not JUSt in formal 
discussions and sessions, but perhaps even more in the corridors and in 
private meetings. The value of personal contacts for the promotion of 
co-operation on the country-to-country level cannot, in my opinion, be 
overestimated. 

Today, I am in a position to close my remarks by noting that this 
Conference can be cited as an eloquent example of the best possible collabo
ration between the United Nations and a member agency of the UN "family". 
I would like to take this opportunity to convey to Mr. Gresford, as the 
representative of the Secretary-General, the Agency's appreciation and 
thanks for the co-operation we have enjoyed. All the arrangements were 
made with an eye to strict economy - this Conference will ultimately 
cost less than one quarter of the Second Conference held in 1958. 

On behalf of the Agency, I also want to thank the President, 
Dr. Glenn Seaborg, for the guidance he has given the Conference; the 
Vice-Presidents and the Chairmen; and, last but not least, the Scientific 
Secretariat, who contributed their best efforts to this Conference. 

Translations into French, Russ1an and Spanish follow. 
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ALLOCUTION DE CLOTURE 

Sigvard EKLUND 
Directeur general 
de l'Agence intemationale de l'energie atomique 

Nous venons d'entendre le Professeur Bogolioubov resumer les aspects 
les plus marquants de la Conference, aussi ne reviendrai-je pas sur la 
question des programmes scientifiques proprement dits. Je voudrais 
simplement presenter quelques reflexions sur l 'inter~t d 'une conference 
de cette importance - point sur lequel les opinions ont varie largement. 

A l'ouverture de la Conference, j'ai fait allusion ala difficulte de la 
t§.che que nous avait confiee 1 'Assemblee generale de 1 'Organisation des 
Nations Unies, en nous demandant d 'etablir un ordre du jour qui puisse 
interesser a la fois les fonctionnaires, les economistes, les planificateurs 
et les technologues. Pour repondre a cette demande, nous avons pense 
que la Conference tiendrait des seances generales au cours desquelles 
des rapports d' ensemble seraient presentes et des seances techniques qui 
seraient consacrees ala presentation de memoires scientifiques. Je crois 
que nous sommes tous extr~mement reconnaissants a ceux qui ont fait de 
si grands efforts pour pouvoir presenter des rapports sur les besoins 
energetiques et les ressources en uranium ainsi que sur l'evolution probable 
de la production d'energie d'origine nucleaire. Les discussions qui ont eu 
lieu sur les problemes de l 'environnement ont ete extr~mement fructueuses 
et nous ont permis de voir ce probleme sous un meilleur jour. Notre 
reconnaissance va egalement aux specialistes qui nous ont communique les 
resultats de leurs travaux les plus recents. Toutefois, il etait inevitable 
que certains participants jugent les memoires scientifiques et techniques 
trop restreints tandis que d 'autres reprochent aux rapports d'ensemble leur 
caractere trop general. 

A pres les seances qui ont eu lieu au cours de ces derniers jours, j 'ai 
l 'impression que les problemes des pays en voie de developpement ont ete 
aussi mis en pleine lumiere, notamment au cours de la discussion de groupe 
qui a eu lieu hier apres-midi sur «l'introduction de l'energie d'origine 
nucleaire dans les pays en voie de developpement ». 

L 'inter~t supr~me d 'une conference com me celle qui vient de no us 
reunir a ete de servir de lieu de rencontre international. Ceux qui dans 
le monde s'interessent le plus au developpement de l'energie nucleaire ont 
eu la possibilite d'echanger des vues, et ces echanges de vues ne se sont 
pas limites aux seances officielles mais ils ont peut-~tre ete encore plus 
intenses dans les couloirs et au cours des reunions privees. A mon avis, 
on ne saurait surestimer l 'inter~t que les contacts personnels peuvent 
presenter pour le progres de la cooperation entre pays. 

Aujourd 'hui, je suis en mesure de conclure mes observations en 
ajoutant que cette Conference peut ~tre consideree comme un exemple 
eloquent de la collaboration la plus efficace qui puisse s 'instaurer entre 
l'Organisation des Nations Unies et une institution membre de la «famille 
des Nations Unies ». Je tiens a saisir cette occasion pour transmettre a 
M. Gresford, representant du Secretaire general, la gratitude et les 
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remerciements de l'Agence pour le concours qui nous a ete apporte. Toute 
la Conference a ete organisee suivant les principes de l'economie la plus 
stricte; en fin de compte, elle cofitera moins d'un quart du prix de la 
deuxieme Conference, tenue en 1958. 

Au nom de l'Agence, je tiens aussi a feliciter le President de la 
Conference, M. Glenn Seaborg, pour la competence avec laquelle il a 
dirige les travaux; mes remerciements ~ont aussi aux Vice-Presidents 
et Presidents ainsi qu 'au secretariat scientifique, qui a deploye tous 
ses efforts pour contribuer ala reussite de la Conference. 

3AKJIIOYJ1TEJibHOE BbiCTYIT JIEHHE 

3Hraap.n 3KJIYH,ll 
reHepaJibHb!H ,llHpeKTOp 
Me)K_nyHapo.nHoro areHTCTBa 
no aTOMHOH SHepr!iH 

Mbl TOJlbKO 'ITO 3acnymaJIH 3aKJIIO'IHTeJibHOe Bb!CTynJieHHe aKa,neMHKa 
Eoromo6oaa, B KOTOpOM H3JiaraiOTCll OCHOBHb!e MOMeHTb! pa60Tbl KoH<!>epeH
UHH1 H nOSTOMy ll He 6y,ny OCTaHaBJIHBaTbCll Ha Hay'!HOH nporpaMMe KoH<i>e
peHUHH KaK TaKOBOH. TI03BOJlbTe MHe orpaHH'IHTbCll JIHillb BOnpOCOM 0 3Haqe
HHH npoae,neHHll TaKOH KoH<!>epeHUHH - BOnpOCOM 1 no KOTOpoMy MHe npHIDJIOCb 
CJlbiiDaTb pa3JIH'IHbie MHeHHll OT MHOrHX JIIO,lleH. 

Ha OTKpbiTHH KoH<PepeHUHH .ll roaopHJI o Tpy,nHoi:f 3a_naqe, B03JIO)KeHHOH 
Ha Hac reHepaJibHOH AccaM6neej:j OpraHH3aUHH 06'be,nHHeHH:blX HauHH:; Tpy.z~

HOCTb STa 3aKJIIO'IaJiaCb B COCTaaJieHHH noaeCTKH ,l1Hll 1 KOTOpall OTBe'laJia 6bl 
HHTepecaM KaK rocy.z~apCTBeHHb!X ,llel!TeJieH, 3KOHOMHCTOB H nJiaHOBHKOB 1 TaK 
H TeXHH'IeCKHX cneuHaJIHCTOB. 0,nHHM H3 cnoco60B pemeHHll STOH Tpy,nHOH 
3a,naqH liBHJIOCb npoae,neHHe o6IUHX 3ace.naHHH c npe,ncTaaneHHeM o63opHbiX 
,nOKJia,nOB H TeXHH'!eCKHX 3ace,llaHHH 1 Ha KOTOpb!X paCCMaTpHBaJIHCb Hay'IHbie 
,liOKJia,nbi no cneuH<i>H'IecKHM aonpocaM. 5I nonara10, 'ITO Mbi aecbMa 6naro
.z~apHbi TeM 1 KTO TaK ynopHO pa6oTaJI 1 'IT06bl npe,liCTaBHTb 0630pb! no SHepre
TH'!eCKHM noTpe6HOCT.l!M H ypaHOBb!M 3anacaM 1 a TaK)Ke no nepcneKTHBaM 
pa3BHTH.ll ll,nepHOH SHepreTHKH. 06Cy)K,lleHHe BOnpOCOB 0 3arpli3HeHHH OKpy
)KaiOIUeH qenoaeKa cpe,nbi nopO.liHJIO HOBble H,neH H 6onee qeTKO onpe.nenHJIO 
nepcneKTHBY pemeHHll STOH npo6neMbi. M1>1 6naro.z~apHbi TaK)Ke yqeHbiM, KO
Topbre ,lleJI.l!TCl! cero,nHll C HaMH pe3yJibTaTaMH CBOHX nocne,nHHX pa60T. 0_n
HaK01 HeH36e)KH0 HaillJIHCb yqaCTHHKH 1 KOTOpbie CO'IJIH Hay'IHO-TeXHH'!eCKHe 
,liOKJia,nbi CJIHIDKOM cneuH<i>H'IHbiMH 1 B TO BpeMl! KaK ,llpyrHe OTMeTHJIH CJIHID
KOM o6IUHH xapaKTep 0630pHb!X ,liOKJia,noB. 

B xo.ne 3ace.z~aHHH, npoxo,nHamHx B Te'!eHHe nocne.nHHX .nayx .z~Hei:f, y Me
Hll C03,naJIOCb BneqaTJieHHe 1 'ITO np06JieMbl pa3BHBaiOIUHXCll CTpaH CTaJIH 6o
Jiee aKTyaJibHb!MH. 0co6eHHO 3TO npOl!BHJIOCb B XO,lle ,liHCKyCCHH BO BpeM.ll 
COBeiUaHH.ll SKcnepTOB Ha TeMy 11 BHe,npeHHe l!,nepHOH SHepreTHKH B pa3BHBaiO
IUHXC.ll CTpaHax" • 
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0CHOBHOe 3HaqeHHe KoH<f>epeHI.IHH TaKOrO THna COCTOHT B TOM 7 'iTO OHH 
HrpaiOT pOJib CBOeo6pa3HOrO <f>opyMa, Ha KOTOpOM C06HpaiOTC51 JIIO,!IH 7 TeCHO 
CB513aHHbie C MHpHb!M HCnOJib30BaHHeM 51,!\epHOH 3Heprmf 7 ,!IJI51 06MeHa MHe
HH51MH He TOJihKO B XO,lle O<f>Hl.IHaJihHb!X ,!IHCKyCCHH H 3aCe,llaHHH 7 HO, B03MQJK
HO ,llaJKe 6onee OTKpOBeHHO, B Kynyapax H npH qaCTHb!X BCTpeqax. IJo MOe
My MHeHHI07 HeJib351 He,!IOOI.IeHHBaTh 3HaqeHH51 JIH'iHb!X KOHTaKTOB B ,lleJie co
,lleHCTBH51 COTpy,!IHHGeCTBY OT,lleJibHb!X CTpaH. 

3aKaHGHBa51 CBOe BbiCTynJieH:He, 5I XO'iY OTMeTHTb 7 'iTO 3TY KoH<f>epeH
l.IHIO MOlKHO C'iHTaTh 51pKHM npHMepOM CaMoro TeCHOrO COTpy,!IHH'ieCTBa MeJK
.liY OpraHH3al.IHeii 06'be,!IHHeHHbiX Ha1.1HH H O.l\HHM H3 yqpeJK,lleHHH, BXO.!IHIIIHX B 
11 CeMbi011 CTpaH-qJieHOB. .5I XOTeJI 6b! BOCnOJib30BaTbC51 3TOH B03MOlKHOCTbi0 7 

'iT06bi Bbipa3HTb r-Hy rpec<f>op.z~y' KaK npe,!ICTaBHTeJIIO reHepaJihHOro CeKpe
TapH, Bb!COKYIO npH3HaTeJibHOCTb H 6naro.z~apHOCTh AreHTCTBa 3a OKa3aHHOe 
HaM co.z~eiicTBHe. Bee MeponpHHTHH no opraHH3al.IHH KoH<f>epeHI.IHH npoBO,!IH
JIHCh C yqeTOM CTporoif 3KOHOMHH 1 B pe3yJibTaTe qero ,lleHeJKHb!e 3aTpaTbl 
Ha npoBe,lleH:He 3TOH KoH<f>epeHI.IHH 6y.llyT Ha qeTBepTb MeHb!lle 7 GeM Ha npo
Be,lleHHe BTopOH KOH<f>epeHI.IHH 1958 ro.z~a. 

OT HMeHH AreHTCTBa 5I xoqy TaKJKe no6naro.z~apHTh IJpe.z~ce.z~aTeJIH KoH
<f>epeHI.IHH .z~-pa rneHHa CH6opra 3a PYKOBO,!ICTBO pa60TOH KoH<f>epeHI.IHH, 

BHI.Ie-IJpe.z~ce.z~aTeneii H IJpe.z~ce.z~aTeneii ceKI.IHH, H, HaKOHel.l, HO He B nocne.z~
HIOIO oqepe,llb 1 HayGHbiH CeKpeTap:HaT, KOTOpbiH BHec orpOMHbiH BKJia,ll B npo
Be,lleHHe KoH<f>epeHI.IHH. 

DECLARACION DE CLAUSURA 

Sigvard EKLUND 
Director General 
del Organismo Internacional de Energia Atomica 

El Profesor Bogoliubov acaba de recapitular los puntos culminantes 
de esta Conferencia; por lo tanto no insistire sobre el programa cientlfico 
propiamente dicho y me limitare a hacer algunas reflexiones sobre el valor 
que ofrece una conferencia de esta magnitud, punto sobre el cual he 
escuchado distintas opiniones de personas muy diversas. 

En la sesi6n de apertura hable de lo diffcil que era el mandate que 
nos encomend6 la Asamblea General de las Naciones Unidas, que consist!a 
en confeccionar un programa de interes para los funcionarios de la 
administraci6n, para los economistas y los planificadores, y para los 
tecn6logos. Una manera de tratar de dar cumplimiento a este mandato 
consistla en celebrar sesiones generales en las que se presentar!an 
estudios de caracter general, y sesiones tecnicas en las que se expondr!an 
memorias cientlficas detalladas. Creo que todos sentimos el mayor 
agradecimiento hacia aquellos que con tanto empeno han trabajado para 
presentar estudios generales acerca de la demanda de energ!a y de los 
recursos de uranio, as{ como de la evoluci6n probable de la energ!a 
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nucleoeH~ctrica. Los debates en torno a las cuestiones ambientales han 
inducido a reflexionar y han dado una perspectiva mas exacta de este 
problema. Deseo expresar tambHm nuestra gratitud a aquellos cientfficos 
que han compartido amablemente con nosotros los resultados de sus 
trabajos mas recientes. Es inevitable, sin embargo, que algunos 
participantes hayan encontrado las memorias cientfficas y tecnicas 
demasiado especfficas y que otros hayan considerado los estudios demasiado 
generales. 

Las sesiones de estos dos ultimos cilas me hacen pensar que los 
problemas que afectan a los pa!ses en desarrollo se han expuesto con la 
maxima claridad, sobre todo en el debate del Grupo de expertos sobre la 
implantaci6n de la energfa nucleoelectrica en los paises en desarrollo. 

El valor mas grande de una Conferencia de este tipo sigue siendo, 
de todos modos, el papel que desempena en tanto que foro mundial. Las 
personas que mas se interesan por el desarrollo de la energia nuclear se 
han reunido para cambiar impresiones, no solamente en debates y sesiones 
oficiales, sino quiza aun mas en los pa~qillos y en las reuniones de caracter 
privado. A mi juicio, nunc a se ponderara demasiado el valor de los contactos 
personales para fomentar la cooperaci6n al nivel nacional. 

Ya puedo concluir estas breves palabras afirmando que la Conferencia 
ha sido un ejemplo elocuente del grado maximo de colaboraci6n que puede 
darse entre las Naciones Unidas y un organismo de la Hamada «familia» 
de las Naciones Unidas. Deseo aprovechar esta oportunidad para manifestar 
al Sr. Gresford, en su calidad de representante del Secretario General, en 
cuanto estima y agradece el Organismo la cooperaci6n de que ha disfrutado. 
Todos los preparativos se han efectuado ajustandose al criterio de la 
maxima economfa; esta Conferencia costara menos de la cuarta parte que 
la segunda Conferencia celebrada en 1958. 

En nombre del Organismo, quiero tambien expresar mi agradeeimiento 
al Presidente, Dr. Glenn Seaborg, por el acierto con que ha dirigido los 
trabajos de la Conferencia, a los Vicepresidentes y a los demas Presidentes, 
as! como a la Secretaria Cientffica, que ha aportado su maxima contribuci6n 
al exito de esta Conferencia. 



CLOSING REMARKS 

Guy GRESFORD 
Director for Science and Technology, 
United Nations 

The work of this Conference over the past two weeks has maintained 
the standard and carried on the momentum established by the three earlier 
conferences convened by the United Nations on the Peaceful Uses of Atomic 
Energy. As Academician Bogolyubov and Dr. Eklund have mentioned, it 
was the intention of the General Assembly that this meeting should be of 
concern to a wider group than scientists and technologists, and should be 
directed to public officials, planners and economists. The great strides 
made in the application of atomic energy since the Third Conference in 
1964 have made this appropriate, and this meeting has dealt, not with 
the scientists' hopes and dreams for the future, but with firm plans and 
projections concerning the major rol~ which nuclear energy can and must 
play in meeting the futl!re energy and other needs of mankind. 

In recent years the international community has become increasingly 
worried about problems of the human environment and this concern is to 
find a focus at the conference being convened by the United Nations in 
June 197 2 at Stockholm. In a sense the present Conference on atomic 
energy may be regarded as one of the preliminaries to the Stockholm 
meeting since it has emphasized the contribution which nuclear power can 
make to providing man with clean energy, with a minimum disturbance 
to the environment. 

While the theme of the earlier atomic energy conferences has been 
atoms for peace, that for the current one has been atoms for development. 
In United Nations terms these are really synonymous, and the major role 
which nuclear technology can play in assisting developing countries has 
emerged very clearly from the present Conference. This will be not only 
for meeting their future energy needs but also in agriculture and medicine. 
It also has an important part in education and training. To ensure that 
these roles are fulfilled will require the clear definition of needs and 
perspectives in developing countries, and the support and assistance of 
developed countries, and of the international community. 

As you know, the planning and mounting of this Conference has been a 
joint operation between the United Nations and the International Atomic 
Energy Agency, and it has been one which has proceeded smoothly and 
effectively. On behalf of the Secretary-General I wish to pay tribute to 
our colleagues in the Agency for their co-operation which has indeed, as 
Dr. Eklund has pointed out, made the exercise a model of what can be 
done in the United Nations family. The whole -hearted co-operation of 
governments and delegations who have taken part in the Conference has 
ensured its success. I must also acknowledge gratefully on behalf of the 
United Nations the assistance which has been received from other inter
governmental and non-governmental bodies and from the Scientific 
Advisory Committee. Mention should also be made of an innovation at 
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this meeting the availability of closed-circuit television -which has 
greatly facilitated our work. 

Finally, Mr. President, I must also, on behalf of the United Nations, 
acknowledge your own part in presiding over the Conference. I believe 
that I cannot pay a greater tribute than to say that you have upheld the 
standards set by the great predecessors in your office. 

Translations into French, Russian and Spanish follow. 

ALLOCUTION DE CLOTURE 

Guy GRESFORD 

Directeur du Bureau de la science et de la technique, 
Organisation des Nations Unies 

Les travaux de la Conference au cours des deux dernieres semaines 
ont ete d' un niveau aussi eleve que ceux des trois premieres Conferences 
des Nations Unies sur 1' utilisation de 1' energie atomique a des fins 
pacifiques et ont progresse dans la voie qu' elles avaient ouverte. Comme 
M. Bogolioubov et M. Eklund 1' ont indique, 11 Assemblee generale sou
haitait que cette reunion interesse non seulement les specialistes et les 
technologues mais aussi les fonctionnaires, les planificateurs et les 
economistes. Les grands progres qui ont ete accomplis dans 1' application 
de 1' energie atomique depuis la troisieme Conference, tenue en 1964, 
ont permis de realiser ce souhait et les participants a la reunion ne se 
sont pas preoccupes des espoirs et des r~ves de 11 homme de science pour 
1' avenir mais de plans et de projets concrets concernant la maniere dont 
1' energie nucleaire peut et doit contribuer a satisfaire les besoins energe
tiques et les autres besoins de 1' humanite. 

Depuis quelques annees, la communaute internationale se preoccupe 
de plus en plus des problemes de 11 environnement et cette inquietude 
trouvera a s' exprimer lors de la conference que I' Organisation des Nations 
Unies va organiser en juin 1972, a Stockholm. En un sens, la reunion 
actuelle peut ~tre consideree comme un prelude a la reunion de Stockholm, 
car elle a montre comment 1' energie d' origine nucleaire peut contribuer 
a apporter a 1' homme une source d' energie « propre »' qui porte le moins 
atteinte a 11 equilibre naturel. 

Si les precedentes conferences sur 1' energie atomique avaient eu pour 
theme 1' a tome pour la paix, la presente Conference a eu pour theme 
1' a tome pour le developpement. Du point de vue des Nations Unies, ces 
expressions sont en fait synonymes et le role essentiel que la technologie 
nucleaire peut jouer dans 1' aide aux pays en voie de developpement est 
apparu tres nettement au cours des debats de la Conference. La technologie 
nucleaire permettra non seulement a ces pays de satisfaire leurs besoins 
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energetiques mais les aidera egalement dans le domaine de 1' agriculture 
et dans celui de la medecine. La technologie nucleaire a egalement un 
role important a jouer en matiere d' enseignement et de formation. Pour 
qu' elle puisse remplir ces rMes divers, il sera necessaire de definir 
avec precision les besoins des pays en voie de developpement, les 
perspectives qui s' offrent a eux, 1' aide que les pays avances peuvent 
leur apporter et celle qu' ils peuvent attendre de la communaute internationale. 

Comme vous le savez, la mise sur pied de la presente Conference 
a ete assuree conjointement par l'Organisation des Nations Unies et 
1' Agence internationale de 1' energie atomique, et la collaboration de ces 
deux organisations a ete ala fois harmonieuse et efficace. Au nom du 
Secretaire general, je tiens a rendre hommage a 1' esprit de cooperation 
de nos collegues de 1' Agence qui peut servir d' exemple de ce qu' on peut 
faire a 1' interieur de la famille des Nations Unies, comme M. Eklund 
l'a souligne. La reussite de la Conference est due en grande partie au 
concours genereux des gouvernements et des delegations qui y ont participe. 
Au nom de l'Organisation des Nations Unies, je dois aussi exprimer rna 
reconnaissance aux autres organisations intergouvernementales et non 
gouvernementales ainsi qu' au Comite consultatif scientifique. Il convient 
egalement de mentionner une innovation qui a marque cette reunion, a 
savoir la retransmission des sessions par television en circuit interieur -
qui a considerablement facilite notre t~che. 

En conclusion, Monsieur le President, il me faut egalement, au nom 
de l'Organisation des Nations Unies, rendre hommage ala maniere dont 
vous avez preside aux travaux de la Conference. Je ne crois pas pouvoir 
vous adresser plus grand hommage que de dire que vous vous ~tes acquitte 
de votre t~che avec une competence egale a celle de vos eminents 
predecesseurs. 

3AKJIIO'llHTEJibHOE BbiCTYIJJIEHHE 

ri1rPEC<I>OP,ll 
,llHpeKTop HayqHo-TeXHHqecKoro ,llenapTaMeHTa 
OpraHH3aUHH 061>e~HHeHHbiX HauHR 

Pa6oTa KoHcpepeHUHH, KOTOpaH npo~On:IKanacb B TeqeHHe ~BYX He~enb, 
npOXO~Hna B ~yxe TeX Bb!COKHX H~eH H Tpa~HUHH, KOTOpb!e 6binH 3ano:1KeHbl 
Ha Tpex npe~bi~Y~HX KOHcpepeHUHHX no HCnOnb30B8HHIO 8TOMHOH 3HeprHH B 
MHpHbix uenHx, C03biBasmHMHCH OpraHH3aUHeR 061>e~HHeHHbiX HauHR. KaK 
OTMeTHnH aKa~eMHK Eoroni06oB H ~-p 3KnyH~, reHepanbHaH AccaM6neH CTa
BHna CBOeH uenbiO, qT06bi B npoBe~eHHH KoHcpepeHUHH 6binH 38HHTepeCOB8Hbl 
He TOnbKO yqeHble H TeXHHqecKHe cneuHanHCTbi, HO T8K:1Ke o6~eCTBeHHbie 
~eHTenH, nnaHOBHKH H 3KOHOMHCTbi. OrpoMHbie ycnexH, ~OCTHrHyTbre B o6-
nacTH MHpHoro Hcnonb30B8HHH aTOMHOH 3HeprHH C MOMeHTa npOBe~eHHH B 
1964 ro~y TpeTbeR KoHcpepeHUHH no Hcnonb30BaHHIO aTOMHOH 3HeprHH B MHp-
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Hl>IX Qemrx, C,lleJiaJIH HaCTOHTeJII>HO He06XO,liHMl>IM !IpOBe,lleHHe l.JeTBepTOH 

KoHipepeHQHH. 3Ta KOH¢epeHQHH 3aTparHBaeT He TOJil>KO Me'lT:bl H Ha,lle)K,ll:bl 

yqeHI>IX Ha 6y,11y~ee, HO TaK)Ke TBep,lii>Ie IIJiaHI>I H IIpOeKTI>I, CBH3aHHI>Ie C Be

.lly~ei{ pOJil>I01 KOTOpyiO H,llepHaH 3HeprHH MO)KeT H ,!IOJI)I(Ha HrpaTI> B Y.liOBJieT

BOpeHHH 6y,11y~HX 3HepreTH'leCKHX H ,llpyrHX IIOTpe6HOCTeif qeJIOBe'leCTBa. 

3a IIOCJie,liHHe rO,lll>I MHpOBaH o6~eCTBeHHOCTl> !IpOHBJIHeT BCe 60Jil>illYIO 

03a6o'leHHOCTl> B OTHomeHHH !Ip06JieM 3arpH3HeHHH OKpy}KaJO~ei{ qeJIOBeKa 

Cpe,ll:bl. 3TOMY BOIIpocy 6y,lleT IIOCBH~eHa KOH¢epeHQHH 1 C03l>IBaeMaH Qpra

HH3aQHeif 06'l>e,liHHeHHl>IX HaQHH B HIOHe 1972 ro.z~a B CTOKrOJII>Me. B H3BeCT

HOM CMI>ICJie HI>IHemHHH KoH¢epeHQHH IIO HCIIOJil>30BaHHIO aTOMHOH 3HeprHH 

MO)KeT paCCMaTpHBaTI>CH KaK 0,!\HO H3 IIO,llrOTOBHTeJil>Hl>IX MeporrpHHTHH rrepe,ll 

CTOKrOJII>MCKOH KOH¢epeHQHeif, IIOCKOJII>Ky Ha Heif 6I>IJI OTMeqeH BKJia,ll, KOTO

p:b!H H,llepHaH 3HeprHH MO)KeT BHeCTH B !IpOH3BO,liCTB0 11 'lHCTOH 11 3HeprHH IIpH 

MHHHMaJII>HOM 3arpH3HeHHH OKpy}KaJO~ei{ cpe,ll:bl, 

EcnH TpH rrpe,!II>I.lly~He KoH¢epeHQHH rrpoxo,!IHJIH rro.z~ .z~eBH30M "aTOM 

,!IJIH MHpa" 1 TO ,lleBH3 Hl>IHemHeif KoH¢epeHQHH - "aTOM Ha CJiy)K6e rrpor

pecca". Ha H3I>IKe OpraHH3aQHH 06'l>e.liHHeHHI>IX HaQHii 3TH TepMHHI>I HBJIHIOT

csr CHHOHHMaMH 1 H B XO,lle pa60T:bl KoH¢epeHQHH CO BCeif HHOCTl>IO !IpOHBHJiaCI> 

Be,lly~aH pOJib 1 KOTopyiO H,llepHaH TeXHHKa MO)KeT HrpaTl> B ,lleJie OKa3aHHH IIO

MO~H pa3BHBaiO~HMCH CTpaHaM, 3TO CBH3aHO He TOJII>KO C y.liOBJieTBOpeHHeM 

6y,11y~HX IIOTpe6HOCTeif 3THX CTpaH B 3HeprHH 1 HO H C !IpHMeHeHHeM H,llepH:biX 

MeTO,liOB B CeJII>CKOM X03HHCTBe H Me,liHQHHe. JI.z~epHaH TeXHHKa HrpaeT TaK

)Ke Ba)KHYIO pOJil> B o6pa30BaHHH H IIO,llrOTOBKe Ka,llpOB. ,llJIH ocy~eCTBJieHHH 

3THX QeJieif He06XO,liHMO 6onee qeTKO OIIpe,lleJIHTl> !IOTpe6HOCTH H rrepcrreKTH

Bl>I pa3BHBaiO~HXCH CTpaH, OKa3aTI> HM !IO,ll,itep)I(Ky H IIOMO~l> CO CTOpOH:bl pa3-

BHT:b!X CTpaH H MHpOBOH o6~eCTBeHHOCTH, 

KaK Bl>I 3HaeTe, no.z~roTOBKa H npoBe,lleHHe ,llaHHOH KoH¢epeHQHH HBHJIHCI> 

pe3yJII>TaTOM cosMecTHOH pa6oT:bl OpraHH3aQHH 06'l>e,liHHeHHl>IX HaQHH H Me)K

.llyHapo.z~Horo areHTCTBa no aTOMHOii 3HeprHH; 3Ta pa6oTa 6:b!Jia ocy~ecTsne

Ha 6:b!CTpo H 3¢¢eKTHBHO. 0T HMeHH reHepaJII>HOrO CeKpeTapsr H XOTeJI 61>1 

B03,llaTI> ,liOJI)KHOe HamHM KOJIJieraM H3 AreHTCTBa 3a HX COTpy,liHH'leCTB0 1 

KOTOpOe ,lleHCTBHTeJII>H0 1 KaK yKa3aJI ,11-p 3KJIYH.ZI, HBJIHeTCH HpKHM CBH,lle

TeJII>CTBOM Toro, 'lTO MO)KeT 6I>!Tl> C,lleJiaHO B paMKaX CHCTeMI>I 0praHH3aQHH 

06'l>e,liHHeHHl>IX HaQHH. TecHoe cOTPY.liHH'leCTBo npaBHTeJII>.cTB H .z~eneraQHii, 

rrpHHHMasmHx yqacTHe B pa6oTe KoH¢epeHQHH, o6ecrreqHJio ee ycnex. MHe 

6l>! xoTenoci> oT HMeHH OpraHH3aQHH 06'l>e,liHHeHHI>IX HaQHH no6naro.z~apHTI> 

3a IIOMO~l>, OKa3aHHYIO ,llpyrHMH Me)K!IpaBHTeJIJ>CTBeHHI>IMH H HerrpaBHTeJII>CT

BeHHI>IMH yqpe)K,lleHHHMH, a TaK)Ke HayqHo-KOHCYJII>TaTHBHI>IM KoMHTeTOM. 

Heo6XO,!IHMO OTMeTHTl> HOBmeCTBO B pa6oTe ,llaHHOH KoH¢epeHQHH: HaJIH'lHe 

BHyTpeHHeif TeJieBH3HOHHOH ceTH 1 KOTOpasr B 3Ha'lHTeJII>HOH CTe!IeHH CO,lleiicT

BOBaJia ycnemHOMY rrpose.z~eHHIO Hameii pa6oTI>I. 

B 3aKJIIO'leHHe, r-H ITpe.z~ce.z~aTeJib, sr ,liOJI)KeH TaK)Ke, oT HMeHH OpraHH-

3aQHH 06'l>e,liHHeHHl>IX HaQHH, OTMeTHTI> Bam JIH'lHI>IH BKJia,ll KaK ITpe.z~ce.z~aTe

JIH KoH¢epeHQHH B .z~eno opraHH3aQHH ee pa6oTI>I. 5I .z~yMaiO, 'lTO He eMory 

BI>Ipa3HTI> 6oni>meii 6naro.z~apHOCTH, ecnH cKa)Ky, 'lTO BI>I rro.z~.z~ep)KHBaJIH Tpa

.IIHQHH, ycTaHOBJieHHI>Ie BaillHMH seJIHKHMH rrpe.z~mecTBeHHHKaMH Ha ,llaHHOM 

IIOCTy. 
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OBSERVACIONES FINALES 

Guy GRESFORD 

Director de Ciencia y Tecnolog!a, 
Naciones Unidas 

Los trabajos desarrollados por esta Conferencia a lo largo de las 
dos ultimas semanas han mantenido el nivel y conservado el frnpetu 
inicial de las tres conferencias anteriores convocadas por las Naciones 
Unidas sobre la utilizaci6n de la energia at6mica con fines pac1ficos. 
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Como han sefialado el Academico Sr. Bogoliubov y el Dr. Eklund, el 
proposito de la Asamblea General ha sido que la presente reunion interesase 
a un grupo mas amplio que el estrictamente integrado por cientlficos y 
tecnologos y que estuviese dirigida a los funcionarios publicos, los 
planificadores y los economistas. Los grandes progresos realizados en 
la aplicacion de la energ1a atomica desde que se celebro la tercera 
Conferencia en 1964 hacen legitimo este proposito y, de hecho, en esta 
reunion se ha tratado, mas que de las esperanzas y suefios de los cientlficos 
para el futuro, de planes concretos y de extrapolaciones relativos al papel 
fundamental que la energia nuclear puede y debe representar para contribuir 
a satisfacer las futuras necesidades energeticas y de otros tipos de la 
humanidad. 

En estos ultimos afios, la comunidad internacional ha manifestado 
una creciente inquietud ante los problemas del medio ambiente humano, 
preocupacion que constituira el tema central de la conferencia que las 
Naciones Unidas tienen convocada para el mes de junio de 1972 en 
Estocolmo. En cierta medida, la actual Conferencia sobre energ1a 
atomica puede considerarse como uno de los preliminares de la reunion 
de E stocolmo, ya que en ella se ha puesto especialmente de realce como la 
energia nucleoelectrica puede contribuir a que el hombre disponga de 
energia sin que se produzca contaminacion, con una perturbacion minima 
del medio ambiente. 

Mientras que el lema de las anteriores conferencias sobre energ1a 
atomica ha sido el de «Atomos para la Paz», la actual ha recibido el de 
«Atomos para el Desarrollo». Para los fines de las Naciones Unidas, 
ambos lemas son realmente sinonimos y en la actual Conferencia ha 
quedado clarisimamente de manifiesto el papel fundamental que la tecnologia 
nuclear puede desempefiar para ayudar a los paises en desarrollo. No se 
trata tan solo de satisfacer sus futuras necesidades energeticas, sino 
asimismo de la agricultura y de la medicina. Incumbe tambi€m una 
importante mision a tal tecnologia en la esfera de la ensefianza y de la 
formacion profesional. Para cerciorarse del cumplimiento de estas 
funciones, sera menester definir claramente las necesidades y perspectivas 
de los paises en desarrollo, y el apoyo y la ayuda de naciones industrial
mente adelantadas y de la comunidad internacional. 

Como es sabido, el planeamiento y la organizacion de esta Conferencia 
ha sido una labor conjunta de las Naciones Unidas y del Organismo Inter
nacional de Energia At6mlca, labor que se ha desarrollado sin fallo alguno 
y con toda eficacia. En nombre del Secretario General, deseo rendir 
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homenaje a nuestros colegas del Organismo por su colaboraci6n que, de 
hecho, como ha senalado el Dr. Eklund, ha constituido esta tarea en un 
modelo de lo que puede lograrse dentro del seno del sistema de organizaciones 
de las Naciones Unidas. La cooperaci6n sin reservas de los gobiernos 
y delegaciones que han participado en la Conferencia ha desembocado en 
el exito de esta. En nombre de las Naciones Unidas, debo tambien expresar 
nuestra gratitud por la ayuda recibida de otras organizaciones interguberna
mentales y no gubernamentales, y del Comite Cientifico Consultivo. Tambien 
debe mencionarse una novedad que ha ofrecido la presente reunion: la 
instalaci6n de un servicio de television en circuito cerrado, que ha facilitado 
grandemente nuestra labor. 

Para terminar, Sr. Presidente, debo igualmente agradecerle en 
nombre de las Naciones Unidas la labor personal que ha desarrollado 
presidiendo esta Conferencia. Creo que no puedo tributarle mejor homenaje 
que decir que ha mantenido el alto nivel establecido por las insignes 
personalidades que le han precedido en su puesto. 
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GLOBAL EFFECTS OF 
INCREASED USE OF ENERGY 
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Abstract-Resumt-AHHOTBQHB-Resumcn 

GLOBAL EFFECTS OF INCREASED USE OF ENERGY. 
This paper attempts to establish global limits to man's use of energy. These limits are set by the amount 

of fuel and other necessary raw materials recoverable from the earth and by the environmental side effects of 
the produchon of energy. There is essentially no limit to the amount of nuclear fuel in the earth's crust or in 
the seas, provided successful nuclear breeders or fusion reactors are developed. The environmental side effects 
include global heating of the earth; local heating near power plants; residual radioactivity; and accumulation 
of wastes from mining low-grade rocks for nuclear fuel. If one assumes that man's total energy generation 
eventually will increase 60-fold to a rate of 300 x 109 kilowatts, then the average increase in the earth's 
temperature is o.r·c. More accurate calculations based on a model of the atmosphere suggest that global 
effects on the weather will be small. Second-order effects, such as change in cloud cover, are not included 
in these calculations. Local heating is probably a much more difficult matter than is global heating. Possibili
ties for dissipating heat from large nuclear plants to the oceans appear attractive. If the budget of 300 x 109 

kilowatts of heat is supplied by fission, the total accumulated radioactivity in the wastes would amount to more 
than 30 million megacuries, not counting the contribution of the very long-lived 98Tc. Disposal of this radio
activity in salt appears feasible. The radioactive effluent therefore does not appear to limit practically the 
amount of energy man can generate on earth. The main conclusion is that man can generate energy at a much 
greater rate than at present without causing unacceptable changes in the global environment and without 
exhausting fuel resources for a very long time. 

CONSEQUENCES SUR LE PLAN MONDIAL DE L'AUGMENTATION DE L'UTILISATION DE L'ENERGIE. 
Le memoire essaye d'etablir les limites de !'utilisation de l'energie par l'homme sur le plan mondial. 

Ces limites sont cteterminees d'une part par Ia quantite de combustible et autres materiaux bruts necessaires 
qui peut @tre extraite de Ia terre, d 'autre part par les effets secondaires de Ia production d 'energie sur 
l'environnement. La quantite de combustible nucleaire presente dans I'ecorce terrestre ou dans les oceans 
ne constituera pas une limite, a condition que !'on reussisse a developper les reacteurs surgenerateurs ou a 
fusion contrillee. Les effets secondaires sur l'environnement comprennent !'echauffement global de Ia terre, 
!'echauffement local au voisinage des centrales de puissance, les residus radioactifs et I' accumulation des 
dechets provenant de I' exploitation miniere des gisements a faible teneur en combustible nucleaire. Si I' on 
suppose que Ia quantite totale d'energie produite par l'homme augmentera d'un facteur 60 pour atteindre 
finalement un taux de 300 x 109 kilowatts, on obtient une augmentation moyenne de Ia temperature de Ia 
terre de o,r·c. Des calculs plus precis bases sur un modele physique de !'atmosphere suggerent que les effets 
globaux sur le temps seront de faible importance. Dans ces calculs il n'a pas ete tenu compte des effets 
secondarres tels que les modifications du systeme nuageux. Le probleme de l'echauffement local est probable
ment beaucoup plus difficile que celui de l'echauffement global. 11 existe d'interessantes possibilites de dissiper 
dans les oceans Ia chaleur provenant des grandes centrales nucleaires. Si Ia totalite des 300 x 109 kilowatts de 
chaleur etait produite par fission, Ia quantite de dechets radioactifs s'eleverait a plus de 30 millions de 
megacuries, sans compter Ia contribution du 99Tc, de tres longue periode. 11 semble possible de stocker ces 
dechets radioactifs dans des mines de sel. 11 semble done que les dechets radioactifs ne limitent pas Ia quantite 
d'energie que l'homme peut produire sur Ia terre. La conclusion principale est que !'homme pourrait produire 
une quantite d'energie beaucoup plus elevee qu'il ne le fait aujourd'hui sans causer de changements 
inacceptables au milieu envrronnant et sans epuiser les reserves de combushble pendant tres longtemps. 

rJIOBA.JlbHOE BJIIDiHHE B03PACT.AIOmEro HCllOJlb30BAHIDi 3HEPrHH. 
B ,llaHHOM ,liOKna,lle .z~enaeTC.!I nom>JTKa ycTaHOBHTI> rno6an1>'11>1e npe,llenw ncnon~>aoaaHH.!I 

aHeprnn '!enoaeKoM. 3TH npe,11enw ycTaHaannaaJOTc.!l Konn'leCTBOM Tonnnaa n ,11pyroro Heo6xo
.Z..HMoro cwp&s, Ao6wsaeuoro H3 aeMnH, a TaKZe nyTeM no6ot:Jaoro snHHHHSI npoH3BO,llCTBa 3Hep

rHH Ha OKpylKIIKl!ll}'l) cpe,11y. llo Cy!lleCTBY HeT npe,llena KOnH'IeCTBY .!l,llepHoro TOMHBa B 3eMHOii 
KOpe HnH B MOp>IX npH ycnemHOH pa3pa60TKe >l,llepHI>IX peaKTOpoa-pa3MHOlKHTeneii HnH TepMo
>!,llepHI>IX peaKTopoa, llo6o'!Hoe anH.!IHHe oKpyJKaJ:>!IIeii cpe,lll>l BKnl:l'laeT B ce6>1 rno6an~>HI>Iii Har-
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peB 3eMnH; J10K8JlbHLii1 HarpeB OKOJIO 3HepreTH\feCKHX ycTaHOBOKi OCT8T01.JHyiO p8,li;H08KTHBHOCTh; 

H8KOOJleHHe OTXO.ztOB OT pa3pa60TKH HH3KOCOpTH:biX py;J; ,li;JHI .H,D;epHOrO TOllJIHB8. EcllH npe.z:tnO

llOJKHTb, l.JTO o6w;ee npOH3BO,D;CTBO 3HeprHH qeJlOBeKOM B KOHetiHOM cqeTe yBeJ1J.itlHTC51 B 60 pa3 1 

,!10 061>eMa B 300·109 KBT, TO TeMnepaTypa 3eMJJH yBeJIH'IHTC>I B cpe,!IHeM Ha 0,1 'C. Eonee Tllla
TeflbH:blif nO,ZJ;Cl.JeT, OCHOB8HHIIIH H8 MO,D;eJIH 8TMOc4JepLI 1 npe,D;nOJiaraeT, t.f.TO rno6aJibHOe BlJHHHHe 

Ha noro,n;y 6y.n;eT He3H8l.JHTeJlbHLIM. TaKHe BTOpOCTeneHHhle BJIHHHH.H, K8K H3MeHeHHe 06Jla'IHOCTH, 

He BKJIIOtieHLI B 3TH paCl.JeTbl • JlOK8JibHbli1 HarpeB 1 aep051TH0 1 51BJHieTCH 6oJiee CJlOJKHO:fi npo6ne
MOlf, tJeM rJio6aJibHhlii HarpeB. Bo3MO.'IKHOCTb c6poca Tenna B OKeaHLI C KpynH:biX H,D;epH

9
LIX ycTa

HOBOK, rrO-BH.ZUiMOMy, rrpe.z:tCT8Bll51eT HHTepec. ECJIH 0611\ee KOJIHtJeCTBO TeTIJI8 B 300·10 KHJIO

B8TT TIOCTYTIHT B pe3yJibT8Te .z:teJieHHH, TO 0611\851 H8KOITJieHH851 pa.z:tH08KTHBHOCTb B OTXO,li;8X COC

T8BHT 6o11ee tJeM 30 MJIH MeraKIOpH 6e3 ytJeTa .z:t06aBJieHH51 pa.z:tH08KTHBHOCTH OT OtJeHb ,ltOJirO

JKHBylllero 99Tc. ITpe,llcTaBJJ>IeTcH B03MOJKHbiM y.z~aneHHe 3TOil pa.z~HoaKTHBHOCTH B coJJh. ITo3-
TOMy pa.z:tH08KTHBHbiii 3<fl~JiyeHT 1 no-BH,li;HMOMy, npaKTHtJeCKH He orpaHHtJHB8eT KOJIHtJeCTBO 3Hep

rHH1 KOTOpoe qeJIOBeK MOJKeT I1pOH3BO,ltHTb Ha 3eMJie. rnaBHbiii BbiBO.z:t COCTOHT B TOM, tJTO tJeJIO

BeK MOJKeT Bbipa68TbiB8Tb rop83,li;O 60Jibllie 3HeprHH 1 tJeM B H8CT05111\ee BpeM51 1 He BLI3blB851 na

ry6HbiX H3MeHeHHii B OKpyJKBIOIII:eii cpe.z:te H B TetJeHHe .z:tOJirOrO BpeMeHH He HCTOII\851 TOIJJlHBHble 

pecypcbl. 

EFECTOS GLOBALES DE LA UTIL!ZAC!ON CRECIENTE DE ENERGlA. 
En !a memoria se trata de establecer los !lmites globales de !a utilizac1on de energ!a por el hombre. 

Estes !!mites vienen determinados por !a cantidad de combustible y otras materias pnmas necesarias que se 
pueden extraer de Ia tierra y par los efectos margmales de Ia produccion de energ!a en el med1o ambiente. La 
cantrdad de combustible nuclear que conhenen !a corteza terrestre o los mares es virtualmente ilimitada, 
siempre que se !ogre construir reactores reproductores o reactores de fusion adecuados, Los efectos marginales 
en el media ambiente incluyen el calentamiento global de !a tierra, el calentamiento local en las proximidades 
de las centrales electricas, !a radiactividad residual y !a acumulacion de desechos resultantes del beneficia de 
miner ales pobres para obtener combustible nuclear. Si se supone que Ia genera cion total de energ!a por el 
hombre aumentara con el tiempo 60 veces basta unos 300 x 109 kilovatws, entonces el aumento media de 
temperatura de Ia herr a sera de 0, l'C, Calcu!os mas precisos basados en un mode!o de !a atmosfera sugieren 
que los efectos globales sabre el tiempo seran de poca importancia. En estos calculos no se han tenido en 
cuenta los efectos secundarios tales como mod1ficaciones de Ia nubosidad, El calentamiento local es probable
mente una cuestion mucho mas diflcil que el calentamiento global. Parecen interesantes las posibilidades de 
disipar el calor de las grandes centrales nucleares con el agua de los mares. Si el total de 300 x 109 kilovatios 
se obtiene a partir de Ia fision, !a radiachvidad total acumulada en los desechos excedera de 30 millones de 
megacurios, sin contar !a actividad deb1da a! 99 Tc, cuyo periodo es muy largo. Parece posible eliminar esta 
radiactividad evacuando los desechos en formaciones salinas, Por consiguiente, no parece que los ef!uentes 
radiactivos limiten en realidad !a cantidad de energia que el hombre puede generar en Ia tierra. La conclusion 
mas importante es que el hombre puede obtener energia en una proporcion mucho mayor que en Ia actualidad 
sm causar cambws inaceptables en el media ambiente m agotar los recursos de combustible durante muchisimo 
tiempo. 

INTRODUCTION 

We in the peaceful nuclear energy community have been comfortable in the belief that what 
we have wrought over the past 30 years has been an unmitigated blessing for mankind. It comes 
as a disconcerting shock therefore to find that, just when nuclear energy has achieved such great 
success, our effort is being challenged on the most fundamental grounds. Where we claim 
nuclear energy is clean, safe, and necessary, critical voices, particularly in the United States, 
claim it is unclean, unsafe, unnecessary. 

We have always conceded that, in opting for nuclear energy, mankind is assuming a certain 
risk. Nuclear energy is potentially more dangerous than other forms of energy. It is only by 
scrupulous attention to detail, and exertion of great care, that we can expect to maintain the 
safety of nuclear power plants. So far, we have been highly successful. 

Yet there is a much more difficult and profound issue. We are still at the very beginning of 
the nuclear age. As we think about the possibilities and the dangers of nuclear power, we tend 
inevitably to think of nuclear power as an isolated, smallish thing. But in the very long run, 
nuclear energy will almost surely be the dominant energy source. At that time, will we have to 
confront entirely new questions of environmental impact, questions that conceivably could 
compromise the whole path we are now taking? 
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In this paper, we shall try to visualize the possible ultimate impacts of nuclear energy. We 
shall consider several interrelated questions. First, what is the motivation for the large-scale 
development of nuclear energy? Second, can we estimate, even very roughly, what the world's 
eventual nuclear energy budget might be? And third, can we visualize limits to the ultimate use 
of nuclear energy - such as limits to reserves of raw materials, global thermal effects, questions 
of dtsposal of radioactive and other wastes produced in the course of generating the ultimate 
budget of nuclear energy? 

This paper is, by the nature of its subject matter, speculative. Yet the questions it raises in 
our opinion go to the very heart of the motivation for nuclear energy and the ultimate risks of 
the new energy source. If the motivation is sufficiently strong, we must be prepared to deal with 
the risks. But we cannot be content with examining the risks when nuclear energy is relatively 
unimportant; we must try to assess the risks ultimately, when both the need for nuclear energy 
and the risks of nuclear energy are much greater than they are now. These questions, though 
admittedly speculative, seem to us to be of great concern to all of us attending the Fourth 
Geneva Conference on Peaceful Uses of Atomic Energy. 

THE MOMENTUM OF POPULATION GROWTH 

In the world we see ahead, the race to control overpopulation subordinates all other 
problems. In this world it is our thesis that nuclear energy is the key resource, vital to our 
survival and yet controllable and manageable in its effects and by-products. 

One of the most alarming aspects of the population problem is that of momentum. As yet 
no universally acceptable method of fertility control is in sight, but even if we had such a 
method now, the population would continue to increase for 50 to 80 years. Demographers [I] 
have identified several mechanisms which operate to produce this momentum effect. These 
include: the age distribution of the population, which insures a large increase even if each 
couple should begin at once to limit themselves to two children; the diffusion time required to 
introduce and educate all the people of the world in the methods of fertility control; and the 
time needed to develop incentive, which in many countries means that parents must acquire 
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FIG. 1. The momentum of populatwn growth, showing est1mates of the world populatwn to be expected for 
various dates of discovery of an effect1ve and acceptable means of fertility control. 
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either sufficient material wealth for their old age or sufficient confidence that the survival of 
only two children will meet their needs. With respect to this last point, it may be that assuring 
every person adequate old-age insurance whether or not he has children would be a most 
important step in halting the growth of population. All these delaying (actors operate most 
strongly in the very parts of the world where population is increasing at the highest rates. 

The consequences predicted by demographers are shown in Fig. 1, with the different stable 
populations associated with various times of discovery of a practical birth control means. They 
state, and we have no choice but to accept, that an ultimate population of 10,000 million 
persons is very likely, that something like 15,000 million is quite likely, and that 20,000 million 
is not impossible. 

It is our purpose, then, to assess the future consequences of our nuclear technology on a 
world which is highly likely to materialize. Because we are prepared to discuss the consequences 
of providing for 15,000 million people does not mean we recommend such a level as desirable -
we accept it only because we see no acceptable, humane way to prevent it. We utilize 15,000 
million as an example - we could have used 12,000 or 20,000 wid). equal support from 
authority, and with little effect on our conclusions. 

ENERGY, THE KEY RESOURCE 

Let us turn our attention to a time, perhaps 100 years hence, in which parents have been 
averaging only two children for 50 years or so, and population has finally stabilized at 15,000 
million persons. 

The importance of energy in such a world becomes immediately apparent: we cannot hope 
to feed such a population without significant nonfarm energy inputs, even using all the arable 
land on earth. With such inputs, however, in the form of fertilizer, water control, and 
machinery, this might be accomplished on even less land than is now used for crops. Most of 
this increased food can in principle be produced on existing cropland, though the possibility 
exists of increasing our land supply by using the desert. In previous work sponsored by the U.S. 
Atomic Energy Commission, some of which is to be presented at this conference by 
Commissioner Ramey, it has been shown that energy can convert seawater, air, and desert land 
into hydrogen and fertilizers, fresh water, foods, and industrial goods by means of an 
agro-industrial complex. 

But energy is essential in another basic way, for not only is the food requirement 
inconsistent with subsistence agriculture, but the assumption of zero growth probably implies 
inherently a degree of wealth and hence of energy use. Even a fully adequate old-age insurance 
svstem requires a minimum level of wealth in the society. We assume this level to be the present 
U.S. level, though our argument is not changed very much even if we assume a level one-half of 
this. 

The requirements for material resources of 15,000 million people at a high standard of living 
will be unprecedented in terms of our present experience, and this leads to concern as to 
possible exhaustion of essential supplies. This subject has been reexamined in detail during the 
past year by H. E. Goeller of Oak Ridge National Laboratory in a cooperative project with 
Resources for the Future, Inc. Goeller shows [2] that with the possible exception of 
phosphorus the essential resource requirements of man can be met from plentiful sources for a 
long time to come, provided that energy is available to do the necessary extractive work. Some 
substitutions, adjustments, and compromises will be inevitable, and much expensive recycling of 
scarce substances must be done; but the key requirements appear to be available. 

COMPONENTS OF AN ENERGY BUDGET 

At present, the U.S. consumption of energy in all forms has a fuel equivalent of about 300 
million Btu per person per year, which is a steady rate of 10 kilowatts thermal [kW(th)] per 
person, as shown in Table I and published elsewhere [3]. If we assume that the entire world is 
gradually brought up to this same standard of living [present average is only 1.5 kW(th) per 
capita] and that appropriate substitutions of energy are made for those raw materials which are 
not in virtually limitless supply, we can calculate the total energy budget of civilization at any 
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Table I. The Present U.S. per Capita Budget for All Forms of Energy, Expressed 
in Kilowatts of Equivalent Fuel Consumption 

Household Commercial Transport Industry Other 

Space heating 1.14 0.13 0.03 0.14 0.07 

Other heat 0.33 0.4 2 0.6 

Motive use 2 

Electricity 0.5 0.3 0.3 

Non·energy uses 0.41 0.7 

Total 1.97 0.83 2.03 3.55 1.67 

Table II. An Augmented Ultimate per Capita Energy Budget, Making Provision for 
Environmental Control, Recycle of Scarce Materials, and Use of More Dilute Ores 
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Total 

1.5 

3.3 

2 

2.1 

1.1 

10 

PRESENT UNITED STATES LEVEL 

ADJUSTMENTS FOR THE FUTURE 

10.0 kW(th) 

STEEL, ALUMINUM, AND MAGNESIUM PRODUCTION 0.1 

RECOVERY AND RECYCLE OF SCARCE ELEMENTS 
(copper, zinc, tin, lead, gold, 
silver, mercury, titanium, etc.) 2.0 

ELECTROLYTIC HYDROGEN 2.5 

WATER BY DESALTING (100 gpd) 0.3 

WATER TRANSPORT TO CITIES 0.1 

AIR CONDITIONING TO CITIES 0.3 

INTENSIVE FOOD PRODUCTION 0.2 

SEWAGE AND WASTE TREATMENT 0.5 

TOTAL ADJUSTMENTS 6. 0 

CONTINGENCY 4.0 

TOTAL BUDGET 20.0 kW(thl 

population level. The basis for these energy inputs is developed elsewhere [ 4] and summarized 
in Table II. The final budget of 20 kW(th) per person (600 million Btu per year) is purposely 
generous in order to provide a margin of safety in our estimates of consequences. 

SITES FOR ENERGY PRODUCTION: ENERGY PARKS 

In hypothesizing a world in which energy is the basic raw material, we need to give some 
thought to how and where it is produced. The past few years have brought about a crisis in site 
selection for power stations, both nuclear and fossil. The choicest sites near plentiful cooling 
water are increasingly forbidden to power stations, both for fmancial and ecological reasons. As 
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the trend to nuclear power accelerates, other factors appear which tend to favor very large 
reactors with nearby captive fuel processing plants: these might be clustered in "nuclear parks." 

One of the most important factors favoring such parks is the difficulty of shipment of spent 
fuel elements. We have estimated that 1n the U.S. alone, by the year 2000, if there are 600,000 
MW of fast breeder reactors, 60 to 100 batches of spent fuel will be in transit every day. For 
economy, one would like to ship these fuel elements with not more than, say, 30 days cooling 
time. But this might require dissipation of 300 kW of heat from each shipment. Even if we back 
off from such short cooling times, shipment of fuel looks difficult, and we believe the "nuclear 
parks" would be a possible alternative. We would hope that developments in long-distance 
electrical transmission would minimize the penalty paid for clustering the power plants. 

Each park might have, say, eight reactors producing a total of 40 million kilowatts electrical 
[kW(e)] [ 100 million kW(th)] and would be heavily interconnected with other parks so that 
shutdown of one reactor or failure of one transmission line would have negligible effect. If all 
man's energy needs were produced as nuclear electricity, a total of 3000 such parks would 
eventually be required to produce our assumed total. Some of these parks will be on the 
seashore, or preferably floating offshore on huge barges. Not only would it be very difficult to 
find sites on the land for this many parks, but our analysis of the cost trends shows that ocean 
siting may become a reasonable alternative for many regions. 

It is clear that major changes will be needed in the methods by which we undertake to 
construct power stations. To attam the assumed level of 24,000 reactors of 5,000 MW(e) each 
means that the world will have to add more than four reactors a week on the average for the 
next 100 years. In addition, if the reactors last 30 years, we shall have to build about two 
reactors per day simply to replace those that have worn out! To meet this kind of need, 
present-day methods will have to be refined into assembly lines which resemble those which 
now turn out automobiles; in the process, savings in cost and time should be achievable. 

LIMITS TO THE USE OF ENERGY 

We now explore some of the possible physical and environmental consequences of a world 
of 15,000 million people living at a U.S. standard and consuming a total of 9 X I 0 1 8 Btu per 
year (9 Q), or 300 X I 09 kW( th). We expect that about 12,000 million persons will live in about 
a million square miles (300 million hectares) of cities covering about 2% of the earth's surface 
and supplied with food from efficient farms covering about I 0% or less of the earth's surface. 

We shall explore four kinds of limits which nature might conceivably set to the energy 
consumption which we have hypothesized: supply of fuel, dissipation of heat, storage and 
release of radioactive wastes, and storage and release of other wastes. 

Limits to the supply of fuel 

The supply of nuclear fuel has been much studied, and so we shall deal with it only briefly. 
Obviously, a steady energy budget of 300 X 109 kW(th) per year would deplete our fossil 
reserves of around 400 Q in a couple of generations. Moreover, it matters little whether our 
energy budget were, say, threefold smaller: mankind would still have but a hundred years' worth 
of fossil fuel. 

If we discount solar energy as being too diffuse and too expensive to utilize, we shall 
therefore be obliged to turn to nuclear fuel: uranium, thorium, deuterium, lithium. 

As IS very well known by now, these materials, in the oceans of the sea and in the common 
rocks, provide enough energy even at the prodigious rate we contemplate, to last a very long 
time. To tap this resource we must learn to burn deuterium in D-D reactions; or, failing this, to 
develop ways of burning 6 Li, 2 3 8 U, or 2 32 Th. 

The outlook for fusion is covered in other papers at this conference. We wish to point out, 
however, that there is a striking parallel between fission breeders and fusion based on D-T 
reactions. In both cases, a regenerating catalyst (T in the case of fusion, 2 3 9 Pu or 2 3 3 U in the 
case of fission) is involved in the conversion of 6 Li (and D) or 2 3 8 U and 2 32 Th into energy. We 
therefore propose the name catalytic nuclear burners for both fission breeders and fusion 
reactors based on D-T. 
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The crustal abundance of 6 Li is 2 ppm, of U + Th about 15 ppm. Since lithium yields about 
four times the energy of the same weight of uranium or thorium, the total energy content of 
each type of fuel in the earth's crust is similar. Both are immense, literally millions of times the 
energy content of all fossil fuels. Thus if we develop catalytic nuclear burners, either of the 
fusion or fission type, we have all but inexhaustible sources of fuel to keep them going. 

Limits to waste heat release 

Global effects 

One can show that the overall temperature regime of the earth is unlikely to be noticeably 
affected by man-made energy. Man presently releases about 0.005 X 1012 kW(th), or one part 
in about 23,500 of the net solar input of 117.5 X 1012 kW(th). Our assumed ultimate load is 60 
times the present one, or 0.25% of the net solar input. Estimates show that an overall warming 
of about 0.25°C plus a slight increase in cloudiness (earth's reflectivity changed from 0.340 to 
0.34073, for example) would be a likely effect. 

The overall average effects seem reassuring, but we must also consider effects on global 
weather patterns, which are driven by only a small fraction of the total solar energy, and which 
might be totally upset by the energy man releases. Although much more thorough study of such 
effects is needed, we can offer two kinds of specific evidence to illuminate this difficult 
problem 

Dr. Warren M. Washington of the National Center for Atmospheric Research has shown with 
computer modeling techniques that energy inputs much larger than we have assumed would not 
be expected to "upset" the weather, but would slightly reorient isotherm locations within 
normal ranges [5]. In a more recent computer simulation, Dr. Washington estimated the effect 
on the global weather caused by the energy input we have assumed here, 300 X 109 kW(th). 
Figure 2 shows the distribution of population and energy which Dr. Washington used in his 
atmospheric model, and Fig. 3 shows the calculated deviations of the resulting isotherms from 
the undisturbed pattern. The effects are of the same order as are random fluctuations in the 
model, and therefore the calculation gives evidence for our belief that energy inputs of this 
magnitude would not significantly change global weather patterns. 

Dr. Jerome Namias, chief of the Extended Forecast Division of the National Weather 
Service, has been studying long-range weather effects caused by the presence of a ten-year-long 
anomalous warming in the North Pacific Ocean [6] (see Fig. 4). This warming, representing 
more than ten times the energy input we have assumed from man for the whole world, 
produced observable statistical effects on the winter climate of the eastern United States, but 
there were no upsets and the changes were within the range of normal and acceptable variations. 

Local effects: the climate of cities 

The urban "heat island" effect is now well documented. Temperatures at ground level in a 
city are often several degrees higher than in the nearby rural regions. In a recent summary of 
work on this phenomenon, Peterson [7] notes that a city's structures tend to reduce wind 
velocities, and that heat released by combustion processes and from solar energy stored in 
buildings and streets tends to form a persistent layer of well-mixed air about 100 m deep 
adjacent to the city's surface. 

The size and energy release of our cities are now low enough that reasonable efforts at 
pollution control can keep the air tolerable most of the time. However, as urbanized regions 
grow closer together and cover hundreds of miles, heat plumes escaping from each dense area 
may combine to form a larger regional heat island which could produce a stronger convection 
cell, further reduce ambient wind speed, and feed local heat islands with already polluted air. 
Our assumed future cities will have to pay close attention to heat releases. An all-electric city 
would release much less heat, since electric processes are usually more efficient. The quantities 
of heat rejected in nuclear power generation, however, have to be handled separately. To 
prevent an aggravation of the regional heat island effect, this heat must not be released to the 



FIG. 2. Assumed distributwn of a world population of 15 000 million, and ofthe energy inputs which they 
require. Each dot represents 108 kW(th). 
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FIG 3. Assumed energy inputs and the calculated changes in world temperature patterns for month of January. 
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were performed by W. M. Washington of the National Center for Atmosphenc Research. 
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atmosphere near the city. For a time our needs can be met with cooling ponds, lakes, and rivers; 
but these ultimately return the energy to the atmosphere over relatively small areas. Gradually 
we will find that only the ocean can furnish enough capacity to absorb heat and release it over a 
very large area. 

Heat disposal in the ocean 

The ocean has attractive properties as a site for power stations: it is large, it is cold, it is 
always there, and it is close to most of the large cities of the world. There is rapidly growing 
interest in the use of the sea for siting, and plans for constructing artificial islands and large 
floating structures now seem feasible. Improved transmission line systems, such as the supergrid, 
will be the principal step needed to permit the sea to be used for the majority of our energy 
sources. 

In visualizing future demands upon the sea as a heat receptor, such as for the energy parks 
described above, we must determine whether there are effects on the sea itself, or on the 
climate, which would set limits to this kind of use. We would propose that ocean-cooled power 
stations be provided with sufficiently long intakes so that they can draw from the bottom 
waters - the cold portion below the region mixed by the waves - and be designed to heat this 
water only to the temperature of the surface waters. The discharged water would thus create no 
large thermal gradients, and it would be a source of increased nutrients to the surface water. 
Isaacs and Schmitt (8] claim that with such artificial upwelling there would be a direct 
correlation in increased seafood productivity with the energy input. (The cold bottom waters, 
being denser, will not stay on the surface unless they are warmed.) 

The conclusions one can draw as to whether man's energy releases will produce tolerable 
thermal effects on the earth and its climate must be tentative, since much more study and 
measurement are needed. The indications seem promising, however, that global upsets in 
weather and temperature are very unlikely if we are able to distribute the energy released over 
wide areas of the land or into the sea. In cities, the present patterns of energy release already 
show local effects which would be dangerously aggravated under the projected increases. We 
believe that substantial research efforts should be directed to assessing and hopefully mitigating 
these effects. 

Limits from radioactive waste 

If we do not reduce fusion to reliable practice and therefore must depend on fission 
breeders, about 500,000 megacuries of long-lived activity producing 3.2 X 106 kilowatts of heat 
would be generated each year at our assumed energy budget of 300 X 109 kW(th) [3] (see 
Table Ill). Formidable though this quantity may seem, and important though a satisfactory 
disposal must be, the difficulties do not appear to set an insuperable limit to the use of nuclear 
power. The release of radioactive gases from normal operation of reactors seems to be reducible 
to any desired level - even the natural background level - by application of our rapidly 
developing containment technology. 

In the fuel processing plants, however, one must be prepared to cope with the full problem. 
The general strategy for the next few decades is to immobilize the nonvolatile elements in 
ceramic matrices and to store them permanently in underground salt strata; krypton and tritium 
will be held in live storage until they decay. The techniques for disposal of solidified high level 
wastes have been developed at Oak Ridge over the past ten years and have been demonstrated in 
a preliminary way in the field. The U.S. Atomic Energy Commission is presently planning a 
full-scale field demonstration of storage in salt. The advantage of salt is that it is never in 
contact with ground water (provided man does not intervene by digging holes in the salt), and it 
is a good conductor of heat. 

Though there are other formations which might serve, there is still a long future ahead even 
if nothing better than salt is found. We estimate, using currently conceived practices, that our 
future world would require about 30 square miles of salt strata for waste disposal per year. 
There are 500,000 square miles of salt in the United States alone and tens of millions 
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Table III. Amount of Radioactive Waste Created by a World Nuclear Energy 
Production of 300 X 109 kW(th) 

ACTIVITY STEADY-STATE VALUES 
ACCUMULATED HEAT 

MEAN LIFE IN ONE YEAR GENERATED ACTIVITY HEAT 
NUCLIDE (yr) (MCi) WATTS/CURIE [kW(th)] (MCi) [kW(th)] 

X 103 X 106 

Sr90 40.4 200,000 0.00702 1,404 8.1 X 106 56.9 

Csl37 43.2 279,000 0.00529 1,476 12.1 X 106 64.0 ~ 

"' 
Jl29 2.5 X 1 Q7 0.1 0.000432 0.00004 2.5 X 106 1.08 

z 
1:0 

"' ei 
Kres 15.2 28,500 0.00161 46 434,000 0.70 "' " 0. 

H3 17.7 1,800 0.0000355 0.0064 31,900 0.001 :r: 
> 

Tc99 3.0 X 105 38 0.000677 0.0026 11.4 X 106 7.72 ~ 
0 

Pu23B 128 270 0.0330 0.89 34,500 1.14 
z 
t:l 

Pu239 35,200 4.5 0.031 0.14 158,000 4.90 

Pu240 9,750 12 0.0312 0.37 117,000 3.65 

Am241 660 465 0.0334 1. 55 307,000 10.25 

Am243 11,000 47 0.0323 1.52 517,000 16.7 

Cm244 26.1 6,450 0.0349 225 168,000 5.86 

TOTALS 516,586.6 3,155.5 35,867,400 172.9 



A/CONF. 49/P/033 183 

throughout the world. Not all of this is suitable for waste disposal, but one cannot escape the 
impression that the foreseeable future is not endangered by the radioactive waste storage 
problem. 

Limits from other wastes 

As shown in Table IV, in 1968 the world dug up sand, gravel, ores, and fuels which had a 
total volume of 2.32 cubic miles; the great majority of these materials were fuels. The effect of 
these removals on the earth's beauty and usefulness is one which we must take into full account 
in considering the consequences of a large population. As fuels are consumed and as sand, 
gravel, and limestone are used in the construction of roads and buildings, we are left with gashes 
in the earth, missing hills, and subsidence from underground mines and wells. In the case of 
metal ores, we have in addition the tailings left by beneficiation and extraction of the desired 
metal; in the case of strip mining of coal, we have the piles of overburden. For each case we 
must ask if a limit is imposed on man's activities or comfort. 

The extraction of petroleum and gas should not cause us much concern, since they will have 
been exhausted at the time we are considering and will cause no further effect. Coal is a 
different story. Where strip mining is practiced, there is often five times as much overburden to 
remove as there is coal to recover. Since we have assumed we will require a total of nearly 250 Q 
of energy in the next 100 years, and six cubic miles of coal is required to give one Q, one can 
see that several thousands of cubic miles of overburden may be involved if coal remains our 
principal fuel. 

Table IV. Total Annual Volumes of Minerals Extracted from the Earth, for the 
U.S. and the World 

MILLION SHORT TONS VOLUME 
UNITED STATES WORLD (cu mi) 

SAND AND GRAVEL 918 3,700* 0.37 
COAL AND LIGNITE 556 3,086 0.54 
LIMESTONE 603 2,400* 0.20 
PETROLEUM 495 2,090 0.53 
NATURAL GAS 493 790 (0.57) 
IRON ORE 95 738 0.04 
COPPER ORE 150 491 0.03 
PHOSPHATE ROCK 148 211** 0.02 

(MARKETABLE) (41) (93) 
SALT 41 124 0.01 

GYPSUM 9 52 0.005 

BAUXITE 2 47 0.004 
SULFUR + PYRITES 11 44 0.003 

TOTAL EXCLUDING NATURAL GAS AND LIQUIDS l. 75 

TOTAL INCLUDING NATURAL GAS AND LIQUIDS 2.32 

TOTAL MASS 13,800 MILLION SHORT TONS 

* World Production = 4 x United States Based on 
** World Mined/Marketable Ore Assumed Same as United States 
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If uranium is substituted for coal as the source of energy, the quantities of debris to be 
handled are reduced by two or three orders of magnitude. The ores now being used are 
thousands of times smaller in volume than the equivalent energy in coal; even the shales and 
richer granites, which will last for hundreds of thousands of years, need only a hundredth of the 
volume of coal to give the same energy content. The advent of nuclear power will reduce man's 
per capita earth moving by nearly 50% overall. The remainder is mostly sand, gravel, and 
limestone, which are available so profusely that we have wide choice in locating our borrow pits 
for minimum damage to the environment. 

CONCLUSION 

Though our paper is speculative, we believe we have made a plausible case for two major 
theses: 

I. That mankind must have an alternative, essentially inexhaustible energy source. From 
what we now know, this source must be nuclear. 

2. That there probably are no insuperable global effects even if nuclear energy from fission 
breeders reaches 60 times the total energy man now produces. 

Thus we are persuaded that the underlying motivation for development of nuclear energy is 
valid, despite the noisy criticism which is being leveled at the enterprise. 

Nevertheless we would do well to contemplate the full implications of a complete 
commitment to nuclear energy. Mankind, as the price of relief from Malthusian catastrophe, will 
have to confront all of the side effects of catalytic nuclear burners directly and realistically. 
Such matters as ultimate disposal of radioactive wastes, shipment of spent fuel elements, even 
the remote possibility of accident, which seem to be relatively minor questions today, become 
totally dominant when nuclear power generates the prodigious amounts of energy contemplated 
here. 

Are we doing mankind a service in pointing out that with abundant energy, we can take care 
of many more people than now inhabit this earth; or would we do better to ignore these 
possibilities and thus force population control by tightening the Malthusian vise, by not holding 
out hope for this energy panacea? The answer seems clear to us: since there is no assurance that 
population control will work no matter what measures, what social pressures, are brought to 
bear, we have no choice, as compassionate technologists and human beings, but to examine 
ways of dealing with the population catastrophe that seems to be inevitable. Perhaps by 
providing a material basis for lives of dignity for the coming billions, we may be helping more to 
stave off the ultimate catastrophe of population explosion than by tightening Malthusian vises. 
It is this belief that should motivate the nuclear community in its effort to develop safe, clean, 
economic catalytic nuclear burners. 
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If the area, population, and income of Latin Amenca are taken into consideratwn, it can be seen that 
the region has a relatively small share of the world's nuclear reactors, both for research and for power, There 
are now only ten research reactors, mcluding Puerto Rico, and there are concrete plans to construct only three 
more. The development of power reactors has been even slower, Only Argenttna and Puerto Rico have nuclear 
centres under construction and, in additwn to these countries, only Brazil and Mex1co plan to add power 
reactors to their electnc systems. The small size m general of electncity systems, the enormous distances 
between 1mportant centres, and the availability of low-cost energy resources m some countries, contnbute to 
the fact that, for the Immediate future, nuclear centres can only be considered in the four countnes mentwned. 
However, nuclear power in those countnes will probably increase considerably: from 1000 MW in 1975 to 
5000 MW in 1980 and 75 000 MW in the year 2000. In making long-range proJectiOns. the poSSibility that 
other countr1es in Latin America may install nuclear centres cannot be eliminated. The growth and inter
connection of electricity systems, plus the increase in price of fossil fuels in the world market may make it 
demable to use nuclear energy to replace traditional energy sources. The future development of small and 
medium power nuclear centres may considerably advance the development of nuclear power programs. 

LES REAC TEURS NUCLEAIRES EN AMERIQUE LA TINE, 
Compte tenu de sa superficie, de sa population et de son revenu, 1' Amenque latine ne prend qu'une 

part relativement faible a !'utilisation mondiale des reacteurs nucleaires, qu'ils soient de recherche ou de 
puissance. Dans ces pays, Porto Rico compris, le nombre actuel de reacteurs de recherche n'est que de dix 
et il n 'y a de pro Jets concrets que pour trois autres. La mise en chantier des reacteurs de puissance a ete encore 
plus lente. Seuls !'Argentine et Porto Rico ant des centrales nucleaires en constructiOn; parm1 les autres pays 
seuls le Bresil et ]e Mexique enVlsagent d'mtegrer des reacteurs de puiSSance a leurs reseaux. La petite taJlle 
des reseaux e.Iectriques en general, l'enormitf: des d1stances qu1 separent les centres de consommation 
importants, et !'existence de sources d'energ1e a bon marche dans certains pays expliquent le fait que dans un 
avenir immediat Ia construction de centrales nucleaires ne peut etre envisagee que dans les quatre pays 
susmentionnes. Toutefo1s, la puissance nucleo-electrique y augmentera selon toute vraisemblance consicte
rablement: de 1000 MW en 1975 elle passera a 5000 MW en 1980 eta 75 000 MW a Ia fin du siecle. Dans 
Ies previswns a long terme on ne peut exclure Ia constructton de centrales nucleaires dans d'autres pays 
d'Amerique latine. L'expansion et l'interconnexion des reseaux, amsi que !'evolution des prix des combustibles 
fossiles sur le marche mondJal, pourraient rendre avantageux le remplacement des sources traditionne!les 
d'enerpe par l'energie d'origme nuclearre. La m1se au point de centrales nucleaires de ta1lle petite ou 
moyenne, qui ne s'est pas encore reausee. pourralt faire avancer considerablement le cteveloppement et la 
mise en ceuvre de programmes d'f:nerg1e d'orig1ne nuclf:aire. 

R,llEPHb!E PEAKTOPbl B JIATI1HCKOH AMEPI1KE. 
EcnH yqecTb nnoiiJ,a,llh, HaceneHHe H .noxo.nLI cTpaH JlaTHHCKOH AMepHKH, To sH.nHo, l.ITO 

3TOT paiiOH pacnonaraeT seCbMa He3H8'tiHTenbHOH ,llOneH HMeiOIIJ,HXCSI SO seeM MHpe Sl,llepHLIX pe-

8KTOpOB, npe)lH83H8'tleHHLIX K8K ,llnSI HCCne,llOSaTenbCKHX u;eneH, TaK H ,llnH npOH3BO,llCTS8 3neK

Tp03HeprHH. B H8CTOSIIIJ,ee speMSI SO seeM paHoHe BKniO't18SI TiyapTO-PHKO, HMeeTCSI 10 HCCne

,liOBaTeJlbCKHX peaKTOpOB H pa3pa6oTaHbl KOHKpeTHble TIJI8Hbl no COOpyJKeHHIO TOJibKO Tpex pe

aKTOpOB. Pa3pa6oTKa :>HepreTH'IecKHX peaKTopoa npo,liBHraeTcll eme Me,llneHHee. R,llepHbie 

u;eHTpLI C03,ll810TCH nHillb s ApreHTIUie H nyapTo-PHKO. B .nononHeHHe K 3THM CTpaHaM MO;IKHO 

Ha3B8Tb Bpa3HJIH!O H MeKCHKy, r,lle nnaHHpyeTcll BKJIIO'IHTb :>HepreTH'IecKHe peaKTOpbl a :>Hepro

cHcTeMLI. He6onhlliHe, KaK npasHno, 3HepreTH\fecKHe CHCTeMLI, qpe3sLI'tlafi:Ho 6onblliHe paccToH

HHH MeX<.)ly OCHOSHLIMH u;eHTp8MH H H8J1H't1He ,llellleBLIX 3HepreTH'tleCKHX pecypCOB B pH,lle CTp8H 
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rOBOpHT 0 TOM, 'iTO B 6JIH;KaiimeM 6y,n:yll{eM C03.D:8HHe H,ll;epHbiX QeHTpOB MOJKeT paCCMaTpHB8TbCH 

TORbKO a ynoMlUIYTLIX qen1pex cTpaHax. Ot~HaKo a03MOlKH0 1 'ITO npOH3BO.!ICTBO Ht~epHoli 3Hep
rHH a 3THX cTpaHax 3HB'IHTenbHO B03pacTeT: c 1000 MBT a 1975 ro.z~y .110 5000 MBT B 1980 ro
.z~y H 75 000 MBT a 2000 ro.z~y. OcyllleCTBRHH .z~onrocpo<~Hoe nnaHHpoaaHHe, Henb3H HCKRIO'IBTb 
B03MOlKHOCTb co3t~BHHH Ht~epHLIX ueHTpoB a .z~pyrHx CTpaHax JlaTHHCKOli AMepHKH. PoeT H o61>e
.ltHHeHHe 3HeprOCHCTeM, a T8KJK.e yBeJIHtlei-nfe QeH H8 HCKOnaeMOe TOOllHBO Ha MHpOBOM pblHKe 

MOryT Cfl0C06CTBOB8Tb HCnOJih30B8HHIO H,ll;epHOii 3HeprHH BMeCTO 06LI"'HitiX HCTO"'HHKOB 3HeprHH. 

CoopylKeHHe B 6yt~yllleM MBRLIX H cpe_liHHX Ht~epHLIX 3HepreTH'IeCKHX QeHTpOB MOlKeT 3HB'IHTenb
HO npO_liBHHYTb pa3pa60TKy nporpaMM B 06RaCTH H_llepHOli 3HepreTHKH, 

REACTORES NUCLEARES EN LA AMERICA LA TINA. 
S1 se consideran la superfic1e, la poblac1on y el ingreso de America Latma, se aprecia que esta, como 

region, t1ene una partiCipacion relahvamente ba]a en la uhlizacion de reactores nucleares, tanto de investiga
cion como de potenc1a, en el mundo, Incluyendo a Puerto Rico, el numero de reactores de investigacion en 
la actualidad es solo de diez y existen planes concretos para la construcc1on de tres mas. En materia de reactores 
de potencia, el desarrollo ha sido todavia mas lento, Unicamente Argentina y Puerto Rico tienen centrales 
nuc!eares en construcc1on y, adem as de estos paises, solo Brasil y Mexico planean la adicion de reactores de 
potencia a sus sistemas electricos. En general, el pequeiio tamaiio de los sistemas electncos, las enormes 
diStancias entre centros de carga importantes y la disponibilidad de recursos energeticos baratos en algunos pa1ses, 
contribuyen a que en un futuro proximo solamente pueda considerarse la construccion de centrales nucleares 
en los cuatro paises ya mencionados. Sin embargo, en estos pa1ses la potenc1a nucleoelectrica en operacion 
adquirira probablemente un desarrollo considerable: de 1000 MW en 1975 a 5000 MW en 1980 y 75 000 MW 
en el aiio 2000. En proyecciones a tan largo plazo es impoSib1e excluir la instalacion de centrales nucleares 
en otros paises de America Latina. El crecimiento y la interconexion de los sistemas electncos, aunados a 
la evolucion de los precios de los combustibles fosiles en el mercado mundial, pueden hacer conveniente el uso 
de la energ!a nuclear para la sustituc1on de recursos energehcos tradicionales, A este respecto, puede influir 
considerablemente en el adelanto de las fechas de iniciacJbn de programas nucleares de potencia el desarrollo, 
!octavia no materializado, de centrales nucleares competihvas de pequeiia y mediana potencia. 

En el panorama de los reactores nucleares, tanto de investigaci6n 
como de potencia, en operaci6n, construcci6n o planeaci6n en el mundo, 
America Latina ocupa un lugar relativamente insignificante, El prop6sito 
de este trabajo es examinar las razones que pueden explicar la situaci6n 
actual y prever el posible desarrollo de la energ1a nucleoelectrica en esta 
parte del rnundo. 

REACTORES DE INVESTIGACION 

El cuadro I muestra los reactores de investigaci6n que existen actual
mente en operaci6n en la America Latina, as{ como aquellos en construcci6n 
o en fases avanzadas de planeaci6n. Puede verse que, aunque los primeros 
reactores de investigaci6n en Argentina y Brasil alcanzaron la criticidad 
en fechas comparables a las de muchos otros pa1ses, el desarrollo de estos 
reactores en Latinoamerica ha sido en general lento, al punto de que el 
numero de reactores de investigaci6n en la actualidad es s6lo de diez, existen 
tres en construcci6n y hay uno mas ya contratado para su pr6xima construcci6n. 
En comparaci6n, el nurnero total de reactores de investigaci6nen elmundo 
al final de 1970 era 366, de los cuales 132 se encontraban en Europa occi
dental, 38 en Europa oriental, 139 en los Estados Unidos, 33 enotros pa1ses 
desarrollados y 14 en el resto del rnundo [lj. 

Las causas que han deterrninado la lentitud de este desarrollo son de 
diversa 1ndole y segurarnente ha jugado un papel importante la ausencia de 



A/CONF. 49/P/757 187 

una actividad ciennfica bien establecida en la mayor parte de los parses de 
esta region del mundo, de modo que en muchos casos no se vera la justifi
cacion, aun desde el punto de vista del desarrollo ciennfico nacional, de la 
inversion relativamente considerable representada por un reactor de inves
tigacion. 

De modo mas fundamental, los reactores de investigacion han carecido 
en general del poderoso estrmulo que suele representar la existencia de 
planes inmediatos para la construccion de centrales nucleares. Por las 
razones que se expondran mas adelante, la energra nucleoelectrica solo ha 
encontrado aplicaci6n en Latinoamerica recientemente y esto en un numero 
limitado de parses. 

En la actualidad, puede hablarse de un resurgimiento del interes en los 
reactores de investigaci6n en la America Latina. Ademas de los reactores 
en construcci6n en el Centro Nacional de Estudios Nucleares de Chile [2], 
en el Centro de Investigaciones Nucleares de Uruguay [3J, [4] y en la 
Universidad de Rosario, Argentina, esta decidida la construcci6n de un pe
queno reactor homogeneo similar al de esta universidad por la Universidad 
Nacional Aut6noma de Mexico y se planea uno mas en el centro nuclear 
proyectado por la Junta de Control de Energra Atomica del Peru. 

Es interesante sei'ialar tambien los proyectos de rehabilitacion o de 
expansion de muchos de los reactores en operaci6n. Existen planes con
cretes de modificaciones en Argentina, en el reactor RA-0 que seradonado 
a la Universidad Nacional de Cordoba para fines de ensenanza y en el reac
tor RA-3 cuya potencia se de sea aumentar de 5 a 12 MW [ 5] y en el Brasil, 
en el reactor IEA-R1 cuya potencia se habra visto reducida de 5 a 2 MW y 
se espera ahora ampliar a 10 MW yen el reactor IPR-R1 que de 30 kW en 
operacion continua y 100 kW por perl'odos limitados se piensa llevar a 140 y 
250 kW respectivamente [6]. 

PANORAMA ENERGETICO 

En muchos de los parses que tienen o planean reactores de investigaci6n, 
una motivaci6n importante ha sido la perspectiva de utilizar la energra nu
clear para la generaci6n de e1ectricidad. Es, pues, conveniente considerar 
el panorama energetico de America Latina, para entender el futuro de la 
energra nucleoe1ectrica, en conjunto o por parses. 

El consumo bruto de energra comercial en los parses latinoamericanos 
representaba solo el 3,1 por ciento delconsumomundial en 1966. La data
cion energetica media por habitante en la region es una cantidad relativa
mente baja que equivali6 en aquel ano a poco mas de 490 kilogramos de 
petroleo, o sea 42 por ciento delconsumomediodelmundoenlamismafecha. 
Lo que es mas grave, de seguir la tendencia actual, en la proxima decada 
America Latina acusarl'a en conjunto el mas bajo consumo de energl'a por 
habitante, entre las regiones o grupos de pa{ses en que, para fines estadrs

ticos, suele dividirse el mundo [ 7]. 



CUADRO I ..... 
o:> 

REACTORES DE INVESTIGACION EN LA AMERICA LATINA 
o:> 

Paten cia Fecha Ia. Estado actual 
Nombre Localizaci6n Utihzaci6n Tipo kW(t) criticidad (1° Mayo 71) 

Argentina 

RA- I Buenos Aires Entren. , is6topos Argonauta 8, OE+U! ENE 58 En operac16n 
RA- 0 Buenos Aires Exper. crltico Tan que 5, OE - 03 MAY 58 En ajuste 
RA- 2. Buenos Aires Exper. crltico Tan que 3, OE- 02. JUL 66 En servicio 
RA- 3 Ezeiza Inv., prueba, is6t. Tan que 5, OE+03 MAY67 En operaci6n 
RA- 4 Rosario Entrenarniento S61. homo g. I, OE- 04 SEP 71 En construcci6n 

Brasil 

lEA- Rl Sl!o Paulo Inv. , prueba, is6t. Piscina 5, OE+03 SEP 57 En operaci6n 
IPR- RI Belo Horizonte Entren. , is6topos U-ZrH,Tanque I, OE+02. DIC 60 En operaci6n 
lEN- RI Rlo de Janeiro Entren. , invest. Argonauta 1, OE+O! FEB 65 En operaci6n ;;i 

Colombia 
~ 
N 

IAN- RI Bogota Invest. , is6topos Piscina 2., OE+OI ENE 65 En operaci6n 

Chile 

CNEN Santiago Inv., prueba, is6t. Piscina 5, OE + 03 DIC 71 En construe c16n 

Mexico 

PRI Salazar Inv. , prueba, is6t. U-ZrH,pisc. I, OE+03 NOV 68 En operaci6n 
UNAM MeXlco,D.F. Entrenarniento S61. homog. I, OE- 04 MAY72. En proyecto 

Uruguay 

CIN Montevideo Inv., prueba, is6t. Pl.scina I, OE+03 SEP 72. En construe ci6n 

Venezuela 

RV- I Altos de Pipe Invest. , is6topos Piscina 3, OE + 03 
JUL 60/ 

En operaci6n 
OCT 65 
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En cuanto a 1a produccion de energ1a electrica, la region genero 106 000 
millones de kWh en 1966, lo que represento el 3, 0 por ciento del total mun
dial, proporcion que con leves variaciones se mantiene desde hace unos 20 
anos. Similarmente, la produccion de energ1a electrica por habitante fue de 
433 kWh en la misma fecha, o sea el 40 por ciento del promedio mundial [ 7]. 

Debido a la importancia de Venezuela como exportador de petroleo, la 
produccion total de energ1a en America Latina duplica con creces el consumo. 
Sin embargo, aparte de Venezuela, solo Bolivia, Colombia, Mexico, Peru y 
Trinidad y Tabago ten1an en 1966 unbalance neto favorable, en materia de 
combustibles, en su comercio exterior [7]. 

En el sector electrico, las diferencias entre pa1ses son tambien acusa
das. Como Argentina, Brasil y Mexico ternan en 196 7 el 71 por ciento de la 
capacidad instalada y e1 63, 5 por ciento de la generacion, lo que acontece en 
e stos tres pa1ses influye poderosamente en las tendencias regionales. 
Durante el decenio que termino en 1967, el incremento medio anual de la 
generacion en estos pa1ses fue de 6, 4, 6, 6 y 9, 8 por ciento respectivamente, 
£rente a 7, 8 por ciento del total de America Latina y su capacidad instalada 
de generacion se elevo por termino medio en 7, 3, 8, 0 y 9, 5 por ciento, res
pectivamente, £rente a un promedio regional de 8, 0 por ciento [ 7]. 

En America Latina, las principales fuentes de produccion de electricidad 
han sido hasta ahora el petr6leo y elagua, aunque enalgunas partes tambien 
se han usado el carbon, el gas natural y la lena. La construccion en pro
greso de una central nuclear en Argentina de 319 MW y la decision de 
construir una de 600 MW en Brasil, as1 como la proxima operacion de una 
planta geotermica en Mexico de 75 MW son indicios de que estas nuevas 
fuentes de energ1a complementaran en algunas regiones a las fuentes 
tradicionales en un futuro proximo. 

La hidroelectricidad, en particular, tiene todav1a un futuro considerable 
en el conjunto de America Latina y muy especialmente en algunos pa1ses. 
Aunque la hidrogeneracion representaba aproximadamente el 52 por ciento 
de la produccion total en 1967, en esa misma fecha la capacidad insta1ada 
representaba solo un 2 por ciento del "potencial economico" disponib1e en 
toda 1a region, estimado por la Comision Economica para America Latina 
en 320 000 MW, bas ado en caudales medias [ 7]. 

Es interesante terminar esta rapida revision del panorama energetico 
con algunas predicciones sobre e1 desarrollo esperado del sector electrico 
en America Latina en la decada de 1970. Los pa1ses 1atinoamericanos dis
pon1an de una capacidad generadora instalada que alcanzaba a 30 800 MW a 
fines de 1967, de los cua1es el 42 por ciento era hidraulico. Se estima que 
a fines de 1979 habran unos 83 000 MW, de los cuales e150 por ciento apro
ximadamente sera hidraulico. En un aiio hidro1ogico normal, la genera
cion hidroelectrica alcanzar1a a 200 000 millones de kWh, lo que dejar1a a 
cargo del sector termico 130 000 millones restantes, con un factor de 

utilizacion similar al de 1967. Finalmente el cuadro II muestra el orden de 
magnitud de las adiciones que seran necesarias en la decada 1970-79, por 
pa1ses [7J. 
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CUADRO II 

ESTIMACION DEL ORDEN DE MAGNITUD DE LAS 
ADICIONESDEPOTENCIAEN LADECADA 1970-79 

Pai's 

Argentina 

Brasil 

Centroamerica 

Colombia 

Cuba 

Chile 

Mexico 

Peru 

Uruguay 

Venezuela 

Otros pai'ses 

Total 

PERSPECTIVAS NUCLEOELECTRICAS 

Adici6n de potencia 
(en MW) 

8 000 

12 100 

2 000 

3 600 

1 200 

1 700 

10 500 

2 900 

600 

4 100 

2 300 

49 000 

El desarrollo de la energi'a nucleoeiectrica es favorecido fundamental
mente par las ventajas econ6micas que, todo tornado en cuenta, esta nueva 
forma de generaci6n electrica representa. En estas condiciones, la dispo
nibilidad y cos to de los recurs as energeticos tradicionales y el tamano maximo 
de las unidades que pueden utilizarse en los sistemas electricos existentes, 
resultan factores determinantes para la adopci6n de centrales nucleares en 
un pais. 

La pequena magnitud en general de los sistemas electricos, las distan
cias entre centres de carga importantes y la disponibilidad de recursos 
energeticos baratos hacen que la energi'a nuclear no resulte atractiva todav[a 
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para la mayor parte de los parses de America Latina. Existen ya, sin em
bargo, las circunstancias favorables para la utilizacion de centrales nuclea
res en las areas del Gran Buenos Aires- Litoral en la Republica Argentina, 
del Centro-Sur de Brasil y del Centro-Sur de Mexico [8l, [9J. 

Hay otras areas de .America Latina donde el alto costo de las fuentes 
primarias de energra sugiere el empleo de la energra nuclear, especialmen
te en aquellos casos en que podrra pensarse en plantas de doble proposito 
para la produccion de electricidad y agua potable. El pequeno tamano de 
las unidades que aun en estas condiciones podrran utilizarse hacen, sin 
embargo, antieconomica su construccion y habra que e sperar al crecimiento 
de los sistemas interconectados o al desarrollo, todavra no materializado, 
de centrales nucleares competitivas de pequena y me diana potencia [ 10]. 

Las diferencias considerables que existen entre parses de una reg1on 
tan vasta y diversa hacen necesario, si queremos profundizar un poco en el 
futuro nucleoelectrico de America Latina, considerar los casos particulares 
de aquellos parses que presentan mayores perspectivas, ya sea a corto o a 
largo plazo. Es innecesario subrayar que las extrapolaciones a largo plazo 
son de necesidad especulativas y que solo puedenesperarse cifras razona
blemente exactas para previsiones inscritas en la proxima decada. 

Argentina 

La experiencia en el diseno, construccion y utilizaci6n de reactores 
de investigaci6n; la existencia de personal calificado en numero y nivel 
adecuados; la poses ion de yacimientos de urania de importancia apreciable 
y la conjuncion de los parametros que hacen atractiva la energra nucleo
electrica, explican probablemente por que la Republica Argentina ha sido 
e1 primer pars de America Latina en iniciar la construcci6n de una central 
nuclear. 

La central nuclear de Atucha, situada a unos 100 km de Buenos Aires, 
s obre el rro Parana de las Palmas; tendra una potencia neta de 319 MW y 
sera interconectada ala red Gran Buenos Aires-Litoral. El reactor es de 
urania natural, moderado y refrigerado por agua pesada, dentro de un reci
piente de presion. Las caracterrsticas unicas de este recipiente, aunadas 
a diversas causas propias de toda empresa nueva, han motivado retrasos en 
el calendario original, de modo que se preve la entrada en operaci6n comer
cial de esta central para fines de 1973. Es de senalarse la considerable 
participaci6n de la industria argentina, no solo en la obra civil sino tambien 
en la fabricaci6n y montaje de componentes electromecanicos, al grado que 
se estima en alrededor de un 40 por ciento la fracci6n del costo represen
tada por mano de obra e industria argentinas. La circunstancia de que el 
combustible sea de urania natural hace factible que la fabricaci6n de los ele
mentos combustibles pueda ser realizada rntegramente en la Argentina en un 
futuro proximo. 

De aqur a 1980, se preve la entrada en operaci6n comercial, ademas de 
Atucha I, de una unidad de 600 MW en Cordoba y de la unidad Atucha II, de 
unos 1 000 MW, con lo que la potencia nuclear de Argentina serra del orden 
de 1 900 MW en esa fecha, constituyendo aproximadamente el 13 por ciento 
de la potencia total instalada en el sistema interconectado [ 11]. 
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Es importante hacer notar que, a pesar del precedente de la unidad de 
Atucha en construccion, no se ha definido en Argentina una polltica sobre el 
tipo de los reactores proximos, ni en particular sobre la clase de combus
tible que se emplear:la en ellos. 

A partir de 1980, se estima que se agregaran 1 000 MW nucleares cada 
2 anos hasta 1985, luego 1 000 MW por ano y as! sucesivamente, de suerte 
que la potencia nuclear total instalada ser:la del orden de 5 000 MW en 1985, 
10 000 MW en 1990 y 30 000 MW en 2 000, loquellegar:laaconstituir, apro
ximadamente, un 30 por ciento de la potencia electrica instalada en todo el 
pa:ls a fines del siglo. 

Brasil 

El interes por la energ:la nucleoelectrica en el Brasil data de muchos 
ai'ios, como lo atestigua el numero de estudios realizados al respecto yen 
particular los grupos de trabajo que, desde mediados de 1967, hanestudiado 
la introduccion de centrales nucleares en la region Centro-Sur [ 12]. 

En la actualidad, Brasil se encuentra en v:lsperas de decidir el tipo de 
central que, con una potencia nominal de 500 MW, se construira en la playa 
de Itaorna, municipio de Angra dos Reis, a 133 km al oeste de R:lo de 
Janeiro. Esta central se integrara en 1976 en el sistema electrico de FURNAS, 
el que tendra para entonces una potencia instalada superior a los 5 000 MW 
y formara parte de un sistema interconectado de unos 13 000 MW [ 13]. 

A continuacion de la primera unidad nuclear de Angra, se planea ya la 
construccion de dos unidades mas, de modo que la potencia nuclear instalada 
en Brasil puede ser del orden de 1 500 MW en 1980. Proyecciones realiza
das muestran las cifras probables de 6 000, 13 000, 21 000 y 35 000 MW 
nucleares en la region Centro Sur en los anos 1985, 1990, 1995 y 2000, res
pectivamente. Si a estas cifras se agregan las instalaciones posibles en 
otras regiones del Brasil, se llega a la potencia de 50 000 MW en el ai'io 2000, 
lo que constituir:la aproximadamente un tercio de la demanda maxima total 
para e sa fecha [ 14 ~. 

Colombia 

Colombia es uno de los pa:lses de America Latina en los que no se vis
!umbra ninguna utilizacion economica de la energ:la nucleoelectrica en lo que 
resta del siglo. En efecto, si bien se preve que la potencia electrica instala
da en Colombia sera del orden de 20 000 MW en el ai'io 2000, se ha estimado 
el potencial hidroelectrico aprovechable en 50 000 MW y existen ademas re
servas considerables de carbon de buena calidad que permitir:lan complemen
tar con centrales termoelectricas la hidroelectricidad y lograr asr una 
expansion mas economica de los sistemas [15], [16]. 

Cuba 

Las condiciones energeticas de Cuba no son basicamente muy diferentes 
de las de Puerto Rico, por ejemplo, lo que permite suponer que la energ:la 
nucleoelectrica sera atractiva en Cuba en cuanto el tamai'io del sistema elec-
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trico permita la introduccion de unidades nucleares suficientemente grande s. 
Se ha estimado que la potencia nuclear en Cuba puede ser de 400 MW en 1980 
y 1 400 MW en 1985 [ 17]. 

Chile 

El ejemplo de Chile es ti'pico de los pai'ses con regiones de relativa im
portancia, carentes de recursos hidroelectricos, con combustibles fosiles 
caros y con necesidades rap1damente crecientes de electricidad y agua po
table. Tales el caso de la region norte de Chile, donde sin embargo la 
demanda maxima alcanzara un valor de 300 MW en 1975, de modo que seri'a 
imposible pensar en una unidad mayor de 75 MW antes de esa fecha [ 18], 
lo que con el mercado actual de los reactores de pequena potencia resulta poco 
atractivo. Por otra parte, el costo del combustible f6sil en esa zona de 
Chile podri'a bajar considerablemente si, pese a dificult.ades previsibles, se 
abre alli' un mercado para el gas natural boliviano. Adicionalmente, existe 
la posibilidad de que en esa region se desarrollen fuentes de energi'a geo
termica que serviri'an tanto para la produccion de electricidad como de agua 
potable. 

A mas largo plazo, el sistema interconectado Central de Chile, donde la 
demandamaximapasarade3000MWenl985[18], puede ser un mercado 
para centrales nucleoelectricas de tamano mediano. 

Mexico 

En Mexico existen planes concretes para la construccion de la primera 
unidad de una central nuclear que, localizada en el lugar llamado Laguna 
Verde, sobre el golfo de Mexico, a unos 280 km aleste de laciudaddeMexico, 
alimentari'a a la red del centro-sur del pai's [ 19]. Con un valor nominal de 
600 MW, la primer a unidad entrari'a en 1976 en un sistema interconectado de 
mas de 6 000 MW, ya que para entonces la conversion del sistema de SO Hz a 
60 Hz estari'a virtualmente terminada. 

La situacion de los energeticos en Mexico y el tamano de la red centro
sur permiten suponer que la potencia nuclear instalada en esa red se podri'a 
duplicar cada 5 anos, hasta alcanzar el valor de unos 20 000 MW a fines de 
siglo, o 30 por ciento del valor total de la capacidad en el sistema central 
inter cone ctado. 

La creciente interconexi6n de otros sistemas electricos de Mexico, auna
da al crecimiento propio de estos sistemas, se traducira tambien en lacon
veniencia de instalar centrales nucleares en otras partes del pai's que, por el 
momento, no podri'an utilizar econ6micamente centrales de mediana paten
cia [20]. 

Peru 

En Peru hay todavi'a considerables recursos hidroe!ectricos por desarro
llar pero la existencia de una gran ciudad, Lima, en una zona costera carente 
de agua, puede hacer atractiva, a mediano plazo, la construccionde una central 
nuclear de doble prop6sito. 



CUADRO III ...... 
co 
>I> 

PROYECCIONES DE POTENCIA NUCLEAR INSTALADA EN 
LA AMERICA LATINA 

Pa1s Potencia nuclear en GW 

1975 1980 1985 1990 1995 2000 

Argentina o, 3 1,9 5,0 10,0 20,0 30,0 

Brasil 0,0 l' 5 6,9 16,4 30,0 50,0 

Centroamerica 0,0 o,o o,o 0,0 l' 0 2,0 

Colombia o,o o,o o,o o,o o,o o,o 
< 
"' '""' Cuba 0,0 0,4 l' 4 2,5 5,0 10,0 "' N 

Chile o, 0 0,0 0,5 l' 0 2,0 5,0 

Mexico 0, 0 l' 2 2, 5 6,0 12,0 25,0 

Peru o, 0 o,o o,o l' 0 2, 0 3,0 

Uruguay 0,0 o,o 0,7 l' 5 3,0 5,0 

Venezuela o, 0 o,o o,o o,o o,o o,o 

Otros pa1ses o,o 0,0 0,0 o,o o,o o,o 

Total o, 3 5,0 17,0 38,4 75,0 130,0 
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As{ como en el caso de las centrales nucleares las primeras aplicaciones 
economicas fueron en la forma de unidades relativamente grandes instaladas 
en sistemas electricos de consideracion, puede preverse que la desalacion de 
agua de mar se desarrollara a partir de la utilizacion de plantas desaladoras 
en los sistemas de agua potable de grandes urbes costeras con escasez de 
agua, de las que Lima es el mejor ejemplo en Latinoamerica. 

Uruguay 

El pequeno tamano de la red electrica del Uruguay hace poco probable que, 
a pesar del costo del combustible fosil, resulte econ6mica la instalacion de 
centrales nucleares en un futuro proximo. Sin embargo, la interconexion del 
sistema uruguayo con el dellitoral argentino a partir de 1976 har1a atractiva 
la participacion uruguaya en proyectos de energ{a nucleoelectrica [21]. 

Venezuela 

Ademas de las reservas de hidrocarburos, Venezuela cuenta con un po
tencial hidroelectrico considerable que apenas se empieza a explotar, de 
modo que constituye un caso en que, aun suponiendo la conveniencia econ6-
mica de colocar la totalidad del petroleo y del gas en el mercado mundial, 
la energ1a nuclear tendr1a por competidor, durante muchos anos, la hidro
electricidad barata. 

La capacidad instalada en Venezuela en 1979, excluyendo industria petro
lera y autoconsumidores, ha sidoestimada en 5 000 MW\22l. Una cuadru
plicacion en 20 anos nos llevar1a a 20 000 MW en el ano 2000, que es del orden 
de la capacidad hidroelectrica que ya se ha identificado como utilizable r 23 J. 

CONCLUSIONES 

E1 cuadro III, basado en las consideraciones y estudios mencionados, 
pretende dar una idea del desarrollo de la energ1a nucleoelectrica en la 
America Latina. Puede verse que antes de 1980 esta forma de energ1a se-
ra aplicada en 3 o 4 pa1ses de la region y que en 10 ai'iosmas, estoes, antes 
de 1990, presentara un interes economico includable para no menos de 7 pa1ses. 

A mas largo plazo, las cifras que resultan, por su magnitud, inducen a 
la reflexion. Es posible que algunos de los valores estimados como "pro
babies" no sean ni siquiera "factibles", sino se planea bien el esfuerzo 
educativo, tecnologico, financiero y hasta administrative que su consecucion 
implicar{a. 

Frecuentemente se atribuyen a la construcci6n temprana de centrales 
nucleares en un pa:ls beneficios relacionados con la introduccion de una tec
nolog{a avanzada, de modo que al procurarse una participacion nacionalma
xima, dentro de ciertos 11mites de cos to, se pueden lograr efectos multiplica
tivos de consideracion, tanto en la investigaci6n y la ensenanza como en la 
ingenier1a y la industria. En general, puede decirse que de no existir claras 
ventajas econ6micas para la energ1a nuclear, es poco probable que esos efectos, 
por s1solos, justifiquen su adopci6n; en cambio, en aquellos pa1ses donde se 
vislumbre la utilizaci6n econ6mica de las centrales nucleares, pueden ser 
factores importantes que ayuden a aprovechar oportunamente todas las eco
nom1as que ofrezca la energ1a nuclear en la generaci6n de electricidad. 
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Aunque importante, la generaci6n de electricidad noes la unica aplicaci6n 
de la energ1a nuclear y los reactores de investigaci6n pueden proporcionar bene
ficios indudables facilitando, directa o indirectamente, el uso de radioisotopes 
y de la radiaci6n en la industria, la agricultura y la medicina y estimulando el 
desarrollo cientlfico y educative de un pa1s. 

En todas estas tare as, de envergadura diver sa pero con aspectos frecuente
mente nuevos, la cooperaci6n internacional y el establecimiento de programas 
multinacionales de colaboraci6n deben1n desempei'iar un papel cada vez mas 
importante, 

REFERENCIAS 

[1] Power and Research Reactors tn Member States, OlEA, Vierra (1970). 
(2] ComlSlon Chtlena de Energia Nuclear, Centro Nactonal de Estudtos Nucleares, S,antlago (1970). 
[ 3] SPJTALNlK, J., «<nstalacton de un reactor de mvesttgacton en un pals en desarrollo», Engmeering 

Programs in Research Reactors (Reun. Grupo exp. Vtena, 1970) IAEA-130, OlEA; Vtena 
(documento no pubhcado), 

(4] SPITALNIK, J., «Contnbucion de Ia instalacton del Centro de investtgacwnes nucleares al 
desarrollo tecnologico del Uruguay», Est as Aetas, Memona 108, Vol. 1. 

[ 5] Comtsion Nacwnal de Energla Atomtca, Energla Atomic a, Inform acton 10, Buenos Atres (1970) 31. 
(6] Programa de Trabalho da Comissao Nactonal de Energia Nuclear para 1971, CNEN, Rio de Janetro (1970), 
[7] El segundo decemo de las Nactones Unidas para el desarrollo - La energla en Amenca Latina, 

E/CN.12/828, NU, Cons. Econ. Soc., CEPAL (1969). 
[ 8] Postbi!idades de utihzacton de Ia energia nucleoelectrica en Ia America Latma, Umon Panamencana, 

Wash., D. c. (1964). 
[ 9] Conferenc1a interamencana sabre la Generac10n de energia nucleoelectnca en la America Latina, 

Umon Panamericana, Wash., D. C. (1965). 
[10] VELEZ, C., «Utllizacion de Ia energia nucleoelectnca en la Amenca Latina- Perspectivas en 

1967», Problems and Prospects of Nuclear Power Applications m Developmg Countries (Notas sabre 
un curso regwnal en Santiago, 1967) .!!_, OlEA, Viena (documento no pubhcado). 

[11] lnforme sabre eqmpamiento electnco de servtcto publlco- Sistema mterconectado, decada 1971-1980; 

Ministeno de Obras y Servicios Publtcos, Secretaria de Estado de Energia, Buenos Aues (1971). 
[12] FERREIRA, H. A., Jr., Energia Nuclear na Regiao Centro-Sui, CNEN, Rio de Janeiro (1969). 
[13] LYRA, F. H., SIMON, D. N., FERREIRA, H. A., Jr., «The Angra nuclear power plant (Brazil). Its 

Impact on the technological activities m the country», Estas Aetas, Memona 801, Vol. 6. 
[ 14] LEPECKI, W. P. S., «Influence of nuclear energy on the development of Brazil», Nuclear Energy 

Costs and Economic Development (Aetas Simp. Estambul, 1969) OlEA, VIena (1970) 567. 
[15] Present and Future of the Co!ombtan Power Industry, DNP-721-UINF Rev.1, Depto. Nac. Planeacion, 

Bogota (1971). 
[ 16] Plan de desarrollo economico y SOCial 1970-73, Vol. II, Depto. Nac. Planeacion, Bogota (1970). 
[ 17] ROBERTS, J. T. , «Potential demand for nuclear power tn developmg countnes», Small and Medium 

Power Reactors - 1970 (Aetas Simp. Oslo, 1970) OlEA, VIena (1971). 
[18] ALVARADO, S., COVARRUBIAS, A., FRIEDMANN, E., «Factores que determman Ia introduccton 

de centrales nucleares en los paises en desarrollo - Caso de Chile», Small and Medtum Power 
Reactors - 1970 (Aetas Simp. Oslo, 1970) OlEA, VIena (1971). 

[19] VELEZ, C., «Seleccion del emplazamiento de Ia primera central nuclear en Mexico», Environ
mental Aspects of Nuclear Power Stattons (Aetas Simp. Nueva York, 1970) OlEA, Viena (1971) 767. 

[20] EIBENSCHUTZ, J., «Resumen de Ia Sltuacion de los SlStemas electncos de Mexico en relacton con 
las plantas nucleoelectncas de pequena y medtana potencia», Small and Medium-Size Power 
Reactors (Aetas Panel VIena, 1968), OlEA, Viena (1969) 43, 

[21] SPITALNIK, J,, Perspectivas de Ia generacton nuclear en el ststema electrico del Uruguay, Memona 
mterna del Centro de Investigaciones Nucleares-Proyecto, Montevideo (1970). 

[ 22] TELLERlA, R. , Presente, pasado y futuro de Ia mdustria electnca en Venezuela, Congreso IV de 
Ingenieria Electnca y Mecanica y I de Ingemeria Industnal, Caracas (1970). 

[23] World Power Conference Survey of Energy Resources (1968) 49. 



AUSTRALIA 
A/CONF. 49/P/127 

SURVEY OF AUSTRALIA'S ENERGY DEMAND 
AND RESOURCES UP TO THE YEAR 2000 

F.L. McCAY, R.D. DEAS 
Department of National Development, 
Canberra, Australia 

Abstract-Resume-AHHOTaliMli-Resumen 

SURVEY OF AUSTRALIA'S ENERGY DEMAND AND RESOURCES UP TO THE YEAR 2000. 
The paper outlines the effects of Australia's geography, population distribution, type of economy and 

political organization on the energy situation in the country. Energy resources are reviewed and statistics are 
given for historic consumption of the various sources of primary energy. Forecasts are given for future require
ments, based on researched data up to the year 1979/80 and on subjective extrapolation beyond this up to the 
year 2000. A separate section on electricity identifies the features of each of the separate State systems 
significant in consideratwn of the prospects for nuclear power in each. The extent and, where available, the 
cost of known reserves of basic energy resources are given, together with some discussion of the apparent 
prospects of future sigmficant discoveries. 

ETUDE GENERALE DES BESOINS ET DES RESSOURCES D'ENERGIE EN AUSTRALIE JUSQU'A L'AN 2000. 
Le memoire rend compte des effets des caracteristiques geographiques, de Ia distribution de Ia population, 

du type d'economie et de !'organisation pohtique sur le deveioppement de !'energie en Australie. II passe 
en revue les ressources en energie et donne des statistiques concernant Ia consommation d'energie primaire 
provenant de diverses sources. Des predictions sur les besoins futurs sont emises, qui sont fonctees sur les 
resultats de recherches s'etendant Jusqu'a l'annee 1979/80 et sur des extrapolations sub]ectives au-dela de cette 
date et jusqu'a !'an 2000. Une section consacree a l'electricite decrit les caracteristiques de chacun des 
reseaux des divers Etats australiens qui presentent une importance en raison des perspectives qm s'y offrent 
dans le domame de l'energie nucleaire. Le memoire ind1que ega!ement Ia grandeur et, lorsqu'il peut iltre 
determine, le coOt d'exploitation des reserves connues d'energie de base et il examine Ia possibilite que des 
decouvertes importantes soient faites dans le futur. 

HCCJIE,llOBAHHE 3HEPrETH'-IECKHX ITOTPEEHOCTEH H PECYPCOB ABCTPAJIHH ,llO 
2000 ro.zta. 

B .z:toKlla,ae onHCblBaeTcB BJIHBHHe reorpacllHt~ecKHX yc.nosHH , pacnpe.zteneHHH HaceneHHR, 
THna 3KOHOMHKH H nOnHTH'IeCKOH CTpyKTyphl ABCTpanHH Ha COCTOliHHe 3HepreTHKH B CTpaHe • 

.l(aeTCB xapaKT6pHCTHK8 3HepreTH't.feCKHX pecypcOB H npHBO,lUITCH CT8THCTH"'6CKHe ,ll8HHLI6 1 Ka

CaJOII{H&CSI HCTOpHH fl0Tpe6JieHHH pa3JIH"'HblX HCTOtfHHKOB OCHOBHidX BH.z:tOB 3HeprHH. ,lJ;eJiaJJTCSI 

nporH03hl B OTHOineHHH 6y.zty!llHX OOTpe6HOCTeH B 3HeprHH 0 OCHOBSHHL!e HB pe3ynhTBT8X npoBe

.zteHHLIX HCCne.ztOBSHHH, OXBSTL!BaJO!llHX nepHO.zt .110 1979/80 f'O.zta, H HB cy6"LeKTHBHOl! 3KCTpano

nliQHH .ztnll e111e 6onee OT.ztaneHHoro nepHO.zta - snnoTL .zto 2000 ro.zta. B pa3.ztene, nocBlll!leHHOM 

npOH3BO.ztCTBy 3neKTp03HeprHH, onpe.ztenliJOTCll OC06eHHOCTH 3HeprOCHCTeM pa3nH'IHLIX IIITSTOB 

C y'leToM nepcneKTHB pa3BHTHll BTOMHOH 3HepreTHKH B K8li<.IIOH H3 HHX. IlpHBO.llliTCll .ztBHHLJe 0 

p83Mepax H 1 eCJIH T8K0Bbl6 HM6IOTCH 1 0 CTOHMOCTH H3B6CTH:&IX 38fl8COB OCHOBHblX HCTOtJHHKOB 

3HeprHH 1 npH'leM O,ltHOBpeMeHHO paccMaTpHB8IOTCH nepcneKTHBbl OTKphiTHH 3H8'lHTeJibHhiX MeCTO

pOll<.zteHHH HCTO'IHHKOB 3HeprHH B 6y.zty!lleM. 

ESTUD!O DE LA DEMANDA Y DE LOS RECURSOS DE ENERGIA EN AUSTRALIA HASTA EL ANO 2000. 
En esta memoria se exponen a grandes rasgos los efectos sobre Ia situacion energetica del pais de Ia 

configuracion geografica de Australia, su distribucion demografica y el tipo de organizacion politica y 
economica. Se resumen los recursos energeticos y se presentan estadisticas sobre el consume de las diversas 
fuentes de energia primaria. Se consideran las previsiones de necesidades futuras utilizando datos basados en 
estudios que cubren basta el allo 1979/80, asi como una extrapolacion subjetiva desde entonces basta el 
allo 2000. Una seccion aparte sobre electricidad identifica las caracteristicas de cada uno de los sistemas 
energeticos de los diversos Estados australianos, tomandolas en consideracion con respecto a las perspectivas 
de Ia energia nucleoelectrica en cada uno de enos. Se indica 1a magnitud y, cuando es posible, el costa de 
explotacion de las reservas conocidas de recursos energ'eticos basicos, y se consideran las posibles perspectivas 
de futures y significativos descubrimientos. 

197 



19 8 MeGA Y and DEAS 

1. INTRODUCTION 

The Australian Commonwealth comprises an area of almost three 
million square miles with a coastline of approximately 12 000 miles. The 
mainland consists of a large arid central area which has relatively well
watered fringes in the north, east and south-east. The bulk of Australia's 
population of 12 million live in these eastern and south- eastern fringes 
and the major proportion live in a few large cities. The bulk of 
Australia's industrial activity is therefore centred on these few large 
cities. 

The Commonwealth is a federation of six States. The Federal Consti
tution confers specified powers on a central Commonwealth Parliament 
and leaves the residue of powers to the respective parliaments of the six 
States. No general responsibility for energy and energy policies is vested 
in the Commonwealth and consequently this is mainly a matter for the 
States. The States deal with their responsibilities in these matters through 
various departments and public authorities, for example: Mines Depart
ments, Electricity Commissions or Gas Authorities. 

The general economy is based on private enterprise and many of the 
energy industries are in the hands of private companies. A notable 
exception, however, is the electricity industry which, as far as public 
supply is concerned, is virtually wholly vested in government instrumentali
ties. In addition, the gas industry is a government undertaking in most but 
not all States. 

Owing to the large distances involved and to historical factors the 
States have tended where practicable to use their own natural fuel resources 
to generate electricity. At one time black coal from New South Wales was 
used extensively by other States but their desire to minimize dependence 
on energy sources beyond their own control has led to a decline in this 
usage. Each State has developed its own energy resources. Some of 
these resources are now approaching the limit of their potential and funda
mental changes are therefore in store. 

Petroleum oil is in a special category. Until fairly recently all 
Australian crude oil supplies were imported, and they constituted a very 
important item in Australia's balance of payments accounts. The Common
wealth Government in a variety of ways has sought to assist in encouraging 
the exploration for oil in Australia. It has also concerned itself with the 
development and operation of both the refining and the distributing sides 
of the industry. In the result in regard to petroleum oil the main Govern
ment initiatives lie with the Commonwealth rather than the States. 

2. ENERGY RESOURCES 

Before considering the major energy resources in turn it may be con
venient to set a perspective by indicating the contribution made by each to 
Australia's total primary energy consumption. In the year ending 30 June, 
1970 petroleum products contributed 50o/o, black coal 32%, brown coal 
11. 3%, natural gas 1. 4% and other sources (wood, hydro, bagasse and 
natural gas) 5. 3%. 



A/CONF .49/P/127 199 

2. 1. Oil 

Australia's total recoverable oil reserves were estimated to be 
1792 million barrels at 30 June, 1970. This contrasts very sharply with 
the position a decade ago when the country was totally dependent on 
imports of crude oil. 

The largest fields so far discovered lie in the Bass Strait region offshore 
from Victoria. The recoverable reserves of the Barracouta, Halibut and 
Kingfish fields total 1565 million barrels. These fields are in a favourable 
position with respect to the large markets of Melbourne and Sydney. 

In Queensland current reserves are estimated to be about 5 million 
barrels. The Moonie field contributes 4 million barrels to this and 
Alton 1 million. 

Barrow Island in Western Australia has reserves of 162 million 
barrels. 

Mereenie in the Northern Territory has reserves of 60 million barrels. 
Exploitation of these reserves is prejudiced by remoteness from major 
market centres and lack of sufficient size to justify construction of pipelines. 

These reserves are not particularly large when compared with the 
total consumption of crude oil. The current search for oil must continue 
and significant discoveries will have to be made to offset the fast rising 
consumption of petroleum products. At the end of 1971 about 70% of 
Australia's crude oil requirement could be satisfied by indigenous crude, 
but this will drop to about one quarter by 1980 unless further reserves 
are discovered. Many prospective areas have not yet been fully explored 
and there are grounds for optimism that some of these will prove fruitful. 
Nevertheless, it is not possible to ignore the prospect that Australia might 
in the future return to a position of dependence on imported oil to meet its 
ever-growing demand for liquid fuels. 

The Commonwealth Government employs a variety of means to encourage 
the search for oil both on and offshore Australia. 

2. 2. Black coal 

Deposits of all the main types of black coals are found in Australia. 
Coals of high calorific value, however, are not known in the central and 
western part of the continent. High-grade coking and gas coals are con
fined to the eastern seaboard and this has had a decisive effect on the 
industrial development of Australia. 

New South Wales and Queensland possess large exploitable reserves 
of bituminous coal which cover almost the entire range from coking to non
coking low-volatile steaming coals, as well as high-volatile gas coals. 
Most of Australia's bituminous coals are characterized by high ash content 
but generally low sulphur content. Queensland, in addition to sub-
bituminous coals also has some reserves of semi-anthracites and anthracites. 

In New South Wales most of the commercial mines are on the edge of 
the sedimentary basin which extends north, south and west of Sydney. 

The Queensland coal fields extend along the coast and in some sections 
for several hundred miles inland. The fields of the Southern and Central 
Districts have, because of their geographical advantage, supplied the bulk 
of domestic requirements in the past, but it is the formations of the central 
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district which are likely to be of greater economic importance through their 
export potential. 

Victorian deposits of bituminous coal are small although very large 
reserves of lignite exist. 

In Tasmania black coal deposits occur over a wide area but they appear 
as small isolated fields due to faulting and erosion. The range varies 
from brown coal to sub- anthracite. Most seams are high in ash and include 
bands of mudstone. 

In South and Western Australia the highest ranking coals are sub
bituminous. The only source of coal at present exploited in South Australia 
is the sub- bituminous coal of Leigh Creek. This deposit is worked by 
open-cut methods and is fully committed for electricity generation. 

In Western Australia the only deposits exploited extensively are the 
sub-bituminous Collie deposits, worked by both underground and open-cut 
methods. Costs are high by eastern States standards. 

Australia is known to have at least 7000 million tons of black coal and 
the prospects are that additional reserves will be discovered. A part of 
the reserves will probably be non-recoverable within economic limits. 
Nevertheless, as current usage is less than 50 million tons per annum it 
is clear that on a national basis the reserves to consumption ratio is 
satisf-actory. This is not to say, however, that there is no need for con
servation and proving of additional reserves. 

In the first place long-term sufficiency of high-quality and inexpensive 
black coal has been established only for the States of Queensland and New 
South Wales. Tasmania and South Australia in particular are seriously 
deficient in indigenous black coal and the Western Australia resources are 
not of high quality. Discovery of new deposits in these States would be 
welcome although the prospects of this are not regarded as high. 

Secondly, the adequacy of reserves of specific coals is in doubt. In 
particular it is thought that Australia would benefit from the proving of 
additional sources of coking coal for which there is a strong domestic 
demand and a large and growing export market, particularly in the Japanese 
iron and steel industry. 

Table I shows the reserves of coal for each State as at 30 June, 1969. 

2. 3. Brown coal 

Although deposits of brown coal (otherwise known as lignite) are known 
to occur in New South Wales and South Australia, Victoria is by far the 
largest producer and consumer of brown coal in Australia. 

Victorian brown coal reserves are principally in the Latrobe Valley 
and are calculated at 47 500 million tons proved and 37 300 million tons 
inferred making a total of about 85 000 million tons. Of the proved reserves 
29 000 million tons has less than 100 ft of overburden over the uppermost 
seam and so are readily worked by open-cut methods. 

Estimated proven reserves of brown coal in areas other than the 
Latrobe Valley are estimated at 750 million tons. 

Because of the low calorific value of brown coal, the proportion of 
reserves which can be economically mined using open-cut techniques is 
very significant. Using the open-cut techniques now employed in the 
Latrobe Valley, the amount that could be won is about 10 000 million tons. 
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TABLE I. BLACK COAL 

State 

New South Wales 

Queensland 

Western Australia 

South Australia 

Tasmania 

Victona 

Reserves in situ 
(10• t) 

4365 

1890 

300 

380 

n.a. 

30 

201 

TABLE II. NATURAL GAS RESERVES, RECOVERABLE PIPELINE GAS 
( 1 012 standard cubic feet) 

Estimated 
Basin Field State reserves 

at 31.12.69 

Bowen-Surat Roma-Rolleston Area Queensland 0.223 

Adavale G1lmore Queensland 0.028 

Gippsland Barracouta, Snapper, Victoria 10.019 
Marlin, Flounder, 
Tuna, Halibut, 
Kmgfish 

Cooper Gidgealpa, Moomba South 1,460 
Daralingie Australia 

Penh Dongara, Mondara, Western 0,500 
Yardarino, Gin gin Australia 

Carnarvon Barrow Island Western 0,130 
Australia 

Amadeus Mereenie, Palm Nonhern 1,567 
Valley Territory 

A continued growth of consumption at the average rate of the last 
25 years (a steady 5. 5o/o annually) gives a lifetime of about 60 years to the 
present 10 000 million tons of mineable reserves. 

2.4. Natural gas 

The search for oil in Australia has led to the discovery of several 
significant natural gas fields and has therefore made available to the local 
energy market a source of energy which is new although similar of course 
to the manufactured gas distributed in major towns and cities primarily 
for domestic use. 

The estimated reserves and the location of all natural gas fields so 
far discovered in Australia are listed in Table II. The Roma, Gippsland, 
Gidgealpa and Moomba reserves are currently being exploited and plans 
are in hand for the exploitation of more of the fields. 
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2. 5. Hydro power 

Because of the generally low rainfall and limited areas of high relief, 
Australia is not well endowed with hydro resources. Total annual run-off 
is only 1. 8 in. compared with 9. 8 in. for all land areas of the globe. 
Thirty- eight percent of the area of Australia receives less than 10 in. of 
rainfall a year and a further 20% receives less than 15 in. Tasmania is 
the only State where a significant portion of the total area (56o/o) receives 
an annual rainfall in excess of 40 in. 

On the mainland most of the potential is concentrated in that part of 
the Eastern Highlands lying in southern New South Wales, northern 
Victoria, and in northern Queensland. There is no hydro resource in South 
Australia and very little in either Western Australia or the Northern 
Territory. 

Tasmania, with a surface area of only 26 000 square miles, is estimated 
to have about half of the total Australian hydro potential of about 
23 000 million kWh/yr capable of being developed economically. This is 
due to a combination of heavy rainfall and a considerable area at altitudes 
of between 2000 and 4000 ft. 

Total installed hydro capacity in Australia was 3623 MW on 30 June, 
1969. 

Despite the paucity of hydro potential, there are prospects that the 
technology will find application in the development of pumped storage 
schemes to assist in meeting the continually growing demand for peak load 
power. 

2. 6. Tidal power 

Tidal power represents another possible major energy resource. The 
bays and estuaries in the Kimberley area of north-west Australia are 
estimated to have a tidal potential of some 300 000 MW at 50% load factor. 
However, exploitation of the resource is not imminent principally because 
of the vast distance separating it from major load centres. 

The development of these tidal power resources, however, might well 
be undertaken ultimately in association with mineral developments in 
nearby areas. 

2. 7. Nuclear power 

Australia's reserves of uranium remained fairly static for most of the 
last decade but recently there has been an upsurge in exploration activity. 
This exploration activity has been successful and the known reserves have 
been increasing rapidly over the last few years. 

In 196 7 the reported reserves were only about 15 000 short tons of U3 0 8 
but by the end of 196 9 they had risen to an estimated 28 000 short tons U3 0 8 • 

Two major discoveries in the Northern Territory have recently lifted the 
reserves to around 130 000 short tons. Thus in only a very short time 
Australia has moved from a position in which there was a shortage of 
uranium reserves to a position where there is a comparative abundance. 

There is no reason to believe that Australia's reserves will not 
continue to increase as a result of further exploration activities. 
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Known reserves are in general located remote from major centres of 
population but this is no great disadvantage in the case of such a concentrated 
energy source. 

2. 8. Wood 

Wood had been a traditional source of fuel from the very early days of 
settlement, both for household consumption and rural industry. In recent 
years, however, its use has declined rapidly in the face of competition from 
more convenient types of fuel. 

Most types of wood have a low calorific value, similar to that of brown 
coal, although some species of Australian hardwood, when thoroughly 
dried, have a calorific value approaching that of the lower grades of black 
coal. 

2. 9. Bagasse 

Bagasse is the fibrous ·residue resulting from the crushing of sugar 
cane to extract raw sugar. The material is bulky, has a low calorific 
value (3000 Btu/lb) and is difficult and costly to transport. Bagasse pro
vides the bulk of all energy consumed by Australian sugar mills, being 
used to produce both process steam and electricity. As such it is important 
in the cane industry but, although some sugar mills supply excess electricity 
to public supply systems, this source of energy is not really significant in 
the over-all energy situation. 

3. PRIMARY ENERGY CONSUMPTION 

Consumption of primary energy in Australia for the years 1960-61 and 
1964-65 to 1969-70 is given in Table III which also shows forecasts up to 
the year 1979-80, subdivided for each of the major sources. The percentage 
contribution from the major individual energy sources is outlined in 
Table IV. 

Total consumption of primary energy in Australia has risen from 
about 1140X 10 12 Btu in 1959-60 to 1955X 10 12 Btu in 1969-70. The average 
annual rate of increase has been about 5. 7% p. a. 

Nuclear power has not been used in Australia up to this time. The 
main reason for this has been that so far it has not been competitive with 
the low-cost conventional fuels which are available. 

4. FORECAST PRIMARY ENERGY CONSUMPTION 

Forecasts have been made of future consumption of the principal 
primary energy sources in Australia up to the year 1979/80 based on the 
premises that current economic trends continue throughout the period, and 
that no unforeseen technological change will have a major influence in fuel 
demands within the period. 

Certain other assumptions were necessary (e. g. the advent of new 
steel-making plants) and the accuracy of the forecast energy totals will 
depend on the extent to which these are realized. Further, the relative 
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TABLE III. CONSUMPTION OF PRIMARY ENERGY. 
AUSTRALIA. 
(Expressed in BtuX 1012) 

Fiscal Petroleum• Natural 
Hydro and 

Black coal Brown coal 
products 

Wood Bagasse nuclear Total 
year gas 

electricity 

Actual 

1960-61 503.0 138,3 457.7 59,1 19.3 15,9 1193.3 

1964-65 541.8 169.9 641,9 49.0 29.6 0.12 28.5 1460.8 

1965-66 561.3 191.7 701.6 46.7 28.9 0.15 24.1 1554.4 

1966-67 567,5 201.6 763.3 44.4 35,0 0.15 26.5 1638.4 3:: 
1967-68 591.7 209.4 833.4 42.0 29.7 0.2 26.2 1732. 6 " () 

1968-69 607.4 211.0 919.0 40.7 31.4 1.1 28.2 1838.8 > 
~ 

1969-70 629.0 222.8 975.6 38.5 32.0 27.5 30.8 1956.2 " " a. 
t1 

Forecast "' > 
(F) 

1970-71 667.2 225.0 1022.5 37.1 32.7 53.7 38.9 2077.1 
1971-72 705.8 234.2 1078.3 35.7 33.4 81.2 39.6 2208.2 
1972-73 761.4 241.7 1143.1 34.4 34.0 111.6 42.0 2368.2 
1973-74 807.8 259.1 1204.9 33.6 34.7 135.7 43.2 2519.0 
1974-75 841.2 276.3 1294,4 32.6 35.4 161.0 44.4 2685.3 
1975-76 870.3 287.5 1392.2 31.8 36,1 182.6 47.6 2848.1 
1976-77 893.3 308.2 1476.7 30.7 36.9 222.9 61.6 3030.3 
1977-78 932,3 315.8 1565.9 29.8 37.7 261.9 63.8 3207.2 
1978-79 979.7 322,8 1664.1 29,2 38.5 295.3 64.8 3394.4 
1979-80 1050.0 332.2 1771,0 28.6 39.3 333.6 66.0 3620.7 

a Used as fuel. 



TABLE IV. CONSUMPTION OF PRIMARY ENERGY. 
AUSTRALIA. 
(Expressed as per cent of total) 

F1scal Petroleum a Natural 
Hydro and 

Black coal Brown coal 
products 

Wood Bagasse nuclear Total 
year gas 

electricity 

Actual 

1960-61 42.1 ll.6 38.4 5.0 1. 6 1.3 100 

1964-65 37.1 11.6 43.9 3.4 2.0 2.0 100 
1965-66 36.1 12.3 45.1 3.0 1.9 0 1.6 100 > 

'-
1966-67 34.7 12.3 46.6 2.7 2.1 0 1.6 100 n 

0 
1967-68 34.2 12.1 48.1 2.4 1.7 1.5 100 z ..., 
1968-69 33.1 ll.5 50.0 2.2 1.7 0 1. 5 100 ... 

<D 

1969-70 32.2 11.4 49.8 2.0 1.6 1.4 1.6 100 '-.., 
'-
~ ., 

Forecast 
_, 

1970-71 32.1 10.8 49.2 1.8 1.6 2.6 1.9 100 
1971-72 32.0 10.6 48.8 1.6 1.5 3.7 1.8 100 
1972-73 32.2 10.2 48.2 1.5 1.4 4. 7 1.8 100 
1973-74 32.1 10.3 47.8 1.3 1.4 5.4 1.7 100 
1974-75 31.3 10.3 48.2 1.2 1.3 6.0 1.7 100 
1975-76 30.6 10.1 48.8 1.1 1.3 6.4 1. 7 100 
1976-77 29.5 10.2 48.7 1.0 1.2 7.4 2.0 100 
1977-78 29.1 9. 8 48.8 0.9 1. 2 8.2 2.0 100 
1978-79 28.9 9.5 49.0 0.9 1.1 8.7 1.9 100 
1979-80 29.0 9. 2 48.9 0.8 1.1 9.2 1.8 100 

a Used as fuel. 

"' 0 
t11 
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contribution from the different sources can be in error according to the 
variation from estimates of the acceptance of natural gas and nuclear 
energy, forecasting of which is somewhat speculative. 

In general, however, the estimates are assigned high confidence since 
they are the result of careful study with particular attention to the industrial 
market for fuels. Major users were contacted regarding their future 
consumption expectations - these accounted for 85% of consumption in the 
industrial sector. Another 9% was established by reference to published 
statistics. The balance of the industrial sector, commercial customers 
and the residential market are amenable to prediction on the basis of 
past growth-rates. 

The estimates show growth-rates for total primary energy varying 
from about 5 to 7. 5% p. a. with an over-all trend of about 6. 2% cumulative, 
corresponding to an increase in consumption of 85% by the year 1979/80. 

The growth-rate is greatest in the sparsely populated Northern Territory 
where current consumption is expected to increase fourfold by 1979/80 
but, of course, from a very low base. Western Australia is estimated to 
double and Queensland to increase by 76%. Growth-rates in Tasmania, 
New South Wales, South Australia and Victoria will be somewhat less than 
the average. 

Inter-fuel sharing of the market is not expected to change as 
dramatically as in the past. The estimates predict that coal will decline 
from 43 to 38% of the total market. Natural gas will likely capture some
thing like 9% of the total market by the end of the period and liquid 
petroleum products will maintain about 49% of the total. 

Projection past 1980 must necessarily be very subjective because of 
the uncertainties which are involved. The projected consumption in 1980 
has been taken and extrapolated at the average yearly (compound) expansion 
rate for the previous 20 years (6o/o). This method gives an expected 
consumption in the year 2000 of about 11 300 X 1012 Btu. 

The breakdown of this expected consumption between the various fuels 
is not attempted because of the number of unknown factors involved in any 
such prediction. For example the impact of nuclear generation on consump
tion of all the other fuels cannot yet be evaluated with any certainty in 
Australia. The discovery of important new energy resources (natural gas 
or oil fields) or of the development of new methods for supplying energy 
needs (e.g. fast- breeder reactors) cannot be anticipated with confidence 
concerning the timing of their advent. 

Nevertheless it is clear that Australia, with the possible exception 
of crude oil, has ample traditional resources of energy for sufficient time 
to permit the development to the sophisticated energy production techniques 
that will undoubtedly be discovered in the future. 

5. NUCLEAR GENERATION IN AUSTRALIA 

As outlined earlier in this paper the generation of electricity in 
Australia is a State responsibility. Each of the States discharge their 
responsibility through a public Authority and in all States with the exception 
of Queensland generation is carried out by a single body. The only excep
tion to this is generation in remote areas which is often carried out by a 
local body. 
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In the following paragraphs the prospect for nuclear generation and for 
growth of generating capacity in each of the major generating networks is 
discussed on a State by State basis. As 500 MW is considered the 
minimum size for which nuclear generation will be economic, the time 
at which it is expected that each State will be able to install this size unit, 
and the number of 500-MW units which could be installed between that time 
and the end of the century is indicated. It should be noted that all units 
installed will not be 500 MW but rather this size is used as a "yardstick" 
to indicate the expected growth in each system. 

5.1. New South Wales 

New South Wales has the largest generating system in Australia 
(4500 MW) and furthermore it is interconnected with the Victorian system 
by a strong transmission link. It is currently planning for the installation 
of 660-MW steam sets and therefore could accept even larger nuclear sets 
by the time they could be operational. The system is expected to require 
the equivalent of about 19 X 500-MW units between now and 1980 and the 
equivalent of a further 109 units by the end of the century. 

As outlined previously, New South Wales is well endowed with good 
quality coal and the cost of this coal is very low by world standards. 

Nuclear generation has an advantage, relative to coal-fired stations, 
of flexibility of siting. Sources of coal are fairly remote (150 miles) 
from the main load centres. The location of fuel does not influence the 
siting of nuclear reactors which may therefore be located closer to the 
load centres. 

The relative economics of conventional and nuclear generation will 
therefore depend on the availability of sites, the cost of transmission and 
the relative cost of the alternative fuels, all influenced by cost escalation 
factors which cannot be assumed to have equal influence on both alternatives. 
The prospect in general is that nuclear generation will achieve economic 
superiority sometime in the latter half of the 1970s decade. 

Notwithstanding the above, the Commonwealth Government has decided 
to adopt a leading function in relation to introduction of nuclear power into 
Australia and has decided to construct a station of about 500 MW capacity. 
Although to be located on Commonwealth Territory, the station will feed 
its output into the New South Wales transmission system. 

5. 2. Victoria 

This State has an electrical system of about 3000 MW and is inter
connected with the even larger New South Wales system. The largest sets 
which are currently planned for installation are 350 MW. The Victorian 
system has now reached the stage where it would be large enough to 
accept 500-MW units by the time they could be planned, constructed and 
commissioned. This system will require the equivalent of about 9 such 
units by 1980 and about 40 by the end of the century. 

Most generation depends on brown coal. As outlined before, the 
reserves are enormous and large-scale winning has resulted in low extrac
tion costs. There are two practical disadvantages to the use of brown coal 
as a fuel; the expensive boiler maintenance and the possibility of an upper 
limit to the size of individual boilers. These limitations, together with 
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lack of flexibility of siting, may eventually lead to the point where nuclear 
power or oil could compete with brown coal. 

The effects of the introduction of natural gas on the electrical load 
growth and the availability of this fuel for electricity generation purposes 
(particularly for low-capacity factor operation) introduce further uncertain
ties into the Victorian energy situation. Until they are more fully 
appreciated their effects on the prospects for nuclear generation cannot be 
evaluated properly. 

5. 3. South Australia 

The State system in South Australia is a much smaller system of 
970 MW. On the other hand South Australia lacks local fuel resources. 
Discovery of natural gas has alleviated the position but this may be tem
porary; more valuable uses for the natural gas may be found. In any 
case the high cost of pipelines results in a fuel cost with which nuclear 
power might well compete if its costs can be decreased by technological 
developments. 

The prospects for nuclear generation in South Australia are quite good; 
the only serious limitation is that the system is not yet large enough to be 
able to accept a plant in the 500-MW range. If the current expansion rate 
continues it may not be until the late 1990s that the South Australian system 
is large enough to accept such units. 

5. 4. Western Australia 

This State also suffers from lack of high-quality low- cost indigenous 
fuel and its new generating stations are designed to burn fuel oil. Natural 
gas has been found but there have been no plans made yet for its use in base 
load power stations. Nor would such use be completely logical in view of 
the comparatively small size of the gas reserves at present established. 

The electrical system is small (585 MW) but it is growing at a very 
rapid rate and it is expected that if this continues the system will be large 
enough to accept 500-MW units early in 1990s. This high growth-rate 
imposes a strain on capital resources which might be aggrevated if moves 
were made towards nuclear plants of higher specific capital cost. The 
system also suffers from another problem: that is, the system night load 
is growing at a rate much less than that for the peak load. Energy produc
tion from base load units is therefore restricted and this might upset the 
economics of any nuclear plant of reasonable rating. 

Major mineral developments exist in the north of the State but are 
remote from the main electrical system. It is unlikely that nuclear genera
tion could be used to provide power to these areas in the immediate or 
middle future. (On the other hand, in a long-term view, nuclear power 
could well be appropriate for development of this area in respect of greater 
processing of the mineral resources before export.) 

Western Australia is not a good immediate prospect, in spite of a lack 
of indigenous fuel. The small size of the system should make oil-fired 
generation competitive for some time. The price levels of furnace fuel oil 
from the Middle East could be an important factor. 
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5. 5. Tasmania 

This State has a hydro-electric system but is installing an oil-fired 
thermal station to supplement the hydro potential. The low capital cost 
hydro sites have already been developed and there is no doubt that in time 
the capital intensive nature of hydro will find competition from nuclear 
power. 

On an installed capacity basis (1000 MW) the system is not large and its 
growth-rate is less than those of the other systems. On a simple projection 
basis, the capacity will not reach 5000 MW until about 1995 and so early 
prospects for a nuclear reactor of 500 MW rating are slight. 

5. 6. Queensland 

This State is divided into three separate electrical systems. Work is 
currently in hand to interconnect two of these systems and no doubt in time 
they will all be interconnected. If the interconnections are of sufficient 
strength the system might be able to accept 500-MW units by around 1985. 
Between that time and the end of the century such a system would require 
the equivalent of about 17 such units. However, the State is well endowed 
with cheap high-quality coal. In fact at several of the central Queensland 
coal fields, steaming coal is removed as overburden to permit export of 
underlying coking quality coal. The prospects for early introduction of 
nuclear generation in this State are therefore not good. 

5. 7. Cost of energy 

At least in respect of the eastern States of Australia, the basic cost 
of energy is controlled by the availability of high- quality coal. Its price 
varies from mine to mine, but a mine mouth price as low as 20 ¢/106 Btu 
is not uncommon. In some locations the cost is even lower, down to about 
15 ¢/10 6 Btu in the case of special- purpose development. 

Transport costs increase the price of coal to consumers remote from 
high-grade deposits and in the States not endowed with such resources the 
price of fuel oil is often the controlling factor. A typical price for fuel oil 
at seaboard locations has been in the range 30- 35 ¢/106 Btu, the actual 
price being determined according to quantity and precise location. There 
has, however, been a recent trend towards sharply increasing crude oil 
prices and this is expected to result in higher prices for fuel oil on the 
world market. 

Natural gas is available in Brisbane, Melbourne and Adelaide. Prices 
vary from field to field but would be in the range 15 to 30 ¢/106 Btu ex 
treatment plant. Price to individual consumers will be particularly sensi
tive to quantity required and would include costs of transmission and 
distribution. 

Uranium is available in ample quantities to cater for the prospective 
domestic requirement and to permit significant export. Prices are not 
publicized but some deposits are of particularly high grade and costs 
competitive on the world market are assured. 
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It is clear that some locations in Australia may be regarded as areas 
of basically low energy cost by world standards. Continuing future develop
ment is not prejudiced by any national scarcity of energy resources. That 
is not to say that problems do not exist in respect of energy. These 
problems, however, relate to geography, distribution of population, 
requirements for energy in particular forms and availability of capital. 
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nuclear plant installed and the station is expected to be in operation by 1976. Nuclear power should be 
competitive with conventional stahons in the majority of States by the mid-!980s when additional nuclear 
power stations are expected to be in operation, 

MESURE DANS LAQUELLE L'ENERG!E NUCLEA!RE POURRA REPONDRE AUX BESO!NS FUTURS D'ENERGIE EN 
AUSTRALIE. 

Le me moire passe rapidement en revue les ressources australiennes en combustibles et ctecrit les recherches 
effectuees pendant ces dernieres annees concernant de nouveaux gisements de petrole, de gaz et de combustibles 
nucleaires. ll decrit !es methodes adoptees par chaque Etat pour Ia generation d'e!ectricite, les types de 
combustibles utilises et les perspectives d'utilisation du charbon, du lignite, du petrole, de Ia houille blanche 
et du gaz nature!. 11 rend compte de Ia demande d'electricite et de sa progression. L'introduchon de 
l'energie nucleaire en Australie est discutee. L'usine de Jervis Bay sera Ia premiere centrale nuclearre com
mercia!e installee: on prevoit qu'elle sera en service en 1976. Les centrales nucleaires devraient ~tre en 
mesure de concurrencer les usines c!assiques dans Ia majorite des Etats vers le milieu des annees quatre-vingts, 
date a laquelle on s'attend que d'autres centrales nucH,aires encore seront en service. 

POJib .H,llEPHOH 3HEPrJ.U1 B Y.llOBJIETBOPEHI111 EY.llY!UJ.IX 3HEPrETJ.Il.IECKI1X IIOT
PEEHOCTEH ABCTPA.JI1111. 

,llaeTC.R KpBTKOe OOHCBHHe TO!liiHBHidX pecypCOB ABCTpBJIHH, BKJIIO'IB.R pa3pa60TKy HOBI>IX 
38fl8COB Hetl>TH 1 ra38 H H.llepHl!IX BH,llOB TonnHB8 38 llOCJie.llHMe HeCKOJibKO JieT. 0nHCbiB8eTCH 

,lleJITeJibHOCTb K8Jit,llOrO IDT8T8 B o6naCTH npOH3BO.llCTB8 3JieKTpo3HeprHH, BI(J]JOt18H BHJlbl HCflOJib-

3yeMOrO TOOJIHBB H nepcneKTHB.I HC00Jlb30BBHH.R KBMeHHOrO H 6yporo yrJI.R, 3HeprHH peK H npH
pO.IlHOrO ra3a. CyMMHpyJOTc.R noTpe6HOCTH a 3JieKTpo3HeprHH H HX poeT. PaccMaTpHaaeTc.R 
aonpoc o pa3BHTHH .R.IlepHo~ 3HepreTHKH a AacTpaJIHH. ATOMHa.R 3JieKTpOcTaHQHll, KoTopyiO 
nJiaHHpyJOT nocTpoHTh B ,lllltepaHc-Eee, 6y.t~eT nepao~ KOMMepqecKo~ A3C B AacTpaJIHH; nona
raJOT, 'ITO 3TB CTBHQH.R 6y.lleT nyl!leHa B 3KClliiYBTBQHJO K 1976 ro)ly. ATOMH.le CTBHQHH 6y.llyT 
KOHKypeHTOCOOC06HbiMH C 06bi'IHblMH 3JieKTpOCTBHQH.RMH B 60JiblllHHCTBe lllTBTOB CTpBHbl K cepe
,ZUfHe 80-x rOJIOB, KOr.lla, K8K OJKH.ll8DT, BCTYflHT B 3KCnlly8T8UHIO HOBble A3C. 

UTILJZACJON PROYECTADA DE LA ENERGJA NUCLEAR PARA SA TISFACER LAS FUTURAS NECESJDADES 
ENERGETICAS DE AUSTRALIA. 

Se describen brevemente los recursos de combustibles en Australia incluyendo los descubrimientos durante 
los ultimos alios de yac1mientos de petroleo, gas y combustibles nucleares, Se descnben las instalaciones 
existentes de generacion de electricidad en cada Estado, incluyendo los tipos de combustibles utilizados y las 
perspectivas para el empleo de bulla, lignite, petroleo, recursos hidraulicos, y gas natural. Se resume Ia 
demanda de electricidad y el previsible crecimiento de esa demanda. La memoria describe Ia introduccion 
de Ia energia nuclear en Australia. La central nucleoelectrica proyectada en Jervis Bay sera Ia primer a planta 
nuclear comercial, y se espera que entre en funcionamiento antes de 1976. El coste de energia nucleoelectrica 
debera poder competir con el de las centrales convencionales en Ia mayoria de los Estados a mediados del 
decenio de 1980 en que se espera que esten ya en operacion otras centrales nucleoelectricas. 
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1. INTRODUCTION 

Until the turn of the century it is unlikely that nuclear energy will be 
used to any significant extent in Australia for purposes other than electric 
power generation. In Australia thermal power stations (with an installed 
capacity of 10190 MW(e)) at present provide over 80% of the electrical 
energy generated. The remainder is supplied by hydro plant with an 
installed capacity of 3760 MW(e). Generation and supply is largely under 
the control of central statutory bodies in each State; these produce 97% of 
the electricity consumed. The balance is provided mainly by diesel 
generating plant serving remote communities. 

Coal is the main fuel used in New South Wales, Victoria and Queensland. 
In South Australia and Western Australia coal is at present the major fuel 
used, but plant under construction or planned in these States will use oil 
or natural gas. Tasmania up to the present has depended entirely on hydro
electric power, but in 1971 the first 120-MW(e) unit of an oil-fired thermal 
power station will come into operation. However, Tasmania still has con
siderable untapped hydro resources. The Snowy Mountains Hydro-electric 
Scheme serves New South Wales and Victoria, and by 1974 the final unit 
will be brought into operation. 

The amount of electrical energy generated in Australia has increased 
at an average rate of 9. 5% p. a. over the period 1950 to 1970, and the 
installed capacity of generating plant increased at the rate of 1 O% p. a. 
By the year 2000 the installed capacity in Australia will exceed 100 000 MW( e) 
based on present trends, and it is estimated that nuclear plant could 
account for 30% of this capacity. 

2. ENERGY REQUIREMENTS AND RESOURCES 

At present the major consumers of primary energy in Australia are 
industry (40%), transport (27%), electrical power generation (27%), with 
the remainder, (6%), made up of agricultural, domestic and commercial 
users. Consumption of primary energy in Australia is shown in Table I 
[1, 6) for the financial year 1968-69. Petroleum products represent the 
major source of energy consumed followed by black and brown coal. In 
the electrical generating industry about 90% of the primary energy consumed 
comes from black and brown coal, whilst consumption of petroleum products 
and natural gas is comparatively low. 

The proven reserves of primary resources in Australia are shown 
summarized in Table II [ 1- 5). Proven reserves are considered here to 
represent the quantity of fuel which is economically recoverable from known 
deposits under existing conditions. 

Recoverable black coal reserves in Australia are currently estimated 
at 5000 million tons, of which 60% are located in New South Wales and 
about 30% in Queensland. The remainder is mainly located in South 
Australia and Western Australia but economically recoverable reserves 
are largely committed to existing power stations. Brown coal reserves 
are mainly located in the Latrobe Valley, Victoria. Total reserves of brown 
coal would be about seven to eight times the proven reserves shown in 
Table I, but these resources have been extensively investigated and the 
figure for proven reserves (10 000 million tons) is the quantity believed to 
be economically recoverable by open- cut mining. 



TABLE I. CONSUMPTION OF PRIMARY ENERGY FOR YEAR 1968-69 
(10 12 Btu) 

Black Brown Petroleum 

coal coal products 

Electrical 
generation 278.9 165.0 27,2 

Other 327.7 48,6 892.6 

Total 606,6 213.6 919.8 

TABLE II. PRIMARY RESOURCES OF AUSTRALIA 
Proved reserves (10 12 Btu) 

Black Brown 
coal coal 

New South Wales 90 000 -
Victoria - 89 000 a 

Queensland 39 000 -
South Australia 1340a -
Western Australia 5 380 -

Tasmania - -
Northern Territory - -

135 720 89000 

a Economic recoverable reserves using the open-cut technique. 

Uranium- Northern Territory· Approximately 130 000 tons U3 o, mdicated. 

Natural Wood 
Hydro Total 

gas bagasse 

0.1 2.6 28,2 502.0 

1.0 69,5 - 1339,4 

1,1 72.1 28.2 1841,4 

01l 
Natural 

gas 

- -
9 660 10 000 

27 250 

- 1460 

1050 630 

- -
375 1570 

11112 13 910 

Total 

90 000 

108 660 

39277 

2 800 

7 060 

-
1945 

249 742 
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Current proven reserves of oil at the end of 1969 were estimated to 
be about 1800 million barrels, and reserves of natural gas were 
estimated to be about 14 trillion (1012) ft3. The major portion of these 
reserves (95%) is located in Victoria, but significant reserves also exist 
in Western Australia, South Australia and the Northern Territory. 

Known resources of uranium in Australia have increased significantly 
in recent years and indicated reserves are now in excess of 130 000 t. 
Most of this is located in the Northern Territory. The value of this 
material as a primary energy source will range between 70X 10 15 and 
40X 10 17 Btu, depending on the type of reactor plant (e. g. thermal or 
breeders) in which it is used. 

Hydro- electric resources are confined almost exclusively to the 
eastern States of Queensland, New South Wales, Victoria and Tasmania. 
Of these the largest scheme is located in the Snowy Mountains in New South 
Wales, and in 1974, when the final unit is scheduled for operation, the 
total installed capacity will be 3740 MW. No additional plant is planned 
for construction. In Tasmania only about one third of the hydro resources 
has been developed. Outside Tasmania there is little scope for further 
economic development. 

From the foregoing it is apparent that, whilst Australia is relatively 
well endowed in terms of primary energy reserves, the distribution and 
balance of these reserves leave much to be desired in a continent of this 
size. For example, some 95% of the primary reso~rces are located in 
the eastern States of Queensland, New South Wales and Victoria, and some 
90% of the total resources are made up of black and brown coal, excluding 
uranium. 

3. ELECTRICAL POWER GENERATION 

The electricity supply industry in Australia is organized on a State 
basis with, at present, little transfer of energy between the various States 
other than Victoria and New South Wales. Power from the Snowy Mountains 
Hydro-electricScheme, located in New South Wales, is fed to the New 
South Wales and Victorian systems. At some future time it can be expected 
that the Victorian and South Australian systems will be interconnected and 
likewise New South Wales and Southern Queensland. The Western 
Australian system is likely to remain isolated because of the vast distances 
between major load centres in the East and the West. A scheme to inter
connect the Tasmanian and Victorian systems has been examined but is 
considered uneconomic at present. 

The electrical power generation industry in Australia has expanded 
at a high and consistent rate. Table III shows the increase in installed 
plant capacity, electricity generated, and consumption per capita for the 
financial years 1949-50 to 196 9-70. In this period the installed plant 
capacity has increased by an average of 10% p. a., electricity generated 
by 9. 5% p. a., and consumption of electricity per capita by 7% p. a. There 
is reason to believe that a high rate of increase will continue for some time. 

Some statistics for the Australian electrical power industry are shown 
in Table IV [ 7, 10]. Coal-fired plant predominates in the States of New 
South Wales, Victoria and Queensland, followed by hydro installations 
located mainly in New South Wales (Snowy Mountains Scheme) and Tasmania. 
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TABLE III. INSTALLED CAPACITY, GENERATION AND 
CONSUMPTION OF ELECTRICITY IN AUSTRALIA 

Year Year 
1949-50 1959-60 

Installed capacity 
(MW) 2084 5618 

Electricity generated 
(millions kWh) 8402 21449 

Consumption 

(kWh/ capita) 1044 2111 
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Year 
1969-70 

13 954 

49458 

3 974 

Approximately 90% of the installed power plants in Australia are located 
on or near the eastern seaboard of the continent, leaving the very large 
areas of Western Australia, South Australia and the Northern Territory 
with the remaining 1 Oo/o. Both Western Australia and South Australia have 
a large proportion of plant which utilizes indigenous coal, but the capacity 
of this plant is at present at or near the maximum for the reserves 
available. Future plant in these two States will be based on oil and/or 
natural gas, as will also be the case in the Northern Territory. Production 
of Australian crude oil will not be sufficient to satisfy power station 
requirements, and there will therefore be a continuing need to import 
residual oil or even crude for boiler use. Because Australia, in common 
with other countries, would have little control over the availability and 
price of imported oil there is some incentive to use natural gas rather than 
fuel oil if it is available. South Australia already uses a substantial 
amount of natural gas for power production. At a later stage it is expected 
that Victoria will install some natural-gas-fired plants. 

In New South Wales, Victoria and Queensland the larger coal-fired 
plants are at present located on or near the coal fields where relatively 
low-cost fuel is available. Coal costs which were relatively stable for a 
number of years are now increasing in line with movements in general 
price levels [ 8). Oil prices are usually negotiated on the basis of long
term bulk supply and the prices are not disclosed by the individual States. 
However, these are expected to be within the range of 35 to 40 ¢ /106 Btu~ 

New power stations either under construction or committed for 
construction in the various States are listed in Table V. Unit sizes vary 
from 660 MW(e) in New South Wales to 120 MW(e) in Tasmania and down 
to 25 MW(e) in the Northern Territory. The largest brown-coal-fired unit 
boiler size at present being installed in Victoria is 350 MW(e), but it is 
expected that units of 500 MW(e) will be installed before 1980. 

The completion of Tumut-3 hydro plant in 1974 will mark the final 
phase in the Snowy Mountains Hydro-electric Scheme. The output from 
the Snowy Mountains Authority stations is shared by New South Wales and 
Victoria in the proportion of 2 to 1 after allowing for the Australian Capital 
Territory's entitlement. The Tumut- 3 station will incorporate pumped 
storage. With the completion of the Snowy Mountains Scheme in 1974, 

' A 11 currency expressed in US dollars. 



TABLE IV. AUSTRALIAN ELECTRICITY STATISTICS 1969-70 

NSW VIC. QLD SA WA TAS. SMA NT Total 

1. Generating plant installed (MW) 

Steam - Coal- fired 4299 2427 1461 335 373 - - - 8 895 

-Oil, natural gas (wood) - 146 - 600 (22) 155 - - 47 970 

Hydro 140 334 136 - 2 992 2 160 - 3 764 

Internal combustion 40 6 36 14 55 5 - 14 170 

Gas turbine - - 115 - - 40 - - 155 

4479 2 913 1748 971 585 1037 2160 61 13 954 

2. Electricity generated (10• kWh) 17 377 12 676 5327 4164 2349 5 025 2 367 173 49458 

3. Average Ence to consumers 

(mills/kWh) 21.4 23.2 25.1 19.9 24.9 9.2a 

4. Fuel consumed 

Black coal (103 t) 7 200 - 2405 2124 1 017 - - - 12 746 

Brown coal (103 t) - 18462 - - - - - - 18 462 

Petroleum products (1 03 t) 37 36 27 299 181 4 - 54 638 

Natural gas ( 10• ft3) - - 125 5 375 - - - - 5 500 

5. Average cost of fuel (¢I 10 6 Btu) 

Black coal 19 - 31 24 27 - - -
Brown coal - 18 - - - - - -
Oil - - - - - - - -
Natural gas - - - 30 - - - -

a 70o/o of energy sales were in bulk and involved no distribution costs 



TABLE V. NEW POWER STATIONS IN AUSTRALIA 

Estimated 
State 

Capacny Commissioning capnal 
or 

Authority 
Station (MW(e)) period costa 

(US $/kW) 

New South Wales Liddell 4 X 500 1973-76 

Wallera wang 1 X 500 1974 

Vales Point 2 X 660 1977-79 

Shoalhaven 2 X 41) 1976 

(Pumped storage) 2 X 82) 

Victoria Hazelwood 8 X 200 8th 1971 168 

Yallourn W 2 X 350 1972-74 168 

Queensland Swanbank 4 X 120 1970-73 142 

Gladstone 4 X 275 1974-76 150 

Collinsville B 2 X 60 1974-77 206 

South Australia Torrens Island A 4 X 120 4th 1971 

Torrens Island B 4 X 200 1975-1980 123 

Dry Creek 3 X 52 1972-74 73 

(Gas Turbine) 

Western Australia Kwinana 4 X 120 1970-73 111 

2 X 200 1974-75 101 

Tasmania Mersey-Fonh Hydro Scheme 
(remaining 3 stages) 187 1971-72 437 

Gordon River Hydro Scheme 2 X 144 1976 336 

Bell Bay 2 X 120 1971-74 157 

Snowy Mountains 
Authority Blowering 1 X 80 1971 

Tumut 3 - Hydro 6 X 250 1974 

a Based on 1970 dollars and excludes interest during construction. 
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TABLE VI. FORECAST OF MAXIMUM DEMAND (MW) 

June 30 
June 30 

1970 

(actual) 
1975 

New South Wales 4207 6000 

Victoria 2536 3740 

Queensland 1116 2240 

South Australia 820 1220 

Western Australia 540 890 

Tasmania 780 1180 

Northern Territory 52 120 

10 050 15390 

June 30 
1980 

10 000 

5390 

3500 

1800 

1615 

1555 

250 

24110 

TABLE VII. FORECAST OF CONSUMPTION OF PRIMARY ENERGY FOR 
ELECTRICITY PRODUCTION IN YEAR 1979-80 
(1012 Btu) 

State or Black Brown Oil/ 
authority coal coal natural gas 

Hydro Total 

New South Wales 352.4 - 4.0 1.3 357 0 7 

Victoria - 261.9 44.0 1.8 307.7 

Queensland 145.3 - 2.7 1.7 149.7 

South Australia 28.5 - 74.0 - 102.5 

Western Australia 19.4 - 65.4 - 84.8 

Tasmania - - 15.0 27.0 42.0 

Northern Territory - - 12.1 - 12.1 

Snowy Mountains 
Authority - - - 14.0 14.0 

545.6 261.9 217.2 45.8 1070.5 

further peak load plant will be required in New South Wales and Victoria 
towards the latter end of the 1970s. In New South Wales a 240-MW(e) 
pumped storage scheme planned for 1976 operation is under construction; 
additional peak load requirements might be met with oil or gas-fired plant. 
In Victoria it is expected that natural gas or fuel oil will be used. The 
first thermal plant now under construction in Tasmania has been designed 
to operate on oil or natural gas. 

A forecast of maximum power demand over the next 1 0 years is shown 
in Table VI for the various States. The average increase per annum for 
Australia is expected to be about 9%, but it is expected to be much higher 
in the States of Queensland and Western Australia. 
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A forecast of the primary energy requirements for electrical power 
generation in the year 1979-80 is shown on Table VII. Comparison with 
Table II for 1968-69 shows the significant increase expected in the use of 
fuel oil and natural gas. 

4. NUCLEAR POWER 

4. 1. Electrical capacity to the year 2000 

The demand for electrical energy in Australia has increased at the rate 
of 9. 5% p. a. over the period 1949-50 to 1969-70 (Table III). The reasons 
for such a high rate of increase arise from the population growth including 
immigration, a rapid increase in industrial development, and a rise in 
general living standards. 

1,000,000 

looo~----~------~----~------~----~~----~----~100 
1930 1940 1950 1960 1970 1980 1990 2000 

YEAR (End•d 30 June) 

FIG.l. Growth of electricity supply industry in Australia. 
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Figure 1 shows that the average rate of increase of installed generating 
capacity over the last 40 years or so has been 9. 3% p. a. If this rate 
of increase continued to the year 2000 the installed capacity would be over 
200 000 MW(e). However, it is highly unlikely that such a high growth-rate 
will continue until the turn of the century. If we accept the predictions of 
the various State Authorities to the year 1980 and assume a gradually 
reducing growth-rate over the following 20 years corresponding to an 
average rate of 7. 2o/o p. a. we arrive at a combined peak demand (ignoring 
diversity) of 95 000 MW(e) in the year 2000, or a total installed capacity 
of about 112 000 MW(e) allowing 18o/o reserves. This reduced growth-rate 
of 7. 2% p. a. corresponds to a doubling period of approximately 10 years 
and is used elsewhere [ 9] for a similar forecast of electricity growth in 
Australia over the same period. 

4. 2. Nuclear power prospects in Australia 

Predictions have been made by the A.A. E. C. on the amount of nuclear 
power likely to be installed in Australia until the end of the century. In 
making such predictions a key question is the date when nuclear power will 
first become truly competitive in each State. This depends on many 
factors - the relative capital cost of nuclear stations and of alternative 
schemes, the cost and availability of nuclear and competing fuels, the 
cost and availability of money for new capital works - all of which vary 
with locality. Regarding relative capital cost, the size of the generating 
systems and growth-rate in demand which largely determine unit plant 
sizes are of particular importance. 

Although Australian generating authorities have not yet acquired the 
competence to engineer a nuclear station completely we believe they will 
do so within the next 5 to 6 years, and built in the same way as conventional 
stations we see no reason why a 1000-MW LWR plant should cost more than 
$40 million over the cost of a 1000-MW coal-fired unit, inclusive of all 
clients 1 charges, but excluding the initial fuel charge. (Spinrad [ 9] ex
presses the opinion that, with a mature nuclear industry, the cost dif
ferential should not exceed $25 million). Provided escalation is kept within 
reasonable bounds we would not expect the above $40 million to be 
exceeded over the next decade or so. The cost of coal-fired stations can 
be expected to increase with the enforcement of anti-pollution measures 
and as more remote and more costly sites are developed, whereas the cost 
of nuclear stations should tend to decrease with greater competition and 
as the industry matures. 

In comparing the economics of nuclear and conventional power the 
effect of escalation on fuel costs needs to be carefully considered as any 
such escalation will apply throughout the life of the station. In Australia 
the cost of coal, for a given scale of operations, can be expected to 
escalate at much the same rate as that applying to capital works, and 
likewise the price of alternative fuels (oil and gas) can be expected to keep 
in step. Although nuclear fuel costs have not shown the reductions earlier 
anticipated they have held fairly steady and, considering the present 
"mark-up" and the possibilities for cost reductions, there seems little 
reason why they should increase to any great extent over the next decade 
or so, despite recent increases in enrichment costs. However, even if 
one assumes the same rate of escalation for nuclear and conventional fuels, 
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average annual savings based on unescalated prices will be considerably 
increased if escalation is taken into account. In the case of a 4% p. a. 
escalation the increase over a 25-year period would amount to approximately 
50% for present worth discount factors of 6 to 8% p. a. 

Studies carried out by the A. A. E. C. taking into account the many 
factors involved, but necessarily based on many assumptions, particularly 
those relating to fuel price movements, indicate that nuclear power should 
be competitive: 

(a) In New South Wales in the early 1980s with plant unit sizes of 
1000 MW; 

(b) In Victoria by the mid-1980s with plant unit sizes of 750 MW; 
(c) In Queensland, South Australia and Western Australia by about 

the mid-1980s, with unit plant sizes of 500 MW. 

Tasmania would probably continue to exploit its hydro resources until 
the late 1980s and nuclear power units would not be installed before then 
unless they offered a substantial saving in capital cost. 

In common with most other countries it seems unlikely that nuclear 
plants will prove competitive on any of the State systems for unit plant 
sizes smaller than 500 MW, and the mid-1980s is about the earliest date 
when units of this size could be accommodated on the Queensland, South 
Australian and Western Australian systems. If the cost of imported fuel 
oil became excessive over the next 10 years South Australia and Western 
Australia could import coal from New South Wales as an alternative. Once 
nuclear power stations become competitive on the State systems it can be 
expected that they will be built as a normal course for base load generation, 
and over the last decade about half of all new installations could be nuclear. 

Table VIII sets out the predicted growth in installed generating plant 
and nuclear plant to the year 2000, when the total capacity is expected to 
reach approximately 112 000 MW, nuclear power accounting for 36 000 MW, 
or 32%. 

TABLE VIII. ESTIMATED GROWTH OF CONVENTIONAL AND 
NUCLEAR POWER IN AUSTRALIA 

Total installed Conventional Nuclear plant 
Year 

capacity plant ("/o) 
(ended 30 June) 

(MW(e)) (MW(e)) MW(e) Total 

1980 28000 27 000 1000 3.6 

1985 42000 38 000 4000 9. 5 

1990 61000 49 500 11500 18.9 

1995 83000 60 500 22 500 27.1 

2000 112000 76 000 36 000 32.1 

4. 3. Nuclear fuel 

Recent discoveries of new uranium deposits leads the Commission to 
believe that Australia could become one of the world's large producers. 
Present indicated reserves are of the order of 130 000 t but several years 
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of additional exploration will be necessary to prove this. Undoubtedly 
further exploration by the numerous mining companies now engaged in 
the search will lead to further discoveries. By world standards the recently 
discovered ore reserves are very rich and they are amenable to open- cut 
mining which should lead to low production costs. 

These reserves are likely to be far in excess of any foreseeable 
domestic requirements and should be sufficient to support a major nuclear 
fuel industry. Consideration is therefore being given to the establishment 
of such an industry, primarily for export purposes, although Australian 
power authorities would benefit from the lower costs that would result from 
large-scale operation. The benefits, particularly the increase in export 
income, that would derive from the sale of finished and semi- finished 
nuclear fuel rather than yellowcake are attractive. Studies are now in hand 
on the feasibility of installing industrial plants for UF6 production, uranium 
enrichment and fuel fabrication. 

4.4. Jervis Bay Nuclear Power Station 

Although power generation in Australia is the responsibility of State
owned utilities, the Commonwealth Government announced in November 1969 
that it proposed to build Australia's first nuclear power station at Jervis 
Bay, approximately 95 miles south of Sydney. The site for the proposed 
station is on Commonwealth territory, but surrounded by the State of 
New South Wales; the station will be constructed and owned by the 
Commonwealth through the Australian Atomic Energy Commission, but 
will be operated on a day-to-day basis by the Electricity Commission of 
New South Wales as part of the State grid. 

This proposal arose from the Commonwealth Government's considera
tion of the need for it to establish a "lead station" in Australia in advance 
of the ordering of nuclear units by State utilities. It was considered that 
there would be many benefits arising from such a project, including the 
training of staff from the generating authorities in all aspects - engineering, 
construction and operation. Also, the development of licensing and 
regulatory procedures is a matter which concerns both the Commonwealth 
and the States and agreement must be reached and appropriate legislation 
enacted before States embark on their own nuclear power programs. The 
Jervis Bay project, in which the States will collaborate, will assist in 
this connection. 

Tenders were called on a world-wide basis and closed in June 1970. 
At the time of submission of this paper the decision to proceed had not been 
announced; however, it is hoped that the station will be completed in time 
to obtain several years operating experience before the first State orders 
are placed for nuclear plant in the late 1970s. 

5. CONCLUSIONS 

The main role of nuclear energy in Australia for the immediate future 
is expected to be in the area of electrical power generation. Over the last 
40 years or so there has been a high and consistent demand for electricity 
and there is no reason to believe that a high rate of increase will not 
continue for some time. Up to the present time this demand has been met 
by thermal stations using coal in the major areas of demand and by hydro-
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electric stations located mainly in New South Wales and Tasmania. Whilst 
it is expected that coal will continue to be the major primary source of 
energy in Queensland, New South Wales and Victoria in the next decade 
there is evidence to indicate that the electrical industry as a whole will 
undergo considerable development, in which natural gas, oil and nuclear 
power will each have important roles to play. 

In the large areas of Western Australia and South Australia the 
indigenous reserves of coal are already inadequate to meet present 
requirements. These States will become increasingly dependent on im
ported fuel oil unless reserves of natural gas are substantially increased. 
Nuclear power will become more attractive as the respective electrical 
systems increase in size and larger unit sizes of plant can be 
accommodated. 

In the eastern States of Australia, where presently 90% of the installed 
power plants are located, similar changes can be expected. There is 
limited scope for further development of hydro-electric installations, and 
natural gas and fuel oil consumption is expected to increase significantly 
by the year 1980. 

Present studies on nuclear power indicate that nuclear plant could be 
competitive in New South Wales by the early 1980s, and in most other 
States several years later. Tasmania, because of its hydro resources 
and small system size, is unlikely to install nuclear power plant before 
the end of the 1980s. 

With increasing power demands, the ability of the State systems to 
accept larger units, with rising fossil fuel costs, and with increased 
attention being given to atmospheric pollution, nuclear power stations 
must become increasingly attractive and will undoubtedly be built in rapidly 
increasing numbers, thus following the pattern overseas. From the 
present installed capacity of some 14 000 MW(e), to the conservative 
estimate of approximately 112 000 MW(e) by the year 2000, it is expected 
that about one-third of the total installed capacity of plant will be nuclear. 

The recent discoveries of large reserves of uranium in Australia 
could result in a large fuel export industry being established, thus provid
ing a further incentive to the power authorities to exploit nuclear power. 
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GROWTH OF DEMAND FOR ENERGY, AND PROJECTED ROLE OF NUCLEAR POWER IN TURKEY. 
In developing countries such as Turkey, a contmually mcreasing demand for electric power stimulates 

extensive investigation into the most economical means of electncity generation. This paper rev1ews the 
existing power system, energy requirements up to year 2000 and power development in Turkey. Available 
conventwnal energy resources such as fossil fuels and hydro potential for meetmg long-term energy requirements 
are considered. From the estimated costs, the competitiveness of nuclear power and the influence of local 
conditwns on cap1tal cost are discussed. It is shown that, in view of the limited amount of fossil fuel in Turkey, 
nuclear power would be a very promising source of electricity for sustaimng and accelerating the country's 
econom1c development. The proJected role that nuclear energy is expected to play in meeting near-term 
energy requirements for electric power and desalinatwn 1s also summarized. 

AUGMENTATION DE LA DEMANDE D'ENERGIE ET ROLE PREVU DE L'ENERGIE NUCLEAIRE EN TURQUJE. 
Dans un pays en voie de developpement comme Ia Turquie, Ia demande d 'energie electrique croit tres 

vite; par consequent il est necessaire d 'etudier serieusement Ia rentabilite des moyens de production 
d'electncite. Les auteurs examinent l'etat actuel des centrales de puissance, Ia demande d'energie Jusqu'ii 
1' an 2000 et les prev1sions concernant le cteveloppement de l'energie e!ectrique. lis passent en revue Ies 
ressources d'energie classiques comme les combustibles fossiles et l'energie hydraulique et en evaluent Ia 
consommation probable en Turquie Jusqu'a !'an 2000. La compehhvite de l'energie nucleaire et les 
consequences economiques des cond1tions locales sont etudiees sur Ia base d'une evaluation des coOts 
d 'investissement. On en conclut que !'energie nucleaire pourrait contribuer largement au developpement 
economique de Ia Turquie, dont les ressources ii long terme en combustibles sont insuffisantes. Les auteurs 
evaluent Ia mesure dans laquelle l'energie nucleaire permettra de faire face aux besoms ii court terme ainsi 
que Ia posS1b11lte d'introduire le dessalement nucleaue en Turquie. 

POCT 8HEPrETIFIECKHX IlOTPEEHOCTEH H POJib .H,ll;EPHOH 8HEPrETHKH B TYPl(HH. 
B paaBHBaiOII{HXCH cTpaHax, TaKHX,KaK Typi.tiUI, HenpepbiBHhlH poeT noTpe6HOCTeH s sneK

Tpo3Hepnm COOC06CTByeT npoBe.zteHIIIO lllllpOKIIX IICCne.ztoBai!IIH Hal!6onee 3KOIIOMII'IHhiX cpe.ztCTB 

npo113BO.llCTBa 3neKTp03HeprHII. B .ztaHHOM .ztOKna.zte paccMaTpHBaJOTcll cymecTBYJOIIIIIe 3Hepro

cHcTeMhi, 3HepreTH'<eCKI!e noTpe6HOCTII .zto 2000 ro.zta 11 nposo.zti!Mhle B TypUIIII pa3pa6oTKII B o6-

nacTH 3HepreTHKH. PaccMaTpHB810TCB TaK&e HMeiOIIlHeCB B H8CTOHII{ee BpeMH 06bl"'Hhie HCTOq

HHKH 3HeprHH - HCKOnaeMLie BH,llLI TOnJHIBa H 00TeHQH8JlbHLJe rH,llpopecypChl C TO\IKH 3peHHH 

y.llOBHeTBOpeHI!ll OOTpe6HOCTeH Ha .llHIITeHbHI>lH nepHO.zt, Ha OCHOBe CTOIIMOCTHhiX OUeHOK pac

CM8TpHB8IOTCH BOllpOCbl KOHKypeHTOCOOC06HOCTH H,llepHOii 3HepreTHKH H BJJHSIHHSI MeCTHhiX ycno
BHH Ha KanHTaJibHLte aaTpaTLI. IIoKaaaHo, t~To c yt~eToM orpaHHtleHHLIX a ana cos HCKonaeMoro 

TOOHIIBa B TypUIIH ll.ztepHall 3HepreTI!Ka .llOHlltHa CTaTb MHOroo6elllaJOIIIIIM IICTO'IHIIKOM 3HeKTpO

SHeprHH ~ml llO~~epJK8HHH H ycKopeHHH SKOHOMHtleCKOrO p83BHTHH CTpaHLI. J1pe~nonaraeTCH 1 
'ITO ll.llepHall 3Heprllll 6y.zteT l!rpaTb 3aMeTHYJO ponb B y.llOBneTBOpeHIIII 6nlllltaH!lliiX 00Tpe6HOCTeH 

B npOH3BO~CTBe sneKTpOSHeprHH H onpeCHeHHH coneHLIX BO~. 
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CRECIMIENTO DE LA DEMANDA DE ENERGIA Y FUTURO PAPEL DE LA ENERGIA NUCLEOELECTRICA EN 
TURQUIA. 

En los pa1ses en desarrollo como Turquia, la demanda constantemente crec1ente de energl.a electrica 
estimula la realizac1on de amplios estudios sobre los medios mas economicos para generar electricidad. La 
memoria descnbe la actual red eH,ctrica, la demanda de energia basta el ai'io 2000 y el desarrollo de la 
produccion de electricidad en Turquia. Se presta consideracion a los recursos energetlcos clas1cos, tales como 
los combustibles fosiles y el potencial h1droe1ectrico con que se cuenta para satisfacer las necesidades 
energeticas a largo plazo. Partlendo de los costos estimados, se considera la rentabilidad de la energia nucleo
electrica y la mfluenc1a que e)ercen las circunstanc1as locales sobre la inversion de capital. Se demuestra que, 
en vista de las escasas reservas de combustibles fOsiles existentes en Turquia, la energia nuclear ofrecer8. 
excelentes perspectivas como fuente de electricidad para mantener y acelerar el desarrollo economico del pais. 
Se resume as1mismo el papel que se preve desempeilara la energta nuclear para hacer frente a la demanda 
energetica a corto plazo para la generacion de electricidad y para la desalacion del agua. 

1. PRESENT POWER STATUS 

Until 1955, about 70o/o of the population of Turkey was engaged in 
agriculture since there was very little industry. Therefore, until 1955, 
the energy demand was very low and was mostly met by thermal power 
plants. Between 1955 and 1965 a fraction of the population made the 
transition from illiterate subsistence farming to literate industrial
urban-farm patterns of life. By 1965 the power production per capita 
was 157 kWh which was still very low compared with European countries. 

The electricity production since 1950 is shown in Table I. The 
result of switching over from coal to hydro is clearly shown in this table, 
which gives the relative importance of the various power supplies since 1950. 

In 1950, 55.1% total power production was from high-grade coal, 
but by 1965 coal supplied only 10.3%. In 1960, power from hydro 
amounted only to 3. So/o but in 1965 it reached 43.9%. The figures also 
show that liquid fuel was responsible for the fairly constant figure of 
8% of the total power production. 

However, the importance of liquid fuel has increased with th.e 
installation, in April 1967, of the second of the 110-MW units at the 
220-MW Ambarll fuel-oil plant near Istanbul. 

In 1969 power generated from petroleum products amounted to 
24.6% of total power production compared with 32.4% from coals and 
57o/o from hydro-power. 

The main coal plants are Silahtara~a, near Istanbul, which has a 
capacity of 120 MW; <;:atalagzl, near Zonguldak, a capacity of 120 MW; 
and Tun<;:bilek, near Kutahyra, with a 129-MW capacity. 

The main hydro plants are Sanyar, 160 MW; Hirfanll, 96 MW, 
and Kesikkopru, 76 MW. All these are in Ankara region. 

Today the most important energy markets in Turkey are the North 
West Anatolia, West Anatolia and <;:ukurova. Because of the rapid 
development of the industrial centres between Istanbul and Adapazan, 
and Istanbul being a big city, this part of Turkey has the largest power 
demand. 

2. FUTURE ENERGY DEMAND 

The population of Turkey was 20.9 million in 1950. In 1967 this 
increased to 32.9 million at an average growth-rate of 2.5%. If this 
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TABLE I. ENERGY PRODUCTION ACCORDING TO SOURCES 

1950 1955 1960 1965 

(GWh) (o/o) (GWh) (o/o) (GWh) ('lo) (GWh) (%) 

High -grade coal 435 55. 1 559 35.3 417 14.8 513 10,3 

Low-grade coal 105 13.4 393 24.9 591 21.0 745 15. 1 

Lignite 137 17.4 339 21.4 532 18.9 998 20.2 

LlqUld fuel 60 7. 5 158 10.0 233 8.3 430 8. 7 

Other fuels 28 2. 8 40 2. 6 40 1. 4 88 1. 8 

Hydro 31 3.8 89 5.6 1001 35.6 2167 43.9 

Total 789 100 1580 100 2815 100 4942 100 

growth-rate is maintained for some time, the population of Turkey will 
be around 65 million by 1997. 

The average growth-rate in the energy consumption per capita in
creased at about 9.3o/o p. a. during 1960-1967. During the same period, 
the average power production increased at the rate of 12o/o. At present 
70o/o of the total electricity generated is consumed by industry. In the 
first five-year plan, 1962-1967, the average growth-rate in the 
industrial sector was 9. 7o/o. During the same period, the growth-rate 
of energy consumption was 11. 9o/o. 

In the second five-year plan, 1967-1972, a constant growth-rate 
of 12o/o is expected as the probable average in industry. But growth
rates of 10 and 9.4o/o were reached in 1968 and 1969. Therefore, it 
is probable that the assumed growth-rate of 12o/o in industry will not 
be reached. 

At present, more than half the population is unable to utilize the 
electricity; on the other hand, in the second five-year plan, emphasis 
is laid on the electrification of villages all over the country. Therefore, 
it is expected that during the second five-year plan, 1967-1972, the 
constant growth-rate of energy consumption will not be less than 12o/o. 

Moreover it is expected that the 1240-MW Keban hydro-electric 
power plant will be in operation duringthethirdfive-yearplan(l972-1977), 
when the expected growth-rate of energy consumption might exceed 12o/o. 

Table II gives the estimates of energy demand up to the year 2000. 
But, at the National Power Conference held in November 1968, higher 
figures for growth-rates were proposed [ 1]. It was concluded that the 
electricity demand will reach about 180 000 GWh in 2000. In Table II, 
this figure is estimated as 153 000 GWh. According to these estimates 
the power demand per capita will reach 2200 kWh in 2000, which is 
equivalent to the power demand value of France in 1968. 

From Fig. 1 it can be seen that during the period 1967-1982, the 
average growth-rate of energy production is about 11 or 12o/o, which is 
the similar to that in developing countries. The 1982-1987 interval is 
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TABLE II. ELECTRICITY ENERGY DEMAND ESTIMATES 

Energy production 
Energy demand 

per capita 

Population Growth- Growth-
Total installed 

Year (kWh) (GWh) 
(millions) rate (o/o) rate (o/o) 

power capacity 
(MW) 

1967 32.9 187 
9. 7 

6167 
12,3 

1972 37.2 296 
9, 9 

11000 
12.8 

2670 

1977 42. 1 475 
9. 8 

20 000 
12.5 

4885 

1982 47.4 760 
9. 1 

36 000 
10,5 

8135 

1987 53. 1 1130 
6. 0 

60000 
8,5 

12160 

1992 59.7 1511 
5,2 

90250 
7 

17440 

1997 65.7 1926 
5.0 

126 600 
6. 5 

23920 

2000 69.7 2200 153 000 28660 

15 

---~ 
'~ 

r--
10 

-5 

0 
1967 1972 1977 1982 1987 1992 1:197 2000 year 

FIG. 1. Annual growth-rate of electricity production, 

a transition period, after which the situation of the energy demand in 
Turkey will become similar in behaviour to that of the developed countries, 
i.e. the power consumption will only increase at about 5-6%, and the 
estimated total installed capacity of power plants and the demand for 
electric power will reach 28 660 MW(e) and !53 000 GWh, respectively. 
According to the above estimates, the possible trend of the electrical 
energy demand is shown in Fig. 2. 
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FIG. 2. Estimates of the electricity demand. 

3. CONTRIBUTION OF VARIOUS ENERGY RESOURCES IN ENERGY 
PRODUCTION 

In the Zonguldak region, bituminous coal, with a calorific value 
of 6000 to 7000/kg is found. In this region, the reserves are as follows: 

Indicated 
Inferred 
Probable 

Total reserves 

199 246 000 t 
261 485 000 t 
892 369 000 t 

1 313 100 000 t 

In 1969, the production of bituminous coal was about 12 485 000 t. 
Of this amount 41.5% was used by big industries such as iron and steel 
works and railways. Only 18% of bituminous coal was used to produce 
electricity. After completion of the third iron and steel factories, 
most of the good quality coal will be used in these factories. For this 
reason, the contribution of bituminous coal in the production of electricity 
will be very small and will consist of largely low- grade coals. 

The lignite reserves which are spread all over the country are as 
follows: 

Indicated 
Inferred 
Probable 

Total reserves 

370 081 654 t 
175 780 100 t 

10 891170 t 

556 752 924 t 
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In 1969 the total production of brown coals and lignites was 
5. 77 X 10 6 t. Of this amount 14.5% was used by cement factories, sugar 
refineries, the nitrogen and other small industries. The main consumers 
of brown coals and lignites are domestic users and 32o/o is consumed 
in heating buildings, and only 11.8% of the lignite is used in the production 
of electricity. 

It is believed that in future the bituminous coals will be used only 
by the heavy industries such as iron and steel works and the main 
consumers of lignites will be domestic users and small industries. 
Therefore, the contribution of lignite in the production of electrical 
power will be negligible. 

The erection of a 2 X 150-MW(e) capacity lignite power plant at 
Seyitomer will be in operation at the end of 1973 and it will produce 
about 2100 GWh/yr. A newly discovered lignite area in the eastern part 
of Turkey at Elbistan has about 3 X 1o9 t of lignite in probable reserves. 

According to the present analysis it is assumed that, during the 
period of 1982 -19 92, coal-fired thermal power plants with a total 
capacity of 2400 MW(e) can be installed at Elbistan. 

According to the present economically recoverable oil reserves, 
it can be assumed that the potential contribution of fuel oil in the 
production of electricity is limited. It is estimated that the economically 
recoverable oil reserve of Turkey is around 65 or 70 million tons. But 
the consumption of petroleum products is increasing considerably in 
the country. The actual refinery capacity was 9 million tons of crude 
oil in 19 70, and it is expected that this capacity will increase to 
14. 6 million tons in 1972. The total domestic crude oil production was 
3. 6 million tons in 1969, and 4. 2 million tons of crude oil were imported 
in the same year. It is expected that the domestic crude oil production 
will increase to 5. 8 million tons and the imported crude oil will increase 
considerably amounting to 5. 92 million tons in 1972. 

As can be seen from Table III, the present economically recoverable 
oil reserves of Turkey will be used up by 1982, after which Turkey will 
import all the crude oil needed, and crude oil imports will reach the 
order of 100 million tons in 2 000. It is clear that, owing to difficulties 
in importing about 50 to 60 million tons of crude oil annually after 1987, 
the contribution of fuel oil to power production will be rather small. 

According to this analysis, and considering the future necessity 
to erect fuel-oil-fired thermo-electric power plants, apart from Ambarh 
power plant with a total capacity of 630 MW(e), it is assumed that it 
would be necessary to introduce further fuel-oil-fired thermo-electric 
power plants with a total capacity of 10 800 MW during the period 1982-2000. 

TABLE III. FUTURE PRODUCTION AND IMPORT OF CRUDE OIL 
IN TURKEY (1000 tons) 

Year 1972 1977 1982 1987 1992 2000 

Production 5800 11200 

Cumulative 65000 

Import 5920 8380 32400 46770 66840 103 600 
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Turkey has a large hydro potential whose total realizable output 
is about 69 500 GWh/yr. 
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Turkey lies fourth in Europe in its hydro potential following Norway, 
Sweden, and Italy. But up to 1967 the actual recovered percentage of 
the hydro-electric potential was about 3. 4"/o, and installed capacity was 
650 MW. Because of some delays in the operation of the Keban hydro
power station, it is expected that after 1972, which is the end of the second 
five-year plan, any substantial increase in the installed capacity of 
hydro-plants would not take place. However, during 1973-1975, the 
Keban hydro-power station with a capacity of 1240 MW, and several 

TABLE IV. ESTIMATED POTENTIAL CONTRIBUTION OF HYDRO
POWER 

Year 

1967 

1972 

1977 

1982 

1987 

1992 

1997 

2000 
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Recovered 
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Installed Annual 
Hydro energy 
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(GWh) 
of hydro 

(h/yr) 
capacity) rate 

potential ("/o) (MW) ("/o) 

2370 3.4 3650 650 
4.5 

3850 5. 5 4750 850 
25.8 

11350 16.3 4300 2540 
14.4 

21140 30.4 4250 4970 
5. 5 

28900 41.5 4450 6510 
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36300 52.3 4700 7710 
1. 7 

38360 55.5 4600 8333 
1. 3 
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FIG. 3. Comparison of hydro and thermal energy developments. 



TABLE V. ESTIMATED POTENTIAL CONTRIBUTION OF VARIOUS ENERGY RESOURCES IN ENERGY PRODUCTION t-o 
c..> 
t-o 

Energy 
1969 resources 1972 1977 1982 1987 1992 1997 2000 

Coals and (MW) 670 670 1000 1500 1955 2435 2375 2375 
other (GWh) 2590 2590 4750 7100 10 000 12500 12300 12000 

fuels (o/o) 32,4 23.5 23.8 19.7 16, 6 13,8 9. 6 7. 8 

Petroleum (MW) 585 1095 1095 1545 2445 4445 8215 10 225 

products (GWh) 1971 4560 3900 5660 11700 26750 41000 60 000 
("/o) 24.6 41,5 19.5 15. 7 19.6 29.7 32.5 39,2 

Total 
(MW) 1255 1765 2095 3045 4400 6880 10590 12600 

thermal 
(GWh) 4561 7150 8650 12 760 12 760 39250 53300 72 000 

("/o) 57 65 43.3 35.4 36.2 43.5 42. 1 47 > 
>< 
"' "' (MW) 725 805 2540 4950 6510 7710 8336 8660 )0 
(/> 

Hydro (GWh) 3439 3852 11350 21000 28 900 33 500 38 300 39000 "' " ("/o) 43 35 56. 7 58.3 48. 1 37. 1 30,3 25.5 
Q. 

~ 
> 
~ 

(MW) 350 350 1350 2860 5000 6000 > 
-() 

Nuclear (GWh) Under 2260 9400 17 500 35 000 42000 
("/o) construction 6.3 15. 7 19.4 27. 6 27.5 

(MW) 2080 2570 4635 8365 12260 17440 23921 27260 

Total 
Production 

(GWh) 8000 11002 20 000 36 020 60 000 90250 126 600 153 000 
energy 

Production 
production 

capacity (GWh) 9270 12942 23 642 42525 68120 103 300 146 360 179 425 
load factor ("/o) 51,5 58,5 59,5 59 64 68 70 76 

Energy 
(GWh) 8000 11000 20 000 

demand 
36 000 60 000 90 250 126 600 153 000 

Reserve 
(MW) 280 380 715 1280 1600 2530 3500 4200 

("/o) 13,5 14.3 14.4 15. 7 13,2 14.5 15 15,4 
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other projects under construction will increase the recovered hydro
potential to 16. 3o/o. The erection of Karakaya and Karababa hydro-power 
stations, with a total capacity of 3100 MW on the F1rat River, are in 
the planning stages. 

It is expected that erection of Karababa hydro-power station which 
will be larger than Keban, will start around 1973. Then it appears that 
during 1977-1987 a considerable amount of hydro potential will be 
recovered. Thus, the recovered percentage will reach about 41. 5 and 
56. 7o/o in the years 1987 and 2000, respectively. This is also shown 
in Table IV. It is estimated that the growth-rate of the development 
of hydro-electric power will slow down considerably after 1987. 

A comparison of hydro and thermal power developments is given 
in Fig. 3. The behaviour of the hydro power curve around 1972 is due 
to the delay of completion of the Keban hydro power station. The steep 
increase in the thermal power curve around 1967-1972 is due to the 
introduction of the Ambarll fuel-oil-fired thermo-electric power plants. 
After 1977, hydro-power plants will increase until 1987, beyond which 
the most important hydro plants will be completed and in turn the growth
rate of thermal power development will increase. The estimated potential 
contribution of the various energy resources in power production up 
to 2000 is summarized in Table V. It can be seen from Table V that 
the contribution of coal in the total energy production will decrease 
from 32. 4o/o to 7. 8o/o during 1969-2000. On the other hand, fuel-oil-
fired thermo-electric power plants will gain importance and they will 
contribute 39o/o to the total electric energy generation in 2000. When the 
natural gas and geothermal energy potential of the country is realized, 
then the energy generation would be shared by fuel-oil, geothermal 
and natural gas resources. Otherwise Turkey will have to spend much 
foreign exchange to import fuel oil. 
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FIG. 4. Estimated potential contribution of the various energy resources in energy production. 
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FIG. 5. Projected role of nuclear power in Turkey. 

Hydro power will contribute about 58. 3o/o in 1982 in the total electric 
energy generation, but beyond 1982 its importance will decrease and 
it will contribute 25. 5o/o around 2000. 

According to the present analysis, despite the fact that the contribution 
of thermal power in the production of electric energy is calculated at 
47o/o under the above assumptions, it appears that it would be necessary 
for Turkey to introduce nuclear power stations from the year 1980 onwards. 
This situation can be seen very clearly in Fig. 4. 

4. POTENTIAL CONTRIBUTION OF NUCLEAR POWER 

It appears that the first Turkish nuclear power plant with a capacity 
of 350 MW(e) (gross), which was planned to be commissioned in 1977, 
might be delayed, and for this reason this station is not included in 
the energy balance calculations for 1977. As is shown in Fig. 5, it is 
assumed that the first Turkish nuclear power plant will start operation 
in 1978. 

It is calculated that it would be necessary to introduce nuclear 
power with a capacity of 1350 MW(e) up to 1987. For this reason, it 
would be suitable to introduce a twin reactor with a capacity of 
2 X 500 MW(e), the first unit in 1984 and the second in 1987. In the 
fifth five-year plan, (i.e. from 1987 to 1992) two further nuclear power 
stations, each with a capacity of 750 MW(e), would be needed to meet 
the rapidly increasing energy demand. 
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The forecast of the energy demand shows that Turkey should 
probably introduce nuclear power stations with a total capacity of 
5000 or 6000 MW{e) in 2000. Thus nuclear power is expected to have 
a major role in the energy growth around the year 2000. 

5. NUCLEAR ENERGY FOR SEA-WATER DESALI~ATIO~ 
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In general, there is no water shortage in the regions near the sea 
coasts of Turkey. Main sources of fresh water are the rainfall on the 
sea coasts and the rivers joining the sea. Therefore, water is available 
in these regions, and no extra provision is needed. At present, 
economic considerations do not permit the use of desalted water from 
dual-purpose nuclear power stations in agriculture or even in industry. 

In Turkey the arid zones are in central Anatolia which is away 
from the sea coast. Therefore, the utilization of the desalted water 
in those areas is impossible. 

But in some of the big cities such as Istanbul and Ankara, the alarming 
increase in population necessitates that some measures be taken in 
order to prevent the exhaustion of existing fresh water. For this reason, 
a study on the desalination of sea-water for the city of Istanbul has been 
made. The present population of Istanbul is about 2. 7 million and it 
is expected that this population will increase to 6 million around 2000. 
In Istanbul, water consumption per person is approximately 0. 02 5 m 3 I d. 
It is estimated that water consumption will increase to 0. 2 50 m 3 I d 
around the year 2000. Water requirements in Istanbul were 246. 5 million 
m3 lyr in 1970 and by 2000 are expected to be 814 million m 31yr. At 
present fresh water is supplied to Istanbul from Lake Terkos, the 
Elmali and Kirk<;:e§rne dams and from some wells. In the near future, 
the Alibey and 6merli reservoirs, and <;::ekmece lakes will be used as 
fresh-water suppliers to Istanbul. It is also expected that from the 
dams near A~a, fresh water with a capacity of 236 millions m31yr will 
be obtained. It appears that there will be no water shortage in Istanbul 
between 1985 and 1990. After then, it has been planned that fresh 
water would be transported from Lake Sapanca, 160 km away from 
Istanbul, and the Sakarya River. The cost of supplying water to 
Istanbul from Lake Terkos and the Alibey and 6merli dams is about 
25 kr§lm3( = $0.0166lm3). But the cost of water supplied from the 
Agva stream is 40 kr§l~( = $0.0266lm3). 

It is estimated that cost of the water pumped from further distances 
would be 60 to 70 kr§lm3 . With the present prices, it is predicted 
that by the use of a dual-purpose nuclear plant, 4 X 105 m3ld water could 
be produced at a cost of 100 kr§lm3 ( = $0.066lm3) and saleable power 
of 200 MW{e) will be available. The prospects of the nuclear production 
of fresh water will improve and in coming years the cost of water 
produced will decrease owing to further technical developments in 
reactor technology. 

It is most probable that the water of the Sakarya river will be 
used only for irrigation purposes and, therefore, the use of its 
waters for Istanbul will not be possible. Because of the long distance, 
the costs would be quite high if water was pumped from Sapanca Lake 
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to Istanbul. Under these circumstances it is predicted that, by erecting 
a dual-purpose complex with a high capacity near Istanbul it could safely 
compete with the costs of pumping water from Sapanca Lake. 

6. NUCLEAR AND THERMAL ENERGY GENERATION COSTS IN 
TURKEY 

The breakdown of the capital investment, and operating and maintenance 
costs for a nuclear power station consisting of a 311-MW(e) netCANDU-PHW 
single-unit steam supply system is shown in Table VI. The estimates are 
based upon the economic conditions that were prevalent at the end of 1969. 
The breakdown for the nuclear power stations generally agrees with 
costs given in the feasibility study for the Turkish First Nuclear Power 
Project (2]. But the salaries in the operating and maintenance cost 
breakdown have been corrected according to the new labour rates that 
prevailed at the beginning of 19 70. It will be seen from this table that 

TABLE VI. COST ESTIMATE FOR 311 MW(e) NET NUCLEAR POWER 
PLANT IN TURKEY 

Description 

1. Total civil works 

A. Capital investment costs 

Local 
(106 Tl.) 

82.5 

Foreign 
(106 Tl.) 

90.0 

2. Total nuclear steam supply system 814.2 

3. T eta! conventional plant 

4. Transportation, insurance, 
erection and contingencies 

(a) Cost of plant: 

5. Customer costs 

(b) Cost of investment: 

6. Interest during construction 

(c) T eta! cost of investment: 

Description 

Salaries 

Materials and services 

D,O losses 

Total 

6. 1 251.7 

51.4 309.6 

140.0 1465.5 

27.0 54.5 

167.0 1520. 0 
(US $101 X 10") 

39.0 304.0 

206.0 1824.0 
(US $123 X 10') 

B. Operating and maintenance 

10' Tl. /yr 

7.000 

13.08 

2. 12 

22.20 

Total 
(106 TI.) 

172.5 

814.2 

257.8 

361.0 

1605. 5 

81.5 

1687. 0 

343.0 

2030.0 
(US $135 X 10') 

0.32 

o. 61 

0.09 

1. 02 
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the Turkish Government will need about 120 million dollars for the foreign 
exchange part of the capital. 

Customs duties on investment are exempted, the total cost of invest
ment includes interest during construction, but excludes cost of the 
operators' settlement and the energy used during construction. All costs 
are converted to equivalent Turkish liras at the new exchange rate of 
15 Tl."' US $1. 

Interest during construction is based on 8% simple interest and a 
4t-year construction cycle. The investments required for a nuclear 
power station depend on location and vary widely from one country to 
another. 

A possible location for the nuclear plant site was found at Yall on 
the Mediterranean coast, 28 km west of Alanya within the Antalya bay. 
The site permits the construction of intake and outfall structures of 
simple design and represents an especially stable seismic region. 

The costs given in Table VI were estimated according to local 
conditions at the selected site. Costs required for site investigation and 
purchase, land expropriation administrative costs, engineering services, 
training and commissioning costs are included in item 5 in Table VI. 

According to estimates of Table VI the total investment required 
for this nuclear power station would be about 2030 million Tl. {$135 
million); thus the mvestment cost per kilowatt installed will be 6540 Tl/kW{e) 
($435/kW(e)). The investment cost per kilowatt installed for the plant 
above including transportation, insurance, erection and contingencies 
is about 5150 Tl/kW{e) ( $344/kW{e)). 

To evaluate the competitiveness of nuclear power in Turkey, the 
capital investment, fuel and generating costs of a thermal power plant 

TABLE VII. COST ESTIMATE FOR THE EXTENSION OF AMBARLl 
OIL-FIRED THERMAL POWER PLANT 
Net power: 285 MW (2 X 142. 5) 

A. Capital investment costs: Local, 1o' Tl. 125 

Including interest during Foreign, 10" Tl. 550 (= US $36. 7 X 106) 

construction; excluding 
costs of operators' Total, 100 Tl. 675 
village and energy during 
construction 

B. Operating and Fixed charges 8. 4 x 1()6 Tl. /yr 
maintenance cost: 

Variable charges 3. 0 X 1()6 Tl. /yr 

Total 11. 4 X 1()6 Tl. /yr 

c. Fuel costs: Without taxes 
124. 5 X 1()6 Tl. /yr 

260 Tl. /t 

With taxes 
420 Tl. /t 

202 X 1()6 Tl. /yr 

Im potted fuel oil 
with taxes 288 X 1()6 Tl. /yr 

600 Tl. /t 



TABLE VIII. GENERATING COSTS OF NUCLEAR POWER PLANT AND OIL-FIRED POWER PLANTS 
(kr§/kWh) 

Type of plant Nuclear power plant Oil-fired thermal power plant 

Annual energy generation 2, 179 X 109 kWh/yr 2 X 109 kWh/yr 

Custom duties on investment Exempt Exempt 

Taxes and duties on fuel Exempt 67"/o Exempt With taxes lm ported fuel oil 
with taxes and duties 

Annual fixed capital charges 9. 29 9. 29 3,05 3.05 3.05 

Operating and maintenance 1. 01 1. 01 0,57 o. 57 0,57 

Fueling costs 1. 83 3, 06 6.20 10. 10 14.43 

Generating costs: 
(kr\/kWh) 12. 13 13. 36 9.82 13.72 18.05 
(mills/kWh) 8. 10 8.90 6.55 9. 16 12.02 

> 
>-< 
"' tTl 
:<! 

"' "' " 0. 

:><: 
> 
:><: 
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burning fuel oil have been compared with those of the reference nuclear 
power plant. The extension of the 4th and 5th units of the Ambarli thermal 
station have been selected for this comparison. This station is located 
on the Marmara Sea 30 km west of Istanbul. Ambarll power plant has 
been in operation since 1967, equipped in the first stage with two 110-MW 
units. The third unit with the same capacity was added in 1969. The 
settingupofthe4thand5thextensions of 2 X 150-MW(gross) power was 
programmed for 19 70 in order to raise tl;le effective capacity to 
630 MW(gross). This plant is now almost ready. 

According to the costs provided by Etibank, the total investment 
cost of the extension of 4th and 5th units of the Ambarll thermal power 
station amounts to about 600 million Tl. 

To facilitate the comparison with the nuclear power station on the 
basis of a common scope, the capital investment figure of the Ambarll 
extension of the 4th and 5th units was increased to 675 million Tl. as 
shown in Table VII. The costs of the land, access and fuel discharge 
facility, circulating water system, water supply, administration building 
etc. were estimated and added to costs provided by Etibank. The civil 
engineering work and erection costs were increased by about 5o/o to 
comply with labour costs at the end of 1970. Thus it is estimated that 
the investment cost per kilowatt of a 2 X 150-MW(gross) oil-fired 
thermal power station in Turkey will be about $157/kW(net). 

The compution of annual fuel costs was accomplished by assuming 
a heat rate of 2400 kcal/net kWh. The unit cost per ton for Bunker-C 
oil delivered to Ambarll is at present 387. 5 Tl/t including all taxes. 
But it is expected that beyond 15 February, 19 71 this price will be about 
420 Tl/t with taxes and 260 Tl/t without. According to the cost estimate 
provided by TEK (Turkish Electricity Board), the cost of imported fuel 
oil including taxes and duties would be about 600 Tl/t delivered to 
Ambarll. Thus the cost of a thermie (1 thermie = 1000 kcal) would be, 
in Turkey, 2. 6 kr§/thermie without taxes and 4. 2 kr§/thermiewith 
taxes on fuel for domestic fuel-oil and about 6 kr§/thermie for imported 
fuel oil with all taxes and duties. 

To calculate the generating costs per kWh for each plant, an 80o/o 
capacity factor, an interest rate of 8o/o and a 35-yr lifetime have been 
used as ground rules and the annual fixed costs were calculated for each 
plant according to the following factors: 

Capital recovery factor 
Interim replacement 
Insurance 

Nuclear plant 

0.0858 
0.0035 
0.0075 

Thermal plant 

0.0858 
0,0035 
0.0020 

0.0913 

Table VIII shows the generating costs calculated on the basis of the 
above ground rules and with an exchange rate of 15 Tl = $1. 

It may be seen from the comparison of Table VIII that the generating 
costs of a nuclear power plant are in the same range as the generating 
costs of oil-fired power plants when one includes appropriate taxes on 
fuel for both plants. For fuel tax exemptions, the generating costs of 
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oil-fired plants appear to be about 20o/o lower than for a natural-uranium 
heavy-water-moderated nuclear power plant. 

The generating costs of the heavy-water nuclear power plants that 
range from 12. 13 kq/kWh (8. 10 mills/kWh) to 13. 36 kr§/kWh 
(8. 90 mills/kWh) would be about 30o/o lower than for a thermal power 
station burning imported fuel oil. 

Therefore, in view of the limited amount of fossil fuel in Turkey, 
it is concluded that nuclear power would be a very promismg source 
of electricity to sustain and accelerate the country's economic development. 

7. CONCLUSIONS 

In developing countries such as Turkey, a continually increasing 
demand for electric power stimulates extensive investigation into the 
most economical means of electricity generation. 

The introduction of nuclear power must, however, proceed step 
by step as the electricity system, looked at in its entirety, is developed 
The first nuclear power plant is planned to be commissioned in 1978. 
It is calculated that, by 1987, it would be necessary to introduce nuclear 
power with a capacity of 1350 MW(e). 

The forecast of the energy demand shows that Turkey should 
probably introduce nuclear power stations with a total capacity of 
5000 to 6000 MW( e) by 2000. It is shown that the generating costs of a 
nuclear power plant are in the same range as those of oil-fired thermal 
power plants when the appropriate taxes on fuel are included. 

With fuel tax exemption, the generating cost of oil-fired plants 
appear to be about 20o/o lower than for a natural-uranium heavy-water
moderated nuclear power plant. But the generating costs of the heavy
water nuclear power plant would be lower than for a thermal power 
station burning imported fuel-oil. 
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Abstracr-Resume-AHHOTaQHli-Resumen 

POSSIBILITIES OF INTRODUCING AND INTEGRATING NUCLEAR POWER IN THE EGYPTIAN POWER SYSTEM. 
In Egypt the electric energy demand has increased in the last two decades at an average rate of 12. 8o/o 

annually and it is expected that this trend will contmue but with a slightly lower rate to meet the growing needs 
of electnc energy required for industry, agriculture and soc1al development. The consumption per capita 
increased from 43,4 kWh in 1952 to 188 kWh in 1969. It is antlcipated that the doubling period for development 
of electnc energy demand will be less than the 10-year period which is the average for the highly industrialized 
countries. In the light of the prospects of development of the electnc demands on the Egyptian power system, 
a program for the addillonal generating capacity is developed. The present installed capac1ty in the umfled 
natwnal power system amounts to approximately 4000MW, out of which 60"/o is hydroelectnc and the rest is 
thermal. It is anhcipated that the existing thermal and hydroelectric power statwns and those under 
construction could meet the demand up to around 1975. Starting from that date, new generating capacity will 
be needed to meet the future requirements. In this paper, the different possible energy resources in Egypt are 
reviewed taking into consideration the possibillty of the utilization of nuclear energy as a source for the 
productwn of electricity. The size and timing of introducing nuclear power plants are discussed together with 
the problems of the1r integration in the Egypllan network. The comparison between the technical and economic 
merits of nuclear stations with alternative sources under local cond1t1ons is undertaken. Various alternatives of 
the integration of nuclear plants are examined at different load levels for the cases of single-purpose electnclty
only plants or dual-purpose plants for the combmed producllon of electricity and water, with the eventual 
possibility of the1I assoc1ation with high -energy consuming industrial proJects. In the light of this study, the 
imtial steps of introducing nuclear power in Egypt are revtewed. The effects of financing terms, particularly 
of the rate of interest, on the competitive size and the timing of introducing nuclear plants, are discussed, 

POSSIBILITES D'INTRODUCTION ET D'lNTEGRA TION DE L'ENERGIE D'ORIGINE NUCLEAIRE DANS LE 
RESEAU ELECTRIQUE EGYPTIEN. 

L' augmentation annuelle moyenne de la consommation d'energie electrique en Egypte a he de 12, 8o/o 
au cours des deux dernieres decennies; 11 est prevu que cette tendance continuera a se manifester, b1en qu'ii 
une cadence un peu inferieure, pour satisfaire aux besoins cr01ssants du developpement industr1el, agncole et 
social. La consommation par habitant a passe de 43, 4 kWh en 1952 a 188 kWh en 1969. 11 est prevu que le 
temps de doublement de la de man de d 'electricite sera de loin mferieur a celui de dix ans cons tate dans les 
pays hautement industrialises. Ala lumiere de ces previsions, !'expansion de la pUissance installee est 
en visa gee. Cette puissance s'eleve actuellement a4000 MW, dont 60"/o sont d'origme hydro-erectrique et le 
reste, soit 40"/o, d'origine thermique. On estime que les centrales actuelles (thermiques et hydro-electriques) 
et les nouvelles unites en cours de construction suffiront a couvrir les besoins jusqu'en 1975. Au-dela de cette 
date il faudra recourir a d'autres ressources pour repondre aux besoins. Le memoire passe en revue les possibilltes 
qlil s'offrent a l'Egypte dans ce domaine, y compris l'utillsation de l'energie nucleaue. La puissance des 
centrales nucleaires et le moment le plus proplce a leur introduction et a leur integration dans le reseau 
eJectnque egyptien font l'obJet d'une etude cteta1llee. Une comparaison technico-economique des centrales 
nucleaires et conventionnelles est faite dans le contexte local. Plusieurs alternatives sont examinees en ce qui 
concerne !'integration de centrales nucreaues dans le reseau erectrique egyptien, et ceci pour dlf!erents 
niveaux de consommation: utilisation d 'une centrale en vue de la seule production d 'energie electrique; 
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centrales a double fin pour Ia productwn d'energie electrique et Je dessalement de l'eau de mer, compte tenu 
de Ia possibilite d'utiliser Ia totalite ou une partie de J"energie electrique dans un ou plusieurs centres 
industriels gros consommateurs et situes a proximi(e de Ja centrale. A Ia lumiere de cette etude Jes premieres 
etapes de !'introduction de J"energie nucleaire en Egypte sont examinees. L'influence des modahtes de 
financement et, en particulier, du taux d'mterN, sur Ia pmssance optimale des centrales nucleaues et Je 
moment de leur introduction est auss1 discutee. 

B03MO)I(HOCTI1 PA3B11TI1.Sl .Sl.llEPHOH 9HEPrET11KI1 11 BKJIIOLIEHH.Sl ATOMHh!X 9JIEK
TPOCTAHI.111H B 9HEPrETI1"4ECKYJO CHCTEMY APAECKOH PECITYEJII1KI1 ErHITET. 

3a nocne,liHHe .z~sa .z~ec.RTHneTHJ'I noTpe6HOCTb B 3neKTp03HeprHH B ErHnTe ysenH'II!Banacb 
eJKerO.llHO a cpe.llHeM Ha 12,8%. OJKH)laeTcll, 'ITO 3Ta TeH,lleHQHll 6y,11eT pa3BHBaTbcll, HO yJKe 
6onee HH3KHMH TeMnaMH, c TeM 'IT06Ll y.z~osneTBOPHTb pacTylllHe noTpe6HOCTH B :.neKTpo:>HeprHH, 
He06XO,ltHMOH )tJlR npOMI:.IlliJieHHOCTH, ceJibCKOrO X03Siii:CTB8 11 COQHanbHOrO pa3BHTIUI. TioTpe6Jie

t!He :>neKTp03HeprHH Ha .z~ywy HaceneHHll B03pocno c 43,4 KBT-'1 B 1952 ro.z~y .110 188 KBT-q B 
1969 ro.z~y. Ilpe.z~non araeTCll, 'ITO nepllo.ll y.z~aoeHHll noTpe6HocTeli a :.neKTp03HeprHH cocTaBHT 
MeHee 10 neT, "''TO HBJHieTc51 cpe.ztHHM 3Ha\feHHeM .ztJUI BhiCOKOHH.ztycTpHaJihHIIIX cTpaH. B cseTe 

nepcneKTHBHOrO BnHJ'IHHll pacTylllHX noTpe6HOCTeli B 3neKTp03HeprHH tla 3t!epreTI!'IeCK}'IO CHCTe
My ErHnTa, paapa6aThiBaeTCSI nporpaMMa sse.zxeHHH B cTpoH .ztonoJIHHTeJibHLIX MOIQHOCTeH. Hac
TOHntaH ycTaHOBJieHH8H MOII{HOCTb B 06'lle.ztHHeHHOi::f H8QHOH8JibHOfi 3HeprOCHCTeMe COCT8BJI.HeT 

npHMepHO 4000 MET, H3 KOTOphiX 60% na.ztaeT Ha rH.ztpOCT8HLU.fH H OCT81Ibi·I8SI \18CTb H8 TenJIOBbie. 

IJpe.ztnoJiaraeTCSI, 'JTO CyllleCTBYJOUlHe, a TaKJKe H8XO.llBJ..LtHeCSI B CT8,llHH CTpOHTenbCTB8 Tennoat.Ie 

II rH,llp03neKTpOCTaHQHII CMOrnll 6bi Y.ziOBneTBOpHTb noTpe6HOCTII B 3neKTp03HeprHH np116nii3H
TenbHO ,110 1975 ro,lla. C 3TOrO BpeMetlH 6y.llyT He06XO,liHM>I t!OBL!e MOIIlHOCTII no npOH3BO,liCTBy 
3neKTp03HeprHH ,llnll y.z~oaneTaopeHHll 6y.llylllHX noTpe6HOCTeli. B HaCTOllllleM .liOKna.z~e .z~aeTcll 

o63op pa3nH'IH>IX B03MOJKHLIX 3HepreTH'IeCKHX pecypcoB B ErHnTe c y'leTOM B03MOJKHOCTII Hc
nonL30BaHIDI H.z:tepHoH: 3HeprHH KaK HCTO'IHHKa .z:tJIH npOH3BO.z:tCTBa sneKTposHeprHH. Pa3Mep 

8TOMHLIX sneKTpOCT8HJ.tHii H BpeMH HX BKJIIO'IeHHH paCCM8TpHB8lOTCH H8pH.z:tY C BOnpOC8MH HX 

o6'De.z:tHHeHHH B 3HeprocHcTeMe ErHnTa. Tipoao.z:tHTCH cpaaHeHHe TeXHHtJeCKHX H 3KOHOMHtJeCKHX 

X8p8KTepHCTHK H.z:tepHbiX CT8HI.tHii C 06LI'IHLJMH HCTO'IHHK8MH 3HeprHH C yqeTOM MeCTHt.IX yCJIOBHii. 

PaccMaTpHBaiOTCll pa3nH'IHLie anLTepHaTHBLl o6'Le.lii!HeHHll aTOMH>IX :.neKTpocTaHQHli npH pa3nHq
HL!X ypOBtlJ'IX Harpy3KH B cnyqae O,liHOQeneBL!X HnH .llBYXQeneaL!X YCT8HOBOK ,lln.R O,liHOBpeMetlHOrO 
npOH3BO,liCTBa 3neKTp03HeprHH H onpeCHeHHll BO,li>I C y'leTOM B03MOJKHOCTH IIX 06'Le,liHHeHHll C 
3HeproeMKHMH npoMLIIUJieHHMMH o6'DeKT8MH. B cBeTe 3TOH pa6oTLI .z:taeTCH o63op nepBLIX IUaroa 

Er11nTa B o6nacTII BHe,llpeHHll ll,llepHoli 3HepreTHKH. PaccMaTpHBaeTc>l Bni!J'IHHe <PHHaHCOB>IX yc
JIOBHH, OC06eHHO K8C8IOUJ;HXCH npoQeHTHbiX CT8BOK, H8 KOHKypeHTOCflOC06Ht.Iii p83Mep H onpe,zte

JieHHe BpeMeHH BBO.zta B 3KCflJIY8T8LJ;HIO 8TOMHbiX 3JieKTpOCT8HJ.tHii. 

LAS POSIBILJDADES DE INTRODUCC!ON E INTEGRACION DE ENERGIA NUCLEAR EN EL SISTEMA DE ENERGIA 

ELEC1RICA DE EGIPTO. 

En Egipto Ia demanda de energl.a electrica ha experimentado en los dos ultimos decenios un incremento 
cuyo indice promedio anual ha sido del 12, 8"/o y se preve que esta tendencia se mantendra, si bien con un indice 
ligeramente inferior, para satisfacer las crecientes necesidades de energia electrica en el desarrollo de Ia 
industria, de Ia agricultura y social. EJ consumo por habitante aumento desde 43,4 kWh en 1952 hasta 188 kWh 
en 1969. Se puede predecir que el periodo de duplicacion de Ia demanda de energia electrica sera inferior a 
10 ailos, que es el promed10 para los paises altamente industrializados. A Ia Juz de las previsiones de desarrollo 
de Ja demanda de electricidad en Egipto se ha elaborado un programa para conseguir una capacidad adicional 
de generacion de energl.a. La potencia instalada actual en el sistema nacwnal unificado asciende, aproxi
madamente, a 4000 MW, de Jos cuales el 60"/o es hidroelectrica y el resto termica. Se estima que Ia demanda 
podra ser atend1da por las centrales hidroelectricas y termicas existentes y por las que se hallan en construccion 
hasta, aproximadamente, el ailo 1975. A partir de esta fecha sera necesaria nueva capacidad de generacion 
para satisfacer las necesidades futuras. En Ia presente memoria se examinan los diferentes recursos energeticos 
de posible existencia en Egipto tomandose en consideracion Ia posibi!idad de Ia utilizacion de Ia energl.a 
nuclear como med10 para producir electricidad. En el informe se estudian el tamailo y las fechas propicias 
para Ia introduccion de centrales nucleares asi como los problemas que plantea su integracion en Ia red electrica 
de Egipto. Tambien se comparan las ventajas tecnicas y economicas de las centrales nucleares y de las 
centrales convencionales teniendo en cuenta las condiciones locales. Se examinan varias alternativas para Ia 
integracion de centrales nucleares en el sistema electrico egipcw, en correspondencia con diferentes niveles 
de consumo, tanto para los casas de centrales de uso unico generadoras de electricidad como para los de 
centrales de doble uso productoras de electricidad y desaladoras de agua, con Ia posibilidad eventual de 
asociarlas a proyectos industriales con un consumo de electricidad muy elevado. A Ia vista de este estudio se 
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examinan las etapas imc1ales de la introduccion de la energia nuclear en Egipto, Los efectos que dependen 
de las modalidades de financiacion, en particular del tipo de interes, del tamai!o de las centrales y de las 
fechas de introducc1on de las mismas son asimismo debatidos. 

1. INTRODUCTION 

The development programs for industrializing Egypt and the expanded 
land reclamation schemes have resulted in greatly increased demands 
for a dependable electric power supply. Consequently the expansion of 
the electric power system during the past 20 years has been very extensive. 
From an installed capacity of 384 MW(e) in 1952, the capacity of the system 
grew to 4100 MW(e) by 1970 upon the completion of the High Dam Project 
and its associated 2100-MW(e) installed hydro-electric station. 

Estimates of the new generation capacity required, and the choice of 
the type of plants are governed to a large extent by comparative economic 
considerations between the remaining hydro potential and the constru;::tion 
of thermal stations with the possibilities of integrating nuclear power plants 
in the grid system. In the light of power system considerations and of 
comparative economic studies of nuclear power plants with alternative 
conventional thermal plants, the prospects of integrating nuclear plants 
in the system are discussed. 

TABLE I. TENTATIVE DIVISION OF ENERGY PRODUCTION 
BETWEEN THERMAL AND HYDRO STATIONS AND EXPECTED 
POWER DEFICIT 

(A) Energy balance: 

Energy consumption level 12.0 13.72 15.0 16.56 
(109 kWh) 

Maximum hydro energy {low flow 8.55 8.56 9.2 9.2 
production (109 kWh) high flow 9.63 10.21 10.7 10.7 

Contribution of hydro {low flow 7.96 8.35 9.0 9.15 
stations (109 kWh) high flow 8.57 9.36 10.0 10.09 

Contribution of thermal {high flow 3,43 4.36 5.0 6.47 
stations (109 kWh) low flow 4.04 5.37 6.0 7.41 

Possible year of occurrence 1973 1974 1975 1976 

(B) Power balance: 

(MW) (MW) (MW) (MW) 
Design peak load 2470 2625 2700 2770 

Max. contribution of 
hydro stations 

1020 1020 1030 1060 

Necessary contribution 
1450 1605 1670 1710 

of thermal stations 

Peak power deficit 
95 280 355 395 

(including its reserve) 

Possible year of occurrence 1976 1977 1978 1979 

18.51 

9.2 
10.7 

9.2 
10.26 

8.26 
9.31 

1980 

(MW) 
2850 

1100 

1750 

470 

1980 



TABLE II. ANNUAL OPERATING CONDITIONS OF HYDRO AND THERMAL STATIONSa 
(at a load level 2850 MW) 

Items July Aug. Sep. Oct. Nov. Dec. Jan. Feb. 

UPS E:eak load (MW) 2740 2763 2784 2810 2830 2850 2850 2847 

A. Low-water conditions~ 

Average daily power of the A swan 
and Htgh Dam HEPSb (MW) 1414 1170 960 920 940 1020 625 910 

Contribution of the HEPS in meeting 
the peak load ( MW) 1715 1475 1258 1258 1300 1390 1100 1270 

Contribution of exishng TEPSC and a 
new station m meehng the peak 
load (MW) 1025 1288 1504 1552 1530 1460 1750 1577 

Uhlizatlon of the total power of the 

TEPS and of the new stabon f/o) 65 82 95 98 97 93 99 100 

8. High-water conditions· 

Average da1ly power of the A swan 

and H1gh Dam HEPS (MW) 1827 1741 1276 1120 1173 1320 723 1120 

Contribuhon of the HEPS m meeting 

the peak load {MW) 1900 1900 1590 1450 1450 1523 1690 1476 

Contribution of existing TEPS and a 
new station in meeting the peak 
load (MW) 840 863 1194 1360 1307 1160 1374 1370 

Uhhzation of the total power of 
the TEPS and of the new station (o/o) 53 55 75 86 83 73 78 87 

Mar. Apr. 

2840 2835 

940 927 

1310 1272 

1530 1563 

97 99 

1202 1182 

1552 1527 

1288 1308 

82 83 

a Total available thermal power Wlll be 1772 MW 10 january and 1577 MW (for remaming months), takmg mto consideration planned mamtenance. Includmg a new stahon of 500 MW. 
HEPS =hydro-electric power stahons. 

c TEPS = thermal electnc power stations. 

May June 

2830 2825 

1006 1376 

1346 1700 

1484 1125 

94 71 

1644 1852 

1900 1900 

930 925 

59 59 
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2. POWER SYSTEM CONSIDERATIONS 

At present, electricity is produced in Egypt mainly by eleven thermal 
stations in the Cairo area and Lower Egypt with an installed capacity totalling 
1351 MW, and two hydro-electric stations in the Aswan area, namely 
the Aswan and the High Dam stations with an installed capacity of 2445 MW. 
The upstream level of the High Dam reservoir is at present lower than 
projected and hence also the available power. As the water discharge through 
the stations undergoes fluctuations to meet the irrigation requirements, 
the available power from the hydro-block varies from a minimum of 
500-600 MW in January to a maximum of 1500-1600 MW in July. The 
thermal stations are connected together by means of a 220-kV network, 
which is in turn interconnected with the hydro-electric complex through 
a 500-kV transmission system to form a Unified Power System (UPS). 
Another small thermal unit not connected to the UPS brings the total 
installed capacity up to about 4100 MW(e). With the completion of a new 
thermal station which is now under construction, the installed capacity of 
the interconnected thermal stations on the UPS will reach 1560 MW in 1974. 
Also, the available hydro-electric power and energy will increase gradually 
with the filling of the reservoir. Tables I and II show the estimated annual 
energy production and the monthly variation of the output of the hydro-block 
under low and high water flow conditions. 

2. 1. Optimum utilization of the UPS 

The thermal stations and the hydro-electric block are now operated in 
full co-ordination so as to obtain the maximum utilization of the hydro
electric energy. The High Dam station is regulated to cope with the peak 
demand and the schedules of maintenance and repair of thermal stations 
are co-ordinated with the water-discharge conditions. 

The commissioning of the High Dam power station and its co-ordinated 
mode of operation have resulted in the reduction of the utilization of the 
thermal stations. However, with the increase of the load on the UPS, 
the utilization of the thermal energy will gradually increase up to the 
highest allowable limits. At the same time, hydro-energy utilization will 
also increase to cope with the future increase of the energy demand. 
Table I shows a tentative estimation of the division of energy between thermal 
and hydro-electric stations for successive levels of total energy consumption. 
From the table it can be seen that the utilization of the hydro energy will 
increase with the growth of the energy consumption level and will approach 
the full utilization by 1980. 

2. 2. Potential hydro-power resources of Egypt 

2. 2. 1. Potential resources of the Nile 

Preliminary studies show that the utilization of the slopes between 
Aswan and Delta _Barrages for power production (about 600 MW) may be 
realized by building seven new barrages in addition to the three existing 
ones. The available annual energy will amount to about 4677 million kWh. 
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2, 2, 2, The Qattara project 

The Qattara project, named after a deep depression in the Western 
Desert near El-Alamain presents a unique large-scale hydro-electric 
potential, The idea is based on spilling the Mediterranean sea water in 
this depression to produce electricity. 

Extensive geological, topographical and hydrological investigations 
have shown so far that the most economical scheme can be realized by a 
complex project including a high storage pumping scheme, using a natural 
basin on a plateau with a capacity of 50 million m 3 at 285 m level, Further 
investigations are being carried out, 

During off-peak hours the water is used for the continuous generation 
of electricity, which is utilized in addition to electric energy from the grid 
in pumping water to a high-level reservoir; then at peak load periods this 
water at a head of 285m can cover the peak demands up to 4000 MW, The 
project is visualized to be executed in three stages to meet peak loads of 
625, 1500, 2100 and ultimately 4000 MW, 

2, 3, Projected growth of consumption 

The economic development programs are aimed at realizing the 
equilibrium between the various sectors of production within the State 
(industry and agriculture) and at gearing the development of the public 
service to the welfare of the people, with the ultimate aim of raising the 
levels of the standard of living. It is therefore important to predict the 
probable evolution of the demand of electric energy to project the incidence 
of the future consumption on the electricity sector itself, 

Estimates of the future development of electricity consumption for the 
period extending from 1970-1980, are based on two main assumptions: 

(a) The first assumption is that the development of the actual 
consumption of the different categories of electric energy demands are to 
increase at an annual average of 6, 5o/o - with the exception of the consumption 
by heavy industries and the irrigation and drainage pumping stations. 

(b) The second assumption is based on estimates of the loads required 
by the new large industrial projects, as well as the loads required by the 
projected expansion of the existing heavy industries, in addition to the loads 
necessary to meet the requirements of the rapidly expanding agricultural 
sector. Combination of these two assumptions will give an average annual 
increase of about 10, 5o/o, 

2, 4, Industrial demands 

The expected energy consumption of the new industrial projects, 
(electro-metallurgical, electro-chemical and petro-chemical) will reach 
5, 7 milliard kWh before the end of the present decade, and the consumption 
of the projected expansion of the already existing large industrial plants 
will reach 1, 5 milliard kWh, 

2, 5, Agricultural demands 

The loads required for the agricultural sector represent a great leap 
forward in the field of irrigation and drainage, A considerable increase 
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in energy consumption is necessitated by the fact that large areas of new 
land have been reclaimed for agriculture, The average annual increase 
of the energy consumption is expected to be about 16, 5o/o (from 1970 to 
1980). It is to be noted that the annual increase will be very high at the 
beginning of the said decade but will, however, decrease gradually to reach 
about 6. 2% by the end of the decade. 

On the basis of the two assumptions outlined above and taking into 
consideration the industrial and agricultural demands, the anticipated total 
energy consumption for the period (1970-1980) is estimated, 

The energy consumption of new industrial projects as well as that due to 
the expansion of the existing industries and the agricultural sector, 
represents about 51,6% of the total energy consumption by all consumers, 
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Figure 1 shows the evolution of energy consumption and corresponding 
load from 1950 to the year 2000. From 1950 to 1970 the curves represent 
actual data. Estimates from 1971 to 1980 are based on the two assumptions 
referred to above. Further projections up to the year 2000 are based 
on 7. 5o/o development rate. This represents a total energy consumption 
of 65 milliard kWh in the year 2000. The corresponding load level will 
vary between 10 000 and 16 000 MW according to the load factor in each 
case with an average of 13 000 MW. 

3. OPTIMUM PATTERN OF THE DEVELOPMENT OF GENERATING 
CAPACITY 

3. 1. Future generating capacity requirements 

It is anticipated that the existing thermal stations will retire successively, 
starting from 1980 and the whole capacity of these stations will be out of 
use by 1998. The present hydro power would still be in service and would 
contribute about 1000 MW during minimum water flow conditions (January). 

Taking into account the remaining unexploited hydro potential resources, 
namely the Nile Barrages and the Qattara depression schemes, which would 
contribute about 4400-MW peak load, this will leave 7500 MW in the year 
2000 to be progressively covered by additional thermal power to be installed, 
starting from the year 1976. It can be assumed that about half this new 
capacity would work under base load conditions. 

On the other hand, as indicated in the paper on desalination submitted 
to this conference [ 1], the projected water deficit, which is anticipated 
to be covered by desalination, is estimated as 4-5 milliard m 3 by the 
year 2000. This will require thermal energy equivalent to about 8000-
10 000 MW(e). 

3. 2. Time of addition of new generating capacity 

Examination of power balance shows that the existing thermal and 
hydro-electric stations (under low-water conditions) can meet the rising 
demands of the system until the total consumption level reaches 16 milliard 
kWh, corresponding to a peak load of 2400 MW. 

In accordance with the development plans available at the time of writing 
this paper, the system maximum demand may rise to about 2000 MW 
by 1975. 

It is clear that the maximum load of the system in 1975 will be 
considerably lower than the capacity of the generating stations in operation. 
This means that up to 1975 the system will not need any additional 
generating capacity other than the thermal station now under construction. 

The magnitude of the additional generating capacity and the optimum 
time of its operation beyond that period depends mainly upon the growth
rate of energy consumption and maximum demand on the system. Table II 
shows the mode of operation for different levels of load development up 
to 2850 MW expected in 1980, due consideration being given to the best 
utilization of hydro energy. 

It is thus clear that with a peak load of 2625 MW the system would 
have a power deficit of about 280 MW, which rises progressively with 
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the peak load to about 470 MW at a load level of 2850 MW. A tentative 
estimate of 100 MW to cover part of the load requirements of the recent 
extensive rural electrification plan is assumed. 
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3, 3, Expected operating conditions and requirements for a new generating 
station {about 500 MW) 

The existing High Dam hydro-electric station can cover the entire daily 
irregularities of the system consumption during the period up till 1980, 
Thus, the thermal power stations will work mainly as base load stations 
to supply part of the daily base load energy requirements, 

However, in order to absorb the high energy output of the High Dam 
during the period from June to August, while high irrigation requirements 
are needed, the hydro power stations should share more energy in the 
daily base load energy requirements, and consequently the share of base 
load energy to be supplied by the thermal power stations will be uneven 
around the year. 

Calculations show that during high-water flow, in the summer period, 
the actual utilization of the available hydro-electric power depends on the 
minimum permissible loading of the thermal units which should be in 
operation to satisfy the stability conditions of the system, 

Accordingly, whenplanningfor a new thermal station, due consideration 
should be given to the loading range to allow for the minimum possible load 
on such a station in order to secure the maximum utilization of the hydro 
stations during high-water discharge. Consideration should also be given 
to the quick response when sudden loading is required of such a station 
in order to secure the spinning reserve capacity necessary to meet the 
emergency outages of the 500-kV transmission system, 

It is clear that if a new station is not available by 1980, the system will 
suffer a power deficit of around 480 MW during nine months of the year, 
Thus a new station added in the system to cover the power and energy deficit 
will be intensely utilized during the major part of the year. Under high
water conditions there would be practically no power deficit owing to the 
higher generation of the hydro stations. However, this condition cannot be 
assumed when planning for new generating capacity to cover a deficit in 
the system, 

The utilization factor of both - the existing thermal power stations 
and a new thermal station with a rating of 500 MW {with the system load 
of 2850 MW) - is shown in Table II, which is calculated for the conditions 
of low- and high-water flow at the High Dam hydro station, 

It is clearly seen that the total power of the existing thermal stations 
and the new station will be completely and uniformly utilized during nine 
months under both low- and high-water flow conditions, However, in the 
period of the higher hydro generation {June-August) it will be required to 
unload thermal stations by 35-40% under low-water conditions and by 
40-45% under high-water conditions, 

3, 4, Unit sizes 

The largest unit size available in the present system is 175 MW{e) 
of the High Dam station and 110 MW{e) in thermal stations, Further unit 
sizes acceptable in the unified power system have been estimated on the 
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basis of 10- 5o/o of the connected load, Accordingly, the following unit 
sizes could be readily integrated in the system: 

Period Load level 
(MW) 

1977-1980 2850 
1985 3750 
1990 5000 
1995 8000 
2000 13 000 

4, INTEGRATION OF NUCLEAR POWER PLANTS 

4, 1, Comparative study 

Unit size 
(MW(e)) 

285 
375 
500 
600 
650 

During the past few years there has been a trend towards steady increase 
in unit sizes of nuclear plants whereby they would be economically 
competitive with conventional thermal plants, The break-even size of 
nuclear and conventional plants is, however, dependant upon local conditions 
and is particularly sensitive to the economic parameters used in cost 
analysis. Wide variations are therefore expected and a careful examination 
should be made for the specific conditions of the situation under consideration. 

In considering the possibilities of nuclear power integration in the 
Egyptian electric grid system, a comparative study has been made for 
the possible variations in the break-even sizes, for light-water reactor 
plants and oil-fired stations. The light-water reactor system was chosen 
for the purpose of this study solely because more reasonably consistent 
data are at present readily available for light-water than for any other reactor 
system, This choice however should not imply any prejudgement or 
preferance for this particular system, 

The economic comparison between nuclear and conventional thermal 
plants was carried out for the conditions of a manufacturing country and 
under the conditions pertaining to developing countries in which nuclear 
plants may be installed, The main economic parameters which have been 
considered in the analysis are: 

(a) Capital charges on investment costs; 
(b) Fuel oil and nuclear fuel prices and future trends; 
(c) Capital cost variations due to escalation in manufacturing countries; 
(d) Capital cost adjustments for the conditions of developing countries 

according to their level of development. 

Cost data for light-water reactors and oil-fired plants for unit sizes 
ranging from 100-1000 MW(e) were obtained from published literature 
by various authors and IAEA reports [ 2 -4], The capital investment cost 
data obtained were considered to represent the conditions in the manufacturing 
country at the price levels of 1970, Cost adjustments for developing 
countries were based on an estimated increase in costs of 30 and 40o/o [5-7] 
according to the level of development, The differences between the total 
annual charges for capital investment (including fuel inventory), operation 
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FIG. 2. Break-even sizes between nuclear and oil-fired plants (7"/o fixed-charge rate). 
a. Manufacturing countries; b. Developing countries, 30o/o increase (1980 price levels); 
c. Developing countries, 40o/o increase (1980 price levels), 
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and maintenance and insurance, between nuclear and oil-fired plants over 
the unit-size range considered, were calculated from published data. The 
difference between the annual nuclear fuel replacement costs and fuel-oil 
costs was similarly calculated. The net differential annual costs were 
plotted and the break-even sizes were obtained from the corresponding curves 
for the conditions of the manufacturing country and for the two assumed 
adjustments of 30 and 40% for developing countries' conditions. Figure 2 
shows a typical set of curves for a fixed charge-rate of 7% and fuel-oil 
price of 43 ~/106 Btu. 

Break-even sizes were obtained for different interest rates representing 
different conditions of financing corresponding to fixed-charge rates of 5, 7, 
10 and 14%; and for different escalation in prices due to rising costs of 
labour and materials in manufacturing countries as estimated from 
appropriate extrapolated reactor cost index numbers [ 6, 8] for 1975 and 
1980 price levels, as well as for fuel-oil and nuclear fuel prices. The 
results are presented in Table III. 

Although these results are based on published data and estimates 
involving various economic assumptions, they can be taken as a useful 
guide upon which some tentative but nevertheless important conclusions may 



252 EL KOSHAIRY et a!. 

TABLE III. VARIATION OF BREAK-EVEN SIZE BETWEEN NUCLEAR 
AND OIL-FIRED PLANTS 

A. Manufacturing countries 

Fuel prices (e/106 Btu) 

Year Nuclear Oil-fired 

30 
1970 15 35 

40 

36 
1975 17 42 

50 

1980 19 
43 

50 

B. Developing countries 

Fuel prices (t/10
6 

Btu) 

Year Nuclear Oil-fired 

1970 15 

1975 17 

1980 19 

a For 300/o increase. 
b For 400/o increase. 
c FCR =fixed-charge rate. 

30 
35 
40 

36 
42 
50 

43 
50 

fP/o FCRc 

260 

135 
100 

190 
105 
100 

125 
100 

ffl/o FCR 

355a-4oob 

200 -230 

143 -155 

290 -320 
145 -160 
105 -110 

200 -235 
120 -140 

Break-even size (MW(e)) 

7o/o FCR 100/o FCR 14o/o FCR 

435 590 765 
235 380 575 
150 260 435 

315 505 750 
155 315 500 
100 205 340 

255 415 635 

145 255 445 

Break-even size (MW(e)) 

7o/o FCR 100/o FCR 14o/o FCR 

545a-6oob sooa-865b > 1000 
360 -400 580 -645 835a- 9oob 

230 -260 400 -450 650 - 710 

460 -515 700 -790 960 -1000 
265 -315 460 -515 700 - 755 
150 -170 300 -335 505 - 560 

370 -415 560 -630 890 - 960 
215 -245 375 -430 640 - 720 

be drawn. First, the pronounced effect of the financing terms is clearly 
seen by the wide variations of the break-even size with the fixed-charge rate, 
and its particular sensitivity to fuel-oil prices. The recent increase in 
international market oil prices according to the agreements concluded, 
in February and March of this year, between the oil firms and the producing 
countries, will result in an immediate price increase of about 20o/o, and a 
further increase of 3o/o annually until 1975. This increase will have a marked 
effect on the energy costs from conventional plants where the fuel cost 
component of the generating cost is rather high, representing about 70%. 
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From Table III a 20o/o increase in fuel-oil price results in a decrease in the 
break-even size of about 160 MW(e) in favour of the nuclear plants. 
Predictions in nuclear fuel price increase for the period 1970-1980 were 
obtained from published data [ 4]. Secondly, the financing terms are clearly 
seen to affect appreciably the break-even size. A change of the fixed-charge 
rate from 10 to 7o/o results in a marked decrease of the break-even size of 
the order of 150-200 MW(e). 

The above considerations indicate that for developing countries, under 
appropriate conditions and favourable terms of financing, nuclear power 
plants of intermediate unit sizes acceptable in their grid system capacity, 
may economically compete with alternative conventional plants. 

In Egypt, the financing of the main recent electricity generating stations 
has been obtained on rather favourable terms ranging from the special AID 
loan from the United States of America of ~o/o over 40 years for the Cairo 
West power plant, to theloan from the USSR of 2to/o over 12 years after 
commissioning for the High Dam hydro-electric station. For nuclear plants, 
although similar or better terms are expected, an interest rate of 5o/o 
corresponding to a fixed-charge rate of 7o/o, for a nuclear station life of 
25 years, has been used in determining the break-even size. This value 
is the fixed-charge rate generally used in Egypt for the economic analysis 
of conventional stations. 

Fuel-oil prices in Egypt have been established by the Government 
at a uniform price of 7. 5 LEft, which corresponds to about 43 ~/106 Btu. 
This price is considered to be rather conservative to use for 1980, in 
view of higher oil prices anticipated in the future owing to the recent price 
increases. 

Accordingly, for 1975-1980 a fixed-charge rate of 7o/o and a fuel-oil 
price at 43 ¢/106 Btu have been assumed, The corresponding break-even 
sizes of nuclear plants from Table Ill are 265-315 MW(e) for 1975 and 
370-415 MW(e) for 1980. It has therefore been assumed that during this 
period the size range of 300-400 MW(e) could be considered in any economic 
comparison between nuclear and conventional new thermal generating plant 
to be installed during the period up to 1980. 

5. PROSPECTS OF NUCLEAR POWER 

From the previous considerations of the electric power system projected 
future requirements, and the comparative study of the competitiveness of 
nuclear and alternative thermal plants, the long-range prospects of nuclear 
power, as well as the timing and size for the first nuclear power plant, 
have been considered in the light of the following points: 

(a) Anticipated energy and power requirements for electricity demands 
will grow progressively from the year 1980 reaching 65 milliard kWh 
with a corresponding load level of 13 000 MW(e) by the year 2000. Assuming 
full exploitation of the potential hydro energy from the Nile Barrages and 
Qattara depression during this period, the remaining power to be covered 
by new generating thermal plants will be about 7500 MW(e), out of which 
3500 MW(e) have been considered to operate as base-load stations. The 
annual growth of demand is estimated at a rate of 200 MW(e) at the beginning 
of the period and about 500 MW(e) near the end of the same period. 



254 EL KOSHAIRY et a!. 

(b) During the same period, the electric grid system will accept 
unit sizes ranging from 300 MW(e) around 1980 up to 600 MW(e) near the 
year 2000. 

(c) Projections of long-range water requirements have shown that, 
after exploitation of conventional water resources, the remaining water 
deficit to be covered progressively by desalting sea-water from 1980 to 
2000, will amount to about 4-5 milliards m 3 in the year 2000 [ 1]. Additional 
power requirements necessary to produce the heat energy required are 
estimated to be equivalent to about 8000-10 000 MW(e). 

(d) During 1976-1980 there will be a power deficit in the system, under 
assumed low-water conditions, amounting to about 100 MW(e) in 1976 and 
reaching about 500 MW(e) in 1980. 

(e) The economic comparison between nuclear and alternative thermal 
plants, show that at a fixed-charge rate of 7o/o and fuel-oil price of 
43 ¢/106 Btu, which are the conditions assumed to prevail in Egypt, the 
break-even size in this period ranges from 300 to 400 MW(e). 

In the light of the above conditions and considerations, the future 
prospects of nuclear power in Egypt are visualized as follows. 

5, 1. Long-range prospects 

It is anticipated that the period 1980-2000 will be characterized by 
an intensive and expanding program of nuclear power involving electricity 
generating units of 300-600 MW(e) to cover a major part of the previously 
mentioned estimated base-load power deficit of 3500 MW(e). The exact 
timing, choice of size and type of plant to be installed will be governed 
mainly by pure economic considerations, by the commercial availability 
of suitable sizes from manufacturers, and the basic requirement of 
obtaining favourable financing terms. 

For electricity generation only, it is estimated that from five to seven 
nuclear plants in the size range mentioned above could be installed during 
this period. 

Consideration of additional power requirements, to cover the predicted 
water deficit, leads to the possibility and necessity of dual-purpose plants 
for the combined production of electricity and desalted water instead of 
the aforementioned electricity-only plants. Optimized dual-purpose nuclear 
plants are considered to provide the most economical means for meeting 
these requirements. However, since for such plants a water-to-power ratio 
of about 2 MW(e) /MGD1 is required [ 9] and, assuming that about 2 MW(e) 
are needed to produce 1 MGD water [ 10j and that all the previously 
mentioned electricity base-load requirements from thermal plants are 
covered by nuclear stations, the maximum electric power equivalent for 
water production from optimized dual-purpose plants will be 3500 MW(e). 

For these dual-purpose plants, reactor unit sizes would be increased 
to 600-1200 MW(e) equivalent, which will have the added economic 
advantages of the economy of scale resulting in a reduction in both electricity 
and water costs. 

The remaining power requirements for water production of 4500-6500 
MW(e) equivalent will be in excess of the total capacity of optimized dual-

1 
MGD = 10

6 
gal/day. 
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purpose plants, These could be covered by nuclear or conventional single
purpose water-only plants or by the installation of the dual-purpose plants 
with water-to-power ratio much higher than that required for optimization. 

Under such conditions it is visualized that single-purpose nuclear 
water-only plants could play an increasingly important role, Attention 
has been drawn to this fact in another paper submitted to this conference [ 1], 
particularly that similar situations will undoubtedly prevail in 
various other arid developing countries, and hence the necessity for 
concentrated efforts to develop such plants. It should be pointed out that, 
in such cases, the choice of water-only plants will depend on economic 
comparison with either unoptimized dual-purpose plants or conventional 
single-purpose water-only plants, as well as on other factors such as the 
flexibility in overall planning, technical advances etc. 

The promotion of intensive energy consuming industrial projects 
could further improve the overall economics of the UPS by improving the 
conditions of base-load operation with its implications of better utilization 
of nuclear power plants, 

5, 2, First nuclear power project 

For meeting the power deficit of about 500 MW(e) expected to occur 
during 1976-1980, it is considered that a nuclear plant could be introduced 
in the system as a base-load station with a unit size of 300-400 MW(e), 
Such plant could be economically competitive with the conventional thermal 
alternative of smaller unit sizes compatible with the size of 285 MW(e) 
acceptable to the system at that time. The temporary increase incurred 
in the operational cost during the first few years of the UPS, to furnish 
the reserve capacity required to meet the larger unit size of the nuclear 
plant, could be compensated by better financing terms. 

The early installation of the first nuclear power plant around 1978 
is required to introduce necessary experience in nuclear power technology 
and to train engineers, scientists and skilled technicians to meet the 
needs of the expanding long-range nuclear power program in the subsequent 
two decades, The exact size and choice of nuclear plant type will be the 
subject of further detailed studies, 

It is also considered that the inclusion with this plant of a pilot 
desalination unit of 5-10 MGD to provide water for a pilot experimental 
agricultural scheme will be of great advantage for the assessment of the 
future potential use of nuclear desalted water in agriculture. 
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K03JIO.ZJ;yii, 
Hapo.ZJ;HaH Pecny6nHKa EonrapMH 

Abstract-Resume- AHH0'1'81\MH -Resumen 

PROSPECTS FOR NUCLEAR POWER DEVELOPMENT IN THE PEOPLE'S REPUBLIC OF BULGARIA. 
The reserves of orgamc fuel (coal, gas and oil) and hydro power in Bulgaria are lim1ted. To fill the gap 

in 1ts energy balance, Bulgaria will have to concentrate on nuclear power. Construction of the fust Bulgarian 
nuclear power station near the town of Kozlodui on the Danube was begun m 1970. The statwn will have an 
output of 880 MW(e) from two water-moderated reactors each producing 440 MW(e). In 1972 work will begin 
on stepping up the output of the power statwn by another 880 MW(e), making a total output of 1760 MW(e). 
Since the steam condensation system has been designed for a 2000-MW(e) nuclear power station, it Will be 
possible to increase the output still more at some hme in the future. Another nuclear power station with an 
output of 1000 MW(e) is due for construction m 1980. Revision of the preliminary calculations w1ll make it 
possible to increase the station's output to 2000 MW(e). It has not been finally decided, however, on what type 
of reactor further development of this power station system is to be based. The consumption of power in 
Bulgaria by the year 2000 is expected to be approximately 200 billion kW /h. Nuclear sources are expected 
to account for 60"/o of this power. 

PERSPECTIVES DE DEVELOPPEMENT DE LA PRODUCTION D'ENERG!E NUCLEO-ELECTRlQUE EN REPUBLIQUE 
POPULAIRE DE BULGARIE. 

Les reserves de la Republique populaire de Bulgarie de combustibles organiques (houille, gaz, mazout) et 
d'energie hydraullque sont limitees. Pour combler le deficit de sa balance energetique, elle doit recourir a 
!'utilisation de l'energie d'origine nucleaire. La construction de la premiere centrale nucleo-electrique a 
commence en Bulgarie en 1970. Situee aux environs de Kozlodoui, petite v1lle riveraine du Danube, elle 
aura une puissance de 880 MW( e) etsera equipee de deux reacteurs ralentis a l'eau de 440 MW( e) chacun. Des 
1972 on commencera a l'agrandu et sa puissance sera portee a 1760 MW(e). Etant donne que le systeme de 
condensation de la vapeur est prevu pour sahsfaire les besoins d'une statwn de 2000 MW(e) la pu1ssance pourra 
encore t!.tre accrue plus tard. La construction d'une deuxieme centrale nucleaire, d'une puissance de 1000 M\' (e), 
est prevue pour 1980. Une revision des calculs permettra d'en faire passer la puissance a 2000 MW(e). ll n'a 
pas encore ete definitivement decide quelle filiere devrait ~tre adoptee pour le developpement de cette 
centrale. On estime que la consommahon d'energie eiectrique en Bulgarie s'elevera a 20C milliards de kWh 
en !'an 2000 et que plus de 60"/o de cette energie devra l!tre d'origine nucleaire. 

TIEPCTIEKTHBbl PA3BHTH51 51.llEPHOH 3HEPrETHKH HAPO.llHOH PECTIYEJIHKH EOJI
rAPHH. 

3anacLI opraHHl.JecKoro TOWIHBa (yronb, raa, aetJ1Tb) H rH.n.poaaeprHH B EonrapHH orpaaH
t.JeHhi. 'lJT06bi BOCOOJIHHTh ,lleiJHU.,\HT B CBOeM 3HepreTH1-IeCKOM 6aJI8HCe, HSWa CTpaHa ,llOJIJKHa 

COCpe.ztOTQ'tUtTb CBOe BHHMSHHe Ha H.n;epHOH: 3HepreTHKe. CTpOHTellbCTBO nepsoH: 8TOMHO:H: 3JieK

TpOCTaHllHH EonrapHH oKono He6oJibiiiOro npH.llyHaiicKoro ropo.llKa Koano.llyii Ha«anoc• B 1970 ro
ilY· MOIIIHOCTb CTaHllHH COCTaBHT 880 MBT(31I). 0Ha 6y)leT COCTO>ITb H3 .llBYX peaKTOpOB C 
BO.llOii B Ka«eCTBe aaMe)lJIHTeJI>I, KalK.llLiii MOIIIHOCTbll 440 MBT(3JI). B 1972 ro.lly Ha«HeTC>I Hapa
IIIHBaHHe MOIIIHOCTH CTaHQHH e111e Ha 880 MBT(31I) 1 '<TO yBeJIH'<HT ee 06111yD MOIIIHOCTb .llO 
1760 MBT(3n). TiocKO!lbKY CHCTeMa KOH.lleHCallHH napa npe.llyCMOTpeHa .ll!l>l aTOMHoii 3JieKTpo
cTaHllHH MOIIIHOCTbll B 2000 MBT(31I) 1 B 6y.llyllleM B03MOlKHO )la!lbHeiilllee yBeJIH'<eHHe MOIIIHOCTH 
CTaHllHH. B 1980 rO.lly )lOJllKHa 6biTb nOCTpOeHa e111e O)lHa aTOMHa>l 3JieKTp0CTaHllH>I MOII\HOCTbll 
1000 MBT(3n). Hay«eHHe npe.llBapHTeJibHhiX pac«eToB noaBoJIHT yBeJIH'<HTb MOIIIHOCTb cTaHllHH 
.llO 2000 MBT(3n). O.llHaKo e111e He npHH>ITO OKOH«aTeJibHoe pellleHHe OTHOCHTeJibHO THna peaK
Tapa, Ha OCHOBe KOTOpOrO B .ll8JlbHeiimeM ,llOJIZH8 pa3BHB8TbCSJ CHCTeMa 3TOi{ 8TOMHOH 3JieKTpo

CTaHllHH. Tipe)lnOJiaraeTC>I 1 '<TO UOTpe6JieHHe 3JleKTp03HeprHH B EonrapHH K 2000 ro)ly COCTaBHT 
npHMepHO 200 6H1IJIHOHOB KBT-q. OlKH.llaeTc>l, '<TO 60o/o 3Toii 3HeprHH 6y.lleT nocTynaTb H3 >l.llep
Horo HCTOqHHKa. 
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PERSPECTIVAS DE DESARROLLO DE LA ELECTRICIDAD NUCLEAR EN LA REPUBLICA POPULAR DE BULGARIA. 
Las reservas de combustible orglmico (hulla, gas y petroleo) y de energia hidroelectrica en Bulgaria son 

Iimitadas. A fin de colmar esta laguna de su inventario energetico, Bulgaria tendra que concentrarse en la 
energia nucleoelectrica. En 1970 se empezo a construir la primera central nuclear del pais cerca de la ciudad 
de Kozlodui, a orillas del Danubio. Tendra una capacidad de 880 MW(e) y constara de dos reactores moderados 
con agua, de 440 MW(e) cada uno. En 1972 empezara a incrementarse su potencia en otros 880 MW(e). con 
Io que la capacidad total sera de 1760 MW(e), Como el sistema de condensacion de vapor ha sido disefiado 
para una central nuclear de 2000 MW(e), en lo sucesivo sera posible aumentar todavia mas la potencia. En 
1980 empezara a construirse otra central nuclear de 1000 MW(e) de capacidad. Una revision de los calculos 
preliminares permitira aumentar su capacidad hasta 2000 MW(e). Nose ha decidido todavia que tipo de 
reactor se utihzara para el ulterior desarrollo de esta central. Se calcula que el consumo de electricidad en 
Bulgaria en el afio 2000 sera de unos 200 mil millones de kW/h. Se confia en que el 60"7o de esta electricidad 
sea de origen nuclear. 

B KOHI..Ie 1944 ro~a 06111aH MOI!IHOCTb 3JieKTpOCTaHQMH Hapo~HOH Pecny6-
JIHKH EonrapHH (HPE) COCTaBJIHJia 130,5 MBT(3JI), T. e. Ha ~ymy HaceJieHMH 
npHXO~HJIOCb JIHIIIb 45 KBT-'1, K 31 ~eKa6pH 1970 ro~a ycTaHOBJieHHaH MOI!I
HOCTb 3JieKTpocTaHI..IMH B HPE ~ocTHrJia 4073 MBT(3n), a B!:>Ipa6oTKa 3JieKTpo-

3HeprHM - 19,5 MJip~. KBT-'1 7 T, e. 2 213 KBT-'1 Ha ~ymy HaCeJieHV!H. 3a nocJie~
HV!e 15 neT B!:>Ipa6oTKa 3JieKTp03HeprHH B HPE y~BaHBaJiacb npHMepHO 3a 
4,5 ro~a ( MJIH co cpe~HHM ro~OBI:>IM npHpOcToM - o~ono 16o/o), B HPE coc

TaBJieH npOrH03 pa3BHTMH 3HepreTHKH C y<~eTOM B03MO)I(Hb!X nyTeif H 6y~y
I!IMX H3MeHeHMH B CTpyKType TOITJIHBH0-3HepreTH'IeCKOrO X03HHCTBa CTpa-

Hbl Ha nepHo~ ~o 2000 ro~a. ITpe~BapHTeJibHI:>Ie MaTepHaJI~:>I nporH03a CBH
~eTeJibCTB}'IOT 0 Henpepb!BHOM pOCTe ITOTpe6JieHMH 3JieKTp03HeprHH ~0 2000 
ro~a, KaK 3TO noKa3aHo B Ta6n.I. 

IToTpe6JieHHe 3JieKTp03HeprHH Ha ~ymy HaCeJieHHH OT 6400 KBT-'1 B 1980 

ro~y ITOBb!CMTCH K 2000 ro~y ~0 17 000-19 000 KBT-'1. B COOTBeTCTBHH C 
O)KH~aeMbiM pOCTOM ITOTpe6JieHMH 3JieKTp03HeprHH ee Bbipa60TKa ~OJI)I(Ha 
yBeJIH'IHTbCH npH6JIH3MTeJibHO OT 54MJip~.KBT-'I B 1980 ro~y ~0 110-
120 MJip~, KBT-'1 B 1990 ro~y H ~0 200 MJip~, KBT-'1 B 2000 ro~y, 

B uenHx o6ecne'!eHHH npoH3BO~CTBa TaKoro KOJIH'IeCTBa 3JieKTp03Hep
rHH ycTaHOBJieHH!:>Ie 3JieKTp03HepreTH'IeCKHe npOH3BO~CTBeHHbie MOI!IHOCTH 
~OJI)KHI:>I 61:>ITb yBeJIH'IeHI:>I npH6JIH3HTeJibHO oT 11 000 MBT B 1980 ro~y ~o 

40 000 MBT B 2000 ro~y. ITpH pa3pa6oTKe nporHo3a pa3BHTHH 3HepreTHKH 
OC060e BHHMaHHe 61:>IJIO y~eJieHO BOITpocy 06 ycTaHOBJieHHH ::mepreTH'IeCKMX 
peCypCOB, KOTOp!:>Ie ~OJI)I(Hbl y~OBJieTBOpHTb ITOTpe6HOCTHM npOH3BO~CTBa 
3JieKTp03HeprHH, 

HPE He pacnonaraeT B ~ocTaTO'IHOM KOJIH'IeCTBe co6cTBeHHI:>IMH 3Hepro
HCTO'IHHKaMH- OKOJIO 140T ycJIOBHOrO TOITJIHBa Ha ~YIIIY HaCeJieHHH, T,e, 
MeHbiiie, 'leM 1/10 cpe~HHX pecypCOB MMpa, J13 3THX MCTO'IHHKOB MO)KHO 

T AEJIHUA I. .UAHHbiE ITPE.UBAPHTEJibHOrO ITPOrH03A 

,llaHHiole nporHoaa 1960 r 1970 r 1980 r 1990 r 2000 r 

IToTpe6HOCTH B aJieKTpo:meprHH, 
M!lp.ll.KBT-'1 4,6 19,1 55-60 110-120 -200 

ITpHpocT aa 10neT, M!lp.ll.KBT-'1 3,2 14,5 36-40 50-60 80-100 

Cpe.llHero.llOBOi< poeT, o/o 18,9 15,3 1,2-11,6 6,4-6,7 5-5,7 
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nOJIY'HITb npiiMepHO 35-36 MJip,ll, KBT-q 3JieKTp03Hepriiii, 0CHOBHall qacTh 

OTKpl>IBaiOIUIIXCll B 6y.llyiUeM opraHIIqecKIIX 3HepreTIIqecKIIX pecypCOB B Ha

meiJ: cTpaHe noil:.z~eT Ha y.liOBJieTBopeHMe noTpe6HocTeil: .z~pyriix oTpacneil: 3Ko

HOMMKII. 

,llJill HYJK.ll ,lleHCTBYIOII.\IIX B HaCTOlllUIIH MOMeHT M HaMeqeHHl>IX K CTpOII

TeJibCTBY ,!10 198 0 ro,lla TenJI03JieKTpi1qecKIIX CTaHUMH 6y.llyT IICnOJib30BaH:hl 

noqTII BCe M3BeCTHl>Ie, 6oJiee IIJIII MeHee 3<lJ<lJeKTIIBHl>Ie BII,lll>I MeCTHOrO yr

JIJI, 

ll3 opraHMqecKoro TOnJIIIBa 6y.lleT IICnOJib30BaHO npeiiMyiUeCTBeHHO JKII,li

KOe II ra3006pa3HOe TOnJIMBO ,liJill ra30Typ6IIHHl>IX arperaTOB II ,liJill Henocpe,llcT

BeHHOrO npeo6pa30BaHIIll TOnJIIIBa B 3JleKTp03Hepri1IO nyTeM MarHIITHO-rii,llpO

,liMHaMIIqecKOrO MeTO,lla, 

rii,llp03HepreTMqecKIIe pecypcl>! CTpaH:hl 1 HeCMOTpll Ha IIX orpaHIIqeHHOe 

KOJIIIqecTBO, TOJKe B ,llaJibHeiJ:weM 3aiJ:MyT CBOe MeCTO B noKpl>ITIIII 3HepreTII

qecKoro 6anaHca. MaKcMMaJihHoe 3KOHOMMqecKII Bl>IrO.liHOe II uenecoo6pa-

3Hoe KOJIIIqecTBO 3Hepri1M 1 KOTOpoe MOJKeT 6:h!Tb noJiyqeHO Ha 6a3e 3TMX 

pecypCOB (BKJIIOqaJI p. )lyHaiJ:), COCTaBJilleT npMMepHO 14 MJip,ll, KBT-q/r 3JleKT

p03Hepri1II, K 1980 ro,lly rii,llp03JieKTpOcTaHUIIII( r3C) 6y.llyT Bl>!pa6aT:hiBaTb 

5-6 MJip,ll. KBT-q, a OCTaJibH:hle MOIUHOCTII 6y.llyT OCBOeHl>! ,!10 2000 ro,lla, 06-

IUall MOII.\HOCTb r3C K 2000 ro,lly B03pacTeT npi16JIM3IITeJibHO ,!10 4000 MET II 

6y,lleT y.liOBJieTBOpliTb JIIIllib 5o/o 0611.\IIX nOTpe6HOCTeiJ:, 

Ha,110 no.z~qepKHYTh, qTO r3C, HaMeqeHHl>Ie K CTpOIITeJibCTBY, B oco6eH

HOCTII nocJie 1980 ro,lla 1 Tpe6yiOT KpynHl>IX KaniiTaJIOBJIOJKeHIIH 1 II no 3TOH npii

qiiHe OHM 6y.llyT COopyJKaThCll no Mepe He06XO,liiiMOCTII, 

KaK 61>IJIO no.z~qepKHyTo Bl>Ime, HPE He pacnonaraeT .z~ocTaToqH:hiM KOJIII

qecTBOM KJiaCCIIqecKIIX 3HepreTIIqecKIIX pecypCOB, II 3TOT ,lle<lJIIUIIT Ml>I 6y

,lleM BOCCTaHaBJIIIBaTb 3a cqeT IIMnOpTa 3JieKTp03Hepriiii, B TO JKe BpeMll 

Ha OCHOBaHMM HayqHo-TeXHMqeCKIIX II 3KOHOMIIqecKMX IICCJie,liOBaHIIH II pa3-

pa60TOK CTaHOBIITCll BCe 6oJiee oqeBII,liHl>IM 1 qTO C TOqKII 3peHIIll 3KOHOMII-

KII He<lJTb M npiipO,liHl>IH ra3 Jiyqme IICnOJib30BaTb He ,liJill ,li06l>Jqii 3JleKTpo-

3HeprMM, a B KaqeCTBe Cl>!pbll B pa3JIMqHl>JX OTpaCJiliX Xl!MIIqecKOH npOMl>!

lliJieHHOCTII, Heo6XO,!IIIMO TaKJKe yqiiTl>!BaTb M nporH03l>I KOH'l>IOHKTYPl>I UeH 

Ha MIIpOBOM pl>IHKe, a TaKJKe B03MOJKHl>!e Tpy.!IHOCTII 1 IIMeiOIUIIe MeCTO npii 

IIMnOpTe JKII,liKOrO TOnJIIIBa M ra3a, B CBli3II C 3TIIM Ha,!IO npeJK,lle BCero 

CTpeMIITbCll K IIX 3KOHOMHOMY II 3<lJ<lJeKTIIBHOMy IICnOJib30BaHIIIO, 0TCIO,lla 

CJie,llyeT, qTO TIIn II TOnJIMBHYIO 6a3y 3JieKTpOCTaHUIIH, HaMeqaeMl>!X K CTpOII

TeJibCTBY B 6y.llyiUeM, He06XO,liiiMO onpe,lleJiliTb C yqeTOM IIX 3<lJ<lJeKTMBHOCTII 1 

a TaKJKe B03MOJKHOCTeiJ: nOCTaBKII IIMnOpTHl>IX 3HepropecypCOB, 3aBIICIIMOCTb 

npoi13BO.liCTBa 3JieKTp03Hepri1II B HPE OT MMnopTHl>IX pecypcoB II orpaHMqeH

HOCTb KJiaCCIIqeCKMX HaUIIOHaJihHl>IX MCTOqHMKOB Tpe6yeT pa3BMTIIll B EoJira

piiii ll,llepHOH 3HepreTIIKII, 3 TO liBJilleTCll OCHOBHl>IM Bl>IBO,!IOM, KOTOpl>IH 6l>!JI 

C,lleJiaH y HaC Ha OCHOBaHIIM npOrH03a pa3BMTM.sl 3HepreTIIKM Ha nepiiO,ll ,!10 

2000 ro.z~a. 

PyKOBO,liCTBYliCb 3TIIM Bl>IBO,!IOM, Hama CTpaHa OKa3:hiBaeT nOJIHYIO no,ll

,llepJKKy pa6oTaM no Bl>InOJIHeHIIIO nporpaMMl>I CTPOIITeJibCTBa aTOMHl>IX ::JJieKT

pocTaHUIIii He TOJlbKO B HaCTOliiUeii, VI-oil: nliTIIJieTKe, HO II B TeqeHIIe ,liOJiro

cpoqHorO nJiaHa pa3BIITIIll cTpaHl>! ,110 2000 ro.z~a. 

Ha nepiiO.ll 1971-1980 rr. B HPE HaMeqaiOTcll K cTpOIITeJibCTBY aTOMHl>!e 

3JieKTpOCTaHUIIM o6meif MOII.\HOCTbiO npiiMepHO 2800 MET(3JI), Tio BCeil: Bepo

liTHOCTII, Ha OCHOBaHIIII ,liOnOJIHIITeJibHOH nepeoueHKII 3Ta UII<!Jpa 6y,11eT CKOp

peKTMpOBaHa .z~o 3800 MBT(3JI). ,lloJIH npMpocTa Bl>Ipa6oTKII 3JieKTp03HepriiM 
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H,ll;epHOrO llpOHCXO)J(,ll;eHHH Ha rrepHO,ll; 1976-1980rr. 6y,11;eT COCTaBJIHTb He 

MeHee 50o/o o6111ero rrpnpocTa. 

MDI cqnTaeM, qTo pa3BHTHe H,ll;epHo:H 3HepreTHKH ,11;0 1980 ro,11;a ,ll;OJI)J(HO 

CllOC06CTBOBaTh C03,ll;aHHID 6a3b! ,ll;JIH HaKOrrJieHHH Ollb!Ta B CBH3H C ee IIIHpo

KHM pa3BHTHeM B ,ll;aJibHeHIIIeM, 

IlyTeM llOCJie,ll;OBaTeJibHOrO rrpoBe,ll;eHHH JIHHHH CHCTeMaTHqecKOrO coopy

)J(eHHH aTOMHb!X 3JieKTpOCTaH!.IHH HX 06111aH M0111HOCTb K 1990 ro,ll;y B03pac-

TeT rrpnMepHo ,11;0 8000 MBT(3JI). B rrepno,11; 1990-2000 rr. ,ll;OJIH H,ll;epHo:H 3Hep

reTHKH B 06111eM rrpHpOCTe 3JieKTp03HepreTHqecKHX MOII1HOCTeH 6y,11;eT COC

TaBJIHTb 75-85%. B TOT )J(e rrepHO,ll; aTOMHble 3JieKTpOCTaH!.IHH 6y,11;yT Bi>Ipa-

6aTI>IBaTb 60-65% 06111ero KOJIHqecTBa 3JieKTP03HeprHH. 

IlporpaMMa pa3BHTHH H,ll;epHo:H 3HepreTHKH B HPE ,11;0 1980 ro,11;a ocHOBLI

BaeTCH Ha aTOMHI>IX 3JieKTpOCTaH!.1HHX C peaKTOpaMH Ha TellJIOBb!X HeHTpOHaX, 

BO,ll;O-BO,ll;HHI>IX peaKTOpax C KOprrycaMH llO,ll; ,ll;aBJieHHeM, llOCKOJibKY Ha cero,ll;

HHIIIHeM 3Talle OHH HBJIHIDTCH B TeXHHqecKOM OTHOIIIeHHH llOJIHOCTbiD OCBOeHHbl

MH H orrpo6oBaHHb!MH B 3KCllJiyaTal\HOHHb!X yCJIOBHHX. YqHTI>IBaH MHpOBOH 

TexHnqecKHH rrporpecc, MDI cqnTaeM, qTo rrocne 1980 ro,11a MO)J(HO 6y,11;eT pac

rronaraTb aTOMHb!MH 3JieKTpOCTaH!.1HHMH C peaKTOpaMH Ha 6i>ICTpi>!X He:ifTpO

HaX, KOTOpi>Ie 6y,ll;yT orrpo6oBaHbl B 3KCllJiyaTa!.IHOHHb!X ycJIOBHHX, B 6oJiee 

OT,ll;aJieHHOH rrepcrreKTHBe pa3BHTHe Haiiie:if H,ll;epHOH 3HepreTHKH 6y,11;eT ocy

!11eCTBJIHTbCH rrpeHMyll1eCTBeHHO Ha 6a3e peaKTOpOB Ha 6i>ICTpb!X HeHTpOHaX, 

IlporpaMMa pa3BHTHH H,ll;epHOH 3HepreTHKH B Haiiiei:f CTpaHe y)J(e BhlllOJI

HHeTCH, Bo BTOpOM KBapTaJie 1970 ro,ll;a B ceBepo-3alla,ll;HOH EOJirapHH, r,ll;e 

He xBaTaeT 3JieKTpnqecKoi1 3HeprHH, Haqanocb cTpOHTeJibCTBO rrepBoi1 B HPE 

aTOMHOH 3JieKTpocTaH!.1HH. 06opy.liOBaHHe cTaH!.IHH rrocTaBJIHeTCH H3 CoBeT

cKoro Coro3a. MOII1HOCTb cTaH!.IHH 6y,11;eT 880 MBT(3JI), Ha cTaH!.IHH CMOHTH

poBaHo ,ll;Ba BO,ll;O-BO,ll;HHhiX peaKTopa c KoprrycaMH rro,11; ,ll;aBJieHHeM (Tnrra BB3P-

440), Ka)J(,ll;LIH M0111HOCTbro rro 440 MBT(3JI). Ha Ka)J(,!IOM peaKTope ycTaHoB

JieHo rro ,!IBe Typ6oreHepaTopHLIX rpyrrrrLI M0111HOCTbro rro 220 MBT. )lJIH oxJia)J(

.neHHH KOH,!IeHcaTa Typ6HH 6y.nyT HCIIOJib30BaHI>I BO,!Ibl p .,llyHaH. IlycK rrepBOrO 

peaKTOpa B 3KcrrnyaTa!.IHroHaMeqaeTcH B 1974 ro,11;y, a BToporo- B 1975 ro.ny. 

B 1972 ro.ny HaqHyTcH pa6oTDirro paciiiHpeHnrocTaHuHH e111e Ha 880 MBT (3JI). 

TaKHM o6pa3oM, ee o6111aH MOII1HOCTb .nocTHrHeT 17 60 MBT. 

CTpOHTeJibCTBO rrepBOH 6oJirapCKOH aTOMHOH CTaH!.IHH OCyll1eCTBJIHeTCH 

COBMeCTHb!MH ycHJIHHMH Hall!HX H COBeTCKHX crreuHaJIHCTOB, B COOTBeTCT

BHH C ycJIOBHHMH KOHTpaKTa 0 llOCTaBKe CTaHL\HH, HailiH Cllel\HaJIHCTbl llpH

HHMaiDT yqaCTHe B rrpOeKTHpOBaHHH, CTpOHTeJibCTBe, MOHTa)J(e H HaJia,!IKe. 

HaiiiH rrpoeKTHpOBII1HKH yqacTBYRJT qacTnqHo B pa3pa6oTKe reHepaJibHoro 

rrJiaHa rnaBHoro Koprryca. 0HH rroJIHOCTbro rrpoeKTHpyiDT: rn.npoTeXHHqecKHe 

Coopy)J(eHHH, llpHCTaHb Ha p, .JlyHai:f, BCllOMOraTeJibHb!H KOprryc C MaCTepCKH

MH H Jia6opaTopHHMH CTaH!.IHH, OTKpb!TOe 3JieKTpOpacrrpe,ll;eJIHTeJibHOe ycTpo:if

CTBO, !.leX XHMBO,ll;QOqHCTKH H HeKOTOpi>Ie ,ll;pyrHe BCllOMOraTeJibHI>Ie COOpy)J(e

HHH. Bee H3b!cKaTeJibCKHe pa6oTDI (reonornqecKne, rH,ll;poreonornqecKHe 11 

,ll;p,) BhlllOJIHeHbl HailiHMH Clle!.IHaJIHCTaMH, 

CTpOHTeJibHLie pa6oTLI ocy!l1eCTBJIHIDTCH 6onrapcKHMH cTpOHTeJIHMH rrpH 

KOHCyJibTal\HH, ,ll;JIH OC06b!X BH,ll;OB CTpOHTeJibHb!X pa60T, C COBeTCKHMH crre

!.IHaJIHCTaMH, IlpoeKT opraHH3a!.IHH CTpOHTeJibCTBa TaK)J(e pa3pa6aTb!BaeTCH 

y HaC, CJie,ll;yeT OTMeTHTb 7 qTo B03Be,!leHHe rJiaBHOrO KOprryca CTaH!.IHH ( Ma

IIIHHHb!H 3aJI H peaKTOpHOe OT,ll;eJieHHe) BhlllOJIHHeTCH MeTO,ll;OM 11 CKOJ!b3H-

111ei1 OllaJiy6KH 11
, IlpH llOM0111H 3TOrO MeTO,ll;a 3HaqHTeJibHO COKpall1aroTCH cpo

KH BblllOJIHeHHH 60Jibiii ei:f qacTH OCHOBHbiX CTpOHTeJibHb!X pa6oT, MaiiiHHHb!H 

3aJI 6y,!leT IIOCTpOeH 3a qeTb!pe 3Tarra (.!IJIHTeJibHOCTb Ka)J(,!IOrO 3Tarra -
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24 cyToK), a peaKTOpHDIH 3aJI - 3a ,liBa 3Tana. KaK BH.liHO, cTpOHTeJibCTBO 

HaDieH nepBOH aTOMHOH CTaH!.IJiH ocy~eCTBJI.HeTC.H Ha COBpeMeHHOM TeXHH

-qecKOM ypOBHe, npH B:b!COKOH CTeneHH MexaHH3al.IHH. B HaCTO.H~HH MOMeHT' 

Ha CTpOHKe HCnOJih3yeTC.H 20 KpaHOB pa3JIH'lHOrO THna, 18 3KCKaBaTOpOB, 

55 6yJib,li03epOB H CKpenepoB, COTHH aBTOCaMOCBaJIOB, p.H,ll aBTOMaTH'leCKHX 

6eTOHH:b!X l.leHTpOB, 6eTOHHI>IX HaCOCOB H .llpyrHX MexaHH3MOB. J1HepTH:ble 

MaTepHaJII>I ,li06I>IBa!OTC.H H3 p, ,UyHaif, npHlleM ,liJI.H 3TOH l.leJIH Ha peKe nOCT

poeHa cnel.IHaJibHa.H npHCTaHh H MOe'lHO -cOpTHpOBO'lHa.H ycTaHOBKa. 060-

py.lloBaHHe cTaHl.IHH H3 CCCP 6y.z~eT TpaHcnopTHpoBaThC.H no p • .UyHaii. B 
CB.H3H C 3THM B 6JIHJKaifmee BpeM.H 6y.z~eT 3aKOH'leHO CTpOHTeJibCTBO HCKyCCT

BeHHOrO JIHMaHa C 3CTaKa,ZI;OH, Ha KOTOpOH 6y.D;eT ycTaHOBJieH 275-TOHHI>IH 

MOCTOBOH KpaH .D;JI.H pa3rpy3KH T.HJKeJioro H KpynHOra6apHTHOrO o6opy.D;oBa

HH.H. .IJ:JI.H 6oJiee JierKHX 3JieMeHTOB 3CTaKa.D;a o6opy.z~yeTC.H TaKJKe 32-TOH

HI>IM KpaHOM • Tio CBOHM B03MOJKHOCT.HM pa3rpy3KH e,liHHH'lHI>IX T.HJKeJI:b!X rpy-

30B rrpHcTaHh aTOMHOH 3JieKTpocTaHl.IHH 3aHHMaeT nepBoe MecTo B EonrapHH. 

B l.leJI.HX HCnOJib30BaHH.H BO,ZI;I>I p. ,UyHaH ,liJI.H KOH,lleHCal.IHH napa 3a Typ6H

HaMH coopyJKaeTC.H 6-KHJIOMeTpOBI>IH ,ZI;BOHHOH KaHaJI(,liJI.H XOJIO.D;HOH H TenJIOH 

BO.ll:b!) MaKCHMaJibHOH rrponyCKHOH cnoco6HOCTb!O ,!10 120 M 3/ceK. 

KaK 6I>IJIO OTMe'leHO, OCHOBHOe o6opy.liOBaHHe nOCTaBJI.HeTC.H H3 COBeT

CKOrO Coro3a, a 'laCTb BCnOMOraTeJibHOrO o6opy.liOBaHH.H H3rOTOBJI.HeTC.H B 

EonrapHH. B npo1.1ecce CTpOHTeJihCTBa 6y.z~y~HX aTOMHDIX 3JieKTpocTaHl.IHH 

,liOJI.H H3rOTOBJI.HeMOrO B Hameif CTpaHe o6opy.liOBaHH.H 6y,lleT Herrpep:b!BHO yBe

JIH'lHBaTbC.H. 

PacmHpeHHa.H rrporpaMMa pa3BHTH.H .H,llepHOH 3HepreTHKH OCTpO CTaBHT 

BOnpOC H 0 no,llrOTOBKe He06XO,liHMI>IX Cllel.IHaJIHCTOB, B cnel.IHaJibHOH npo

rpaMMe no,llrOTOBKH Ka,llpOB npe.z~ycMaTpHBaeTC.H HeCKOJibKO !popM o6y'leHH.H, 

3Ha'lHTeJibHa.H 'laCTb HaDIHX nepBOOllepe,liH:b!X HyJK.ll B Ka,llpax 6y,lleT y.z~o

BJieTBOp.HTbC.H 3a C'leT ,liOnOJIHHTeJibHOH cnel.IHaJIH3al.IHH B 06JiaCTH .H,llepHOH 

3HepreTHKH cnel.IHaJIHCTOB C nO,liXO,li.H~HM B:b!CDIHM o6pa30BaHHeM. 3Ta cne

l.IHaJIH3al.IH.H Ha'lHHaeTC.H Ha 4-MeC.H'lHI>IX Kypcax C 5-ro y-qe6HI>!MH npe,liMe

TaMH: !pH3HKa .H,llepHI>IX peaKTopoB, KOHCTPYKLIH.H H TexHoJiorH.H .H,llepHDixpeaK

TopoB, ynpaBJieHHe .H,llepHI>IMH peaKTOpaMH, ,li03HMeTpH.H H 3JieKTpOnHTaHHe. 

06y'leHHe 6y,lleT COIIpOBOJK,llaTbC.H COOTBeTCTByiO~HMH ynpaJKHeHH.HMH H npaK

THKOH Ha HameM HCCJie,liOBaTeJibCKOM aTOMHOM peaKTOpe. B Ka'leCTBe CJie

.llyiO~ero 3Tana o6y'leHH.H npe.z~ycMaTpHBaeTc.H rrpoBe,lleHHe B Te'leHHH npH

MepHo 5 MeC.Hl.leB TeopeTH'leCKOH H npaKTH'leCKOH no,llrOTOBKH Ha HoBOBOpo

HeJKCKOH aTOMHOH 3JieKTpOcTaHl.IHH B CCCP, r .z~e HMe!OTC.H peaKTOpi>I Toro JKe 

THna. 

Hap.H.lly C 3THM H,lleT no,llrOTOBKa cnel.IHaJIHCTOB H B BI>ICDIHX y-qe6HI>IX 3a

Be,lleHH.HX. B 6onrapcKHX BI>ICDIHX y-qe6HI>IX 3aBe,lleHH.HX ceifqac !popMHpyiOT

c.H HOBI>Ie rrpo!pHJIH, r.z~e Ha 6a3e no.z~xo,li.H~eii o6~eii cnel.IHaJibHOCTH (Hanp. 

TenJI03HepreTHKa, 3JieKTpOHHKa, !pH3HKa) B KOH!.Ie o6y'leHH.H CTy.lleHT nony

-qaeT COOTBeTCTBYIO~yiO cnel.IHaJIH3al.IHIO, KaJK,lii>IH ro,ll Orrpe,lleJieHHOe llHCJIO 

MOJIO,lii>IX JIIO,lleH HanpaBJI.HeTC.H B 3apy6eJKH:ble yqe6H:ble 3aBe,lleHH.H B COOTBeT

CTBHH C Haill eif nporpaMMOH • 

,UJI.H nO,llrOTOBKH cnel.IHaJIHCTOB npe.z~ycMaTpHBa!OTC.H H ,liOJirocpO'lHI>Ie KO

MaH,liHpOBKH 3a rpaHHLIY• l.JaCTb 3THX KOMaH,liHpOBOK npe,liOCTaBJI.HeTC.H Ha

meif CTpaHe B BH,lle CTHneH,liHH MeJK,llyHapO.liHI>IM areHTCTBOM no aTOMHOH 

3HeprHH. M1>1 6y.z~eM 6naro.z~apHI>I MeJK.llyHapo,liHoMy areHTCTBY no aTOMHOH 

3HeprHH, eCJIH 'lHCJIO CTHneH,liHH 6y.z~eT yBeJIH'leHO. 

Ka,I~pi>I co cpe.liHHM TeXHH'leCKHM o6pa3oBaHHeM no.z~roTaBJIHBaiOTC.H B 

TeXHHKyMaX C 4-neTHHM KypCOM o6y'leHH.H. 3.z~ecb TaKJKe npHMeH.HeTC.H 
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CMCTeMa ,liOnOJJHMTeJJbHOH cnel.IMaJJM3al.IMM Ha 6a3e nO,liXO,ll51!11eH OCHOBHOH 

cnel.IMaJJbHOCTM, 

EoJJbiiiOe 3Ha'leHMe B no.z~roTOBKe cnel.IMaJJMCTOB ,!IJJH sKcnnyaTal.IMM cTaH

l.IMM MMeeT MX Henocpe,liCTBeHHOe y'laCTMe B CTpOMTeJJbCTBe M MOHTa)Ke aTOM

HOH CTaHl.IMM, IJo 3TOH npM'IHHe y)Ke ce:H:qac OHH Ha3Ha'laiOTC51 Ha pa6oTy, 

no OKOH'IaHMM nepBOHa'laJJbHOH cnel.IMaJJM3al.IMM npMXO,li5IT Ha CTpOHKY H aKTMB

HO BKJJIO'IaiOTC51 B pa6oTy no BbinOJJHeHMIO CTpOMTeJJbHMX onepal.IMH, 

B 1944 ro.z~y EonrapMH 3aHMMaJJa O,!IHO M3 nocJJe,liHMX MeeT B MMpe no 

Bbipa60TKe 3JleKTP03HeprMH Ha .LIYIIIY HaceJJeHM51, 3a 26 JJeT, B pe3yJJbTaTe 

ycKopeHHOrO 3KOHOMM'IeCKOrO M Hay'IHO-TeXHM'IeCKOrO pa3BHTM51 1 K 1970ro

.LIY OHa y)Ke ,liOCTMrJJa ypOBH51 MHOrMX .llpyrMX npOMMIIIJJeHHO pa3BMTbiX CTpaH 

MMpa. Mbi Ha,lleeMC51 1 'ITO, ocymeCTBHB 3Ty 60JJbiiiYIO ,!1Jl51 HaiiiMX ycJJOBMH 

nporpaMMy pa3BMTM51 H,llepHo:H: sHepreTMKM, K 2000 ro.z~y EonrapMH cTaHeT 

O,!IHOH M3 Be,lly1J1MX CTpaH MHpa no npOM3BO,liCTBY 3JJeKTp03HeprMM Ha .LIYIIIY 

HaceJJeHMH. 
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Abstract-Resume-AHHOTilQMli-Resumen 

FUNDAMENTAL ECONOMIC AND NATIONAL ENERGY BALANCE UNDERLYING FUTURE DEVELOPMENT OF 
NUCLEAR POWER IN POLAND. 

Poland possesses large and favourably deposited resources of hard and brown coal and, with her present 
production of hard coal occupies fifth place in the world as a coal mining country, and as an exporting country, 
the third place. Cheap coal resources JUStify a delay in developing the nuclear power in comparison with 
countries with a deficiency of conventional fuels. However, the high rate of industrial development in the 
steel, copper, sulphur, machine, chemical and textile industries, means a considerable increase of power 
demand which, in the near future, will not be possible to cover even by the growing coal production. If the 
rate of increase of the total power demand is to be maintained until the end of the century and beyond at the 
level of 2. 2 each 20 years, the rich Polish coal deposits would only last until the year 2070. The above 
premises and the unavoidable barriers connected with both site planning and obtaming the manpower for under
ground works, limit the increase of coal mining in Poland to 205 x 106 t in 1985 and 310 x 106 t in 2000, 
Forecasts of complex power balances up to the year 2000, taking into account the above-mentioned circum
stances, indicate the necessity to develop nuclear power during the last 20 years of this century at an average 
rate of 1000 MW installed per annum, Thus, the capacity of nuclear power plants in 2000 could amount to 
20 000 MW, which would constitute 20o/o of the total capacity installed in the Polish power industry and a 30o/o 
contribution in the total energy production. The competitivity of nuclear power plants in comparison with 
thermal ones with coal combustion are essential for the development of nuclear power. A preliminary analysis 
indicates that, by 1980, when the first nuclear power plant is to be started, such a competitiv1ty can only be 
afforded by power plants equipped with large power reactors ensuring a high availability, Therefore, the 
applicatwn of pressurized-water reactors (PWR) rated at 1000 MW(e) is foreseen for the first nuclear electric 
power plant. The 400-kV supergrid allows, without any difficulty, the integration of blocks of th1s capacity. 
At the next stage, based on the fuel cycle, a proportwnal development of electric power plants equipped with 
fast-breeder reactors and thermal reactors should follow. 

FAITS ECONOMIQUES ESSENTIELS ET BILAN ENERGETIQUE NATIONAL A LA BASE DU DEVELOPPEMENT 
FUTUR DE L'UTILISATION DE L'ENERGIE NUCLEAIRE EN POLOGNE, 

La Pologne possede de grandes reserves de charbon favorablement situees et occupe de par sa production 
actuelle la cinquieme place dans le monde parmi les pays minters et, de par ses exportations, Ia troisieme place 
dans le monde, Ces ressources en charbon bon marche justifient un certain retard dans le cteveloppement des 
centrales nucleo-electriques en Pologne par rapport aux pays manquant de combustibles conventionnels. 
Cependant, Ia rapidite du developpement industriel dans les domaines de l'acier, du cuivre, du soufre, des 
machines, des industries chimiques et textiles, entra1ne une augmentation considerable de la demande 
energetique qu'il ne sera plus possible, dans un avenir proche, de couvrir par une augmentation de Ia production 
de charbon, Si Ia demande energetique augmente JUSqu'a Ia fin du siecle et au-dela au mi!me rythme de 
2, 2 pour 20 ans, les reserves de charbon polonais ne suffiront que jusqu'en 2070. Ces premisses, amsi que 
les difficultes ineV!tables liees au planning des sites eta !'obtention de main-d'reuvre pour les travaux 
souterrains, limitent !'augmentation de Ia production des mines de charbon en Pologne a 205 millions de tonnes 
en 1985 et 310 millions en l'an 2000. Les previsions concernant l'equilibre des complexes energetiques du 
pays au-dela de l'an 2000, compte tenu de ces circonstances, font ressortir Ia necessite d'un developpement de 
l'industrie nucleo-electrique durant les 20 dernieres annees du steele a une vitesse moyenne de 1000 MW 
installes par an. Ainsi Ia capacite nucleaire installee en !'an 2000 s'eieverait a 20000MW, ce qui representerait 
20o/o de la capacite totale installee et une contribution de 30o/o dans Ia production totale d'energ1e, La 
competitivite des centrales nucleaires par rapport aux centrales thermiques a combustion de charbon est 
naturellement essentielle pour le developpement de l'industrie nucleo-electrique, Une analyse prelimmaire 
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indique qu'en 1980, quand Ia premiere installation nucleaire sera mise en service, Ia competitivite pourra 
seulement ~tre assuree par des centrales equipees de reacteurs de grande puissance et a disponibilite elevee. 
L'utilisatwn de reacteurs a eau sous pression produisant 1000 MW(e) est enVIsagee pour Ia premiere centrale 
nucleaire, La haute tension de 400 kV permet sans difficulte !'integration d'unites de cette capacite. Au 
stade suivant, compte tenu du cycle du combustible, un cteveloppement proportwnnel de centrales a reacteurs 
surgenerateurs et thermiques devrait suivre. 

OCHOBHb!E 8KOHOMI1'-IECKI1E 11 HAU110HAJibHb!E 8HEPrETI1'-IECKI1E IIPE,ZUIOCbJJIKI1, 

OIIPE.D:EJI5IIOJUI1E EY.D:YIUEE PA3BI1T11E 5l.D:EPHOM 8HEPrET11KI1 B IIOJihlliE. 
Donbma o6na.naeT 6onbmHMH pecypcaMH OTKPbiTbiX 3aJie)l{eH KaMeHHoro H 6yporo yrnst, 

38HHMaeT llHTOe MeCTO B MHpe Cpe.n;H CTpaH, ,ZJ;06biB8IOI.I.J;HX KaMeHHblH yronh, H TpeTbe Mec

TO cpe.nu sKcnopTHpyiOw;Hx era cTpaH. 3anacLI .neweaoro yrnH HBJIHmcH npvrtiHHoii 3aMe)lnetn-Io
ro pa3BHTIUI H,llepHoH 3HepreTHKH TIOJibiiiH no cpaaHeHHIO co cTpaHaMH c .n:eCf!HU:HTOM HcKonaeMo

ro TOllJIHBa. 0~H8KO BLICOKHe TeMn:bi pa3BHTHH CT8JieJIHTei1Hoi1, Me.Z:V-IOii, cepHoi1, M8lliHHOCTpo

HTeJibHOi1, XHMH4:eCKOi1 H TeKCTHJibHOii npOMbiUilleHHOCTH BJleKyT 38 c060fl: 3J-laqHTellbHOe yaeJIH

qeJ-IHe cnpoca Ha 3HeprHI01 KOTOpbiH He CMOJKeT B He.ztaJJeKOM 6y.ztynteM y.ztOBJieTBOpHTbCH 38 Ct.l.eT 

poeT a .no6bit.I.H yrnH. .II.aJKe ecnH yaenHt.~.eHHe cnpoca Ha aneKTpo3Heprmo K KOHllY TeKyw;ero H K 

Ha'!aJiy CJie.ZlyiOIIIero CTOJieTIIJI 6y.lleT no-npeJKHeMy COCTaBJIJITb 2,2o/o Ha npOTJIJKeHIIII KaJK,llbiX 20 
neT, TO H TOr,n:a HMeiOnt.HXCH B ITOllbllle yrOllbHbiX pecypCOB XBBTHT JIHlllb )lO 2070 ro,n;a. YKa3aH

Hbie npe,z:tnoCbinKH, HeH36eJKHbie TPY.llHOCTH, CB.H3aHHbie c nnaHHposaHHeM MecTa .no6btt.I.H, H so3-

MOJKHOCTb llOJiy'!eHI!JI pa60'Ieii CIIJILI ,llJIJI nO,ll3eMHLIX pa60T orpaHH'IIIBaiOT .Zl06LI'Iy yrJIJI B IJoJib

me: 205 •J06 TOHH B 1985 TO.lly II 310•106 TOHH B 2000 ro,lly. IJporH03bl B OTHOllleHIIII BCeX 3Hep

reTII'IeCKIIX pecypcOB ,llO 2000 TO,lla C y'leTOM ynOMJIHYTLIX 06CTOJITeJibCTB yKa3LIBaiOT Ha Heo6-

XO)lHMOCTb pa3BHTH.H H,z:tepHOii 3HepreTHKH B TIOJJbiiie B Tet.~.eHHe nocne,z:tHHX 20 neT 3Toro CTOJie

TH.H TeMTI8MH 1 o6ecnet.IHB8IOtnHMH B cpe.ztHeM C03,ll8HHe ycTaHOBJleHHbiX MOtnHOCTeii B 1000 MBT B 

ro,ll;. TaKHM o6pa3oM, MOJIJ;HOCTb H.llepHbiX aneKTpocTaHQHii B 2000 ro.n:y Morna 6bi .ztocTHrHyTh 

20 000 MBT, 'ITO COCTaBHJIO 6LI 20o/o OT 06111eii ycTaHOBJiemiOii 3HeprOMOIIIHOCTH CTpaHLI II 30o/o OT 

o6w;ero npOH3ao.n:cTaa aneKTposHeprHH. Ot.~eHb cymecTBeHHbiM ,n;nH pa3BHTHH H.ztepHo:H 3Hepre

THKH ilOJibiiiH HBJIHeTCH KOHKypeHTOCTIOC06HOCTb 8TOMHbiX CT8Hl.\Hii no Cp8BHeHHIO C TellJIOBbiMH 

31IeKTpOCT8Hl.\H.HMH, pa60T8IOIItHMH Ha yrJie. Tipe.nsapHTeJibHbie 8H8JJH3bl TIOK83biB8IOT 1 t.ITO K 

198 0 TO.lly, KOT ,lla ,llOJIJKHa 6b!Tb ny111eHa nepBaJI aTOMHaJI 3JieKTpOCTaHI.IHJI 0 TaKOii KOHKypeHTOCllOC06-

HOCTbiO MOryT 06Jia.D;aTb JIHlllb 31leKTpOCT8Hl.\HH 1 HMeJOnt.He KpynHbie 3HepreTJ..r4:eCKHe peaKTOpbi C 

BLICOKIIM Ko:><P<P~<l.llleHTOM HcnoJib30BaHHJI. IlosToMy .ZlJlll nepaoii aTOMHOii sneKTpocTaHI.IHII npe

.ZlycMaTpHBaeTCJI peaKTop c BO.llOii no.Zl .ZlaBJieHIIeM MOIIIHOCTbiO 1000 MBT(:>n). CeTL sneKTpo

nepe,n;aq C H8TipH)KeHHeM B 400 KHllOBOJlbT TI03BOllHeT 6e3 K8KHX-JJH60 Tpy,n;HOCTeM: TIO,ll;KJIIOY:8Tb 

6JJOKH T8KOii MOUJ;HOCTH. Ha CJie)lyJOID;eM STane )lOJI)KHLI llOHBHTbCH H8 OCHOBe TOTIJIHBHOrO l(HKJia 

3JJeKTpOCT8Hl(HH C 6biCTpbiMH peaKTOpaMH-p83MHOJKHTell.SIMH H peaKT0p8MH Ha TeriJIOBLIX He:H

TpOHaX, 

PREM!SAS FUNDAMENT ALES ECONOMICAS Y COMERCJALES, DETERM!NANTES DEL DESARROLLO FUTURO 
DE LA ENERGIA NUCLEOELECTR!CA EN POLONJA. 

Polonia dispone de grandes recursos de hulla y lignito en yac1m1entos favorablemente situados; con su 
produccion de hulla ocupa e! 5' Iugar en el mundo y en su exportacion ocupa el 3er Iugar. Las reservas de 
carbon barato justifican el que Ia energla nuc!eoe!ectrica se desarrolle en Poloma con retraso respecto a palses 
deflcitarios en combustible f'osil. Sin embargo, su elevado grado de desarrollo industrial. con una gran industria 
en las ramas del acero, cobre, azufre, construcc!'&n de maquinana, qulm1ca y textil, provoca un crecimiento 
r3.pido de la demanda de energla que, en plaza breve, no se podr3. cubrir ni siqmera incrementando la extracciOn 
de carbon. Si el ritmo de crecimiento actual del consume de energla se mantuviese hasta el final del presente 
s1glo y a principws del proximo, es decir, si d1cho ntmo se sigue multiplicando por 2, 2 cada 20 afios, se 
agotarlan las reservas de carbon polacas para el afio 2070. Las premisas citadas, las limitacwnes inevitab!es 
en los planes relatives a los emplazamientos y Ia disponibilidad de personal para trabajos subterr1meos, llmitan 
el desarrollo de la mineria del carbon, en Poloma, a 205 x 10 6 ten 1985 y a 310 x 10 6 ten el afio 2000. La 
prevision de todos los recursos energ'eticos del pais en el afio 2000, teniendo en cuenta lo dicho anteriormente, 
sel\ala Ia necesidad de desarrollar Ia energla nucleoelectrica en Polonia en los 20 ulhmos afios del presente siglo, 
con Ia instalacion anual de 1000 MW por termino medio. Por tanto, la potencia instalada de las centrales 
nucleares en el afio 2000 puede llegar a 20 000 MW, es decir, el 20'/o de toda Ia capacidad del siStema 
energetico del pals, y el 30'/o de Ia produccion de energia electnca, La competitividad de las centrales 
nucleares en comparacion con las termicas que queman carbon es, naturalmente, esenc1al para el desarrollo de 
Ia energia nuclear en Polonia. Estudios preliminares muestran que, en 1980, afio en que se preve entrara en 
funcionamiento Ia primer a central nuclear, solo estaran en condiciOnes de competir las centrales electncas 
que tengan reactores de gran potencia y cuyo grado de diSponibilidad sea grande. Por esta razon, se preve que 
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la primera central nuclear tendra un reactor del ttpo de agua ligera de 1000 MW(e). La red de 400 kV permite 
la mcorporaCJon de grupos de esta potencia sin d1ficultad. En el periodo siguiente, teniendo en cuenta los ciclos 
de combustible, deberan desarrollarse las centrales con reactores rapidos y termicos, que regeneren el combustible 

nuclear. 

1. INTRODUCTION 

At the end of 1970 the capacity of all Poland's electricity stations 
was 14 000 MW and the annual production of electricity amounted to 
64.5 TWh, approximately 98o/o of this arising from coal-fired stations. 

The largest and most efficient generating units are 125- and 200-MW, 
single reheat (24 and 15 units, respectively). The capacity of the largest 
power station recently reached 1600 MW and new coal-fired stations of 
2000 to 3000 MW capacity are under construction. 

All electricity plants and electricity consumption centres are inter
connected with 220- and 400-kV lines into an integrated national power 
system. Distribution voltages are 110 and 30 kV. 

Poland's great resources of bituminous coal amount to 85 X 109 t 
(deposited at a depth of less than 1000 m) and lignite resources are 
evaluated at 40 X 109 t. Bituminous coal is obtained by underground 
mining, and lignite by surface mining. The annual bituminous coal pro
duction of 140 X 10 6 t puts Poland at present into seventh place in the 
world. In the future development of the country's electricity, coal will 
remain as basic fuel. 

During the consecutive decades from 1970 to 2000, the average 
annual growth-rates of the electricity demand are expected to be 7.9, 
7.0 and 6.4o/o, respectively. To cover the rising energy demand, the 
country' s installed capacity in the year 2000 should be around 100 000 MW. 
A new range of 500-MW generating units is to be introduced in coal-fired 
thermal stations (the first unit of this type will be put into operation in 
1976). The super-grid will be developed mainly as a 400/110 kV system. 
Automation of the operation of the national integrated electricity system, 
as well as the introduction of computer techniques for the optimization 
of its operation and for programming its expansion, will be continuously 
intensified. At the same time, the role and the significance of central 
dispatching will increase. This will require suitable equipment for its 
central and regional boards as well as the development of separate 
telecommunication interconnections for the electricity industry applying 
h.f. trunk lines running along high-voltage power lines. 

Besides the electricity industry, the Power Board runs central
heating systems for 35 towns. The heat demand in these systems is 
met by combined electricity and district-heating stations, there being 
three or more in some towns. The total amount of thermal energy 
distributed by these systems to industrial, municipal and domestic 
consumers at present equals 20 000 Teal and, owing to a further ex
pansion program of heating systems, will rise to 32 000 Teal in 1975. 
All combined power stations are coal fired. Thus the heat industry of 
the country, with limited liquid fuels and natural gas, supplies con
sumers with an equivalent high-ranging energy source convenient for 
utilization, i.e. with hot water and steam generated from coal. This 
creates important centres of fuel consumption for process and district 
heating. 
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2. BALANCE OF RAW MATERIALS FOR POWER AFFECTING THE 
DEVELOPMENT RATE OF NUCLEAR POWER 

In the analysis of the prospective electricity demand two periods were 
taken into account: 

(a) Up to 1980, where advantage could be taken of a detailed analysis of 
industrial development, the rate of urbanization of the country, the 
final stage of railway electrification and, in general, of the possible 
growth of electricity consumption. 

(b) After 1980, a period that lacks data on the development of particular 
categories of consumers. Here, some assumptions were made 
concerning the rate of national income rise and its correlation with the 
increase of electricity demand (the so-called "flexibility factor"). 

As a result, the following figures of the necessary electricity pro
duction were obtained for the consecutive 10-year stages: 1980: 138 TWh; 
1990: 270 TWh; 2000: 500 TWh. These electricity production figures 
may be treated as reliable. The considerable development of the con
sumption of electricity for domestic and social purposes notwithstanding, 
a great increase of energy demand will be caused by the development 
of the steel, chemical machinery and textile industries exploiting the 
rich home resources of coal, sulphur, copper and other raw materials. 

Unfortunately, Poland possesses very poor hydro resources, 
evaluated at 6 TWh of economically accessible energy. These resources, 
which can be economically accessible only through complex projects, are 
smaller than the annual growth of the electricity demand around 1980. 
Moreover, because of the restricted national resources of crude oil and 
natural gas, which cannot even cover the demands of industry, auto
mobile fuel production and most indispensable living and municipal 
purposes, the basic development of the electric power and central 
heating industries must be based on coal. 

The required average annual increments of the electricity produc
tion for 1981- 1990 amount to about 13 TWh/yr, and for 1991- 2000 to 
about 23 TWh/yr. Thus, the average annual growth of coal consumption 
(of 6000 kcal/kg calorific value), if new capacities consist exclusively 
of coal-fired units, would amount to, respectively: 

(1) 5 million tjyr and 8.5 million tfyr (excluding central heating). 
Whereas, the evolution of bituminous coal production, even con
sidering the expected high development costs to the national economy, 
can be evaluated at the levels: 1980: 180 million tjyr; 1990: 
235 t/yr; and 2000: 310 million tjyr. 

(2) For the consecutive decades 1981- 1990 and 1991- 2000, the average 
annual growth of coal production would thus amount to 5.5 million 
tjyr and 7.5 million tjyr, respectively. 

Comparing the data (1) and (2) and taking into account that the in
crements of coal production will not only be consumed by the 
electricity industry but also by the central heating industry and metallurgy 
(coking coal), it is necessary to develop nuclear power after 1980, due to 
fuel balance considerations even in a country as rich in coal as Poland. 
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TABLE I. POSSIBLE EXHAUSTION RATE OF BITUMINOUS COAL 
RESOURCES IN POLAND 

Average annual production Production over a Exhaustion of resources after 
Years (106 t/yr) 

20 -year penod the year 2000 
(10 9 t) (10. t) 

2000-2020 500 10 10 

2021-2040 1100 22 32 

2041-2060 2400 48 80 

2061-2080 5 300 106 186 

2081-2100 11700 234 340 

The situation cannot be changed by a possible further, though 
limited, expansion of the electricity industry based on lignite. The 
greatest lignite reserve enables the construction of a power station 0f 
35 TWh annual electric energy production. It follows from the energy 
production growth-rates forecasted above that the construction of the 
power station, using lignite deposits of such a value, would mean only 
a shift of the problems of nuclear power by two to three years. 

Moreover, when forecasting the exploitation of bituminous coal 
resources, the following essential facts must be considered: 

(a) Probable limitations owing to site planning 
(b) Prospective access to labour force for mining 
(c) The possible revaluation of coal as a precious raw material for 

attractive processes in the production of liquid fuels and high methane 
content gases. 

It should finally be realized that the significance of the extensive 
coal resources in Poland becomes rather doubtful in the light of the 
progressive increase of the total national energy demand. If we assume, 
that the total energy demand and the coal demand of the country would grow 
linearly, involving a 2.2-fold increase every 20 years during the 
next century, then coal resources would be exhausted at a rate 
indicated in Table I. 

It is clear that even geological resources deposited down to a depth 
of 1200 m (130 X 10 9 t) would be exhausted by about 2070. 

3. CONDITIONS OF ECONOMIC COMPETITIVITY OF NUCLEAR AND 
CONVENTIONAL ELECTRICITY INDUSTRIES IN POLAND 

In the following, the main conditions of the competitivity of conven
tional fuel-fired and nuclear power plants are investigated. If we 
assume that the total cost of electricity production (t) consists of fixed 
charges (S) and fuel costs (C), related as follows: 

For coal-fired power stations fuel costs constitute about 60'7o of the 
total cost, i.e. 

tc = Sc + Cc or, otherwise tc 2.5 Sc (1) 
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For nuclear power stations, fuel costs constitute about 1/3 of the 
total cost, i.e. 

The competitivity condition of a nuclear power station acquires 
the form: 

(2) 

In other words, a nuclear power station will be competitive in the 
circumstances assumed above when its specific capital costs do not 
exceed those of a conventional power station by more than 67o/o. The above 
condition is, in principle, possible to fulfil when choosing a type of 
reactor intended for enriched nuclear fuel. 

The availability of a nuclear power station equal to that of a conventional 
one, is vital for its competitivity. Until now, no large nuclear reactor has 
passed a long-term test reliable enough to confirm its guaranteed availability. 
However, it can be expected that the condition of a sufficient availability 
might be fulfilled by light-water reactors (LWR) in their present state of 
development. 

The generating capacity of a nuclear unit affects the competitivity of 
nuclear power stations in a similar way. In Poland's electric power 
system, with a total installed capacity of 30 000 MW expected for 1980 
(i.e. at the expected time of putting the first nuclear station into operation) 
the unit capacity of 1000 MW(e) would constitute only 3 .3o/o, hence it would 
easily be assimilated by the system. The situation is made even easier 
because the Polish electricity system is connected with other CMEA 
countries systems into a large international system with a capacity four 
times greater. 

The 1000-MW(e) unit should be characterized by specific capital costs 
more than 15o/o lower than in the 500-MW(e) unit. For a cost structure in 
accordance with expression (2), assuming that technical parameters are 
unchanged, a decrease in specific cost of electricity production by over 
lOo/o can be expected. This constitutes a considerable difference, which 
should predispose units of around 1000 MW(e), technologically feasible at 
the time, as a basis for the first program for the development of nuclear 
power stations. 

Though Poland is relatively small (an average of 1000 X 1000 km), 
problems associated with fuel transport play an essential role in the 
siting of electric power plants. Bituminous coal deposits are in the 
south-west regions (Upper Silesian basin). On the other hand, a con
siderable energy demand increase is foreseen in the northern regions, 
which are connected with overseas trade and have industrial ports. Rail
way and water routes leading from Upper Silesia to the coast are over
charged by the transports of coal (exports) and of iron ore (imports) and 
by a wide assortment of other goods meant for foreign trade. Therefore, 
the siting of the first nuclear power plants in the coastal part of the 
country creates the most advantageous conditions for competitivity. 

A very important problem presenting obstacles to the competitivity 
of nuclear power stations is their great demand for cooling water. For 
instance, if a conventional coal-fired power station needs (in the case of 
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an open cooling-water cycle) 35m3 j sec for every 1000 MW and warms 
the water up to 8°C, a nuclear power station needs about 40-80o/o more 
cooling water (depending on the type of reactor). 
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The adoption of an open cooling water cycle solution, avoiding the 
construction of costly and additional area cooling appliances, requires 
consideration in site planning. On the other hand, the question of 
covering the water losses in the cooling cycle (irreclaimable loss of 
up to 2o/o of circulating water) constitutes an important problem in regions 
scanty in water. All these factors are less acute when the plant is located 
either at the seaside or at the mouth of a large river. Thus, in the con
ditions prevailing in Poland, the planned location of the first nuclear 
power stations in the coast region are even more advantageous. 

In addition, such arguments as the almost total harmlessness of 
nuclear power stations for their environment (except for the water 
heating) speaks in their favour, especially when one takes into account 
the noxious influence (air pollution) of conventional coal-fired stations. 
Basing on the up-to-date experience, it may be stated that the radio
activity of nuclear power stations affecting their environment is no worse 
than that of normal industrial installations. The methods of storage and 
transport of radioactive wastes seem to have reached the state of maturity. 
All restrictions existing in this field are to a great extent psychological. 

4. PROBABLE TECHNOLOGY OF THE FIRST NUCLEAR POWER 
STATIONS IN POLAND 

Basing on the optimization analysis of the constitution of electric 
power station types in the year 2000 (coal-fired, nuclear, hydro and 
pumped-storage power stations) a minimum capacity installed in nuclear 
power stations of 20 000 MW is obtained. It would constitute 20o/o of the 
total installed capacity of the country at that time. This result is ob
tained when assuming for nuclear and conventional electric power stations, 
respectively: the ratio of fixed costs of 1.6:1.0; and the ratio of fuel 
costs of0.43:1.0. 

To minimize capital outlays, pressurized-water reactors (PWR), 
considered in Poland as better proven, were already chosen for the initial 
development of nuclear power stations. This choice coincides with high 
availability, proved (though still over a short time period) by a large 
number of PWR reactors operating in the world today. 

It can be assumed that the supply of slightly enriched (2- 4o/o) nuclear 
fuel needed for the operation of PWR reactors is ensured for many years. 

Since the practical possibility of introducing some intermediate type 
of reactor is today difficult to forecast, the fast- breeder reactors are 
envisaged for the consecutive development program of the nuclear power 
industry in this country. When analysing the progress of world technology 
in this field, one estimates 1990 as the possible time of putting into 
operation in Poland the first electricity plant based on large fast-breeder 
reactors. Assuming the closed plutonium cycle, the relative capacity 
installed in FBR nuclear power stations (with respect to the total nuclear 
power capacity) in the year 2000 can reach 40 to 60o/o. 

It is possible to locate the nuclear power stations production of 
20 000- MW capacity on the basis of the load curve for the year 2000. 
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This will constitute 20o/o of the total installed capacity of the country, 
the load valley amounting to 50o/o of the annual load peak. It might be only 
necessary to shift a certain number of conventional power stations to the 
sub-peak operation. Large coal-fired generating units rated at 125 MW, 
250 MW and, in the future, 500 MW, are designed for sub-critical steam 
parameters. This fact makes it easy to facilitate a change of the opera
tion regime from the technical and economic points of view. Advantageous 
conditions for the evolution of the nuclear power industry are also due to 
the ample program for developing pumped-storage power plants, which is 
to be realized in Poland. Economic sitings for this type of station offer 
a total capacity of nearly 6000 MW. The most advantageous pumped-storage 
power plants of this program are already either in operation or under 
construction. 

The problem to be promptly solved is the choice of sizes of generating 
units with PWR reactors and the schedule of construction of the first nuclear 
power station. It is possible that, in spite of the reactor capacity of 
1000 MW(e) fixed as most advantageous for the first program of the 
development of the nuclear power industry, the initially built units will 
be rated at about half this capacity. Such a decision may be dictated by 
a list of competent references only for reactors of lower power at disposal 
at present and especially by a competent guarantee regarding their opera
tion availability. Such a decision might also be due to the strategy of 
gradual training of designers, and building, mounting and servicing 
personnel in nuclear power technology. 

5. CONCLUSIONS 

5.1. The high degree of industrialization and the long-term trends of the 
evolution of industry and urbanization in Poland will give rise to an 
increased demand of electricity, impossible to be covered exclusively 
by coal - in spite of the abundant resources - even in the near 
future. In the conditions prevailing in a country with little crude 
oil, natural gas and hydro-power resources, only nuclear fuel may 
be envisaged as a supplementary power source. 

5.2. To ensure the required availability and reduce the capital outlays 
when introducing this new technology of electricity production -
evaluated at about 20 000 MW in the year 2000 - PWR reactors will 
be chosen for the first development program of nuclear power stations. 
In 1990-2000, the development of power stations equipped with fast
breeder reactors is foreseen, their share in the total capacity 
corresponding to the plutonium balance in the fuel cycle. 

5.3. Economic premises suggested the choice of a basic reactor capacity of 
about 1000 MW(e) in the first program of the development of nuclear 
power stations. However, it is admitted that several initially built 
reactors might be rated at about half this capacity, this being justified 
by the necessity to gradually train the design staff as well as the 
building, mounting and servicing personnel for nuclear power 
technology. 

5.4. The structure of development of the conventional electricity industry 
realized in Poland can be acknowledged as very favourable for the 
future introduction of nuclear power technology. The most advantageous 
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circumstances are: the far-reaching integration of the national electric 
power system owing to its saturation with 400-kV networks; the in
stallation of sub-critical generating units in conventional electric 
power plants; the ample program of development of pumped-storage 
power stations under realization. 

5.5. Because of insufficient resources of crude oil and natural gas in 
Poland, urban central-heating systems, where steam or hot water 
serve as heat carriers, are widely used. The thermal energy is 
economically produced in large combined electric and heat power 
stations. The stringent requirements concerning clean air may in 
the future either impose the construction of combined nuclear electric 
and heat power stations, or a wide utilization of electric heating that 
would create additional growth of the electricity demand. 
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The Spanish electricity system at present includes two nuclear units in operation and one under advanced 
construction, Experience obtained thus far enables planners to program the economic integration of nuclear 
power plants into the Spanish grid m the near future. The National Electric Plan, approved by the Government 
in 1969, was prepared followmg the optimization of the peninsular system. It covers a span of ten years and 
mcludes, by 31 December 1981, a nuclear component of 8, 5 GW, representing 21. 8"/o of the installed power. 
Present plans of the utilities account for a substantial part of this figure. A study of the years between 1981 
and 2000 has been made: 1t is estimated that 71 GW of nuclear plant will be installed at the end of the period, 
accounting for 60. 7"/o of the total installed power. Light-water reactors are expected to be the main contributors, 
with fast breeders being progressively introduced, as far as plutonium availability permits, and depending on 
their commercial availability. Present availability of fuels and projections for the future are studied, as well 
as the mutual interaction of nuclear energy and regulated hydro energy, including pumped storage, which will 
permit base operation of nuclear plants during the early part of the period. Industrialactivitiesrelatingtonuclear 
constructions are then analysed, from equipment manufacturing to nuclear fuel facilities. A rapid development 
of this industry lS foreseen, in view of the acceleratmg growth of nuclear plant commitments. 

LE PROGRAMME NUCLEAIRE ESPAGNOL. 
Actuellement, Je systeme Hectrique espagnol comprend deux centrales nucleaires en exploitatwn et une 

dont Ia construction est avancee. On dispose en ce moment d'une experience suffisante pour programmer 
l'integratwn economique de ce type de centrale dans le reseau espagnol au cours des prochaines annees. Le 
Plan electrique national, approuve par Je Gouvernement au cours de !'annee 1969 et etabli grllce a une optimi
sation du systeme peninsulaire, couvre une periode de dix annees et fait etat, pour le 31 decembre 1981, d'une 
puissance nucleaire de 8, 5 GW, ce qui representera 21, So/ode Ia puissance totale installee, Les previsions 
actuelles des entreprises electriques couvrent deJa une grande partie du chiffre avance. Les auteurs ont 
etudie Ia periode comprise entre 1981 et Ia fin du siecle en cours; ils estiment qu'en fonction des disponibilltes 
energetiques du pays on disposer a, a la fin de Ia penode indiquee, de 71 GW nucleaires, soit 60, 7"/o de Ia 
puissance totale installee. On prev01t une majorite de reacteurs thermiques a eau Iegere avec incorporatio11 
progressive, a partir de leur commercialisation, de surgenerateurs rapides au rythme que permettront les 
disponibihtes en plutonium. Les auteurs examinent egalement Jes disponibilites en combustible de l'Espagne 
et leur evolution future, ainS1 que l'mfluence mutuelle de l'energie nucleaire et de l'energie hydro-electrique 
regulee, y compris le pompage, compte tenu de !'introduction de centrales nucleaires de base au cours des 
premieres annees. Ils passent enfin en revue Jes activites industrielles en rapport avec l'energie nucleaire, 
depuis les industries de biens d'equipement JUsqu'a celles qui sont Jiees au cycle des combustibles nucleaues. 
!1 y a lieu de prevoir un cteveloppement rapide de ces industries vu l'accroissement considerable envisage en 
ce qui concerne les centrales nucleaires. 

ATOMHbiE 8JIEKTPOCTAHI.UUI B 8JIEKTP08HEPrETHt.!ECKOH CHCTEME HCITAHHH. 
B Hacrolll!lee speMll 3HeprocHcTeMa HcnaHHH BIUIIl"!aer .llBe ,lleiicTBylliiiHX A8C, e111e O.llHa 

A3C HSXO,lJ;HTC.SI B CT8.llHH 8KTHBHOrO CTpOHTeRbCTBa. flony'leHH:&di OfihiT fl03BOJJSieT OJISHHpo

BaTb pa60Tbl no 3KOHOMH"'HOMy BBO.Ily A8C B HCnaHCKyil 3HeprOCHCTeMy B 6nHJI{ajimeM 6y.llyllleM, 
HaQHOHanbHhlii nnaH 3neKTPH<PHKaQHH, O.llo6peHHhiii npaBHTenbCTBOM B 1969 ro.lly, 6bin cocraBJieH 
nocne onTHMH38UHH sueprocHCTeMw scero nonyocTposa. nnau paccquTaH ua 10 neT H npe.o:yc
MarpHsaer K 31 ,lleKa6pll 1981 TO,Ila CTpOHTenbCTBO A8C 06111eii MOIIIHOCTbll 8,5 rBr, "'TO COCTa
BHT 21,8o/o 06IQe;H ycTaHOBJieHHOH: MOIIlHOCTH. 3H81.1HTeJJbH8H .QOJIB 3TOH: MOIU.HOCTH npe~ycMOTpe-
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Ha HLJHeDIHHMH nnaHaMH npe,!!npHliTHH 3HeprocHa6llteHHll. IIpoBe,lleHo Hccne,lloBaHHe, OXBaTI>IBa

IOIIIee nepHO,ll Mellt,lly 1981 H 2000 rr; DO,!IC'iHTaHo, 'iTO K KOHIIY paCCMaTpHBaeMoro nepHO,lla o6-

Uiall MOIJIHOCTb A3C COCTaBHT 71 rBT, 'iTO 5y,lleT 3KBHBaneHTHO 60,7% 06111eH ycTaHoBneHHOH 

MOIJIHOCTH, IJpe,llnonaraeTCll, 'iTO OCHOBHall Harpy3Ka nllllteT Ha nerKOBO,!IHI>Ie peaKTOpl>l, npH'ieM 

nocTeneHHO 5y,llyT HCDOnb30BaTbCll peaKTOpl>l-pa3MHOlltHTenH Ha 51>1CTpi>IX HeHTpoHaX B 3a

BHCHMOCTH OT HX npHrO~HOCTH B KOMMepqecKOM OTHOlleHHH; TeMnld BHe.Q;peHHH 611ICTp:&IX 

peaKTOpoB 6y,11yT 3aBHCeTb oT HanH«Hll nnyTOHHll. B ,liOKna,lle paccMaTpHBaiOTCll HMeiOIJIHecll 

B HSCTOSJntee speMH BH,llhl TOnnHBS H nnSHid HS 6yAyutee, a TSKJK.e B38HMOCBH3b JI,QepHoif 

3HeprHH H rH,llp03HeprHH, BKniO'iall rH,llpOaKKyMynHpyiOIJIHe CTaHqHH, 'iTO D03BOnHT 3Kcnnya

THpOBaTb A3C c 5a30BOi! Harpy3KOi! Ha Ha«anbHOM 3Tane. AHanH3HpyeTcll ,lleliTenbHOCTb 

npOMLIDineHHLIX KpyrOB B o5nacTH CTpOHTenbCTBa A3C, Ha'iHHall OT H3rOTOBneHHll o5opy,liOBa

HHll H KOH'iall yCTaHOBKaMH DO npOH3BO,!ICTBy ll,llepHoro TODnHBa. IJpe,!!nonaraeTCll 61>1CTpOe pa3-

BHTHe 3TOH OTpacnH npOMI>ImneHHOCTH, BBH.liY pacTy111ero 'iHCna 3aliBOK Ha CTpOHTenbCTBO A3C. 

EL PROGRAMA NUCLEAR ESPANOL. 
El sistema electrico espallol cuenta en Ia actualidad con dos centrales nucleares en explotacion y una 

en construccion adelantada. En el momenta presente se cuenta con experiencia suficiente para programar la 
integracion economica de este tipo de central en la red espallola en los proximos alios. El Plan Electrico 
Nacional, aprobado par el Gobierno durante el alia 1969 y redactado mediante una optimacion del sistema 
peninsular, cubre un per!odo de diez alios e incluye, para el 31 de diciembre de 1981, una potencia nuclear 
de 8, 5 GW, Ia que representara un 21, Bo/o de la potenc1a total instalada. Las previsiones actuales de las 
empresas electricas cubren ya una gran proporcion de esta cifra. Los autores examinan el penodo comprendido 
entre 1981 y el fin del siglo actual, y estiman, en funcion de las disponibi!idades energeticas del pa!s, que 
al fmal del per! ado sellalado se dispondra de 71 GW nucleares, o un 60, 7o/o de la paten cia total instalada. 
Preven una mayorJ.a de reactores termicos de agua ligera con la incorporacion progresiva de reproductores 
rapidos, a partir de su comercializacion, al ntmo que permitan las disponibilidades de plutonio. Examinan 
ademas las disponibilidades de combustibles en Espalla y su evolucion futura, as! como Ia influenc1a mutua 
de la energia nuclear y la hidroelectrica regulada, incluyendo bombeo, que facilite la inclusion en base de 
Ia energia nuclear en los primeros alios. Por ultimo, estudian las actiV!dades industriales relacionadas con 
Ia energia nuclear, desde las industrias de bienes de equipo a las relacwnadas con el Cicio de los combustibles 
nucleares, Es de prever un desarrollo rapido de estas industrias, en vistas del fuerte incremento previsto en 
las nuevas instalaciones de centrales nucleares. 

1. INTRODCCCION 

En esta memoria se presenta un esquema del desarrollo de la 
energl'a nuclear en Espana como fuente generadora de energ{a electrica 
y de las brillantes perspectivas que a ella se abren en el presente dece
nio y mas alla de 1980, 

Espana es un pal's que tiene un inventario energetico deficitario; 
mas del 50o/o de las necesidades de energl'a primaria deben ser importi! 
das en forma de petr6leo crudo, Por ello se tiene un gran interes en 
diversificar las fuentes de abastecimiento yen incrementar, en lo posi
ble, el patrimonio de recursos basicos. 

Desde 1950 se ha dedicado una creciente atenai6n al estudio del 
potencial nacional en minerales radiactivos, particularmente en uranio, 
Los trabajos iniciales evidencian las favorables perspectivas de la geo
logl'a espanola a este respecto y la posibilidad de incorporar al inventa
rio nacional un potencial de energl'a mucho mas significativo e importa!! 
te que todo el conjunto anterior, representado por los carbones, 

Cuando todavl'a queda por explorar con detalle mas del 50% del 
territorio nacional de geolog{a favorable, el inventario espafiol de uranio 
se resume en las cifras provisionales de la Tabla I, 
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TABLA I. RESERVAS TOTALES DE URANIO (Unidad: t de u 3o 8 ) 

En minerales de primera categori'a 

En minerales de segunda categori'a 

En minerales de tercera categor{a 

9 000 
zz 500 

ZZ5 000 
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En la primera categor{a se incluyen aquellos minerales que ongl
nan un concentrado a un precio hasta 10 dolares/libra, En la segunda ca 
tegor{a se incluyen los que corresponden a precios entre 10-15 dolares la 
libra, Yen la tercera los superiores a 15 dolares, 

Ala vista de estos resultados positivos, y de las perspectivas de 
encontrar mayores reservas, el inter~s por la energ{a nuclear quedo ple
namente justificado y motivo la preparacion de un primer programa de 
potencia constituido por tres centrales nucleares, dos de las cuales han 
entrado en servicio y la tercera tiene prevista su conexion a la red el~c
trica nacional a final de 197Z. 

En esta primera fase, iniciada en 1964, se pretendio ganar expe
riencia en las t~cnicas nucleares m~s desarrolladas y con mejores pers
pectivas de alcanzar un precio del kWh competitive, 

La primera central nuclear espanola entro en serv1c1o en 1968; es 
de tipo de agua a presion, tiene una potencia de 150 MWe, y est~ enclave. 
da a 90 k.m de Madrid, Viene funcionando con una gran regularidad y con 
un factor de disponibilidad muy alto, Actualmente se procede al recam
bio de la primera region de combustible y a la primera revision de sus 
componentes internos, 

La segunda central ha entrado en servicio muy recientemente; del 
tipo de agua en e bullicion tiene una potencia de 460 MW e (la mayor de 
Europa, en el momento presente, en esta clase de reactores), Est~ em
plazada a orillas del ri'o Ebro, a unos 60 km de Bilbao, Ha tenido una 
puesta en marcha muy sencilla y en un tiempo muy corto ha alcanzado la 
plena carga, Durante los ensayos realizados en la fase de puesta en rna!:_ 
cha, y posteriormente durante su explotacion, ha demostrado poseer unas 
condiciones excelentes de agilidad operativa y respuesta a las fluctuacio
nes de la carga, 

La tercera central nuclear incluida en esta fase del programa nu
clear e spafiol es de tipo grafito-gas-uranio natural con una potencia de 
500 MWe, situada en la provincia de Tarragona a orillas del mar Medite
rr~neo, Se trata en este caso de un proyecto de cooperacion t~cnica 
franco-espanola y el 25% de la potencia de r~gimen quedar~ a disposicion 
del sistema electrico frances. 

La experiencia alcanzada con la construccion y explotacion de estas 
centrales nucleares permite proyectarse hacia el futuro con una participa
cion mayor de la energ{a nuclear, En consecuencia el Plan El~ctrico 
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Espafiol,durante el periodo 1972-81, preve que las centrales nucleares 
participen de una manera progresiva, y muy rapidamente a partir de 1976. 
Vamos a referirnos al futuro nuclear de Espana en los proximos 12 afios. 

2. PLAN ELECTRICO NACIONJ,.L 

En e1 me s de Julio de 1969 el Ministerio de Industria publico el 
Plan Electrico Nacional (P. E, N,) para el perfodo 1972-81 con elfin de 
promover el crecimiento coordinado de la industria productora distribui
dora de electricidad, atendiendo las directrices del II Plan de Desarrollo 
Economico y Social, y la exigencia de una optima explotacion del Sistema 
Electrico E spafiol, 

El P, E, N, contempla la evolucion del mercado de energi'"a electri
ca y las curvas de demanda del sistema espafiol, la prevision de las cen
trales electricas a construir durante el per{odo 1972-1975 y los balances 
energeticos en los afios 1975, 1978 y 1981, Considera tambien las necesi 
dades de combustibles para centrales generadoras durante el periodo, !a
prevision del sistema primario de interconexiones,as{ como una estima
cibn general de las inversiones exigidas, a moneda constante, 

Como objetivo principal aparece el aumento de la utilizacion de 
las instalaciones electricas de produccion y distribucitin, por medio de 
un programa coordinado de las nuevas centrales, aplicando paulatinamen
te medidas conducentes a la amortiguacion de las oscilaciones de la dema~ 
da horaria, 

Se introduce el principio de normalizar el tamafio de los grupos g~ 
neradores termicos, que sera:n los mayores compatibles con las caracte
ri'"sticas del mercado, con objeto de facilitar a la industria e spafiola cons
tructora de equipo electrico su adaptacion a las futuras demandas de dicho 
equipo y su participacibn creciente en el desarrollo del Plan, 

Dentro de los condicionamientos geograficos, tecnicos y economi
cos de los emplazamientos en relacibn con el mercado electrico, se esta
blece que las nuevas centrales se situen proximas a los centros de grave .. 
dad de los consumos principales, De acuerdo con los estudios realizados 
sobre la evolucion de la demanda y analisis de los costes, se deduce la 
estructura optima de la potencia generadora, el tamafio de los grupos de 
produccion, el factor de cobertura resultante y los balances de la energ{a 
a lo largo del pedodo, 

El P, E, N, debe ser revisado cada dos afios, para adaptarlo a las 
circunstancias, En el momento de redactar esta memoria se trabaja en 
ello y las ~ltimas cifras disponibles, todav1a de carilcter provisional, son 
las que se resumen en la Tabla II, 

Cabe destacar el objetivo sefialado de reducir el factor de cobertu 
ra, aunque en 1974 por razones de adaptacion a los programas anterior:
mente establecidos por las diferentes empresas se obtenga un valor supe
rior al correspondiente a 1971. 



A/CONF.49/P/729 

TABLA II. PARAMETROS DEL MERCADO ESPANOL 

1971 1974 1977 1980 1983 

Demanda de energt'a (TWh) 62, l 77,5 118,7 163, l 220,3 
Demanda de potencia (GW) ll' 4 14,3 21,9 30, l 40,3 

Potencia instalada (GW) 18,8 24,2 32,3 41,6 54,5 
Factor de cobertura a l' 65 l' 75 l' 48 1' 39 1,35 

a El factor de cobertura se define por el cociente de la potencia 
total instalada y la demanda maxima de potencia de cada afio. 

TABLA III. ESTRUCTURA DE LA POTENCIA ELECTRICA 
INSTALADA (GW[e]) 

1971 1974 1977 1980 

Hidraulica ordinaria y de bombeo 10, 7 13,0 14,7 17,0 
Carb6n 3, 7 4,3 5,2 6, 1 

Fuel-oil 3, 8 5, 8 7,9 10,0 

Nuclear 0,6 l' l 4,5 8,0 

Turbina de gas 0, 5 

To tales 18,8 24,2 32,3 41,6 

1983 

20,0 

7' 1 
12,0 

14,0 

1' 4 

54, 5 
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Se preve la instalaci6n de nuevas unidade s de producci6n, confor
me a la estructura de la potencia que aparece en la Tabla Ill. 

3. INSTALACION DE NUEVA POTENCIA NUCLEAR 

La potencia nuclear instalada, que s6lo representa el 3, 2o/o de la 
potencia electrica total en 1971, alcanzara el 25,7% en 1983, lo que supo
ne una incorporaci6n muy rapida a partir de 1975. 

En la Fig. l se ha representado el diagrama anual de cargas del 
sistema espafiol extrapolado a los parametros previstos para el afio 1980. 
El area del diagrama representa la demanda total de energ{a del sistema 
y las ordenadas las demandas de potencia en porcentajes de la demanda , . 
max1ma. 

El diagrama esta dividido por lt'neas horizontales que delimitan la 
superficie total en regiones, cada una de ellas correspondiente a las di
versas formas de generaci6n que participan en la producci6n. 

En la base del diagrama se situa la energt'a hidraulica fluyente e~ 
timada en unos 3 800 GWh, mientras que en el vertice superior se ha de 
colocar la energt'a hidraulica regulada, 34 200 GWh encargada de hacer 
£rente a las variaciones de carga y a los peri'odos de punta. 
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FIG. 1. PreVlsi6n del diagrama de carga espa'l!ol para 1981. Demanda de energra: 163 100 GWh. 
Demanda m.1xima de potencia: 30,1 GW(e). 

La energi'a nuclear cubre tarnbi~n la base del diagrarna con una 
produccion de 56 000 GWh. Inrnediatarnente, en la parte superior, apa
rece la generacion t~rrnica con carbones nacionales, prevista para gene
rar 36 000 GWh. El resto del diagrarna habra: de ser abastecido por ge
neraci.Sn terrnoel~ctrica con centrales de fuel-oil y por un total de 33 QOO 
GWh. 

Esta Fig. 1 resume el esquema de la explotacion anual del sist~ 
rna espafiol, con claro predorninio de la energi'a t~rrnica {nuclear, carbon 
y petroleo) y una participacion de la energi'a nuclear superior al 30o/o del 
total. 

Los proyectos nucleares estudiados por las ernpresas el~ctricas 
espafiolas cubren ya una parte sustancial de estas previsiones. Existen 
los siguientes proyectos, en distinta fase de gestion: 

i) Instalacion de una central nuclear en el t~rrnino municipal de 
Lernoniz, provincia de Vizcaya, condos unidades de 850 MWe para 
entrar en servicio en el peri'odo 1976-1978. 
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ii) Instalaci~n de una central nuclear en el t~rmino municipal de 
Almaraz, provincia de Caceres, condos unidades de 850 MWe para 
entrar en servicio en el peri'odo 1976-1978, 

Tanto la central de Lem~niz como la de Almaraz estan muy pr~xi
mas, en el momento de redactar e sta memoria, a la fase de deci
si~n, habi~ndose evaluado las ofertas de equipo nuclear, 

iii) Instalaci~n de un segundo grupo de unos 500 MWe (Zorita II) en el 
mismo emplazamiento de la Central Jos~ Cabrera (Zorita I), para 
empezar a funcionar entre 1976 y 1977, 

iv) Instalaci~n de una central nuclear en el t~rmino municipal de Asc~, 
provincia de Tarragona, condos unidades de 850 MWe, para entrar 
en servicio en el per{odo 1977-1980, 

Las empresas interesadas han presentado la solicitud de 
estas centrales ante el Ministerio de Industria, 

v) Instalaci6n de una central en Irta (Castell~n) con una potencia de 
500 MW e, autorizada en principio hace algun tiempo y detenido su 
tramite por un recu·rso. Este proyecto posiblemente sera revisado 
y ampliada su potencia de generaci6n. 

Estos proyectos suman 6100 MWe que junto a las previsibles am
pliaciones de Santa Mari'a de Garofia y Vandell~s, con grupos de 850 MWe, 
y una nueva central en el Sur, elevara la potencia nuclear atribuible a pr~ 
yectos concretos a 9500 MWe. 

El P, E. N. se aplica hasta 1983 pero se han hecho estimaciones a 
mas largo plazo. Se ha tenido en cuenta una disminuci6n gradual del rit
mo de aumento de la demanda, para llegar a fines del siglo a un 5, 5% 
anual. La componente nuclear de la potencia instalada resulta ser, para 
1990, 1995 y 2000, de 29500, 46500 y 71000 MWe, respectivamente. Es
tas cifras se han de considerar como las mi'nimas previsibles, y sefialan 
la significaci6n del programa nuclear espafiol, 

4. TECNICAS ELEGIDAS Y JUSTIFICACION ECONOMICA 

El orden de prioridad en la satisfaccion de la demanda expuesta 
en los apartados anteriores es funcion de los condicionamientos tE~cnicos 
y economicos de los distintos tipo s de central. A continua cion se exponen 
estos condicionamientos, en las circunstancias espafiolas de los proxi
mos afios. 

4. 1. Parametros basicos 

a) Costes del dinero 

La demanda de capital en Espana es muy acusada. La indus 
tria electrica es, en un 80o/o, privada y las necesidades de capital 
para inversiones nuevas se satisfacen por autofinanciaci6n (23% ), 
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creditos y aportacion de capital propio. En los proyectos nucleares 
se suele disponer de una buena financiacion, con participacion de 
creditos exteriores y puede estimarse que las cargas fijas financie 
ras resultan de un 14o/o anual, aproximadamente. 

b) Factor de carga 

Gracias al importante desarrollo de los programas hidrauli_ 
cos del pa!s, la energ!a hidroelectrica regulada permite atender al 
suministro de las penetraciones horarias y estaciones del consumo. 
Como ya se ha dicho, se estima que en 1980 la energ!a hidroelectri_ 
ca en aiio medio podra suministrar 34 200 GWh (21 o/o del total) cu
briendo holgadamente las puntas en aiio normal. La base quedara 
repartida entre energ[a hidraulica fluyente, carbon y centrales nu
cleares. Por consiguiente, durante la vigencia del P. E. N. puede 
garantizarse el funcionamiento en base de las centrales nucleares. 
Despues se habran de ir sacando de la base las centrales de co3tes 
marginales mayores, a medida que se van poniendo en funcionamie!! 
to otras mas economicas. 

c) Costes fijos 

Para los calculos economicos se han tornado como costes 
fijos de instalacion y de explotacion los vigentes en Espana en las 
condiciones actuales (ptas. de 1970 y costes actuales de explotacion). 
Estos coste s aparecen en la Tabla IV. 

d) Costes proporcionales 

Los costes proporcionales se exponen en la Tabla V e inclu
yen el coste de los combustibles y materiales fungibles. En el caso 
del fuel-oil se consideran los precios actuales, incluidos los impue~ 
tos que cargan a las distintas fases de produccion. Es de notar que 
estos costes incluyen los Ultimos aumentos en los precios de los 
crudos, que, en Espana, han repercutido muy escasamente en el 
precio del fuel-oil. La tonelada de este combustible se vende para 
la generacion termoelectrica a 1400 ptas. (20 $ ). Los coste s del 
combustible nuclear corresponden a centrales modernas con reac
tores de agua ligera. 

TABLA IV. COSTES ACTUALES DE EXPLOTACION 

Tipo de central 

Termica de carbon 

Termica de lignito 

Nuclear 

Termica fuel-oil 

1 $ = 70 ptas. 

Costas instalaci6n 

(Pts./kW (a]) 

8 500-9 500 

8 500-10 000 

13 500-15 000 

7 300-8 500 

Costas fijos axplotacion 

(Pts./kW -aiio) 

180 

180 

220 

140 
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TABLA V. COSTES PROPORCIONALES DE LOS COMBUSTIBLES 
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4. 2. Tipos de central a instalar 

En la Fig. 2 pueden verse los costes resultantes de la energ(a, 
para utilizaciones intermedias y altas. Se han excluido las centrales de 
lignito explotado a cielo abierto, puesto que este combustible tiene disp~ 
nibilidad limitada. Las centrales termicas de hulla son mas car as, pero 
este combustible es el que mas abunda en el pal's y por ello interesa su 
aprovechamiento. Las centrales hidraulicas iran reservandose para el 
suministro de las puntas y, por tanto, no entran en e sta comparacion. 
Las centrales nucleares compiten ventajosamente con las de fuel-oil por 
encima de las 4 500 horas anuales. En estos dos tipos de central se ba
sara la mayor(a de los aprovechamientos futuros. La Tabla III nos ha 
dado la distribucion de la potencia resultante de estos criterios. 

Es de prever que al final del perl'odo considerado lleguen a comer 
cializar se otros tipos de reactor' tales como los reproductores rapidos 
y los convertidores avanzados. Los costes de combustible probables pa
ra estos reactores son de 7-8 cts/kWh (reproductores rapidos iniciales) 
y 5-6 cts/kWh (convertidores avanzados de agua pesada). Estas venta
jas justifican, en las condiciones financieras espafiolas, para funciona
miento en base, unos sobrecostes del orden de 2 750 y 3 750 ptas/kW 
instalado, respectivamente. Su instalacion dependera de la inversion ne
cesaria y del grado de comercializacion que hayan alcanzado. 

En las estimaciones mencionadas en el punto 3 aparecen potencias 
nucleares en reactores rapidos en los anos 1990, 1995 y 2000, de 9000, 
19000 y 36000 MWe que corresponden a 33, 41 y 51 o/o de las potencias 
nucleares totales para estos afios. Esta solucion corresponde ala insta
lacion de reactores rapidos al maximo ritmo que permiten las disponibi
lidades de plutonio nacional obtenido sin adquisiciones en el mercado in
ternacional. En estas condiciones, la instalacion de reactores termicos 
continuar(a hasta el fin de siglo, a tenor de unos 1 500 MWe al afio. 

4. 3. Incidencia de las centrales nucleares sobre la balanza de pagos 

Las necesidades crecientes de energ(a, la insuficiencia de los r~ 
cursos nacionales y el alto nivel de investigaciones exigidos por este sec
tor hace que su incidencia en la balanza de pagos sea muy seria. Con ba
se en las cifras expuestas anteriormente, yen las consideraciones del 
punto 9, puede calcularse el ahorro en divisas que representarl'a la cons
truccion de centrales nucleares en lugar de termicas de fuel-oil. Este 
ahorro se ha estimado en unos 560 millones de ptas. anuales (8 millones 
de$) por cada 1 000 MWe instalados, y podra incrementarse sustancial
mente a medida que aumente la participacion nacional en la construccion 
de los reactores. 

5. TAMANO Y NORMALIZACION DE LAS UNJDADES 

El crecimiento del mercado espafiol en los ~ltimos afios ha sido 
muy rapido y las perspectivas de que este ritmo de crecimiento contin~e 
por alg~n tiempo permiten prever el acoplamiento de unidades de gran 
tamafio a la red para aprovechar las ventajas que ofrecen desde el pun-
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to de vista economico, Como existen ciertos desequilibrios geograficos 
en la localizacion de las centrales productoras con respecto al consume 
y la interconexion entre zonas suele estar cargada preferentemente en un 
solo sentido y puede re sultar aconsejable limitar el tamafio de las unida
des nucleares a potencias del orden de 800 MWe. En zonas de menor de!: 
sidad de consume yen las areas insulares resultaran mas convenientes 
unidades del orden de 500 a 600 MWe. 

Por otra parte resulta obvia la necesidad de normalizar los tama
ii.os, con lo que se favorecera ellanzamiento de la industria nuclear del 
pa(s, se dispondra de mayor flexibilidad en los repuestos y se reduciran 
los costes, Una idea particularmente interesante y de la que Espana ha 
sido iniciadora, es la contratacion conjunta de centrales casi identicas, 
con lo que se consiguen grandes ventajas economicas y log(sticas. 

6. CRITERIOS PARA LA LOCALIZACtCN DE LAS CENTRALES 

El problema de la disponibilidad de lugares donde situar las gran
des centrales electricas debe ser objeto de especial consider acion porque 
en el futuro pueden pre sen tar se dificultade s, si no se e stablecen las opor
tunas previsiones. 

Es bien sabido que des de el pun to de vista de la econom(a energe
tica, la central generadora debe situarse lo mas proxima posible a los 
centres de consume, Las centrales nucleares, para las que no existe 
ninguna vinculacion por razones de aprovisionamiento del combustible, 
pueden jugar un papel complementario de las clasicas, situandolas en 
zonas no servidas directamente por estas, 

Por otro lado, la opinion competente se inclina a afirmar que, de! 
de el punto de vista de la seguridad nuclear, no existe inconveniente en 
acercarlas a los centres de consume, si bien a cambio de un encareci
miento de las instalaciones para cumplir las exigencias, cada vez mas 
estrictas, en cuanto ala seguridad nuclear y protecciones adoptadas. 

Las principales limitaciones se derivaran tal vez de la necesidad 
de usar un importante caudal de agua para su refrigeracion. Desde este 
punto de vista la geograf(a peninsular ofrece cierta facilidad de encontrar 
lugares adecuados en su extenso literal mar(timo yen las grandes reser
vas de agua embalsada en las cuencas de sus principales r(os. Las cen
trales de Zorita y Santa Mar(a de Garoii.a estan situadas en sendos em
balses de los r(os Tajo y Ebro, mientras que la central de Vandellos esta 
localizada en el literal mediterraneo. Sin embargo las futuras centrales 
sufriran competencia en la eleccion de emplazamientos derivadas de la 
expansion demografica, del crecimiento de otras industrias, de las nece
sidades portuarias del gran transporte y del importante desarrollo tur(sti 
co que se apoya en el mar. Esta competencia hara cada vez mas dif(cil -
encontrar siti os que rellnan las condiciones requeridas, por lo que se es
tima aconsejable estudiar, desde ahora, un esquema jur(dico de reserva 
de zonas para estos fines, 
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7. DESARROLLO ADMINISTRATIVO DEL PROGRAMA 

En Espana la instalacion de una central nuclear requiere la con
ce si6n del Ministerio de Industria de las siguien tes Autorizacione s: Pre
via, de Construccion y de Puesta en Marcha, 

Las empresas electricas interesadas en llevar a cabo un proyecto 
nuclear' de ben justificar tc~cnica y economicamente la instalacion, en 
puntos tales como necesidades del mercado propio, coste previsible de 
la energ(a producida, eleccion del emplazamiento, seguridad nuclear de 
la instalacion, participacion de la industria nacional en el suministro de 
equipo, conservacion del medio ambiental y del paisaje local, etc, 

La Administracion por medio de sus servicios tecnicos analiza 
estos factores aisladamente yen relacion con las l(neas establecidas en 
el PEN, tiene en cuenta las necesidades de uranio y de inversiones exigi
das por la central, y atiende las alegacione s formuladas por los sectore s 
publico y privado afectados en sus intereses, Desde el punto de vista de 
la seguridad nuclear es siempre preceptivo el informe de la Junta de Ener 
g(a Nuclear. 

Con objeto de facilitar la contruccion y puesta en marcha de la 
central, y de vigilar el cumplimiento de las c1a:usulas contenidas en las 
Autorizaciones, se han instrumentado organos de consulta permanente 
denominados Comite de Coordinacion, uno por central, constituidos por 
representantes de la Administracion y de la Empresa Concesionaria, a 
cuyas sesiones de trabajo asisten especialistas invitados por las partes 
interesadas, 

Los resultados de la actuacion de estos Comites pueden calificar
se como muy positivos, De sus gestiones se han derivado una gran flui
dez y rapidez en los tra:mites administrativos, y se han evitado demoras 
en la construccion y puesta en servicio, merced al estudio y solucion an
ticipada de problemas que no hubiesen sido previstos sin esta clase de 
consultas, Por otra parte, las empresas se benefician de las orientacio
nes que les facilita en relacion con los compromisos adquiridos con la 
Administracion, 

8. POLITICA EN EL CICLO DE LOS COMBUSTIBLES 

Las necesidades de combustible para atender al programa nuclear 
espafiol se han analizado y segun hipotesis distintas basadas en el empleo 
simulta:neo de reactores de agua ligera o convertidores avanzados con re
productores ra:pidos, La Tabla VI muestra las necesidades para un pro
grama basado en reactores de agua ligera y reproductores ra:pidos, ma:s 
la central de Vandellos, 

La importancia de estas cifras y el volumen economico de los ser 
VlClOS asociados, justifica un esfuerzo progresivo para lograr que el su.:
ministro de los mismos se realice en la mayor escala posible dentro del 

" pa1s, 
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TABLA VI. NECESIDADES DE URANIO (t U30 8) 

.Afios Potencia Demanda de uranio acumulada 

1975 1, 1 000 

1980 8, 0 10 500 

1985 17,0 22 000 

1990 29,5 35 000 

1995 46,5 57 000 

2000 71,0 75 000 

8. 1. Suministro de materias primas 

La prospeccion e investigacion de nuevas yacimientos prosigue a 
fuerte ritmo y hay indicios muy prometedores que permiten pronosticar 
un aumento sustancial de las reservas. 

En cuanto a insta1aciones fabriles, esta prevista la construccion 
en Ciudad Rodrigo de una fabrica de uranio para una produccion de unas 
400 toneladas de U30 8 al afio, a partir de 1974-1975. La construccion de 
otras fabricas dependera de la importancia de los yacimientos que entren 
en explotacion, 

8. 2, Servicios del ciclo 

Espana estudia la participacion en las posibles plantas de enrique
cimiento europeas. En la actualidad acude a la contratacion de este serv.!_ 
cio en el extranjero, Con esta excepcion, se proyecta efectuar el resto 
de los servicios del ciclo en el pai's con calendarios dependientes del 
mercado interior y del "urnbral" economico de cada uno. 

El primer servicio que se iniciara sera la fabricacion de los ele
mentos combustibles, mediante una empresa mixta privada y estatal ya 
creada, con la ayuda t~cnica de la J. E. N. y el apoyo exterior que sea 
precise, Los servicios de conservacion a UF6 y de reelaboracion de los 
combustibles irradiados, para lo cual se cuenta con tecnologi'a propia, 
se iniciaran cuando el mercado lo justifique. 

8, 3,- PoH'tica de los combustibles fisionables 

La gestion del uranio, importaciones de combustible, etc., corren 
a cargo de la Comision Nacional de Combustibles, a trav~s de la Subcomi 
sion de Combustibles Nucleares en la cual esta representada la Admini~ 
tracion y las empresas el~ctricas. La poli'tica actual consiste en la con
tratacion de combustibles y servicios por las empresas interesadas, pero 
con gestion unificada por una agencia conjunta de las partes interesadas. 

El destine del plutonic procedente de los reactores t~rmicos depe~ 
de del futuro programa de reactores rapidos, Si la comercializacion de 
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los reactores r~pidos llega antes de 
plutonio producido a partir de 1973. 
conclusion firme a este respecto. 

1980 ser~ rentable almacenar todo el 
No obstante no se ha llegado a una 

9. POLITICA EN LA CONSTRUCCION DE CENTRALES NUCLEARES 

La ingeniert'a y la industria de fabricacion bienes de equipo est~n 
en Espaii.a en pert'odo de despegue. En algunos sectores, como el naval 
y, en gran parte, el electrico, puede decirse que la industria ha llegado 
a su mayort'a de edad, representada por la autosuficiencia domestica y 
la competitividad internacional. En el sector del equipo de generacion de 
energt'a en centrales termicas existen ya grandes empresas dedicadas a 
la fabricacion de calderas, turbinas y alternadores con licencias extran
jeras, y, paralelamente, sociedades de ingeniert'a capaces de concebir 
y realizar proyectos concretos de grandes centrales. 

En la primera generacion de Centrales Nucleares (Zorita, Santa 
Mart'a de Garofia y Vandellos) se adopto la modalidad de contratacion del 
proyecto "llave en mano 11

, pese a lo cual ha intervenido ya un buen n~e
ro de empresas espaii.olas y sociedades de ingeniert'a. Las empresas ma
nufactureras relacionadas con el equipo de la caldera nuclear han actuado, 
en la mayor parte de los casos, bajo plano del suministrador. La accion 
de la Administracion de exigir determinados porcentajes de participacion 
espanola al conceder la autorizacion y vigilar despues, por medio de los 
Comites de Coordinacion, el cumplimiento de este requisito, se ha reve
lado como un medio eficaz para estimular este resultado. 

La participacion nacional, en el caso de la central de Zorita, ha 
sido del 37, 4o/o. Las cifras correspondientes a las centrales de Santa 
Mart'a de Garofia y Vandellos, aunque no se conocen todavt'a con car~cter 
definitivo, puede afirmarse rebasar~ los valores de 41 o/o y 36o/o, respec
tivamente. La experiencia que se est~ adquiriendo en esta primera gen~ 
racion de centrales nucleares permite esperar que en las correspondien
tes ala segunda generaci6n se pueda alcanzar un 50o/o. 

Sin embargo, el estt'mulo m~s eficaz es el propio an~lisis del am
plio mercado de componentes nucleares que se abre a la iniciativa empr~ 
sarial. En efecto, se preve que a partir de 1976 o 1977 se contraten ya 
1 500 MWe anuales en reactores termicos, por un valor superior a 300 
millones de dolares anuales, de los cuales corresponden a equipo unos 
160 millones de dolares. Las cifras son bien elocuentes y justifican el 
interes de las empresas en el mercado de componentes nucleares. 

La industria espanola ha tornado ya la iniciativa y se est~ prepa
rando para ello, con la ayuda de la Junta de Energt'a Nuclear y el Servicio 
Tecnico Comercial de Constructores de Bienes de Equipo (SERCOBE), 
organismo sindical que agrupa las empresas del sector. Los empresa
rios espafioles est~n organizando sus equipos de produccion para abordar 
el proyecto y construcci6n de componentes nucleares bajo especificacio
nes funcionales de los suministradores. 
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La capacidad actual es sufl.cioote para la fabricaci6n de los compo
nentes de importancia intermedia, tan pronto como se pongan a punto las 
t~cnicas de control de calidad y ensayos no destructivos. Ya se han ini
ciado una serie de programas para el desarrollo de estas t~cnicas, en c2_ 
laboraci6n con organismos de la Administraci6n. 

Para las componentes de mayor dificultad, cuya fabricaci6n s6lo 
es rentable cuando se alcanzan producciones considerables, estan en maE_ 
cha estudios por parte de las empresas interesadas, a fin de decidir la 
instalaci6n de nuevas f~bricas y el adiestramiento de equipos de proyecto, 
para llegar ala producci6n de estos componentes con las adecuadas ga
rant{as de calidad y economia. Para ello se estudia la adscripci6n de es
tas actividades al r~gimen de fabricaciones mixtas, de gran ~xito en fa
bricaciones an~logas, y es posible la ayuda estatal mediante la llamada 
acci6n concertada. Los empresarios espafioles no se limitan a la consi
deraci6n del mercado interior, sino que tienen prevista la exportaci6n de 
componentes y la colaboraci6n con los pa{ses latinoamericanos a los que 
nos unen vfnculos de fraternidad t~cnica muy considerables. 

Cuando estos programas lleguen a su madurez no resulta aventu
rado predecir una participaci6n nacional del orden del 70% en equipo so
lamente, o del 80-85% de la inversi6n total. 
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Abstract-Resume-AHHOTa~HH -Resumen 

LONG-TERM PLANNING FOR NUCLEAR POWER IN THE NORDIC COUNTRIES. 
Between the Nordic countries a very close electricity supply cooperation takes place within Nordel, which 

is the cooperation organizing the Nordic power companies. Several long-term studies have been earned out 
concerning the future development of electricity consumption. Studies have also been made of how to cover 
the increasing demand for energy optimally and have been primarily concerned with the period up to 1980 with 
speculations on 1985 and 1990. The electricity demand withm the interconnected Nordel system is estimated 
to increase to some 330 TWh/yr and about 60 000 MW around 1980. At present hydro power covers - during 
years with normal precipitation - about 75"/o of the energy demand in the Nordel system and conventional thermal 
power the remaining 25"/o. Because of local natural conditions great differences exist between the Nordic 
countries concerning the production structure. Future expansion of the generating plants will take place 
differently in the different countries, In Sweden and Fmland it is anticipated that the increase of the base-load 
production will mainly be covered through nuclear and oil-fued power stations in the 1970s, but in this period 
cheap hydro power will still be available in Norway, while in Denmark the most economic alternative will 
probably be thermal power based on fossil fuels. Iceland, which is not included in the interconnected Nordel 
system, has important energy resources in hydro power, of which around 8"/o has already been harnessed, and 
in geothermal heat. Nuclear power in the Nordel system is expected to rise to a share of 15 - 20"/o of the 
electricity production by 1980, Hydro power's share will decrease to about 55"/o whereas conventional thermal 
power will increase slightly to 25- 30"/o. 

In Sweden plans exist for an expansion of nuclear power to reach an installed capacity of about 7000 MW 
in 1980, with units in sizes of up to about 800 MW. For the 1980s 1500-2000 MW nuclear power will be 
installed annually, givmg a total nuclear capacity in 1990 of 25000 MW as a round figure. 

In Finland the first nuclear power station will be commissioned in 1976. Up to 1990 a nuclear power 
program has been outlined including 10 units in hve plants. In 1980 the installed nuclear capacity is estimated 
to be about 1500 MW and in 1990 between 6000 and 7500 MW. 

In Norway possibilities for domestic use of nuclear energy have been closely considered since the 
early 1950s. A broad survey of the country's energy situation has been made for 1970-1990. Around 1985 
nuclear power will represent a feasible source of electric power as a supplement to the Norwegian production 
system, which at present is mainly hydro-based. 

PREVISIONS A LONG TERME POUR LE DEVELOPPEMENT DE L'ENERGlE NUCLEAlRE DANS LES PAYS 
NORDIQUES, 

Pour l'approvisionnement en energie electrique, une collaboration tres etroite existe entre les pays 
nordiques au sein du Nordel, organisation de cooperation des compagnies nordiques de production d'energie. 
Plusieurs etudes a long terme ont ete effectuees sur le developpement futur de Ia consommation d'electricite. 
Des etudes ont ete egalement faites sur les moyens qui pourraient permettre de faire face a l'accroissement de 
Ia demande d'electricite d'une fa<;:on optimale. Ces etudes portent principalement sur Ia periode allant 
JUSqu'a 1980, mais quelques estimations ont ete faites pour les periodes allant jusqu'a 1985 et 1990. II est 
prevu que Ia demande d 'electricite au sein des reseaux interconnectes du Nordel passer a a environ 330 TWh/ an 
et environ 60 000 MW vers 1980. Actuellement, l'energie hydro-electrique couvre environ 75"/o des besoins au 
sein du Nordel dans les annees a conditions hydrologiques normales, le reste, soit environ 25"/o, etant couvert 
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par les centrales thermiques. Les conditions naturelles n'etant pas les memes dans les differents pays nordiques, 
il en resulte que la structure de la production d'energie estdifterentesuivantles pays et que !'expansion future 
des centrales ne s'effectuera pas de la meme fa\;on. En Suede et en Finlande, on prevoit que l'accroissement 
de la production de base au COurS des annees SOiXante-dix pourra etre assure principalement par des centrales 
nucleaires ou thermiques a combustible fossile. Au cours de cette meme periode, de !'energie hydro-electrique 
bon marche sera toujours disponible en Norvege; au Danemark, la solutwn la plus economique sera vraisem
blablement apportee par des centrales thermiques utilisant du combustible fossile. L'Islande, qui ne fait 
pas partie du reseau Nordel, dispose d'importantes ressources en houille blanche -don! seulement W'/o environ 
soot actuellement exploites - et de chaleur geothermique. On estime d'une fa\;OO generale que la part de 
l'energie nucleaire dans le reseau Nordel augmentera pour attemdre 15 a 20o/o de la productwn d'electricite 
en 1980. La part de !'energie hydro-electrique tombera alors a environ 55o/o tandis que celle de !'energie 
thermique conventionnelle augmentera legerement pour passer a 25 ou 30o/o. 

Des projets existent actuellement en Suede pour le cteveloppement de l'energie nucleaire, qui prevoient 
une capacite installee d'environ 7000 MW en 1980 avec des unites d'une capacite s'elevant jusqu'a 800 MW. 
Pendant les annees quatre-vmgts, une capacite nucleaire de 1500 il 2000 MW sera installee chaque annee; 
en 1990 Ia capacite nucleaue totale sera ainsi de 25 000 MW en chiffre rood. 

En Finlande, la premiere centrale nucleaire sera mise en service en 1976. Un programme nucleaire 
prevoyant la construction de 10 unites groupees dans 5 centrales a ete esquisse pour Ja periode allan! JUSqu'en 
1990. On estime que la capacite nucleaire installee atteindra environ 1500 MW en 1980, et 6000 a 7500 MW 
en 1990. 

En Norvege, !'utilisation de l'energ~e nucleaire pour la consommation interieure a ete serieusement 
envisagee de puis le debut des annees cmquante. Une etude generale de la Situation concernant la production 
d'energie dans ce pays pendant la periode 1970- 1990 montre que l'energie nucleaire pourra constituer a partir 
de 1985 un complement au systeme de production norvegien, qui est Jusqu'a present base principalement sur 
I'energw hydro-electrique • 

.D;OJirOCPO'lHOE ITJIAHI1POBAHI1E ATOMHOH 3HEPrETl1Kl1 B CKAH,ll;l1HABCKI1X CTPAHAX. 

MeJK,z~y cTpaHaMII cesepa Esponhi cyiQeCTByeT O'leHb TeCHOe coTpy.!IHII'leCTBO no o6ecne-
1.JeHHIO aneKTpoaHeprMeH s npeaenax 3HeprocHcTeM:LI "Hop.n;enb", KOTopaH npeJlcTaBJIHeT co6o:H: 
06'be,ZUUieHHYIO CHCTeMy 3HepreTH"'eCKHX KOMll8HHJ1: CK8H,ll;HH8BCKHX CTpaH. B 3THX CTp8H8X npo

Be,z~eHhl ,z~o11rocpo'IHhie IICC11e,z~osaHII>I nepcneKTIIB 6y,z~yiQero poeT a noTpe611eHII>I :>11eKTpo:>Hepr1111. 
Tipose.n;eHbl T8KJKe HCCJie,llOB8HHH no llOHCKaM HaH6onee OllTHM8JlbHOrO CllOC06a y.llOBJieTBOpeHIUI 

B03p8CT81011tHX noTpe6HOCTeH B 3JieKTp03HeprHHj 3TH HCCJie.QOB8HIUI OXB8ThiB8JIH B OCHOBHOM 

nepHO.ll .z~o 1980 ro,z~a 11 B nepcneKTIIBe- 1985 11 1990 ro,z~hi. ITpe.lln011araeTc>l, 'ITO noTpe6HOCTII 
B 3JieKTp03HeprHH B npe.z:teJiax 3HeprOCHCTeMbl "Hop.llellb11 K 1980 ro.zty B03pacTyT npHMepHO .llO 

330 TBT-'l/ro.ll, a o6IQa>l MO!QHOCTb- ,z~o 60 000 MBT. B HaCTO>IIQee BpeM>i rll,z~po:>11eKTp0CTaHQIIII 
OOKph!BaiOT (B nepiiO,llhl HOpMallbHb!X BO,!IHhiX peli<IIMOB) OK0110 75o/o noTpe6HOCTeii B 311eKTpO:>Hep
rllll :>HeprOCIICTeMhl "Hop,z~e11b", aHa ,!101110 Ten1I0:>11eKTpOCTaHQIIH npiiXO,li>ITC>I OCTaBmlleC>I 25o/o. 
Bc11e,z~cTB11e MecTHhiX npllpO.!IHhiX yc11oB11ii, MeJK,z~y cKaH,!IIIHaBcKIIMII cTpaHaMII cyiQeCTByeT 6011b
ma>l pa3H11Qa B cnoco6ax npo113BO.!ICTBa :>11eKTpo:>Hepr1111. ITo:>ToMy B STIIX cTpaHax 6y,z~yiQee 
pa3BIITIIe :>HepreTIIKII noii,z~eT no-pa3HoMy. B IIIseQIIII 11 .PIIH11>1H.zlllll npOMhim11eHHhie noTpe6Hoc
TH B 31leKTp03HeprHH npe,n;noJiaraeTCH llOKpbiTb B OCHOBHOM 38 ClJeT CTpOHTeJibCTBa B 70-x ro

.D;8X 8TOMHbiX 3JieKTpOCT8HUHii H TeWIOBblX 311eKTpOCT8HUHfi, pa60T810UlHX Ha HetPTH. 0.llH8KO B 

:>TOT JKe nepHO.ll B Hopser1111 6yAyT eiQe Hcno1lb30BaTbC>I rll,z~popecypchi, o6ecne'IIIBaiOIQIIe ,z~eme
BJIO 3JieKTpo3HeprHI01 a B .l(aHHH H8H60Jiee 3KOHOMH'IHhlMH npoH3BO,llHTeJIHMH 31leKTp03HeprHH 

6y.ZlyT TenJI03JieKTpOCT8HUHH 1 pa60T810lli.He H8 yrne. J1CJI8H,ZI;HH 1 KOTOpaH He BXO.ZU1T B 3Hepro

CHCTeMy 11 Hop,1lellh 11 , HMeeT 6oraTble rH,n;popecypchl, H3 KOTOphiX B H8CTOHm;ee BpeMH HCnOJih3y

eTC>I yll<e 8o/o, II reoTepMa11bHh!e IICTO'IHIIKII. TaKIIM o6pa30M 0 K 1980 ro,z~y np11 nOMO!QII H,llep
HOii 3HeprHH B 3HeprOCHCTeMe 11 HOp,lleJib 11 6y.QeT Bbipa6aTbiB8TbCH OKOJIO 15-20o/o 3JieKTp03Hep

rllll. )l;011>1 rll,llpO:>HepriiH CHII311TC>I ,llO 55o/o, a ,!1011>1 Te01103HepreTIIKII B03paCTeT ,!10 25-30o/o. 
B HacTmunee apeMR B IIIseuHH paapa6oTaHa nporpaMMa paaBHTHH aTOMHoH 3HepreTHKH; 

no :>Toil nporpaMMe K 1980 ro.z~y ycTaHOB11eHHa>l MO!QHOCTb scex A3C cocTaBIIT 7000 MBT c 
:>Hepro61IOKaMII MO!QHOCThiO .z~o 800 MBT. B 80-e ro,z~hi MO!QHOCTb A3C 6y,z~eT ell<ero.!IHO B03-
pacTaTb Ha 1500-2000 MBT II COCTaBHT B 1990 ro,z~y npiiMepHO 25 000 MBT. 

B .PIIH11>1H.zlllll nepsa>1 A3C 6y,z~eT Bse,z~eHa B :>KCn11yaTaQIIIO B 1976 ro,z~y. ITo nporpaMMe 
pa3BHTI!>I aTOMHOH :>HepreTIIKII K 1990 ro,z~y npe,z~no11araeTC>I BBeCTII B CTpOH O>!Tb A3C C 10 
:>Hepro611oKaMII. OJKII,llaeTcH, 'ITO K 1980 ro,z~y ycTaHOB11eHHa>l MO!QHOCTh A3C cocTaBIIT 
1500 MBT, a B 1990 ro,z~y- OT 6000 ,!10 7500 MBT. 

BoaMOJKHOCTH MHpHoro HcnoJih30BaHHH aTOMHOii 3HeprHH B HopserHH o6cyJK,n:anHCb B Ha

'la11e n>ITII,lleC>IThiX rO,!IOB. 0QeHKII OOTpe6HOCTeii B 311eKTpO:>Hepr1111 B nepiiO,ll 1970-1990 ro,!IOB 
l'IOK83biBaiOT, 'ITO nocne 1985 ro,n:a 8TOMH8H 3HepreTHK8 6y,n:eT npe,ll;CTaBnHTb B8JKHbiA: HCTO'IHHK 

3neKTp03HeprHH ,ll;OnOnHHTenbHO K HOpBeJKCKOH CHCTeMe npOH3BO,Il;CTBa, KOTOpaH B HaCTOH~ee 

BpeMH o6ecne'JHBaeTCH B OCHOBHOM 38 C'leT rH,n:popecypCOB. 
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PLANES A LARGO PLAZO DE ENERGIA NUCLEAR EN LOS PA!SES NORD!COS, 
Entre los paises nordicos hay una cooperacion muy estrecha en el suministro electrico que se lleva a 

cabo par media de Nordel, organismo cooperativo de las compaftlas electncas nordicas. Se han realizado 
diversos estudios a largo plaza en relacion con el desarrollo futuro del consumo de energia electrica. Se han 
realizado tambien estudios sabre el modo de hacer frente de forma optima a Ia demanda creciente de energia 
electnca. Estos estudios se extienden princ1palmente hasta 1980, aunque se hacen tambien previsiones hasta 
19 85 y 1990. Se estima que Ia demanda de energia electrica dentro del sistema interconectado del Nordel 
aumente hasta unos 330 TWh anuales y alrededor de 60 000 MW, hacia 1980. En Ia actualidad Ia energia 
hidroelectrica cubre - en los aiios con precipitaciones normales - aproximadamente el 75"/o de Ia demanda de 
energia en el sistema Nordel y Ia energia term1ca tradicional el 25"/o restante. A causa de condiciones 
naturales de Ia region, hay grandes diferencias en Ia estructura de Ia produccion de los paises nordicos. La 
expansion futura de las centrales productoras de energia tamara diversas formas segun el pais. En Suecia y 
Finlandia se preve que el aumento en Ia produccion de carga-base se hara principalmente con centrales 
nucleares ode fuel en los aiios 70. Durante esta epoca seguira disponiendose en Noruega de energia hidroelectrica 
barata y en Dinamarca Ia alternativa mas economica sera probablemente Ia energia termica a base de 
combustible f"osil. Islandia, que no esta incluida en el sistema interconectado de Nordel, tiene importantes 
recursos de energia hidroelectnca - de los que en Ia actualidad se explotan un 8"/o - y de calor geotermico, 
En total se espera que Ia energia nuclear en el sistema Nordel aumente hasta representar alrededor del15 
al 20"/o de Ia producc1on de energia electrica hasta 1980, La contribucion de Ia energia de ongen h1draulico 
disminuira entonces hasta un 55"/o, mientras que Ia de origen termico tradicional continuara representando 
un 25 a 30"/o. 

En Suecia existen en Ia actualidad planes para aumentar Ia energl.a nuclear que darian par resultado una 
potencia instalada del arden de 7000 MW en 1980, con umdades de un tamailo hasta 800 MW. De 1980 a 1990 
se instalaran cada ai!o de 1500 a 2000 MW nucleoelectricos, lo que dara para 1990 una capac1dad nucleo
electrica total de 25 000 MW en numeros redondos. 

En Finlandia Ia pnmera central nuclear entrara en servicio en 1976. Para el periodo que se extiende 
hasta 1990 se ha bosquejado un programa de energia nucleoelectrica que incluye 10 unidades en cmco centrales. 
En 1980 Ia potencia nucleoelectrica instalada se estima en unos 1500 MW y en 1990 entre 6000 y 7500 MW. 

En Noruega las posibilidades de utilizacion domestica de Ia energia nucleoelectrica se ha considerado 
cuidadosamente desde los aiios cincuenta. Un amplio estudio de Ia situacion energetica del pais durante el 
periodo de 1970-1990 indica que Ia energia nucleoelectrica a partir de, aproximadamente, 1985, representara 
una posible fuente de energia electrica como suplemento del sistema de produccion noruego, que en Ia 
actualidad esta basado principalmente en Ia energia hidroelectnca. 

INTRODUCTION 

Between the Nordic countries a very close electricity supply co-operation 
is taking place within Nordel, which is the co-operation organization of the 
Nordic power companies. Nordel is an advisory and recommendatory body, 
which is formed of the leading persons of the power companies. The inter
connected Nordel system includes the electricity supply systems of Denmark, 
Finland, Norway and Sweden, see Fig. 1. 

The most important domestic resources of natural energy in the Nordic 
countries are hydro power and wood fuel, primarily in the form of waste 
fuel from the forest industry. There are, however, great differences be
tween the countries, and in Denmark for example these resources have no 
real importance. The possibilities of getting oil and gas from the North Sea 
are being explored, and the deposits which can be exploited have been found. 
There are some uranium deposits, yet at present too expensive to be ex
ploited. Iceland, which is not included in the interconnected Nordel system, 
is rich in natural energy resources, both hydro power and geothermal 
energy. 

To investigate how to cover the increasing demand for electric energy 
in an optimum way, several long-term studies have been carried out, 
primarily concerning the period up to 1980 but also viewing 1985 and 1990. 
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FIG.l. The high-voltage gnds of the Nordel system in 1985. 



A/CONF. 49/P /300 293 

The electricity consumption within the interconnected Nordel system 
was in 197Q just below 160 TWh, and it is estimated to increase to some 
330 TWhjyr and about 60 000 MW around 1980. The consumption per in
habitant is at present between 6000 and 7000 kWhjyr for the four countries 
together. Norway has approximately 15 000 kWh per inhabitant and year, 
which is the highest rate in the world. 

At present hydro power covers - during years with normal water con
ditions - about 75o/o of the energy demand in the Nordel system and fossil
fuelled thermal power the remaining 25o/o. At present Norway relies com
pletely on hydro power, whereas the supply in Denmark is completely based 
on thermal power. Finland and Sweden both represent an intermediate posi
tion. In 1970 - a year of poor precipitation - the hydro power stations 
delivered in Finland about 45o/o and in Sweden about 65o/o of the total electricity 
consumption. In the 1970s the increase of the base-load production in 
Sweden and Finland is anticipated to be mainly covered through nuclear 
and oil-fired power stations. During this period cheap hydro power will 
still be available in Norway, and in Denmark the most economic alternative 
will probably be thermal power based on fossil fuels. 

The expected future development in Sweden, Finland and Norway is de
scribed in three appendices. In Sweden (Appendix I) there are now plans 
for an expansion of nuclear power which will result in an installed capacity 
of about 7000 MW in 1980. In 1990 the nuclear capacity has been estimated 
to amount to about 25 000 MW. In Finland (Appendix II) a nuclear power 
program has been outlined for the period up to 1990. In 1980 the installed 
nuclear capacity will be about 1500 MW and in 1990 between 6000 and 
7500 MW. In Norway (Appendix III) there are indications that from about 
1980 nuclear power will represent a feasible source of electric power as 
a supplement to the Norwegian production system. The installed nuclear 
capacity is estimated to amount to between 3000 and 9000 MW in 1990. 

Denmark will have about 8000 MW installed generating capacity at the 
end of 1970s, divided equally between the two separate areas east and west 
of the Great Belt. In both areas the load is growing at an annual rate of 
about 1 Oo/o. No incentives have been found to embark upon nuclear pro
gram tn the 1970s, when nuclear units should be of a size covering about 
twice the annual load increase in order to be competitive with conventional 
power. Uncertainties with respect to construction costs have contributed 
to the present reserved attitude to nuclear power, as well as the high interest 
rate and the low prices of fossil fuel in force until recently. The considera
tions have been further complicated by the possibilities of buying large 
quantities of natural gas from the North Sea. It is possible that natural 
gas may postpone the introduction of nuclear power somewhat further into 
the future than the years around 1980. Before placing firm contracts in 
connection with the first nuclear unit, three to four years for preliminary 
investigations of siting and technical-economical problems are foreseen. 
Furthermore the necessary project organizations shall be established or 
set up, and experience shall be collected. Essential parts of this prepara
tory work have been in progress for some time. 

In Iceland the total production of electricity amounted in 1970 to about 
1. 5 TWh, of which 97o/o were generated by hydro power. Yet only about 
8o/o of the country' s total harnessable hydro power has been developed so 
far. Geothermal energy is of no less magnitude than hydro power and con
trols vast energy potentials capable of being converted into electricity, so 
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far only carried out to a small initial extent. However, natural heat is 
used increasingly for space heating including almost the whole of the capital, 
Reykjavik. As the natural energy resources in Iceland are so extensive 
and utilized to such a small extent, it seems quite unlikely that nuclear 
power plants will be constructed there for a long time to come. 

In total, nuclear power in the Nordel system is expected to rise to a 
share of 15 - 20o/o of the production of electric energy up to 1980. Hydro 
power will decrease to about 55o/o whereas conventional thermal power will 
increase slightly to 25- 30o/o. The installed nuclear capacity within Nordel 
is estimated to be about 9000 MW, or 10- 15o/o of the electricity generating 
capacity in 1980, and it will increase to some figure between 30000 and 
50000 MW in 1990. 

Owing to the large size of the nuclear power stations in almost all 
cases they will be connected to the 400-kV systems or even higher voltages 
in the Nordic countries. By the end of the 1970s 400-kV grids will probably 
be in operation in all the interconnected systems of the Nordic countries. 
Investigations have shown that the introduction of a system voltage of 
750 kV or higher should be taken into consideration in Sweden, yet not be 
commissioned before the end of the 1970s. Figure 1 shows a map of the 
high voltage grids of the Nordel system in the middle of the 1980s according 
to preliminary plans of expansion. The existence of interconnections between 
the Nordic countries can facilitate the establishment oflarge nuclear power 
units and thereby the exploitation of the economic potential of nuclear power. 

Finally it ought to be mentioned that an experience centre for nuclear 
power has been set up at the Swedish Ringhals nuclear power station which 
is under construction. This enables engineers from the Nordel companies 
to acquire technical know-how by participation in the work of this project. 
At two other Swedish nuclear projects there are similar opportunities of 
taking part in the work. 

PART I 

LONG-TERM PLANNING FOR NUCLEAR POWER IN SWEDEN 

1. CONSUMPTION OF ELECTRIC ENERGY 

For the 1970s a thorough forecast of the electric energy consumption 
has recently been made by the Central Operating Management (CDL), which 
is a co-operative body of the power utilities in Sweden. According to this 
forecast the annual increase of consumption will be 8. 4 and 7. 7o/o for the 
periods 1970-75 and 1975- 78, respectively, meaning a rise of the annual 
load from 65 TWh in 1970 to 145 TWh in 1980. 

For the 1980s no such certain forecast is yet available. For the 
planning studies that are now carried out, the same increase of consumption 
is assumed each year of the decade as the forecasted annual increase during 
the last year of the 1970s, implying a rise from 145 TWh in 1980 to 200 TWh 
in 1985 and 255 TWh in 1990. 
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2. DECREASING HYDRO POWER EXPANSION 

During the 1970s the hydro power expansion will, according to present 
plans, be only 8 TWh, covering not more than 10o/o of the increase of con
sumption. The hydro power share of the total production, which during 
normal precipitation, amounted to 80% in 1970, will decrease to 40% in 
1980. 

At present it is difficult to estimate the expansion of hydro power after 
1980. It is true that also after 1980 there will remain some economically 
harnessable projects, but due to environment considerations among others 
it is uncertain if they will be exploited. In the general planning studies for 
the 1980s only a few new hydro power stations are foreseen. 

Thus, from 1970 onwards the increase of the energy consumption will, 
to more than 90%, be covered by fossil or nuclear thermal power, the 
choice between them to be made by technical and economical power balance 
calculations. 

3. OPTIMUM SHARE OF POWER PRODUCTION EXPANSION 

The general outlines concerning the optimum share of the different 
kinds of production are regularly investigated by the CDL. Resulting from 
such general studies a detailed plan for the next 15 to 20 years is then 
carried out, which also takes into account factors that cannot be considered 
in a general study. Between the Swedish power utilities a co-ordination 
of this planning is made by the CDL Planning Committee. The geographical 
and physical conditions - including possibilities for transmission lines -
for conceivable thermal power stations are investigated by the CDL Siting 
Committee. This is made in co-operation with the authorities and includes 
all possible sites for large plants along the sea coast and at the large lakes. 
A special committee set up by the government is also studying the possi
bilities for locating nuclear power plants in or near large cities in order to 
use the plants for combined production of electricity and heat. 

The last general study was made in 1970 and concerned the conditions 
during the 19 70s. It was based on the mentioned forecast for this decade. 
It also took into account the hydro power expansion. Besides, the study 
also investigated the possible expansion of industrial and district heating 
back-pressure plants, which, owing to the combined production of heat and 
electricity, are found to be more economical than other kinds of thermal 
power. The calculations were carried out for different values concerning 
interest rates and fuel oil prices. 

According to this theoretical study only nuclear power and peak pro
duction units should be installed, together with hydro and back-pressure 
installations. The fossil-fuelled condensing plants were not found econom
ical, unless the oil price should be below 1.1 US $/Gcal. In spite of a 
considerable increase in installation costs and fuel costs since the time of 
the study, the conclusions concerning the optimum share still seem to be 
valid for the 1970s as well as for the 1980s. 

Detailed planning considers more accurately the energy and peak load 
requirements and is therefore able to give more specific conclusions about 
the installations of nuclear, fossil-fuelled and hydro power. Regarding 
back-pressure power, the district heating capacity is, in the present study, 



296 NEV ANLINNA et al. 

scheduled to rise from 4 TWh in 1970 to 13 TWh in 1980 and to about 30 TWh 
in 1990; two-thirds of the increase in the 1980s is assumed to be nuclear. 

Some increase of the fossil-fuelled condensing power is also assumed, 
despite the result of the general study. In reality, such units will be found 
justifiable, among other reasons because they can be used for peak load 
as well as for base load. It is also often economically favourable to install 
additional units in existing stations. Because of their relatively short erec
tion time, fossil condensing units will also be chosen in case of an unexpected 
rapid increase of the consumption. 

The detailed planning carried out hitherto has given the following figures 
for 1980 and 1990 regarding the share of energy production - in the case 
of normal precipitation - between nuclear, fossil-fuelled and hydro power. 
For comparison the energy balance for 1970 is also given: 

1970 1980 1990 

Hydro power 53 "' 62 65 TWhjyr 
Nuclear power 0 "'46 "'140 II 

Fossil-fuelled power 12 "'37 50 II 

65 145 255 

Apart from the uncertainty of the load forecast, the figure for nuclear 
power for 1980 and 1990 must be considered as approximate. Two reasons 
for this have been mentioned, namely the difficulties to foresee the com
petitiveness of the fossil-fuelled power and to estimate the hydro power 
expansion. A third reason is an uncertainty regarding the possibilities 
of obtaining oil or gas from the North Sea and the Baltic; in the figures 
above no such possibilities have been considered. 

The nuclear power expansion in the 1970s will result in an installed 
capacity of about 7000 MW in 1980, with unit sizes up to about 800 MW. 
For the 1980s, 1500-2000 MW nuclear power is to be installed each year, 
giving a total nuclear capacity in 1990 of 25 000 MW as a round figure. 
It is anticipated that the unit size will rise to about 1500 MW in 1985. Thus, 
one or two new units are required each year during the 1980s. According 
to the preliminary siting studies it is expected that about 10 sites will be 
used for these 25 000 MW. 

4. CONCLUDING REMARKS 

In the studies referred above no new production processes - except 
fast breeders - are assumed before the end of the 1980s. Thus, it is 
considered that the fusion reactor will not be in commercial use during 
the period considered, because it has not even been shown in laboratory 
scale that it is possible to create a stable fusion reaction, and that the 
experience from the conventional nuclear power has shown that it takes 
about 25 years from the laboratory stage to full commercial operation. 
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PART II 

LONG- TERM PLANNING FOR NUCLEAR POWER IN FINLAND 

1. CONSUMPTION AND PRODUCTION OF ELECTRIC ENERGY 

The consumption of electric energy in Finland in 1970 amounted to 
22 TWh totally or 4600 kWh per capita. The average annual growth-rate 
during 1950-1970 was 9. 3o/o. The share of industry in the consumption of 
energy accounted for nearly 70%, while the forest industry alone used about 
50o/o. 

The average annual growth in the real volume of the gross national pro
duct during 1950-70 in Finland was 5o/o. This growth is supposed to slow 
down to some extent in the future. The long-term forecast of the electric 
energy is based on an annual average growth of 4o/o [1]. 

Accordingly the consumption of electricity is calculated to be in 

1970 
1980 
1990 
2000 

22 TWh 
44 II 

75 
120 

II 

II 

Under average precipitation conditions water power covers about 50o/o 
of the present demand for electricity. The share of the thermal 
power produced in pulp and other industrial thermal processes and also in 
municipal district heating systems is about 30%. The water-power resources 
are almost totally exploited. Owing to limited expansion of district heating 
systems as well as forest resources, the share of the process thermal 
power will also decrease. Thus in the future most electricity demand 
must be covered by separate large condensing power stations. A general 
picture of the energy production is given in Fig. 2. 

Production of energy 
TWh 
120 

MW 

20000 

15000 

10000 

Installed capacity 
25000 

15200 

11200 

H 

A 
8500 

FIG. 2. Planned producnon of electnc energy and installed capacny m Fmland 1970-2000. 

P = industnal process power; L = distnct heanng power; A = base load condensing power; 
T =peak load and reserve power; H =hydro power. 
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2. PLANNING FOR NUCLEAR POWER 

Since the end of the 1950s the introduction of nuclear power has been 
studied in Finland and in 1960 an investigation made together with IAEA 
was completed [2]. According to this investigation the first nuclear power 
station of about 300 MW should have gone into operation at the beginning 
of 1970s. The final decision of the construction of the first station, Loviisa 
nuclear power station, was delayed until1970. In the same year a contract 
was signed with the Soviet Technopromexport about the delivery of a Novo
Voronesh type pressurized-water reactor, two 220-MW turbines, and the 
first fuel loading and installation of this equipment, for a 420-MW station 
on an island near the town of Loviisa (see Fig. 3). The Finnish industry is parti
cipatingto a great extent in the delivery of mechanical and electrical equipment. 
Also several West European and United States companies are taking part 
in the planning and in deliveries of the instrumentation and the safety system. 
Both the civil engineering and the general design are performed by the 
orderer, the state-owned Imatran Voima Osakeyhtio. 

This company is the prime contractor and will also adapt the station 
to the safety norms applied in the western countries. The Soviet Union 
equipment, which determines the schedule of the station, is so delivered 
that the station can go into commercial operation in spring 1976. 

After commissioning the first unit in Loviisa the main part of the base 
load condensing power indicated in Fig. 1 will be covered with nuclear power 
[3]. This results in the nuclear power program shown in Fig. 4. In this 
program three units with a total capacity of 1500 MW will be commissioned 
by 1980. One of them is a 600-MW unit planned by Teollisuuden Voima Oy, 
a private-owned power company; the other two are the above-mentioned 
Loviisa I and Loviisa II. In the 1980s the nuclear power capacity will in
crease to comprise 10 units with a total capacity of 6000- 7500 MW in five 
separate sites. Of these sites at least four will be located at the southern 
and western coasts. Presumably all the reactor units will be equipped with 
two turbines to keep the necessary enforcements of the network and because 
of the need to keep the reserve capacity moderate. One of the dimensioning 
criteria of the Finnish power system is the requirement that the disconnection 
of the largest turbogenerator shall not lead to an interruption of the elec
tricity supply. 

An extensive introduction of nuclear power in Finland is well founded 
because of the following reasons: 

Fossil fuels have not been found in Finland; 
The transport of fossil fuels to Finland is long and costly; 
Finland's fast-growing electricity demand, the well-developed trans

mission system and strong connections to neighbouring countries 
offer favourable conditions for the construction of large power 
stations; 

The southern and western coasts of Finland offer excellent sites for 
large nuclear stations, regarding ground conditions, cooling water 
supply and distance to the settlements; 

With regard to environmental protection, nuclear power is advisable 
since energy production is concentrated in relatively few locations 
where the problems concerning various environmental aspects 
can be effectively solved. 
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PART III 

LONG-TERM PLANNING FOR NUCLEAR POWER IN NORWAY 

Up to now Norway's only access to fossil energies has been a modest 
extraction of coal at Svalbard. Recent finds in the North Sea seem to 
promise future extraction of oil and gas from the Shelf. No occurrences of 
uranium are reported. 

Abundant sources of hydro power scattered almost all over the country 
allowed early and extensive exploiting. The electricity consumption (60 TWh 
annually) now represents some 60o/o of Norway' s total (inland) energy con
sumption, the remaining energy demand being mainly met by liquid fuels. 
The total energy consumption (per capita) averages that of Western Europe 
countries. Its high content of electricity shows an exceptionally high figure 
for the specific electricity consumption (approx. 15 000 kWh/inhabitant), 
only partly due to the demand from energy consuming industries. 

Under normal precipitation conditions practically all electricity pro
duction originates from hydro power. The even and heavy industrial load 
allows the system to reach a high load factor. 

A broad survey [ 4] of the future energy situation indicates: A growth 
in the general electricity consumption of approx. 5. 5% p. a. up to 1980, 
giving a total consumption of at least 100 TWh for 1980 (a certain growth 
for the smelting industry included). With more than 50 TWh favourable 
hydro power unexploited, the greater part of the new demand can be met 
by hydro power. In spite of good storage possibilities, the variations in 
the precipitation from one year to another limit the possible amount of 
guaranteed power to be delivered from the hydro system. Thus certain 
amounts of oil-based energy (possibly delivered from neighbouring count
ries) represent the most feasible way of raising the guaranteed power ability. 

The North Sea finds of oil and gas are not likely to have any marked 
influence on the time of introduction or quantities installed of this fossil
based supplement. With the value of the North Sea energy closely tied to 
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the world market price level, there can be little difference for the economy 
of Norway should this energy come into use in these plants instead of 
purchased energy. 

Nuclear power seems feasible as a supplement to the Norwegian system 
around 1985, due regard made to water resources and anticipated cost de
velopment even for other production means. Leaving the task of load re
gulating to the more flexible hydro power, the nuclear equipment can be 
allowed to run mainly on base load. Under these conditions the installa
tion of atomic power may range from 3000 to 9000 MW in 1990. 

The planning of the adaption of nuclear energy plants to the system is 
carried out with consideration of the distribution of hydro power sources 
and the location of consumption centres, aiming at solutions giving mini
mum production costs for the system as a whole [ 5, 6]. The need for cooling 
water gives preference for locations close to the coast, but the topography 
is less convenient for plants of conventional design. Suitable areas, if 
they can be found, are attractive for alternative use. Thus suggestions 
to erect nuclear power plants underground in the bedrock have met with 
interest. This design will multiply the possibilities to finding locations 
without conflicting interests and will also take advantage of Norwegian 
engineers' very good experience in constructing underground water power 
plants. The cost incorporated will be somewhat higher than for a con
ventional design but, on the other hand, the safety improves which in turn 
may reduce the need for security zones surrounding the plant. 

Investigations based upon the assumption that nuclear power plants 
can be placed rather freely along the Norwegian coast, indicates that the 
first plants will be placed within the Oslo-fjord region, with generator 
ratings of 500-800 MW and, towards the year 2000, from 3000 to 
4000 MW. Sitings rather close to the heavier load centres seem realistic, 
so the introduction of nuclear power plants is not expected to require a 
higher transmission voltage than 380 kV, the highest voltage level at present 
in use in Norway. 

The more general investigations in the nuclear field have been carried 
out by the Norwegian Institute of Nuclear Energy, founded in 1953. It has 
planned, built and operated three heavy-water scientific reactors, and built 
a water-vapour-producing reactor, placed completely underground in the 
city of Halden. The present main area of study of the Institute is reactor 
and fuel technology, process control, instrumentation, isotope technology, 
and problems concerning security. 

Together with NVE and Norsk Hydro the Institute made a project study 
for an atomic power station of approx. 500 MW [7). Both BWR and AGR 
were taken into consideration, with conventional as well as underground 
designs. 

Central authorities are legally entitled to control the development of 
the electricity production system. Regarding nuclear power the need for 
central control is obvious. At the time of introduction the production from 
one single nuclear set corresponds well to the total annual consumption 
growth for the whole country. The responsibility for the planning, erection 
and running of these plants will most likely be laid to the State Power 
System. 

The nuclear future concerns also the engineering industry in Norway. 
Through its deliveries this industry has played an active role in the develop
ment of the water power in Norway and is supposed to extend its activity 
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into the new field. To develop national competence in future nuclear power 
technology is something which can be vital when it must be decided 
whether or not the first installation should be advanced to take place 
before the assumed optimal time. 
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The first part of this paper reviews existing long-term projections of energy demand at global and regional 
levels (for example, developed private enterpnse economies, centrally planned economies and developing 
countries). An attempt is also being made to assess long-term factors influencing the demand for energy in 
countries in various stages of socio-economic development; and to identify the likely shifts in the demand for 
energy over the long-term period in the light of various assumptions relating. among others (a) to prospective 
economic growth -rates and (b) to technological changes and innovations that ma.y produce major shifts in the 
long-term pattern of energy consumption. Special attention is paid to the changes in the sectoral composition 
of output and the prospective evolution of energy demand by major consuming sectors (industry. agriculture, 
transportation) is identified. Among the factors taken into account are the prospective growth-rates of 
population, technical progress, industrialization, urbanization, mechanization of agriculture. electrification, 
environmental considerations. 

The second part of the paper brings together available information on estimates of reserves of conventional 
sources of energy (fossil fuels, etc.) and examines literature relating to prospective exploration activities which 
may result in the addition to such reserves. The paper contains a review of the forecasts of technolog1cal 
changes in the energy field affectmg the availability of energy supplies with particular accent on new sources of 
energy. The paper ends with a brief discussion confronting energy demand with energy resource projections. 
An attempt is made to bring together the vanous qualitative consideratwns bearing on the substitution among 
the sources of energy with a view to estimating the relative shares of individual sources in meeting the total 
future requirements of energy. 

ETAT DES BESO!NS ET INVENTAIRE DES RESSOURCES EN ENERGIE DU MONDE JUSQU'A L'AN 2000, 

La premiere partie du memo ire est consacree aux projections a long terme de Ia demande d'energie 
dans le monde et par groupes de pays (par exemple, pays developpes a economie de marche, pays a economie 
planifiee et pays en voie de cteveloppement). Les auteurs cherchent aussi a determiner les facteurs qui a long 
terme influent sur la demande d'energie dans des pays qui en sont a des stades divers du developpement 
economique et social. lis s'attachent a prevoir les modifications probables a long terme dans Ia repartition 
de la demande d'energie en adoptant diverses hypotheses concernant, entre autres, a) la prospective des taux 
de croissance economique, b) les changements et innovations technologiques qui peuvent entra1ner 
d'importantes modifications dans Ia repartition a long terme de Ia consommation d'energ1e. Ils accordent une 
attention particuliere aux variations de Ia composition de Ia production par secteur et a !'etude de !'evolution 
future de Ia demande d'energie des grands secteurs de consommation (industrie, agr1cu!ture, transports), 
Parmi les facteurs retenus figurent les taux d'accroissement de Ia population, le progres technique, !'industriali
sation, !'urbanisation, Ia mecanisation de !'agriculture, !'electrification et certaines considerations relatives 
a !' environnement. 

La deuxieme partie du memoire est une compilation des renseignements disponibles sur les estimations 
des reserves des sources classiques d'energie (combustibles fossiles, etc.) et une analyse de la documentation 
relative aux activites de prospection susceptibles d'aboutir a l'accroissement de ces reserves. Les auteurs passent 
aussi en revue les previsions des changements technologiques dans le domaine energetique qui influeront sur 
les approvisionnements en energie et insistent sur les nouvelles sources d'energie. Pour conclure, ils comparent 
brievement les projections relatives a Ia demande et a !'offre d'energie. Ils examinent les diverses considera
tions qualitatives qui interviennent dans la substitution des diverses sources d'energie l'une a !'autre. en vue 
d'evaluer les parts respectives de ces sources dans les approvisionnements futurs en energie. 
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MHPOBh!E IlOTPEEHOCTH B 3HEPrHH H 3HEPrETH'IECKHE PECYPCbl B 2000 ro.z~y. 
TiepBaH t,tBCTb .ZlBHHOrO ,l(OKJl8,l(8 TIOCBSIIneHa paCCMOTpeHHIO Cylll6CTBYIOW:HX ,llO.llrocpoqHLIX 

nporH030B B 06118CTH TIOTpe6HOCTefi B 3HeprHH B MHpOBOM H perHOH8JihHOM M8CWT868X (H8TipH

Mep, CTpBH:bl C pa3BHTOi1: 3KOHOMHKOfi 1 OCHOB8HHOft H8 qaCTHOC06CTB6HtUf46CKOM npe.z:tnpHHHMa

TelJbCTBe, CTp8Hhl C Q6HTp8.11bHI:olM TIJI8HHp0B8HH6M 3KOHOMHKH H p83BHB8IOUJ;H6CH CTp8Hhi). )le

JI86TCH TIOTibiTK8 ,ll8Th OU6HKY ,llOJJrocpOtJHhiM cpaKTOpaM, BJIHHIOIIJ;IiM Ha TIOTpe6HOCTH CTpaH B 

3HeprHH H8 pa3JIHl.JHbiX CT8.ZUUIX COI..Ui8JihH0-3KOHOMH\:f6CKOrO p83BHTHjf. ,l(enaeTCH T8Kxte no

TILITK8 onpe,n:eJIHTb B6p051THLI6 C.ZlBHrH B TIOTpe6HOCTHX B 3HeprHH 38 ,llJIHT6JibHLiii nepHO.Il B CBe

Te B03MOJKHLIX nepCTI6KTHB 1 CBH38HHhiX1 HapH.ZJ;y C .ZJ;pyrHMH 1 C a) 6y.ZJ;yiiUfMH TeMnaMH 3KOHOMH

qeCKOrO pOCTa H b) TeXHOJIOrHl.leCKHMH H3MeHeHIUIMH H HOBIIIeCTBaMH 1 BHe,opeHHe KOTOpblX MO

)f(eT 3Hal.IHTeJibHLIM o6pa30M noBJIIHITb Ha ,ZJ;onrocpot.~HyiO nporpaMMY noTpe6neHHH 3HeprHH. Oco-

6oe BHHM8HHe y,D;eJISieTCSI H3MeHeHHSIM 3HepreTHl.leCKHX MOIO;HOCTefi B CeKTOpax H nepcneKTHBHOii 

OQeHKe 3HepreTHl.leCKHX TIOTpe6HOCTefi B OCHOBHbiX TIOTpe6JISIIOIO;HX CeKTOpax (npOMbiiiiJieHHOCTH, 

CeJlbCKOM X03liHCTBe, TpaHCITOpTe), K npHHHMaeMLIM BO BHHMaHHe ,PaKTOpaM OTHOCliTCll CJ!e,lly
IOIO;He: npe,D;nonaraeMLie TeMnLr pocTa HaceneHHH, TeXHHqecKHH nporpecc, HH.llycTpHaJIH38QHSI, 

yp6aHH38l.l;IUI 1 MeX8HH38QHH CeJibCKOrO X03SifiCTBa, 3JieKTpH~HKaQHH 1 npo6JieMbi OKpyJKaiOtneH 

cpe,liLI. 
Bo BTOpoH 'iaCTH ,liOKJia,lla ,llaeTCll 0606111eHHe HMeiOIIIeHCll HH,POpMal.lHH OTHOCHTeJlbHO Ol.le

HOK 3anaCOB 06LI'iHLIX HCTO'iHHKOB 3HeprHH (BH,liLI HCKOnaeMOrO TOITJIHBa H T, ,ll.) H paccMaTpH
saeTCSI JIHTepaTypa no sonpocaM npe.llnonaraeMLrx reonoropa3se,lloqHLIX pa6oT, npose,ZJ;eHHe Ko

TOpLIX 6y.lleT cnoco6cTBOB8Tb OTKPLITHIO ,ZJ;OnOJIHHTeJihHLIX MecTopoJK,ZJ;eHHH. B .aoKJia,ZJ;e co.llep

JKHTCll 0630p nporH030B TeXHOJIOrH'ieCKHX H3MeHeHHH B 06JlaCTH 3HepreTHKH, KOTOpLie 6y.llyT 
CTIOC06CTBOB8Tb o6ecneqeHHIO 3HeprHeii, npH 3TOM OC060e BHHMaHHe y.lleJIJ~eTCH HOBLIM HCT01.1HH

K8M 3HeprHH. )lOKJI8,ZI; 38KaHqHB8eTCJI Kp8TKHM C0TIOCT8BlleHHeM nporH030B OTHOCHTellbHO TIOT

pe6HOCTefi B 3HeprHH H 3HepreTH1.1eCKHX pecypCOB. ,llenaeTCH TIOTibiTK8 0606ntHTb p83JIHqHbie 

C006pa>KeHHH 1 KacaiOID;HeCH KaqeCTBeHHLIX C,ZJ;BHrOB B HCT01.1HHK8X 3HeprHH cyt.~eTOM OQeHKH OTHO

CHTeJibHOii .ztOJIH OT.ZJ;eJibHbiX HCT01.1HHKOB B y.ZJ;OBJieTBOpeHHH BCero 06'J,eMa 6y.llyJI:tHX TI0Tpe6HOC

Teii B 3HeprHH. 

RECURSOS Y NECES!DADES ENERGET!CAS MUNDIALES HAST A EL ANO 2000, 

La primera parte de esta memoria pasa revista a las previsiones a largo plazo referentes a demanda de 
energia, a nive!es mundial y regional (por eJemplo, regiones en que predomina una economia de empresas 
privadas en paises desarrollados, economias de planificacion centralizada y economias de paises en desarrollo). 
Se propone describir y evaluar los factores a largo plazo que influyen en las necesidades de energia en paises 
situados en diversas etapas de su desarrollo socioeconomico. Se procura predecir las probables tendencias en 
las necesidades de energia a largo plazo, sobre Ia base de diversas hipotesis entre las que se encuentran: 
a) el ritmo previsible de crecimiento economico; b) las transformaciones e innovaciones tecnologicas que 
pueden originar variaciones importantes en el esquema a largo plazo del consume energetico. Se concede 
especial atencion a los cambios en !a composicion sectorial de !a potencia generada, y se estudia !a evolucion 
probable de Ia demand a de energia por los principales sectores consumidores (industria, agricultura, transporte), 
Entre los factores a tener en cuenta figuran Ia tasa probable de crecimiento de !a poblacion, el progreso 
tecnico, Ia industrializacion, Ia urbanizacion, Ia mecanizacion de !a agricultura, !a electrificac1on y otras 
consideraciones del medic socioecon6mico. 

En !a segunda parte del trabajo se recoge Ia informacion hoy disponib!e sobre los dllculos de las 
reservas de fuentes convencionales de energia (combustibles fosiles, etc,), y se examina !a literatura referente 
a las actividades de exploracion que puedan aumentar dichas reservas, La memoria contiene un estudio sobre 
los cambios technologicos que pueden producirse en el campo de Ia energia y afectar a !a disponibilidad de 
suministros energ'eticos, dltndose especial importancia a las nuevas fuentes de energia. EI trabajo termina con 
un breve estudio en que se compara Ia demanda de energia con Ia expansion de los recursos energeticos. Se 
procura presentar todas las diversas consideraciones de orden cualitativo que pueden determinar Ia sustitucion 
de una fuente energetica por otra, con obJeto de examinar !a relativa proporcion de cada fuente individual en 
Ia satisfaccion de las necesidades futuras tot ales de energ1a. 

I. INTRODUCTION 

Over the years, mankind's social and economic development has been 
associated with an increasing utilization of energy. The vast bulk of energy 
is supplied at present by coal, oil and natural gas and, to a small extent, 



A/CONF. 49/P/420 305 

by hydroelectric and nuclear energy. Nuclear sources are however ga1mng 
ground, although the technological problems of radioactive waste disposal 
remain to be solved satisfactorily before nuclear energy can become a major 
energy source. Large reserves of hydroelectric energy still exist, especially 
in the developing nations, and other energy resources which exist in various 
parts of the world have not yet been utilized. 

Information on estimated energy reserves and on projected demand for 
energy indicate that total reserves are adequate to meet the increase in 
demand to the year 2000 and for some time beyond that date. Future tech
nological advances are expected to increase recovery factors of oil-in
place, result in production from deeper waters offshore and to permit the 
development of oil shale and tar sands, thus increasing substantially the 
quantities of available and economically utilizable resources. Such possible 
developments make uncertain the total available reserves of fossil fuels 
and complicate the development of policy on fuel and energy use. 

In this paper, projections of demand for energy have been obtained by 
regression analysis based on time series and cross -section data on 
comsumption of energy and its components (solid and liquid fuels 1, gas, 
electricity) over the period 1955 to 1968. Projections for the developed 
market economies, centrally planned economies and developing countries 
have also been derived. 

Environmental considerations will have an increasing influence on the 
type of energy resources developed. Less-polluting energy sources 
such as geothermal, hydroelectric, tidal and solar energy will receive 
increasing attention. However, conventional fuels such as coal and lig
nite, petroleum and gas are expected still to dominate the energy picture 
in the year 2000 A. D. 

II. REVIEW OF PAST TRENDS IN WORLD ENERGY CONSUMPTION2 

In the recent past, there has been a marked shift in consumption 
from solid fuels towards the use of liquid fuels and natural gas3 which 
has been common to all regions of the world. In 1950, for example, 61% 
of the world's energy requirements were met by solid fuels and 25% by 
liquid fuels. During the period 1950 to 1968, howev.er, world consumption 
of solid fuels rose at the rate of 2o/o p. a., while that of liquid fuels increased 
at the rate of 8o/o p. a., so that by 1968, the share of solid fuels had fallen 
to 38% and that of liquid fuels had risen to 40o/o. 

Patterns of change in consumption are even more pronounced at the 
regional level, and in the developed market economies, the movement 
away from the use of solid fuels has been striking. Consumption rates of 
solid fuels in these countries remained stationary over the period 1950 
to 1968, while liquid fuel consumption rose by 7% p. a. The demand for 
natural gas rose at the rate of 7o/o and for energy from hydroelectric and 
nuclear sources combined, at 6o/o p. a. 

In centrally planned economies, the share of solid fuels declined from 
over 80o/o in 1950 to about 60o/o in 1968, the rise in the share of liquid fuels 

1 Solid fuel refers to coal and ligmte. Liqu1d fuel refers to petroleum. 
2 Non-commercial sources of energy such as wood and waste products are disregarded in thiS paper. 
3 "Changing Patterns in the World Energy Situation", United Nations E/C. 7/2/ Add. 1, 12 January 1971. 
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accounting for nearly all the increase in total energy consumption between 
1960 and 1968. The most significant change, however, was in natural-gas 
consumption which increased at the rate of 19o/o p. a. 

Within the developing world, there are great differences in the level 
of energy consumption and in growth-rates both in terms of total demand 
and in terms of the various sources. In the developing countries as a whole 
in 1950, solid fuels contributed approximately 40o/o to the total consumption 
and liquid fuels and gas approximately 58o/o, but by 1968 the share of solid 
fuels had fallen to 23o/o and that of liquid fuels and gas had risen to 74o/o 4• 

During the period 1950 to 1968, total energy consumption in the developing 
countries increased at the rate of 7. 5o/o p. a., while solid fuels, liquid fuels, 
gas and electricity increased at the rates of 4, 8, 14 and 11 o/o respectively. 

III. FORECASTING FUTURE TRENDS IN WORLD ENERGY CONSUMPTION 

Forecasts of future energy requirements can be made in different ways. 
In this paper, only two methods are used. The first, which requires long 
historical data, may be described as direct extrapolation, in which a 
consistent tendency noted in a time series of past data is projected into the 
future as an exponential rate of change, or as a logistic trend. In this 
approach, it is assumed that some regularity implicit in the conditions of 
past evolution will persist in the future. 

The other is an extension of this method and consists of studying the 
ways in which tendencies in two series (historical series if available) have 
been related to one another. One of the two variables is the category to 
be forecast and the second, an indicative series for which a projection has 
already been made. The method consists in deriving an empirical 
relationship or correlation between these two series and using it to extra
polate one from the knowledge of the other. For the present study, per 
capita energy consumption is related to per capita gross domestic product; 
and using forecasts of population for the year 2000, future consumption of 
energy is predicted. This approach is mechanistic and is based on the 
assumption that the present relationship between energy consumption, gross 
domestic product and population continue into the future. 

III. 1. Past trend extrapolation 

Since the time interval for which data are available is short, this 
method is applied only to per capita consumption of total world energy 
and not to individual energy categories5. 

4 Of commerc1al energy. 
5 In the case of an exponentlal trend, Yt = y

0 
• st +A· (1-Bt)/(1-B). 

Here Y t and Y 0 are per capita consumption of world energy in the period t and the initlal starting period 
0 1s 1955. A and Bare parameters estimated from the fmt-order auto regressive equation Yt =A+ BYt-1. 

In the case of a logistlc trend we can write yt = K/(1 + b exp [-at]). 
Here, a and b are parameters estimated, after transformation, from parameters for the functlon 

Zt =A+ B Zt-1 where Zt 1s 1/Yt. The parameter of interest 1s K which shows an upper asymptote for the 
functwn and can be estimated from the two relations A = (1- exp [ -a])/K and B = e-a. Using data for the 
penod 1955 to 1968 and the two trend functions described above, per capita consumption of total energy has 
been forecast for the year 2000. 
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For an exponential trend, total energy consumption for the year 2000 
will be 30 216 X 10 6 t coal equivalent, while for the logistic trend, the 
consumption will be 28 086 X 106 t coal equivalent. 

III. 2. Energy consumption and gross domestic product 

The relation between per capita consumption of primary energy and 
different types of energy (solid fuels, liquid fuels, gas and electricity) 
and real per capita gross domestic product for the world and for the regions 
has been examined. Regression functions have been fitted for total energy, 
using both time series data for the period 1955 to 1968 and cross-section 
data, for the regions and the world separately for the year 1968. 6 

The results indicate that per capita consumption of total energy, and 
of other types of energy, with the exception of solid fuels, are highly 
correlated with gross domestic product for the world and for individual 
groups of countries. 

The coefficients of income elasticity estimated for gas consumption 
in the centrally planned economies and the developing countries which are 
listed in Table I are strongly influenced by the rapid growth in the use of 
gas in these regions in the time interval considered. Because such growth 
cannot realistically be assumed to persist unchanged until the year 2000, 
the coefficient of income elasticity for gas for the developed market 
economies given in Table I has been used in preparing the estimates of gas 
consumption in both the centrally planned economies and developing countries 
in the year 2000. Also listed in Table I are values for the annual growth 
in per capita gross domestic product in the period 1950-68 prepared by the 
United Nations Statistical Office. In the case of the centrally planned 
economies, the figure of 6. 6o/o refers to gross material product rather than 
gross domestic product, data for which were not available. In preparing 
estimates of energy consumption in the year 2000, an estimated value of the 
annual increase in per capita gross domestic product of 5. Oo/o has been 
adopted for the centrally planned economies. In the case of the developing 
countries, the annual growth in the per capita gross domestic product in 
the period 1950-68 was 2. 4% and projections for the year 2000 have been 
made on this basis. A target of 3. 5% p. a. for the per capita growth in 
GDP for the developing countries has been set for the United Nations 
Second Development Decade and for this reason projections based on this 
rate of growth have also been prepared. 

6 The relationships are m long-linear form and the basic model used m th1s analys1s 1s as follows: 

log Cp = a + b log GDP p + e 

where Cp 1s per capita consumphon of energy in k1lograms, GDPp is per capita gross domestic product m 
constant US dollars for the time senes, and m US dollars for the cross-section analys1s, e is a stochastic 
disturbance term 10 the model. 



TABLE I. INCOME ELASTICITY OF ENERGY CONSUMPTION AND ANNUAL GROWTH IN PER CAPITA GDP 
IN THE PERIOD 1950 - 1968 

Total Solid Liquid Natural Pnmary 

energy fuels fuels gas electricity 

World 0.8757 - 0. 1207 1. 6587 2.0551 1. 4330 
(1. 5868) 

Developed market 
economies 0.8654 - 0. 3790 1.6410 1. 5868 1.2306 

Centrally planned 3.2092 

econom1es 0. 7579 0.3388 1. 4156 (1. 5868) 1. 6897 

Developing 4. 3238 

countnes (A) 1. 6597 0. 4564 1. 7517 (1. 5868) 2.9339 

Developing 4.3238 

countries (B) 1.6597 0. 4564 1. 7517 (1. 5868) 2.9339 

When two figures are shown the one enclosed by brackets has been used in est1mat1ng the growth-rate to the year 2000 set out in 
Table III. 

Annual growth in per 
cap1ta GDP per cent 

3.4 

3.2 

6.6 

(5. 0) 

2.4 (A) 

3. 5 (B) 



TABLE II. PROJECTED GROWTH-RATES OF ENERGY CONSUMPTION PER CAPITA (o/o p.a.) AND WORLD 
POPULATION IN THE YEAR 2000 

Total Solid Liquid Natural Primary Population 
energy fuels fuels gas electricity (X 106 ) 

(o/o p. a.) (o/o p. a.) (o/o p. a.) (o/o p. a.) (o/o p. a.) 

World 3.8 0. 0 4. 8 5.1 4.9 6494 

Developed market 
economies 

4. 2 1.2 5. 3 5. 1 3.9 954 

Centrally planned 
5.1 1.7 7.1 7.9 8.4 1721 

economies 

Developing 
countries (A) 

3. 8 1.1 4. 2 3.8 7.0 3819 

Developmg 
countnes (B) 

5. 7 1.6 6.1 5.6 10.3 3819 

w 
0 
<:0 



TABLE III. ENERGY CONSUMPTION PER CAPITA 
(Actual values for 1955 and 1968 and projected values for 2000) 
(kg coal equivalent) 

Total Solid 

energy fuels 

World (1955) 1201 677 

(1968) 1727 656 

(2000) 5615 651 

Developed market (1955) 3736 1838 

economies (1968) 5436 1571 

(2000) 20597 1068 

Centrally planned (1955) 835 696 

economies (1968) 1550 961 

(2000) 7 582 1648 

Developmg (1955) 183 58 

countries (1968) 299 68 

(2000) 986 97 

Developing (2000) 1761 113 

countries (3, ff'/o) 

Liquid Natural Primary 

fuels gas electricity 

354 148 22 

691 340 40 

3108 1670 186 

1203 609 86 
2484 1234 147 

12 967 6062 500 

112 22 5 

336 234 19 

3 017 2666 251 

110 11 4 

184 38 9 

686 125 78 

1224 217 207 



TABLE IV. PROJECTED ENERGY CONSUMPTION IN THE YEAR 2000 
(X 1 06 t coal equivalent) 

Total Solid Liquid 

energy fuels fuels 

World 36463 4225 20183 

Developed market 
19650 1019 12371 

econom1es 

Centrally planned 
13 048 2836 5192 

economies 

Developing 
3765 370 2620 

countries (A) 

Developing 
6726 432 4674 

countnes (B) 

Natural Primary 

gas electricity 

10848 1207 

5783 477 

4588 432 

477 298 

829 791 
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The assumption that the above annual rates of increase in per capita 
gross domestic product will remain constant up to the year 2000 is open 
to question in view of the uncertainties which are involved in consideration 
of such a long time scale. Clearly, inaccuracies in these rates of increase 
will, by the year 2000, produce substantial errors in the magnitude of the 
energy consumption forecast. 

The data presented in Table I have been used to estimate the growth
rate of energy consumption per capita in the future. These estimates, 
together with estimates of world population in the year 2000 from the 
United Nations Monthly Bulletin of Statistics for April 19 71 are set out in 
Table II. In Table III, regional data for energy consumption per capita 
for the years 1955 and 1968, computed from United Nations World Energy 
Supplies, Statistical Papers, Series J, Nos 3 and 13 have been set out. 
These data together with the growth-rates of energy consumption from 
Table II have been used to make the forecasts of energy consumption in 
the year 2000, which also are set out in Table III. 

The column headed "primary electricity" gives data for the production 
of electricity from hydraulic and nuclear plants in terms of per capita coal 
equivalent. This forecast, which is based on past trends, does not take 
into account the expansion of nuclear power generation which may take place 
during the next thirty years. It is impossible at present to determine with 
certainty future nuclear possibilities, but we may note that any substantial 
increase in electricity produced from nuclear power could reduce substantially 
the quantities of solid and liquid fuels and natural gas which would otherwise 
be burned in power stations. 

In accordance with the United Nations practice, the coal equivalent of 
primary electric energy has been calculated assuming perfect efficiency 
of conversion. In examining the effects of substitution between primary 
electricity and that produced from fossil fuels, allowance must be made 
for the comparatively low practical efficiency of electricity generation in 
thermal power stations, which is such that substitution by electricity 
produced from nuclear plant would result in coal equivalent savings of 
fossil fuels which would be approximately three times as large as the coal 
equivalent of primary energy calculated in accordance with the above 
mentioned United Nations practice. 

In Table IV, the world population data for the year 2000 from Table II 
and the per capita energy consumption data for the year 2000 from Table III 
have been used to estimate world energy consumption for the year 2000. 

The two estimates of world energy consumption of 28 086 and 30 216X 106 t 
coal equivalent for the year 2000 derived by the analysis of past trends are 
in good agreement. In Table IV, the total world energy consumption has 
been derived from projected per capita energy consumption and population 
trends. The difference between this figure of 36 462 X 106 t coal equivalent 
and the other two estimates is satisfactory when account is taken of the 
uncertainties in estimates of the relevant parameters. It should be noted, 
however, that the energy projections of Table IV will forecast energy 
consumption in the year 2000 with accuracy only to the extent that the 
economic and technical factors controlling energy consumption in the period 
1955-68 remain unchanged. 

Having arrived at projections of future consumption of energy, the 
available energy supply and factors affecting substitution between energy 
sources are discussed below. 
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IV. ENERGY RESERVES 

IV. 1. Coal and lignite reserves 7 

The estimate of world coal and lignite reserves8 is 7. 6 X 1012 t. The 
cumulative consumption figures for coal and lignite to the year 2000 will 
be approximately 140 X 109 t. So that about 2o/o of the total estimated 
reserves will have been consumed by then, leaving reserves for 1750 years 
at the consumption rate of 4225 X 106 t which is projected for the year 2000. 

Centrally planned economies have the largest share or 56% of world 
reserves. The developed market economies have 33% of total world 
reserves and the developing countries have 10o/o. 

The rate of increase in consumption of coal and lignite has been 
falling in the recent past. In 19 55, total world production of coal and 
lignite represented 55o/o of the total energy produced in that year. By 1968 
their share of total energy production had fallen to only 38o/o. The declining 
shares of coal and lignite have been replaced by an increase in the share 
of both petroleum and natural gas. However, the decline may not be 
permanent if technological advances provide better and less costly methods 
of exploitation, including techniques for processing coal to obtain synthetic 
liquid fuels or gas. 

IV. 2. Petroleum reserves 

The problem of estimating available reserves of hydrocarbon fuels 
over the long term is a complicated one. Not only is it necessary to make 
allowance for deposits and even whole producing provinces not yet dis
covered, but it is also necessary to make allowance for the proportion of 
the reserves in place, which can be economically recovered. The con
sideration of recoverable reserves of hydrocarbons (as of any other mineral, 
including coal) is in part, an economic problem, since the amount of 
recoverable reserves is a function of both physical availability and the 
value of these reserves in comparison with the cost of recovering them. 

There are at present no universally accepted definitions of petroleum 
reserves. A number of countries (e. g. the USSR), divide their reserves 
into five categories, namely drilled proved reserves, undrilled proved 
reserves, discovered possible reserves, undiscovered possible reserves 
and hypothetical reserves. 

Other countries find it sufficient to divide reserves into two or three 
categories. In the United States of America, for example, the American 
Petroleum Institute distinguishes between "proved reserves" and "indicated 
additional reserves". For most countries, the figures for reserves given 
in the technical press are not accompanied by precise definitions, and 
usually a single global figure is given. 

It should be remembered, however, that in all cases the concepts of 
"reserves" apply to recoverable reserves, this definition being both 
economic and technical. From the technical point of view, primary 
reserves and those dependent on secondary recovery processes are grouped 
together. 

7 Coal comprises all grades of anthracite and bituminous coal. L1gnite refers to both lignite and brown coal. 
8 World Power Conference Survey of Energy Resources, 1968. 



314 UNITED NATIONS 

Estimates of recoverable reserves of liquid hydrocarbon fuels (crude 
petroleum including condensates) up to the year 2000 have been prepared 
by the Bureau D 1etude Industrielle et de Cooperation de liinstitut Franyais 
du Petrole 9• Reserves were divided into the three categories of proved, 
probable and possible reserves with the following definitions: 

Proved reserves 

"Quantities of liquid hydrocarbons which on the basis of geological 
and technical data can almost certainly be considered recoverable from 
known drilled reservoirs under present economic and technical 
conditions 11

• 

This definition is almost identical to that adopted by the American 
Petroleum Institute (API) for "proved reserves"; it excludes reserves 
contained in oil shale and sands, but on the other hand it includes 
condensates. 

Probable reserves 

"Quantities of liquid hydrocarbons which it is hoped can be 
recovered from known reservoirs, but without the certainty that 
would enable them to be included in the preceding category". 

This definition needs to be clarified, by distinguishing between: 

These correspond to the "Indicated additional reserves" of the API 
(but also include condensates). 

They will be called "type A probable" reserves. 

These correspond to the additional reserves which might become re
coverable from reservoirs already discovered, account being taken of 
technical and economic developments over the next twenty or thirty years. 

This type of reserve can be estimated by studying the evolution of 
the reassessment of reserves during the period after the discovery of the 
deposits. 

These will be called "type B probable" reserves. 

Possible reserves 

"Quantitites of liquid hydrocarbons which it is hoped can be 
discovered in reservoirs at present unknown and extracted under 
technical and economic conditions predictable over the next thirty 
years (1970- 2000)". 

9 Working paper ESA/RT /Meetwg Il/2, 8 February 1971, submitted to the United Natwns ad hoc Panel 
of Experts on ProJecllons of Demand and Supply of Crude Petroleum and Products (Headquarters, 
9 -18 March 1971). 
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This original definition does not correspond exactly to traditional 
concepts like "potential reserves" or "ultimate reserves", which are 
based simply on the geological criteria of quantities of oil actually in situ 
(for example, the calculation of "ultimate reserves" 10 of experts like 
L.G. Weeks or W.P. Ryman). 

To a certain extent, this definition corresponds to the sum of possible 
and probable reserves contained in deposits not yet discovered and which 
might be discovered within the next thirty years. 

The estimates, which are necessarily very approximate, are based 
on the following elements: 

(i) Use of the geological concept of "ultimate oil reserves in situ", 
also based on statistical observations; 

(ii) Expected change in the rates of discovery, as a function of 
statistics on past exploration in the various regions; 

(iii) Possible reassessment of these future deposits (expected change 
in the average rate of recovery as a function of the expected 
change in petroleum prices and techniques). 

The advantage of this new definition is to give a meaning to the term 
"possible reserves" that can be used by economists even if, as a result, 
recourse must be had to estimates which are inevitably debatable. 

The various estimates as per the above categories are presented in 
Table V which indicates that all recoverable reserves by the year 2000 
will amount to 350 000 X 106 t coal equivalent. 

While it is generally agreed that the estimates under the categories 
of both proved and probable reserves, or similar classifications under 
other-estimates, areusuallyconservative, the estimate under the category 
of possible reserves is full of uncertainties such as future discoveries of 
oil and the exploitation of such deposits under technical and economic 
conditions which are expected to occur by the estimator thirty years hence; 
under these conditions much depends on the judgement of the estimator. 
Such estimates, therefore, should be used with caution in energy planning 
and should be revised regularly into shorter-term forecasts which would 
influence rational investment decisions in the development of energy 
resources. 

The estimate of 350 000 X 106 t coal equivalent in petroleum reserves 
as shown in Table V includes reserves offshore under less than 200 m 
of water, and therefore excludes possible reserves in the deep ocean. 
In addition, as stated under the definition of proved reserves above, it 
does not include either oil shale or tar sands. 

The projected consumption of petroleum products for the year 2000 
is shown in Table IV by which time cumulative consumption is estimated 
at 305 000 X 106 t coal equivalent, thus leaving a balance of recoverable 
reserves at 45 000 X 106 t coal equivalent. Given the generally accepted 
belief that proved reserves are often underestimates and the great un
certainty of forecasting possible reserves over a long period, it is therefore 
considered that recoverable reserves of hydrocarbons on a global basis 

10 The concept of "ultimate recovery" is also used, but m a very different sense, for any giVen 
reservou; 1t then 1nd1cates the total cumulative production at the date of the estimate. plus proved reserves 
at the same date. 



TABLE V. PETROLEUM RESERVES AS AT 1 JANUARY 1969 
(in 1 06 barrels) a 

Proved reserves Probable reserves 

~ ~ 

World 490 000 101500 323 600 

Developed 
57 800 

market 14300 31600 

econom1es 

Centrally 
planned 42000 10300 31000 

economies 

Developmg 390200 76 900 261000 
countries 

Possible reserves Total Total in tonnes 

coal equivalent 

1 062 000 1977 100 350 000 

235 000 338 700 60000 

155 000 238300 42000 

672 000 1400 100 248 000 

Source: Working paper (ESA/RT /Meeting 11/2) submitted to the United Nations Ad Hoc Panel of Experts on ProJections of Supply and Demand of Crude Petroleum 
and Products, Bureau d' etude mdustrielles et de Cooperation de l' Institut Fran'{ais du petrole, March 1971. 

a 1 t (metric) of oil = 7. 3 barrels of o1l 

1 t (metric) of oil = 1. 3 t(metric) coal equivalent 

w 
...... 
O'l 
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will still be adequate to meet demand to the end of the 20th century, but 
may not continue to do so for an extended period beyond that time unless 
significant additions to reserves are made in the interim. If significant 
additions to reserves are not forthcoming, then substitution between 
petroleum and other energy sources must occur. 

These effects may be expected to be more pronounced particularly 
in the developed market economies which are generally deficient in 
adequate indigenous reserves of petroleum to meet expected growth in 
consumption. 

IV. 3. Natural gas reserves 

World consumption of natural gas has been estimated at 400 X 106 t 
coal equivalent in 1955 and at 1189 X 106 tin 1968, thus increasing its 
contribution from 12o/o to 19%. As indicated in the projections for natural 
gas consumption, the rates of increase in both the centrally planned 
economies and the developing countries were adjusted downwards. 

There is inadequate knowledge of world natural gas reserves; how
ever, total reserves have been estimated at 175 trillion cubic metres 11 

(233 000 X 106 t coal equivalent) of which 14 trillion cubic metres had 
already been used by 1970. 

By the year 2000, it is projected that 169 000 X 106 t of coal equivalent 
will have been produced which would leave a balance of reserves equivalent 
to 74 000 X 106 t. It must be emphasized, however, that no projection of 
natural gas reserves is presented here and even published figures on 
reserves such as those prepared by the World Power Conference Survey 
of Energy Resources, 1968, indicate that their coverage is far from 
complete. 

IV. 4. Tar sand reserves 

Tar sands and similar oil-impregnated rocks are widely distributed 
throughout the world, but extraction of oil from them has been in small 
quantities only. A commercial plant of 45 000 barrels per day (8000 t/ d 
coal equivalent) was put in operation in 1968 at the Athabasca tar sands 
of Alberta, Canada. Recent reports have indicated that additional plants 
will be constructed in the same area in the near future. The slow develop
ment of tar sands for oil extraction in the past may be attributed to techno
logical factors as well as to the generally declining prices of crude oil 
of the past two decades. With the recent increases in these prices in some 
regions and the fact that some of the technological problems of oil 
extraction seem to have been solved, it may be expected that utilization 
will increase in the future. 

The coverage of reported reserves of tar sands is rather limited 
since only scant attention has been given even to the evaluation of known 
reserves. The following reserve figures have, however, been estimated12 • 

Canada (126 000 X 106 t coal equivalent); Venezuela (36 000 X 106 t coal 
equivalent); Madagascar (310 X 106 t coal equivalent); USA (60 X 106 t 
coal equivalent); and Albania (89 X 106 t coal equivalent). 

11 N. A. Bykhover, "Economics of Mineral Resources" Nedra Moscow, 1967. 
12 Ph1zackerley, P. H., Scot, L. 0., m Proc, Seventh World Petroleum Congr. :!. Mex1co (1967). 
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IV. 5. Oil shale reserves 

Oil shale is found in such abundance in many parts of the world that 
available estimates of oil shale reserves show that they are equivalent 
to 18 000 times the total world production of energy in 1968. 13 In the past 
oil shales have been used primarily as raw material for the production 
of liquid fuels but as a result of recent technical developments, oil shales 
may now also be used directly as fuel in thermal power plants and other 
boilers, and as raw material for the large-scale production of synthetic 
gas, The economics of the use of oil shales have been improved by the 
combined production of oil and fuel gas, steam, electricity, ammonium 
sulphate, sulphur, uranium and cement. 

A well-documented 14 large-scale utilization of oil shale is taking place 
in the Estonian Soviet Socialist Republic where, in addition to synthetic 
gas and other chemicals, about 3000 MW of electric power is being generated 
from two plants15• Considerable research effort is being made in the 
United States of America for the utilization of the reserves of oil sl>ale 
in Colorado and elsewhere for the production of shale oil but no commercial 
plant has as yet been constructed. Similarly, research is being carried 
out in Brazil for shale oil production. 

Although no estimates are available on probable oil shale utilization 
by the year 2000, in the United States it has been estimated that by 1980 
as much as 1 X 10 6 barrels of shale oil per day may be produced (178 000 t/ d 
coal equivalent). It should be noted, however, that progress will depend 
not only on technological advance in mining and processing but also in the 
abatement of the adverse environmental effects which may accompany 
exploitation. 

IV. 6. Hydroelectric energy reserves 

Estimated world potential for hydroelectric energy production is 
2 2 8 56 X 1 0 6 MWh/ yr, 16 Of this, 2. 1 and 4, 6o/o had been developed by 
1955 and 1968, respectively. Projections indicate that by 2000 up to 
34. Oo/o of all the available energy potential may have been developed. The 
figures quoted are optimistic, especially when it is realized that potentials 
referred to are technical rather than economic. 

Economic factors may work against a shift to hydroelectric develop
ment, particularly in the developed market economies where the best 
sites have already been exploited. 

The developing countries have, by far, the largest hydroelectric 
energy potential (estimated at 15 000 X 106 MWh). Of this potential, only 
0. 2 and 0. 8o/o had been developed by 1955 and 1968, respectively, and 
projections suggest that not more than 11 o/o may be developed by the 
year 2000. 

13 Umted Nations, Utilization of 011 Shale - Progress and Prospects, Sales No. 67 II 820, New York (1967). 
14 Large-scale util!zat10n of 011 shales has also been reported in mainland China, 
15 Proc. Umted Nat10ns Interregional Symp. on the Development and Utillzation of 011 Shale 

Resources, Tallmn, Estonian SSR, 1968. 
16 World Power Conference Survey of Energy Resources, 1968. 
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In the developing nations, the capacities of many sites are much 
higher than local demand. If interconnection to neighbouring countries 
takes place, however, the trend will be for a faster development of the 
potential sites. 
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Current developments in low-temperature technology that would open 
prospects for long-distance electricity transmission at low cost may make 
large-scale electric energy transfer viable and could pave the way for 
the possibilities of electrical energy transfers from the major hydro
electric sources in the developing countries to highly developed power 
markets in other regions. 

Of the total potential hydroelectric energy reserves in the developed 
market economies, about 18o/o had been developed by 1968. If the same 
rate of development continues, over 90o/o of total potential will have been 
utilized by the year 2000. 

The estimated total of hydroelectric energy potential in the centrally 
planned economies is 3728 X 106 MWh, of which 4o/o had been developed by 
1968. With the current rate of development, 60o/o of these reserves will 
have been developed by the year 2000. 

IV. 7. Tidal power reserves 

Tidal energy reserves have yet hardly been utilized, the first major 
installation of tidal power being that of La Rance Estuary in France (1966) 
which has an initial capacity of 240 MW. 

Other potential tidal power sites include17 : San Jose in Argentina 
(51 500 X 101), Severn in England (14 700 X 106), France (97 811 X 106) and 
USSR (140 452 X 106), Passamaquoddy in the USA, Rana of Kutch and 
Cambay in India, and Secure Bay in Australia. A feasibility study of the 
possible utilization of the Bay of Fundy in Canada is currently underway. 

IV. 8. Nuclear energy reserves 

Since the installation of the first industrial-sized nuclear power 
stations in 1956 and 1957, technical progress has advanced steadily and 
various reactor systems have become accepted as proven designs. It 
is anticipated that this trend will persist, particularly in the industrialized 
countries where, in many cases, large nuclear power construction programs 
are in hand. By 1980 the total installed nuclear capacity will probably 
exceed 320 000 MW(e). 18 However, the recent increase in fuel oil prices 
arising from the Teheran agreement can be expected to improve the 
relative competitive position of nuclear power and this may result in an 
even faster rate of development. 

The present proved reactor systems depend upon the use of either 
natural or slightly enriched uranium as fuel and the substantial construction 
program expected over the next few years will result in a demand for 
considerable quantities of uranium. 

11 Figures in brackets are potential annual energy production in kilowatt hours. Sources: 
TRENHOLM, N. W., Canada's Wasting Asset- Tidal Power Electncal Engng News 70 No.2 (1961); and 
BERNSHTEIN, L. B., Tidal Energy for Electncal Plans, Isreal Program for Science Translations 1965. 

18 UNITED NATIONS Rep. of Group of Experts on the Contnbutwns of Nuclear Technology to the 
Economic and Scientific Advancement of the Developing Countries, doc. A/7568, 24 July 1969. 
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It has been estimated 19 that reserves of 700 000 t uranium are re
coverable at less than $10 /lb U30 8 whilst an additional 700 000 t could be 
made available at less than $15/lb U3 0 8 • 

The next generation of nuclear reactors will be based on the breeders 
that are at present at the stage of technological development and which are 
expected to begin making a contribution to power generation in the 1980s. 
The advent of this new reactor type will relieve pressure on uranium sources 
and allow fertile materials to be converted into nuclear fuel. 

Considerable work is being carried out on the development of a system 
which would utilize the energy of the fusion process. If these efforts are 
successful, then the long-term utilization of nuclear power will be assured 
without any possibility of fuel shortages. 

IV. 9. Geothermal energy reserves 

At the present time, geothermal energy is being developed both for 
electric power generation and for direct use as heat. Power generation, 
mainly in Italy, New Zealand, Japan and the USA, has increased from 
386 MW in 1960 to 681 MW in 1969, a growth-rate of 6o/o p. a., while total 
production, which includes a large contribution in the form of heat in the 
USSR, Hungary and Iceland, has increased from about 1000 MW heat 
equivalent to 7000 MW over the same period - that is, at a rate of over 
24o/o p. a. In the USSR, it has been estimated that from 50 to 60o/o of the 
territory is underlain by thermal waters, with a total heat content 
commensurable with the coal, oil and peat resources of the USSR taken 
together. 

Thermal energy stored in that part of the earth's crust which is 
accessible by drilling may exceed all the fossil fuel and fissionable nuclear 
reserves by orders of magnitude. Experience in known high-temperature 
geothermal fields suggests that the recoverable heat energy from areas 
of acid volcanism is equivalent to the heat from some 10 12 t of coal. But 
these fields cover only a very small part of the land area, and if we take 
account of the much larger areas of higher than normal subsurface 
temperature, which may cover some twelve million square kilometres of 
land surface, the stored heat down to a depth of 3. 5 km is equivalent to 
a further 2 X 1013 t coal. Even if only a rather small fraction of this heat 
is recoverable economically, the total will still be large. 

IV.10. Solar energy 

Solar energy constitutes by far the largest possible source of energy, 
but because of technical difficulties, solar energy has not been harnessed 
to any great extent. Successful application of this energy for heating has 
occurred in countries such as Australia, Isreal, Japan, the USA, and in 
a few of the developing countries (for hot water and cooking). 

Solar energy also offers potential for the production of electrical 
energy though large-scale utilization of solar energy is, however, some
thing for the future. Advances in technology of terrestrial and space 
conversion to electricity, may reduce the time-span considerably. There 

19 KRYMM, R., "Econom1c aspects of nuclear power", paper presented at Symposium organized by 
the Society for Education in the Application of Science (S. E. A. S.). London, April 1969, sponsored by the 
Pugw ash Conference on Sc1ence and World Affairs. 
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are, for example, possibilities for the development of solar cells that 
are of large capacity and capable of producing electrical energy at com
petitive rates per kilowatt-hour. 

Possibilities for conversion of solar energy to electricity in space 
would involve the use of satellite collectors that would convert solar energy 
in space and then beam it to earth, appear attractive. Such satellites 
could be placed in synchronous orbit around the earth. High conversion 
efficiencies (of the order of 9 Oo/o) are possible, but so far no detailed 
design concepts are available. 

V. CONCLUSION 

The data given in Table III indicate that in the developed market 
economies in the year 2000 per capita consumption of energy will be more 
than 20 t coal equivalent per annum; that in the centrally planned economies, 
consumption will be more than 7 t or about 1. 4 times the per capita energy 
consumption in the developed market economies in 1968. In the developing 
countries in the year 2000 per capita consumption of energy will be 1. 7 t 
of coal equivalent, that is slightly more than the per capita consumption 
of energy in the centrally planned economies in 1968, if the per capita 
GDP growth target of the United Nations Development Decade is achieved. 

It is legitimate to inquire whether it is realistic to proJect energy 
consumption on the basis of a steadily accelerating use of energy. Since 
the available supply of energy in usable form is limited, it is apparent 
that at some stage, sooner or later, energy production from known sources 
will cease to grow. To the extent that the above considerations become 
more general in developed market economies and elsewhere the projections 
of Tables III and IV may represent upper limits for world energy con
sumption in the year 2000. 

The data presented earlier in this paper indicate that a concerted 
effort is needed to rationalize and co-ordinate the compilation and pub
lication of data on reserves of petroleum and natural gas. In any case 
the estimates show that present known reserves of petroleum and natural 
gas are barely adequate to meet projected demand to the year 2000 while 
on the other hand the reserves of coal and oil shale that are known to 
exist .are very large even in relation to projected cumulative consumption 
in the year 2000. There will, therefore, be increasing incentives not 
only for the discovery of new resources of petroleum and natural gas but 
also for the development of techniques for the production of substitutes 
for natural petroleum and gas and their products, from coal and oil shale. 

Non-polluting sources of energy, among them hydraulic and geothermal 
resources, are already receiving increasing attention which is likely to 
become greater in the future. The circumstances that the developing 
countries have large undeveloped resources of non-polluting power but 
relatively small markets for energy suggests an important use for tech
niques of long-distance power transmission using cryogenic technology, 
once these become fully developed. Geothermal energy, on the other hand, 
in addition to finding use in those countries lacking resources of fossil 
fuel will increasingly be used to supply relatively low-temperature thermal 
energy for space heating and cooling and for industrial processing, 
particularly in the developed countries. 
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Nuclear energy will consequently be expected to supply an increasing 
share of world energy supply but there remain problems associated with 
disposal or radioactive waste which require solutions that are environ
mentally acceptable and economic. 

However, experience has shown that the reliability of forecasting 
decreases with the increase in the time span to be covered. In the case 
of energy, and in the case of global forecasts, we have two additional 
problems which make it necessary to realize the very tentative character 
of long-term forecasts and the care with which they have to be interpreted. 

The figures given for energy represent computations of equivalent 
calorific values of fuels and primary electricity. Changes involving 
efficiency of conversion factors, shifts in the relative significance of 
various energy commodities, new sources of energy commodities, new 
technologies in the discovery, production, transmission and distribution 
of energy commodities and related questions would affect the validity of 
the projections presented in this paper. There are, however, also possible 
changes in the structure of the various energy commodity industries which 
indirectly may have a powerful impact, especially in the electricity 
generating industry. The economy of scale has long been regarded as a 
vital and important factor especially in the electricity industry. There 
are from time to time technical revolutions which allow smaller but in 
some way superior units to reduce the significance of large-scale units. 
Thus, for instance, cars and planes have reduced the significance of 
railways and passenger ships and similar structural changes cannot be 
excluded in the energy industry. Consequently, it is possible that the fuel 
cell, for instance, in its application to direct generation of electricity 
at the place of consumption, may have a powerful impact on electricity 
grid systems and the structure of the future electricity industries, and 
similar other structural changes cannot be excluded in long-term forecasts, 
such as electric car and trucks replacing or reducing fuel-driven 
vehicles. 

Global estimates of demand and supply are statistical expressions and 
computations which have little relationship to practical energy programs 
and energy policies as applied by individual governments. It is difficult, 
therefore, to assume that long-term global forecasts will tally with the 
practical policy decisions which will have to be taken in individual countries. 
It would be safer, therefore, though much more complicated, to reach 
global figures based on the summary of energy long-term planning on the 
basis of policy decision by individual governments. Even if it were possible 
to provide global estimates as a summary of local planning decisions, the 
forecasts would be valid only over relatively short periods, in view of the 
observed facts that energy policy undergoes changes over time as a result 
of a variety of factors including technical, economic, social, financial 
and others. 

The figures of energy resources as customarily made available, and 
contained in this paper, should also be taken with great caution. Energy 
resources forecasts have traditionally been underestimates. Since before 
the first world war, very long-term hydrocarbon reserve forecasts have 
proved to be conservative. We have today indications that hydrocarbons 
are available probably in very large quantities in waters deeper than 200 m, 
but we are far from having an estimate of the potential resources, their 
distribution over the globe, and their future cost of production. Similar 
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uncertainties apply to practically every energy resource, including 
potentially new energy resources. We have learned that even for traditional 
energy resources, two factors have a powerful influence on the amount of 
money spent for exploration of such resources and for their utilization, 
namely technology and price. As prices for individual energy commodities 
rise or new technologies reduce costs, stimuli are created to spend more 
money on the proving of energy reserves, and, after a certain time delay, 
sometimes very drastic changes in energy resources estimates occur. 

The foregoing remarks reflect the difficulty in interpreting long
term forecasting of global energy requirements and resources. They 
should not be interpreted as negating the value of forecasting, because 
policy decisions have to be taken, and many such policy decisions must 
be based on evaluation of future trends. 

Energy in its many commercial forms has become such an important 
commodity and the factors affecting both its supply and consumption are 
so varied and far-reaching that energy policies now require to be examined 
not only nationally, but also with a broader prospective such as may be 
expected in the United Nations' Committee on Natural Resources. 



DISCUSSION ON AGENDA ITEM 1. 1 

Survey of world energy demand and resources up to the year 2000 

DISCUSSION ON THE FOLLOWING PAPER: 

P/033 USA Presented by A.M. Weinberg 

C. SALVETTI: Whilst I agree broadly with the conclusions reached by 
Messrs Weinberg and Hammond, I think I would be less optimistic about the 
problem of the overall heating of the earth due to the production of power by 
chemical and nuclear reactions. Using a very rough model and a doubling 
time of the order of ten years for the increase in power demand, I have 
come to the conclusion that the average temperature of the earth may 
increase by something of the order of 1 oc in the next century. The 8ffects 
of this on the ecological equilibrium will not be completely negligible. 

We have only to consider, for example, the effect on the polar ice caps. 
Further studies are certainly required in order to reach a better under
standing of this problem; but I should like to hear Mr. Weinberg' s opinion. 

A.M. WEINBERG: Mr. Salvetti assumes that the energy demand will 
continue to double every ten years for 100 years. This implies a 1000-fold 
increase in energy production, which gives a figure some 20 times higher 
than what we assumed to be the levelling-off point. 

I do believe, however, that local heating effects will be very important 
and that they may well make ocean- siting of nuclear power plants essential. 

K. S. PARIKH: Mr. Weinberg, in your analysis of the effects of thermal 
pollution on the world's weather, you assume that what you call energy 
parks will have the same distribution pattern as the population. But have 
you allowed for any geographical redistribution of population? It seems to 
me that if a more even distribution of population were assumed, a larger 
number of ep.ergy parks would be located in the warmer parts of the world. 
Would this increased thermal dissipation in the warmer parts of the world 
make a difference to your conclusion that the world's weather would not be 
significantly affected by a high level of energy consumption? 

A.M. WEINBERG: Some time ago Mr. Washington performed model 
calculations in which he increased the total man-made energy input to a 
level seven times higher than we have assumed, and even at this level the 
global effects appeared to be small. Thus I would expect global effects to 
be tolerable, at the power levels we assume, over wide ranges of geo
graphic distribution of the power input. However, as I said in replying to 
Mr. Salvetti, the question of local heating in the immediate vicinity of 
reactors remains an important, and to some extent unresolved, issue. 

DISCUSSION ON THE FOLLOWING PAPER: 

P/757 IANEC Presented by C. Villez 

M. SARRAM: It is true that Venezuela is rich in oil resources, but I 
was still struck by the fact that Table II in paper P/757 shows no nuclear 
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power at all. Does this mean that Venezuela is not considering producing 
nuclear power before the year 2000? 

C. VELEZ: Venezuelan experts agree that economic hydroelectric 
resources alone, which according to estimates would yield more than 
20 000 MW of power, are sufficient to meet Venezuela's needs up to the 
year 2000. 

L. TWUM-DANSO: Mr. Velez says that there are ten research reactors 
in Latin America. I should be interested to know what types they are, and 
whether they are being used mainly for the production of radioisotopes. 

C. VELEZ: As can be seen from Table I in my paper, research reac
tors in Latin America are of several different types. They serve for a 
combination of isotope production, training and irradiation, the extent to 
which they are used for these purposes varying from case to case. 

DISCUSSION ON THE FOLLOWING GROUP OF PAPERS: 

P/127 Australia Presented by R.D. Deas 

P /135 Australia 

P/780 Turkey Presented by S. Kakary 

M. SANDOVAL VALLARTA: As an admirer of Tasmania, may I ask if 
there are any plans to construct a nuclear power station there and, if so, 
where it is to be located and what its capacity is to be? 

R. D. DEAS: I regret not being able to give a definitive answer. 
Tasmania has sufficient hydroelectric capacity to meet its needs for the 
next 10 to 15 years. However, the cost of developing hydroelectric sites is 
rising, as the better sites tend to be developed first. The point at which 
nuclear power becomes competitive will depend on the relative rates of cost 
increase in the two technologies. The island should have no shortage of 
suitable sites. I do not believe that units with capacities of less than 500 MW 
will be constructed. 

A.M. WEINBERG: May I ask Mr. Deas what the position is with respect 
to the nuclear-powered aluminium extraction complex that was under 
consideration for Northern Australia? I had the impression that such an 
aluminium refinery might tolerate a non-continuous power supply and there
fore might be powered by an isolated nuclear plant. 

R. D. DEAS: Somewhat superficial studies have been made of the feasi
bility of nuclear industrial complexes. The various requirements never 
appear all to be met simultaneously. For example, there is a maximum 
size of aluminium smelter appropriate to the world market situation. We 
found that the cost of energy from a suitably sized nuclear station, remote 
from a major grid and hence having redundancy, would be too high to make 
smelting viable. To increase the station size so as to reduce the unit cost 
of energy results in surplus capacity. 

A. AFSHAR-BAKESHLOO: Might I ask Mr. Kaka<;~ and Mr. Aybers why 
the CANDU pressurized heavy-water reactor was selected as their reference 
design? 
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S. KAKA<(: A country considering the construction of its first nuclear 
power station will undoubtedly give much thought to the choice of reactor 
type. There are several ways in which a developing country can procure 
its fuel. It is usually considered advantageous for a country to develop its 
own uranium extraction and fuel manufacturing industry if suitable uranium 
resources are available. A natural uranium open cycle is of particular 
interest to such countries. Natural-uranium-fuelled, heavy-water reactors 
also have other advantages, which prompted the authors to take the 
CANDU-PHW reactor as a reference plant. 

DISCUSSION ON THE FOLLOWING GROUP OF PAPERS: 

P/137 Egypt 

P/009 Bulgaria 

P /338 Poland 

P/729 Spain 

Presented by M.A. El Guebeily 

Presented by F. Pascual 

A. AFSHAR-BAKESHLOO: I should like to ask Mr. El Guebeily what 
type of reactor is to be incorporated in the first nuclear power station in 
Egypt. 

M.A. EL GUEBEIL Y: No final choice has been made, but the first 
nuclear power station will certainly use one of the proven reactor types 
-light-water, heavy-water or gas-cooled. 

R. JANIN: Figure 1 of the paper presented by Mr. El Guebeily shows 
a bulge in energy requirements between 1970 and 1980. Could he tell us why 
this is so? 

M.A. EL GUEBEILY: The development rate for the period 1950-1970 
reflects actual data, what has actually taken place. For the period 1970-1980 
the development rate was derived from available data on economic develop
ment plans, the higher line representing the plans as scheduled for 
implementation and the lower line the average regular growth. The decrease 
in the rate of development evident in the period from 1970 to 1980 is under
standable in the light of the relatively higher degree of industrialization and 
economic development achieved by the first and second five-year plans. It 
is also to be noted that, for the same reason, from 1980 to 2000 the rate of 
development (7. 5o/o) is lower again than the rate anticipated from 1970 to 
1980 (10.6"/o). 

DISCUSSION ON THE FOLLOWING PAPER: 

P/300 Sweden Presented by B. Nordstri:im 

There was no discussion on this paper. 
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DISCUSSION ON THE FOLLOWING PAPER: 

P/420 UN Presented by G. V. Subba Rao 

A.M. WEINBERG: I wonder whether we do not have to consider the 
limits to the use of fossil fuel imposed by the resulting pollution of the 
environment. 

G. V. SUBBA RAO: This factor could undoubtedly affect the relative 
share of fossil fuels and impair their competitive position, JUSt as the 
environmental problems raised by nuclear energy could similarly modify 
nuclear energy forecasts. 

M.F. EL FOULY: Mr. Subba Rao, you stated that conventional fuel 
would continue to play a dominant role until the year 2000. Have you taken 
into consideration the fact that an increasingly large part of conventional 
fuel supplies may have to be diverted for use as raw material for many pur
poses, including the production of food for the exploding population of the 
world, and that there is also a tendency for the developing countries greatly 
to enlarge their consumption of energy? 

Do you think that conventional fuel is likely to remain economically 
dominant in most countries of the world? Finally, have your studies taken 
into consideration the cost of energy transmission from such sources as 
hydroelectric plants in developing countries in Africa to countries of 
consumption? 

G. V. SUBBA RAO: The view that conventional fuels are likely to remain 
dominant even in the year 2000 is based essentially on past experience. It 
is true, of course, that the demand for conventional fuel commodities for 
non-energy purposes (e. g. for the production of petrochemicals and ferti
lizers) will substantially increase during the next few decades. This factor, 
as you say, has to be taken into account in assessing the prospective demand 
for conventional fuels. We do predict, moreover, that the vast and as yet 
unexploited hydroelectric potential of the developing countries, and the 
equally vast but currently uneconomic low-grade fuel deposits in remote 
locations, will eventually be utilized. There are certain developments, 
notably in low-temperature technology, that might open up prospects of 
long-distance electricity transmission at low cost; this could pave the way 
for the development of intercontinental and intra-continental power grids, 
linking power-generating sites to power-consuming centres on a global 
scale. The technologies that would be required are currently under study. 

K. OSHIMA: It seems to me that the predictions of Mr. Subba Rao' s 
paper with respect to energy supply may be unduly optimistic because he 
restricts himself largely to an assessment of the material resources. It is 
my belief that the limits to energy supply will be imposed not so much by a 
failure of resources as by environmental or ecological conditions. Is there 
any United Nations program which takes such factors into account in 
assessing the world energy supply? 

G. V. SUBBA RAO: Env1ronmental and ecological factors impose penalties 
on the more polluting forms of energy production, and will result in prefer
ence being given to the less polluting forms (e. g. the harnessing of hydro
electric, geothermal, solar, tidal and wind sources). The documentation 
for the forthcoming UN Conference on the Human Environment is expected 
to take into account the limitations which environmental considerations must 
inevitably impose on the use of certain energy sources (fossil fuels for 
example). 
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NUCLEAR POWER IN THE UNITED KINGDOM. 
This paper discusses the changes that have taken place and the progress that has been made smce 

the last Geneva Conference m 1964. It considers the changmg attitudes of industry to the problems of 
an advanced technology not only m the Umted Kmgdom, but m many countnes. The changmg mdustnal 
and commercial a tutu des and problems are, however, seen m the context of unchanged ob)ecnves m 
nuclear power development, It iS not the obJecnves but the route by which they will be achieved :hat lS 
changmg. The paper discusses m more detail the operanng experience of the eleven nuclear power 
stations now m operation in the Umted Kmgdom. It compares the Six large nuclear stations now under 
construction wnh the stanons that preceded them, and wnh particular reference to the change m mdustnal 
structure that has taken place m the United Kingdom since the last Conference. It illustrates also the 
contmuny of Umted Kmgdom development of gas-cooled reactors, which now mcludes work on reactors 
usmg helium coolant and graphite coated particle fuel. The reactor development program is approaching 
the stage when a choice Will be made by the Unned Kmgdom Electricny Authormes between the steam
generaung heavy-water reactor (SGHWR) and the helwm gas-cooled reactor. The latter, the Mklll GCR, will 
have many of the charactenmcs of the high-temperature reactor (HTR) design but will be based on the 
uranium/plutomum cycle mstead of the uramum/thorium cycle used m earlier HTR designs. The choice of 
enher the Mk III GCR or the SGHWR will make for easy mtegranon of thermal and fast reactors since 
the plutomum produced in the thermal systems can be utilized subsequently m the fast reactors. Good 
progress has been made m the UK fast-reactor development program. The Prototype Fast Reactor at 
Dounreay is m the last stages of construcuon and consideration iS bemg given to the construction of a 
large fast reactor of 1300 MW( e) for commercial use. The rauonalization of the UK nulcear mdustry 
iS descnbed, as is the formauon of a new Nuclear Fuel Company to provide the fuel services for the nuclear 
program. This Nuclear Fuel Company lS m turn attempting to form mternationallinks to mtegrate the 
fuel-cycle acuvmes on as broad a base as possible. 

L' ENERGIE D' ORIGINE NUCLEAIRE AU ROYAUME-UNI. 
Le memoue examine les changements qui se sont produits ainsi que les progres realises depUlS la 

derniere Conference de Geneve, tenue en 1964. !1 fait etat des attitudes variables de 1' industrie VlS-a
vis des problemes d' une technologie avancee non seulement dans le Royaume-Um, mais dans de nom
breux autres pays. Les arrnudes et problemes industrieis et commerciaux sont, toutefolS, examines 
dans le contexte des Ob)ecufs inchanges du developpement de 1' energie nucleaire. Ce ne SOnt pas les 
Ob)ecufs qui varient, mais seulement la mamere dont ces Ob)ectifs seront reallSes. Le memOlre examine 
plus en ctetaill' expenence d' explonation des onze centrales nucleaires actuellement en service au 
Royaume- Um. !1 compare les SiX grosses centrales nucleaires en cours de construcuon aux centrales qui 
les ont precedees, et il souligne le changemenr de la structure mdustnelle qui s· est produu au 
Royaume-Um depuis la dermere Conference. Il illustre, par a1lleurs, la conunuite du cteveloppement des 
reacteurs a refngerant gazeux au Royaume-Uni, couvrant a present les travaux effectues sur les 
reacteurs qui emploient 1' helwm comme refngerant ainsl que du combustible en particules revetues de 
graphite. Le programme de developpement des reacteurs approche le stade ou les Services de producnon 
d' electnclte du Royaume-Um chOlSltOnt entre le reacteur a eau lourde generateur de vapeur (SGHWR) et 
le reacteur refroidi a 1' helium. Ce dermer, des1gne par le Slgle GCR Mk III, possedera bon nombre des 
caractensuques du reacteur a haute temperature(HTR), malS il emplo1era le cycle uramum/plutonium 
plutot que le cycle uranium/thonum utilise precedemment par les reacteurs HTR. Le cholX des reacteurs 
GCR Mk III ou SGHWR permettra d' mtegrer fac1lement les reacteurs thermiques ou rap1des, puisque le 
plutonium prodult dans les systemes thermiques peut etre utilise par la suite dans les reacteurs rapldes. 
D' importants progres ont ete realises dans le programme de developpement des reacteurs rapides 
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au Royaume-Um. Le reacteur prototype rap1de ( PFR) a Dounreay se trouve aux dermers stades de construc
uon, et 1' on enVlsage la constructwn d' un gros reacteur rap1de de 1300 MW (e) pour 1' uullsation 
commerc1ale. Le memoire decnt la rauonalisauon de l" 1ndustne nucieaire bntann1que, ainsi que la 
creauon d' une nouvelle Compagme de combusuble nucleatre qlil assurer a les services de combusuble 
pour le programme nucleatre. Cette compagme tente, a son tour, de forger des hens mternauonaux 
afm d' mtegrer les acnvites en manere de cycle du combusuble sur une base aussi etendue que possible. 

5!.l(EPHA5! 3HEPrETHKA B BEJIHKOEPHTAHHH. 
B HacTo.sn~eM li;OKJia,lle o6cyJK.ll810TCH H3MeHeHIUI, npoHcllle,llmHe co apeMeHH nocne.nHeH )l(e

HeBcKoH KoH<PepeHI..{HH B 1964 ro.ny 1 a T8K)Ke rrporpecc, ,llOCTHTHYTbii::f B 3TOti o6naCTH. B ,ll;OKJia
,ZJ;e paCCM8TpHB810TCH H3MeHeHHH B IlO)lXO,ZJ;e ITpOMhiUIJieHHhiX KpyrOB K I1p06JI€M8M ycoaepmeHCTBO

B8l-IHOJ1: Te:xt-IOllOrHH He TOJibKO B BeJIHK06pHT8HHH 1 HO H BO MHOrHX .n;pyrHX CTp8H8X. 0,lH-I8K0 1 

H3MeH€I-IH.H B TIO,ll;XO.l{€ K 3TOMY BOnpocy IIpOMbllllll€1H·IbiX H KOMM€ptJeCKHX KpyroB, a TaK/K€ CBH-

38HHbl€ C 3THM IIp06JI€Mbi paCCM8TpHB810TCH B p8MK8X 06ID;HX ueneft p83BHTI.UI fl.z:tepHOfi 3Hep

reTHKH. MeH5IIOTC51 He uenH, a nyTo ocymecTBJieHHfl 3THX uenefi. B .n;oKna.n;e 6onee rro.n;po6Ho 

o6cy>K.z:t86TCfl OITbiT 3KCIIJIY8T8QHH O.z:tHHH8.z:tQ8TH 8TOMHbiX 3JI6KTpOCT8HQHi1: 1 pa60T810lUHX B Hac

TOfliU6e apeMfl a BenHKo6pHTaHHH. CpaBHHBaeTCfl mecTo coopy>KaeMbiX A3C c .n;eHcTBYIOII.HiMH 

CT8HQHSIMH, C yt.teTOM H3MeHeHHfl IIpOMblill116HHOi1: CTpyKTypbi, npOHCill6,llillefi B BeJIHK06pHTa-

HHH CO BpeMeHH nocne~HeH KOH~epeHQHH. linnrocTpHpyeTCH TaK*e pa3pa60TKa peaKTOpOB 
c ra30BbiM oXJia)l(,n;eHHeM, KOTopaH Ha .n;am-IoM 3Tane BKJIIOt.taer pa6ory no peaKTopaM c renHeBLIM 

OXJI8)1(,2leHHeM H TOIIJIHBOM B BH.z:te t.t8CTHU, noKpbiTbiX rpaipHTOM. TiporpaMM8 pa3BHTH5I peaKTO

pOB npH6JIH>KaercH K TaKofi cra.z:tHH, Kor.z:ta YnpaaJieHHH 3JieKTp03HeprHefi B BeJIHKo6pHT8HHH .n;on
)KHbi 6y.z:tyT c,n;eJI8Tb Bhi60p Me)K.lly naporeHepHpyiOIUHM TH)I(eJIOBO.llHbiM peaKTOpOM H peaKTOpOM C 

reJIHeBhiM oxna)K,lleHHeM. TiocJie.llHHfi peaKrop c ra30BLIM oxna)K,lleHHeM 1\fk III 6y.n:eT o6na.n:aTh 

MHOrHMH X8p8KT6pHCTHK8MH BbiCOKOTeMneparypHorp peaKTOpa, HO 6y.n:eT OCHOB8H Ha U:HKJie 

ypaH/nJiyTm·IHfi BM6CTO U:HKJI8 ypaH/TOpHfi 1 npHM6H516MOrO B 6o11ee pam·IHX KOHCTpyKU:H51X BbiCQ

KOTeMnepaTypHoro peaKTopa. Bbr6op Me>K.n:y peaKropaMH c ra30BbiM oXJia)K,lleHHeM THna Mk III 
11 naporeHepHpyiOIUHM T5I)KeJIOBO.llHLIM peaKTOpOM npe,llOCT8Bli.HeT B03MO>KHOCTb JierKOrO HHTer

pHpOB8HH5I peaKTOpOB 1-18 TeiTJIOBbiX H6ilTpOH8X H fibiCTpbiX peaKTOpOB 1 T8K K8K ITJiyTOHHi1 1 npOH3-

Be,lleHHhiif B T6nJIOBbiX CHCTeMaX, MOJKeT BIIOCJie,ll;CTBHH npHMeH51TbC5I B fihiCTpbiX peaKTOpax. B 

nporpaMMe pa3BHTHH 6biCTphiX peaKTopoa a BeJIHKo6pHTaHHH .n;ocTHrHyT 6onhwofi nporpecc. 

IlpoTOTHn 6blcrporo peaKropa a .IlyHpee Haxo.n:HTCH a nocne.n:Hefi CT8.llHH coopyJKeHHH. PaccMaT

pHaaeTcH T8KJKe B03MOJKHOCTb CTpOHTellbCTB8 Kpym·IOro 6biCTpOrO peaKTOpa MOII{HOCTbiO 

1300 MBT (sn) ,llll51 KOMMept.tecKoro HcnoJI:o3oaaHHfl. B .n;oKna.n:e onHCLIBaeTCH pau;HOHaliH38U:HH 

5I,llepHOfi npOMLIUllleHHOCTH BeJIHK06pHT8HHH, a T8K>Ke C03,ll;8l-Ufe HOBOfi KOMTI8f-lHH no .H,n;epHOMy 

TOnJIHBY ,ll;JI51 nocTaBKH TOITJIHB8 B COOTBeTCTBHH C H,ll;epHOfi nporpaMMOfi, KoMnaHHH no H,n;epl-10-

My TOnJIHBy 
1 

B CBOIO Ol.lepe.llb 1 CTapaeTC5I ycTaHOBHTb MeJK,n;yHapO.z:tHbie CB513H ,ll;JISI HHTerpHpOBa

HH5I ,zJ;e51TeJibHOCTH no TOnJIHBHOMy U:HKliY ITO B03MOJKHOCTH H8 6onee WHpOKOfl: OCHOBe, 

LA ENERGIA NUCLEAR EN EL REINO UNIDO. 
La memoria trata de los cambws que han temdo lugar y el progreso realizado desde la ultima 

Conferenc1a de Gmebra en 1964. Consldera los cambws en acutudes en la mdustna sobre los problemas 
de una tecnolog1a avanzada, no solo en el Remo Umdo smo tambien en muchos otros pa1ses. Los cambios 
en problemas y acutudes industuales y comerciales se ven, no obstante, en el .imbito de obJetivos in
camblados en el desarrollo de la energ1a nuclear. No son los ob]euvos los que camb1an smo los medws por 
los cuales seran conseguidos. La memoria trata con mas detalles las experienc1as operauvas de las once 
centrales de energ1a nuclear que hay en funcionam1ento en el Reino Umdo. Compara las se1s grandes 
centrales nucleares ba]o construcc1on ahora con las centrales que las precedieron, hac1endo referenc1a 
especial al cambw en la estructura mdustr1al que ha tenido Iugar en el Reino Unido desde la ultima 
Conferencia. Revela tambien la contmuidad del desarrollo en el Reino Umdo de los reactores refngera-
dos por gas, que mcluye ahora traba]o sobre reactores empleando el helw como refrigerante y el combus
uble de pardculas revesudas de grafito. El programa de desarrollo de reactores se aprox1ma ahora a la fase 
en que las Juntas de Electnc1dad en el Remo Umdo tendran que escoger entre un reactor de agua pesada 
generador de vapor (SGHWR) y un reactor refrigerado por helw. Este iilumo, el Mk III GCR, tendra muchas 
de las caracterfsncas del reactor a alta temperatura ( HTR), pero se basara en el c1clo de uramo/plutonio 
en vez del c1clo uranio/tono empleado anteriormente en los disenos del HTR. La eleccion del Mk III 
GCR o del SGHWR facllltarii la mtegrac1on de reactores term1cos y rap1dos, ya que el plutonio producido en 
los SlStemas termlCOS puede ser empleado mas tarde en los reactores rap1dos. Se han efectuado buenos 
progresos en el programa de desarrollo de los reactores rapidos en el Remo Unido. El reactor prototipo 
rapldO en Dounreay se encuentra ahora en las ultimas fases de su construcclon y se estii considerando ahora 
la construccion de un reactor rap1do mas grande, de 1300 MW( e) para uso comerc1al. La memona 
descnbe tambien la normalizacion de la mdustria nuclear brnanica, como por e]emplo en el caso de la 
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formacion de la nueva Nuclear Fuel Company ( Compaiifa de combusuble nuclear) para proporcwnar 
servicws de combusuble para el programa nuclear. Esta Nuclear Fuel Company procura a su vez la forma
C!On de lazes internacwnales, para integrar las acuvidades del ClClo de combusuble sobre la base mas 
ampha posible. 

INTRODUCTION 

It is useful to look back over the papers of the last Geneva Conference in 1964 if for no 
other reason than to appreciate the changes that have taken place smce that time. The most 
obvious change is, of course, the great advance that has been made in nuclear technology. Less 
obvious, but equally important, have been the changes in attitude towards the building of 
nuclear power stations and the approach to new development projects. 

In the commercial and industrial field there is a much greater maturity and sense of realism 
than at our last meeting. At that tlme there were certainly substantial nuclear programmes in 
several countries, but by comparison with today the practical experience of constructing, 
commissioning and operatmg nuclear power stations was inevitably limited. At that time the 
initiative in the discussions of nuclear power costs was being taken largely by the vendors and 
national laboratories. Today the utilities, as the potential purchasers, are making the close 
economic studies that go with large contractual commitments. Today, nuclear power generation 
is established as a major industry and future planning must take place within this commercial 
environment. 

These changes have been fundamental and have had their effect in modifying substantially 
the attitude towards nuclear power in many countnes. It 1s, however, equally important to see 
how the general principles on which we were working and the technical goals we were trying to 
achieve are almost unchanged. 

The thermal reactor has been the first to be developed. All the established systems 
use natural or, more usually, slightly enriched uranium. They all produce plutonium as a 
by-product. The conservation of uranium by using plutonium in fast reactors is still the 
principal development objective in many countries. The use of plutonium in place of 2 3 5 U and 
the adoption of the thonum/2 3 3 U fuel cycle in thermal reactors is st1ll being actively pursued. 
Good progress is being made in the incredibly difficult technology of fusion [ 1). 

All these objectives are unchanged and are the fundamental objectives of our nuclear 
development programmes. Some programmes, for example in the fast reactor field, are keeping 
pretty well to the time table that was discussed seven years ago [2,3). Others, like fusion, are 
taking appreciably longer to develop than was originally anticipated. It is also clear that the 
whole development and engineering of atomic energy in the commercial and industrial field has 
taken more effort and time than we envisaged in those starry days of the early conferences here 
in Geneva. 

This does not imply that we will not reap the benefits that we expected from atomic energy. 
Quite the reverse. We are, in fact, at the point where these benefits are starting to be delivered 
in a substantial way. The amount of electricity being generated from atomic energy is already 
significant on a world basis and with the commissioning during the next few years of a very large 
programme of nuclear power plants, the practical benefits of nuclear power will be enjoyed by an 
expanding proportion of the world population. 

THE NUCLEAR POWER STATIONS IN THE UNITED KINGDOM 

But now let me turn to the particular circumstances of the United Kingdom which 
illustrate well the general situation that I have just outlined. 

All the stations of the first nuclear programme have been completed, eleven stations in all, 
totalling 5,000 MW(e). These stations are all natural uranium, graphite moderated and C02 
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cooled, sometimes called "Magnox" stations or Mark I Gas Cooled Reactor stations. They are 
all working reliably at the present time [ 4,5]. The earliest reactors at Calder Hall have now been 
in continuous operation for over fifteen years. They are operating at full power at a load factor 
of approximately 90%. The stations at Berkeley and Bradwell have been operating for nine 
years at an average load factor of nearly 80%. The Scottish station at Hunterston [6] has been 
operating for seven years at a similar load factor and the whole of the programme of these 
natural uranium reactors has averaged a load factor of over 70%. The Electricity Boards now 
have over 100 reactor years of experience of this type of reactor and if the Calder and 
Chapelcross stations of the Atomic Energy Authority are included, the United Kingdom 
experience amounts to well over 200 reactor years. 

It would be idle to pretend that we have obtained this experience without any adverse 
factors. Of course, we have not; we have had turbine troubles on some stations. We had 
difficulties with the charge and discharge mechanisms, particularly in the early days, and we have 
been troubled by a somewhat higher rate of corrosion of steel in C02 than was anticipated. 
This has necessitated a reduction in outlet temperature for some stations and consequential 
reduction in maximum output capacity. However, I believe the most important fact is that, 
taken as a whole, these stations have performed remarkably reliably. They have enabled the 
industry and the electricity authorities to obtain a depth of practical experience of nuclear 
power which we judge will be invaluable in the introduction of the much larger nuclear 
programmes of the future. 

From 1965 the design of gas cooled reactors ordered in the United Kingdom was changed 
to use slightly enriched uranium clad in stainless steel, a design which we short-sightedly called 
the AGR (Advanced Gas-Cooled Reactor), although it should have been regarded as a Mk II, 
improved, version of the earlier natural uranium reactors. The ordering of these nuclear power 
stations in the United Kingdom has proceeded at a rate somewhat above that predicted 
seven years ago. 

The rate at which new nuclear stations are ordered will depend upon the relative 
economics of nuclear stations and fossil fuelled stations and also the total requirement for new 
electrical generating capacity. The relative economic position keeps changing. Since our last 
conference the coal price in the United Kingdom has risen substantially to the advantage of 

12000 

10000 

1000 

; 
z 

bOOO 
w 
31: 
:I! 

4000 

2000 

&0 &2 b4 bb &8 70 72 74 

FIG.l. UK nuclear generatmg capacny, 1956-1976. 



A/CONF. 49/P/467 335 

new oil and nuclear fuelled plant. Interest charges and the cost of money then rose rapidly to 
the detriment of the more capital intensive nuclear power. More recently increases in oil costs 
have changed the balance again. 

The ordering of new electrical generating capacity m the United Kingdom has for the last 
five years been substantially lower than in the previous five year period. This has resulted from 
several factors of which the most important were a slower total growth in demand and a change 
in demand characteristics. 

The construction of new nuclear plants has nevertheless continued on an expanding scale, 
an expansion not so much in terms of number of stations to be ordered, but in size. The 
pattern of nuclear power installation in the United Kingdom between 1956 and 1976 is 
illustrated in Fig. I. We now have five Mk II Gas Cooled Reactor stations under construction 
in the United Kingdom. All these stations have two reactors, each driving a standard 660 MW 
turbo-alternator giving a net output of approximately I ,250 MW. 

The stations are:-
Planned 
Onpower 
dates 

Hinkley Point 'B' 1,250 MW 1972-3 

Hunterston 'B' 1,250 MW 1972-3 

Dungeness 'B' 1,200 MW 1974 

Hartlepool 1,250MW 1974-5 

Hey sham 1,250 MW 1975-6 

6,200MW 

The five stations listed above amount to half the total capacity of stations expected to be 
commissioned in the United Kingdom during that period. This will provide a nuclear generating 
capacity, including the 5,000 MW already in operation, of over II ,000 MW. Further orders 
for thermal nuclear reactor stations are expected within the next year or so. The first of these 
will probably be located at S1zewell and consist of four units of 660 MW each. This programme 
demonstrates clearly the firm confidence in nuclear power of the electricity authorities of the 
United Kingdom. 

This confidence in nuclear power has not been shaken by the fact that the timescale for 
the construction of the Dungeness 'B' station has had to be extended. This was not due to any 
basic faults in the system but to a number of particular factors enhanced by the effect of 
organisational changes in the structure of the nuclear industry, which particularly affected the 
companies responsible for Dungeness 'B' [7]. The strengthening through amalgamation of the 
design organisations referred to later will prevent a repetition of this situation. No comparable 
delay is expected on any of the other stations. 

Perhaps the greatest difference between the programme of the Mk II Gas Cooled Reactor 
stations listed above and the programme of natural uranium Mk I GCR stations that preceded 
them has been in the degree of standardisation that has been achieved. Whereas in the first 
programme each new station had reactors of different design, in the case of the current 
programme the reactors at Hinkley Point 'B', and Hunterston 'B' are to the same basic design 
and are identical apart from detailed improvements shown by experience to be desirable. The 
same applies to the reactors at Hartlepool and Heysham. Again in the case of the first nuclear 
programme of Mk I GCR stations, each station had turbo-alternators that differed in size or 
manufacturer. In the later stations all the turbo-alternators are of a standard size which has also 
been adopted for fossil stations and made now by only two manufacturing groups. 
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This degree of standardisation stems from a more widespread understanding of the costs of 
innovation in a high technology industry. Replication and continuity of manufacture reduce 
production costs and the time required for construction and commissioning. This approach to 
standardisation does not imply that we have reached the limit in nuclear power, neither does it 
result from any lack of inventiveness on the part of our scientists or designers - rather that it is 
important to avoid unnecessary change or the introduction of additional unknowns without good 
reason for doing so. 

A further important feature of these gas cooled reactors is the freedom they offer in relation 
to siting. The thermal efficiency of present designs is very much higher than the earlier gas 
cooled reactors or any water reactors. This limits the requirement for cooling water to no more 
than that of the latest fossil-fired stations, while the prestressed concrete pressure vessel enables 
the reactors to be sited much nearer to built-up areas than before [8). 

THE REACTOR DEVELOPMENT PROGRAMME 

We have for many years been investigating a wide range of nuclear reactors. In gas cooled 
reactors, new fuel concepts were being developed for operation in a C02 environment. We were 
studying gas turbines that could operate on a C02 cycle. Helium was an alternative coolant 
which would permit the use of graphite clad particle fuel with improved ratings, temperatures 
and neutron economy. Direct cycle helium gas turbines were an alternative to the steam cycle. 
There were the alternatives of uranium/plutonium or uranium/thorium fuel cycles which 
implied very different fuel technologies. We investigated several water reactor systems and built 
a I 00 MW(e) prototype Steam Generating Heavy Water (SGHW) reactor [9). We have a very 
substantial programme of fast reactor development. 

We believe, however, that there will not be large differences in overall generating cost 
between any of the contemporary thermal reactor systems. We also believe that the great 
improvement in fuel utilisation that is possible in the fast reactor will rapidly make it the 
preferred nuclear system. These conclusions have led to some narrowing of the programme and 
the concentration of our resources. 

In considering our future strategy we have considered the problems of introducing the fast 
reactor on an industrial scale and we have attempted to produce a realistic programme leading 
to its introduction into the generating network. Our programme of development of thermal 
reactors is being assessed in the light of the United Kingdom nuclear power programme as it 
is today, and how we expect it will evolve when fast reactors are introduced. 

FAST REACTOR 

If I may I will describe first the position we have reached on fast reactors. In 1964, my 
predecessor, Lord Penney, reported to the last Geneva Conference our plans for a large 
prototype fast reactor, and forecast that the first commercial fast reactor station could be on 
power towards the end of the 1970s. Construction of our 250 MW(e) Prototype Fast Reactor 
(PFR) is now nearing completion [I 0) and a recent thorough review has led to the formulation 
of a strategic plan for development of the fast reactor and its introduction into the electricity 
network. While all such planning is subject to review, it is gratifying that the plan is consistent 
with Lord Penney's 1964 forecast. 

The principal factors underlying this plan are:-

(a) our continued confidence in the long term economics of the fast reactor system, 

(b) our recognition that the introduction of the fast reactor must be phased to permit the 
build-up of confidence in the system by those responsible for design, construction, 
licensing and operation, 
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(c) the need to correlate the programme with the build-up of efficient and economic fuel 
cycle services, and 

(d) that it is an essential step towards the most efficient means of usmg the world resources 
of nuclear fuel. 
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Progress in our understanding of the fuel cycle of the fast reactor continues to support our 
confidence that low fuel costs can be achieved with fast reactors. Capital costs should be little 
if at all higher than for thermal reactors of the same size and built at the same time. Though 
fuel fabrication and reprocessing costs will, of course, be dependent on the level of output 
required from fuel plants, we are confident that even at today's uranium prices fuel costs for a 
programme of fast reactors should show advantages of at least Y2 mill per kWh over the best 
that thermal reactors available at the same time could offer. Such a differential, although it 
appears small, when applied over a substantial installation programme, represents a large saving 
in generating costs mostly in the cost of imported uranium. 

A comparison of the difference in the consumption of uranium with and without fast 
reactors highlights the importance of the fast reactor in the conservation of world uranium 
resources (see Fig. 2). A full appreciation of its impact on the energy situation can, however, 
only come from an overall analysis of the part to be played by both thermal and fast reactors in 
a given generating system. Such studies permit us, in particular, to analyse the alternative ways 
in which plutonium can be used [II]. We could, for example, use it in place of enriched uranium 
in our thermal reactors until the demand for use in fast reactors grows big enough to use all we 
are producing. However, not only would this enta1l the construction of special plutonium fuel 
fabrication plants at considerable cost and with perhaps limited lives; it would also mean less 
plutonium available for fast reactors when, in the not too distant future, demand will exceed 
supply. We believe it is preferable on current assumptions to store plutonium for fast reactor 
use. This conclusion is in line with our confidence both in the long term economics of the 
system and in its prospects for early introduction into the United Kingdom. 

The United Kingdom's present strategic plan, and by this I mean a plan endorsed by the 
electricity authorities, the nuclear power industry and the Atomic Energy Authority, assumes 
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1. Reactor Core 7. Fuel Caves 13. Deaerator Plant 
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4. Fuel Transfer Flask 10. Secondary Sodium Pipework 16. Generator Transformer 
5. Fuel Store 11. Secondary Sodium Pump 17. Pnmary Cold Trap Loop Cell 
6. Fuel Handlmg Buildtng 12. Steam Generator Butlding 18. Reactor Vault Cooling Duct. 
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that the first 1,300 MW(e) Commercial Fast Reactor would go on power as part of the United 
Kingdom generating system in 1979. To achieve this, the station would be ordered in 1974 and, 
if so, be followed by perhaps two or three further stations over the next few years. This 
time table allows some three years from now for satisfactory completion of the approval 
procedures required for a frrst large fast reactor, including the build-up of staff and experience 
required by the licensing authorities, while by 1979/80 we should have seven years' operating 
expenence with the PFR, constructional experience of perhaps three or four large commercial 
stations, and initial generating experience from the first of these larger units. On this basis we 
would expect that by about 1980 we would have sufficient confidence and experience to 
incorporate fast reactors into the United Kingdom generating system to the maximum extent 
consistent with the availability of fissile material and the growth of demand for new generating 
plant. Whether such a time table can, in fact, be achieved will depend on technical developments 
over the next few years. This, however, is the plan to which we are working and so far 
we see no reason why it should not be achieved. Fig. 3 gives an impression of the possible 
layout of a commercial fast reactor station. 

THERMAL REACTOR DEVELOPMENT 

The thermal reactor development programme has been determined in the light of the 
overall plan for the introduction of the fast reactor, and also the background of experience and 
expertise in gas cooled reactors that we have in the United Kingdom. We were anxious to 
build on that experience and it appeared that the greatest potential of gas cooled reactors lay in 
the adoption of graphite coated particle fuel with helium as a coolant. Until recently, 
however, all the experience of this fuel concept was based on the thorium/2 3 3 U fuel cycle which 
was quite incompatible with our plans for plutonium fuelled fast reactors; an incompatibility 
that would have involved a duplication of all our fuel fabrication and reprocessing plants. 

However, progress in the development of coated particle fuels and in their fabrication 
technology has made it possible to develop a coated particle fuel having a higher heavy metal 
density, thus permitting the use of low enrichment uranium in the particle fuel [ 12) . 
This in turn allows the reactor to operate on a uranium/plutonium fuel cycle capable of being 
integrated into a thermal reactor/fast reactor combined programme. This development in gas 
cooled reactor technology has the promise of the 10 per cent or more improvement in cost 
compared with C02 gas cooled reactors, which will be needed to justify it. The performance of 
the fuel so far compares well with alternative nuclear fuels and it has been incorporated in a 
design of reactor which makes full use of previous extensive experience of gas cooled systems 
[ 13,14). The best features of the earlier gas cooled reactors will be retained, pre-stressed 
concrete pressure vessels, high efficiency steam cycles and the use of conventional turbines. 

Following an extensive design study, the two United Kingdom nuclear design and 
construction companies have recently submitted proposals to the Central Electricity Generating 
Board for a lead station having a single 750 MW(e) reactor and turbo-generator to be built at the 
Oldbury site. 

As well as this development in gas cooled reactors we have, for some years now, devoted 
a significant effort to the development of a water-cooled and moderated reactor, the SGHWR, 
of which a 100 MW(e) prototype has been successfully operating since the beginning of 1968. 
This reactor was designed to achieve the advantages of water cooling, the neutron economy 
associated with heavy water moderation, and the ease of design and construction possible if 
the need to provide a massive steel pressure vessel can be avoided. In the SGHWR design, the 
fuel channels are pressurised, but the main tank of moderator material is not. A large 
proportion of the components of the core can be produced and assembled in line with normal 
industrial practice. The fuel performance which we expected has materialised, and the prototype 
has given us valuable experience with which to assess the prospects for water reactors in general, 
and the potential of the SGHWR in particular, both for use in the United Kingdom and in 
other parts of the world where the SGHWR's special features - in terms of size, flexibility and 
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ease of construction - may be of particular importance [ 15). A tender has been submitted for 
a two-reactor SGHWR station to be constructed at Stake Ness in Scotland. 

The outcome of these quotations for a gas cooled reactor at Old bury and for an SGHWR 
at Stake Ness will determme the priorities in our thermal reactor development programme for 
the future. 

INDUSTRIAL ORGANISATION 

I have just outlined how the development programme has been simplified and applied 
with greater force to a narrower front. The same is true in the United Kingdom of the 
nuclear industry and also the industry that supplies the conventional parts of nuclear stations. 
At the time of our last conference, there were in the United Kingdom no less than four separate 
groups designing and constructing nuclear power stations. Three of these groups were private 
firms engaged in building Mk I GCRs and the design and construction team in the Atomic 
Energy Authority was engaged on the construction of prototype reactors. This dispersion of 
design effort was compounded by the ordering of the conventional parts of the stations from 
a number of quite independent component manufacturers. The result was that each new 
station built was significantly different from its predecessor - they were all, in one way or 
another, effectively prototypes. That they have incorporated so much engineering novelty and 
still operated reliably is a high tribute to the designers, but it is not the most efficient way to run 
an industry. 

Three years ago a rationalisation was carried out in which the four nuclear design teams were 
effectively reduced to two, The Nuclear Power Group Ltd. and British Nuclear Design and 
Construction Ltd., and at about the same time, but quite independently, a rationalisation of the 
heavy electrical industry in the United Kingdom resulted in large turbo-alternator manufacture 
being concentrated into tv1o groups. 

The electricity authorities have played their part in the overall rationalisation by 
standardising the size of the generating units they have been ordering to 660 MW, with, of 
course, the result that other subsidiary components have become standardised in turn. These 
factors have resulted in our achieving a degree of standardisation which is essential for projects 
of this type, but which was unattainable under the conditions of fragmented industrial groups 
that existed a few years ago. 

The practical result of this standardisation and re-grouping is apparent from the earlier part 
of this paper where I described the five nuclear power stations that have been ordered in the 
United Kingdom since our last conference in 1964. 

FUEL SERVICES 

Although the cost of nuclear fuel is proportionately less than conventional fuel it is 
nevertheless a significant part of the overall cost of generating electricity from nuclear stations. 
Because of the enormous heat capacity of nuclear fuel it has got the characteristic of high 
technical content and relatively small throughput. Moreover, as fuel designs improve, the 
complexity increases but with increasingly high burn-up the throughput does not go up in 
proportion to the size of the nuclear programme. 

This is the classic problem for modern advanced technological industries in all but the 
largest of countries. In many parts of the fuel cycle the advantages of scale are so great that 
self-contained fuel cycle capability for even the larger countries of western Europe is not 
economically viable. This too has been widely recognised since our last conference, and we in 
the United Kingdom have been seeking friendly partners in other countries to try to integrate 
and associate our activities in a wider context than that prescribed by the frontiers of our 
island home. 



A/CONF. 49/P/467 341 

With this objective we have formed a tripartite association with Holland and the Federal 
Republic of Germany for the development of the ultra centrifuge and the construction of 
enrichment plants based on th1~ technology. We are in discussion with other countries who might 
wish to join with us. Two companies have now been formed, based in Western Germany and the 
United Kingdom, to carry out this work. They are owned equally by the countries who are 
participating in the enterprise [ 16). 

Technical progress continues to be most satisfactory, particularly in the field of applying 
mass production techniques to the manufacture of centrifuge units. Prototype sem1-production 
scale plants are now under construction in both the United Kingdom and Holland, and the 
expenence of building and operating these plants will make possible an accurate assessment of the 
role of the centrifuge in supplying enrichment as an alternative to other enrichment processes. 

In the reprocessing of irradiated fuel, where again the advantages of scale are so important, 
we are trying to forge the international links that we regard as so vital for the future. 

In the fuel services in the United Kingdom we have also taken one further step earlier 
this year which is both important and illustrative of the trend in nuclear power. We have 
reorganised all the commercial activities in this field, which were once part of the Atomic Energy 
Authority, into a company structure- British Nuclear Fuels Limited. This change was made 
for two reasons. The first was to recognise that nuclear fuel services are now a fully commercial 
and industrial enterprise, and secondly, to facilitate more ready association with similar nuclear 
industrial organisations in other countries in pursuance of our main objective of cheap nuclear 
power for the future. 

THE FUTURE AND FUSION RESEARCH 

Let me, in conclusion, say a few words about the longer term future. It would be unwise to 
assume that with the sodium-cooled fast reactor, the development of fission reactors will come to 
an end: further advances will certainly be made though the scope for additional improvements 
may become progressively less. For a further major step forward fusion may well be the answer. 
Scientific progress in this area has been very great. Controlled fusion has been demonstrated. 
With improving technology, substantial pulses of fusion neutrons should become available in the 
laboratories of the world in the quite near future. But we have not yet reached the equivalent 
point to the first atomic pile of 1942, and we all now recognise the vast technological under
taking in proceeding from a "zero energy" fusion reactor to a fus10n power station. 

On the face of it, the undertaking looks aimost too difficult with present technology. 
But who would be so brave as to say that in the next twenty years there will not be discovered 
somewhere in the world one of the missing scientific or technological bricks that would make 
the problems of the fusion engineers so much easier? 

Fusion development is being carried out on a world-wide basis with the fullest interchange 
of information between all laboratories and workers in this field. It is a most excellent example 
of international co-operation in the field of advanced technology. 

With so much of our thinking in nuclear power directed to cost effectiveness, replicat10n, 
rationahsation and industrial reorganisation, I hope we will not lose all sense of striving for the 
future or of mterest in the undiscovered, nor refuse to make any journey unless every step can 
be counted and measured in advance. The road to a successful and economic fusion power 
station is uncharted. I hope we can maintain our resolve to continue the exploration. 
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L 1EVOLUTION DU PROGRAMME NUCLEAIRE 
D'ELECTRICITE DE FRANCE 

A. HANNOTHIAUX 

Electricite de France, Paris, France 

Abstraa-Resume-AHHOT8llHII-Resumen 

THE DEVELOPMENT OF THE NUCLEAR PROGRAM OF ELECTRICITE DE FRANCE. 
As soon as the researches of the Commissariat a 1' Energie Atomique made 1t poss1ble, Electricite 

de France started a large expenmental nuclear program wlthm the natural uranwm, graphite, C02 

layout. When the Samt-Laurent-des-Eaux plant was put mto serVlce and the selected layout was proved 
techmcally sausfactory, cons1derations essentially economic in nature convmced Electrlcite de France, 
in agreement with the Publlc Authorities, to "diversify" its nuclear program and, wh1le waiung for the 
reallzauon of mdustrial breeders, to engage mainly enriched uramum water-moderated reactors. 

L' EVOLUTION DU PROGRAMME NUCLEAIRE D' ELECTRICITE DE FRANCE. 
Des que les recherches du CommiSSariat a 1' energie atom1que lui en ont ouvert la poss1bilite, 

Electricite de France a engage un 1mportant programme nucleaire expenmental dans la flliere techmque 
uranium nature!, graphite, gaz carbonique. Au moment oil la mue en serVlce de la centrale de Samt
Laurent-des-Eaux a demontre que la filiere cholSie etait techmquement b1en au pomt, des considerations 
essenuellement d' ordre economique ont conduit Electricite de France, en accord avec les Pouvous publlcs, 
a «diversifier » son programme nucleaire et, en attendant 1· avi:mement mdustnel des surgenerateurs, 
as' engager princlpalement dans la voie des reacteurs a uramum enrichi, ralentis a l' eau naturelle. 

PA3PAEOTKA TIPOI'PAMMbl TIO H.llEPHOH 3HEPI'ETHKE "3JIEKTPHCHTE .llE 4-PAHC". 
Mccne,lloBaHHH KoMHccapHaTa no aTOMHOH sHeprHH ,llaJIH soaMOJKHocTt. o6mecTay "3neKTpH

CHTe .n;e ¢'paHC 11 npHCTYllHTb K OCyll{eCTBJieHHIO WHpOKOH H,llepHOH 3KCnepHMeHT8JibHOH nporpaMMbl 

flO C03Jl81-HUO peaKTOpHOif CHCTeMbl H8 npHpO.llHOM ypaHe, C rpaiflHTOM H yrJieKHCJlbiM ra30M. Kor
.r:ta BBO.ll B 3KcnnyaTaQHJO A3C B CeH-1IopeH-Jlea 10 noKa3an, 'ITO Bbi6paHH851 peaKTOpHaH CHCTeMa 

.fiBJI.HeTCH Y.llOBlleTBOpHTellbHOH C TeXHW·feCKOif TQtjKH 3peHH51 1 06llleCTBO 11 3JieKTpHCHTe ,n:e tl>paHC 11 

pelliHno no coo6pa)l(eHHHM rnaBHhiM o6pa3oM 3KOHOMHt~ecKoro nopH.D:Ka H c cornaclui rocy.nap

CTBeHHLIX OpraHH38QH.ft: 11 p83H006pa3HTb 11 CBOIO H.QepHyJO nporpaMMy H. 1 noKa He llOHBH.nHCb npo

MbiWflet-1!-Ihie peaKTOpbi-p83MHOJKH.TenH, CTpOH.Tb B OCHOBHOM BO,llHbie peaKTOphi H8 o6oraw,eHHOM 

ypaHe. 

LA EVOLUCION DEL PROGRAMA NUCLEAR DE ELECTRICITE DE FRANCE. 
En cuanto las investigaciones del Commissarlat a 1· energie atomique le abneron esa posibllidad, 

Electricite de France emprendio un importante programa nuclear exper1mental sobre la familia tecmca, 
uranio natural, grahto, gas carbonico. Desde el momento en que la puesta en servicw de la central de 
Saint-Laurent-des-Eaux ha demostrado que la familia escog1da esta lograda desde el punto de vista 
tecmco, consideracwnes esencialmente econ6micas han aconse)ado a Electr1cue de France, de acuerdo 
con los poderes piiblicos, « diversificar» su programa nuclear y, mientras llega el advenim1ento industrial 
de los reactores reproductores, dedicarse principalmente a los reactores de uranio enriquecido moderados 
con agua natural. 

En 1964, lors de la troisieme Conference internationale de Gem\ve sur 
les applications pacifiques de l'energie atomique, M. Cabanius, d 1Electricite 
de France (EDF), et M. Horowitz, du Commissariat a l'energie atomique 
(CEA), ont presente un rapport commun sur le programme franc;ais de 
centrales nucleaires. A cette epoque, le programme franc;ais etait presque 
exclusivement axe sur 11emploi de 11uranium nature!, modere au graphite 
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et refroidi au gaz carbonique. Vers la fin de 1969 un changement important 
est intervenu: il a ete decide que 11effort principal porterait dorenavant sur 
les filieres techniques utilisant 11uranium enrichi, modere et refroidi a 
l'eau naturelle. 

L 1objet du present rapport est d'exposer les motifs de ce tournant de 
la politique nucleaire fran<;aise dans le domaine des centrales electriques. 

1. RAPPEL DU PROGRAMME NUCLEAIRE INITIAL D 1ELECTRICITE 
DE FRANCE 

1. 1. Situation energetique de la France 

Si les circonstances ont entraine une evolution profonde du programme 
nucleaire franc;ais les motivations de ce programme restent constantes: 
l'objectif est toujours de produire de l'electricite dans des conditions sil.res 
et au moindre prix. Ce sont les moyens d'y parvenir qui ont change et 
cela, comme nous le verrons, pour des raisons economiques et non pour 
des raisons techniques. 

En raison du role important et croissant de l'electricite, EDF doit 
evidemment S I adapter a la SitUation energetique generale de notre pays. 

Une politique energetique coherente, en France comme ailleurs, 
comporte trois objectifs essentiels: 

assurer avec une marge raisonnable de securite l'approvisionnement 
du pays en energie primaire, 
obtenir cet approvisionnement au plus bas prix possible, compte tenu 
des imperatifs de· securite reconnus necessaires, 
eviter dans la mesure du possible de grever trop lourdement la 
balance des comptes par des importations excessives de produits 
energetiques. 

Ces trois objectifs, a des titres divers, sont sous- jacents dans la 
politique nucleaire de la France et en justifient l'evolution. 

Longtemps la politique energetique de notre pays a ete dominee par 
l'ambition de trouver sur notre propre territoire 11essentiel de nos 
approvisionnements en energie primaire, d 1ou le developpement de l'energie 
hydraulique, !'encouragement a la production du charbon, les prospections 
de petrole et de gaz nature!. 

Malheureusement nos ressources metropolitaines classiques demeurent 
modestes et sont appelees a decro1tre en valeur relative, tandis que nos 
besoins augmentent en raison de notre developpement industriel. 

Les gisements hydro-electriques que l'on peut equiper a un prix 
acceptable sont de plus en plus rares. Nos mines de charbon s 1epuisent 
et leur coil.t de production s 1eleve au-dela de ce qui est supportable pour 
notre economie. Enfin les recherches de produits petroliers ont ete 
decevantes en metropole et, a part le gisement de gaz naturel de Lacq qui 
n'est qu 1un appoint, on n'a pas trouve dans notre sous- sol assez de 
ressources pour assurer une part suffisante de nos approvisionnements 
energetiques. 

Rappelons que le deficit de nos besoins en energie primaire, qui etait 
de 30% environ en 1950, est passe a 60o/o en 196 8 et do it atteindre 75o/o en 
1975, epoque a laquelle la tendance a !'aggravation pourra enfin etre 
corrigee grace a l'energie nucleaire. 
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La securite de nos approvisionnements en energie ne pouvant etre 
assuree par des ressources tirees de notre sol, c 1est par une diversification 
aussi grande que possible de nos importations qu'il convenait done de la 
rechercher. 

A cet egard l'uranium est particulierement interessant. Il est tres 
repandu dans le monde. Il peut etre stocke dans des conditions peu 
onereuses. Enfin, grace a l'action du Commissariat a l'energie atomique, 
la France possede ou controle environ 10% des gisements mondiaux 
d 1uranium. 

Du point de vue du prix de revient de 1' electricite l'uranium, dans 
l'immediat, ne modifie pas la situation car les centrales nucleaires ont 
un cout de production tres voisin de celui des centrales classiques. 
Cependant une marge de progres technique superieure parait leur etre 
offerte. Mais ce qui est le plus important c 1 est que 11 energie nucleaire 
constitue une garantie contre une elevation du prix de revient du kWh pour 
le cas ou la part croissante du petrole dans 11approvisionnement des grands 
pays industriels viendrait accentuer les tendances actuelles a la hausse 
du COUt de cette SOUrce d I energie primaire. 

Enfin, du point de vue de la balance des comptes, 11emploi de l'uranium 
constitue un facteur d'amelioration. Nous disposons en effet de ressources 
importantes en France et dans la zone monetaire du franc. En outre, la 
part du combustible dans le prix de revient du kWh des centrales nucleaires 
est moitie moindre environ que dans les centrales classiques. Enfin, a 
plus long terme, lorsque les surgenerateurs auront ete mis au point, la 
part de 1 'uranium dans le prix de revient du kWh deviendra extremement 
faible. 

Pour un pays comme la France, le recours a l'energie nucleaire se 
presentait done dans des conditions particulierement attrayantes. 

Le role de l'energie nucleaire paraissait tellement important qu 1Elec
tricite de France s 1est engagee dans un programme initial de caractere 
experimental des que les premieres recherches et realisations industrielles 
du Commissariat a l'energie atomique lui en ont ouvert la possibilite. 

1. 2. Le programme nucleaire experimental d 1Electricite de France 

Si EDF n'a pas attendu que l'energie nucleaire soit competitive c 1est 
qu'il importait de former des hommes au plus vite et de preparer 11industrie 
a la construction des centrales nucleaires appelees manifestement a 
jouer dans l'avenir un role rapidement croissant dans nos programmes 
energetiques. 

La France, comme la Grande-Bretagne, s'est engagee dans la filiere 
a 11uranium naturel, modere au graphite et refroidi au gaz carbonique. 

A l'origine cette voie n'etait pas mains seduisante sur le plan tech
nique que les autres, et elle avait en outre l'avantage, grace a l'emploi de 
l'uranium naturel, de rendre notre pays independant des sources d'uranium 
enrichi. En fait cette filiere etait la seule possible pour nous a une epoque 
ou 11uranium enrichi etait encore consider€ comme une matiere strategique 
et l'eau lourde trop rare pour un programme industriel important. 
L 1alternative etait ou de s 1engager dans la technique uranium naturel- gaz
graphite, ou d'attendre, comme d'autres pays l'ont fait, que 11acces aux 
autres filieres soit ouvert. 
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Notre pays a choisi d 1explorer la seule technique qui s 1ouvrait a lui, 
soutenu par une longue tradition scientifique dans le domaine nucleaire et 
encourage par la creation et le developpement du Commissariat a l'energie 
atomique. 

Le programme franc;ais des centrales nucleaires gaz-graphite est bien 
connu. J'en rappellerai seulement les principales eta pes. 

Lavoie a ete ouverte a Marcoule avec les piles plutonigenes G1, G2 
et G3 ou EDF s 1est associee au CEA pour recuperer l'energie produite par 
ces piles. Les premiers kWh d 1origine nucleaire ont ainsi ete produits des 
1956 grace au petit reacteur G1. 

C 1est pres de Chinon, au bord de la Loire, qu'Electricite de France 
a entrepris de construire les premieres centrales ou son role de ma1tre 
d 1ceuvre comprenait non seulement, comme a Marcoule, la partie 
classique, mais aussi la partie nucleaire, le CEA intervenant desormais 
comme conseil. Les etapes successives a Chinon ont ete: 

Chinon I 
Chinon II 
Chinon III 

avec 70 MW(e) mis en service en 1963 
avec 200 MW( e) mis en service en 196 5 
avec 480MW(e) mis en service en 1966. 

Trois faits caracterisent ce programme initial: 
l'absence de duplication tant que le seuil de rentabilite n'est pas atteint 
ou en vue, 
une cadence rapide des mises en service, 
une croissance remarquable des tailles unitaires- 70, 200, 480 MW(e)
dans l'espoir d'atteindre rapidement la competitivite, l'effet de taille 
dans le nucleaire ayant un impact considerable sur le prix de revient 
du kWh. 

Rappelons que les caissons de Chinon I et Chinon II etaient en acier, 
les pieces etant assemblees et soudees sur le chantier. A partir de 
Chinon III on a adopte des caissons en beton precontraint qui, entre autres 
avantages, affranchissaient la filiere gaz-graphite des limitations de taille 
unitaire inherentes aux enceintes en acier et qui, d'ailleurs, avaient deja 
ete essayes anterieurement avec succes a Marcoule. 

La filiere a ete developpee ensuite a Saint-Laurent-des-Eaux, egale
ment sur la Loire. 

Pour Saint-Laurent I, les conditions economiques de l'epoque ou la 
centrale a ete entreprise permettaient d 1escompter raisonnablement que 
l'on pourrait atteindre grace a elle la competitivite avec les centrales 
a mazout. 

Le fuel lourd valait alors environ 1, 1 centime la thermie (1000 calories) 
et les taux d'interiH de l 1argent n 1avaient pas encore atteint les niveaux 
tres eleves observes par la suite, taux eleves qui defavorisent les centrales 
nucleaires dont les investissements sont plus lourds que ceux des centrales 
classiques. 

Le pro jet de Saint- Laurent I a ete conc;u de maniere a atteindre enfin 
l'objectif de la competitivite avec les centrales classiques. 

Pour beneficier de l'effet de duplication on a decide que le cceur du 
reacteur serait identique a celui de Chinon III, avec la meme puissance de 
480 MW(e). Cependant, une modification importante faisait encore de 
Saint- Laurent I un prototype: c 1etait la disposition dite «integree» ou les 
echangeurs de chaleur etaient places dans la meme enceinte en beton 
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precontraint que le coeur du reacteur. Cette disposition permettait des 
economies de construction tout en renfor<;ant la securite de !'ensemble. 

Saint- Laurent II a ete entrepris 3 ans a pres dans la me me optique. 
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Des ameliorations de detail ont permis de porter la puissance de SL II de 
480 MW(e) a 515 MW(e) sans perdre le benefice de l'effet de duplication. 

Je rappelle que c 1est dans le contexte de cette epoque qu'a ete entre
prise a Vandellos pres de Tarragone la construction d 1une centrale franco
espagnole de 480 MW(e) identique a Saint-Laurent I. 

Outre les perfectionnements sur la conception d'ensemble des progres 
avaient egalement ete accomplis parallelement dans le domaine des 
elements combustibles. 

Le Commissariat a l'energie atomique, en liaison avec Electricite 
de France, a pu, grace a de multiples experimentations, ameliorer pro
gressivement le rendement des elements combustibles en augmentant leur 
puissance specifique et leur taux d 1irradiation. Des barreaux pleins de 
Marcoule on est passe aux tubes creux de Chinon et de Saint-Laurent-des
Eaux, les dimensions des tubes et la forme des ailettes des gainages en 
magnesium evoluant progressivement. Des elements combustibles dits 
annulaires (toujours en uranium metallique) ont ete egalement mis au point 
dans lesquels le gaz carbonique refroidit a la fois l'interieur et l'exterieur 
des elements combustibles, ce qui permet d 1augmenter sensiblement leur 
puissance specifique. Une centrale de 540 MW(e) utilisant des elements 
annulaires est en construction sur le site dit du Bugey, sur le Rhone, en 
amant de Lyon. Elle do it entrer en service en 197 2. 

Parallelement aux realisations dans la filiere uranium naturel- gaz
graphite, Electricite de France, pour diversifier ses connaissances, a 
participe a deux experiences de portee limitee, l'une dans la technique de 
l'eau lourde, l'autre dans celle de l'eau naturelle. Ce furent les realisa
tions du reacteur EL4 de 70 MW(e) dans la centrale des Monts d 1Arree 
en Bretagne - ou, comme a Marcoule, le CEA a construit la partie nucleaire 
et Electricite de France la partie classique- et d 1un reacteur PWR de 
266 MW(e) a Chooz dans la centrale franco-belge des Ardennes, sur la 
Meuse. 

L 1effort principal restait cependant axe sur la filiere nationale 
gaz-graphite dont des progres constants avaient permis la mise au point. 
La production d'un milliard de kWh au cours des sept premiers mois de la 
mise en service de Saint-Laurent I, en 1969, avait prouve le plein succes 
de la filiere fran<;aise sur le plan technique. 

Et cependant, le 16 octobre 1969, au cours d 1une conference de presse, 
Le Directeur general d 1Electricite de France etait conduit a annoncer, non 
pas l'abandon, mais 11effacement de la filiere gaz-graphite au profit des 
filieres a l'uranium enrichi et a l'eau naturelle. 

2. LE TOURNANT VERS LES FILIERES TECHNIQUES A L 1EAU 
NATURELLE 

2.1. Motifs du changement de politique nucleaire d 1Electricite de France 

Ce changement d 1orientation etait motive essentiellement par des 
raisons economiques et non par des raisons techniques. 
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Certes la filiere fran9aise avait connu de graves difficultes comme 
toutes les techniques qui en sont encore au stade des prototypes. Ces 
«maladies de jeunesse» cependant avaient ete surmontees et l'arret 
ulterieur du reacteur Saint- Laurent I pendant un an fut la consequence d 1une 
fausse manoeuvre qui ne mettait pas en cause une reussite technique par 
ailleurs indiscutable. Cet incident etait du a une erreur de programmation 
a la suite de laquelle un rondin de graphite, qui devait etre place par 
l'appareil de chargement a la peripherie du coeur, a ete mis dans un canal 
destine a recevoir des elements combustibles. Le refroidissement in
suffisant qui en est resulte a provoque la fusion de cinq elements 
combustibles, soit 50 kg d 1uranium. 

Bien que lourde de consequences immediates cette fausse manoeuvre 
ne mettait pas en cause la valeur technique de la filiere gaz-graphite. 
Ce sont des raisons exclusivement economiques qui ont motive l'effacement 
de la filiere fran9aise dont le prix de revient s 1est revele a l'experience 
superieur a celui atteint au moyen des techniques americaines. L 1energie 
devant etre produite au plus bas prix possible, pour que notre economie 
reste competitive, il fallait en tirer les consequences et y adapter notre 
politique nucleaire. 

Le tableau qui figure en annexe donne les resultats d 1un calcul compara
tif fait par EDF au debut de 1971. 

Pour le thermique classique on a fait etat d 1un prix de la thermie fuel 
de 0, 65 centime pour tenir compte de la tendance ala hausse deja observee 
a l'epoque. On obtient 3, 70 centimes par kWh contre 3, 64 centimes avec 
une installation nucleaire a 11eau ordinaire. En raison des incertitudes de 
calcul l'ecart n 1est pas significatif et si l'on considere la superiorite, au 
moins provisoire, du thermique classique au point de vue de la fiabilite 
on peut admettre simplement qu 1il y a equivalence entre le classique et 
le nucleaire (centrale PWR de Fessenheim) quand la calorie fuel atteint 
0, 65 centime par thermie. Des calculs anterieurs aux accords de Teheran 
et de Tripoli avec 0, 6 et 0, 5 centime par thermie, prix effectivement 
obtenus dans des contrats a moyen terme, donnaient un leger avantage au 
thermique classique, d 1ou, comme nous le verrons, une certaine hesitation 
a engager trop de centrales nucleaires au debut du Sixieme Plan. 

La comparaison entre la filiere PWR et la filiere gaz-graphite a ete 
faite en prenant d 1une part les prix de construction de deux tranches de 
890 MW(e), connus grace au contrat de Fessenheim, et d 1autre part les 
resultats d 1une etude faite sur deux tranches de 890 MW(e) dans la tech
nique de Saint-Laurent-des-Eaux (designee par le sigle SL 900). 

Pour comparer les deux filieres il fallait en effet tenir compte de 
l'effet de taille et extrapoler a 900 MW(e) les chiffres obtenus a Saint
Laurent-des-Eaux pour des reacteurs de l'ordre de 500 MW(e). On trouve 
ainsi 4,19 centimes par kWh pour le gaz-graphite contre 3, 64 centimes 
pour l'eau naturelle, soit 15% de difference. Une hypothese plus optimiste, 
tout en restant realiste, sur les durees d 1irradiation des elements combus
tibles ramenerait le prix du pro jet SL 900 a 4, 10 centimes par kWh et la 
difference a 12%. L'ecart, de toute maniere, reste significatif malgre les 
incertitudes inherentes a ce genre de calcul. 

C 1est dans le contexte anterieur aux accords de Teheran et de Tripoli 
qu 1etait intervenue le 13 novembre 1969 la decision annoncee par un 
communique de l'Elysee de «diversifier» le programme nucleaire fran9ais. 
Diversifier signifiait que les etudes sur les techniques dites eprouvees, 
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notamment la filiere gaz-graphite, seraient poursuivies mais que !'effort 
principal porterait desormais sur les filieres qui a !'evidence se revelaient 
dans l'immediat comme les plus economiques, en l'espece les filieres a 
l'eau naturelle. 

De puis la decision de construire Saint- Laurent I le prix de la calorie 
fuel, comme nous l'avons vu, avait fortement baisse, passant de 1, 1 centime 
environ par thermie a 0, 6 et meme 0, 5, tandis que simultanement les taux 
d'interet augmentaient, rendant de moins en moins attrayantes les techniques 
qui, comme la filiere fran.,;aise, exigeaient de gros investissements. 

Saint-Laurent-des-Eaux n 1etait pas seulement un succes technique. 
Sur le plan economique Saint- Laurent-des-Eaux avait egalement tenu ses 
promesses et aurait atteint la competitivite avec les centrales classiques 
si les conditions qui prevalaient au moment de sa conception avaient per
siste. La conjoncture ayant change, le moment ou l'energie nucleaire 
devait remplacer avantageusement les autres sources d 1energie primaire 
s 1eloignait une fois de plus. Il en etait de meme d 1ailleurs en Europe pour 
les filieres a l'eau naturelle, mais dans une moindre mesure car elles 
sont moins sensibles, du fait des investissements plus faibles qu 1elles 
exigent, a la hausse des taux d'interet. 

Le premier effet de cet important changement de la conjoncture eco
nomique a ete un arret provisoire des programmes nucleaires d'Electricite 
de France, qui a dure pres de 5 ans. 

Il importait cependant de maintenir en haleine les equipes de qualite 
que la pratique avait formees, tant au CEA qu'a Electricite de France et 
au sein de l'industrie. Il ~onvenait de maintenir leur entra1nement par 
une certaine «gymnastique nucleaire», pour reprendre une expression de 
M. Boiteux, Directeur general d 1EDF, au cours de sa conference de presse 
du 16 octobre 1969. 

C 1est dans cet esprit qu 1Electricite de France a lance en 1970 un appel 
d 1offre pour la construction, a Fessenheim sur le Rhin, d 1une centrale a'. 
l'eau naturelle. On pouvait escompter que son prix de revient ne 
s'ecarterait pas trop de celui d'une centrale au fuel et serait done acceptable. 
Electricite de France beneficiait en effet de !'experience recente de la 
mise en chantier de la centrale franco- belge de Tihange dans la technique 
americaine de 11eau sous pression (PWR). 

Tandis que la construction de la centrale de Tihange etait deja decidee, 
Electricite de France participait avec des societes suisses, auxquelles 
des societes allemandes se sont jointes, a l'etude d'une centrale d'une 
puissance equivalente a Kaiseraugst sur le Rhin, en amont de Bale. Il 
s 1agissait cette fois d 1une realisation dans la technique a l 1eau bouillante 
(BWR). Electricite de France pouvait acceder ainsi a !'experience de 
chacune des deux sous-filieres americaines a l'eau naturelle utilisant 
11uranium enrichi comme combustible. 

Ces entreprises a frais partages ont confirme !'interet de ces tech
niques pour 11Europe, interet deja reconnu dans les conditions economiques 
des Etats-Unis. Mais c 1est la decision de construire en France a 
Fessenheim, sans participation etrangere, une centrale a eau naturelle qui 
a veritablement concretise le tournant de la politique nucleaire d 1Electricite 
de France. 

Si le choix des filieres a uranium enrichi etait du essentiellement a 
leurs meilleures perspectives de rentabilite, il convient de noter que 
d 1autres considerations sont egalement intervenues. 
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L 1importance croissante des programmes de centrales a eau naturelle 
aux Etats- Unis, puis dans le monde, avait demontre la confiance que ces 
filieres inspiraient sur les plans technique et economique. Il etait 
raisonnable d 1admettre que la somme d'experience accumulee grace a de 
nombreuses realisations faciliterait des mises au point rapides, en cas 
d'incidents toujours possibles, et, par consequent, garantirait rapidement 
une bonne fiabilite pour ce type de centrales. 

D 1autre part, les marches d'exportation sont manifestement appeles, 
pendant de nombreuses annees, a se developper principalement dans les 
techniques a l 1eau naturelle. Il etait done judicieux que les constructeurs 
fran<;ais puissent se familiariser au plus tot avec ces techniques qui, 
actuellement, ouvrent les meilleures perspectives commerciales. 

Toutes ces considerations jouaient incontestablement en faveur des 
techniques 'a l 1eau naturelle. Dans ces conditions, le changement 
d'orientation de la politique nucleaire d 1Electricite de France s 1imposait. 

2. 2. Aper<;u des futurs programmes d 1Electricite de France 

2. 2.1. Perspectives des filieres a l 1eau naturelle 

La politique etant ainsi orientee, a moyen terme tout au moins, vers 
les techniques a l'eau naturelle, fallait-il choisir entre l'eau sous pression 
et l 1eau bouillante? 

Electricite de France a considere que ces deux sous-filieres etaient 
techniquement equivalentes. L 1appel d 1offre pour la centrale de Fessenheim 
a ete lance aupres de deux groupements industriels fran<;ais, l'un 
appartenant au groupe Schneider represente par FRAMATOME et qui 
mettait en ceuvre la technique Westinghouse, l'autre au groupe 
CGE-ALSTHOM represente par SOGERCA, licencie de la General Electric 
Company. 

Le contrat a ete passe en novembre 1970 avec FRAMATOME, qui etait 
le moins disant pour la chaudiere nucleaire, tandis que le groupement 
CGE-ALSTHOM se voyait attribuer la commande du groupe turbo-alternateur. 

Les deux groupements presentant les memes garanties techniques, 
grace aux liens qu 1ils ont noues avec leurs licencieurs americains, la 
competition reste desormais ouverte sur le plan commercial entre les 
representants actuels des deux sous-filieres a l'eau naturelle, lesquelles 
devraient logiquement trouver leur place l 1une et l 1autre sur le marche 
fran<;ais. 

Entre-temps, les fuels lourds ayant subi une hausse importante, la 
competitivite de l'energie nucleaire s'est trouvee favorisee. 

Le 26 fevrier 1971 un communique interministeriel a annonce une 
acceleration du programme de centrales nucleaires d'Electricite de France 
au cours du Sixieme Plan. Fixe d 1abord a 4000 MW(e) pour les cinq annees 
du Plan ce programme pourrait etre porte a 8000 MW(e), suivant en cela les 
recommandations des experts de la Commission de l'energie du Plan. 

La premiere mesure concrete dans le sens de !'acceleration a ete la 
decision d 1entreprendre la construction de trois centrales de l'ordre de 
900 MW( e) chacune d'ici a la fin de 197 2 au lieu de deux, toujours dans 
les filieres a l 1eau naturelle. Il est probable que les tranches unitaires, 
a partir de 1973, seront de l 1ordre de 1200 MW(e) chacune et que le total 
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construit au cours des cinq annees du Sixieme Plan (1971 a 197 5) atteindra 
8000 MW(e). 

Il est evident que les peripeties de Teheran et de Tripoli ont favorise 
l'acceleration du programme nucleaire d'Electricite de France. Il faut 
noter toutefois que cette acceleration avait deja ete envisagee anterieurement 
puisqu'elle etait explicitement prevue dans la loi du 9 juillet 1970 qui a 
approuve les options du Sixieme Plan. Une politique energetique coherente 
s 1inscrit en effet dans une prospective a long terme et les variations 
accidentelles de la conjoncture economique ne sont pas de nature a modifier 
les perspectives plus lointaines de l'energie nucleaire: elles interviennent 
seulement pour accelerer ou ralentir temporairement les programmes a 
long terme de centrales nucH~aires. Actuellement il est evident que la 
tendance est a l'acceleration. 

2. 2. 2. Perspectives des filieres intermediaires et des surgenerateurs 

Rappelons cependant, en reprenant les termes du communique 
presidentiel du 13 novembre 196 9, que les realisations dans les techniques 
a l'eau naturelle constituent pour Electricite de France une «diversification» 
de ses programmes nucleaires. Parallelement, des etudes continuent sur 
les autres filieres susceptibles de concurrencer, a plus ou mains long 
terme, les techniques a 11eau naturelle. 

Tandis que les etudes sur le graphite- gaz sont poursuivies, d 1autres 
voies sont d 1ores et deja explorees: 11eau lourde, avec un projet portant 
sur un prototype de 600 MW(e) dont !'experience canadienne en cours a 
Pickering viendra confirmer ou non l'interet, et des idees de cooperation 
avec l'etranger, non encore concretisees, dans le domaine des reacteurs 
a haute temperature. Ces derniers presentent pour Electricite de France 
un interet particulier du fait qu 1ils mettent en ceuvre le graphite, le gaz 
comme fluide caloporteur et les caissons en beton precontraint, toutes 
techniques que notre experience anterieure nous a rendues familieres. 

Dans le domaine des reacteurs avances 11effort principal se portera 
sur les surgenerateurs a neutrons rapides, refroidis au sodium liquide. 

A pres le succes du reacteur experimental RAPSODIE, la realisation de 
la centrale nucleaire PHENIX de 250 MW(e) viendra confirmer, on peut 
l'esperer, la valeur de la technique des reacteurs a neutrons rapides 
refroidis au sodium liquide. Apres la mise en service de PHENIX, prevue 
pour 1973, un prototype de taille industrielle est envisage, de 11ordre de 
1000 MW(e). Des etudes sont deja en cours mais aucune decision de 
construction ne sera prise avant la mise en service de PHENIX. Il est prevu 
que cette realisation devrait se faire en commun avec des partenaires 
europeens. 

CONCLUSION 

Il n 1est pas possible de faire des previsions plus lointaines. Il n 1est 
plus conteste que 11avenir appartient au nucleaire pour la production de 
l'energie electrique, a moyen terme dans les filieres a l'eau naturelle et 
dans un avenir plus lointain grace aux surgenerateurs. Il est possible que 
des realisations interviennent dans des filieres intermediaires, a 11eau 
lourde ou a haute temperature, si la mise au point des surgenerateurs se 
revelait plus longue qu 1on ne 11espere actuellement. 
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QueUes que soient les voies techniques qui seront sm v1es Electricite 
de France consacrera a l'energie nucleaire, comme elle l'a fait dans le 
passe, tous les moyens compatibles avec les imperatifs financiers aux
quels sont soumis ses programmes d'equipement. 

Cette politique nucleaire va dans le sens de 11interet general: elle 
favorise l 1independance energetique de la France, elle conduit a plus ou 
moins long terme a un abaissement du prix de revient du kWh et enfin elle 
ameliore la balance des comptes de notre pays. 

Enfin, a une epoque ou les problemes de pollution et d 1environnement 
deviennent de plus en plus preoccupants, l'energie nucleaire constitue 
actuellement un moyen de produire pratiquement sans nuisances le courant 
electrique, lequel est incontestablement pour l'utilisateur la forme d 1imergie 
la plus propre. 

ANNEXE 

COMPARAISONS ECONOMIQUES 

Centrale nucleaire 

Coat d • investissements (F /kW) 

Frais de construction 

Frais indirects b 

Total 

coat moyen du kWh 
(centimes/kWh) 

Investissements c 

Frais d' exploitation 

Combustible 

Total 

Centrale 
classique 

2X600 MW(e) 

627 

141 

768 

1,42 

0, 77 

1, 51 d 

3, 70 

Eau ordinaire 
PWR 

2X890 MW(e) 

807 

244 

1051 

1,94 

0, 72 

0, 98e 

3, 64 

Projet SL 900 
gaz -graphite 

2x 890 MW(e) 

1010 

306 

1316 

2,43 

0,89 

0, 87 f 

4,19 

a Coats calcules aux conditions economiques du 1 er avril 1970, hors taxes, avec une duree 
d' amortissement de 30 ans pour le thermique classique et de 20 ans pour le nucleaire. 

b Comprennent un pourcentage du prix de construction: 
5"/o pour charges du maitre d' reuvre 

- 23"/o d' inter~ts intercalaires 
1, 1"/o pour frais de preexploitat10n: essais et formation du personnel. 

c Moyenne par kWh calculee avec, pour le nucleaire, une duree d'utilisation de 3000 h la premiere 
annee, de 5000 h la deuxieme annee et ensuite de 6600 h par an; pour le thermique classique on a 
admis les m~mes utilisanons. 

d Prix de la thermie 0, 65 centime. 

e CoOt d' enrichissement egal ;i 32 $EU/kg UTS et une teneur de re]et de 0, 26"/o. 

Combustible tubulaire ;i arne de graphite avec une irradiation moyenne de rejet de 
5000 MWJ/t environ. 
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PROSPECTS FOR THE UTILIZATION OF NUCLEAR ENERGY IN YUGOSLAVIA. 

Studies earned out m Yugoslavia to determme the future development rate and characteristics of 
power productiOn m that country are reviewed m the paper. By application of a number of projection 
and opnm1zation methods, a long-term assessment of power production and consumption was obtained. 
The conclusions drawn from the studies refer to conditions m wh1ch nuclear power stations wlll be competi
tive and to poss1b1lltles for theu integration mto the nanonal system. The reactor type to be selected 
from the standpoint of profu-earmng capacity, the use of domestic nuclear raw materials, and the 
opumum contribuuon to implementation of the nuclear program to be expected from the nanonal potenual 
m science, technology and mdustry are among the problems dealt wuh. In the analysis work, special 
attentwn was paid to the competiuveness threshold and the optimum structure for nuclear power stauons 
for meeting the needs of the north-western part of the country. Many alternauve programs were mvesti
gated wuh a VIew to selectmg optimum installations from the pomt of VIew of power requirements and 
provlSlon of a reasonable margin to take account of var1auons in hydroelectnc production. 

PERSPECTIVES D' UTILISATION DEL' EN ERG IE D' ORIGINE NUCLEAIRE EN YOUGOSLAVIE. 

Le memoJre passe en revue les etudes qUI ant ete effectuees en YougoslaVIe en vue d' etablir le 
taux et les caractensnques du developpement futur de la production d' energ1e dans ce pays. On est 
parvenu, en UtlllSant plus1eurs methodes de preVISiOn et d' Optimisation, a faue une evaluation a long 
terme de la production et de la consommauon d' energ1e electnque. Les conclusiOns tirees de ces 
etudes se rapportent aux condltlOns dans lesquelles les centrales nucleaues seront competiUVes et a leur 
poss1bllite d' mtegration dans le systeme nauonal. Les problemes tra1tes comprennent le cho1x de la 
filiere du pomt de vue de la rentabllue, 1' utllisauon des maueres prem1eres nucleaires d' origme domes
tlque et la COnttlbUtlOn Optlmale du potenuel natiOnal SClentifique, techmque et industnel a la realiSa
tion du programme nucleaire. Les analyses ant porte en particulier sur le seml de compeunvite et la 
structure optimale des centrales nucleaires destinees a faue face a la demande dans la partie nord-ouest 
de la YougoslaVIe. De nombreuses vanantes du programme ant ete exammees en vue de cholSlr les 
Installations Optlmales en tenant compte des bes01ns en energ1e et de la necessite de s' assurer une marge 
raisonnable compte tenu des vanauons de la production des centrales hydrauliques. 

TIEPCTIEKTHBhi HCTIOJib30BAHH51 ATOMHOH 3HEPf'lfli B !Of'OCJIABHH. 
B .n;oKIIa.n;e paccMaTpHBaiOTCH Hccne.n;oaaumr, npoae.n;em-nie a IOrocJiaBHH c u;enbiO onpe.n;e

neHHH TeMnOB H OC06eHHOCTei1 6y.n;yruero pa3BHTlUI HaQHOHaJibHOi1 3HepreTHKH. llyTeM HCOOJib-

30BaHlUI pa3JIH'-IHhlX MeTO,llOB nporH03HpOBaHH51 H OOTHMH3aQHH y.n;aliOCb ocytneCTBHTb ,llOJirocpoq

HyiO ou;eHKY npOH3BO,llCTBa H OOTpe6JieHIUl 3lleKTp03HeprHH. BbiBO.llhl, C,lleJiaHHhie H3 3THX HCCJie

.llOBaHHH, COrJiaCyJOTCH C yCJIOBHHMH KOHKypel-ITOCOOC06HOCTH aTOMHhlX 3lleKTpOCT8~II.tHfl H C B03-

MOJKHOCTbiO HX BKJIIOYeHHSI B Hau;HOHaJibHyiO 3HeprocHcTeMy. PaccMaTpHsanHCb npo6neM&I B&I6o

pa THna peaKTOpa C TOYKH 3peHHSI peHTa6eJibHOCTH, HCnOllb30Bal-IH.H MeCTHOrO SI,IlepHOrO CbipbSI 

H onTHM81IbHOrO BKlla,lla H8LtHOHallbi-IOrO HayYHO-TeXHH't.JeCKOrO H npOMhiWlle~IHOrO noTeHr.:tHana B 

peaJIH38U:HIO SI,ll;epHOfl nporpaMMbl. B 't.JaCTHOCTH 1 aHaJIH3HpOB81IHCb CTeneHb KOHKypeHTOCnOC06-

HOCTH H onTHMaJI&HaSI CTPYKTypa aTOMH&IX sneKTpocTaHr.:tHH, npe.n;Ha3Hat~eHHIIIX y,n;oaneTaopHTb 

cnpoc Ha 3Heprmo B ceaepo-3ana.n;Hoi1: qacTH IOrocnaBHH. ElltJIH paccMoTpeHI!I MHOrHe aapHaHT&I 

nporpaMMIII C QeRblO BIII60pa OnTHMaJibHIIIX yCT8HOBOK 1 HMeSI B BH,ll;y 3HepreTH't.JeCKHe noTpe6~IOC

TH H He06XO,li;HMOCTb o6ecne't.JeHHSI COOTBeTCTBYIOIUeH pe3epaHOi1 MOIUHOCTH C yqeTOM HeyCTOi1'-IH

BOi1 pa6oT&I rH,n;p031IeKTpOCT8HUHi1. 
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PERSPECTIVAS DE UTILIZACION DE LA ENERGIA DE ORIGEN NUCLEAR EN YUGOSLAVIA. 

Esta memona examma los estudws real!zados en YugoslaVia con objeto de establecer el ntmo y 
las caracterfsncas del futuro desarrollo de la produccion de energfa en el pafs. Mediante vanos metodos 
de prediccion y opttmizacion se ha llegado a hacer una evaluacion a largo plaza de la generacion y el 
consumo de energfa electrica. Las concluswnes extrafdas de estos estudws se refleren a las condicwnes 
que hariin entrar en competencia a las centrales nucleares y a las posibilldades que estas tienen de mte
grarse en el SiStema de generacion de energfa del pafs. Los problemas anal!zados son· la elecciiin del 
upo de reactor desde el punta de vista economico, la uullzacion de matenas pnmas nucleares nacwnales 
y la aportacion &puma del potencial cientfflco, tecnico e mdustrial del pafs a la reallzacion de un 
program a nuclear. Los aniilisis se centran en los valores de competencia y en la estructura &puma de las 
centrales nucleares que hay an de sansfacer la demanda en la parte noroeste de Yugoslavia. Se consideran 
numerosas vanantes del programa con el fm de seleccwnar las instalacwnes &pumas segiin la demanda de 
energfa y segiin la necesidad de de)ar un margen razonable, habida cuenta de las vanaciones de la 
produccion de las centrales hidrimllcas. 

1. INTRODUCTION 

Nous nous proposons d' examiner dans ce memoire les problemes 
lies a 11 integration des centrales nucleaires dans le reseau de production 
d'energie electrique en Yougoslavie. Nous passerons en revue les tra
vaux effectues et les progres accomplis et decrirons 1' evolution qui s' est 
produite depuis le moment ou a ete envisagee pour la premiere fois la 
possibilite d' installer des centrales nucleaires en Yougoslavie jusqu' au 
jour ou on s' est mis a en etudier les aspects economiques eta proceder 
a des travaux preparatoires en vue de la construction de la premiere cen
trale nucleaire. 

Les etudes preliminaires (1963/1964) ont porte sur les conditions ge
nerales et la validite d' une telle integration. Elles avaient pour objectif 
11 exam en de tout un complexe de questions ayant trait a 1' elaboration et 
au developpement d' un programme a long terme de production d' energie 
nucleaire. Ce n' est quI a pres des etudes detainees et des analyses d 1 in
vestissement qu' on a conclu a la necessite de construire une centrale 
nucleaire d1 environ 600 MW(e) dans la region nord-ouest de la Yougoslavie. 
Il est prevu que cette centrale sera mise en marche en 1976 j 19 77. On a applique 
lors de ces etudes les methodes appropriees d' optimisation de la structure 
de la production dans le cadre d' un systeme unifie et de sous-systemes 
regionaux. 

2. POTENTIEL ENERGETIQUE 

Les ressources energetiques dont dispose 1a Yougoslavie sont con
signees dans le tableau I. On y voit que le charbon (lignite) et le potentiel 
hydraulique representent les ressources principales du pays; on les trouve 
surtout dans 11 est du territoire national. 

3. METHODES ADOPTEES ET DEROULEMENT DES ETUDES 

Les problemes que pose 11 introduction des centrales nucleaires en 
Yougoslavie ont ete etudies en plusieurs phases successives. La premiere 
phase (1963-1965) correspondaux etudes et analyses de caractere global 
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TABLEAU I. RESSOURCES ENERGETIQUES EN YOUGOSLAVIE 

Consommation 

Nature des Reserves connues Reserves potennelles d' energle primaire 

ressources en 1970 

(1012 kcal) ("/o) (1 012 kcal) ("/o) (1 012 kcal) ("/o) 

Charbon 
(ligmte) 40144 85,0 8 276 49,0 96,0 51,5 

Petrole brut 485 1,0 1 915 11,4 66,7 36,0 

Gaz nature! 396 0,8 184 1,1 10,0 5,4 

Schistes 

bitumineux - - 1280 7,5 - -

Energie 
hydraulique 5480 11,2 1720 10,0 13,3 7,1 

Combusnble 
nucleaire 1031 2,0 3 600 21,0 - -

Total 47 536 100 16975 100 186,0 100 

et preliminaire effectuees dans le cadre d 1 un projet a long terme, et dont 
les conclusions n 1 avaient qu 1 une valeur indicative. Pourtant, ces projets 
presentaient un certain interet en raison des conclusions qu 1 on a pu de
gager en ce qui concerne le role que la premiere centrale nucleaire pourrait 
ihre appelee a jouer. En prenant comme base de calcul une puissance 
de 500 MW(e) environ on a etabli le facteur de charge annuel durant toute 
la vie de la centrale. Les constatations faites ont justifie la phase suivante 
(1965-1968), ou les etudes ont ete plus etendues et plus approfondies. A 
cette occasion on a applique avec succes les nouvelles methodes d' optimisa
tion du systeme' C 1 est par des analyses comparatives de caractere eco
nomique qu' on a determine les dimensions et la cadence de construction 
des centrales hydrauliques, thermiques et nucleaires. En faisant appel 
a p!USieurs variantes du programme de developpement nucleaire a long 
terme on a pu mettre en evidence les avantages de differentes filieres de 
reacteurs de puissance, leurs conditions optimales d 1 utilisation du point 
de vue technico-economique et energetique, et les repercussions de leur 
integration dans 11 ensemble du reseau yougoslave par tranches successives 
jusqu 1 en 1985. C 1 est par une serie d 1 analyses parametriques qu 1ona examine 
dans queUe mesure les resultats sont influences par la variabilite des don
nees d 1 entree (investissements, couts du combustible et du retraitement, 
taux d 1 actualisation, etc.). 

Au cours de la troisieme phase (1968-1970), 11 attentions' est portee 
sur 11 application de deux nouvelles methodes d 1 optimisation. Il s 1 agissait 
cette fois de 11 etude des conditions d 1 implantation des centrales nucleaires 
dans des regions determinees, etude qui a ete poursuivie dans 11 optique 
de 11 introduction des centrales dans les regions nord-ouest et sud, de
ficientes en energie. Les entreprises de production d 1 electricite, elles 
aussi, ont commence leurs etudes; elles ont aborde entre autres questions 
celle des investissements a prevoir pour les premieres centrales nucleaires. 
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La quatrieme phase est en cours. L' effort se concentre a 11 heure 
actuelle sur la mise au point de 11 appel d' offre et autres travaux preli
minaires. On prevoit de construire la premiere centrale nu cleaire dans 
la region nord-ouest (Republiques socialistes de Croatie et de Slovimie). 

La cinquieme phase sera consacree a la construction proprement dite; 
la mise en service de la centrale est prevue pour 1976/1977. 

4. ESTIMATIONS PRELIIVIINAIRES CONCERNANT 
LA PRODUCTION D' ENERGIE D' ORIGINE NUCLEAIRE 
CHOIX DE LA FILIERE 

Lorsqu' on aborde 1' etude du developpement de 1' energie d' origine 
nucleaire a long terme, le probleme SUr lequel il faut Se pencher d I emblee 
est celui de 11 utilisation efficace des matieres premieres nucleaires do
mestiques. On a analyse, pour la periode s' etendant de 1975 a 2000, la 
consommation cumulative de matieres premieres et les couts de revient 
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FIG.l. Evolution probable de la consommation, de la production et des pmssances dtsponibies en 
Yougoslavre. 
1 - Consommauon to tale d' energie ~lectrique. 
2 - Producuon des centraies hydraullques. 
3 - Production des centrales thermiques. 
4 - Production des centrales nucleaires (var. II). 
5 - Production des centrales nuclearres (var. I). 
6 - Charge de pointe. 
7 - Pmssance disponible des centrales nucleaires (var. II). 
8 - Pmssance disponible des centrales nucl~aires (var. I). 
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FIG.2. Demande cumulee d'uranium nature! pour diverses strategies: LWR, HWR, LWR+FB, AGR+FB, 
HWR+FB-0, HWR+FB-C. 
1 - Reserves potentielles d' uranium. 
2 - Reserves connues d 'uramum. 
3 - Reserves d' uranium 11. un prix infeneur 11. 10 $EU/lb. 
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de 11 €mergie electrique pour differents types de reacteurs, en supposant, 
soit que 11 on ferait appel a des reacteurs du meme type pour toutes les 
centrales, soit que 11 on combinerait differents types de reacteurs dans 
1' ensemble du systeme [1, 2]. 

Ce n' est qu' apres avoir evalue 1' evolution de la demande et analyse 
les possibilites de construire des centrales conventionnelles qu' on a pu 
definir la production qui pourra ~tre attendue des centrales nucleaires. 
La figure 1 presente les courbes de production et de puissance des cen
trales conventionnelles et nucleaires. Etant donne qu' il s' agissait sur
tout de 11 analyse comparative de certaines options techniques, ces etudes 
avaient pour objectif la determination des effets materiels et macroeco
nomiques rec1proques. L' hypothese initiale reposait alors sur la variante I 
du programme nucleaire (voir fig.l, courbes 5 et 8). 

Six differentes «strategies» ont ete etudiees: programmes faisant 
appel a des reacteurs d' un seul type: a) reacteurs a eau legere (LWR), 



358 SALOM- SUICA 

b) a eau lourde (HWR) ou c) reacteurs pousses a gaz et graphite (AGR); 
et programmes combinant des reacteurs de chacun de ces types a des 
surgenerateurs au plutonium a neutrons rapides (FB): d) LWR+ FB, 
e) HWR+ FB, f) AGR+FB. 

La combinaison HWR+ FB est donnee en deux variantes: 1' une avec 
pour combustible 1' oxyde Pu02 + U02 (designation HWR+ FB-0) et 11 autre 
avec le carbure PuC+ UC (designation HWR+ FB-C). Les besoins cumules 
exprimes en uranium nature! equivalent pour les six strategies etudiees 
sont presentes ala figure 2, ou sont egalement indiques les niveaux des 
reserves d' uranium domestique par categories: uranium d' un prix infe
rieur a 10 $EU /lb, reserves totales selon les estimations actuelles, et 
reserves potentielles totales; la figure montre ainsi clairement jusqu'a 
quand chaque categorie pourra suffire selon le programme choisi. On voit 
que la combinaison HWR+ FB-C est la plus avantageuse (consommation 
cumulee d' uranium minimale). Mentionnons a titre d' exemple que dans 
le cadre d' un tel programme le premier reacteur a neutrons rapides 
pourrait etre mis en marche en Yougoslavie en 1988. Les reacteurs de 
ce type pourraient atteindre une capacite de 7000 MW(e) ala fin du siecle. 

Grace aux analyses globales faites en Yougoslavie on a pu formuler 
assez nettement les criteres et les objectifs des etudes detainees a effec
tuer et on a pu definir les programmes de recherche d' une maniere ade
quate. En ce qui concerne les reserves nationales d' uranium, on a pu 
en evaluer 11 importance reelle pour 11 exploitation future. 

5. CRITERES ET METHODES D'OPTIMISATION 

La determination de la contribution optimale des centrales hydrauliques, 
thermiques et nucleaires a la production d 1 energie electrique en Yougoslavie 
souleve des problemes difficiles a resoudre. Un probleme particuliere
ment complexe est celui que posent les irregularites des variations des 
debits d' eau; celles- ci sont tres accentuees, ce qui provoque des oscilla
tions relativement grandes de la productibilite des centrales hydrauliques 
au cours d' un mois, au cours d' une ou de plusieurs annees en fonction 
de 11 hydraulicite. Par exemple, au cours d' une annee humide la produc
tibilite augmente de 25o/o par rapport a 11 hydraulicite moyenne. Au con
traire, lors d' une annee seche la productibilite diminue de 30o/o. 

Les oscillations mensuelles sont encore plus accentuees; elles varient 
au cours de 1' annee de ± 50o/o. Ces variations ne concordent pas avec 
celles de la demande d' energie, aussi faut-illes compenser en amenageant 
des centrales avec bassin d' accumulation permettant une regulation sai
sonniere, annuelle et pluriannuelle, puis en engageant les centrales ther
miques dans 11 ordre de priorite etabli, puis, en dernier lieu, en imposant 
des restrictions a la consommation. L' application de methodes adequates 
devenant de plus en plus importante et necessaire a mesure que se deve
loppent l'interconnexion et 1' expansion du systeme, nous avons oriente nos 
efforts vers la recherche et la mise au point de telles methodes. La solu
tion consiste a etablir un programme de construction de centrales hydrau
liques, a adopter un regime de remplissage et de vidange des reservoirs 
et a engager les centrales thermiques de fafOn a maintenir au minimum le 
total des depenses d' exploitation du systeme. Ces depenses englobent les 
frais de combustible des centrales thermiques et ceux decoulant des restric-
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tions ala consommation dues a 11 insuffisance des puissances disponibles 
ou aux de!faillances de 11 equipement. Reduire les interruptions de lacon
sommation au minimum, assurer 11 alimentation en energie avec un degre 
de securite aussi eleve que possible, et maintenir les frais au minimum 
sont, eu egard aux conditions hydrauliques aleatoires, des exigences qui 
rendent fort complexe le probleme de 1' utilisation optimale des bassins 
et des autres ressources du systeme. 

La programmation optimale - par des methodes de simulation mathe
matique et la programmation lineaire a 11 aide d' ordinateurs - du deve
loppement d' un grand systeme de production d 1 energie electrique a fait 
ces dernieres annees 1' objet d' etudes approfondies en Yougoslavie. Ces 
etudes ont ete rendues particulierement necessaires par 11 integration en
visagee des centrales nucleaires. 

Compte tenu des caracteristiques de 1' energie d' origine nucleaire et 
du cycle du combustible, il est indispensable de faire des previsions quant 
au developpement de ce type d' energie dans le cadre d' un programme a 
long terme. On a adopte de nouvelles methodes scientifiques, apres les 
a voir modifiees et adaptees aux conditions qui prevalent en Yougoslavie. 
Une etude detaillee portant sur la repartition optimale de la production 
entre les centrales nucleaires et classiques a ete entreprise dans le cadre 
du programme de recherche de la Commission federale de 1' energie nucleaire. 
On a mis en pratique la methode de programmation lineaire et la methode 
de simulation du modele reel du systeme de production, et ceci en deux 
etapes: la premiere pour le systeme national integral, la deuxieme pour 
les regions deficientes en energie: Republiques socialistes de Slovenie, 
de Croatie et de Macedoine. 

Les resultats obtenus devraient contribuer a 11 elaboration d' un pro
gramme a long terme de recherche scientifique et technico-industrielle 
en Yougoslavie. 

Dans la premiere etape 11 accent a ete mis sur la mise au point de 
methodes destinees a 11 analyse des conditions electro-energetiques et 
11 etablissement d' un programme optimal de construction de centrales 
nucleaires au fur eta mesure du developpement du systeme. L' analyse 
economique comparative de plusieurs solutions, pour differentes etapes 
de 11 expansion future du systeme, a donne des resultats interessants. 
Bien qu' approximatifs ces resultats mettent en lumiere les problemes 
fondamentaux actuels et font prevoir ceux qui se presenteront au cours de 
11 etape suivante. 

La methode suedoise [ 3] de simulation a ete utilisee, avec un modele 
englobant 108 centrales hydrauliques (42 TWh). Cette methode permet 
11 optimisation du systeme de centrales hydrauliques et thermiques. C' est 
ainsi que, en utilisant les accumulations tout en tenant compte des fluc
tuations du niveau au bief, en appliquant le procede iteratif de la maniere 
la plus rationnelle et en prenant en consideration les depenses dues au 
prejudice encouru du fait des restrictions a la consommation, on a calcule 
les depenses actualisees minimales pour le systeme entier. Etant donne 
les caracteristiques specifiques du potentiel hydro-energetique et 1' irre
gularite des debits naturels, le procede suedois a du etre modifie; cette 
methode a ete mise au point avec 11 assistance d' experts suedois offerte 
par 1' AIEA ala Yougoslavie. 

Le modele mathematique de ce systeme est une simulation des con
ditio~s de fonctionnement reelles; il permet de determiner la totalite des 
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frais variables pour differentes structures de production et pour differents 
stades de developpement du sysb~me. Toute une serie de calculs relatifs a la 
consommation prevue et aux conditions de production pour certains inter
valles de temps a ete effectuee sur ordinateur (IBM, Elliot); ces calculs 
etaient bases sur les statistiques hydrologiques etablies pour chacun des 
douze mois des 30 dernieres annees. Pour tenir compte de to us les fac
teurs plausibles a 11 avenir on a fait varier les donnees des modeles, 
frais de combustible, rapport des puissances des centrales hydrauliques, 
thermiques et nucleaires, puissance disponible des centrales thermiques, 
mode d 1 utilisation des reservoirs, facteur de securite d 1 approvisionne
ment, prejudice decoulant des restrictions a la consommation, etc. On 
est parvenu a une solution optimale pour chaque hypothese de depart. 

Introduisant le terme «facteur de risque» en tant que facteur decisifs 
pour 11 optimisation, il est possible de fixer d 1 avance les criteres de 
gestion optimale des reservoirs des centrales hydrauliques et de deter
miner 11 ordre d 1 engagement des centrales thermiques. Une augmenta
tion de la valeur du facteur de risque a pour consequence une diminution 
des depenses variables des centrales thermiques et une augmentation des 
frais lies aux reductions de la consommation. Les calculs ont demontre 
que ces methodes, par rapport aux autres methodes utilisees jusqu 1 a pre
sent, permettent de reduire de 8 a 12o/o les frais annuels variables dans le 
system e. 

Les resultats obtenus se rapportent au systeme entier; les regions 
ne sont pas considerees individuellement et les sites ou seraient construites 
les centrales nucleaires ne sont pas precises. L 1 objectif de ces etudes 
etait surtout de demontrer que les centrales nucleaires pourraient devenir 
competitives dans un proche avenir et de jeter les bases des programmes 
d I etude UlterieUrS. 

L 1 etape suivante a ete consacree a 11 analyse des ressources et des 
besoins energetiques de regions determinees. Toute une serie d 1 analyses 
a ete faite concernant les sites choisis, en s 1 appuyant sur les offres pre
liminaires d I equipement pOUr leS centraleS nucleaireS. 

6. PREVISIONS CONCERNANT L 1 ACCROISSEMENT DE LA 
PRODUCTION ET DE LA CONSOMMATION 
D 1 ENERGIE ELECTRIQUE 

De nombreux organismes participent a 11 analyse prospective de la 
consommation d 1 energie electrique en Yougoslavie. Ce sont les instituts 
de recherche, les instituts de la Federation et des Republiques socialistes 
pour la planification, les entreprises d 1 electricite et les bureaux d 1 etude. 

Quinze etudes englobant 50 conceptions differentes ont ete conduites 
par ces organismes. Les differentes methodes utilisees, les divers 
modeles et leurs nombreuses variantes ont permis d 1 obtenir toute une 
gamme de pronostics dont la moyenne representera probablement la 
consommation d 1 energie electrique jusqu 1 a 11 an 2000. Les valeurs estimees 
de la consommation totale (voir ban de le long de la courbe 1, figure 1) sont 
prises comme base pour de nombreux calculs et analyses de la structure 
de la production, de la cadence d 1 expansion des puissances installees de 
differents types de centrales, des charges maximales dans le systeme, etc . 
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TABLEAU II. DEVELOPPEMENT PREVU DE LA PRODUCTION 
D' ENERGIE ELECTRIQUE EN YOUGOSLAVIE 

Production des 
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Production Production des centrales 
centrales nucleaires 

Annee to tale 
(TWh) hydrauliques thermiques nucleaues 

1970 26,5 13,6 12,9 -
1975 44 24,5 19,5 -
1980 65 31,5 26,8 6, 7 

1985 92 40,0 32,0 20,0 

1990 130 43,5 44,0 42,5 

1995 180 45,0 58,0 77,0 

2000 260 48,0 72,0 140,0 

I1 en ressort que la consommation specifique serait: 

en 19 75 de 2000 kWh par habitant 
en 1980 de 2850 kWh par habitant 
en 1990 de 52 00 kWh par habitant 
en 2000 de 9600 kWh par habitant 

("/ode Ia 
production to tale) 

-

-
10,4 

21,7 

32,7 

42,5 

54,0 

ce qui peut ~tre considere comme raisonnable et realiste compte tenu des 
previsions concernant le developpement economique du pays. 1 

La figure 1 donne les courbes de puissance, de production, de charge 
de pointe, etc., qui se degagent de ces etudes. En ce qui concerne la 
taille et la cadence de construction des centrales nucleaires, differentes 
methodes d' evaluation ont conduit a deux variantes: la premiere, compor
tant un programme de construction modeste, est representee par les 
courbes 5 et 8 (var.I), l'autre, qui correspond a un programme plus 
large, est donnee par les courbes 4 et 7 (var. II). La puissance installee 
des centrales nucleaires selon la variante I presente un decalage d' environ 
deux ans par rapport ala variante II. Bien que ces deux variantes doivent 
~tre considerees comme des approximations, les pronostics etablis cons
tituent une base suffisamment solide pour une analyse complete de leurs 
effets sur les plans energetique, economique et technique [ 4, 5]. 

On trouvera au tableau II les donnees numeriques de la variante II 
qui sont a la base des analyses et calculs. 

c• est surtout la structure de la production qui changera a 1' avenir' 
ce qui se traduira par une diminution de la contribution de 11 energie hydrau
lique (52o/o en 1970, 18,5% ala fin du siecle), tandis que celle des centrales 
thermiques et nucleaires ira en augmentant. Une telle contribution des 
ressources thermiques et nucleaires a la production totale permettra 
d' augmenter la securite d' alimentation, de mieux compenser les effets 

1 On prevmt que le revenu national brut par habitant en 1985 atteindra $EU 2000 (selon le pouvoir 
cl1 achat reel en Yougoslavie). Les estimations pour Ia fin du si~cle indiquent un montant de $EU 3400 a 3800 
par habltant. 
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des irregularites de la production hydraulique et d' ameliorer le fonctionne
ment du systeme. D' autre part, entre 1970 et 2000, la mise en valeur du 
potentiel hydraulique devra reposer sur la promotion des centrales a 
grands bassins d' accumulation de fa~on que 11 energie que representent les 
bassins par rapport a la production hydraulique totale passe des 15o/o actuels 
a la limite possible de 29o/o. Les centrales a accumulation par pompage 
(~2500 MW(e)) gagneront elles aussi en importance. 

7. COMPETITIVITE DES CENTRALES NUCLEAIRES 
DANS LE CADRE DU PROGRAMME DE 12 000 MW(e) 

Les analyses ont montre qu' on peut s' attendre a un coefficient eleve 
d' utilisation annuelle de la capacite installee (de 6700 a 5500 h/an) pour 
la premiere centrale nucleaire de 500 MW(e) ainsi que pour les suivantes. 
Une analyse a ete faite de la possibilite d' installer des centrales nucleaires 
d 1 une capacite totale de 12 000 MW(e), dont la constructions' etendrait sur 
une periode de 20 ans [6]. Les effets economiques ont ete calcules en 
prenant pour base les valeurs actualisees pour une duree de vie des cen
trales de 25 ans et un taux d' actualisation de 6, 5o/o, pour differentes options 
techniques: pour des centrales thermiques seules (Th), pour des reacteurs 
du type HWR, ou pour des reacteurs du type LWR, le programme de pro
duction etant le m~me. Ces calculs ont montre que les depenses totales 
actualisees pour le programme de 12 000 MW(e) en o/o correspondraient 
pour les reacteurs du type HWR a 85o/o, et pour ceux du type LWR a 90o/o 
des depenses actualisees afferentes aux centrales thermiques seules. 

Si on prend en consideration les frais de transport de 1' energie elec
trique des centrales thermiques jusqu 1 aux centres de consommation, qui 
s' eleveraient a environ 1 pjkWh 2, ces valeurs seraient ramenees 
a 75o/o pour les reacteurs HWR et 78o/o pour les reacteurs LWR. 

Ainsi, dans les conditions actuelles les centrales nucleaires sont 
particulierement avantageuses par rapport aux centrales thermiques 
lorsque les regions de consommation se trouvent eloignees des sources 
thermiques. En Yougoslavie, ces distances sont del' ordre de 300 a 600km. 

Les analyses montrent done que dans le cas d' un large programme la 
strategie «a 1' eau lourde» (HWR) presente un leger avantage du point de 
vue economique par rapport a celle «a 11 eau legere» (LWR). Les depenses 
afferentes au programme LWR sont de 5 a 6o/o superieures a celles affe
rentes au programme HWR. Dans le cas d 1 un programme plus restreint 
cet avantage des HWR se manifeste par une economie de 2 a 3o/o sur les 
depenses actualisees totales par rapport aux LWR. Cependant, lorsque 
intervient le transport d' energie les centrales nucleaires (den' importe 
quel type) offrent un avantage significatif par rapport aux centrales ther
miques puisque les depenses sont inferieures de 28 a 32o/o. Les resultats 
sont cons ignes dans le tableau III. 

En ce qui concerne les depenses en devises, elles sont pour les HWR 
de 24 a 45o/o et pour les LWR de 31 a 53o/o des depenses totales selon le 
mode de valorisation du plutonium et d 1 approvisionnement en uranium et 
en eau lourde. 

2 1 p (para) = 0, 01 dinar. 
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TABLEAU III. COUTS DE PRODUCTION MOYENS DU kWh (pjkWh)a 
(actualisation du programme de 12 000 MW(e)) 

Donnees de reference 

En cas d • augmentation des couts specifiques 

d • mvestissement de 1 00/o 

a 1 p (para) = 0, 01 dinar. 

BWR 

5, 77 

6,10 

8 -----------....-----. Th•TRANSP. 

PWR 

5,89 

6,23 
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FIG.3. Cout moyen du kWh pour d1fferentes options du programme, 

HWR 

5, 57 

5,98 
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A titre d I illustration la figure 3 presente les couts moyens actualises 
pour differentes options. 

Ces resultats assez disparates et surtout leurs limites de precision 
montrent bien qu' il n' est pas facile de se decider pour une filiere unique
ment sur la base des parametres economiques des premieres centrales, 
et encore moins a partir d 1 evaluations a tres longue portee. La possibi
lite d' assurer 11 autonomie du cycle de combustible, par exemple, ou la 
fiabilite des types eprouves et d' autres facteurs encore peuvent etre deci
sifs dans des cas concrets et conditionner le choix de 11 un ou 11 autre type 
de reacteur. En Yougoslavie, ou persiste une penurie de capital d' in
vestissement, surtout dans les entreprises d 1 electricite en raison de la 
depression des prix, le coGt specifique d' investissement de la centrale 
pese lourdement sur la balance. En consequence, les constatations faites 
pourraient ~tre modifiees, 1a dynamique du programme nucleaire pourrait 
meme etre ralentie, so us 11 influence de facteurs refletant des interets 
sociaux, politiques, financiers, etc., et notamment de ceux que peuvent 
affecter 11 incertitude de 11 avenir. Dans ces circonstances on s' inspire 
plutot de raisonnements pragmatiques. 
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FJG.4. Reseau d' interconnexion a 380 kV en Yougoslavie (en 1985). 

8. CONFIGURATION DU RESEAU D'INTERCONNEXION 
ET SITES DES CENTRALES NUCLEAffiES 

Le systeme actuel de transport a 110 kV (8500 km) et 220 kV (3500 km) 
reliant le pays entier ne repond pas par sa configuration et ses capacites 
de transport aux besoins de la production et de la consommation. En rai-
son du manque de lignes a plus haute tension ou de retards dans leur construc
tion le fonctionnement optimal du systeme n' est atteint qu' avec difficulte. 
La premiere ligne de 380 kV (280 km) a ete ouverte en 1970; elle relie la 
centrale hydraulique du Danube (Partes de fer) a Belgrade. 

Les lignes electriques principales de 380 kV du reseau interconnecte 
dont la construction est prevue 3 sont indiquees sur la figure 4, de meme 
que les onze sites envisages pour les centrales nucleaires, lesquels se 
trouveront en g€meral dans les regions deficientes en energie du nord-ouest, 
du nord et du sud-est. Cette repartition des centrales nucleaires aura sans 
doute une influence sur les mouvements d' energie et sur la configuration 
et leS dimensiOnS dU reseaU, Il a ete montre par exemple [ 7] qUI Une 
puissance nucleaire de 1000 MW(e) installee dans la region ouest du pays 
pourrait conduire a des economies sur les investissements dans les re
seaux de 300 din/kW par rapport ala solution sans centrales nucleaires. 

3 On envisage de construire d' ici a 1985 au total 2700 km de !ignes a 380 kV, ce qui exigera des 
mvestissements de 200 millions de dollars. 
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On a aussi envisage de relier le reseau de 380 kV a ceux des pays voisins 
de sorte que le systeme yougoslave soit connecte avec les systemes 
CAEM 4 , UCPT et SUDEL, ce qui permettrait 11 interconnexion de ces 
systemes internationaux par 11 intermediaire du reseau yougoslave. 

9. TAILLE DES CENTRALES NUCLEAIRES 

Le territoire de la Yougoslavie a ete etudie en vue de choisir 1' em
placement des futures centrales nucleaires [8]. A partir de criteres de
termines on a choisi et classe les sites comme suit (voir la figure 4, ou 
les sites sont numerotes dans l' ordre de priorite): 

Priorite 1: sites sur la Sava (no 1), sur le Vardar (n°2), sur la Sava, 
en aval de Zagreb (n°3). 

Priorite 2: sites sur la Drava (no 4), sur le Danube (no 5), sur la Tisa 
(n°6), sur la Sava, en amont de Slavonski Brod (n°7 et n°8). 

Priorite 3: sites sur la Sava (no 9), sur la Morava (no 10), sur la Cote 
adriatique (no 11). 

Les emplacements situes dans les regions nord-ouest, nord et sud-
est du pays sont d 1 un inter~t preferentiel. Cependant, la plupart d' entre 
eux se trouve dans la zone a seismicite elevee (degres VIII et IX de 1' echelle 
Mer calli). 11 faudrait done appliquer des methodes de construction aseis
mique. Les sites enumeres ne sont retenus qu' a titre indicatif; a 1' excep
tion des emplacements n°1 et n°2, ils ne sont pas examines en detail ou sous 
11 angle de la demande actuelle. 

Le site no 1 a ete etudie dans le detail et designe pour la premiere 
centrale nucleaire de 600 MW(e). 

Le site no 2, Krivolak, en Macedoine, a aussi ete etudie; i1 a ete retenu 
pour une centrale nucleaire dans cette region. 

10. IMPLANTATION DES CENTRALES CONVENTIONNELLES 
ET NUCLEAIRES DANS LA REGION NORD-OUEST 
STRUCTURE OPTIMALE 

La region nord-ouest de la Yougoslavie, qui comprend la Republique 
socialiste de Slovenie et la partie nord de la Republique socialiste de Croatie, 
est caracterisee par un degre eleve d' electrification et une forte consom
mation traduisant un developpement intense de 11 economie. D' autre part, 
les ressources energetiques conventionnelles - surtout hydrauliques -
de cette region seront bientot epuisees dans la mesure ou elles peuvent 
~tre exploitees economiquement. c• est pourquoi on compte sur 11 impor
tation d' energie des autres regions et sur 11 implantation de centrales a 
combustible nucleaire ou liquide (fuel). En appliquant les methodes deja 
employees pour 11 optimisation du systl~me electrique entier (methode 
suedo-yougoslave et programmation lineaire) on a analyse les moyens qui 
pourraient permettre d' assurer 11 alimentation en energie des utilisateurs 
de cette region. 

4 Conseil d' assistance economique mutuelle. 
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FIG. 5. Cout actua!ISe par unite de puissance. 
1 - Centrale thermique de 300 MW(e). 
2 - Centrale nucleaire de 2x 250 MW(e). 

3 - Centrale nucleane de 340 MW(e). 

7000 h/0 

Hy Sava - Centrale hydraultque sur Ia Sava, de 187 MW(e), 
Hy Drava - Centrale hydraultque sur Ia Drava, de 104 MW(e). 

Les methodes ont ete appliquees et verifiees independamment 1' une 
de 11 autre; les resultats obtenus ont ensuite ete compares [9, 10]. 

Les etudes avaient pour premier objectif de determiner la taille opti
male de la premiere centrale nucleaire, d' etablir dans quelle mesure elle 
pourrait contribuer a couvrir la charge de base, et a verifier qu' elle pourra 
~tre integree au reseau de la region sans en compromettre le fonctionne
ment. La consommation totale en 1985 dans cette region est evaluee a 
33,14 TWh (8,9 TWh etant l'energie de pointe). I1 s'ensuit qu'il serait 
justifie de construire dans cette region des centrales nucleaires d' une 
puissance totale de 1200 MW(e) en 1978 et de 3800 MW(e) en 1985. 

On a procede egalement sous un autre angle a une etude regionale ap
profondie [11] de 1' optimisation du systeme, limitee cette fois-ci ala 
Republique socialiste de Slovenie. Cette analyse a porte sur 13 combinai
sons differentes de centrales classiques et nucleaires. La variante la plus 
adequate prevoit la construction d' un ensemble de centrales comprenant 
deux centrales nucleaires (340 + 2 X 250 MW(e)), une centrale thermique 
de 300 MW(e) et trois centrales hydrauliques d' une puissance totale de 
160 MW(e). La figure 5 presente a titre d 1 illustration les couts speci
fiques actualises par kW installe. 

Partant de ces etudes les entreprises d' electricite ont elabore les 
avant-projets d 1 une centrale de 600 MW(e) qui serait installee sur la Sava 
(site no 1, fig. 4) entre les villes de Zagreb et de Ljubljana. 
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Aux termes d 1 un accord entre les gouvernements des Republiques de 
Croatie et de Slovenie (signe le 2 7 octobre 19 70) les entreprises d I electri
cite des deux regions sont invitees a se charger ensemble de la construction 
de ladite centrale. On prevoit que 1' appel d' offre pour la fourniture de 
la centrale et de son equipement sera mis au point avant la fin de 
11 annee 1971. 

11. PROJET DE CENTRALE NUCLEAIRE 
DANS LA REGION SUD-EST 

L' avant-projet de la centrale nucleaire de 300 MW(e) qui serait 
construite sur 11 emplacement de Krivolak, au sud de la ville Skopje, dans 
la Republique socialiste de Macedoine, a egalement ete elabore. Les 
etudes se poursuivent a 11 heure actuelle. 

12. PARTICIPATION YOUGOSLA VE A L' ERECTION 
DES CENTRALES NUCLEAIRES 

I1 est evident que la premiere centrale nucleaire de Yougoslavie devrait 
etre d' un type eprouve. Bien que la majeure partie de 11 equipement 
doive etre assuree par des fournisseurs etrangers, 1' industrie et 
leS bureaUX d I etude et de genie ciVil yougoslaveS participeront eUX aUSSi 
ala realisation de 11 ceuvre. Les evaluations ont montre que la participation 
nationale dans la realisation entiere pourrait etre de 45 a 55o/o du total. 
Les chercheurs des instituts nucleaires, les ingenieurs des compagnies 
industrielles seront appeles a remplir de nombreuses t~ches telles que, 
par exemple, 11 elaboration des programmes d' investissement et des 
avant-projets, les analyses de sGrete, le choix des sites, 1' etablissement 
de 11 appel d' offre, 11 evaluation des offres; ils participeront aussi a des 
activites telles que la reception des elements combustibles, la mise en 
marche, 11 exploitation optimale du cycle de combustible, etc. Il est d'une 
importance non negligeable que les universites et les centres nucleaires 
soient capables de former le personnel necessaire a 11 exploitation des 
centrales nucleaires. 

I1 existe en Yougoslavie des groupes de chercheurs et de technologues 
competents qui seraient en mesure, le moment venu, de mettre au point 
avec leurs partenaires etrangers la production des elements combustibles [ 12]. 

La construction de la premiere centrale et des centrales suivantes 
fournira ala Yougoslavie 11 occasion de se familiariser avec la nouvelle 
technologie et d' en acquerir la ma1trise, et de mettre ainsi en valeur son 
potentiel intellectuel et technique. 
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Abstract-Resume-AHHO'I'BQMII-Resumen 

PROSPECTS FOR NUCLEAR POWER IN THE USSR. 
Havmg completed us experimental stage, the Soviet nuclear power mdustry has now proceeded to 

the construction of large atomic power stauons whose techmcal and economic characterisucs are not 
mfenor to those of modern condensauon coal-fued plants. The paper reports some achievements m the 
construction and operanon of atomic power stations in the USSR. Among the numerous types of thermal 
reactors available for atomic power plants, those which have proved most suuable for use under Soviet 
cond1tions and which constltute the baSls of the Soviet nuclear power program m the immediate future are 
vessel-type pressurized-water reactors and channel-type uramum-graphite boiling-water reactors. At the 
same nme extensive technolopcal development work on fast reactors lS being pursued. As the techmcal 
problems are solved and expenence lS gained in operatmg these reactors 1t 1s planned to construct large 
fast reactors associated with thermal reactors in proportions governed by the conduions of breedmg and by 
the cuculanon of the fuel m the nuclear power fuel cycle. Scientific and technical progress m the 
development of atomic power stations IS takmg the form of an mcrease in the capacuy of unlts and of theu 
1mt1al parameters, enhanced rellablllty, an Improvement in the fuel-unlizanon and regenerauon factors 
and the unification and standardization of basic plant assemblles. Fmally, the paper considers some 
promlSmg reactor types, theu unit capacmes, prospecnve characteristics and fuel availability. 

LES PROGRES DEL' INDUSTRIE NUCLEO-ELECTRIQUE EN UNION SOVIETIQUE. 
En Umon sov1euque, l' mdustne nucleaire a ctepasse le stade des travaux experimentaux et s' est 

lanci~e dans la constructiOn de grandes centrales qui du point de vue techmque et economique ne le 
cedent en nen aux centrales modernes au charbon. Les auteurs exposent quelques resultats obtenus 
dans la constructwn et 1· explouauon des centrales nucleaires en Unwn sov1enque. Parm1 les 
nombreux types de reacteurs a neutrons therm1ques ( lents), on cons1dere comme parucullerement uule 
au progres de l' mdusttie nucleo-electtique en Umon sov1euque la mise en serVlce de filleres a eau leg ere 
sous presswn et les reacteurs du type canal a uranium-graphite, refr01d1S a l' eau bouillante. En meme 
temps, on poursuu activement l' etude des reacteurs a neutrons rapides. A mesure que les problemes 
techmques trouveront des solutions satisfalSantes et que s' accumuleront les connaissances necessaues pour 
1' exploitation de ces reacteurs, on envlSage de construue des reacteurs a neutrons rapides de grande 
pulSsance en meme temps que des reacteurs a neutrons thermiques, dans une proportion qui sera deter
mmee par les condmons de regenerauon du combustible nucleaue secondaue et par la cuculation du 
combustible nucleaue dans le cycle du combustible del' industrie nucleo-electrique. Dans l' etude des 
centrales nucleaues, le progres scientifique et technique prend les formes suivantes: augmentation de 
)a puissance des Installations; accroissement de leurs paraml>treS mltlaUX; me1lleure regeneration du 
combustible; unification et normallsation des princ1paux elements de l' equipement. Les auteurs 
examinent les fllieres qm offrent le plus d' interet, leur pulSsance et leurs performances possibles et 
leur approvlSIOnnement en combusuble nucleaue. 

IlEPCTIEKTHBbi PA3BHTH.SI H,!lEPHOH 3HEPrETHKH CCCP. 

H.llepHa>I :>HepreTJ<Ka CCCP, npoii.li>I cTa.!IHIO :>KcnepHMeHTallbHbiX pa6oT, BcTynHJia Ha nyTh 
COOpyJK.etHUI KpynH:biX 8TOMHLJX 3ReKTpOCT8HUHfl, no TeXHHK0-3KOHOMIP.leCKHM llOK838TeJUIM He 

ycTynaiOIUHM COBpeMeHHLIM KOH.Q;eHC8l.lHOHHbiM 3lleKTpOCT8HQIUlM 1 pa60T810lltHM Ha yr JUIX lll8XTHOi::t: 

.ll06LPlH. B )lOKJia.ZJ;e npHBO,l:VlTCSI HeKOTOpbie HTOrH CTpOHTeJibCTBa H 3KCnJiyaTaQHH aTOMHbiX 

:>JieKTpocTaHQHH B CCCP. Cpe.!IH MHOrHx THnOB peaKTopoa Ha TenJIOBb!X (Me,!IJiemiblX) HeiiTpoHax 
.ztJIH aToMHhiX 3JieKTpocTaHQHH B ycnosHHX CCCP oKa3aJIHCb 3<Jl<JleKTHBHbiMH H cTaJIH ocHosoH 

,n:JIH pa3BHTHH H.n:epHoH 3HepreTHKH CCCP Ha 6nH~aH:wHH nepHo.ll KOpnycHhie peaKTOpbi c o6biYl·IOH 
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BO.llOfi TIO.ll )l8BJietnieM H K8H8JlbHLie ypaH-rpaqmTOBbiC peaKTOphi C BO)l.SUibiM KHTI.R:W:HM TCTIJIOHOCH

TCJICM. B TO JKC BpeMH Be.z:teTCH ll1Hp0K8H TCXHHl..JeCK8H 0Tpa60TK8 peaKTOpOB Ha 6biCTpbiX Hefi

TpOH8X. TIO Mepe ,noCTHJKCHlHI Y.llOBJICTBOpHTCJibHbiX TCXHH1.1CCKHX pCIIICl-IHfi H H8KOTI11ClHUl OTibiT8 

3KCTIJIY8T8QHH 3THX peaKTOpOB npe.ztTIOJiaraeTCH CTpOHTCJlbCTBO MOIUH:b!X :.HICprCTH\lCCKHX peaK

TOpOB H8 6biCTpbiX HefiTpOH8X B C0l.JCT8HHH C peaKT0p8MH Ha TCTIJIOBhiX Hei1Tp0H8X B nponopQH51X 7 

onpe.llCJHICMbiX ycliOBHHMH BOCTipOH3BO,llCTB8 BTOpHl.IHOrO H.ll.CpHOrO ropiOt.Jero H LU1pKyJI.HQHei1 

H.llCpHoro rop101.Jero a ronnHBHOM QHKJie H.nepHoH 3HepreTHKH. HayllHo-rexHJ.P-ICCKHfl nporpecc 
B pa3BHTHH 8TOMHbiX 3JICKTp0CT8HQHi1 OCyiUCCTBJIHeTCH B HanpaBJiet-IHH yKpynHet-IHH MOIIU-IOCTefi 

arperaTOB, nOBhiilleiHUI HX t-Ia4aJibHhlX napaMeTpOB 1 Ha,lle)IUIOCTH 1 yaeJIH4eHH51 K031JllflHI.~Het-ITa 

HCnOJib30B8HHH ropi04ero, ero pereHepaQHH 1 yHH~HKaUJ-fH H CT8H,llapTH38UHH OCHOBHhiX Y3JIOB 

o6opy.n:oaaHH51. B .n;oKna.n:e paccMaTpHBaiOTc51 nepcneKTHBHhie THnbi peaKTopoa, HX e)lHHH4Hbie 

MOIIUIOCTH H B03MO.)I(J-lbie XapaKTepHCTHKH, o6ecne4eHHOCTb 51,n:epHbiM TOnJIHBOM. 

PERSPECTIVAS DE LA ENERGIA NUCLEOELECTR!CA EN LA URSS. 
La mdustna nucleoelectrica en la URSS, superada ya la etapa experimental, se ha lanzado ala cons

truccion de grandes centrales electricas atomicas que, desde el punto de vista tecmco y economico, no 
son mfenores a las actuales centrales electricas de condensacion alrmentadas con carbon. En la memona 
se exponen algunos resultados a que han conducido la construccion y explotacion de las centrales electricas 
atomicas en la URSS. Entre muchos tipos de reactores termicos (neutrones lentos) para centrales electricas, 
han resultado eficaces, en las condiciones de la URSS, y han pasado a constiturr la base para el desarrollo 
de la energfa nuclear en este pafs para el proximo perfodo los reactores de vasiJa refngerados por agua 
natural a presion y los reactores de tipo acanalado, de uranio-grafuo, refrigerados por agua en ebulliCion. 
Al miSmo uempo, tiene Iugar un ampl10 desarrollo tecmco de los reactores rapidos. A medida que se 
va consigmendo resolver sausfactoriamente los problemas tecmcos y se va adqumendo experiencia en la 
explotacion de estos reactores, se proyecta la construccion de grandes reactores rapidos de potencia, 
JUnto con reactores termicos, en una proporcion que viene determmada por las condiciOnes de regeneracion 
del combusuble nuclear secundario y de la crrculaci6n del combustible nuclear dentro del ciclo de 
combustible de la mdustria nucleoelectrica. El progreso tecmco-cientffico en el desarrollo de las cen
trales electricas atomicas se encamma en la direccion de aumentar la potencia de las plantas, sus para
metros iniciales y la seguridad de funcwnamiento, aumentar el coeficiente de uulrzacion del combustible 
y su regeneracion y umficar y normalrzar las componentes principales de la instalacion. En la memona 
se consider an los upos mas prometedores de reactores, sus potencias mdividuales y posibles caracterfsticas, 
as[ como su abastecimiento con el combusuble nuclear dispomble. 

BBE,llEHHE 

IV Me)K.nyHapo.nHasr KOHcpepeHuHsr OOH rro HCIIOJib30BaHHIO aTOMHOH 3Hep

rHH B MHpH:b!X UeJisrX IIpOBO.liHTCSi B YCJIOBHHX 1 KOr.na B psr.ne CTpaH MHpa y)Ke 

.neil:CTBYIOT KPYIIH:ble rrpOM:bill!JieHH:bie aTOMH:bie 3JieKTpocTaHUHH H pa3BepHy

JIOCb HX rnHpoKoe CTpoHTeJibCTBO. ITporne.nrnHe 7 neT rrocne III KoHcpepeH

UHH 6:b!JIH ro.naMH HHTeHCHBHOrO H ycrrell!HOrO 3KOHOMH'leCKOrO YTBep)K.lleHHSi 

sr.nepHOH 3HepreTHKH KaK HOBOrO HCTO'lHHKa IIpOH3BO.liCTBa 3JieKTp03HeprHH. 

MO)KHO C'lHTaTb, 'ITO 60-e rO.llbl B OCHOBHOM 6:b!JIH rrepHO.liOM !IOHCKOB HaH

Jiy'llliHX THIIOB peaKTOpOB H HX 0Tpa60TKH B yCJIOBHHX !IpOM:blll!JieHHOH 3KCIIJiy

aTaUHH. HatiaJicsr rrepHO.ll HCIIOJib30BaHHSi A3C, OCHOBaHHb!X Ha cpaBHHTeJib

HO orpaHH'leHHOM 'lHCJie THIIOB H MO.liHcpHKaUHH TeiiJIOB:b!X peaKTOpOB {.110 2-3 
B CTpaHe). 

MacrnTa6:b! CTpOHTeJibCTBa, IIJiaH:bl H rrporH03:bl pa3BHTHH A3C BO MHO

rHX CTpaHaX CBH.lleTeJibCTBYIOT 0 BCe B03pacTaiOllieH, a .lllllr HeKOTOp:b!X CTpaH 

pernaiOllieil: poJIH sr.nepHOil: 3HepreTHKH y)Ke B 6JIH)Kail:rneM 6y.nyllieM. .5I.nepHasr 

3HepreTHKa cpopMHpyeTCSi B KpyiiHyiO OTpaCJib 3HepreTH'leCKOrO !IpOH3BO.li

CTBa (1). 
Pe3yJibTaTHBHOCTb H 3KOHOMH'leCKHil: 3cpcpeKT HCIIOJib3oBaHHsr A3C MO)K

HO OUeHHTb y)Ke Ha OCHOBe peaJibHOH 3HeprOB:blpa6oTKH !IpOM:bllliJieHHOro Macrn

Ta6a. IloJie3H:b!H 3cpcpeKT OT BHe.npeHHsr A3C, OtieBH.liH0 1 6y.neT B03paCTaTb. 
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He MeHee 3Ha<U!MOH HBJIHeTcH MopanhHaH cTopoHa .nena: ycrrex11 H.llep

HOH 3HepreT11KI1 CBI1.lleTeJibCTBYIOT 0 TOM, "'TO aTOM Hall 3Hepr11Si - BaJKHOe OT

Kpb!TI1e Hameii 3ITOXI1 - MOJKeT 11 .liOJIJKHa 6b!Tb IDI1pOKO 11CITOJlb30BaHa B M11p

Hb!X uenHx Ha 6naro qenoseqecTsa. 

ci>AKTOPbi, OTIPE,llEJI5IIOIUl1E TIO,llXO,ll K PA3Bl1Tl1IO 5I,llEPHOH 3HEP

rETl1Kl1 CCCP 

CoBeTCK11H COI03 OTHOCI1TCSI K "111CJIY CTpaH, xopomo o6ecrre<JeHHb!X rrpl1-

p0.11Hb!MI1 3HepreTI1<JeCK11MI1 pecypcaMI1. 3a rrocne.nHI1e ro.nM 6biJI11 OTKpbiTbl 

HOBble 60JibiDI1e 3ariaCbl yrJISi 1 Helf>T11 1 ra3a. l1HTeHCI1BHO pa3BI1BaeTCSi TOn

Jli1BH0-3HepreTI1"JeCKali 6a3a. Tipo113BO.liCTBO 3JieKTp03Hepr1111 eJKero.nHo yse

JII1"111BaeTcH Ha 7 -8o/o 11 B 1970 ro.ny COCTaBI1JIO 7 40 Mllp.ll. KBT-q. MomHOCTb 

Be ex 3JieKTpOCTaHUI1H CTpaHbl .IIOCTI1r Jia K HaCTOSimeMy BpeMeHI1 170 MJIH. KBT. 

CTpoHTCH 3KOHOMI1"1Hbie TennoBbie 3JieKTpocTaHUI111 MOmHOCTbiO 1200, 

2400 11 3600 MBT. 0HI1 ocHamaiOTcH 3Hepro6noKaMI1 200, 300, 500 11 800 MBT, 

B TOM <JI1CJie 11 Ha csepxKp11TI1<JeCKI1X napaMeTpax napa. Pa3BI1BaiOTcH 3JieK

TpoceTI1 HarrpHJKeH11eM 400, 500 11 7 50 KB. OcsoeHa rrepe.naqa rrocTOHHHoro 

TOKa rip11 HaripHJKeHI111 800 KB. Be.nyTCSi pa60Tbl ITO C03.llaHI110 11 OCBOeHI110 

3JieKTporrepe.na<JI1 HarrpHJKeHI1eM 1000-1200 KB rrepeMeHHoro 11 1500 KB rro

CTOHHHoro TOKa. 

3arracbl opraHI1<JeCKOrO TOITJII1Ba B Hallie if CTpaHe IT03BOJISIIOT peiDI1Tb 3a

.naqy .naJibHeifmero pa3B11TI1Si 3HepreTI1<JeCK11X M01!1HOCTeii Ha OCHOBe KJiaC

CI1<JeCKOH 3HepreTI1K11. O.nHaKo B CCCP Ha6JIIO.llaeTcH HeKoTopoe HecooTBeT

CTBI1e MeJK.ny pa3MemeHI1eM 3KOHOMI1"1Hb!X 3HepreTI1<JeCKI1X pecypCOB 11 ITOT

pe611TeJiei{ 3Hepr1111. 

OrpOMHbiM ITOTeHU11aJIOM TOITJII1Ba 11 3Heprl111 11 11CKJI!O"'I1TeJibHO 6Jiaro

rip11SiTHbiM11 TeXHI1K0-3KOHOM11<JeCKI1MI1 ITOKa3aTeJIHMI1 11CITOJib30BaHI1Si 3Hep

ropecypCOB pacnonara!OT BOCTO<JHbie paiioHbi cTpaHbi. BeJII1KI1 3HepreTI1-

<JeCK11e pecypcbi Ka3axcTaHa, C11611p11 11 Cpe.nHeii A31111. 

TipOMb!IDJieHHOCTb Esponeli:cKoli: <JaCTI1 CCCP 11 Ypana, 11MeiOmaH Ma

Tep11aJibHo-TeXHI1"'eCKYIO 6a3y, Tpy.nosble pecypcb! 11 Heo6XO.lii1Moe Cb!pbe, 

BMecTe C TeM 11CITb!Tb!BaeT B03paCTaiOI!111H .nelf>11UI1T 3KOHOMI1"1Hb!X TOITJII1BH0-

3HepreTI1"JeCK11X pecypCOB. 

TaK11M o6pa3oM, sonpoc o MacmTa6ax 11 TeMrre pocTa MOII1HOCTeii H.llep

HOH 3HepreTI1KI1 B 3HeprOCHa6JKeHI111 Hamei{ CTpaHbl SiBJISieTCSi 3KOHOMI1<JeCKI1M 

BOITpOCOM 11 pemaeTCSi, B rrepsy10 oqepe.nb, .llllli EsporreiiCKOH <JaCTI1 CTpaHbl. 

3a rrocne.nHI1e ro.nhi npose.neH pH.n pac<JeToB rrp11MeHI1TeJibHO K 113MeHI1B

IDI1MCH 3KOHOMI1<JeCKI1M ycJIOBI1SiM 11 BblriOJIHeHbl MHOrl1e Hay<JH0-11CCJie.liOBa

TeJibCKI1e 11 rrpOeKTHO-KOHCTpyKTOpCKI1e pa60Tbl ITO ycosepmeHCTBOBaHI110 rip11-

HSITb!X K cTp011TeJibCTBY B CCCP Tl1nos peaKTopoB .llllli aTOMHbiX 3JieKTpo

cTaHUI1H (A3C). J13 3TI1X pa60T BI1.11HO, "'TO 3KOHOMI1<JecKI1e riOKa3aTeJII1 1 KO

TOpbie MoryT 6b!Tb riOJIY<JeHbl Ha A3C B HOBb!X YCJIOBI1SIX 1 MOryT COOTBeTCTBO

BaTb Tpe6oBaHI1SiM 3KOHOMI1"'HOCTI1. 

ATOMHbiE 3JIEKTPOCTAHI!l1l1 CCCP 

TI OCJie rrycKa rrepBOH B M11pe aTOMHOH 3JieKTpOCTaHUI111 B 06HI1HCKe, B 

CoseTCKOM Co103e sen11ch pa3pa6oTK11 KpyrrHMX aTOMHbiX 3JieKTpocTaHUI1H, 

B MaKCI1MaJibHOH CTeneHI1 6e30riaCHb!X 11 3KOHOMI1<JeCKI1 3!f>lf>eKTI1BHb!X 1 CO 
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cpoKOM cnyJK6br ITOp51,n;Ka 25-30 neT. Uenbro 3THX pa3pa6oToK 61:>rna ITo,n;ro

TOBKa K C03,D;aHHIO CHCTeMbl aTOMHb!X 3JieKTpOCTaHI.1HH, COCT051l.llei1 H3 A3C 

ITepBoro sTarr a ( c peaKTopaMH Ha TeiTJIOBbiX Hei1TpoHax), o6eciTe'IHBarol!IHX 

Bbipa6oTKy sneKTposHeprHH Ha TeppHTOpHH EBpoiTei1cKoi1 qacTH CCCP c MeHb

IIIHMH 3aTpaTaMH, '!eM Ha 3JieKTpOCTaHQH51X C 06bi'iHblM TOITJIHBOM. 

3TH A3C, KpOMe Bblpa60TKH 3JieKTp03HeprHH, C03,D;a!QT TOITJIHBHYIO 6a3y 

,D;JI51 BBO,D;a B ,n;ei1CTBHe B ,D;aJibHei1IIIeM aTOMHb!X 3JieKTpOCTaHQHH BTOporo 3Ta

ITa pa3BHTH51, a HMeHHO- C peaKTOpaMH Ha 6b!CTpb!X Hei1TpOHaX. PeaKTOpb! 

BTOporo 3TaiTa ,D;OJIJKHbl 06Jia,D;aTb TaKHM K03cpcpHQHeHTOM BOCITpOH3BO,D;CTBa, 

KOTOpb!H o6eciTe'iHT Heo6XO,D;HMb!H ,D;JI51 HaiiieH CTpaHbl TeMIT pOCTa ,D;JI51 51,D;ep

HOH TOITJIHBHOH 6a3bl C03,D;aBaeMb!X B ITOCJie,n;yrol.llee BpeM51 6b!CTpb!X peaKTO

pOB, Ha KOTOpb!X MOJKeT 6b!Tb C03,D;aHa 3HepreTHKa JII06oro He06XO,D;HMOrO 

MaCIIITa6a. 

B xo,n;e 3THX pa6oT B CoBeTCKOM Coro3e cTpOHJIHCb c QeJibiO HaKOITJieHH51 

KpyiTHOMaCIIITa6Horo HHJKeHepHoro OITb!Ta ITpOMb!IIIJieHHb!e aTOMHble 3JieKTpO

CTaHQHH pa3JIH'iHb!X THITOB KaK Ha TeiTJIOBbiX, TaK H Ha 6b!CTpb!X Hei1TpOHaX. 

11X ITpOeKTHpoBaHHe, CTpOHTeJibCTBO H 3KCITJiyaTaQH51 ,D;aJIH B03MOJKHOCTb Ha

KOITHTb 60JiblllOH OITbiT, ITO,D;rOTOBHTb Ka,D;pbl H ITpHCTYITHTb K pa3BepTbiBaHHIO 

aTOMHOrO MaiiiHHOCTpOeHH51, a TaKJKe pa3pa6oTaTb ITpOeKTbl H ITpHCTyiTHTb K 

CTpOHTeJibCTBY aTOMHb!X 3JieKTpOCTaHQHH KpyiTHOro MaCIIITa6a Ha TeiTJIOBbiX 

Hei1TpOHax, BXO,!J;51l!IHX B CHCTeMy A3C ITepBoro 3TaiTa. 

EJiarOITpH51THa51 CHTyaQH51 C 06bi'iHb!M TOITJIHBOM B Haiiiei1 CTpaHe (pa3-

BepTb!BaHHe ,n;06b!'IH OTKpb!Tb!M CITOC060M O'ieHb ,n;eiiieBb!X yrJieH B Ka3aXCTa

He - 3KH6acTy3CKHH yrOJibHb!H 6accei1H, OTKpb!THe KpyiTHbiX HecpT51Hb!X H ra-

30Bb!X MeCTOpOJK,D;eHHH B 3aiTa,D;HOH CH6HpH, HCITOJib30BaHHe MOIIIHbiX rH,n;po-

3HepreTH'ieCKHX pecypcoB) IT03BOJIHJia BeCTH B CCCP pa6oTbi ITO pa3BHTHIO 

aTOM HOM 3HepreTHKH B CITOKOHHOM TeMITe, 6e3 HeOITpaB,n;aHHblX 3aTpaT. 

Y'iHTb!Ba51 6biCTpb!H pOeT ycTaHOBJieHHOH MOIIIHOCTH KJiaCCH'ieCKOH 3JieK

Tp03HepreTHKH CoBeTcKoro Coro3a (y,n;BOeHHe MOI.liHOCTei1 3a 8-8,5 neT) H 

Bb!COKYIO CTOHMOCTb ,D;aJibHei1 TpaHCITOpTHpOBKH TOITJIHBa C BOCTOKa B 3aiTa,n;

Hb!e paHOHbl Haiiiei1 CTpaHbi, MOJKHO CKa3aTb, 'ITO 3KOHOMH51 B pe3yJibTaTe 

pa3BHTH51 aToMHoi1 3HepreTHKH B EBpoiTei1cKoi1 'iaCTH Coro3a, Ha KaBKa3e, 

a B ITocne,n;yromeM H Ha Ypane, 6y,n;eT ITO Mepe pacTa MaciiiTa6a sHepreTHKH 

B03pacTaTb. 

IJ OSTOMy B Ha'iaBIIIeMC51 IT5ITHJieTHH ( 1971-197 5 rr.) ITpe,n;ycMOTpeHO 3Ha

'IHTeJibHOe pa3BHTHe aTOMHOi1 sHepreTHKH ITyTeM cTpOHTeJibCTBa KPYITHbiX 

3JieKTpOCTaHQHH C peaKTOpaMH e,D;HHH'IHOH MOI.liHOCTbiO 1 MJIH. KHJIOBaTT H Bbi

IIIe H BBO,D;a B ,n;ei1CTBHe MOI.liHOCTH Ha A3C 6-8 MJIH. KBT C ,D;OBe,D;etmeM B ITOC

Jie,n;yrol.lleM IT51THJieTHH cyMMapHbiX MOI.liHOcTei1 A3 C ,n;o 30 MJIH. KBT • 

ATOMHb!e 3JieKTpOcTaHQHH ITepBoro 3TaiTa ITOCJie HX BBO,D;a 6y,n;yT pa6o

TaTb B OCHOBHOM B YCJIOBH51X 6a30BOH Harpy3KH C o6eciTe'!eHHeM HX BTOpOi1 

cpyHKQHH - ITO,D;rOTOBKH K ITJIYTOHHeBOH 3arpy3Ke ,D;JI51 A3 C BTOporo 3TaiTa C 

peaKTOpaMH Ha 6b!CTpb!X Hei1TpOHaX. 

CTpOHTeJibCTBo TeiTJIOBI>IX peaKTopoB ITepBoro 3TaiTa 6y,n;eT ITpo,n;onJKaTb

C51 ,!1;0 1980-1985 rr. C ITOCTeiTeHHb!M ITepeXO,D;OM K CTpOHTeJibCTBy A3C C 

peaKTOpaMH BTOporo 3TaiTa, Ha 6I>ICTpb!X Hei1TpOHaX. 3TH A3C BTOporo 3Ta

ITa ITO Mepe BBO,D;a HX B ,n;ei1CTBHe 6y,n;yT 6paTb Ha ce651 6a30BYIO Harpy3Ky, a 

peaKTOpbl Ha TeiTJIOBb!X Hei1TpOHaX ITOCTeiTeHHO, ITO Mepe He06XO,D;HMOCTH, 6y

,n;yT ITepeBO,D;HTbC51 B IToJiyiTHKOBI>Ii1 peJKHM perynHpoBaHH51 . Cei1qac Tpy,n;Ho 

ITpe,n;CKa3aTb HaH6onee OITTHMaJibHOe CO'ieTaHHe TeiTJIOBb!X H 6I>ICTpb!X peaK

TOpOB, a TaKJKe KOHKpeTHI>Ie MaCIIITa6b! 3TaiTOB. 0HI1 6y,n;yT 3aBHCeTb OT 

p51,D;a cpaKTOpOB, TaKHX, HaiTpHMep, KaK QeHa Ha ypaH H 3KOHOMI1Ka 6b!CTpb!X 
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peaKTOpOB. 0)1HaKO He06XO)IMMO CTpeMMTbCH K TOMy, 'iT06bi 3HepreTMKa 

60JibWOrO MaCWTa6a M CKOpOCTb ee HapacTaHMH 6b!JIM 6b! He 'iyBCTBMTeJibHbl 

K KOH'b!OHKTypHbiM M3MeHeHMHM l.leH Ha !IpMpO.liHbiH ypaH. 3TO B03MOJKHO TOJib

KO !IpM c6aJiaHCMpOBaHHOM IIJIYTOHMeBOM TOIIJIMBHOM l.IMKJie, o6ecrre'iMBaiOweM 

HapaCTaHMe 3HepreTMKM 3a C'ieT peaKTOpOB Ha 6b!CTpb!X HeHTpOHaX B HYJKHOM 

)IJIH HaWeH CTpaHbl TeMIIe, T. e. C Y.liBOeHMeM MOillHOCTeH IIOpH)IKa 8 JieT MJIM 

MeHee. 

ITpMse.z~eHHbie BbiWe coo6paJKeHMH BJIMHIOT Ha Bbi6op rrepcrreKTMBHbiX .IIJIH 

HailleH CTpaHbl TMIIOB peaKTOpOB. 

A3C C PEAKTOPAMI1 KOPITYCHOrO Tl1ITA 

KaK M3BeCTHO, KOHCTPYKI.IMM peaKTOpOB Ha Te!IJIOBb!X HeHTpOHaX KOp

rrycHoro TM!Ia pa3BMBaiOTCH B Ha!IpaBJieHMM O.liHOKOHTypHbiX, C KMIIeHMeM BO

)Ibl B aKTMBHOH 30He, M .liBYXKOHTypHbiX, C !IpOM3BO)ICTBOM rrapa B rraporeHe

paTopax. B CoseTCKOM Coro3e TaKMe peaKTOpbi ycTaHOBJieHbi Ha .z~eHcTsyro

n:mx MeneKeccKOH A3C, Ha rrepsoM M BTopoM 6noKax Hoso-BopoHeJKcKoil. 

A3C, Ha cTpOHIIIMXCH TpeTheM M 'ieTsepToM 6noKax 3TOH A3C, Ha KonbcKOH 

M .z~pyrMx A3 C • 

KoprryCHble peaKTOpbl OTHOCHTCH K 'iMCJIY HaM60Jiee OCBOeHHbiX, OHM OT

JIM'ia!OTCH Bb!COKOH KOMIIaKTHOCThiO, !IpOCTOTOH CXeMbi, MaJib!M KOJIM'ieCTBOM 

KOHCTpyKTMBHbiX MaTepMaJIOB B aKTMBHOH 30He M OTHOCMTeJibHO HM3KOH CTOM

MOCTbiO. IJo y.z~eJibHOH 3HeprOHa!IpHJKeHHOCTM OHM B HaCTOHlllee BpeMH HBJIH

IOTCH O)IHMMM M3 JIY'iWMX. 0)1HaKo, HapH.lly C 3TMMM BalKHbiMM )IOCTOMHCTBaMM, 

MMeiOTCH M HeKOTOpbie He)IOCTaTKM, 3Ha'ieHMe KOTOpi>IX B03pacTaeT !IpM yse

JIM'ieHMM e)IMHM'iHbiX MOIIIHOCTeH. IJepBbiH He)IOCTaTOK- 3TO CJIOlKHOCTb rro

Jiy'ieHMH )IOCTaTO'iHbiX CBe)leHMH, II03BOJlli!OillMX BO BpeMH 3KCIIJiyaTal.IMM CTaH

l.IMM rrporH03MpOBaTh B03HMKHOBeHMe .z~e<PeKTOB B KOprryce peaKTOpa M Tpy6o

!IpOBO)IaX 6oJibiliMX )IMaMeTpOB, oco6eHHO B paHOHaX B6JIM3M Koprryca. 3TOT 

He)IOCTaToK, ecTeCTBeHHO, MrpaeT 60JihiliYIO pOJib B KpyiiHb!X A3C B CBH3M C 

He06XO)IMMOCTb!O CBapKM )leTaJieH BCe 60JibiliMX TOJIIIIMH IIpM MOHTaJKe Ha Mec

Te cTpoMTeJihCTBa A3C, a He B 3aBO.liCKMX ycJIOBMHX. 

IJoTepM HeHTpOHOB, CBH3aHHb!e C He06XO)IMMOCTbiO KOMIIeHCal.IMM M36bi

TO'iHOH peaKTMBHOCTM B Ha'iaJie KaMIIaHMM M C IIOrJIOllleHMeM B IliJiaKaX B KOH

l.le ee, OC06eHHO !IpM rJiy6oKOM Bl>IropaHMM, !IpMBO)IHT K yMeHbilleHMIO BOC

!IpOM3BO.liCTBa TOIIJIMBa B peaKTOpe. B l.leJIOM TO!IJIMBHbiH l.IMKJI 3TMX peaKTO

pOB HBJilleTcll cej:jqac TPY.IIHO perynMpyeMbiM, TaK KaK M3MeHHTh qacToTy 3a

rpy3KM roproqero MOJKHO JIMilih B orrpe.z~eneHHbiX rrpe.z~enax,xoTH 3.lleCh M ecTh 

HeKOTOpbie B03MOJKHOCTM rrporpecca, Ha!IpMMep MC!IOJib30BaHMe IIJIYTOHMeBoro 

TO!IJIMBHOro l.IMKJia B rrepcrreKTMBe MJIM !IpMMeHeHMe 6onee !IJIOTHbiX !IO ypaHy 

3arpy3oK. 

Mbi rrpMCTYIIMJIM K pa3BMTMIO rrepsoro 3Tarra aTOMHOH 3HepreTMKM. B 

HacToHmee speMH Mbi cTpOMM A3C MOwHOCThiO 880 MBT c .liBYMll peaKTopa

MM,rro 440 MBT KaJK)IbiH. 

PemeHMIO o cepMHHOM cTpoMTeJibCTBe 3TMX A3C rrpe.z~wecTBOBaJia .liJIM

TeJihHaH 3KcrrnyaTal.IMH Hoso-BopoHeJKCKOH A3C M TwaTeJihHaH peBM3MH ee 

peaKTOpOB C !IpOBe)leHMeM peMOHTHbiX pa60T. B ocymeCTBJIHeMbiX TMIIOB"b!X 

!IpOeKTaX yqTeH BeCb IIOJiyqeHHbiH O!Il>IT, M B HaCTOHwee BpeMH TeXHM'ieCKM 

M 3KOHOMM'ieCKM 060CHOBaHH:b!M HBJIHeTCH CTpOMTeJibCTBO A3C C 3TMMM pe

aKTopaMM B l.leHTpe PoccMM, Ha KoJihCKOM rronyocTpose, Ha KasKa3e, Ha YK

paMHe; HeCKOJibKO TaKMX CTaHI.IMH C IIOMOlllb!O CoseTCKOrO COI03a coopyJKaeT-
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CH 3a py6eJKOM. 3KOHOMHqeCKiie noKa3aT8Jlli 3TiiX CTaHrtliH BO BC8X yKa3aH

H.b!X palioHaX HeCKOJibKO Jiyqme 1 qeM 3JI8KTpOCTaHQiiH Ha 06.biqHOM TOnJIHB8 (2). 
E.birO,liHee Bcero ,liJIH Hamero Hapo.z~Horo xo3HHCTBa 3THMH A3C 3aMe

maTh KOH,li8HCaQHOHH.b!e 3JI8KTpOCTaHQiili B.biCOKiiX napaMeTpOB Ha yrJie li CJiaH

rtaX, KOTOp.b!e npe,llnOJiaraJIOCb CTpO!iTb paHee. 

CJie,llyiO!UiiM marOM B pa3BiiTiili peaKTOpOB 3TOTO TliTJa HBiiTCH CTpO!iT8Jib

CTBO CTaHQiiH C 2 peaKTOpaMii MOIUHOCTb!O no 1000 MET. IJepB.b!H TaKOH pe

aKTOp 6y,11eT ycTaHOBJieH Ha HOBO-EopOH8JKCKOH CTaHQiili 1 o6maH MOIUHOCTb 

KOTOpOH Tlp!i 3TOM ,liOCTiirHeT 2,5 MJIH. KET. 

3 TOT peaK Top 6y.z~eT npe.z~cTaBJIHTb co6oii qeT.bipexneTJieBoii arpera T, 

C MOIUHOCTb!O KalK,liOH neTJIIi no 250 MET. 

Kopnyc li Kp.bllliKa peaKTOpa, KaK 1i Kopnyca peaKTOpOB MOIUHOCTb!O no 

440 MET, 6y.z~yT c.z~enaH.bi H3 B.biCOKonpoqHoli Tenno- H pa.z~HartHOHHo-cToiiKoii 

CTaJI!i 1 CBOHCTBa KOTOpOH y HaC lli!ipOKO li3yqeH.bl. CTpyKTypHOe li3M8H8H!i8 

3TiiX CTaJieH TJO,ll ,li8HCTB!i8M pa,llliaQiili cymecTB8HHO M8Hblli8 1 qeM y M51TKliX 1 

!i60 3TH B.b!COKOnpoqH.b!e CTaJIIi 06Jia,llaiOT 6onee paCTHHYTb!M liHTepBaJIOM 

nnacTHqHoCTH H coxpaHHIOT Ha,lleJKHYIO Hecymyro cnoco6HOCTb ,110 liHTerpanoB 

o6nyqeHii51 1 Ha nopH,liOK npeBOCXO,liH!UiiX nonyqaeMyiO ,li03y 3a 30 JI8T 3KCnJiya

TaQiili CTaHQiili. 

TAEJIHUA I. PA3EHTHE 3HEPrETHt.IECKHX EO,UO-EO,IUIHbiX 
PEAK TO POE 

XapaKTepHCTHKa 
BB3P- BB3P- BB3P- BB3P-
210 365 440 1000 

MOIUHOCTb, MBT 
sneKTpHqecKaH 210 365 440 1000 
TennoaaH 760 1320 1375 3000 

.UaaneHHe HaCDIIl.l;eHHoro napa 
nepe,n; Typ6HHOH, aTM 29 29 44 60 

.UaaneHHe a Kopnyce 
peaKTOpa, 8TM 100 105 125 160 

AKTHaHaH 30Ha: 

9HeproHanpH~eHHOCTb 1 
KBT/n 46 80 83 111 

"'HCJIO TeiTJJOBhi,lJ;eJIHIOIUHX 

KacceT 343 349 349 151 

l.IHCJIO TB3JIOB B KacceTe 90 126 126 331 

MaTepHaJI 060JI01.JKH 

TB3JIOB QHpKOHHeBhi:H Cll118B 

3arpy3Ka ypaHa, T 38 40 42 66 

o6orameHHe ypaHa B 
TOITJIHBe llOJlllHTKH, o/o 2,8 3,0 3,5 4,4 

rny6HHa BbiropaHH>I 
MBT·CYT/T U: 
cpe,llH>r>r 13000 27000 28600 40000 
M8KCHM8llbH8H 19000 41000 42000 44000 

'fHcno !1HpKyn>rljHOHHbiX 
neTenD Ha peaKTop 6 8 6 4 

'IMCnO If MOIUHOCTb Typ6o-
reHepaTopoa (MBT) 3X70 5X73 2 X220 2X500 
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E Ka'leCTBe KOHCTPYKI.IHOHHoro MaTepwana B aKTHBHOH 30He npwMeHHeTcH 

Bb!COKonpO'IHbiH, 06Jia~ai01!1HH Bb!COKOH KOpp03HOHHOH CTOHKOCTbiO B ycJIOBHRX 

o6ny'leHHR l.IHPKOHHif-Hwo6weabrif cnnaa ( 2 ,5o/o Nb), a ~JIH o6oJio'leK TOnJIHBHbiX 

3JieMeHTOB cnJiaB l.IHpKOHHH C 1 o/o HH06HH . 

Mbr He npe,llnonaraeM cTpOHTb KopnycHbie peaKTOpbi MOI!1HOCTbiO 6onee 

1 MJIH. KET B O~HOM KOpnyce. TipoMeJKyTO'IHbie M01!1HOCTH, MeJK~Y 440 H 

1000 MET, He npe~cTaBJIHIOTCH Heo6xo~HMbiMH. E 3TOM HanpaaneHww, B03-

MOJKHO, 6y~eT c~eJiaH nocTeneHHbiH nepexo~ oT mecTwneTJieBbiX w .llBYXTyp6o

reHepaTopHbiX CXeM K 6JIO'IHOH ~ByxneTJieBOH O~HOTyp6oreHepaTOpHOH cxe

Me M01!1HOCT:biO 500 MET. Tipw 3TOM ace o6opy~oaaHwe neTeJI:b 6y~eT yHw!pw

uwpoBaHo c KopnycHoii 'leTbipexneTneaoif A3C M01!1HOCT:biO 1000 MeraaaTT. 

3TO H36aBHT OT Heo6xo~HMOCTH pa3pa60TKH H 3KCnJiyaTal.IHH pa3HOTHnHoro 

o6opy,ZJ;oaaHHR (Ta6n. I). 
7£CHO, 'ITO nepexo~ K 6JIO'IHOMy pemeHH101 (peaKTOp-Typ6oreHepaTOp 

60JI:billOH M01!1HOCTH) ~OJIJKeH conpoBOJK~aTbCH COBepmeHCTBOBaHHeM H yae

JIH'IeHHeM Ha~eJKHOCTH 3JieKTpH'IeCKOH 'laCTH 3HeprOCHCTeM C aTOMHb!MH 

3JieKTpOCTaHI.IHRMH, )lo HaCTORI!1ero BpeMeHH no,ZJ;aBJIHI01!1aH 'laCT:b KpaTKO

BpeMeHHb!X OTKJIIO'IeHHH A3C 6biJia CBH3aHa C HapymeHHRMH He B peaKTOp

HOH, a B 3JieKTpH'IeCKOH 'laCTH, H 3TO B H3BeCTHOH CTeneHH onpe~eJIHJIO Ha

my KOMnOHOBKY - O~HH peaKTOp Ha ~Ba Typ6oreHepaTOpa. 0~HaKO TaKaH 

KOMnOHOBKa npHBO~HT K HeKOTOpOMy y~opolKaHHIO CTaHI.IHH, 'ITO HeJKeJiaTeJI:b

HO npw pOCTe 'IHCJia A3C, H no3TOMY B ~aJI:bHeifmeM 6y~eT HCnOJI:b30BaT:bCH 

6JIO'IHaH cxeMa. 

A3C C PEAKTOPAMI1 KAHAJibHOrO TI1TIA, C rPAoi>I1TOEbiM 3AME,ll
JII1TEJIEM 

J1CTOpH51 pa3BHTH51 3HepreTH'IeCKHX peaKTOpOB 3TOro THna Ha'laJiaC:b C 

nycKaTiepaoii A3Ca1954ro,ZJ;y. 3aTeM6biJIH nocTpoeHbiHnyl!1eHbi: B 1958ro

~y Cw6wpcKa51 A3C (6onee 600 MET), B 1964- nepBbiH w B 1967 ro,ZJ;y- BTopoif 
6noKw EenoHpcKoii A3C HM .11.E .Kyp'laTOBa (cyMMapHaR MOWHOCTb 300 MET). 

3KcnnyaTauwR ~Byx peaKTopoB EenoHpcKoif A3C npo~eMOHCTpHpOBaJia wx Bbi

coKyro pa~Hai..IHOHHYIO 6e3onaCHOCT:b H Ha~eJKHOCT:b. )lJIHTeJI:bHaH pa6oTa CTaH

l.IHH noKa3ana B03MOJKHOCT:b ocyl!1eCTBJieHHH R~epHoro neperpeBa napa B npo
MbimJieHHbiX MacmTa6ax [ 1) . 

KaHaJI:bHbiH npHHI.IHn KOHCTPYKI.IHH, KaK aJII>TepHaTHBa KopnycHoMy npHH

l.IHny, HBJIHeTC51 nepcneKTHBHb!M C l.leJioro pH~a TO'IeK 3peHH51. 0H o6ecne

'IHBaeT B03MOJKHOCT:b peaJIH3al.IHH BeC:bMa 3Ha'IHTeJI:bHb!X e~HHH'IHb!X 3JieKTpH

'IeCKHX M01!1HOcTeif ( 1000 MET w Bbrme), B03MOJKHOCT:b noabrmeHHR napaMeT

poB TenJIOHOCHTeJIH (a 3Ha'IHT K .n .~.), 60JI:billYIO MaHeBpeHHOCT:b B 3KCnJiya

Tal.IHH H JierKOCT:b neperpy3KH H~epHOrO ropro'lero, OTCYTCTBHe CJIOJKHOrO B 

H3rOTOBJieHHH H TpaHcnopTHpOBKe KOpnyca. 3TH OCHOBHb!e Ka'leCTBa TeXHH

'IeCKH H 3KOHOMH'IeCKH o6ycJiaBJI.HBaiOT peaJI.H3al.IHIO nJiaHOB BHe~peHH51 MOII1Hb!X 

peaKTopoa TaKoro T.Hna B R~epHyro 3HepreTHKY CCCP [3] • 

CJie~yi01!1HM marOM pa3BHTHH KaHaJI:bHOrO KOHCTpyKTHBHOrO npHHUHna 6br

Jia pa3pa6oTKa npoeKTa peaKTopa PEMK -1000 M01!1HOCT:biO 1000 MET(3JI). OH 

OTJIHqaeTcH oT peaKTopoa EenoHpcKoif A3C cne,ZJ;yi01!1HM: 

1) B aKTHBHOH 30He BMeCTO HepJKaBei01!1eH CTaJIH OCHOBHb!M KOHCTpyK

I..IHOHHb!M MaTep.HaJIOM CJiyJKaT I..IHpKOHHeBbie CnJiaBbl 1 cyl!1eCTBeHHO ynyqmaro-

1!1He 6aJiaHC HeHTpOHOB, HO Tpe6yrom.He noH.HJKeH.H51 napaMeTpOB TenJIOHOC.H

TeJIH; 



376 TIETPOCb5IHU H .liP. 

2) B pa60'U!X KaHanax MCnOnb30BaHbl CTeplKHeBb!e TB3nbr; 

3) 3Ha'IMTenbHO yBenM'leHa e,l\MHM'IHa5! MO!I1HOCTb. 

B aKTMBHOH 30He peaKTOpa PEMK-1000 cymecTBeHHO ynyqmeHo Mcnonb-

30BaHMe 5!.1\epHoro roproqero. ITpHMeHeHMe B Ka'leCTBe KOHCTPYKI.IMOHHOro 

MaTepHana - l.IMPKOHMeBOrO cnnaBa, B Ka'IeCTBe roproqero - U02, a TaKlK6 

onTMMM3al.IM5! cpH3M'l6CKMX M TennoTeXHM'l6CKMX napaMeTpOB peaKTOpa n03BO

nMnM .1\0BecTM rny6MHY BbrropaHM5! 5!,1\epHoro roproqero ,1\0 18 000 MBT· cyT/T, 

a 3HeproHanp5!lK6HHOCTb roproqero ,1\0 17,8 MBT/T. 

PeaKTOp PEMK-1000 npHH5!T B Ka'IeCTBe cepHiiHoro Ha HecKonbKMX cTpo-

5!!I1MXC5! .1\ByxpeaKTOpHbiX A3C, MO!l1HOCTbro 2000 MBT KalK,l\a5!. ITepBa5! M3 

3TMX A3C - JleHMHrpa,l\CKa5!, HaXO,l\MTC5! B CTa,l\MM MOHTalKa o6opy,l\OBaHM5! [4]. 
Mbr C'IMTaeM npeHMymecTBOM TaKoro peaKTopa TO, 'ITO pa3,1\po6neHHOCTb 

aKTMBHOH 30Hbl Ha OT,l\6nbHbl6 KaHanbi He6onbillOrO C6'l6HM5! ,1\enaeT Heonac

Hb!MM HapymeHM5! repMeTM'IHOCTM OT,l\6nbHblX KaHanOB MnM ,1\alKe rpynnbi MX. 

3,1\eCb B03MOJKHa 3aMeHa nro6oro ,necpeKTHoro KaHana aKTMBHOH 30Hbi. KoM

MYHMKal.IMM 6onbillMX ,1\MaMeTpOB B KaHanbHb!X peaKTOpax MoryT 6biTb B006me 

MCKniO'l6Hbl MnM Bb!HeCeHbl B paHOHbl, nerKO ,l\OCTynHb!6 ,lln5! KOHTpOn5!. 3,neCb 

,nonycKaeTc5! pa3rpy3Ka nro6oro KaHana Ha xo.ny peaKTopa, 6e3 ocTaHoBKM 

CTaHI.IMM, M, TaKMM o6pa30M, TOnnMBHbiH l.IMKn 5!Bn5!6TC5! nerKO pery nMpye

MbiM. He,nocTaTKOM 5!Bn5!eTC5! TO, 'ITO 3TH peaKTOpbr MMeiOT 6onee pa3BMTbie 

KOMMyHMKal.IMM aKTMBHOrO TennoHOCMT6n5!, OHM MeHee KOMnaKTHbi, Tpe6y

IOT 6onbillMX CTpOMTenbHb!X o6'beMOB, M no3TOMY KanMTanbHb!e 3aTpaTbl Ha 

HMX HeCKOnbKO Bblille, 'leM Ha A3C C KOpnyCHb!MM peaKTOpaMM. O,nHaKO B03-

MOlKHOCTb nerKoro nepecTpOeHM5! TOnnMBHOro l.IMKna C uenbiO ero onTHMM3a

l.IMM, TO, 'ITO aKTMBHa5! 30Ha KOMnneKTyeTC5! M3,!16nM5!MM, npOH3BO,ll5!!l1MMMC5! 

KpynHOC6pHHHO, KOr,l\a TeXHOnOrM5! o6ecne'IMBaeT B6CbMa Bb!COKOe Ka'leCTBO 

,lleTaneii, npH HM3KOH MX CTOMMOCTM, a TaKJKe TO, 'ITO 113 3TMX ,!16Tanei1: MO

ryT 6b!Tb C03,llaHbl peaKTOpbl npaKTM'leCKM nro6oi1: MO!I1HOCTM, HanpMMep B 

2 MnH. KBT, .z~enaroT 3TH peaKTOpbr npHBneKaTenbHbiMM. 

8 KaHanhHb!X peaKTOpax B03MOlKeH nporpecc B CMbiCne ll0Bb!illeHM5! MX 

KOMnaKTHOCTM, 

TaKMM o6pa3oM, Mbi npHmnM K 3aKnro'leHMIO, 'ITO npH e,!IMHM'IHbrx 3neK

TpM'IeCKMX MO!I1HOCT5!X OKOno 1 MnH, KBT M 6onee KaHanbHb!e peaKTOpbl 5!B

n5!IOTC5! BllOnHe KOHKypeHTOCnOC06HblMM C KOpnyCHb!MM, 3KCllnyaTal.IM5! pe

aKTOpOB TaKoro TMna noKa3ana MX Bb!COKYIO Ha,llelKHOCTb M B03MOlKHOCTb y.z~o6-

HOrO peMOHTa [5], 
TaK KaK 3TH peaKTOpbr onHparoTC5! Ha 6onee mHpoKyro npoMbrmneHHyro 6a-

3Y M no TOnnMBHOMy l.IMKny ropa3,!10 nyqme OTB6'la!OT HYlK,l\aM C03,1\aHM5! Ton

nMBHOH 6a3bl ,l\n5! BBO,lla peaKTOpOB BTOporo 3Tana Ha 6b!CTpb!X H6HTpOHaX, 

To B CCCP, HapH.l\Y c pa3BMTMeM KopnycHbiX A3C, 6onbma5! qacTb KpynHbiX 

MO!I1HOCTeH 6y,neT C03,llaBaTbC5! Ha KaHanhHb!X peaKTOpaX (cTp05!!l1M6C5! B 

CCCP KaHanhHbie peaKTOpbr npe.z~cTaBn5!roT co6oi1: ypaH-rpacpHTOBbre cMcTe

Mbr). 

KaHanbHbre peaKTOpbr .z~aiOT B03MOlKHOCTb npOM3BO,!IMTb neperpeTbiH nap, 

KaK 3To noKa3an Ham on biT c .!IBYM5! peaKTopaMM Eeno5!pCKOH A3C. 

3Ty B03MOlKHOCTb 6y,lleT 3KOHOMM'l6CKM uenecoo6pa3HO peanM30BaTh, 

nocne Toro KaK 6y.z~yT C03,1\aHbi ,lln5! KaHanoB M o6ono'leK neperpeBaTenbHbiX 

3neMeHTOB cnnaBbl Ha OCHOBe !.1HpKOHM5!, cna6o nornomaromMe HeHTpOHbl. Ho 

B OT,llenbHbiX cny'laHx, - HanpHMep, ,lln5! nony'leHM5! npoMbrmneHHOro napa 

Bb!COKMX napaMeTpOB B M6CTaX C 3aTpy,!1HeHHOH ,!IOCTaBKOH TOnnMBa MnM ,lln5! 

TennocpMKal.IMM ceBepHbiX ropo,noB,- MoryT oKa3aTbC5! BbirO,l\HbiMM M neperpe

BaTenbHbre 3neMeHTbi co cTanbHbiMM o6ono'IKaMM. ITo Mepe HYlK.llbi TaKMe 
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TAEJIHUA II. PA3EHTHE 3HEPrETHliECKHX PEAKTOPOE 

KAHAJibHOrO THIJA C rPA<I>HTOEbiM 3AME,llJIHTEJIEM l1 OEbll:J:HOll 

EO )lOll E KA l:J:ECTEE TEIT JIOHOCHTEJI5l 

XapaKTepi!CTI!Ka 6A3C-1 6A3C-2 PEM-1000 PEM-Kll-2000 

MOil.IHOCTb, MET 
3JieKTpH1.JeCK8H 100 200 1000 2000 

TennoaaH 286 530 3200 5620 

IT apaMeTpbi napa nepe,ll 
Typ611HOH: 

,ll8BJieHHe, BTM 90 90 70 65 

TeMnepaTypa, °C 500 500 284 450 

AKTHBHaH 3oHa: 

,n;HaMeTp, M 7,2 7,2 11,8 13,5 

BLICOTa, M 6 6 7 7 

1.JHCJIO pa60lJHX K8H8JIOB 

(s TOM 'IIICJie neperpe-
BaTeJibHLIX) 998(268) 998(266) 1690 1404(354) 

1.JHCJIO TB3JIOB B KaHane 6 6 18 36-37 

cpe,llHee o6orameHHe 
ypaHa, "/o 1,8 3,0 1,8 2,5 

cpe,llHSISI r ny61111a Bbiro-
paHIIH, MET•cyT/T U 4000 14600 18000 24000 

3HeproHallpH~eHH0CTb 

ropiO'Iero, MET/T 4,3 11,3 17,8 19,2 

MaTepHaJI o60JIO"'KH 

TB3JIOB HepJK. HepJK. UllpKO- neperpesaTenb-
CT8Jib CT8Jih HHeBbiH: HbiX K8H8JIOB -

UIIPKOHIIH + 
HepJK. CT8Jib, 

HcnapHTenL-
H:&IX - QHpKo-

HHeB LIH cnnas 

'-IHCJIO H MOinHOCTb 

Typ61!H, MET 1 X100 2 X100 2 X500 2 XlOOO 

peaKTOpbl 6y,11yT CTpOHTbCH 7 eCJIH peaKTOpbl Ha 6b!CTpb!X HeHTpOHaX C Bb!CO

KHMH napaMeTpaMH napa He OKa.lKyTCH 6onee 3KOHOMH'IHb!MH . 
E KatieCTBe cne.nyrol!lero mara pa3BHTHH peaKTopoB 3TOro THna MO.lKeT 

paccMaTpHBaTbCH npoeKT peaKTopa c neperpeBoM napa THna PEM-KIT-2000 
MOI!IHOCTbiO 2000 MET (3JI). XapaKTepHCTHKH 3Toro peaKTopa npHBe.neHbi B 
Ta6n. II . 

Eo3Mo.lKeH TaK.lKe nyTb .naJibHeiimero ycoBepmeHcTBOBaHHH KaHaJibHbiX 
peaKTopoB 6e3 H.nepHoro neperpeBa napa. YBeJIHtieHHe 3HeproHanpH.lKeHHo
CTH roproqero, onTHMH3al.IHH q>H3HtieCKHX H TenJIOBb!X XapaKTepHCTHK aKTHB
HOH 30Hbl n03BOJIHeT ,liOBeCTH 3JieKTpHqecKyiO MOI!IHOCTb TaKoro peaKTOpa 

.no 2000 MET. 3To OTKpbiBaeT nyTH ,!IJIH .naJibHeiimero noBbiilleHHH 3KOHOMHti
HOCTH A3C C KaHaJibHbiMH peaKTopaMH. 

Ha nepBOM 3Tane pa3BHTHH 6onbmaH 'IEICTb A3C, KaK KopnycHoro, TaK 
H KaHaJibHOrO THI10B 1 6y,11eT pa60TaTb B pe.lKHMe 6a30BOH Harpy3KH. 3 TO o6yc-
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TAEJII1UA III. OCHOBHbiE XAPAKTEPI1CTI1Kl1 PEAKTOPOB 

HA EbiCTPbiX HEHTPOHAX 

XapaKTepHcTHKa EOP-50 EH-350 EH-600 

TennosaH MOntHOCTb, MBT 60 1000 1450 

3neKTpHtteCK8H MOW:HOCTb, 

MBT 12 350 HnH 
150 MBr(an) 
H 120 Tb!C. 
MS /cyT·BO,llbl 

rny6HHa BbiTOpaHHH, o/o 10 5 10 

TennoHOCHTenb nepsoro H 
BTOpOTO KOHTypOB Na Na Na 

Pacxo.n; no neTJie nepaoro 
KOHTypa, M

3 /« 500 3200 9000 

BpeMH MeJK,lly neperpy3-
K8MH, CyT 145 50 150 

,llHaMeTp aKTHBHOti: 30Hhi, CM 40 160 205 

TeMneparypa HaTpHH Ha 
B:biXO,lle H3 peaKTOpa, °C 550-600 500 550 

Cpe,llHHH :>HeproHanpHJKeH-
HOCTb, KBr/n 800 470 550 

IlapaMeTpbi napa nepe,ll 
Typ6HHOii: 

reMneparypa, °C 500-540 440 500 
.nasneHHe, aTM 90 50 130 

JIOBJieHO He TOJibKO '111CTO 3KOHOMI1'1eCK11MI1 C006paJKeH115IMI1, HO 11 l.leJieco

o6pa3HOCTbiO {.!1aJKe 3a C'leT HeKOTOpOro !10BblllieHI15! ce6eCTOI1MOCTI1 T011JII1B

HOH COCTaBJIHIOmeii) MaKC11MaJibHOrO o6ecrretieHI15! TOI1JI11BHOrO l.l11KJia peaKTO

pOB BTOpOrO 3Tal1a pa3BI1TI15! H,llepHOH 3HepreTI1K11. 

B paiioHax c Ha116onee ,11opor11M TOI1JII1BOM, r.z~e, ecTeCTBeHHO, 6y.llyT rrpe

o6na,llaTb A3C, rrocTerreHHO B03H11KHeT Heo6xo,lii1MOCTb rrepeBO,lla qacTI1 A3C 

B peJKI1M peryJI11pOBaHI15!. 

IJp11 3TOM He06XO,li11MO 6y,11eT rrepeBO,lii1Tb B peJKI1M peryJI11pOBaHI15! Te 

A3 C 1 KOTOpble ,llaiOT Hai1MeHblliYIO Bblpa6oTKy 11JIYTOHI15!, 11 pa6oTa 11X ,liOJIJKHa 

6biTb orrTI1MI1311poBaHa Ha 4000-5000 qac/ro,ll. Ilp11 coxpaHeHI111 rreperpy3-

KI1 O,lii1H pa3 B rO,ll 3TO ,llaCT B03MOJKHOCTb 7 Hallp11Mep, rrepeiiTI1 Ha MeHee 

o6orameHHOe T0!1JII1BO, He 11CKJIIO'IeHO 1 'ITO OKaJKeTCH l.leJieC006pa3HblM C03-

,llaTb crreQI1aJII1311poBaHHbie A3C, OI1TI1M11311poBaHHbie Ha 5000 qac/ro,ll. MoJK

HO OJKI1,llaTb 1 'ITO Ha,li06HOCTb B 3TOM B03HI1KHeT He paHee 1985 ro.z~a, KOr,lla 

3Ha'II1TeJibHYIO 'laCTb 6a30BOH Harpy3KI1 !1p11MyT A3C BTOporo 3Tarra C peaK

TopaMI1 Ha 6biCTpbiX HeiiTpoHax (Ta6n. III). ,llnH 3TI1X A3 C qpe3Bbi'IaiiHo np11-

BJieKaTeJibHbiM 6y,lleT 11CI10Jib30BaHI1e ypaH-TOp11eBoro TOI1JII1BHOrO l.l11KJia, 

A3C C PEAKTOPAMI1 HA EblCTPbiX HEHTPOHAX 

Pemaromee Kat~ecTBO TaKI1x peaKTopoB - 6onee 3<P<PeKTI1BHOe 11CI10Jib3o

BaHI1e 11CXO,liHOrO H,llepHOro roproqero 11 B03MOJKHOCTb llOJIHOrO BOBJietieHI15! B 

TOI1JI11BHbiH l.l11KJI 
238 U 1 a TaKJKe TOpl15! - onpe,lleJIHeT TY BaJKHYIO pOJib, KOTOpaH 

OTBO,lii1TCH B CCCP peaKTOpaM Ha 6biCTpbiX HeiiTpOHax B H,llepHoii 3HepreTI1Ke 
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6y.llyll\ero. HcTOpHqecKH CJIOJKHJIOCb TaK, qTO TenJIOBble peaKTOpb! cyll\eCT

BeHHO onepe.UHJIH 6onee CJIOlKHbie 6biCTpb!e peaKTOpbl no OCBOeHHOCTH. Tpe-

6yeTCH perueHHe MHOrHX HayqHO-TeXHHqecKHX BOnpOCOB H HaKOnJieHHe onbiTa 

3KCnJiyaTaQHH rOJIOBHbiX o6pa3QOB, npeJK.ae qeM 6y.llyT C03.llaHbl H OCBOeHbl 

MOil\Hble, BbiCOK03KOHOMHqHbie H Ha.UeJKHbie 3HepreTHqeCKHe 6biCTpbie peaK

TOphi. KaK H3BeCTHo, 3TH peaKTOpbi oco6eHHO 3!l>!l>eKTHBHbi npH nnyToHHe

Boii 3arpy3Ke, H nOTOMy OHH MoryT XOpOIIIO coqeTaTbCH C TenJIOBbiMH peaK

TopaMH. 

B CCCP Be.ayTcH HHTeHCHBHbie pa6oTbi no 6biCTpbiM peaKTopaM. Tioc

TpoeHa cepHH 3KCnepHMeHTaJibHbiX 6biCTpbiX peaKTOpOB He60JibiiiOU TenJio

BOll MOil\HOCTH (EP-1' EP-2, EP-3, EP-5, E<I>C). 

TIOCJie 3THX He60JibiiiHX 3KcnepHMeHTaJibHbiX peaKTOpOB Ha 6biCTpblX Heii

TpOHaX B MeneKecce 6biJI nocTpoeH peaKTop EOP-60, Bbirne.arnHii Ha 3JieKTpH

qecKyro MOil\HOCTb B 1970 ro.uy. 3aKaHqHBaeTcH cTpoHTeJibCTBO A3C c pe

aKTopoM EH -350 B r. IIIeBqeHKO, COBMell\eHHOii c onpecHHTeJibHOii ycTaHOB

Koii. HaqaTo cTpOHTeJibCTBO TpeTbeli oqepe.aH EeJioHpcKoii A3C c peaKTo

poM EH -600. 3KcnnyaTaQHH Bcex 3THX peaKTopoB .uacT B03MOJKHOCTb no

nyqHTb Heo6XO.llHMblll on biT, OTpa6oTaTb BO BCeX .aeTaJIHX TOnJIHBHblll QHKJI. 

UeJibiO HBJIHeTcH .uocTHJKeHHe Heo6xo.aHMoro .UJIH Harneii 3HepreTHKH TeMna 

Y.llBOeHHH MOil\HOCTH A3C BToporo 3Tana c nepHO.llOM nopH.aKa 8 JieT 6e3 BBo

.ua HJIH C MHHHMaJibHbiM BBO.llOM B TOnJIHBHblll I..IHKJI CHCTeMbl 3THX A3C ropro

qero H3BHe. B03MOJKHO, qTO BHaqaJie OKaJKeTCH He06XO.llHMbiM BBO.llHTb qacTb 

6biCTpbiX peaKTOpOB Ha ypaHOBOM TOnJIHBe [6) • 

CTpOHTeJibCTBo A3C BToporo 3Tana B 6oJibiiiHX MacrnTa6ax 6y.aeT ocy

Il\eCTBJIHTbCH no Mepe HaKOnJieHHH onbiTa pa60Tbl nepBbiX A3C H pa3BepTbiBa

HHH MOil\HOCTeii npe.anpHHTHll MaiiiHHOCTpOeHHH H TOnJIHBHOrO QHKJia. TipH 

3TOM peaKTOpbl Ha 6biCTpblX HeiiTpOHaX H HX TOnJIHBHblll QHKJI .llOJllKHbl o6ec

neqHTb .aoBe.aeHHe BpeMeHH Y.llBOeHHH cHaqana .uo 8-9 neT, a 3aTeM .uo 

6-8 neT. B 3TOM HanpaBJieHHH ecTb HecKOJibKO nepcneKTHBHbiX nyTeii, pa3-

pa6aTbiBaeMbiX HaMH COBMeCTHO C COQHaJIHCTHqecKHMH CTpaHaMH [7) . C 

3Toii QeJibiO Be.ayTcH npopa6oTKH C03.llaHHH A3C MOil\HOCTbiO 1000-1500 MBT, 

OnTHMaJibHbiX no TeXHHK0-3KOHOMH'ieCKHM noKa3aTeJIHM H BOCnpOH3BO.llCTBY 

H.aepHoro roproqero. 

MoJKHo npe.anonaraTh, qTo npH ycneiiiHOM perneHHH npo6JieMbi 6biCTpbiX 

peaKTopoB, HaqHHaH c 1985 ro.ua, BO Bceii EBponeiicKoii qacTH CCCP pa3-

BHTHe 3JieKTp03HepreTHKH 6y.aeT npOHCXO.llHTb npeHMyll\eCTBeHHO 3a cqeT 

CTpOHTeJibCTBa aTOMHbiX 3JieKTpOCTaHQHll C peaKTOpaMH Ha 6biCTpb!X HeiiTpo

HaX. 

OUEHKA TIEPCTIEKTHB ,llO 2000 ro.ua 

YcnernHoe ocBOeHHe KpynHbiX npoMbiiiiJieHHbiX A3C B CCCP H Haqano 

OCyll\eCTBJieHHH IIIHpOKOll nporpaMMbl HX CTpOHTeJibCTBa n03BOJI5IIOT onpe.ae

JIHTb nepcneKTHBbl pa3BHTH5I 5I.llepHOll 3HepreTHKH CTpaHbl .llO KOHQa CTOJie

TH5I. 5I.aepHa5I 3HepreTHKa 5IBJI5IeTC5l qacTbiO 06Il\ell H e.UHHOH CHCTeMbl 3Hep

reTHqecKoro npoH3BO.llCTBa, no3TOMy npH .uonrocpoqHoM nporHo3e ee pa3BH

THH .llOJIJKeH 6b!Tb yqTeH 06Il\Hll nporH03 3HepreTHKH CTpaHbi, xapaKTep H 

CTpyKTypa 3HepronoTpe6JieHH5I, peJKHMbl HCnOJib30BaHH5I 3JieKTporeHepHpyro

Il\HX MOil\HOCTeii. 
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Oqeai1.L(HO, 'ITO KOJII1'1eCTBeHH:bie nponop1.11111 pocTa pa3JIW·IH:biX 3JieKTpo

reHep11pyi01!111X MOI!1HOCTei1, B TOM '111CJie 11 H.L(epH:b!X 1 Ha 30 JieT Bnepe.L( MOryT 

6:b!T:b OJ.IeHeH:bl JII1111 :b C 113BeCTHOH CTeneHb!O BepOHTHOCTI1. Ha TaKOH .L(JII1TeJib

H:b!H CpOK B ycJIOBI1HX 11CKJI!O'II1TeJibHO 6:biCTporo nporpecca B 06JiaCTI1 H.L(ep

HOH SHepreTI1KI1 HeB03MOJKHO .L(OCTaTO'IHO TO'IHO onpe.L(eJII1Tb MaCIIITa6:bi 113-

MeHeHI151 MHOri1X <f>aKTOpoB, 11X BeJII1'111HY 11 .L(eHCTBI1e BO BpeMeHI1. IT OSTOMy 

B t~eJIOM .L(OJirOCpO'IH:b!H nporH03 pa3BI1T11H H.L(epHOH SHepreTI1KI1 HBJIHeTCH 3a

.L(aqej:j, B KOTOpOH Te 11JII1 11H:b!e HaMe'laeM:ble nponOpJ.11111 MoryT 113MeHHTbCH 

no):( BJII1HHI1eM He 113BeCTH:biX B .L(aHH:biH MOMeHT C06:b!TI1H 11JII1 <f>aKTOpOB ( 8] . 

0CHOBOH SHepreTI1'1eCKI1X pecypCOB CTpaH:bl .L(O 2000 rO.L(a OCTaHeTCH Op

raHI1'1eCKOe TOnJII1BO. 5I.L(epHaH SHepreT11Ka np11BJieKaeTCH .L(JIH SHeprOCHa6-

JKeHI151 Tex paHOHOB CTpaH:bi 1 r,L(e SKOHOMI1'1eCKI1H s<f><f>eKT OT ee np11MeHeHI151 

6y.LleT MaKCI1MaJibH:biM. ITo nporH03aM .LIOJIH B:bipa6oTKI1 sneKTposHepr1111 Ha 

A3C OT 06111eH B:blpa60TKI1 B CTpaHe MOJKeT 3Ha'II1TeJibHO yBeJII1'111TbCH, B CBH-

311 C 'leM npaKTI1'1eCK11 .L(OJIJKHO npeKpaTI1TbCH CTp011TeJibCTBO HOB:b!X KOH.L(eH

Cal.II10HH:b!X T3C B pH.Lle paiiOHOB EaponeiicKoii qaCTI1 CCCP. 

B ycnoBI1HX EaponeiicKoii 'laCTI1 CCCP 3anac SKOHOMI1'1eCKOH KOHKypeH

Tocnoco6HOCTI1 HOB:b!X ycoaepllleHCTBOBaHH:biX A3C C TenJIOB:biMI1 peaKTOpa

MI1 HBJIHeTCH .L(OCTaTO'IHO 60Jibiiii1M. 0H .L(OnycKaeT HeKOTOpoe yaeJII1'1eHI1e 

y.L(eJibH:b!X 3aTpaT Ha .L(06:bi'IY ypaHa np11 YCJIOBI111 1 'ITO BCH SKOHOMI151 OT .L(ei1-

CTBI1H .Llpyri1X <f>aKTOpOB, Be.L(yi!111X K yJiy'lllleHI1!0 SKOHOMI1K11 A3C (yBeJII1'1e

HI1e e.L(I1HI1'1HOH M01!1HOCTI1 1 rJiy611H:bl B:blrOpaHI151 1 K .n ,):(, 1 CHI1JKeHI1e 3aTpaT 

Ha 113rOTOBJieHI1e TBSJIOB, y.L(ellleBJieHI1e CTp011TeJibCTBa 11 COKpa1!1eHI1e ero 

CpOKOB 11 T, .Ll.), 6y.L(eT KOMneHC11pOBaTb STO yBeJII1'1eHI1e 1 11 B J.leJIOM SKOHO

MI1'1eCKaH KOHKypeHTOCnOC06HOCT:b H.L(epHOH SHepreTI1K11 COXpaHI1TCH. 

OcHOBHOH cTpaTerl1ei1 pa3BI1TI1H H.L\epHoii SHepreTI1K11 CCCP HBJIHeTcH 

Op11eHTaJ.II151 Ha BCeMepHoe 11 ycKopeHHOe pa3BI1TI1e 11 BHe.L(peHI1e 6:biCTp:b!X pe

aKTOpOB C paC11111peHH:blM BOCnp0113BO.L(CTBOM rOpiO'Iero. 

K Ha'laJiy cTpOI1TeJibCTBa cep11HHbiX 11 M01!1H:biX 6:E>IcTp:b!X peaKTopoa cyM

MapHbie M01!1HOCTI1 A3 C C TenJIOB:biMI1 peaKTOpaMI1 .L(OCTI1rHyT B HallleH CTpaHe 

.L(eCHTKOB MI1JIJII10HOB KI1JIOBaTT. CJie.L(oBaTeJibHO, A3C c 6:biCTp:biMI1 peaKTo

paMI1 6y.L(yT <f>aKTI1'1eCKI1 BCTpa11BaT:bCH B yJKe .L(OBOJibHO pa3BI1TYIO H.L(epHyiO 

SHepreTI1Ky. KOJII1'1eCTBO nJiyTOHI151 1 KOTOp:b!H 6y.LleT HaKOnJieH K TOMY Bpe

MeHI1 B TenJIOB:biX peaKTOpaX 11 KOTOp:b!H 6y.L(eT 11CnOJib30BaH .L(JIH 3arpy3KI1 

nepB:biX npOM:biiiiJieHH:biX 6:b!CTp:b!X peaKTOpOB, o6ecne'II1T B03MOJKHOCTb BBO.L(a 

TaKoro JKe nopH.L\Ka cyMMapHoii MOI!1HOCTI1 6:bicTp:biX peaKTopoa. CooTHOIIIe

HI1e MeJK.L(y .L(OJIHMI1 CyMMapH:b!X M01!1HOCTej:j TenJIOB:b!X 11 6b!CTp:b!X peaKTOpOB 

6y.LleT nocTeneHHO 113MeHHT:bCH B nOJih3Y nocJie.L(HI1X, 

Tpe6oaaHI1e 11HTeHCI1BHOro Hapai!111BaHI1H H.L(epHO-SHepreTI1'1eCKI1X MOI!1-

HOCTej:j MOJKeT 6:biTb B:binOJIHeHO np11 YCJIOBI111 BBO.L(a BeCbMa KpynH:b!X SHepro-

6JIOKOB A3C, B STOM OTHOIIIeHI111 60Jibiiii1M11 B03MOJKHOCTHMI1 06Jia.L(aiOT Ka

HaJibH:b!e peaKTOp:bl 1 e.L(I1HI1'1HaH M01!1HOCTb KOTOp:b!X B nporH0311pyeM:biH nep11-

0.L(1 no-BI1.L(I1MOMY, MOJKeT 6:b!Tb .L(OBe.L(eHa .L(O 2-3 MJIH. KBT (sJI) 11 .L(aJKe 6onee. 
,IlOJIH TaK11X peaKTOpOB B np11pOCTe M01!1HOCTeH H.L(epHOH SHepreT11KI1 MOJKeT 

B03paCTI1, TaK KaK .L(OJIH KOpnyCH:biX peaKTOpOB no yCJIOBI1HM TpaHCnOpT11pOB

KI1 11X KOpnycOB no JKeJie3HOH .L(Opore pa3yMHO orpaHI1'111TCH e.L(I1HI1'1H:b!M11 MOI!1-

HOCTHM11 He B:blllle 1000 MBT (sJI). 

l.JTO JKe KacaeTCH OnTI1MaJibH:b!X e.L(11HI1'1H:b!X M01!1HOCTeH 6:b!CTp:b!X peaK

TOpOB, TO STOT BOnpoC .L(OJIJKeH pelllaTbCH C yqeTOM 11X BaJKHeHIIIero <f>yHKJ.1110-

HaJibHOrO Ha3Ha'leHI1H - nocTaBKI1 nJiyTOH11H .L(JIH pa3BI1BaiOI!1eHCH H.L(epHOH 

sHepreT11K11. ITp11 qpe3MepHo 6oJibiii11X e.L(I1HI1'1H:biX MOI!1HOCTHX 6:biCTp:b!x 6p11-
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_nepoB MOJKeT OKa3aTbCH 3aTpy_nH.IfTeJibHh!M He06XO.l{.lfMOe .l{JIH 3TOrO pa3Me

memre HX B 6a3.Hce rpaql.lfKa Harpy3K.If 3Heproc.HcTeM. 

Ha COBpeMeHHOM 3Tarre BalKHOe 3Ha<reH.Ife I!p.H06peTaeT BOI!pOC 0 CTaH

.napTH3al.l.lf.lf .If YH.If<iJ.IfKal.l.lf.lf KOHCTpyKT.IfBHhiX .If CTpO.HTeJihHhiX pemeH.IfH .l{JIH 

A3C .If .lfX KOMIIOHeHTOB. PH.n CI!el.l.lf<iJ.If<recK.IfX Tpe6oBaH.IfH 1 rrpe_nt.HBJIHeMbiX 

K MaTep.HaJiaM .If o6opy.noBaHmo, oco6hri1 xapaKTep 3KcrrnyaTal.IH.If, o6cnyJKH

BaHHH .If peMOHTa A3C Tpe6yiOT .naJihHeiimero pa3B.IfT.IfH crrel.IHaJIH3HpoBaHHO

ro MamHHOCTpoeHHH, <ITO B pema10mei1 cTerreH.If orrpe.nenHeT Ha.neJKHOCTh .If 

3KOHOMH<recK.He rroKa3aTeJI.If A3C. 

Hap».ny c HcrroJih30BaHHeM KOH.neHcal.IHOHHhiX A3C, HacymHhiM.If 3a_na<ra

MH yJKe cerO.l{HHIIIHero .l{HH CTaHOB.IfTCH III.IipOKOe .lfCIIOJih30BaH.Ife H_nepHb!X 

peaKTOpOB .l{JIH I!pOH3BO.l{CTBa O.l{HOBpeMeHHO C 3JieKTp03Hepr.HeH _npyrHX B.lf

.l{OB rrpo_nyKI.I.If.lf - TeiiJia, rrpeCHOH BO.l{hl, X.lfM.If<reCKHX rrpo.nyKTOB, XOJIO.l{a. 

Cpe.nH 3THX 3a.na<r, rro-BH.nHMOMy, rrepBoo<repe.nHhiM.If cne.nyeT c<r.HTaTh pa3-

B.IfT.Ife 11 aTOMHOH 11 TeiiJIO<iJHKal.l.lf.lf, a TaKJKe IIOJiy<reH.Ife MeTO.l{OM .l{.lfCT.IfJIJIH

l.l.lf.lf H3 COJieHOH BO.l{hl 3Ha<r.HTeJibHh!X KOJI.If<reCTB rrpeCHOH BO.l{hl C .lfCIIOJih30-

BaH.IfeM peaKTOpOB KaK .lfCTO<IH.IfKOB TeiiJia. 

YcrreiiiHaH 3KcrrnyaTal.l.lfH rrepBhiX A3C, Hx pa.nHal.IHOHHaH 6e3orrac

HOCTh [9,10] C03.l{a!OT yBepeHHOCTh B B03MOJKHOCT.If pa3MemeH.IfH aTOMHh!X 

T3U (AT3U) B6JI.If3.1f KpyrrHhiX ropo.noB. 3To, KpoMe 3KOHOM.If.lf Ha .l{JIHHe 

TeiiJIOTpacc 1 O.l{HOBpeMeHHO Il03BOJI.IfT peiD.IfTh _npyryiO BaJKHYIO I!p06JieMy -

rrpo6JieMy 6oph6hr c 3arpH3HeH.HeM B03.nyxa .If TeppHTOpHH rrpo.nyKTaMH ro

peHHH. 3arpS13HeH.Ife B03.l{yxa KpyiiHh!X ropO.l{OB, I!pO.IiCXO.l{SIIJ1ee B 3Ha<IHTeJib

HOH CTeiieH.If 3a C<reT 06hi<!Hh!X T3U, CHa6JKaiOIJ1.1fX .lfX TeiiJIOM, He TOJihKO Ha

HOC.IfT ymep6 3.l{Op0Bh!O JIIO.l{eif, HO .If MeHSieT 06JI.IfK I!p.lipO_nbl. ATOMHb!e KOH

.neHCal.IHOHHbie .lfJI.If TeiiJIO<iJ.HKal.l.lfOHHhie 3JieKTpOCTaHI.I.If.lf .lfCKJIIO<IaiOT I!O.l{06HOe 

3arpSI3HeH.Ife B03_nyxa, o6ecrre<r.lfBaSI I!p.li 3TOM IIOJIHYIO pa_n.lfal.l.lfOHHYIO 6e3o

rraCHOCTh. C 3TOH TO<!K.If 3peH.IfSI Ha.lf60Jiee rrpe_nrro<rT.IfTeJibHh!M TeXH.If<reCK.IfM 

rrpHHI.I.IfiiOM rrpe.ncTaBJIHeTcH rrpHHI.I.Ifii KOHCTPYKI.IH.If pa6o<rHX KaH<iJIOB EeJioSip

CKOH A3 C. KoHcTpyKI.IHSI TB3Jia 3Toi1 A3 C, KaK rro.nTBep.nHJI .nnHTeJihHhiii 

OI!h!T 3KCIIJiyaTal.l.lf.lf 1 .lfCKJIIO<raeT I!OI!a_naH.Ife pa_n.lfOaKT.IfBHh!X IIpo_nyKTOB _nene
H.IfSI B KOHTyp .If o6ecrre<r.HBaeT .lfCKJIIO<I.IfTeJibHO 6JiarorrpHHTHYIO pa.n.Hal.l.lfOHHYIO 

o6cTaHOBKY KaK BHYTPH A3 C, TaK .If 3a ee rrpe.nenaM.If. 

,ILpyraH BeCbMa BaJKHaSI HapO.l{HOX03HHCTBeHHaSI IIp06JieMa - I!OJiy<reH.Ife 

rrpeCHOH BO.l{hl C I!OMOI!1h!O aTOMHh!X peaKTOpOB B IIpOMhiiDJieHHOM MaCIDTa6e
yJKe peiiiaeTCSI B CoBeTcKOM Co103e coopyJKeHHeM B r. IlleB<reHKO aTOMHOH 

3JieKTpOCTaHI.IH.If, 3TOT ropo.n paCIIOJIOJKeH Ha BOCTO<!HOM 6epery KaCIIHHCKO

ro MOpS!, r_ne OTCyTCTBYIOT npHpO.l{Hb!e HCTO<IHHKH npec~IOH BO.l{bl. C nycKOM 

aTOMHOH 3JieKTpocTaHI.1HH Bo.nocHa6JKe~me ropo.na H 6JIH3JieJKamero paiioHa 

cymecTBeHHO yny<riiiHTCSI. ITo cyTH .nena 3.l{ecb B03HHKaeT KpynHh!H arponpo

MhiiiiJieHHhiH KOMIIJieKC Ha 6a3e HCIIOJlb30BaHHH aTOMHOH 3HeprHH. 

ll3y<reH.Ife rrepcrreKTHB pa3BHTHSI SI_nepHOH 3HepreT.IfKH IIOKa3h!BaeT, <ITO 

mHpOKOe CTpOHTeJibCTBO A3C BhirO.l{HO He TOJibKO BCJie.l{CTBHe HX 6onee Bbi

COKOH 3KOHOMH<!HOCT.If IIO cpaBHeH.IfiO C 3JieKTpOCTaHI.1HSIM.If, pa6oTaiOI!1.1fM.If Ha 

opraHH<reCKOM TOIIJIHBe. He MeHee BaJKHhlM SIBJISieTCSI TO, <ITO <rpe3Bhi<raHHO 

BhiCOKaH KaJIOp.liHHOCTh H_nepHOrO ropiO<rero IIp.liBO.l{HT K cymeCTBeHHOH 3KO

HOMH.If Tpy_nOBhlX pecypCOB, 3aHSITb!X B c<iJepe 3HepreTH<reCKOrO IIpOH3BO.l{CT

Ba, oco6eHHO B .no6hr<re opraHH<recKoro TOIIJIHBa .If ero TpaHcrropTa. 

Pa3BHT.Ife Hapo.nHoro xo3SIHCTBa CCCP B .nanl>Heii rrepcrreKTHBe ( K 

2000 ro_ny) I!OTpe6yeT TaKHX BeJIH<IHH paCXO.l{OB TOIIJIHBH0-3HepreT.If<IeCKHX 

pecypcoB, KOTOpb!e I!pHBe_nyT K He06XO.l{.lfMOCTH KOpeHHOrO rrepeJIOMa B CTpyK

Type rrpHxo.nHoii <racTH 3THX pecypcoB. OcHOBOii TaKoro rrepenoMa MOJKeT 
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CTaTb aTOMHa.SI 3HepreTI1Ka, KOTOpa.S! K 2000 ro,ny rrpeBpaTI1TC.SI B cepbe3HYIO 
oTpacnh Torrni1BHO-sHepreTI1qecKoro 11 sneKTp03HepreTI1qecKoro X03.SIMCTBa 

CTpaHbl, 
HMeHHO 3TI1 3a.n;aq11 11 orrpe,nen.SIIOT MacniTa6:cr, rrepcrreKTI1BY 11 rryTI1 pa3-

BI1TI1.SI aTOMHOM 3HepreT11KI1 B CoBeTCKOM Co103e Ha rrep11o,n .no 2000 ro.na. 
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Abstraa-Resume-AHHOTB~Mli-Resumen 

PROSPECTS FOR ATOMIC ENERGY DEVELOPMENT IN JAPAN. 
In Apnl 1967, the Atom1c Energy CommlSSion of Japan drew up a long-range program on the peaceful 

uses of atom1c energy m Japan. It looks at the future shape of the vanous areas of peaceful uses of 
atomic energy up to 1985, to clanfy the pollcy for 1mplemenung prionty measures for about ten years 
from flscal1967. Based upon th1s long-range program, the nauonal ways to nuclear power generation, 
promouon of development of power reactors, procurement of nuclear fuels, construcuon of Japan· s fust 
nuclear ship "MUTSU", promouon of the use of radiation research on nuclear fuswn and fmally the safety 
measures, are discussed. 

Since drawing up th1s long-range program the econom1c growth-rate m Japan has far exceeded any 
esumated flgure and, reflected m this change of economic snuation, the volume of energy demand has 
also mcreased remarkably. Therefore, to promote development and uullzation of atom1c energy m 
conformity wlth th1s trend, the Atomic Energy CommlSslon of Japan cons1ders reVlsmg ltS long-range 
program m 1971. The Econom1c Planmng Agency has a long-range program of socio-economic develop
ment through 1980, concentraung pnmanly on the real growth-rate of the gross nauonal product as the 
nation· s economlC index, and an esnmate of the trend to mcrease the role of nuclear power m future 
power sources. In addnion, the Japan Atomic Industrial Forum, Inc. , a private orgamzation, has esumated 
a long-term prospect of the volumes of energy and electricny demand with reference to the cons1derable 
changes m mdusrr1al structure to dep1ct a nuclear power development prospect. Outlines of both programs 
are gtven, followed by a descripuon of 1mportant problems which are likely to occur 1n the nuclear fuel 
cycle by extend1ng the nuclear power program. Such problems are lmked wlth the esumated quantity of 
nuclear fuel requuements, the development of advanced power reactors for the effective uses of nuclear 
fuels, the procurements of uranium resources and ennched uramum, fuel fabncation and reprocessmg. 

PERSPECTIVES DE DEVELOPPEMENT DEL' ENERGIE ATOMIQUE AU JAPON. 
La Commisswn japonaise de l' energie atOmique a filS au point, en avril 1967' un programme a 

long terme d' uuhsanon de 1' energte atom1que a des flns pacifiques au Japan. Ce programme visait 
surtout a preclSer les moyens de mettre en oeuvre des mesures pnoritaires pendant 10 ans envuon a parm 
de 1967, en tenant compte du developpement prevlSible des divers domames d' utl11sauon paciflque de 
I' energ1e atomique jusqu· a 1985. Le memoue rend compte des mesures visant a faue progresser la 
productwn d' energie nucleo=electrique et le developpement des reacteurs de puissance; il aborde des 
problemes tels que 1' acqulSttlon du combusuble nucleaue, la construction du premier navire nucleaue 
]aponais Moursou, la promouon de 1' uUllSation des rayonnements, l etude de la fuswn nucleaire, 
les mesures de securlte. 

Depuis le lancement de ce programme, la cadence de la crOlSSance economique a largement 
depasse les prevlSwns etabhes, et ce changement de snuauon se reflete dans une augmentauon 1mporrante 
de la consommauon d' energte. En consequence, la Commission de 1' energ1e atomtque a forme le 
dessein de reviser son programme a long terme en 1971, afm de hater le developpement et 1· utillSauon 
de l' energie atomique conformement a cette nouvelle tendance. Le Bureau de planification econom1que, 
en Se fondant surtout sur le taux de croissance reel du revenu national brut, qUl est 1' mdex de l' econom1e 
nationale, a mlS au point un programme a long terme de developpement socio-economique. Ce Bureau 
prevoit en outre la tendance a 1' augmentauon raptde de la producuon d energie nucleo-erectrique. 
D' autre part, le Forum atomique industrlel Japonais, une orgamsauon privee, a fait, en tenant compte 
del' evolution preVlsible de la structure indusmelle, une evaluauon de la demande d' energte a long 
terme a1ns1 que du developpement futur de la producuon d' energie nucleo-electnque. Le memoire 
decrit les grandes !ignes de ces deux programmes et examine les problemes que poser ale cycle du 
combustible par suite de l' elargissement du programme de production d' energie nucleo-nucleaire. 
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Ces problemes concement entre autres la prevision des quanmes necessaues de combustible, le develop
pement de reacteurs de pmssance avances pour l' unlisation efficace du combustible, l' approvlSlonnement 
en uranium nature! et uranium ennchl, la fabncation et le traitement des elements combusnbles. 

TIEPCTIEKTHBbl TIPHMEHEHH51 ATOMHOH 3HEPrHH B 51TIOHHH. 
KoMHCCHll no aTOMHOii :>HeprHH 5lnoHHH pa3pa6orana B anpene 1967 ro,lla HanHoHanhHYIO 

,llOnrOCpO'IHYIO nporpaMMY HCllOJib30B8HHSI aTOMHOfi 3HeprHH B MHpHI.IX u;eJIHX. TiporpaMMa OX

B8TbiBaeT pa3nl·i1.JHbie o6naCTH MHpHoro HCITOJib30B8HlUI aTOMHOfi 3HeprHH BllJIOTb .IJ;O 1985 ro,na; 

H3JiaraeTCH T8K~e ITOJIHTHKa llpHHHTHH nepBOOt.repe,ltHbiX M€p llpH6JIH3HT€JlbHO Ha 10 JI€T 

anepeJ:t., Hat.rHHaH c 1967 tflHHaHcoaoro ro.n.a. Mcxo.n;.SI H3 sToH: ,ZJ;onrocpoqHo:H nporpaMMLI, 
o6cyJK.D;8IOTCH H8l1;HOH8JlbHbl€ nyTH npOH3BO.IJ;CTB8 3lleKTp03HeprHH npH ITOMOW:H H,lt€pHOi1 3HeprHH, 

CO.n;etfCTBHe pa3pa60TK8M 3HepreTlP.IeCKHX peaKTOpOB, npH06peTe~IHe H,llepHOrO TOllJIHBa, CTpOH

TeJlbCTBO nepaoro HllOHCKOrO 8TOMHOrO cy,ZH-18 "MUTSU 11, co.n;efiCTBHe B HCOOJib30BaJ-IHH pa,li;H8UH

OHHlliX HayttHbiX HCCJie,li;OB8HHfi B 06JI8CTH TepMO.H,ll;epHOrO CHHTe3a H, HBKOHei . .\1 MeponpH.HTHH B o6-
JI8CTH 6e3008CHOCTH. 

C MOMeHTa pa3pa60TKH 3TOH .n;onrocpottHOfi nporpaMMM poeT HllOHCKOfi 3KOHOMHKH npea-

30illeJI BCe npe.n;nOJIO/KeHHH; OTpaJKeHHeM H3MeHeHIUI B 3KOHOMH1.JeCKOM llOJIOJKeHHH HBJIHeTCSI 3H8-

1.JHTeJibHOe yBeJIHl-leHHe cnpoca Ha 3JieKTp03HeprHIO. TI03TOMy, CTpeMHCh CO..QefiCTBOB8Tb pa3BH

TI-fl0 H npHMeHel-BUO aTOMHOi:::f 3HeprHH B COOTBeTCTBHH C 3TO:i1 TeH,l.\eHQHefi, KOMHCCHH ITO 8TOMHOi1: 

3HepTiiH 5lnOHHH C'IHTaeT He06XO,liHMh!M nepeCMOTpeTh B 1971 TOlly CBOIO ,liORTOCpO'IHyiO nporpaM

My. AreHTCTBO no 3KOHOMHt.JecKoMy nnat-mpoaaHHIO HMeeT .n;onrocpot.~HyiO nporpaMMY COI..\HBJibH0-

3KOHOMHttecKoro pa3BHTHH ,ll;O 1980 ro,lla, B KOTOpofl OCHOBHOe BHHM8HHe COCpe.l(OTOt.JeHO H8 pe-

8JlbHOM UpHpOCTe BaJIOBOrO H81J;HOH8JlbHOrO npo.n;yKTa K8K llOK838TeJHI H81J;HOHaJibHOfl 3KOHOMHKH 

H Ha ou;eHKe TeH,ll;eH[.\HH K yaeJlHt.JeHHIO pOJIH H.n;epHOfi 3HepreTHKH Cpe,ll;H 6y.n;yrn;HX 3HepreTH1.JeCKHX 

HCT01.JHHKOB. .HnOHCKHH aTOMHhlfi npOMbllliJieHHLifi ~opyM, HBJI.HIOIQHi.:fCH 1.J8CTHOfi opraHH38[.\Hefi, 

COCT8BHJI ,ll;OJirOCpOlJHhi:H npOrH03 CllpOca H8 3HeprHIO H 3JieKTp03HeprHIO, y.n;eJIHB OC06oe BHHM8HHe 

3HalJHTeJibHhiM H3MeHeHHHM a npoMhiWJiet-mo:H cTpyKType a uenHx onpe.n;enem1H nepcneKTHB pa3-

BHTHH SI,ll;epHO:H 3HepreTHKH. J13JiaraiOTCH OCHOBHhie npHHl.\Hllhl o6eHX nporpaMM H .n;aeTCH onH

C8HHe B8JKHhiX npo6JieM, KOTOpLie, BepOHTHO, MOryT B03HHKHYTb B H,ll;epHOM TOOJIHBHOM 1.\HKJie B 

pe3yJibTaTe pacwHpeHHH nporpaMMLI no H.n;epHo:H 3HepreTHKe. 3TH npo6neMhi CBH3aHhJ c noT

pe6HOCTHMH B H,ll;epHOM TOOJIHBe, pa3pa60TK8MH yCOBepWeHCTBOB8HHLIX 3HepreTHlJeCKHX peaK

TOpOB ,LVIH 3~~eKTHBHOrO HC00Jlb30B8HH.H H,ll;epHOrO TOOJIHB8 1 o6ecnet.JeHHeM ypaHOBhlMH pecyp

C8MH H o6ora(UeHHhlM ypaHOM 1 H3rOTOBJiel-IHeM H nepepa60TKOH TOOJIHB8, 

PERSPECTIVAS DEL DESARROLLO DE LA ENERGIA ATOMICA EN JAPON. 
En abril de 1967, la Comis1iin de Energfa Atiimica del Japan redactii un programa a largo plazo 

sobre el empleo pacff1co de la energfa atiim1ca en el Japan. El programa conSldera la configuraciiin 
futura de los d1stintos campos de unlizac1iin pacffica de la energfa atiim1ca basta 1985, poniendo en 
claro la polfnca referente a las pnondades a que han de ajustarse durante diez aiios, a partir del aiio 
hscal de 1967. Basandose en este programa a largo plazo, se expllcan la polfnca de construcciiin de 
centrales nucleares, la promoc1iin del desarrollo de los reactores, la obtenc1on de combusnbles nucleares, 
la construcciOn del pnmer barco nuclear Japones « MUTSU » , el Incremento de la InvesngaciOn sabre 
fusion nuclear y finalmente las normas de segur1dad. 

Desde la redacc1iin del programa a largo plazo, el ritmo de crecimiento econiim1co del Japon ha 
sobrepasado, con rnucho, cualqu1er estirnaciOn, y como consecuenc1a de esta evoluc16n econOrnica la 
demanda energenca tambien ha aumentado de forma considerable. Por lo tanto para favorecer el desa
rrollo y la utilizac16n de la energfa atiimica de acuerdo con esta tendenc1a, la ComlSlon de Energfa 
Atomica del Japon esta conSlderando la revis1iin del programa a largo plazo en 1971. La Agencia de 
Planeam1ento Econ6m1co tiene un programa de desarrollo socioeconomico basta 1980, que toma funda
mentalmente la tasa real de crecimiento del producto nacional bruto como fnd1ce econiimico de la 
nac16n, y hace una estimac16n de la tendenc1a del papel creciente de la energfa nuclear entre las fuentes 
de energfa. Ademas, el Forum Industrial Atomrco del Japan, que es una organizac1iin pnvada, ha 
esnmado las perspecnvas a largo plazo de la demanda de energfa y electr1c1dad con referenc1a a los 
gran des cambws en la estructura industrial y ha descnto unas perspecnvas de desarrollo de energfa nuclear. 
En la memona se dan las lfneas duectnces de ambos programas siguiendo con una descnpciiin de los 
problemas principales que probablemente han de presentarse en el ciclo del combusnble en vista de la 
1mportancia del programa de energfa nuclear. Tales son las estimacwnes de las neces1dades de com
bustible nuclear, el desarrollo de reactores avanzados de potencia para el uso ehcaz del combusnble, la 
biisqueda de recursos de uranio y la obtencion de uramo ennquecido, la fabncacriin y la reelaborac1iin 
del combusnble. 
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INTRODUCTION 

In April 1967, the Atomic Energy Commission of Japan prepared 
a long-range program on the peaceful uses of atomic energy which outlines 
the future of the peaceful uses of atomic energy in Japan for twenty years 
through 1985, with stress on the policy for promotion, and major measures 
for the effective development and utilization of atomic energy during the 
ten-year period beginning 1967. 

Since the long-range program was formulated in 1967, Japan's economy 
has expanded remarkably and the volume of energy demand has also in
creased at an astonishing rate. Fossil fuels, which have been the major 
sources of this energy supply, are now handicapped by problems of air 
pollution and international price increases, affecting, for example, crude 
oil. 

Therefore, the role of atomic energy, which has for years been looked 
upon as a future stable energy source, has increased greatly. The Com
mission concerned with this new socio-economic situation plans to revise 
the current long-range program during 1971 in order to promote further 
the development and utilization of atomic energy, while the Government 
of Japan has already drawn up the Long-Term Electric Power Development 
Program up to the year 1980, and the Japan Atomic Industrial Forum has 
made "Forecast of Nuclear Power Development Prospects for the Year 
2000 11

• Both estimate the increasing role of nuclear power in supplying 
energy to satisfy future demand. 

In this situation, the acquisition of nuclear fuels, the development of 
advanced power reactors, and the matter of environmental protection 
are becoming questions of urgency. The counter-measures to deal with 
these problems are discussed in this paper. 

1. OUTLOOK FOR ATOMIC ENERGY DEVELOPMENT 

1.1. Long-term estimate of the energy supply and demand 

The Economic and Social Development Plan, on which the Commission's 
Long- Range Program for the Development and Utilization of Atomic Energy, 
was based, was prepared by the Government in 1967. The former Plan 
was designated as the general blueprint for our national economic plan, 
aiming at the stable growth of Japanese economy and it sets a target for 
the annual growth-rate of the gross national product (GNP) at 8.2o/o. 
According to this plan, the total energy demand for 1970 would be 
1.3 times greater than that for 1967, increasing to 1.8 times in 1975 and 
3.2 times in 1985. 

In 1970 the Energy Advisory Committee to the Minister of International 
Trade and Industry (MITI) estimated that the annual growth-rate of the 
GNP will be 10.6% during 1969- 1975 and 8.5- 9.5o/o in 1976- 1985. This 
indicates that the volume of energy demand for 1975 will be 2.5 times 
more than that for 1967, increasing to 5.4- 6.0 times for 1985 (Table I). 

This remarkable increase in energy and electricity demand indicates 
the future industrial structure of Japan and points to an improvement in 
living standards. 
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TABLE I. ESTIMATE OF ENERGY DEMAND (10 13 kcal) 

~ 
1975 1985 

1967 1970 Latest Latest 
Actual Pro)ecteda ProJected a eshmateb ProJected a estimate b 

Total 
172.9 219.5 309.2 438.5 550. 1 933.3--

energy 1,028.9 
Volwne of 

Electricity 310.0--
energy 53.1 68.1 102.3 135.4 212.2 

340.2 
demand 

Others 119.8 151.4 206.9 303.1 337.9 
623.3--

688.7 

~ 1970/ 1975/ 1975/ 1985/ 1985/ -
1967 1967 1967 1967 1967 

Total 
179 

540--- 127 254 318 
595 energy 

Growth -rate 583--
Electricity - 128 193 255 400 

641 (per cent) 

173 253 282 
520--

Others - 126 
575 

a 
ProJections were made in 196 7. 

b Latest estimate made in 1970. 

1.2. Development of nuclear power generation 

The Commission's Program of 1967 predicts that, taking into account 
the expected role of nuclear power in supplying future energy, the volume 
of nuclear power generation will be 30 000 - 40 000 MW in 1985. 

By the end of March 1971, four commercial nuclear power stations 
(total output: 1323 MW) were in operation in Japan - Tokai (Magnox 166 MW), 
Tsuruga (BWR357 MW), Fukushima-! (BWR 460 MW) and Mihama-1 
(PWR 340 MW). Nine more nuclear power stations were then under con
struction, which would total 5803 MW, exceeding the projected capacity. 
In addition, in 1970 the Government formulated a Long-Term Electric 
Power Development Program up to 1980, which calls for a generating 
capacity of 27 000 MW of nuclear origin to be installed by that year. In 
March 1971, the Japan Atomic Industrial Forum prepared a long-term 
forecast for nuclear power development for the year 2000, which estimated 
volumes of nuclear power generation that would reach 110 000 MW in 1990 
and 220 000 MW in 2000. Outlines of both projections are discussed briefly. 

(1) The Government's Long-Term Electric Power Development Program 

Giving due consideration to the importance of the real growth-rate 
of the SNP as a national economic indicator, in May 1970 the Government 
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TABLE II. THE GOVERNMENT'S ELECTRJC POWER DEVELOPMENT 
PROGRAM 

~ 1969 1975 1980 

(MW) (MW) (MW) 
e 

Hydro 18190 (3fP/o) 23 760 (22o/o) 32860 (20'/o) 

Thermal 33150 (6fP/o) 75140 (70'/o) 100 640 (63"/o) 

Nuclear 500 (1o/o) 8660 (8'/o) 27020 (1'P,Io) 

Total 51840 (100'/o) 107 560 (100'/o) 160520 (100'/o) 

Note: Percentages shown in parentheses mdlcate the mstalled rate of each source at the end 

of fiscal year. 

TABLE III. JAIF' S PROTECTION FOR GENERATING CAPACITIES 

~ 1990 2000 

(GW) (GW) 

Hydro 57 (20'/o) 86 (20'/o) 

Thermal 119 (41o/o) 134 (30'/o) 

Nuclear 110 (39'/o) 220 (5rJ'/o) 

Total 286 (100'/o) 440 (100'/o) 

forecast socio-economic development for 1971-1980. This foresees an 
increasing role for nuclear power in the development of future power 
sources. Electricity demand for 1980 will total 820 X 109 kWh. 

To ensure a stable supply of electricity to keep pace with this growing 
demand, a comprehensive economic operation of hydro, thermal and 
nuclear power plants is advocated together with the promotion of a large 
area co-ordination system for electric utilities, aiming at a gross margin 
of 8 or 10o/o in over-all generating capacity. In this project, the total 
installed capacity at the end of 1980 will be about 161000 MW {hydro: 
33 000 MW {20%), thermal: 101000 MW {63%); nuclear: 27 000 MW {17%) 
{see Table II). 

(2) Japan Atomic Industrial Forum's Projection for nuclear power 
development for the year 2000 

While the New Economic and Social Development Plan for 1975 pre
dicts that Japan's economy will grow at an average rate of 10.6"/o annually, 
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the Forum's Projection estimates the growth-rate of SNP at 9.9o/o during 
1969-1980, 7.6o/o for 1981- 1990 and 4.8o/o for 1991-2000, and points out 
the gradual downward trend. 

To satisfy the future electricity demand, the nine electric utilities 
will need 286 GW by 1990 and 440 GW by 2000 (Table III), which amounts 
respectively to six and nine times the 50-GW capacity at the end of 1969. 

As a result of a study of an ideal combination of power sources, 
estimating the annual installed capacity of hydro, thermal and nuclear 
energy in the development of power sources, the Forum predicts the 
percentage for installed nuclear capacity will be about 40o/o in 1990 and 
50o/o in 2000. 

However, several problems have arisen which may slow down the 
increasing trend of energy demand, such as problems caused by air 
pollution as well as that of the supply of a vast amount of crude oil, and 
if the possible growth of the importance of "non-energy intensive industries" 
in the future industrial structure of Japan is considered, it could be 
anticipated that volume of energy demand in the coming decades be 
smaller than the estimate of the MITI Advisory Committee. In spite of 
this, the actual increase in the volume of nuclear generating capacity 
will be not less than indicated by the above MITI report. 

Nuclear power generation, being excellent for stabilizing supply, 
and because of the simplicity of the transport and storage of its fuels, 
could be the most reliable energy source for the large demand to support 
the future economy; therefore, its early commercialization has been 
steadily pushed forward. 

(3) Securing of nuclear fuel 

Judging from the recent constructions of nuclear power plants in 
rapid succession in Japan, it is expected that the cumulative total of 
U 3 0 8 required between now and 1975 will be about 18 000 t, and may be 
as much as 120 000 t by 1985, while by 1990 it may JUmp to approximately 
170 000- 200 000 t. 

The Power Reactor & Nuclear Fuel Development Corporation (PNC), 
after ten years investigation and prospecting, has so far discovered only 
8000 t U3 0 8 in the Ningyo-Toge and Tono area. 

It is of vital importance to Japan to secure a reliable source of 
uranium supply; therefore, it has been decided that a substantial amount 
of uranium should be secured by private enterprises through overseas 
resources development together with long-term purchase contracts. 

For example, a company, the Overseas Uranium Resources Develop
ment Co., Ltd., was organized by interested parties in the mining and 
electric power industries and it is now developing uranium resources 
in Niger, Africa, in co- operation with the Niger Government and Com
missariat a 1' Energie Atomique of France. 

The Japanese Government, in order to assist and expedite these 
private enterprises in uranium resources development, has entrusted 
the PNC and other governmental organs with the task of conducting basic 
surveys for uranium resources in potentially promising areas throughout 
the world. 

The future requirements of enriched uranium for nuclear power plants 
in Japan will, it is estimated on the basis of present plans for the con-
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struction of nuclear power plants, amount to some 5000 t separative 
work units (s.w.u.) in 1980, and about 9000 t s.w.u. in 1985. From the 
point of view of ensuring a stable supply of nuclear fuels, it is undesirable 
that Japan should rely solely upon the United States of America for the 
supply of such large quantities of enriched uranium. 

From this aspect, and in view of the importance of research and de
velopment work on uranium enrichment, since August 1969 the Atomic 
Energy Commission has been forging ahead with the research and de
velopment work on both the centrifuge and the gaseous diffusion pro
cesses, which are the major research areas under the current Specific 
Development Project on Atomic Energy, with the aim of discovering by 
1972 possible solutions to a number of technical problems relating to 
uranium enrichment. 

The Atomic Energy Commission is also continuing its studies on the 
situation concerning the world supply and demand of enriched uranium 
and long-range plans for securing a continuing stable supply, mainly 
dealing with international co-operation in this sector. 

To achieve the effective utilization of nuclear energy, the Commis
sion is also working on the problems involved in making possible the 
use of advanced thermal reactors and breeder reactors, development 
of nuclear fuel fabrication, setting up of a spent fuel reprocessing 
system, promoting recycling as nuclear fuel the recovered plutonium 
from spent fuels, as well as setting up the nuclear fuel cycle most 
suitable to Japan's needs. 

The PNC began the construction of a spent-fuel reprocessing plant 
with a capacity of 210 t/yr U in mid-1971 at Tokai Mura, Ibaragi Pref., 
to be completed and to go into operation in 1974. As for nuclear fuel 
fabrication, several plants are already in operation, and its industrializa
tion is progressing remarkably. 

(4) Development of power reactors 

From the standpoint of securing a continuing stable supply of nuclear 
fuel as well as its effective long-term utilization, it is undesirable, on 
a long-range basis, to rely upon the light-water power reactors alone. 
Therefore, since available domestic resources are extremely scarce, 
it is very important for the sound progress of Japan's nuclear power 
industry as well as for the establishment of its energy policy, to de-
velop the most suitable type of power reactor to make use of the advan
tages and special characteristics offered by the nuclear power generation. 

The PNC, as the principal promotor, is working in close co-operation 
with the Japan Atomic Energy Research Institute and private organizations 
on the national project to develop a fast-breeder reactor and an advanced 
thermal reactor (a heavy-water-moderated reactor). 

The construction of the experimental fast-breeder reactor "JOYO", 
which is expected to reach criticality in 1974, has already been started. 
The designing of the prototype fast-breeder reactor "MONJU" is also 
progressing. This project is expected to be completed in the second 
half of the 1980s when the reactor will be in commercial operation. 

The advanced thermal reactor is expected to be in commercial use 
in the late 1970s, and construction of the prototype reactor "FUGEN" 
will be started in 1971 and is expected to reach criticality in 1975. 
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( 5) Development of nuclear ships 

With the aim of raising the level of nuclear ship technology in Japan, 
the first nuclear ship "NS Mutsu" is under construction as a demonstra
tion ship using domestic technology. The Japan Nuclear Ship Development 
Agency is responsible for the construction of "NS Mutsu" based upon the 
Basic Program for the Development of the First Nuclear Ship. 

In July 1970, construction of its hull was completed and the "NS Mutsu" 
was brought to the home port at Mutsu City, Aomori Prefecture, in the 
northern area of the main island of Japan. At present, its reactor 
components are being installed for commission scheduled for March 1973. 

It is expected that the shipbuilding industry will construct and operate 
a second nuclear ship and the Government will assist the industrial de
velopment of economic maritime reactors. 

Furthermore, in view of the approaching completion of "NS Mutsu" 
as well as possible future calls by foreign nuclear ships, a system pro
viding for compensation for nuclear damage has been carefully studied 
and revised. 

(6) Promotion of the radiation utilization 

Regarding radiation utilization, the techniques for large-scale ir
radiation and activation analysis have been perfected steadily in parallel 
with advances in the domestic production of short-lived nuclides and 
labelled compounds, and also with the development of relevant equip
ment such as radiation counters and particle accelerators. 

Concerning the research and development of food irradiation, which 
was authorized by the Atomic Energy Commission in 1967 as a Specific 
Development Project on Atomic Energy, wheat and boiled fish pastes 
were added in 1969 to the formerly approved items to be irradiated such 
as potatoes, onions and rice. Tests on the use of irradiation to preserve 
foodstuffs longer have been made with favourable results. As part of 
this experimental program work has been done for the possibilities of 
the commercial use of irradiation to prevent the germination of potatoes. 

Research and development in radiation chemistry are carried out 
mainly at the Takasaki Establishment of the Japan Atomic Energy Research 
Institute. Progress has been made in the studies of radiation graft
polymerization of fibres, radiation vapour phase polymerization of 
ethylene, radioactive solid polymerization of trioxane, etc. and these 
are considered to be processes with promising industrialization 
possibilities. 

(7) Research on nuclear fusion and multi-purpose use of nuclear reactors 

Basic research in plasma physics relating to controlled nuclear 
fusion which it is hoped will be the main future energy source, has been 
pursued as another Specific Development Project on Atomic Energy. 

In 1969, JAERI obtained favourable results in its work on the stable 
confinement of plasma by using the axially symmetric toroidal system 
for low-beta plasma (JFT-1). JAERI is now constructing the axially 
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symmetric toroidal system for plasma current (JFT-2). At the electro
technical laboratory of MIT!, research on high-beta plasma has been 
conducted by using a large theta-pinch unit. In addition to these projects, 
related technical studies have been undertaken at the Institute for Physical 
and Chemical Research and at universities where extensive basic research 
has been undertaken. 

The iron and steel industries have been pressing for studies of the 
multi-purpose use of nuclear reactors and at JAERI the Commission 
started a survey on the technical feasibility of acquiring by HTGR coolant 
temperatures of about 1000°C for use in the iron and steel industry. The 
basic studies on reactor characteristics and fuel for HTGR are advancing 
at JAERI. 

(8) Nuclear safety 

With respect to safety measures for reactors, experimental research 
to demonstrate safety has been given serious attention. As a result of the 
industrialization of atomic energy, safety measures involving precise 
and practical standards and the execution of a strict reactor safety assess
ment have been implemented. 

Furthermore, to cope with the question of environmental radioactivity, 
a survey program on radioactive levels has been conducted on a nation
wide basis and, simultaneously, radiation effects on marine life have 
been studied. 

The National Institute of Radiological Sciences is taking the initiative 
in researches on the radiation effect, and will carry out intensive re
search on the effect of low-level radiation. 

JAERI and industrial organizations have so far conducted the research 
and development work on the treatment and disposal of radioactive wastes 
and, in view of the considerable volume of radioactive wastes to be dis
charged in the future, a committee of experts is discussing concrete 
methods of treatment and disposal. 

(9) Training of personnel 

The development of nuclear energy requires the training of personnel 
in almost all scientific fields. For this, we are promoting the expansion 
of university faculties for basic training, and of training organizations 
for higher education. 

There were about 10 000 nuclear scientists and engineers in 1965 and 
about 14 000 in 1969. However, according to the current long-range pro
gram, it is estimated that about 27 000 - 29 000 scientists and engineers 
will be required in 1975 owing to the future level of growth of nuclear 
energy development. 

Faced with this large demand for nuclear scientists and engineers, 
it has been necessary for universities, playing the most important role 
in this sector, to increase the number of related subjects and courses 
offered and to expand their educational and research facilities. 
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In addition to the universities, JAERI, the National Institute of 
Radiological Sciences, Japan Atomic Power Co., etc. have been under
taking the training of high-level scientists and engineers including those 
from overseas. 

2. FUTURE TASKS RELATING TO THE DEVELOPMENT AND 
UTILIZATION OF ATOMIC ENERGY 

For the reliable acquisition of large amounts of uranium and enriched 
uranium Japan must urgently work to establish a domestic nuclear fuel 
cycle. 

As for uranium, Japan must import it under long-term purchase 
contracts with the producing countries and much emphasis is placed on 
the importance of the development and import of overseas uranium re
sources. Although it is considered that we must increasingly rely 
on the latter, the economic risk is great so the Government is considering 
taking positive measures to assist private enterprise. 

In the light of the unexpectedly rapid expansion of nuclear power, 
uranium enrichment, which could be the hub for the whole fuel cycle, 
is a vital problem now urgently requiring solution. Currently, the 
international situation in this field is very fluid and it is necessary for 
Japan to decide, from an international point of view, on the formula of 
procuring enriched uranium. After carefully considering the 
estimate of supply and demand of enriched uranium available, we are 
extremely interested in the possible increase of separation capacity 
in the United States and the enrichment plant construction programs of 
European countries. Japan will steadily promote the research and de
velopment of uranium enrichment technology. 

Japan area is small and densely populated; therefore, it is very 
difficult to procure sufficient extensive sites for industrial facilities. 
In addition, there still remains anxiety on the part of the general public 
about the safety of nuclear facilities and the loss of coastal fishing 
grounds because of the thermal effluent from fossil and nuclear power 
plants. 

To ensure the successful promotion of the development and utiliza
tion of atomic energy once these difficulties have been overcome, efforts 
to educate the public on the safety of nuclear facilities as well as those 
to complete monitoring and assessment systems for environmental 
radioactivity should be increased. 

Also, the treatment and disposal of the considerable amount of 
radioactive wastes from nuclear power stations and spent fuel repro
cessing plants will be a serious problem. It is considered that solid 
radioactive wastes of high level should be stored on land for a long 
period but that, concerning the treatment and disposal of intermediate
and low-level solid radioactive wastes, which account for the greater 
part of all wastes, though each country may have peculiar conditions 
for selecting disposal methods, the problem of marine disposal should 
be solved through international study and discussion. Japan, for its 
part, is working on the technical development necessary to ensure the 
safety of marine disposal. 
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Finally, the question of the IAEA safeguards system must be re
ferred to. The Agency' s safeguards system should be rationalized and 
simplified as far as possible in line with the decision made by the 
Safeguards Committee in February, 1971. For this purpose, as the 
Committee pointed out, it is important to apply in a most effective way 
the national safeguards system of member countries. When making 
efforts to complete its national safeguards system based upon our re
gulatory laws and developments in safeguards technology, Japan will 
conform to the new guidelines for the Agency's safeguards system. 

We understand that the tasks and problems involved in the develop
ment and utilization of atomic energy mentioned so far cannot be solved 
by one nation alone and that international co-operation is therefore 
essential, and this will be given the highest priority in Japan. 

393 
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Abstract-Resume-AHHOT!UlHli-Rcsumen 

A NUCLEAR POWER FORECAST FOR BRAZIL. 
The paper forecasts nuclear power development in Brazil up to the end of the century and outlines 

the main requirements to back up such a nuclear program. Owmg to us overwhelming Importance in the 
electric energy market m Brazil, the South-Central Region IS chosen as the area under study and the 
results are largely representauve of the country as a whole. The generating capacity of the region relies 
heavily on hydro power, but both the commg exhaustion of economic sites and the need to ensure the 
conunuous energy of the system point out to the necessity of a program of thermal power plants, m which a 
considerable poruon could be nuclear. A mathemaucal model of the expandmg electric system is used 
to determme the opumum mix of hydro, conventional and nuclear power plants. The relauve locauon 
of hydro sites along a nver basin IS taken into account in order to assess theu mutual mfluence through the 
regulation of the river. A parametnc study IS made to assess the Influence of input data on the resulting 
nuclear program. Takmg one of the thermal complementation programs as a reference case, different 
reactor strategies are analysed. The mdustrial support necessary to carry out the reference nuclear program 
Is discussed. 

DEVELOPPEMENT PREVU DE LA PRODUCTION D' ENERGIE NUCLEO-ELECTRIQUE AU BRESIL. 
Le memoue rend compte du developpement prevu au Bresil JUSqU 0 a la fin de ce Slecle en mauere 

de production d' energie nucleo-electrique et des mesures necessaires pour appuyer un tel programme. 
Etant donne son Importance pre ponder ante dans le marche de 1' energie electrlque au Bresil, la region 
centre-sud a ete choisie pour 1' etude; les resultats sont tres representatifs del' ensemble du pays. La 
capacite de production d' energie de la region repose essenuellement sur 1' energie hydraulique; cependant. 
tant 1' epmsement des sues economiques que le besoin d' un approviswnnement conunu du reseau confirment 
Ia necessue d' un programme de centrales thermiques, ou le nucleaire pourrau prendre une place Im
portante. On empl01e un modele mathematique du systeme electrique en expansion pour determiner Ia 
combmalSon opumale de centrales hydrauliques, classiques et nucleaires. La posiuon relative des sites 
hydraullques le long du bassm est mdiquee pour determiner leur influence reciproque par SUlte de Ia 
regularisation du cours d' eau. Une etude parametrique permet d' analyser l' influence des donnees de 
base sur le programme nucleaue. Sur Ia base d' un programme de centrales therm1ques complementaires 
on analyse differentes strategies de reacteurs. On analyse aussi le support industriel necessaire pour mener 
a bien le programme nucleaue de reference. 

ITEPCITEKTiiBhi PA3BI1TH.H .H.UEPHOH 9HEPrETHKH B EPA3HJIHH. 
B .ztoKJia.zte .zteJiaK>Tcll nporH03bi pa3BHT11ll ll.ztepBoii 3BepreTIIKII B Epa311JIIIII Ha nep11o.zt 

BllJIOTb ,ll;O KOHQa STOrO CTOJieTHH H OllHChiB810TCH OCHOBHLle Tpe60B8HHH 1 He06XO,llHMLie )tJ:UI ocy

~eCTBJieHHSI TaKoH H.llepHoH nporpaMMLt. BaH,n;y Toro \ITO ueHTpanbt-IO-IO"'-HLIH pai::toH Epa3H1IHH 

HMeeT HCKJIIO\IHTeJibl·IO Ba;IKHOe 3Ha'ieHHe C TOl.fKH 3peHHSI o6ecne'leHHH 3lleKTp03HeprHeH, OH 6LIJI 

BLI6paH B Ka\leCTBe 06'beKTa HCCJie,llOB8HHH 1 ll03TOMY nonyqetJHLie peaynbTaThi B 3Ha\IHTenbHOii 

CTeneHH xapaKTepHhi .u;nst CTpaHhi B QeJlOM. reHepHpyiO~aH MO~HOCTb 3neKTpOCT8HQHH 3TOrO 

paH:oHa o6ecne\IHB8eTCSI rnaBHhiM o6pa30M 3a C\leT rH.U:p03neKTpOCT8HQHH, O.U:H8KO COKpam;eHHe 

3KOHOMH\IeCKH BhirO,lU-IhiX MeCT ,llnH CTpOHTenbCTBa r3C H He06XO.U:HMOCTb o6ecne\leHHSI Henpe

phiBHOrO flpDH3BO.U:CTBa 3neKTp03HeprHH rOBOpHT 0 H006XO,llHMOCTH OCym;eCTBneHHH nporpaMMhi 

CTpOHTellbCTBa TenllOBhiX 3JleKTpOCTaHUHH, r,ne 3H8'iHTellbHOe MeCTO MOrllO 6hl npHH8.ZJ;Jle)KaTb 

A3C, ,I{JlH onpe,neneHHSI OnTHM8JlbHOii KOM6HHHpOB8HHOH CHCTeMhl 1 COCTOHm;eH H3 rH,llpOCTaH

QHH, TenJlOBhiX H aTOMHhiX 3neKTp0CT8HL1HH, HCnonb30Ban8Cb MaTeM8TH'ieCK8SI MO.D,enb p83BH

B8KlllleHCll 3HeprOCIICTeMbl. Y'IIITbiBaeTCll TOT .paKT' 'ITO r9C pacnonaraK>TCll B,IIOJib 6acceiiHa 
peKII; 3TO He06XO,lliiMO ,!!Jill onpe.zteJieHIIll IIX B3811MHOrO BJIIIl!HIIll nyTeM pery1111pOB8HIIll ypOBHll 
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BO.Q:bl. IJpOBO.Z:U1TCSI napaMeTpHt.reCKOe HCCRe,ll:OBBHHe C u;eJibiO Ol.{eHKH BJIHHHHH HCXO,l\H:biX ,llBH

HbiX Ha BbinOnHl!eMyro ll,llepHyro nporpaMMY. AHanHaHpyiOTcll aapHaHTbl Hcnonb30BaHHll paanH'-1-
H:&IX peaKTOpOB HB OCHOBe O)lHOii H3 IlpOrpaMM 3KCIIJIYBTBQHH TeiiJIOBbiX CTBHUHH. 06cyJK,.n:aeTCH 

IIOMOIUb CO CTOpOHbl IIpOMbiiDJieHHbiX IIpe.n;npHRTHii, He06XO,ZU1MBH ,li;JIH BblllOJIHeHHH YKB38HHOH 

ll.llepHOH nporpaMMbi. 

PREVISION DEL DESARROLLO DE LA ENERGIA NUCLEOELECTRICA EN EL BRASIL. 
Se formula en Ia presente memoria una prevision del desarrollo de Ia energia nucleoelectrica en el 

Brasil hasta finales de siglo, y se esbozan los pnncipales requisites para apoyar un programa de esta 
naturaleza. Por su destacada importancia en el mercado de Ia energia electrica en el Brasil, se ha escogido 
Ia region sur-centro para este estudw, siendo los resultados obtenidos ampllamente representatives del 
pafs en conjunto. La capacidad de generacion de esta region se basa fundamentalmente en Ia energfa 
hidraulica, pero, tanto el proximo agotamiento de emplazamientos economicos como Ia necesidad de 
asegurar el sumimstro continuo de energfa a Ia red ponen de relieve Ia preciSion de un programa de cen
trales termicas, de las que podrfan ser nucleares una porci6n considerable. Se utiliza un modelo mate
matico de Ia red electrica en expanSion para determmar Ia combmacion optima de centrales hidroelectn
cas, termicas cliisicas y nucleares. Se nene en cuenta Ia ubicacion relativa de las centrales hidroelectricas 
a lo largo de Ia cuenca de un rfo, con objeto de evaluar Ia mfluencia mutua que entre elias se ejerce a! 
regular el rfo. Se presenta un estudio parametrico con el fin de analizar Ia mfluencia de los datos de 
partida sobre el programa nuclear resultante. Adoptando como punto de referencia un programa comple
mentano de centrales termicas, se ana!Izan diferentes sistemas de reactores nucleares. Se estudia igual
mente el apoyo industrial necesario para ejecutar el programa nuclear de referencia. 

1. INTRODUCTION 

The Brazilian economy shows a rhythm of continuous and considerable 
expansion, as indicated by the data in Table I for recorded and programmed 
economic indices for the 1969/73 period. The supply of energy that is 
necessary for such an expansion has been adequately assured and is 
reflected in the importance of the energy sector in Brazilian economic 
life. Indeed, the two largest corporations in the country are related to 
energy: PETROBRAS (Federal oil monopoly) and CESP (electric power 
utility, Sao Paulo State), both with a US $8001million capital. 

As regards the electricity sector, a systematic expansion program 
is being carried out. Total resources invested in 1966/70 reached 
2900 million, of which 80% were of domestic origin. 

The generating capacity has been predominantly hydro in origin, owing to 
the vast undeveloped potential. However, forecasts of electricity consumption 
have indicated the need for a growing complementary thermal program. As 
early as 1960 CNEN technicians began to analyse the economic advantages 
of making nuclear power a sizeable part of this thermal program [ 1-4). 
As the economic outlook for nuclear power introduction in Brazil shown 
by these studies began to take a more definite shape, in 1967 the Brazilian 
Government proceeded to initiate the necessary steps to introduce the 
first nuclear plant into the grid. The technical and economic aspects 
of the problem were reappraised carefully and systematically by a joint 
study team from the CNEN, ELETROBRAS2 and IAEA (1968), in which the 
previously developed models were used to obtain an up-dated forecast 

I US dollars used throughout this paper. 
2 ELETROBRAS IS a Federal owned holding electric power company that IS responsible for coordmatmg 

and financing electric power in the country. 
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TABLE I. BRAZILIAN ECONOMY- 1969/73 

Global value Umt 

1. Gross national product 1o• $ 

(GNP) 

2. GNP per capita $ 

3. Employment Million 
workers 

4. Gross mvestment (fixed) 1o• $ 

5. Industrial product 1o• $ 

6. Exports 1o• $ 

7. Installed capacity GW 

8. Electricity consumption GWh 

Source: "Metas e Bases para a Arao do Gov€rno" 

Values m 1970 Cruzeuos (Cr.) 

1 US $ = Cr $4. 622 (average for 1970) 

US dollars used throughout 

1969 

33.5 

368 

29.6 

5.4 

9.5 

2. 27 

10.4 

34.3 

1969/73 

1973 Increase 

flo) 

47.1 41 

465 26 

33.5 13 

8.5 58 

14.4 51 

3. 32 46 

15.8 52 

54.5 59 

which confirmed the benefit of having a 500-MW(e) nuclear plant in the 
mid-'seventies as the first of a complementary nuclear power program 
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in the expanding generating system. This will be the Angra Nuclear Power 
Plant, scheduled to enter the grid in 19 76 [ 5]. 

Meanwhile, with the short-term program of actually constructing the 
first nuclear plant handed over to the particular utility in charge of it, 
CNEN gradually shifted its attention to the more general problem of 
preparing the country for an over-all long-range nuclear program. This 
task was initiated by an IAEA Report [ 6]. It was later developed to 
some extent by CNEN in a short study [ 7] and now is the object of a 
systematic study scheduled for 1970-72. This paper summarizes the 
results obtained up to April 1971. 

2. THE SOUTH-CENTRAL REGION POWER SYSTEM 

The Brazilian economic expansion mentioned earlier has been unequal 
in the different regions, for historical reasons. 

In particular, 80o/o of total electricity consumption is concentrated in 
the South-Central Region (SCR), formed by the States of Guanabara, Rio 
de Janeiro, Sao Paulo, Minas Gerais, Espirito Santo and small parts of 
Goias and Parana. This region, with a population of 39. 6 million spread 
over 925 000 lan2 is the economic, demographic and cultural centre of the 
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country. Its determining importance has made it the object of detailed 
studies on power supply. An exhaustive study on hydroelectric resources 
of the region was made in 1963-66 under the sponsorship of UNDP, by the 
CANAMBRA firm of consultants. The resulting report [ 8] provided a 
sound basis for power systems expansion program through 1980. 

By December 19 70, SCR had a total installed capacity of 8400 MW, 
of which 7700 MW was in hydro power and 700 MW in thermal. Its main 
assets in terms of generating potential are the rivers of the Parana basin, 
which flow inland, and to a lesser extent, a certain number of rivers that 
flow to the Atlantic. The total remaining hydro potential of the region is 
about 31 000 MW of which 2400 MW would be derived from river regularization. 

Because of the importance of the region, the present CNEN study 
on a forecast of nuclear power was initially limited to this area, and the 
results reported in this paper are restricted to the SCR. Work on the 
Southern Region is already under way [ 9 J while that relative to the other 
regions is planned. Previous CNEN works on other Brazilian regions 
[ 10-12] indicated that during the 'eighties and 'nineties, the nuclear 
market will certainly not be limited to the SGR, which rendered this forecast 
correspondingly lower for the whole country. 

3. THE MATHEMATICAL MODEL 

A computer program [ 13], which allowed the establishment of the 
optimum sequence of construction of power stations in an expanding 
electrical system, was written for a small computer (IBM-1130, 16K 
memory) and was based on the mathematical model described below. 

Its main feature was the taking into account of the geographic 
distribution of producing and consuming regions. 

The first step of the program was to find separately the optimum 
sequence of hydro power stations, chosen from a given list of sites. The 
criterion is to choose sequentially the power station which expands the 
system at the lowest cost per kilowatt. This cost takes into account the 
mutual influence of hydro stations along the same river basin in upgrading 
the firm energy through regularizations of the water flow. Due economic 
allowance is made of the time the system takes to absorb the additional 
capacity. 

The second step is to find the optimum sequence (in time) of hydro 
and thermal stations (nuclear and conventional). To do this, a given 
thermal station is introduced in the first, second, etc., place in the 
optimum hydro sequence, the remaining hydro stations being duly shifted 
in time; the present-worth of such a system is calculated, referring to a 
common fixed date, and including investment, operation, maintenance, 
and fuel costs. The expansion mode with the lowest present-worth cost 
determines the best timing for building the thermal station. The 
procedure is repeated for all thermal stations. 

The cost to the system of an additional thermal plant is determined 
as the sum of investment and the present worth of operation and maintenance 
plus fuel expenses during its 30-year life. Fuel costs are calculated as 
the sum of fuel expenditure of the new plant and the variation of fuel 
expenditure of existing plants resulting from the insertion of the new plant. 
The mathematical model is a marginal model of complementary thermal 
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power [ 1-2] in which thermal plants are substituted in their order of merit 
for hydro plants in the base of the load curve during dry periods. Therefore, 
the introduction of a new plant may alter the position of existing plants 
in the load diagram. The distribution in time of hydro generation ("hydro 
productivity curve" - see Fig. 1) is assumed as constant with the expansion 
of the system, which has proved a reasonable first approximation. The 
capacity factor of thermal plants is calculated between a minimum of 20o/o 
(peaking operation) and a maximum of 85o/o (base-load operation). 

The total added capacity to the system equals the new thermal capacity 
plus additional peaking capability which is a characteristic of the system 
(54. 5o/o of base thermal in the present case). 

Transmission was taken into account by including in the investment of 
the stations the transmission costs to one of the three presumed big load 
centres, Rio de Janeiro, Sao Paulo, Belo Horizonte. A more complex 
model for dealing with transmission is available and was applied to the 
special case of the State of Minas Gerais, for which the program was 
originally conceived [ 14]. Owing to the complexity of the SCR grid this 
advanced aproach was left for future studies. 

4. THE INPUT DATA 

Based on the projected energy and peak demand from the SCR market 
study by ELETROBRAS [ 15] and on the present firm construction programs, 
the starting point for the forecast in this paper was determined as that 
beyond which no firmly decided plant is scheduled to enter the grid. This 
date is January 19 77 by which time the installed capacity will be 12 000 MW 
hydro, 1000 MW thermal and 500 MW nuclear. To this starting point, 
the growth-rates of the ELETROBRAS market study [ 15] were applied, as 
indicated in Table II, furnishing the low, medium and high projections of 
total installed capacity. January 1977 was taken also as the reference 
date for calculating present-worth values of expansion alternatives, at a 
discount rate of 10o/o p. a. The system characteristics, hydro-power
station costs and performance data were those given by CANAMBRA [ 8], 
with the following modifications: (a) Costs were all escalated to January1970; 
(b) if a more recent design made by the utilities existed for a proposed 
hydro plant, this replaced the CANAMBRA one; (c) in a few cases lack of 
published data led to the use of our own estimates. 

All feasible available hydro sites (a total of 32) for the South-Central 
Region were considered. Their price bracket ranged from $225 to 560/kW 
of "first added" capacity3, including transmission, and their capacity 
ranged from 70 to 9600 MW (Sete Quedas). The unit cost of expanding 
existing capacity through river regularization ranged from $86 to 215/kW, 
including additional transmission. The "hydro productivity curve" of 
the system is that shown in Fig. 1. 

Three kinds of thermal plants were taken as representative of the 
possible spectrum of cost structure: advanced thermal reactors (ATR), 

3 "First added" capacity of a hydro plant being that that does not mclude the benefits of upstream 
nver regularization. 
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TABLE II. GROWTH-RATES OF INSTALLED CAPACITY- BRAZIL, 
SOUTH CENTRAL REGION [ 15] 

Period 

1975 - 80 

1980-

'1/l 
>--c.:> 
c 
CL -50 
c.:> 

c::> 
a:: 
C> 
>-
= 

10 20 30 

Low 

8.9 

9. 3 

40 

lfY .. 

50 60 

Medmm 

('1o) 

9.55 

9.85 

FIG. 1. Hydro productivity curve (HPC) for SCR system as of 1992. 

10.2 
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light-water reactors (LWR) and oil plants, in their order of merit (in
creasing fuel costs). The unit size was assumed as constant for all 
plants (1000 MW(e)). Costs were taken as representative of those 
prevailing in 1970 and are presented in Table III. The problem of intro
ducing fast-breeder reactors is treated separately in the strategy studies 
described further in section 6. 

The peaking capacity associated with each thermal plant ( 545 MW 
for each 1000 MW) was only specified by its cost of $125/kW, which 
represents typical peaking plants of the hydro type (pumped storage, etc.). 
and are not included in the inventory of the 32 base-load hydro plants. 
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TABLE III. ECONONIIC DATA FOR THERMAL POWER STATIONS 
(1000 MW(e)) 

Item Umt 011 LWR ATR 

Investment a $/kW(e) 175 

Fuel consumption 
$/kW(e) - yr 39.3 b 

(100o/o c. f.) 

Operation and 
maintenance $/kW(e) - yr 1. 7 

(100o/o c. f. )d 

a Includes fust fuel load and 1nterest during construchon 

b Fuel-oil price m Brazil in 1970: $19/t 

c 
d $28. 7/kg s. w. u. 

c. f. : capac1ty factor 

260 320 

12. 2c 7.0 

2.5 2.5 
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The installed capacity of the new hydro plants was taken as [firm 
energy]/0. 55, i.e., each plant is assumed to have a 55o/o capacity factor, 
which is the capacity of the system as a whole. 

As said in footnote 3 the firm energy of a hydro plant is defined as the 
average generation of this plant during a critical hydrological period, 
during which the reservoir is completely empty. In this program, taking 
into account the fact that the system is completely interconnected, the 
critical period of each plant is taken as equal to the critical period of the 
system, defined as that when all the reservoirs of the region are completely 
depleted. Simulation studies of the system during the hydrological series 
of 1931-1960, showed that the critical period does not vary considerably 
as the system expands, and that it can be assumed that the critical period 
for the whole scope under study is the time interval of 54 months which 
corresponds to June 19 52 - November 19 56 in the hydrological series [ 16]. 

5. RESULTS 

The reference result was that obtained with the medium load projection 
and the thermal stations cost data indicated in section 4. Certain dates 
were also imposed on three particular hydro plants whose construction 
has been fairly well decided. These were to be the first, third and fifth 
hydro plants in the sequence. This reference case is indicated in Fig. 2. 
Several observations may be drawn from this figure. 

The total capacity attains 116 000 MW by the year 2000. Up to 1990, 
the growth is assured mainly by hydro power which, however, levels off 
at about 37 000 MW from 1992 onwards. From this date, the total expansion 
is assured almost exclusively by LWR nuclear stations, which are competing 
with ATR s and oil-fired stations. The distribution of power stations in the 
hydro productivity diagram for the system in 1992 is shown in Fig. 1 as 
an example. 
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FIG. 2. Reference case. 

The nuclear program reaches 50 000 MW ( 44% of the total) in the 
year 2000, which means an average of about 2200 MW/yr in the period 
under study. The introduction rate is low at the beginning - 8500 MW up 
to 1990 - but sufficient to ensure a continuous rhythm of construction of 
about one plant per year (average size 850 MW). In contrast, the period 
1990/2000 will need about 4100 MW/yr. 

The low-investment peaking plants will reach 27 500 MW in the year 2000. 
Starting from the reference case, a parametric study was made. 

First the investment cost of LWRs was increased by 10% and the corres
ponding result is shown in Fig. 3. The picture is quite different from that 
of Fig. 2. The overall nuclear capacity drops by 4500 MW (10o/o). After 
1992, when the capacity factor is sufficiently high (0. 65 and above), ATRs 
become competitive and take over the nuclear market. Oil stations also 
become more competitive and their total capacity is increased from 
2000 MW (reference case) to 6000 MW. At the end of the period there is 
37 500 MW hydro, 39 000 MW ATRs, 6500 MW LWRs, 6000 MW oil and 
27 800 MW peaking capacity (not indicated in the figure, for the sake of 
simplification). In conclusion, the assumed increased investment in 
LWRs has a strong effect in the beginning of the program, where 50% of 
thermal capacity is taken over by oil stations; it also has a strong 
effect on the structure of the nuclear program, justifying A TR s with their 
high capital but low fuel-cycle cost. However, the effect on the overall 
nuclear capacity is small (1 Oo/o). 
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FIG. 5. Effect of capacity projection. 

If the investment of oil-fired stations is lowered by 1 Oo/o the effect on 
the program is practically the same as that of lowering the cost of the 
fuel oil by 1 Oo/o, and the corresponding result is indicated in Fig. 4 (where 
peak capacity was also left out for the sake of clarity). The program is 
less altered compared with the reference one than in the preceding case. 
The total nuclear program is slightly lowered (by 7o/o), but its structure 
remains unchanged (only LWRs). In 1982/92, some 3000 MW of oil 
stations will be introduced instead of nuclear stations. 

Of course, as nuclear power is responsible for ensuring the growth of 
installed capacity after about 1990, the nuclear power program is very 
sensitive to the total capacity projections. Figure 5 shows the corresponding 
effect for the three projections of Table II. For the reference costs, 
nuclear capacity will assume 41 000 MW, 50 000 MW or 62 500 MW, 
respectively, for the low, medium and high projection. 

6. STRATEGY STUDIES 

From the results of the preceding section, one sees that the non
hydro share of generating capacity contains a considerable proportion of 
peaking capacity, which was assumed, in the mathematical model, as 
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FIG. 6. Non -hydro capac1ty. 

being a fixed percentage of the base-load thermal generating capacity. 
On the other hand, the preceding model did not allow a true strategy 
study to be made, as its main purpose was to optimize the introduction 
rate of thermal stations in an expanding hydro system. In particular, 
fast-breeder reactors were not considered. 

405 

Therefore, to make a more detailed strategy study, another model 
was used. This was a computer program developed by KFA Julich, des
cribed in Refs [17,18]. 

The program input is the non-hydro capacity and the technical and 
economic data for the stations. For the capacity projection an adequate 
average of the preceding results was chosen, as indicated in Fig. 6. The 
economic data are those of Table Ill. FBRs were assumed to have an 
investment of $300 /kW. 

The main output of the program is the optimum mix of stations that 
leads to the lowest generating cost for the system. 

In particular, the peaking capacity is assumed to be taken over by 
oil stations in contrast with the model of the preceding sections. Also, 
fast-breeder reactors are allowed to compete, having as one of the input 
data the plutonium price. Uranium ore, separative work, fuel fabrication 
and reprocessing requirements are also given in the output for each 
strategy studied. 

To satisfy the thermal station program shown in Fig. 6, five different 
combinations of oil, LWR, ATR and FBR were applied. 

The results for oil + LWR + FBR strategy are shown in Figs 7 to 9. 
This particular strategy indicates what share of the LWR capacity could 
be taken over by FBRs. Two results are particularly important. 
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FIG. 9. Fuel-element fabncation (F) and reprocessing (R) for program of Fig. 7. 

The first one relates to FBRs. They are allowed to compete from 
1985 onwards, constrained both by a condition of system cost minimization 
and by plutonium availability (no external supply of plutonium is assumed). 
Results show that the second condition is not a restriction in this case, 
and that on purely economic competition, 11 000 MW from FBRs might 
be installed between 1985 and 2000. 

The second one relates to peak plants. As it is assumed that their 
role is taken over by oil stations, their share in the program is greatly 
increased compared with the reference case of the preceding section 
(Fig. 2). 

7. NUCLEAR INDUSTRY PERSPECTIVES 

Figures 8 and 9 show the resulting requirements on the fuel cycle, 
which indicate the economic interest in establishing a complete fuel-cycle 
industry in the country from the 'eighties onwards. Preliminary 
feasibility studies are underway to better define the timing and size of the 
corresponding industrial installations [ 19- 22]. 

As regards the electromechanical industry, a preliminary appraisal 
is being made by a joint IAEA-Brazilian team. The resulting report 
[ 23] will provide a basis for future studies to orientate Government policy 
in the area. Preliminary results are encouraging as to the possible extent 
of Brazilian industry's participation in the nuclear field. 
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8. CONCLUSION 

From the hypotheses submitted in this paper and applying the 
mathematical models indicated, the South Central Region of Brazil will 
need about 50 000 MW (± 20o/o) of nuclear power stations up to the year 2000. 
The rhythm of construction will be rather slow in the 'eighties (lOOOMW/yr), 
but will increase considerably in the 'nineties ( 4000 MW j yr). Such a 
market underlines the interest in establishing a national nuclear industry, 
to cover both fuel-cycle and electromechanical components. Additional 
studies on reactor strategies and feasibility studies on the nuclear industry 
are being carried on as part of an over-all analysis on the introduction of 
nuclear power to Brazil, scheduled for 1970-72, and will provide guidelines 
for future decisions. 
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Abstraa-Resume-AHHOT8llHH -Resumen 

PROJECTED ROLE OF NUCLEAR POWER IN KOREA. 
Rapid economic development together with the natural growth of the population m Korea is contn

buting to an enormous consumpnon of energy. Korea is increasingly dependent on imported energy resources. 
Therefore, an economic and stable policy-maklng m relation to the importation of energy sources plays 
a signifiCant role in the connnuous development of the nanonal economy. Local energy resources -
anthracite coal, petroleum and hydro power- are reViewed. Although no resources exlSt in Korea, petro
leum occupied 35o/o of the energy supply m 197 0 and is expected to exceed 60% of the energy supply in 
1980. Such a rapid growth of petroleum consumption will be out of control unless 1t can be met by 
another form of energy such as nuclear power, which should be a main source of power by the late 1980s. 

A study of the future total energy demand and supply reveals that Korean energy needs have to be 
met economically by nuclear power. With the assumpnon that annual growth-rates of electric power 
demands are 9 to 13"7o for the per10d 1981 to 2000, and fractions of nuclear power share of total power 
generation are 9 to 13"7o for the same period, nuclear power is expected to contribute more than half the 
electricity power generation by the year 2000. 

PREVISIONS RELATIVES AU ROLE DEL' EN ERGlE D' ORlGlNE NUCLEAlRE EN COREE. 
En Coree, la rapidite du developpement economique combinee a 1' accrolSSement demographique 

nature! contribue a accroitre la consommanon d' energie dans de grandes proportions. Ce pays doit faire 
de plus en plus appel aux importanons de ressources energetiques. C" est pourqum une conception 
economique et stable de r importation des ressources d' energie joue un role important dans le developpe
ment de 1' economie nationale. L' auteur etudie les ressources locales en energie- anthracite, petrole 
et energie hydraulique. Bien qu· ll n' existe pas de ressources petrolieres en Coree, le petrole repre
sentait 35"7o de 1' energie consommee en 1970; cette propomon devrait depasser 60"7o en 1980. Un 
developpement aussi rapide de la consommation de petrole echappera a tout controle s· il ne peut 
s· accornpagner de la production d' energie sous une autre forme, 1' energie d' origine nucleaire par 
exemple, qui devrait devemr la principale source d' energie avant la fin des annees 1980. 

n ressort d' une etude de la demande et de la production energetiques globales pour les annees a 
venu: que 1" energie d' origine nucleaire devra satisfaire de maniere rentable les besoins energetiques en 
Coree. A supposer que le taux de croissance annuelle de la demande d' energie electrique SOlt de 9 a 
13"7o pour la per10de comprise entre 1981 et 1' an 2000 et que la part del' energie d' origine nucleaire dans 
la production totaled' energie soit de 9 a 13"7o pendant la rneme periode, on prevolt que d'ici a r· an 2000 
plus de la moine de 1' electricite produite sera d' origine nucleaue. 

TIEPCfJEKTI1Bbl PA3BI1TI151 5l,llEPHOH 3HEPrETI1KI1 B KOPEE. 
l3biCTpoe SKOHOMH\IeCKOe p83BHTHe, a T8K;tKe ecTeCTBeHHLIH pOCT H8CeneHHfl KopeH Tpe6y

BJT orpoMHoro noTpe6JieHHll 3HeprHH. Kopel! see 60JibWe 3aBHCHT oT HMnopTHpyeMbiX 3Hepre
TH'IecKHX peCypCOB. D03TOMy 3KOHOMH'JeCKH OnpaB,ll8HH8H H TBep.ztaH nOJIHTHKa B OTHOWeHHH 

HMnOpTa 3HepreTH'ieCKHX pecypcOB HrpaeT 3Ha'iHTeJibtiYIO pOJib B ,llaJibHeilweM pa3BHTHH HaUHO
HaJlbHC>H 3KOHOMHKH. MecTHLie sHepreTHl.leCKHe pecypcM - aHTpaLUiT, HecllTb H rH.Zlp03Heprmt -
nepecMaTpHBa.IOTCH. XoTH Kopesr He pacnonaraeT 3anacaMH He«PTH, ee .D;ona s npoH3BO.D;CTBe 
3HepriiH COCTaBJISIJia 35o/o B 1970 ro,lly H Ol<H,llaeTcll, 'iTO OHa npeBLICHT 60% B 1980 ro,lly. CTOJ!b 
6biCTpbiH poeT noTpe6neHHH He<f>TH Henh3H 6y.D;eT y)loaneTaopHTb; Heo6xo.D;HMO nepeKniOl.leHHe 
Ha T8KOH BH,ll 3HeprHH, KaK Sl,llepHaSI 3HepreTHKa, KOTOpaH )l0n)KH8 CT8Tb OCHOBHbiM HCTO"'HH
KOM 3HeprHH K KOHUY 1980 ro,lloB. 

H3yl.leHHe aonpoca o 6y.Ay~eH o6~eH noTpe6HOCTH B 3HeprHH H ee npoH3BO.Il:CTae noKa3LI
saeT, 'iTO noTpe6tiOCTH KopeH B 3HeprHH MoryT 6LITb 3KOHOMH'iHO y.llOBJieTsopeHI>l 3a cqeT ll,llep
HOH 3HeprHH. EcnH npe,llnOJIOI<HTb, 'iTO eX<ero,llHLIH TeMn pocTa cnpoca Ha 3JieKTp03HeprHIO Ha 
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nepHO,ll 1981-2000 rO,llOB COCTBBHT 9-130/c>, B ,llOJISI Sl,ll8pHOH 3H8pri<H B 06Jl18M npOH3BO,llCTB8 

3HeprHH 3a TOT JKe Il€pHO,ll - 9-23%, TO MO)KHO Q)I(H)l;aTb, YTO H,llepHaSJ 3HeprHH 6y,lJ,eT COCTaB

JIHTb K 20QQ ro.n;y 6onee IIOJIOBHHbl IIpOH3BO)l;HMOJ1: 3JI€KTp03HeprHH. 

FUTURO DE LA ENERGIA NUCLEAR EN COREA. 
El rap1do desarrollo economico, junto con el aumento natural de la poblacion de Corea, esta 

originando un enorme consumo de energfa. Corea depende cada vez mas de los recursos energencos 
1mporrados. Por cons1gmente, la fljacion de una llnea de conducta estable y ngurosamente economica, 
en relac16n con la 1mporrac16n de recursos energencos, consmuye un elemento decislVo para el desarrollo 
contmuado de la economfa del pafs. Se consider an los recursos energeucos locales, antracita, petroleo 
y potenc1al hidroelectnco. Aunque Corea carece de petroleo, este represento el 35o/o del aproviswnamlento 
total de recursos energeticos en 1970, y se espera que supere el 60o/o en 1980. Un crec1m1ento tan rap1do 
del consumo de petroleo termmara por ser mcontrolable a menos que se pueda contener recurnendo a 
otra forma de energfa como Ia electncidad nuclear, que debe llegar a consmuu uno de los pnncipales 
recursos energeticos a fmales de los aiios ochenta. 

Un estudw sobre Ia demanda y oferta futuras totales revela que para responder econom1camente 
a las neces1dades de Ia Repiibhca de Corea en matena de energia es prec1so recurrir a Ia electric1dad 
nuclear. En la hipotes1s de que Ia tasa de crec1m1ento anual de Ia demand a de energfa electric a sea del 
9 a! 13o/o durante el perfodo 1981-2000, y de que Ia proporc1on de la electric1dad de ongen nuclear sea 
del 9 a! 13o/o de Ia producc1on total durante el m1smo periodo, se espera que Ia energia nucleoelectrlca 
represente para el aiio 2000 mas de la mltad de la electncldad total generada. 

During the past decade, and specially since the inauguration of the 
first five-year development plan that began in 1962, the economy of the 
Republic of Korea has enjoyed a sound and rapid growth. The effect of 
the rapid economic increase and industrial development during these two 
five-year plan periods has resulted in a considerable increase in the 
amount of exports and in their quality and type. 

Such a rapid economic development together with the naturalpopula
tion growth has caused an enormous consumption of energy, thus forcing 
us to expend more foreign exchange for the import of foreign energy 
sources. The future growth of energy consumption is expected to follow 
the trends evident so far, which means that local energy resources will decrease 
whereas the imported energy resources will increase as time goes on. 

It is, therefore, visualized that the most economic and stabilized 
policy concerning the import of energy resources will play a significant 
role in the continuous development of Korean economy. The present 
task is how to develop a means of saving foreign exchange for the import 
of energy resources. 

1. KOREA• S ENERGY RESOURCES 

1. 1. Anthracite coal resources 

The development of anthracite coal has been in operation since the 1930s. 
Since bituminous coal, which used to be the main type of coal, is 
deposited in northern Korea, the mining of anthracite coal was not 
started until the outbreak of the Korean war. The main reason for the 
rapid growth in anthracite supplies up to now is due to the government's 
policy of controlling the uses of firewood in order to protect forestry, 
together with import restrictions of foreign energy resources because 
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of foreign exchange shortage. Also, more important, the coal industry 
could produce much cheaper coal in companson w1th the relatively 
expensive imported energy resources. 

In fact, in the early stages the production of cheap and abundant coal 
was due to geologically shallow coal deposits. Above all, a cheap 
labour force, which was available only in the pre-industrialized era, 
contributed considerably to savings in capital investment. Such advantageous 
conditions led to a coal production increase from 1. 3 million tonnes in 
1955 to 12 inillion tonnes in 1966. Nevertheless, the coal industry has 
remained in a backward state. To enhance coal production in the future, 
therefore, the coal industry must overcome two challenges, namely, 
the gradual deterioration of the existing situation in producing from deep 
coal deposits, and the rapid increases m labour wages. 

The largest coal consumer 1s the household sector which was 43o/o 
in 19E'2 and 72o/o in 1966. In the developed countries, however, the con
sumption of coal by household sector is only 20o/o. This wide gap in the 
anthracite coal consumption between Korea and the developed countries 
is explained not only by the level of industrialization but also by the low 
caloric value of Korean anthracite coal. Coal production has increased 
substantially in the recent years, with an average annual growth-rate of 
14.2% m the years 1961 through 1966. 

Korea is estimated to have 500 million tonnes of mineable coal 
reserves, which reach to a depth of 750 m and have a minimum seam 
thickness of 70 em. The reserve tonnage represents the estimated 
recoverable coal, adjusted for expected losses in mimng. These reserves 
could not be the exact amount of deposit, since some areas are reported 
to have promising coal-bearing formations which are either known or 
beheved to exist, but have so far not been explored or assessed. 

Even if the coal production is calculated at an upper limit of 24 million 
tons per annum in the years to come, its share in the energy market 
will not exceed 22o/o in 1980, while it will drop to 5o/o by the end of this 
century. 

1. 2. Petroleum resources 

No petroleum deposits have yet been confirmed anywhere in Korea, 
except for recent indications of some deposits on the continental shelf. 

Owing to the government's restriction of petroleum imports, 
petroleum 1 s share in the energy structure was not significant up to 1965. 
Until 1964 its share in the energy market was less than 10o/o of the total. 
However, on the occasion of the so-called "energy wave", which took 
place m the winter of 1966, the government turned the tide from solid 
to liquid fuel, by encouraging people to use imported fuel, which then 
resulted m rapid growth of petroleum consumption. It represented 35o/o 
of the energy supply in 1970, and it is expected to increase to more 
than 130o/o in 1980. 

Such a rapid growth of petroleum consumption seems to be out of 
control unless it is replaced by another form of energy such as nuclear 
power, which will be the main source of power from the late part of 1980s. 
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1 . 3 . Hydro power 

Of about 2 X 106 kW of hydro potential 327 000 kW has already been 
harnessed in the southern part of Korea, and its status is as follows: 

Han River Basin 

Hwachon 

Chunchon 

Chongpyong 

Uiam 

Kwaesan 

Sumjin River Basm 

Sumjin 

Bosung 

Unam 

Capacity (kW) 

108 000 

57 600 

79 600 

45 000 

2 600 

28 800 

3 120 

2 560 

Three more hydro dams are now under construction, namely, 
Paldang (80 000 kW), Namkang multi-purpose dam (12 600 kW), and 
Soyang-kang (195 000 kW). It is presumed that about half the entire 
hydro potential could be tapped by various means. 

There is a prospect of rapidly increasing future requirements for 
water for various uses, with the possibility that a nearly complete 
utilization of the water supply may eventually be required. Water develop
ment planning must therefore be done with due regard to the co-ordination 
of all water needs, and planning for additions to the hydroelectric generaL
ing capacity must be accomplished within this context. Current planning 
for future dams, in which virtually all new dams are foreseen as multi
purpose structures, is in accord with this need for co-ordination of water 
usage. 

1. 4. Nuclear resources 

An important nuclear source in Korea is monazite placer, mainly 
composed of thorium. Pegmatite and graphite, contaming small quantities 
of uranium, are also found, but both are not economically suitable for 
uranium extraction. The quality of monazite found in 22 areas ranges 
from 0. 03 - 0. 08o/o and contains about 5. 0 - 8. Oo/o Th02. In some areas, 
not only monazite but also fergusonite 1s found in the placer. The quality 
of this fergusonite 1s 7 - 15 g/ cm3 and is composed of 3. 5o/o U3 0 8 and 
2. 1 o/o Th02. It is estimated that the amount of monazite deposit in Korea 
is about 150 000 t, and it is expected that more monazite placer will be 
found 1n further investigations. 
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2. PROJECTED NUCLEAR POWER DEVELOPMENT PLAN 

To estimate the total future energy and supply demands, the follow
ing assumed annual growth-rate was employed: 

Period 

1966 - 1971 

1972 - 1976 

1977 - 1980 

Assumed annual growth-rate of total energy 
demand (o/o) 

11 

10.2 

8.8 

The projected nuclear power development, together with that of 
hydro, coal and oil power development from 1966 to 1980, are given in 
Table l. 

An attempt was also made to estimate the role of nuclear power 
after 1981. The assumptions upon which the estimates were based are 
as follows. 

Period 

1981 .. 1985 

1986 .. 1990 

1991 .. 2000 

Assumed annual growth
rate of total energy 

demand(%) 

10 

7.5 

6.5 

Assumed annual growth
rate of electric power 

demand(%) 

13 

11 

9 

In this estimate it was also assumed that the fractions of 70, 85 and 
95% of the projected increases m demand of electric power would be met 
by nuclear power from 1981 to 1985, from 1986 to 1990 and from 1990 
to 2000, respectively. It should be noted that nuclear power's fraction 
of total. power generation depends on the assumptions of how much of 
the projected increase will be met by nuclear power. Anyway, under 
the assumptions we have already made, the nuclear share will reach 
about 66% of the total power generation by the end of 2000. 

In the total energy structure petroleum will be dominant for the 
time being; however, its share and the growth-rate will gradually decline 
from 1985. On the other hand, coal and firewood will contribute only 
5 and 1% to the total energy requirement by the end of this century. 

3. NUCLEAR POWER COST 

It can be estimated that a nuclear station of about 600 MW would 
give cheaper power for meeting the base load (80% load factor). The 
comparison of cost of power from Kori Nuclear power plant, which is 
the first nuclear power plant in Korea, and that from a conventional 
power plant, is given in Table II. 



TABLE I. PROJECTED POWER DEVELOPMENT PLAN (1966 - 1980) (MW) 

Installed capacny (at year's end) Peak demand Installed capacny 
Year 

Hydro Coal Petroleum Nuclear Total (at year' s end) Peak demand 

1966 215 486 68 0 769 765 1. 00 

1967 327 486 131 0 944 930 1. 01 

1968 327 561 431 0 1320 1115 1. 18 

1969 327 700 890 0 1920 1380 1. 39 

1970 540 830 1090 0 2240 1670 1.34 

1971 540 830 1540 0 2910 2000 1.45 

1972 870 790 1840 0 3170 2300 1.38 

1973 870 790 1840 0 3500 2550 1. 37 

1974 870 790 1840 0 3500 3070 1.14 

1975 870 790 2440 600 4700 3550 1. 32 

1976 870 790 2440 1000 5100 4050 1. 26 

1977 870 790 3040 1000 5700 4600 1. 24 

1978 870 790 3340 1500 6500 6210 1. 25 

1979 870 790 4040 1500 7200 5940 1. 21 

1980 870 790 4440 2000 8100 6780 1.19 
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TABLE II. COMPARISON OF POWER COST FROM KORI NUCLEAR 
POWEH STATION WITH THAT OF A CONVENTIONAL POWER PLANT 

1. Construcnon cost 

Installed capacny (MW) 

Load factor ( o/o) 

Construcuon cost (1 0 3 $) 

U on pnce for construcnon ($/kW( e)) 

2. Generatwn cost (mills/kWh) 

F1xed charge (10.16%) 

Fuel cost 

0 per anon and mamtenance 

Insurance 

Umt pnce (mills/kWh) 

Conventwnal 

300 ;<2 

80 

44570 X2 

155 

2.247 

3.800 

0.252 

6.299 

The f1xed charge-rate of 10. 16o/o p. a. 1s composed of the followmg. 
(unlt o/op.a.) 

Cost of money 

Deprec1auon 

Insurance and local taxes 

Income tax 

Total: 

CONCLUSION 

5.92 

3.33 

0. 27 

0.64 

10.16 

Nuclear 

595 

80 

150 674 

267 

3. 870 

1. 800 

0.298 

0.052 

6. 020 
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It lS well known that the history of world energy is the continuous 
replacement of one energy by another. As shown in Table I, the pattern 
of energy supply contmually changes. To the Republic of Korea, which 
is a country that is obhged to import a considerable amount of the energy 
required from abroad, nuclear power is very attractive. Although it 
depends on assumptions upon which the estimate is to be made, nuclear 
power is expected to take over half the electric power generation by the 
year 2000. 
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Abstract-Resume- AHHOTaQHli-Resumen 

EXPERIENCE GAINED FROM CONSTRUCTION WORK IN CONNECTION WITH NUCLEAR POWER 
ENGINEERING IN THE CZECHOSLOVAK SOCIAUST REPUBUC. 

The Czechoslovak Socialist Republic iS a country with highly developed mdustry and a tradiuon of 
manufacturing power generauon equipment for ns own use and for export. At present, 1t cannot develop 
its own pnmary energy resources to the extent necessary for the further growth of the nauonal economy 
and the consolidation of the scienuflc and technological revolunon which has taken place. For this 
reason, the Czechoslovak Sociallst Republic has from the outset been very mterested in the use of atomic 
energy for power generanon. The country's inmal plans were very far-reachmg. Nuclear power 
generanon was to be developed rapidly on the basis of gas-cooled, heavy-water reactors burnmg natural 
metallic uranium. The constructwn of a prototype gradually gave rise to technological problems which 
could be overcome only by creanng an appropnate sciennfic and manufacturmg base. Through concen
trauon of the efforts of the country's main engmeenng enterpnses, the fust Czechoslovak nuclear power 
stauon iS now ready for operation. The delay in completing the constructwn of the prototype stanon and 
the expenence gamed durmg construcnon have made 1t clear that a prerequlSlte for the rapid growth of 
nuclear power m a country wnh the economic and indusmal potenual of the Czechoslovak Socialist Republic 
iS wider internanonal co-operanon m the manufacture of eqmpment for nuclear power stations. Wlth 
regard to the role of nuclear power stauons in the Czechoslovak electric power system, it iS expected that 
reactors wnh a total capacny of 1. 8 GW will have been mstalled at nuclear power stations by 1980 and 
wnh a total capacny of 5 GW by 1985. 

From the above-mennoned expenence it is concluded that the basic reactor type will be the 
SoVlet VVER pressunzed-water reactor burmng ennched uramum. The Czechoslovak Socialist Republic 
will contnbute 77. 5"/o of the capnal equipment for the fmt two stanons, which will have a total capacity 
of 1.8 GW and on which construcnon work began m 1970 followmg the concluswn of an mter-govern
mental agreement. It is expected that the Czechoslovak contribunon will be even higher in the case 
of subsequent stauons. Czechoslovak mdustrial enterpnses are concentratmg on the manufacture of 
certain umts for the primary and secondary cucuits of nuclear power stauons, for which there are m
creasing commercial opportunities not only wnhm the Czechoslovak Socialist Republic but also in the 
other member countries of the Council for Mutual Economic Assistance ( CMEA). The technological 
experience gained by Czechoslovak enterpnses m bulldmg the prototype of the first Czechoslovak nuclear 
power station iS being drawn upon m this process of mtegrauon. The basis for further development is 
a co-ordinated plan of scientiflc research wnhm the framework of CMEA duected at the construcuon of 
pressuriz.ed-water reactors of high unit capacity. As part of the integrauon process 1t Will be necessary 
to dtscuss the further role of heavy-water systems m the light of a careful analysts of expenence gamed 
m operatmg the fmt Czechoslovak nuclear power station. It is generally recognized that m the longer 
term fast reactors will form the basis for nuclear power generation. Here, the tendency towards mte
granon on the part of countries with an industnal potennal similar to that of the Czechoslovak Socialtst 
Republic is strongly marked. 

EXPERIENCE ACQUISE PAR LA TCHECOSLOVAQUIE DANS LA CONSTRUCTION DE CENTRALES NUCLEAIRES. 
La. Tchecoslovaqme est un pays fortement industnahse qm constrult depms longtemps des installations 

energeuques pour ses propres besoms et pour l' exportanon. A l' heure actuelle, 1' ampleur de ses reserves 
pnmaire~ ne lui permet pas de produue sufflsamment d' energie pour assurer 1 augmentation du revenu 
nanonal et faire beneficier son economie de la revolution SCientlflque et techmque. C' est pourqUOi, la 
Tchecoslovaquie s' est interessee des le debut a la producuon d' energie dl ongme nucleaue. Les plans 
mmaux etaient tres ambmeux. On envisagealt de developper tres acuvement l' energie atomiqUe en 
construisant des centrales nucleaues equipees de reacteurs a eau Jourde, refroidts par un gaz, qUi Utlltseraient 
del uranium metalhque nature!. La realisauor d' un prototype a suscite peu a peu divers problemes 
techmques dont Ia solunon a exige Ia creanon d' une mfrastructure SCiennflque et mdustrielle. Les efforts 
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COnJugues des prtnctpales US!nes tchecoslovaques de constrUCtlOns mecaniques Ont permlS de Cteer la 
premtere centrale nucleaue du pays qui est mamtenant ptete a foncnonner. Les delais necessaues a la 
constructwn du prototype de centrale nucleaue et l' experience acqu1se au cours de ces travaux ant 
montre clauement que dans un pays ayant le potentlel economique et mdustnel de la TchecoslovaqUie, 
le developpement de 1· energenque nucleaue exige un resserrement de la cooperation tnternatlonale dans 
le domame de la producnon du matenel destme a ces cenrrales. Quant au role des centrales nucleaues 
dans le reseau electnque tchecoslovaque, On peut mamtenant affltmer qu· en 1980 la pUISSance nucleaire 
mstallee s' elevera a 1, 8 GW et qu· en 1985 elle attemdra 5 GW. 

Compte tenu de 1 expenence susmentlonnee, le programme de construction sera fonde sur des 
centrales nucleaues eqmpees de teacteurs sovienques du type VVER, refroidts a 1' eau sous pressiOn et 
unltsant de 1' uramum enncht. Pour les deux premieres centrales d' une pmssance globale de 1, 8 GW, qm 
sont actuellement consttuues dans le cadre d' un accord btlateral conclu 1' an passe, les fourmtures 
d' ongme tchecoslovaque attetgnent deja 77, 5"/o du monrant total des mvestissements. On estlme que 
pour les autres centtales qm seront construnes en Tchecoslov aqme, ce pourcentage sera encore plus eleve. 
L' mdustne tchecoslovaque concentre ses efforts sur la producnon d' ensembles de cucmts primaires et 
secondaues pour centrales nucleaues, qm offrent un mteret commercial non seulement pour le marche 
mteneur, matS aussi pour celm des pays membres du Consetl d' assistance economique mutuelle. 
L · expenence technique acqulSe· dans la construcuon de la prem1ere centrale nucleaue tchecoslovaque 
est mtse a profu au cours du processus d' mtegrauon. La Tchecoslovaqme compte ausst partlciper a un 
programme de travaux sctennftques coordonnes dans le cadre du CAEM pour la construction de 
reacteurs de grande puiSsance umtaue, refrotdis-;,_ 1' eau sous presswn. Dans le processus d' integration, 
tl sera necessaire d' exammer le tole qm incombera aux ftlteres a eau lour de, compte tenu de 1 experience 
acqmse dans 1' explonanon de la premtere centrale nuclealte tchecoslovaque. En ce qui concerne 
1' evolunon a long terme, on esnme generalement que 1' avemr apparnent aux reacteurs a neutrons 
raptdes. Dans ce domame, tl est parfanement normal qu un pays auss1 mdustrial!Se que la Tchecoslovaquie 
favonse les tendances d mtegranon. 

Oil biT, HAKOITJIEHHblH B '-!CCP, B OEJIACTH PA3BHTHJI JI.UEPHOH 3HEPrETHKH. 
'4exocnoaauKaH CouHanHcTH'4ecKaH Pecny6JIHKa - cTpaHa c pa3BHToH npOMbrmneHHOCTbJO 

H Tp3,lUU . .{HOHHLIM ITpOH3BOt{CTBOM 3HepreTHl..J.€CKOrO o6opy,llOB3HH51 ,ZJ;JUI C06CTB€HHLIX TI0Tpe6Hoc

TeH: H JlJISI 3KCITOpTa. B HaCTOHlll€€ Bp€MH l..JCCP He MO)K8T p33BHB8Tb C06CTB€HHbl€ nepB1·f1-lHbl€ 

3HepreTHli8CKHe pecypcbl (npHHHMaH BO BHHM8HHe HX 38IT8Cbl) B 061>6M6 1 He06XO.llHMOM ,llJISI )l8Jib

Heiimero pacTa H8QHOH8JibHOrO ,llOXO,lla H ,llJISI BHe,n;peHHSI .llOCTHJKeHHH H8Y'tJHO-TeXHH'tJeCKOii peao

JIIOQHH a ee 3KOHOMHKY. ITo aTo:H npH'lHHe '4CCP 38HHTepecoaaHa a HcnoJib30BaHHH aTOMHoH 

aHeprHH a aHepreTH'l6CKHX uenHx. HaiiiH Hcxo,nHbie nnaHbi 6blnH o6mHpHbiMH. Pa3BHTHe aToM

Hoi{ 3HepreTHKH ,llOJIJKHO 6biJIO npOHCXO.llHTb .llOBOJibHO HHT6HCHBHO Ha OCHOBe H,n;epHbiX 3JieKTpo

CT8HQHft C TSI)KeJIOBO)lHhiMH peaKTOpaMH C ra30Bb1M OXJI8JK,ZJ;6HHeM ~CJKHT810InHMH npHpO,llHhlii MeT all

JIH"tJecKHH ypaH. IT pH peanH3au;HH YHHKaJibHoro npoTOTHna nocTeneHHo B03HH.K psr.n TexHonorH-

1.JeCKHx npo6neM, ,llJISI peiiieHHH KOTOpbiX ITOTpe6oaaJIOCb C03,ll8Tb H8Y1.JHO-HCCJie,llOB8TeJibCKYIO H 

npoH3BO.llCTBeHHYIO 6a3y. IIocne cocpe,noTo"tJeHHH ycHJIH:H HamHx caMDIX rnaBHDIX MamHHOCTpou

TeJibHhiX 38BO,llOB nepBaSI 1.JeXOCJIOB8QK8}1 8TOMH8H 3JieKTpOCT8HQHH rOTOB8 B H8CT0Hll{ee BpeMH 

K 3KCITJIY8T8QHH, flpo,n;JieHH6 CTpOHTeJibCTBa npOTOTHITa 8TOMHOii 3116KTpOCT8HQHH H ITpH06pe

T6HHblft OIThiT B T61.JeHHe ero CTpOHTeJibCTBa npHBeJIH K O,llH03H8'tJHOMy BhiBO,lly, 'tJTO ycJIOBHeM 

.llliH 6biCTpOrO pa3BHTHSI H,llepHOii 3HepreTHKH B Hame:H CTpaHe llpH HaiiieM 3KOHOMH'tJeCKOM H npo

MhiiiiJieHHOM ITOT6HQHaJie HBJIHeTCSI 6onee IIIHpOK8SI MeJK,nyHapO)lH8SI KOOITepaQHH B llpOH3BO,llCTBe 

o6opy.noaaHHH ,llJIH aTOMHhiX aneKTpocTaHQHii. B HaCTOHntee apeMH MOJKHO oxapaKTepH30BaTb 

p01Ib aTOMHhiX 3JieKTpOCT8HQHH B pa3BHTHH YeXOCJIOB8QKOif 3JI6KTp0-3HepreTH1.JeCKOH CHCTeMbl 

TeM, «TO B 1980 ro.lly Ha >l,llepHb!X :>JieKTpOCTaHl.\H>IX 6y.llyT yCTaHOBJieHbl peaKTOpbl MO!UHOCTblO 
1,8 rBT, a B 1985 ro,lly HX MO!UHOCTb ,llOCTHrHeT 5 rBT. Ha OCHOBe Ollb!Ta llOJiaraeM, '<TO 6a-
30H ,llJI>I CTpOHTeJibCTBa CTaHI.\HH 6y.llyT >l,llepHbie 3JieKTpOCTaHI.\HH C peaKTOpaMH COBeTCKOrO TH
na BB3P, oxnaJK,naeMhte ao.zto:H no.n .naaneHHeM H pa6oTaiOll{He Ha o6orauteHHOM ypaHe. YJKe aa 

nepBbiX ,llByX 3JieKTpOCT8Hl.{HHX o6mei:f: MOll{HOCTbiO 1,8 rBT, CTpOHT611bCTBO KOTOphiX 6hiJIO Ha'tJa

TO COrJiaCHO MeJKITp8BHTeJibCTB6HHOMy ,noroaopy B 197Qro,ny, ,llOJIH H8IIIHX C06CTBeHHLIX ITOCTa

BOK ,ll;OCTHraeT 77 ,5o/o BCeX K8ITHT8110BJIOJK6HHH. Ha ITOCJI6,llYIOll\HX 3116KTpOCT8HQHHX, KOTOphle 

6y,ZJ;yT CTpOHTbCSI B '4CCP, 3T8 ,li;OJIH eme 6onee yaeJIH1.JHTCH. BHHM8HHe H8IIIHX ITpOH3BO.llCTBeH-

HbiX npe.n;npHHTHH COCp6,li;OTO'tJHBaeTCH Ha npOH3BO,llCTBe OT,li;6JibHbiX KOMITJI6KTOB nepBH1.JHOrO H 

BTOpH1.1HOrO KOHTypoa aTOMHhiX 3116KTpOCT8HQHft, ,llJIH KOTOpblX OTKphiB8IO'I'CH KOMMep1.1eCKHe B03-

MO)KHOCTH He TOJibKO Ha BHyTpeHHeM phlHKe, HO T8KJKe H Ha pbiHKe CTpaH-1.JneHOB CoaeTa 3KOHO

MH1.J6CKOii B3aHMOITOMOW;Ii. TexHonorH1.1eCKHH on biT, npHo6peTeHHhiH HaiiiHMH npe.n;npH.R'TH.HMH 

llpH CTpOHTenbCTBe YHHK8JibHOrO npOTOTHITa nepaoi% 'tJ6XOCJIOB8QKOi% 8TOMHOH 3JieKTpOCT8HQHH 1 

HCITOJib3yeTC.H B YK838HHOM npoQeCCe HHTerpal,lHH. 0CHOBOif ,lJ.JIH .n;allbHei:fmero pa3BHTHH HB

JI.R'6TCH KOOp,ZI;HHMpOBaHHhii::f ITJI8H H8Y'tJHO-HCCJI6.llOBaTeJibCKHX pa60T B paMK8X C3Ba, HanpaBJieH-



A/CONF.49/P/541 421 

Hbli1 Ha GTpOHTeJlbCTBO peaKTOpOB, OXJl8JK.ZJ;aeMhlX BO,ZJ;OH: ITO,ll ,ll8BJieHHeM, 60JlbWOH: e.zU1Hl·f4HOfi 

MOII{HOCTH, B paMKBX npouecca HHTerpaUHH Ha OCHOBe TID;aTeJlbHOrO H3yl.JeHHSI OIThlT8 3KCrrnya

Ta1.1HH Haiiieii nepBOii aTOMHOii 3JieKTpOCTaH1.1HH He06XO)IHMO 6y)leT 06Cy)IHTb 6y.llyl!1}'10 pDJib Tli

JKeJlOBO,l[HLIX CHCTeM, 06w;enpH3H8HHOH: .z:tOJirOCpOtiHOif nepcneKTHBOH pa3BHTHSI 8TOMHOH 3Hep

reTHKH J.iBJIReTCH COOpyJKeHHe peaKTOpOB Ha 6hiCTplliX HefrTpOHaX. B 3TOH 061laCTH HHTerpa

QHOHHbiH TeH,lleHLU.fH y rocy.ztapCTBa C npOM:blllllleHHbiM ITOTeHQH8JlOM 1 ITO,li;06HLIM H8IlieMy ITOTeH

QHaJiy 1 GT8HOB}ITCfl )lOCT8T0l.JH0 0\.feBH,llHLJM lflaKTOM, 

EXPERIENGIA ADQUIRIDA EN LA GONSTRUGGION DE GENTRALES NUGLEARES EN GHEGOSLOVAQUIA. 
GhecoslovaqUla es un pafs mdustnal considerablemente desarrollado que cuenta con una larga 

experienna en Ia mstalaci6n de centrales elecmcas, tanto para las neceSldades nacionales como para Ia 
exportac16n. Acrualmeme, Ghecoslovaquia no puede desarrollar sus recursos energencos pnmanos, 
temendo en cuema sus reservas, a un ntmo necesario para el mcremento de Ia renta nacional y para Ia 
Implantacion de Ia revolucion tecmco-cientfflCa en su economla. Por esas razones, GhecoslovaqUla se 
ha mteresado Vlvamente desde el pnncipw en Ia unllzacion de Ia energla atomica con fines energencos. 
Los planes ongmales eran mas bien ambiClOSOS. E1 desarrollo de las centrales nucleares checoslovacas 
hubiera debido ser muy mtenso y basarse en reactores de agua pesada refngerados por gas, que queman 
uramo metalico natural. Durante el desarrollo y Ia construccion de este protonpo iimco se plantearon 
diversos problemas tecnologlCos, cuya resolucion exigio el establecimiento de las necesarias bases 
cientlflcas y de produccion. Como consecuencia de los esfuerzos conjuntos de los grupos mas Importantes 
productores de maqumana, se encuentra actualmente dispuesta para entrar en serviClO Ia primera central 
nuclear checoslovaca. La demora en Ia construccion de Ia central protoupo y Ia expenencia adquuida 
durante su construccion han conducidO a Ia conclusion unamme de que un desarrollo rapidO de Ia energ!a 
nuclear en un pafs de un potencial econ6m1eo e mdustrial como Ghecoslovaquia solamente se puede 
consegUlr sobre Ia base de una cooperacion mternacwnal muy amplla para Ia fabncacion de los equipos 
de las cerrtrales nucleares. El prop6Sllo que se pers1gue con Ia utihzaci6n de Ia energia nuclear al servi
cw del SIStema electnco checoslovaco es que en el aiio 1980 Ia potencia nuclear Instalada a porte l, 8 GW, 
y err 198<5 alcance los 5 GW. 

Con referenc1a a las experienc1as mencwnadas antenormente, se cons1dera que estas realizac1ones 

habran de basarse en las centrales nucleares del upo soVletlco VVER, con reactores de agua a presion y 
uramo ennquecido. Ya en las dos pnmeras centrales elecmcas, con una potencia total de l, 8 GW, que 
acrualme.nte se construyen en vmud del acuerdo bilateral conclUldo el aiio pasado, Ia proporcion de los 
summistros nacwnales alcanzara un valor del 77, 5"/o de los costos totales de mversion. Se supone que, a 
medida que se construyan mas centrales nucleares en Ghecoslovaquia, esta proporcion aumentara. La 
1ndustna concentra sus esfuerzos en los equ1pos seleccwnados de los cucuuos pnmauo y secundano de 
las centrales nucleares, para las que se abren posibilldades comerciales no solo en el mercado nacional 
smo tamlnen de otros pafses del Gonsejo de Ayuda Economica Mutua. La expenencia tecnologtca adqUl
nda durante Ia construccion de Ia pnmera central nuclear checoslovaca, se esta apllcando ahora plena
mente en este proceso de Integrac16n. La base para su ultenor desarrollo es una colaborac16n coord1nada 
cientfflCa y de mvesugacion, dentro del marco del Gonsejo de Ayuda Econ6mica Mutua, que conduzca a 
Ia construccion de reactores de agua a presion de Ia mayor potencia posible. Dentro del esquema del 
proceso de mtegracion sera necesano considerar los resultados que se obtengan en el funcionamiento de 
nuestra primera central nuclear, y evaluar, por consigUlente, las posibilldades de los reactores de agua 
pesada. Los reactores rapidos, como se reconoce generalmente, constuuyen Ia gran esperanza a largo 
plazo de Ia energla nuclear. En este campo, las tendencias a Ia Integracion en un Estado del potencial 
mdustnal de Ghecoslovaquia consmuyen un hecho de absoluta eVldencia. 

,Zlmi Hapo,!IHoro X0351HCTBa '1exocJioBauKoi1: Coul1aJII1CTI1'1ecKoi1: Pecny6-

JII1K11('ICCP) xapaKTepH0 7 'ITO OHO pa3BI1BaJIOCb 11 npo,!IOJIJKaeT pa3BI1BaTbC.sl 

B ycJIOBI151X 6opb6bl .liBYX npOTI1BOTIOJIOlKHOCTei1:, C O,!IHOH CTOpOHbl 7 cymecT

ByeT Bb!COKI1H ypoBeHh pa3BI1TI151 np0113BO,li11TeJlbHbiX CI1Jl 11 Bb!COKI1H ypoBeHb 

lK113HI1 (np11 Bb!COKOH TIJIOTHOCTI1 HaCeJieHI151). C ,11pyroi1: CTOpOHbl 7 OTCYTCTBy

eT C06CTBeHHa51 KOMTIJieKCHa.sl Cb!pbeBa.sl 6a3a. B pe3yJibTaTe 3TOrO. 3Ha'II1-

TeJihHYIO ,!IOJIIO Cblpb.sl ,!IJI.sl CBOero npOMbiWJieHHOrO np0113BO,!ICTBa '1eXOCJIOBa

K1151 m.myJK,lleHa 11MnopTHpoBaTh, npe11MymecTBeHHO 113 CCCP. 

0,!1HaKO CaMOH KpynHOH 11 TIOCTOSIHHO 060CTp51IOIIleHC51 npo6JieMOH B HaCTO

.sllllee speM.sl SIBJI.sleTC.sl TOTIJIHBH0-3HepreTH'!eCKHH 6aJiaHC. Ero CTpyKTypa 
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TAEJIHUA I. CTPYKTYPA IIEPBW1Hh!.X 3HEPrO

PECYPCOB 'ICCP, o/o 

3 Hepropecypcbr 1950 r 1970 r 1990 r 

Eypb!M yrol!b 41,3 43,5 27,5 
KaMeHHbiM yroJib 55,9 30,3 14,1 
HecpTb 1,6 20,1 31,1 
ra3 - 3,3 6,1 
5I.z~epHa.H 3HeprH.H - - 17,9 
rn,llp03HeprHll H HMTIOpT 
3JieKTp03HeprHH 1,2 2,8 2,5 

TAEJIHUA II. PACXO.IJ: EYPOrO YrJI5I H3 ErO OEIUEH .IJ:O
Ehl'IH HA BhiPAEOTKY 3JIEKTP03HEPrHH H TEIIJIA, o/o 

.IJ:o6brl!a H pacxo.z~ 1960 r 1970r 1980r 1990r 

06!llall .z~o6brl!a 100 100 100 100 

Pacxo.z~ Ha Bbrpa6oTKy 
3JieKTp03HeprHH H Tenna 71,0 77,5 87,0 90,0 

Ha npOilll!.b!X 3Tanax pa3BHBaJ!aCb TIO,ll BJ!H.HHHeM npHpO,liH.b!X yCJIOBHM B 3Hep
ropecypcax. 0Ha pa3BHBaJiacb, npeJK.z~e BCero, Ha ocHOBe TBep.z~oro Tonnn
Ba. KoHe'mo, .z~anbHeiimee npo.z~onJKeHHe cy!lleCTBeHHoro yBeJIH'IeHH.H .z~o6.~>r

'IH yrJill He COOTBeTCTBOBaJ!O 6b! KaK era 3anacaM, TaK H B03MOJKHOCT.HM Ha
pO,liHOrO X03.HHCTBa ocy!lleCTBJI.HTb .z~anbHeiimHe KannTaJIOBJIOJKeHH.H. I1o3TO
My 6y,lleT He06XO,liHMO OCy!lleCTBHTb TaKHe H3MeHeHH.H B CTpyKType TaTIJ!HBH0-
3HepreTH'IeCKOrO 6anaHca, 6naro.z~ap.H KOTOp.biM MOJKHO 6y.lleT o6ecne'IHTb 
,llal!bHeMillee 6oJiee 3cpcpeKTHBHOe pa3BHTHe HapO,liHOrO X03.HikTBa CTpaH.bl. 

KaK noKa3aHo B Ta6n. I ,H3MeHeHHIO cTpyKTyp.~>r cy!lleCTBeHHI>IM o6pa3oM 
cnoco6cTByiOT: 

a) HCTIOJ!b30BaHHe HOBOrO 3Hepropecypca, T, e. paC!lleTIJill!Ol!IHXCll MaTepHaJIOB, 
6) Cy!lleCTBeHHOe TIOB.b!IlleHHe )IOJ!H JKH)IKOrO TOTIJ!HBa, 'ITO 6y)leT CTIOC06CTBO
BaTI> He TOJibKO o6ecnel!eHHIO Heo6xo.z~nMoro o6'1>eMa nepBH<IHI>IX 3Heprope
cypcoB, HOB TO JKe BpeM.H H TIOBb!IlleHH!O 3cpcpeKTHBHOCTH TOTIJ!HBH0-3HepreTH
'IeCKOrO X03llMCTBa, 

CaM.b!e 3Ha'IHTeJ!bHb!e H3MeHeHHll CTpyKTyp.bl, C TO'IKH 3peHHll pecypCOB 
TOTIJ!HBH0-3HepreTH'IeCKOrO 6aJiaHca, OCHOBaHbl Ha IllHpOKOM HCTIOJ!b30BaHHH 
pac!llenJI.HIO!!IHXC.H MaTepnaJioB H Ha HMnopTe HecpTH H3 CCCP. O.z~HaKo, He
CMOTp.H Ha 3TH ll3MeHeHHll, rl!aBHb!M 3HepropecypCOM OCTaeTCll TIO 1990rO,ll 
6ypb!H yrol!b, HCTIOJ!b30BaHHe KOTOpOrO ,lll!ll Bb!pa60TKH 3JieKTp03HeprHH ll 
Tenna, B cBoro o'lepe.llb, CB.H3aHo e!lle H c npo6neMoii 3arp.H3HeHH.H aTMOccpe
pbr {eM. Ta6n. Il). 

CaMo co6oii pa3yMeeTc.H, pecypcbr 6yporo yrnH, npH npe.z~nonaraeMoM 
B BOCbMH,lleC.HTb!e rO,llbl ypOBHe )I06b!'IH, OKaJKyTCll llCTO!lleHHI>!Mll npHMepHO 
B Te<reHHe 60 JieT, 5ICHO, <ITO B CB.H3ll C 3THM 06CTO.HTel!bCTBOM Mbl BbiHyJK

,lleHbl 6b!Jlll llCKaTb TIO,liXO,li.H!lllle pemeHH.H, 'IT06b! TIOKpbiTb TIOCTO.HHHO B03pac

TaiO!!IHH .z~ecpm.IHT. PemeHHe ,llaHHOH npo6neMI>I HCKJIIO'IHTeJibHO 3a C'leT HM-
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nopTa 3HepnUI HJIH 3HepropecypCOB MO)I(eT CJIHIDKOM o6peMeHHTb 6aJiaHC 

BHeillHf!M TOprOBJIH.I103TOMy, nocJie TOrO KaK B 1954 ro,11y B CoBeTCKOM C0103e 

6biJia BBe,lleHa B 3KCnJiyaTaUHIO nepBaH B MHpe aTOMHaH 3JieKTpOCTaHUHH (H Ta

KHM o6pa30M Ha npaKTHKe nO,!ITBep,!IHJiaCb B03MO)I(HOCTb HCnOJib30BaTb pac-

111enJIHI0!11HHCH MaTepHaJI ,!IJIH Bbipa60TKH 3JieKTp03HeprHH), B qeXOCJIOBaKHH 

CTaJIH y.lleJIHTb 3TOMy BOnpocy OCo6oe BHHMaHHe. I10HBHJiaCb peaJihHaH B03-

MO)I(HOCTb pemHTb npo6JieMy HeXBaTKH 3HepropecypCOB B 3HepreTH"ieCKOM 6a

JiaHCe nyTeM HCnOJib30BaHHH C06CTBeHHbiX 3anaCOB ypaHa. ,UpyrHe CTpaHbl 

TaK)I(e Ha"iaJIH y,lleJIHTb 3Ha"iHTeJibHOe BHHMaHHe BOnpocy MHpHOrO HCnOJib30-

BaHHH aTOMHOH 3HeprHH ,llJIH Bbipa60TKH 3JieKTp03HeprHH, H BO BCeM MHpe 

CTaJIH B03JiaraTbCH 60JibillHe Ha,lle)l(,llbi Ha 3TOT HOBhlH HCTO"iHHK reHepHpO

BaHHH 3HeprHH. 0nTHMH3M, KOTOpbiH CTaJI npeo6Jia,llaTb B ,llaHHOH 06JiaCTH, 

nOBJIHHJI TaK)I(e Ha paccy)l(,lleHHH 0 nepcneKTHBaX pa3BHTHH H,llepHOH 3Hepre

THKH B qcCP. H Kor.na Mbi cero,llHH, c y-qeTOM npome.nmero c Tex nop Bpe

MeHH, ,llaeM OUeHKY C006pa)l(eHHHM, KOTOpbie B 1955 rO,lly np03By"iaJIH HMeH

HO 3,llech, no CJiy"iaiO IJepBOH )KeHeBCKOH KOH<l>epeHUHH, Mhl 3aMe"iaeM, 'iTO 

OnTHMH3M TOr,lla B caMOM ,lleJie npeo6Jia,llaJI. 

En1e B 1956 ro.ny 61>IJIO no.nnHcaHo B CCCP Me)l(npaBHTeJibCTBeHHoe cor

nameHHe 0 TeXHH"ieCKOH nOM0111H qeXOCJIOBaKHH B CBH3H CO CTpOHTeJibCTBOM 

nepBoii qexocnoBaUKOH H,llepHoil: 3JieKTpocTaHUHH A -1. Bbi6HpaH no.nxo,llHII1HH 

THn peaKTOpa, "ieXOCJIOBaUKaH CTOpOHa HCXO,llHJia H3 HaJIH"iHH B qCCP C06CT

BeHHbi:X: pecypcoB ypaHa. Y"iHTbiBaJiacb TaK)I(e B03MO)I(HOCTh H3rOTOBJieHHH 

TB3JIOB H3 npHpO,llHOrO ypaHa B CJiy-qae OCyll1eCTBJieHHH CTp0HTeJibCTBa peaK

TOpa, pa6oTa10111ero Ha npHpO,llHOM ypaHe. B pe3yJihT8Te 3THX C006pa)l(eHHH 

6biJI H36paH TH)I(eJIOBO,llHbiH peaKTOp MOII1HOCTbiO 150 MBT(3JI), HCnOJib3yi0-

111HH B Ka"ieCTBe TOnJIHBa npHpO,llHblH MeTaJIJIH"ieCKHH ypaH, B Ka"ieCTBe 3a

Me,llJIH'I'eJIH - D2 0 H TenJIOHOCHTeJIH - C 0 2 • O.nHaKo B xo.ne pa3pa6oTKH Tex

HH"iecKoro npoeKTa oKa3aJioch, 'iTO ero HeJih3H 6y.neT ycnemHo 3aBepmHTh 

6e3 3KcnepHMeHTaJibHoii: npoBepKH uenoro pH,lla arperaTOB (KaK, Hanp. Kop

nycoB BbiCOKoro ,llaBJieHHH, Typ6ora30.llyBoK, naporeHepaTopoB, apMaTyp H 

T.,ll.), a TaK)I(e TB3JIOB. B TO )l(e BpeMH o6Hapy)I(HJIOCb, 'iTO C "ieXOCJIOBaU

KOH CTOpOHbl 6biJia ,llOnyll1eHa He,llOOUeHKa TeXHH"ieCKOH np06JieMaTHKH A-1. 
He XBaTaJIO KaK COOTBeTCTByiOI11HX Hay"iHO-HCCJie,llOBaTeJibCKHX yqpe)l(,lleHHii:, 

TaK H Heo6xo,llHMbiX npoMI>ImJieHHbiX npOH3BO,llCTBeHHhlX nJIOII1a.neii. IToHHTHo, 

'qTO Bee 3TH 06CTOHTeJibCTBa, BMecTe B3HTbie, He MOrJIH He 0Tpa3HTbCH Ha 

no.nroTOBKe A -1. 
KaKOBbl OCHOBHbie npH"iHHbl npOH3BO,llCTBeHHbiX 3a,llep)l(eK? 0HH CJie,llyi0-

111He: 

1. He06XO,!IHMO 6biJIO nOCTeneHHO C03,llaBaTb HayqHO-HCCJie,llOBaTeJibCKyiO H 

3KCnepHMeHT8JibHYIO 6a3y ,llJIH OCyll1eCTBJieHHH HCnbiTaHHH HeKOTOpbiX y)l(e 

ynOMHHyTbiX arperaTOB TeXHOJIOrHqeCKOrO o6opy,llOBaHHH, a TaK)I(e rOTOBHTb 

COOTBeTCTByiOII1HX cneUHaJIHCTOB. 3Ta 6a3a OKa3aJiaCb rOTOBOH ,llJIH HaqaJia 

aKTHBHOH pa60Tbl no BCeMy KOMnJieKcy npo6JieM TOJibKO B 1963-1964 rO,llhl. 

2. CTpOHTeJibCTBO HeKoTop:&IX cneuHaJihHbiX npoH3BO,llcTBeHHhlX npe.nnpHHTHH 

HaqaJIOCb JIHillb B 1964- 1965 rO,llaX, BCJie,llCTBHe qero B03MOlttHOCTb H3rOTOB

JieHHH TeXHOJiorHqecKoro o6opy.noBaHHH 6biJia o6ecneqeHa TOJibKO nocne 1965 
ro.na. 

3, He6JiaronpHHTHOMy nOJIOltteHHIO ,lleJI B 3HaqHTeJibHOH CTeneHH cnoco•6CTBO

B8JI neCCHMH3M ( npHme,llillHH Ha CMeHy nepBOHaqaJibHOMY OnTHMH3My ), BCJ!e,ll

CTBHe qero B Te"ieHHe 4 JieT CTPOHTeJibHhle pa60Tbl npaKTHqecKH He npOBO

,llHJIHCb, 06 3TOM Har JIH,llHee BCero CBH,lleTeJibCTByeT TOT <PaKT, 'qTO BnJIOTb 

,llO 1964 ro,lla 6biJIO HCnOJib30BaHO BCero JIHillb 10o/o 06111HX KanHTaJIOBJIOltteHHH, 
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TaKOBbl OCHOBHbie ITpH'UiHbl, BJII1.HHI1e KOTOpblX Ha,D;OJirO OTCpO'II1JIO 

coopyJKeHI1e A-1. 0,D;HaKo ciTpaae,D;JII1BO ITonaraTh, 'ITO Ha coopyJKeHI1e A-1 

yWJIO npaKTI1'IeCKI1 7 JieT, 3TOT ITep110,ll ITp11 TeXHI1l.JeCKOH Tpe6oBaTeJibHOCTI1 1 

ITpe,D;'b.HBJI.HeMOH K ITpe,D;ITp11.HTI110 TaKoro po,D;a, MOJKHO BITOJIHe cpaBHI1BaTb C 

ITep110,liOM CTp011TeJibCTBa ITO,D;06HbiX COOpyJKeHI1H 3a py6eJKOM 1 TeM 6onee, 
eCJII1 y'IeCTb 11MeiO~I1eC.H Ka,D;pbi 11 3KOHOMI1l.JeCKI1H ITOTeHQ11aJI TaKOH CTpa

Hbl, KaKOH .HBJI.HeTC.H LJ:CCP. B HaCTO.H~ee BpeM.H, O,li;HaKO, COOpyJKeHI1e 

A -1 ITpaKTI1l.JeCK11 OKOHl.JeHO 11 yJKe Hal.JaJIC.H ee ITYCK. 

0QeHI1Ba.H KOMITJieKC pe3yJibTaTOB, ITOJiyl.JeHHbiX B XO,D;e CTp011TeJibCTBa 

A-1, CJie,D;yeT CKa3aTb 1 'ITO Hap.sr,D;y C 0Tp11QaTeJibHbiM OITbiTOM Mbl ITOJiy

l.JI1JII1 TaKJKe l.leJlbiH p.H,ll BeCbMa ITOJIOJKI1TeJibHbiX pe3yJibTaTOB, KOTOpbiMI1 Mbl 

ITOJib3yeMC.H 11JII1 6y,D;eM ITOJlb30BaTbC.H He TOJibKO B ,D;aJibHeiiweM pa3BI1TI111 

.H,D;epHOH 3HepreT11KI1 B LJ:CCP, HO TaKJKe B pa3BI1TI111 HeKOTOpbiX ,D;pyri1X 

OTpacnei1 ITpOMbiWJieHHOCTI1. Mbr HaiTOMHI1M o HeKoTopbiX aaJKHei1W11X ,D;oc

TI1JKeHI1.HX B Hawei1 11CCJie,D;OBaTeJibCKOH pa60Te B ,D;aHHOH o6JiaCTI1, a 11MeHHO: 

1, HaH,lleHbl 11 pa3pa6oTaHbl ITO,li;XO,li.H~I1e Bl1,llbl CTaJII1 ,D;JI.H KOpiTyCOB peaKTO

pOB, ,D;OCT11ra10~11e ace Heo6xo,D;I1Mbie MexaHI1l.JecKI1e napaMeTpbi. O,D;Hoape

MeHHO HaKOITJieH BeCbMa l.leHHbiH OITbiT B OTHOWeHI111 1.111Klll1l.JeCKOH ycTaJIOCTI1 

11 xpynKOH ITpO'IHOCTI1 y 3TI1X CITel.ll1aJibHbiX Bl1,li;OB CTaJII1, 

2. 0CBOeHa CBapKa l.JaCTeH KOpiTyCOB TOJI~I1HOH B 150-620 MM 1 BKJIIOl.Ja.ll 11X 

TepM11l.JeCKyiO o6pa60TKy. TaKI1M o6pa30M 1 B HaWeM paCITOp.IIJKeHI111 11MeeTC.H 

TeXHOJIOri1.H CBapK11 l.JaCTeH 11 KOMITJieKCHOH o6pa60TKI1 KOpiTyCOB HeiTOCpe,D;

CTBeHHO Ha CTp011TeJibHOH ITJIO~a,D;Ke, 

3. OcaoeHbi rrpoaepo'IHbie ,D;eq,eKTOCKOITI1l.JecK11e MeTO,llbi 11 113rOTOBJieHbi aa

TOMaTI1'IeCK11e 113Mep11TeJibHbie ITp1160pbi 1 ITp11 ITOMO~I1 KOTOpLIX MLI ,D;0611JII1Cb 

KaK BLICOKOH l.JYBCTBI1TeJibHOCTI1 1 TaK 11 BLICOKOH ITp0113BO,li11TeJibHOCTI1 CBapoq

HLIX pa60T ITp11 TeMITepaTypax ,li;O 200°C 1 11 T,,lJ;, 

MHOri1M11 pe3yJibTaTaMI1 1 ITOJiy'IeHHLIMI1 B XO,lle BLIITOJIHeHI1.11 11CCJie,D;OBa

TeJibCKI1X pa60T 11 3KCITep11MeHTOB 1 MOJKHO 6y,D;eT BOCITOJib30BaTbC.II TaKJKe 

ITp11 coopyJKeHI111 .II,D;epHLIX 3JieKTpOCTaH1.111H 1 CHa6JKeHHLIX peaKTOpaMI1 C BO

,li;OH ITO .II ,D;aaJieH11eM ( coaeTcKoro TI1ITa BB3P ) • He cne,D;yeT yiTycKaTb 113 Bl1-

.lly 11 TOT iPaKT 1 'ITO B 11CCJie,liOBaTeJibCKOH, KaK 11 B npOMLIWJieHHO-ITp0113BO,Ll

CTBeHHOH1 ,Lle.IITellbHOCTI1 BOCITI1TaH QeJILIH p.II,Ll CITel.l11aJII1CTOB, ITO,LlrOTOBJieH

HbiX peWaTb CJIOJKHLie 3a,Llal.JI1 .H,LlepHOH 3HepreTI1K11, 3 HepreTI1l.JeCKOe Mawi1-

HOCTpOeHI1e l.J:eXOCJIOBaK1111 CITOC06HO B HaCTO.II~ee BpeM.II CTaTb KBaJII1iPI11.111-

pOBaHHLIM ITapTHepoM ITO np0113BO,LlCTBY OITpe,LleJieHHLIX l.JaCTeH o6opy,LlOBaHI1.H 

.II,LlepHLIX 3JieKTpOCTaHI.I11H 1 KOTOpbie ITpe,D;CT011T COOpyJKaTb CTpaHaM-yl.JaCTHI1-

I.IaM C3B. 

06~ei13BeCTHO 1 'ITO B LJ:CCP pa3pa6aTLIBaJII1Cb B B11,Lle ,LlallbHeHW11X ITpo

eKTOB T.IIJKeJIOBO,LlHbie peaKTOpl>I TI1ITa A-1, a 11MeHHO ,LlJI.II BTOpOH (A-2) 11 Tpe

TbeH (A-3) .H,LlepHbiX sJieKTpocTaH1.111i1, e,Ll11HI1l.JHOH MO~HOCTbiO 330 MBT(sn) 11 

500 MBT(sn). O,LlHaKo B xo,Lle ST11X pa6oT 6brJio o6HapyJKeHo, 'ITO 113-3a 6onb

WI1X CJIOJKHOCTei1, CB.II3aHHLIX C pa3pa60TKOH T.IIJKeJIOBO,LlHOrO peaKTOpa, B03-

MOJKHOCTb pa3pa60TK11 11 113rOTOBJieHI1.H B l.J:eXOCJIOBaKI111 ITpe11My~eCTBeH
HO CB011MI1 C06CTBeHHLIMI1 CI1JiaMI1 npOMbiWJieHHOrO T.HJKeJIOBO,LlHOrO peaKTO

pa MO~HOCTbiO 500 MBT(3JI) B He06XO,Ll11MLIH cpoK .IIBJI.IIeTC.H HepeaJibHOH. 

fiOSTOMy C yl.JeTOM STOrO 06CTO.HTeJibCTBa, a TaKJKe B CB.II311 C ITOCTO.IIHHO 

B03pacTaiO~I1M .Lle~PI11.111TOM sHepreTI1l.JecKoro 6anaHca LJ:exocJioaarrKa.H Ko

MI1CCI1.H ITO aTOMHOH 3Hepr1111 (LJ:CKA3 ) ITpOBeJia rJiy6oKI1H aHaJII13 KOHI.IeiTI.II111 

pa3B11TI1.11 B CTpaHe .II,LlepHOH 3HepreTI1KI1 1 OCHOBLIBaeMOH ,LlO cero Bpe-

MeHI1 Ha T.HJKeJIOBO,LlHOM peaKTOpe, OXJiaJK,LlaeMOM C0
2 

11 pa6oTaiO~eM Ha ITp11-

pO,LlHOM MeTaJIJII1l.JeCKOM ypaHe. 3 TOT aHaJII13 rrp11BeJI K 3aKJIIO'IeHI1IO, 'ITO 6l>!C-
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Tpoe pa3BMTMe l'!,llepHOH SHepreTMKM B TaKOH CTpaHe, KaKOH l'IBJll'!eTC.l'l l.!CCP, 

C TaK!fM 3KOHOMM"'eCKMM M npOMl>IIIlJieHH:&IM llOTeHQMaJIOM, ocymeCTBMMO 

JIMI!lb npM ycJIOBMM MeJK,llyHapO,llHOH KOOnepaQMM M MHTerpaQMM B o6JiaCTM 

MCCJie,llOBaHMH M, npeJK,lle BCero, B o6JiaCTM 11pOM3BO,llCTBa o6opy.llOBaHMH 

.l'l,llepH:&IX sneKTpocTaHQMil:. KaK Ml>I nonaraeM, K TaKMM JKe BMBO,llaM npMIIlJIM 

MJIM eme npM.llYT M .llpyrMe CTpaH:&I, 3KOHOMM"!eCKMH llOTeHQMaJI KOTOp:&IX co

M3MepMM C noTeHQMaJIOM l.!CCP. He TOJibKO .l'l,llepHaH SHepreTMKa, HO M 

.llpyrMe C TeXHM"!eCKOH TO"'KM 3peHM.l'l CJIOJKH:&Ie OTpaCJIM CJiyJKaT ,llOKa3aTeJib

CTBOM MHTepHaQMOHaJibHOrO xapaKTepa HayKM M TeXHMKM, TaK KaK ecJIM 

Y"'MT:&!BaTb TaKJKe !PaKTOp BpeMeHM, MX MOJKHO pa3BMBaTb JIMI!lb npM HaJIM

"'MM COOTBeTCTByromeil: Hay"'HO-MCCJie,llOBaTeJibCKOH 6a3:&1. 

3TH 3aKJIJO"!eHM.l'l llO,llTBepJK,llaJOTC.l'l TaKJKe pe3yJibTaTaMM MO,lleJibH:&IX npor

paMM pa3BMTM.l'l H,llepHOH SHepreTMKM, MCI10Jlb3yJOUleH JierKOBO,llH:&Ie M T.l'IJKeJio

BO,llH:&Ie peaKTOp:&I. Pe3yJibTaT:&I ,llaJOT B03MOJKHOCTb C,lleJiaTb CJie,llyJOUlMe B:&I

BO,ll:&I: 

0CHOBHOe, HO B TO JKe BpeM.l'l e,llMHCTBeHHOe npeMMyUleCTBO T.l'IJKeJIOBO,ll

Hl>IX peaKTOpOB (TOJibKO npM ycJIOBMM, eCJIM OHM C TeXHM"'eCKOH TO"'KM 3peHM.l'l 

6y.llyT ,llOpa6oTaH:&I TaKMM o6pa30M, "'TO MOJKHO 6y.lleT ,ll06MTbCH B:&ICOKOH CTe

neHM B:&IropaHMH) 3aKJIJO"'aeTC.l'l B TOM, "'TO OHM paCXO,llyJOT MeHbl!le ypaHa M BOC

npOM3 BO,ll.l'IT 60Jiblll e nJiyTOHM.l'l. 

C ,llpyroil: CTOpOH:&I, T.l'IJKeJIOBO,llH:&Ie peaKTOp:&I Tpe6yJOT 3Ha"!MTeJibHOrO 

KOJIM"!eCTBa T.l'IJKeJIOH BO,ll:&I, "'TO, npM COBpeMeHHOM COCTOHHMM ee npOM3BO,ll

CTBa, .l'IBJIHeTc.l'l rJiaBH:&IM JIMMMTMPyJOUlMM !PaKTopoM. To o6cTO.l'!TeJihCTBO, 

"'TO Ha 1000 MBT(sn) yxo,llMT npMMepHo 700-800 TOHH D 20, cymecTBeH

H:&IM o6pa30M OrpaHM"'MBaeT 06'1>eM nporpaMM:&I .l'l,llepHOH SHepreTMKM, OCHO

BaHH01f Ha THJKeJIOBO,llH:&IX peaKTOpax. 

I1Me.l'l B BM.lly COCTO.l'IHMe SHepreTM"!eCKOrO 6aJiaHca l.!CCP, B KOTOpOM 

,lle!PMQMT 6y,lleT nOCTOHHHO yBeJIM"'MBaTbCH B nepMO,ll 1971-1980 rO,llOB, a 

TaKJKe Y"'MT:&IBaH, "'TO STOT ,lle!PMUMT HeB03MOJKHO 6y.lleT ,lleHCTBeHH:&IM o6pa-

30M JIHKBM,llMpOBaTb nyTeM COOpyJKeHMH H,llepH:&!X SJieKTpOCTaHQMH Ha T.l'IJKe

JIOBO,llH:&IX peaKTOpax, M ,llaJiee, npHHMMaH BO BHMMaHMe He06XO,llMMOCTb o6ec

ne"!MTb 6ecnepe60HHOe CTpOMTeJibCTBO .l'l,llepH:&IX SJieKTpOCTaHQMH nocJie 1980 

ro,lla, M:&I npMI!lJIM K B:&IBO.lly 0 HeM36eJKHOCTM M3MeHeHMH nporpaMM:&I, C TeM 

"!T06:&! MCnOJib30BaTb Bnpe,llb COBeTCKMe peaKTOp:&l C BO,llOH nO,ll ,llaBJieHMeM TM

na BB3P, KOTop:&Ie yJKe ycneJIM ce6.l'l onpaB,llaTb Ha npoM3BO,llCTBe M noKa3a-

JIM B:&IrO,llH:&Ie c SKOHOMM"!ecKoil: TO"'KM 3peHMH napaMeTp:&I. ITosToMy nepe

JIOMH:&IM MOMeHTOM B pa3BMTMM .l'l,llepHOH SHepreTMKM l.!CCP C"'MTaeTC.l'l 3aKJIIo

"!eHHOe 30 anpeJIH 1970 ro,lla MeJKnpaBMTeJibCTBeHHOe cornal!leHMe MeJK.lly 

l.!CCP M CCCP, cornacHo KOTopoMy CCCP nocTaBMT l.!exocnoBaKMM .llBe H,llep

H:&Ie SJieKTpOCTaHQMM, KaJK,llaH M3 .llBYX peaKTOpOB TMna BB3P-440, KOTOpi,Je 

npM CO,lleHCTBMM npOM:&II!lJleHHOCTM l.!CCP ,llOJIJKH:&I nocTeneHHO BCTynaTb 

B 3KCI1JiyaTaQMJO B nepMO,ll 1977-1980 rO,llOB, T.e. no O,llHOMy 6JioKy,Ha"'MHaH 

c 1977 ro,lla, eJKero,llHO. 3Ha"!eHMe sToro corJial!leHM.l'l 3aKnroqaeTc.l'l TaKJKe B ToM, 

"'TO l.!CCP B o6JiaCTM H,llepHOH SHepreTMKM npMCTynaeT, TaKMM o6pa30M, K B:&I

nOJIHeHMJO MHTerpHpOBaHHOH nporpaMM:&l CTpaH COQMaJIMCTM"!eCKOrO CO,llpyJKe

CTBa, OCHOBaHHOH Ha e,llMHOM p.ll,lle peaKTOpOB COBeTCKOrO TMna BB3P. Oc

HOBH:&JM npeMMymecTBOM TaKoro pel!leHMH .l'IBJI.l'leTc.l'l npeJK,lle Bcero cne.llyromee: 

1, 06ecne"!eHMe COOpyJKeHM.l'l He06XO,llMM:&IX MOUlHOCTeH H,llepH:biX SJieKTpo

CTaHQMH B TaKMe CpOKM, KOTOp:&IX Tpe6yeT pa3BMTMe SHeprOCMCTeM:&I B 

l.!CCP. 

2 • .H,T.!epHoe MalllMHOcTpoeHMe l.!CCP nonyqaeT peaJibHyJO, M no cpoKaM 6na
ronpMHTHyro, B03MOJKHOCTb npOM3BO,llMTb onpe,lleJieHH:&Ie TeXHOJIOrM"!eCKMe KOM-
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!IOHeHTI>I o6opy.ztOBaHJi.SI .si,IlepHI>IX 3JieKTpOCTaHU11H He TOJibKO ,llJI.s! qccp, HO 

TaKJKe 11 .ztJI.si CCCP 111111 .ztpyr11x cTpaH -y'!aCTH11U C3 B. TaK11M o6pa30M, MOJK

HO 6y.zteT 113rOTOBJI.s!Tb 6oJiee KpyiiHl>!e cep1111, 'ITO, B CBOIO O'lepe.ztb, IIOBI>ICI1T 

TeXHI1'!eCKI1H, a TaKJKe 11 3KOHOMI1'1eCKI1H ypoBeHb IIp0113BO,IlCTBa. IJpe.ztme

CTByiOma.si 11301111pOBaHHa.si '!eXOCJIOBaUKa.si !IpOrpaMMa 6MJia JII1meHa TaK11X 

B03MOJKHOCTei:f. 

3. Ilepexo.zt K peaKTOpaM BB3P B TO JKe BpeM.si .zteJiaeT B03MOJKHOH Op11eH

TaU1110 '!eXOCJIOBaUKOH Hay'!H0-11CCJie,llOBaTeJibCKOH 11 3KCIIep11MeHTaJibHOH 6a-

31>1 Ha pemeHI1e 1136paHHI>IX !Ip06JieM !10 pa3pa60TKe peaKTOpOB C BO,IlOH IIO,Il 

.ztaBJieHI1eM (KpyiiHI>IX e,ll11HI1'1Hl>IX MOmHOCTei:f) 11, TaK11M 06pa30M, o6ecrre'II1Ba

eT 6011ee Bl>ICOKyiO KOHUeHTpaU1110 11 CIIeU11aJII13aU1110 3TOH 6a3l>!. 

BcJie,llCTBI1e TOrO 'ITO Ml>I B Te'!eHI1e HeCKOJibKI1X JieT CTO.s!JII1 Ha rrepe

KpecTKe pemeHI1H .llBYX .si,IlepHI>IX CI1CTeM: 

- T.siJKeJIOBO,IlHOH, KOTOpa.si ,llO CI1X IIOp He COBCeM OKOH'IaTeJibHO pa3pa6oTaHa 

11 rrepcrreKT11Bl>I KOT0p0H He .s!CHI>I, 11 

- JierKOBO,IlHOH, pa3BI1TI1e KOTOpOH IIpe.ztyCMaTp11BaeTC.s! Ha rrep110,1l IIp116JII1311-

TeJibHO .zto 1990 ro.zta, 

rrpo1130m11a 3a.ztepJKKa, BeCbMa He6Jiarorrp11.siTHa.si B OTHomeHI111 o6ecrre'!eHI1.si 

y.ztOBJieTBOp11TeJibHI>IX MOIIIHOCTei:f B 3HepreTI1'1eCKOM 6aJiaHce, CHOBa IIp11-

illJIOCb 11CCJie,llOBaTb B03MOJKHOCTI1 6011ee 11HTeHCI1BHOH 3KCIIJiyaTaU1111 OTe'!eCT

BeHHI>IX KJiaCCI1'1eCKI1X pecypCOB 11, B rrepByiO O'lepe.ztb, IIpOBep11Tb rrepcrreKTI1-

Bl>I yBeJII1'1eHI1.si .zto6M'II1 6yporo yrJI.si. B TO JKe BpeM.si Ha cJiyt~a:H .ztaJibHe:Hme

ro yBeJII1'1eHI1.s! .zt06l>!'ll1 6yporo yrJI.si He06XO,Ili1MO 6MJIO !Ip11H.s!Tb BO BHI1MaHI1e 

Tpe6oBaHI1.s! 3ami1Tl>I OKpyJKaromefi cpe.ztJ>I 11 !Ip11p0,1ll>I, B TaK11X ycJIOBI1.siX, Kor

.zta Hel136eJKHO Tpe6yeTC.s! COcpe.ztOTO'II1Tb 3JieKTp03HepreTI1'1eCKI1e MOIIIHOCTI1 

KaK MOJKHO 6JII1JKe K 3aJieJKaM yrJI.si, !Ip06JieMM 3arp.s!3HeHH.si aTMOC<flepl>! BCJie.zt

CTBI1e BM6pocoB S0 2 cTaHOB.siTc.si '1pe3BJ>I'Ia:HHo cepbe3HMMI1. 

YBeJII1'1eHI1e .zto6J>I'II1 6yporo yr11.s~, Boo6me, 11 .llJIH rrpo113BO.ztCTBa 3JieKTpo-

3Hepr1111, B '!aCTHOCTI1, Op11eHT11pOBO'IHO IIOKa3aHO Ha p11C, 1. 

H3 rrp11Be.zteHHoro p11c.1 Bl1.ztHo, 'ITO B qccp eme .zto 1980 ro.zta Heo6xo

.lli1Mo C03,1laTb COOTBeTCTByiOml1e ycJIOBI1.s! ,llJI.s! 6J>ICTpl>IX TeMIIOB CTp011TeJib

CTBa .si,IlepHI>IX 3JieKTpOCTaHU11H B TaK11X MacmTa6ax, 'IT06J>I OHI1 !IOCJie 198 0 ro

.zta IIOKpi>IBaJII1, B OCHOBHOM, Tpe6yeMJ>IH IIp11pOCT MOIIIHOCTI1 3JieKTpOCTaHU11H 

B CTpaHe. 

O.ztHOBpeMeHHO, orrpe.zteJI.s~.s~ 3HepreTI1'!ecKyro KoHuerru11ro, HeJib3.si yrrycKaTb 

113 Bl1,1la BO!IpOCI>I pa3BI1TI1.s! UeHTpaJII130BaHHOrO !Ip0113BO,IlCTBa Te!IJI03Hepr1111 

KaK ,llJI.s! rrpOMI>IillJieHHI>IX rrpe.ztiip11.s!TI1H, TaK 11 ,llJI.s! KOMMyHaJibHOrO, 6l>!TOBOrO 

!IOTpe6JieHI1.s!. 0CHOBHI>IM 3HepropecypcoM ,llJI.s! Bl>Ipa60TKI1 TeiiJia, TaK JKe 

KaK 11 ,llJ!j! !Ip0113BO,IlCTBa 3JieKTp03Hepr1111, B qccp B HaCTOHmee BpeM.si .siB

JI.sieTC.s! 6ypl>!H yrOJib, Il03TOMy !Ip11 pemeHI111 BO!IpOCOB pa3BI1TI1.s! B CTpaHe 

.si,IlepHOH 3HepreT11K11 3Ha'II1TeJibHOe BHI1MaHI1e y.zteJI.sieTC.s! TaKJKe 11C!IOJib30-

BaHI110 H.ztepHMX TeiiJI03JI eKTpoueHTpaJie:H .ztJI.si BMpa6oTK11 TeiiJI03Hepr1111. Ue

JIM:H p.s!.zt 11CCJie,llOBaHI1H '!eTKO !IOKa3aJI, 'ITO B ycJIOBI1.s!X qccp 11CIIOJ!b30Ba

HI1e .s!,llepHOH 3Hepr1111 ,llJI.s! Bl>Ipa60TK11 TerrJia .s!BJI.s!eTC.s! He TOJibKO aKTyaJib

Hl>IM, HO 11 BeCbMa Bl>IrO,IlHI>IM C 3KOHOMI1'1eCKOH TO'IKI1 3peHI1.s!, Ha OCHOBa

HI1H 3TI1X 11CCJie,llOBaHI1H C,lleJiaHM CJie.ztyiOml1e Bl>IBO,Ill>I: 

1. B qccp 11MeeTc.s~ p.s~.zt MeeT, BecbMa 6Jiarorrp11HTHMX .ztJIH coopyJKeHM.si 

.si,IlepHI>IX TeiiJI03JieKTpOUeHTpaJiei:f, B '!aCTHOCTI1, Ha!Ip,, B r. EpHO, r.zte pa6o

TaeT CaMa.si pa3BHTa.si B CTpaHe CHCTeMa TeiiJI03JieKTpOUeHTpaJiei:f H r.zte Ta

KOe pemeHI1e C 3KOHOMI1'1eCKOH TO'IKI1 3peHH.s! MOJKeT OKa3aTbC.s! BJ>IrO,IlHI>IM. 

Il03TOMy B HaCTO.simee BpeM.si pa3pa6aTMBaeTC.s! COOTBeTCTByiOmMH !IpOeKT, 
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llOTPE6HOCTb B YmE HA nR:)I.131BOI:lCTI:!O 
3nEKTP03HEPrl-11-1 ( ~ErO ) 

nOTPE6HOCTb B 4EPHOM YrnE 
HA ~BO 3fEKTP03t£PrHI-1 

427 

roa bl: '19&o 1965 1970 1m 19eo 1985 199o 1995 20oo 
1968 

2010 2020 2030 2040 

PHc. 1. 0pHeHTHpOBO'IHJ.Iii nporHo3 pocTa noTpe6HOCTH Byrne .ztllll npoH3BO.!lCTBa aneKTpo-
3HeprHH B 'l!CCP .!10 2040 ro.11a. 
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KOTOpi>IH ,llaCT OKOH'IaTeJibHI>IH OTBeT Ha BOnpOC 0 I..leJiecoo6pa3HOCTI1 coopy

)KeHI1l'I l'I,llepHOH TenJI03JieKTpOI..IeHTpaJII1. 

2. Coopy)KaH nocJie.llyrollll1e H,llepHi>Ie 3JieKTpocTaHI..11111, ocHameHHI>Ie 6JioKa

MH BB9P 2 X440 MBT(3n), Mi>I MO)KeM ,llo6HThCl'I cymecTBeHHoro nOBI>ImeHHH 

HX 3ifl~~eKT11BHOCTI1 7 eCJIH Ha HHX 6y.llyT ycTaHOBJieHI>I Typ611Hbl C OT60pOM 

TenJia ,llJil'I TeXHOJIOrH'IeCKHX I..leJieH npOMi>IIDJieHHOCTH 11 ,llJil'I TenJioqmKai..11111 

HeKOTOpi>IX ropO,llOB H HaCeJieHHI>IX I..leHTpOB. Il03TOMY npe,llnOJiaraeTCl'I 7 'ITO 

TpeTb.si H TIOCJie,llyrDIIl11e l'I,llepHi>Ie 3JieKTpOCTaHI..IHH 6y.LlyT pa3MelllaTbCl'I B Ta

K11X paHOHaX, r,lle HX MO)KHO 6y,lleT HCTIOJib30BaTb ,llJil'I Bi>Ipa60TK11 KaK 3JieK

Tp03Hepr11117 TaK 11 Tenna. PemaiOIIlHH Kp11TepHil: TaKoro pemeHI1l'I 3aKJIIOt~a

eTCH B o6ecnet~eHHH 7 COOTBeTCTBeHHO Me)K,llyHapo,llHi>IM CTaH,llapTaM 7 l'I,llep

HOH 6e3onacHOCTH. 

IJp11 o6ecnet~eHH11 pa3B11TI1l'I 3HeprOCI1CTeMb! B t.JCCP yt~HTI>IBaeTCl'I CJie

.LlyrDIIll1i:i poeT noTpe6neHI1l'I 3JieKTp03Hepr1111: 

IloTpe6JieHHe 3JieKTp03HeprHI1 1970 r 1980 r 1990 r 

109 KBT-q 48,5 92,0 170,0 

l.JT06i>I o6ecnet~I1Tb TaKoe np0113BO,llCTBO 3JieKTp03HeprHI1 7 He06XO,llHMO 

ycTaHOBJieHHyrD MOIIlHOCTb B 1990 ro,lly yBeJIH'II1Tb B Tp11 pa3a ITO cpaBHeHHIO 

c 1970 ro,lloM. 

MolllHOCTh H,llepHi>IX 3JieKTpocTaHI..I11H 6y.lleT yBeJII1'111BaTbCl'I cJie.llyrolll11M 

o6pa3oM: 

MolllHOCTb H,llepHi>IX 3JieKTpo

cTaHLIHH 

MBT(3JI) 

1980r 1985r 1990 r 

1700 5000 10000-12000 

Ha TaKoe pa3BHTHe pacct~I1TaHa H pa3pa6oTaHa MO,lleJib coopy)KeHI1l'I l'I.Llep

Hi>IX 3JieKTpOCTaHI..I11H 7 TIOKa3aHHal'I Ha pHC. 2. 

B 3TOH Mo,lleJIH yt~I1Ti>IBaeTcl'I coopy)KeH11e ,llO 1985 ro,lla H,llepHi>IX 3JieKTpo

cTaHI..IHH, ocHameHHi>IX 6noKaMI1 BB9P 2X440 • Ilpe,llnonaraeTCl'I coopy.ll11Tb 

O,llHH 6JIOK BB9P-1000, KOTOpi>IH ,llOJI)KeH o6ecnet~HBaTb CTp011TeJibCTBO noc-

Jie 1985 ro,lla. O.llHOBpeMeHHO npe,llnonaraeTcl'I ,llo 1990 ro,lla coopy.llHTh c no

MOIIlhKl CoBeTcKoro Co103a eme O.llHY H,llepHyro 3JieKTpocTaHI..IHIO c peaKTopoM 

Ha 6i>IGTPi>IX Heil:TpoHax. TaKOBI>I, BKpaTI..Ie, cero,llHl'ImHI1e coo6pa)KeHI1l'I o 

pa3BHTHI1 l'I,llepHOH 3HepreTHKI1 B t.JCCP. 

B 3aKJIIO'IeHI1e HaM XO'IeTCl'I TIO,llt~epKHYTb 7 'ITO B nep110,ll 1970-1990 ro

,llOB 3HepreT11Ka t.JCCP 6y,lleT TIO,llBeprHyTa 3Ha'IHTeJibHi>IM TeXHH'IeCKI1M H3-

MeHeHI1l'IM. BeChMa Ba)!(Hb!M MOMeHTOM l'IBJil'IeTCl'I TO 06CTOl'ITeJibCTB0 7 'ITO 

B 3TOT nepHO,ll BpeMeHI1 ,llOJI)!(Ha ocymecTBI1TbCl'I 11 HyKJieapH3ai..I11l'I 11 Hameil: 3Hep

rOCHCTeMbi7 B pe3yJibTaTe ocymeCTBJieHI1l'I KOTOpOH ,llOJil'I l'I,llepHb!X 3JieKTpO

CTaHI..111H K 1990 ro,lly B03pacTeT ,llO 37 -4 2o/o. 

PemeHI1e o nepexo,lle K H,llepHI>IM 3JieKTpocTaHI..IHl'IM c coBeTcKHMH peaK

TopaMH BB9P HMeeT qpe3BI>It~ail:Ho Ba)!(Hoe 3KOHOMI1t~ecKoe H npe)K,lle Bcero 

ITOJIHTH'IeCKOe 3Ha'leHHe. 0HO ,llaeT B03MO)KHOCTb ocymecTBHTb HHTerpai..IHIO 

Hameil: H,llepHoil: 3HepreTHKH c 3HepreTHKoil: CoBeTcKoro Co103a H, TaKHM o6-

pa3oM, 3iflifleKTHBHO HCTIOJib30BaTb Hayt~HO-HCCJie,llOBaTeJibCKyrD 6a3y H npo

Mi>IIDJieHHI>Ie npOH3BO,llCTBeHHI>Ie MOIIlHOCTH l'I,llepHOrO MaiDHHOCTpOeHHl'I • 
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Abstract-Resumt-AHHOTilllMH-Resumen 

FORECASTS OF ITALY'S ENERGY REQUIREMENTS UP TO THE YEAR 1990, AND THE ROLE OF NUCLEAR 

ENERGY. 
Part I of the paper analyses the growth of demand related to the mdividual sources of energy in Italy 

in the past fifteen years and points out the mam problems associated with the energy situation in the country, 
particularly as concerns reliability and economy of fuel procurement. Based on this analySIS and on the 
anncipated development of Italy's economy, predictwnsofthe energy demand up to 1990 are made and a 
bnef dhcussion follows on the contribution that each primary source may make to cover the demand in the 
light of domesnc energy resources, the foreseeable trend of the world fuel market, and the anticipated 
techmcal and economic evolutwn of the processes applied for the transformation and unlization of the sources. 

Part II of the paper reViews the past history of the Italian electnc power system and predicts its future 
evolunon within the framework of the country's energy Sltuanon, After a bnef description of the mam features 
of the system, the electric energy and power requnements are predicted up to 1990. The potential for de
veloping hydroelectric, geothermal and pumped-storage stanons lS considered, as well as the role that nuclear 
energy may be called upon to play to meet the increased requirements. An analysis lS made of the vanous 
factors that may affect such a role - techmcal and financial factors, environment protectlon, dependable 
sources of supply, etc. - for predicting the development of nuclear stations in Italy over the same period, 
whence n appears that nuclear energy will mcrease in importance for covering the demand of electricity. 

BESOINS EN ENERGIE PREVUS EN ITALIE )USQU' EN 1990 ET ROLE DEL' ENERGIE NUCLEAIRE. 
La prem1ere parue du memoire analyse l' evoluuon de la demande constatee en ltahe au cours des 

qumze dermeres annees en ce qui concerne les dlfferenres sources d' energ1e. Les prmcipaux problemes 
hes a la situation energetique du pays sont examines, en paruculier ceux qui concernent la securite et 
l' economie del' approvisionnement. Sur la base de cette analyse et des perspecuves de developpement 
de 1' economie les auteurs formulent des prevuwns sur la demande d' energie en ltalie JUSqu' en 1990 
et examinent brievement la contribution que chaque source pnmaue pourra fournir pour la satisfaction 
des besoms, compte tenu des d1sponibilites energetiques nauonales, des tendances prevuibles du marche 
mondlal et del' evoluuon techmco-economique probable des precedes de transformauon et d' utihsauon 
de chaque source. 

La deux1eme partie du memoue est consacree a l' examen del' evoluuon passee et future du reseau 
electrique ltallen, dans le cadre de la SltUaUon energetique du pays; apres avoir presente un bref aperfU 
des caracteruuques pnnclpales du reseau, les auteurs formulent des previsions sur la demande d' energle 
JUsqu' en 1990. Ils dlScutenr le developpement posSlble des cenrrales hydro-erecmques, geotherm1ques 
eta aceumulauon par pompage, et examinent le role que l' energie nucleaire pourra etre appelee a JOUet 
pour sa1ufaire les besmns nouveaux. lls analysent les dlfferents facteurs qm pourraienr influer sur ce 
role, te:ls que les facteurs techmques et fmanclers, la protection du ffillleu, la securne del' approvisionne
ment, etc. Sur la base de cette analyse, ils formulenr pour la periode consideree des previswns sur le 
developpemenr des cenrrales nucleaues en ltalie, qui mettent en relief l' importance toujours croissanre 
del' energle nucleaire pour la satisfaction des nouveaux besolns energeuques. 

ITPE,niTOJIArAEMhiE ITOTPEEHOCTH HTAJIHH B 3HEPrlil1 HA 1990 ro,11 11 POJih .si,nEP
HO:i1 clHEPrHH. 

13 nepaoii: qacTH ,noKna.na aHanH3HpyeTCH yBenHtteHHe B MTanHH cnpoca Ha pa3RH1.1H:&Ie HcToq

HHKH S•HeprHH 3a nocne,liHHe 15 neT H yKa3.IBalOTCll OCHOBH>Je npo6neM>J, CBll3aHH•te C 3Hepre-

431 
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Tl-P-18CKHM llOJIO)K8HH8M B CTpaHe 11 1 B l..I3CTHOCTH 1 C H3,U8JKHOCThiO H 3KOHOMHKOi1 068Cll848HiUI 

TOllllHBOM. Ha OCHOBaHHH 3TOrO aHaJIH3a H 0)fCH:,ll38MOrO pa3BHTHSI HTaJihHHCKOH: 3KOHOMHKH 

)J.8JiaiQTC5I nporH03hl B OTHOII18HHH CITpOCa H3 3H8prHIO TIO 1990 rO,n; H KpaTKO 06cyJK,n;aeTCH TOT 

BKJia,ll, KOTOpbifi KaJK,llblfi 113 OCHOBHbiX HCT0'4.HHKOB M0)K8T BH8CTH B Y.llOBJl8TBOp8HH8 3TOrO Cnpo

Ca c yqeToM BHyTpeHHHX 3HepreTIP..JeCKHX pecypcoa, npe.unonaraeMoH: TeH.U8HLtHH MHpoaoro 
TOllJIHBHOrO pblHKa, a T3K)K8 T8XHH'I·IeCKOH: H 3KOHOMHY:8CKOi1 3BOJllOLJ;HH llp0Q8CCOB 1 llpHM8HSI8M:biX 

)J;JlSI rrpeo6pa30B3HHSI H HCllOJib30BaHH5I 3THX HCTO'l.fHHKOB. 

Bo BTOpofi l.laCTH )lOKJJa,lla paCCM3TpHB38TCfl HCTOplUI pa3BHTHH HTaJibSIHCKOfi 3HeprOCHC

T8Mbl H llp8,llCK33hiB38TC51 ee ITOCJie)lyiOuta51 3BOJIIOI..{lHI B paMK3X 3H8pr8TH1..J:8CKOrO ITOJIOJK8HH51 

CTpaHbi, TI OCJI8 KpaTKOrO OITHCaHH51 OCHOBHhiX OC068HHOCTefi 3TOi::f CHCT8Mbl )l8JI3IOTCH rrporH03bl 

B OTHOill8HHH ITOTpe6HOCTei1 B 3HeprHH H 3JI8KTpH'Y:8CTB8 )lO 1990 ro.n;a. PaccMaTpHBaiOTCH no

T8Hl.{H3JibHbi8 B03MOJKHOCTH CTpOHT8JibCTBa rH,llp03JI8KTpH1-18CKHX 1 reOT8pM3JlbHhiX H rH)lpOaK

KYMYJIHpyiOutHX CT3HQHH 1 a TaKJK8 pOJib, KOTopyiO MOJK8T ChirpaTb 51,ll8pHa51 3H8prHH B y.rtOBJI8TBO

peHHH B03pOCillHX ITOTpe6HOCTei1. ,llaeTCH aHaJIH3 pa3JIH4HbiX ~aKTOpOB 1 KOTOpbi8 MOryT ITOB

JIH51Tb Ha 3TY p01Ib 51,ll8pHOi1 3H8prHH (T8XHH48CKH8 H <iJHHaHCOBbi8 <PaKTOpb1 1 3all(HT3 OT 3arpH3-

H8HH51 OKpy-'KaiOuteH: cpe.rtbi, H3)l8-'KHOCTb o6ecneY8HH51 TOITJIHBOM H T .,ll,.). Ha OCHOBe 3Toro 

aHaJIH3a rrporH03HpyeTCH cTpOHT8JibCTBO B HTaJIHH H)lepHbiX 3JI8KTpocTaHQHH B yKa3aHHhii1 ne

pHO)l, H3 qero CJI8;::J;y8T 1 t.ITO H)l8pHaH 3HeprH5I 6y.n,eT ITpH06peT3Tb BC8 6oJiblll88 3H348HH8 B 

y.noaneTaopeHHH noTpe6HocTeH B 3HeprHH. 

PREVISION DE LA DEMANDA DE ENERGIA EN IT ALIA HAST A 1990 Y PAPEL DE LA ENERGIA 
NU CLEOELECTR!CA. 

La parte I de la memona anallza el crec1m1ento en ltalla de la demanda, ref end a a las d1stmtas 
fuentes de energfa, en el rranscurso de los ulumos quince aiios, y se seiialan los pnnc1pales problemas 
vmculados con la muac1iin energeuca del pafs, sobre todo en lo que concierne a la segundad y economfa 
en el abastec1m1ento de combusuble. Sobre la base de este anallsis y de las perspecuvas de desarrollo 
de la economfa, se formulan prevmones sobre la demanda de energfa en Italia hast& 1990 y se examma 
brevemente la pos1ble aportac16n de cada fuente pnmana, hab1da cuenta de los recursos energeucos 
nacwnales, de la muac1iin prevmble del mercado mund1al de combusubles y de la evoluc1iin tecmco
econiimlca probable de los proced1m1entos de transformac1iin y de uulizaciiin de cada fuente. 

La parte II de la memona esta ded1cada al examen de la evoluc1iin pasada y futura de la red elecmca 
Hallana, dentro del marco de la s1tuac1iin energeuca del pafs. Tras una breve descnpc1iin de las caracterfsncas 

prmc1pales de la red, se formulan prevmones sobre la demanda de energfa y de potenc1a elecmca hasta 1990. 
Se examman las poSlb!lldades de desarrollo de las centrales h1droelecmcas ordmanas, las geoterm!Cas, y 
de las de acumulaciiin por bombeo, asf como el papel que podra representar la energfa nucleoelectnca a 
fm de subvemr a las nuevas neces1dades; se anallzan ademas los d!Versos factores que podrfan influu: 
sobre d1eho papel: factores tecmcos y fmancteros, !a protecc1iin del medw ambiente, la segundad del 
abastec1m1ento, etc. Basandose en este analisis, se formulan prevmones, para el perfodo en cuesuiin, 

sobre el desarrollo de las centrales nucleares en Italia, prev!Slones que ponen de relleve la creciente 
1mportanc1a que ha de adqmm la energfa nucleoelectrica para satisfacer la demanda de electric1dad. 

PART I 

FORECASTS UP TO 1990 1 

1. PAST TREND OF ENERGY REQUIREMENTS 

Between 1953 and 1969 the gross national product at constant prices 
(1963) grew at an average yearly compound rate of 5. 7% and the average 
income per capita, again referring to constant prices and to the resident 
population at mid-year, increased from about 360 000 Lire/inhabitant 
(576 $/inhabitant) in 1953 to about 775 000 Lire/inhabitant (1240 $/inhabitant) 
in 1969. This rapid growth was accompanied by pronounced modifications 
in the economic structure as a result of the fast-moving dynamics of the 

1 By F. Mannone. 
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TABLE I. GROSS CONSUMPTION OF ENERGY IN ITALY 
IN 195:3 AND 1969 BY PRIMARY SOURCES a 

1953 

(109 kcal) ('/o) (109 kcal) 

Solid fuel 110 275 38.0 109 929 

Natural gas 18 696 6.4 97 764 

Petroleum products 85217 29.3 782 763 

Pnmary electnc!ty 
(hydro, geothermal, nuclear) b 76408 26.3 125 427 

Total 290 596 100.0 1115 883 

1969 

a IncluSive of mternauonal bunkerage and the consumption and losses of the energy mdustry. 

b The conversiOn factors adopted here are 1 kWh= 2600 kcal for hydroelectric energy and 

1 kWh = 2200 kcal for geothermal and nuclear energy. 

433 

(o/o) 

9. 8 

8. 8 

70.2 

1!. 2 

100.0 

industrial and tertiary sectors. The incidence of agriculture on the gross 
domestic product at factor cost decreased from 20.3 to 12. 2o/o over the 
period in consideration, whereas the incidence of industry and the tertiary 
sector increased respectively from 31.2 to 40. 4o/o and from 33. 7 to 36. 4o/o. 

This economic development determined an exceptional expansion of 
the energy consumption in a country that lacks sources of energy as well 
as raw materials in general, a circumstance that in the past was one of 
the main reasons its industrial development was held back. 

As: shown in Table I the gross energy consumption in Italy including 
international bunkerage, rose from 29.1 milliont.e.o. 2 in 1953 to 
111.6 million t. e. o. in 1969, with a 284o/o increase equal to an average 
yearly compound rate of 8. 8o/o. 

The over-all availability of energy, taking into account the consider-
able export of finished products, was even higher in the two years in question, 
that is,, 34.4 and 140.7 million t. e.o., whereas the final consumption (see 
Table li), net consumption of the energy generating industry and of trans
formation losses, were, in those two years, 20. 6 and 87.5 million t. e. o. 
All sectors contributed to the increase in consumption, but particularly 
industry and transport, whose requirements expanded about fivefold. 

At the same time, the respective contributions of the primary sources 
for covering the demand changed radically. There was a marked fallback of 
solid fuel and primary electricity, the incidence of which decreased res
pectively from 38. 0 to 9. 8o/o and from 2 6. 3 to 11. 2o/o; natural gas rose 
from 6. 4 to 8. 8o/o and the demand for oil grew even more drastically (from 
29.3 in 1953 to 70. 2o/o in 1969). The portion covered by national energy 
sources - essentially natural gas, water and geothermal steam - de
creased from 47 to 23o/o over the same period. 

From the foregoing it is evident that the energy sector in Italy is 
characterized by rapid expansion and strong dependence on foreign primary 
sources, particularly for oil. In addition, if the national economy, and 

2 t.e.o.=tonsofequivalentml:::l0 7 kcal. 
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TABLE II. FINAL CONSUMPTION OF ENERGY IN ITALYa 
IN SOME YEARS BETWEEN 1953 AND 1969 (109 kcal) 

Steel Other 
Transport Agnculture Domestic 

Year 
mdustry 

and and and tertiary 
industries 

bunkerage f1shenes services 

1953 15945 81 099 45 246 5759 57 890 

1960 31 018 155 307 100 014 8 249 90 908 

1965 50167 245129 178 543 10 881 130 037 

1966 54936 254 654 197316 13 210 152 365 

1967 57 986 276 628 202 998 14 669 166 617 

1968 62 818 331 859 216 536 15 361 182 241 

1969 61819 357 652 229 655 16 598 209 656 

Rauo 

1969/1953 
387.7 441 .'i07. 7 288.2 362.16 

Total 

205 939 

385496 

614 757 

672481 

718 898 

808 815 

875 380 

425.06 

a Inclusive of mtemauonal bunkerage, but net of consumpnon and losses of the energy mdustry. 
Convemon factor for electnc energy 1 kWh= 860 kcal. 

TABLE III. IMPORTS OF OIL AND COAL, 
BY COUNTRY OF ORIGIN 

~ 1960 1968 1969 

Crude oil imports ("/o) 

Mtddle East 82.7 58.5 57.1 

Afnca 2.2 27.0 31.4 

USSR 13.5 11.9 9.1 

Venezuela 1.6 2.6 2.4 

Total 100.0 100. 0 100.0 

Coal tmports ("/o) 

European Community 36.2 31.0 30.0 

Other European countries 14.3 36.0 39.8 

USA 44.8 31.6 28.1 

Other sources 4. 7 1.4 2.1 

Total 100.0 100.0 100.0 

First nine 
months in 

1970 

54.0 

35.6 

8.2 

2.2 

100.0 

25.0 

40.8 

31.0 

3.2 

100.0 
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chiefly the economy of the manufacturing industry, is to expand, and if 
Italy' B products are to be competitive on the international market, it is 
essential that quantitatively and qualitatively adequate sources of energy 
become available on a reliable basis and at the lowest possible cost. 
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For these reasons, the energy policy in Italy has been directed towards 
the search for and best utilization of the national sources, while diversifying 
as much as possible, not only the types of imported fuels from abroad, but 
also the countries of origin. 

The first objective was attained by exploiting practically all the com
petitive hydroelectric resources in Italy, by utilizing the geothermal forces 
and the small lignite deposits for the production of electricity, and by 
launching an intense research for and exploitation of liquid and gaseous 
hydrocarbons, both on national territory and on the continental shelf. 

With regard to the objective of diversifying the origin of imported coal 
and oil, the situation in these past years is illustrated in Table III. 

2. FORECAST OF ENERGY REQUIREMENTS 

The past evolution of energy requirements and the prospects of develop
ing Italy' s economy justify the belief that the growing trend in energy con
sumption will continue at a high rate, at least over the current decade. On 
the other hand, the uncertainty characterizing any forecast obviously as
sumes greater proportions since the year it refers to is more distant in 
time. When we try to go beyond a certain time horizon, many other factors 
may set in to affect the growth and coverage of the demand - economic, 
technical and political factors, which are much more difficult to evaluate. 
New technologies and applications may be introduced, abundant reserves 
of energy may be discovered, and doubtless there will be competitivity of 
the varwus sources. In this case, more than a forecast, we speak of working 
assun1ptions. 

In estimating the growth in energy demand in Italy up to 1990 and in 
predicting how it will be covered, we have considered it appropriate to 
take, not a single value for each year, but a range of values within which 

TABLE IV. FORECASTS OF GROSS NATIONAL ENERGY CONSUMPTION, 
CONSUMPTION, INCLUSIVE OF BUNKERAGE 

Minimum assumption Maximum assumption 

y ear 
Average yearly Average yearly 

(106 t.e.o.) 
compound in ere ase 

(10 6 t.e.o.) 
compound increase 

rate rate 

("/o) ("/o) 

196~ ' (fmal) 111.6 7.9 111.6 8. 7 

,, 197c 176.0 6.3 184.5 6. 8 

198( I 239.0 
5.0 

256.0 
6.5 

198t ' 304.5 
4.8 

351.5 
5.3 

199( I 385.0 456.0 



TABLE V. FORECASTS OF GROSS ENERGY CONSUMPTION IN ITALY IN THE YEARS 1975, 1980, 
1985, 1990, BY PRIMARY SOURCES a 

Minimum assumpnon Maximum assumption Minimum assumption Maximum assumption 

(10
12 kcal) ("/o) (1 012 kcal) ("/o) (1012 kcal) ("/o) (1012 kcal) ("/o) 

1975 1980 

Sol!d fuel 118-138 6. 7-7. 8 118-138 6.4-7.5 131-171 5.4-7.1 134-174 5.2- 6. 8 

Natural gas 168 9. 5 168 9.1 221 9.3 221 8.6 

Petroleum products 1333-1313 75.8-74.7 1418-1398 76. g-75. 8 1819-1779 76.1-74.4 1969-1929 77.0-75.4 

Pnmary electnclty 
(hydro, geothermal, nuclear) b 141 8. 0 141 7.6 219 9.2 236 9.2 

Total 1760 100.0 1845 100.0 2390 100.0 2560 100, 0 

1985 1990 

Sol!d fuel 137-177 4.5-5. 8 146-186 4.2-5.3 136-176 3. 5-4. 6 154-194 3.4-4.3 

Natural gas 246 8.1 246 7.0 246 6.4 246 5.4 

Petroleum products 2289-2249 75.2-73.9 2716-2676 77.2-76.1 2660-2620 69.1-68.0 3167-3127 69.4-68.5 

Pnmary electncity 
(hydro, geothermal, nuclear) b 373 12.2 407 11.6 808 21.0 993 21.8 

Total 3045 100. 0 3515 100.0 3850 100.0 4560 100, 0 

a lnclus1ve of internanonal bunkerage and the consumptwn and losses of the energy industry. 
b The convemon factors adopted here are 1 kWh o 2600 kcal for hydroelectnc energy and 1 kWh o 2200 kcal for geothermal and nuclear energy. 

;;:: 
;.. 

"' z 
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the actual figures are expected to fall. So, for the predicted energy demand 
in the years 1975, 1980, 1985 and 1990, we have indicated upper and lower 
limits, which respectively constitute the maximum growth assumption and 
the minimum growth assumption. These two assumptions correspond to 
two different average yearly rates of increase of the gross national product 
over the period considered. For the time up to 1980 reference was made 
to increase rates of 5 and 6o/o, respectively, which are considered possible 
in respect of the country 1 s situation, and which presuppose a different uti
lization of the productive factors and a, different increase in productivity. 
For the following decade, we assumed a slackening of the increase rate 
with time to take into account both the saturation of demand in some sectors 
and the gradually reduced availability of manpower. 

The values thus determined for the gross national consumption, in
cluding bunkerage, are shown in Table IV. 

Table V tabulates the predicted coverage of energy requirements, 
divided by primary sources of energy, based on the following considera
tions. It should be pointed out, first of all that, mainly for the consuming 
and manufacturing sectors, where the possible choices are widest, these 
forecasts are conditioned by many uncertainties resulting chiefly from the 
availability of the individual sources on the world market, in relation to 
the respective requirements, and from the competitivity of each source 
in respect to the others. 

(a) The world supply of coal and oil is to be considered sufficient to fulfil 
the growing demand for a long time to come because the competitive re
serves keep in step with the requirements through new discoveries. The 
difficulties recently experienced because of contingent political and eco
nomic circumstances, although very important especially for the provi
sions that it will be advisable to adopt in order to minimize the conse
quences of similar situations in the future, appear to affect the cost of 
energy rather than the reliability of the supply. 

(b) Coal consumption is gradually being confined to the steel industry 
and steam power plant. Since some of the steam power stations in Italy 
can run on both coal and fuel oil, it is possible to make a choice depending 
on the future market conditions and on the favourable prospects that may 
favour coal for use in steam power stations after the recent discoveries 
in Australia, Africa and Canada. 

(c) BE~cause of its peculiar characteristics, natural gas will still be in 
great demand in some industrial sectors and for domestic applications, 
even though its per cent incidence on the energy balance is bound to fall. 
Should the prospecting on national territory and off-shore fail to give the 
expected results, it will be necessary to continue a sound import policy 
to ensure the required supplies. 

(d) The contribution that nuclear energy may make to the coverage of 
electricity requirements is discussed in the second part of this paper. On 
this point we shall merely state here that the share of this new source 
will become substantial only around the •eighties; however, even in 1990 the 
nuclear source should not cover more than one-fifth of the over-all require
ments. 
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(e) Minor developments, in terms of quantity of energy, are to be ex
pected from the exploitation of water resources and geothermal steam. 

Therefore, we may expect that over the whole period considered, the 
coverage of the increased demand will be entrusted mainly to imported oil. 
This supports the objective of Italy's energy policy aiming at ensuring 
the supply of this source on a reliable basis and at the lowest possible 
cost. 

PART II 

FORECAST OF NUCLEAR ENERGY DEVELOPMENT IN ITALY 3 

1. FORECAST OF THE GROWTH OF POWER REQUIREMENTS 
IN ITALY UP TO THE YEAR 1990 

In 1970 the electricity demand in Italy was nearly 115.6 billion kWh 
and the winter peak power demand was 19 700 MW; the average consumption 
per capita was 1975 kWh. In the same year hydroelectric plants contri
buted to covering the demand by 36. 5o/o, conventional steam power plants 
by 56. 6%, geothermal plants by 2. 2% and nuclear plants by 2. 7%. 

In the past eighteen years, from 1953 to 1970, after the post-war re
construction stage, the electricity consumption in Italy rose from 31. 8 
to 115.6 billion kWh and the winter peak power demand rose from 5482 
to 19 700 MW. The respective yearly average compound increase rates, 
assessed on the interpolating tendency curve were 8.1 and 8. 5%. 

During that period, the structure of the electricity generating media 
underwent a radical change in Italy because of the gradual depletion of ex
ploitable water resources on one hand and of the rapid progress in the thermo
electric field on the other. Moreover, the gradual expansion and uprating 
of the country' s high voltage network permitted the installation of steam 
power units of increasing ratings, the largest of which are rated for 600 MW 
and have been in operation since 1967. 

So, while in the 1 fifties the hydroelectric production was about 90% of 
the total, it was only 36.5% in 1970 and is destined to continue a downward 
trend. 

The rate of increase in electricity consumption in Italy was relatively 
high compared with the average in other industrialized countries, whereas 
the per capita consumption is still rather low. Therefore, we anticipate 
that the growth in electricity consumption, just like the over-all energy 
requirements, will continue to follow the present trend, at least throughout 
the 'seventies, or may even start to rise slightly faster. 

In forecasting the development of electric energy and power requirements 
in Italy up to 1990, we have indicated a range of values within which the 
actual future demand is likely to fall, rather than indicate a single value. 

3 By A.M. Angellm. 
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TABLE VI. FORECAST OF ELECTRIC ENERGY AND PEAK POWER 
REQillREMENTS IN ITALY UP TO 1990 

Minimum Maximum 

mmption of 

439 

As 
de velopment Energy Peak power Energy Peak power 

1970 

1980 

1985 

1990 

mated yearly Esti 
incr ease rate: 

970-1980 

980-1985 

985-1990 

970-1990 

a Tendency values. 

(kWh X 109 ) 

116 

230 

320 

450 

7.1 

7.0 

6.9 

7.0 

(MW) 

20 600 a . 
41300 

(± 2400) 

58200 
(± 3 400) 

81700 
(± 4 800) 

7.2 

7.1 

7. 0 

7.1 

(kWh X 10 9 ) (MW) 

116 20600 

280 50400 

(± 3 000) 

420 75 800 
(± 4 400) 

600 109 500 
(± 6 300) 

9. 2 9.4 

8.4 8.5 

7.4 7.6 

8.6 8.7 

The results of these forecasts are summarized in Table VI which also tabu
lates the yearly average compound increase rates resulting from these fore
casts. With regard to the winter power peak, Table VI indicates in paren
theses the plus or minus deviation from the estimated value that is likely 
to result from unforeseeable contingencies and weather events. 

In view of the time required for the construction of a power station, the 
electricity requirements estimated for 1976 are already covered by ENEL's 
plans for new plants - most of which are already under construction. These 
plans are based on the assumption of maximum development and provide 
for the commissioning of over 21 000 MW in the seven years between 1970 
and 1976. This is an integrated complex of stations, of which approximately 
2000 MW will be pumping stations, 1150 MW will be new or totally rebuilt 
hydroelectric stations, 800-MW nuclear stations, and the remainder con
ventional steam power stations. 

2. PROSPECTS FOR THE DEVELOPMENT OF 
NUCLEAR STATIONS IN ITALY 

We already mentioned that the water resources still to be exploited 
in Italy are practically nil. The development of geothermal plant depends 
on the magnitude of the new sources of geothermal steam that will be dis
covered; our explorations in the past years have given encouraging results, 
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but here, more than elsewhere, it is impossible to make any predictions 
and therefore we cannot f1rmly rely on a substantial contribution from this 
source. As a result, virtually all the new electricity requirements will 
have to be fulfilled by thermal stations, both conventional and nuclear. 
An important role may also be played by pumped-storage stations for re
gulation and spinning reserve [1, 2]. 

The proportion of thermal plant that may be covered by nuclear plant 
in Italy is a function of many different factors. First of all, there is the 
question of reliability of the nuclear units. A sufficiently high degree of 
reliability is a prerequisite for a large recourse to nuclear energy. In 
this connection, the operating experience acquired to date with first
generation reactors has not always been positive and it can only partially 
be extrapolated to the units of the new generation, which differ from their 
predecessors, not only because they are much larger, but also because of 
technical and structural innovations [3]. Therefore, we cannot take it for 
granted that the new units will be characterized by a satisfactory degree 
of reliability. However, there are many facts that induce us to have 
confidence; for instance, the enormous industrial and financial effort ex
pended in the nuclear field, the competence and capability of the manu
facturers and organizations concerned with nuclear development, the large 
number of high-rating power stations under construction in many countries. 
In about five years, thanks to the experience acquired with the units of 
the new generation, sufficient data and records should be available to substantiate 
well-founded confidence in the reliability of the so- called proven-type 
nuclear reactor plants. 

Once this confidence on the reliability is attained, the most important 
factor from the standpoint of a more or less extensive development of 
nuclear plant is competitivity or, better, the degree of competitivity of 
nuclear energy. 

The limited space available does not allow a review of the many 
factors - some of a local nature - that affect the kWh generating cost, 
but it should be pointed out that a few of these factors have changed so 
much in these past years as to have affected nuclear plant development 
appreciably. Reference is specifically made to: 

(a) the increase in the price of fuel oil; last year this increase was, in 
Italy, approximately 0. 6 mills/10 3 kcal and it considerably strengthened 
the competitive position of nuclear energy; moreover, an analysis of the 
world situation appears to indicate that this situation of high prices in the 
oil industry will persist in the future; 

(b) The good prospects of the uranium market in respect of prices, avail
ability, and reliable sources of procurement for the current decade and, 
very likely, also for the future, particularly in view of the possibilities 
offered by the advanced reactors; 

(c) The high cost of money and the scarcity of capital recently experienced 
in many countries and particularly in Italy; this situation places an added 
burden on the cost of electricity generated by nuclear stations, and if it 
should persist it might constitute a remarkable hindrance to the imple
mentation of vast nuclear plant construction programs; 
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(d) The ever-increasing importance to be attached to protection of the 
environment; there is no doubt that from this aspect nuclear stations score 
points to their advantage; based on experience to date, the release of radio
active substances is many times below the limits specified in regulations 
that were formulated on a very prudential basis. 

In brief, many factors today appear to favour an intensive development 
of nuclear energy, especially the foreseeable trend of the kWh cost, which 
is likely to be more favourable to nuclear stations than to conventional 
thermal stations, also because of the wider margins available for develop
ment of the former and because of the youth of nuclear technology. 

Conversely, the greatest obstacles that could slacken the pace, or 
condition the development of nuclear energy, can be identified in a failure 
of the stations now being built to confirm in the forthcoming years the ex
pectations of satisfactory reliability (and this seems rather improbable), 
and in a scarcity of capital; concerning the probability of the latter situation 
in years to come, it is difficult to make predictions. 

3. FORECAST OF NUCLEAR PLANT DEVELOPMENT IN ITALY 

On the basis of the preceding considerations, practically all the new 
electric energy requirements will have to be met in Italy with conventional 
and nuclear power stations. A considerable portion of the regulation and 
spinning reserve duties will be assigned to pumped-storage stations. 

The contribution of each type of plant, as a whole and in conjunction 
with the plant now in operation or construction, will have to be such as to 
afford the technical-economic optimum in the coverage of the future load 
curves. This optimization is to be carried out, of course, in full observ
ance of the limitations posed by service continuity and of the restriction 
in availability, development rates and modes of operation (minimum con
tinuous loads) of some of the generating means, in addition to regional 
and environmental circumstances. 

The forecast development of the different types of plant is summarized 
in Table VII. 

With regard to nuclear stations in particular, the figure relating to 
the year 1975 (1450 MW in operation) is the sum of the existing stations 
(620 MW) and those under construction (40-MW CIRENE prototype and 
the fourth 800-MW nuclear unit). For the years between 1975 and 1980, 
the forecasts are based on ENEL' s tentative plans for the five-year period 
1970-197 4, whereby one 800 - 1000- MW nuclear unit will be ordered each 
year on an average. In 1975 the program came to a standstill because of 
insufficient capital for new investments; if this situation changes rapidly 
in the desired direction, we can still hope to implement it totally on schedule. 
In such a case, in 1980 some 5500 to 6500 MW of nuclear plant would be on 
base-load duty, and their output would represent about 13-17o/o of the total 
electrical output in that year. 

The forecasts relating to stations to be commissioned from 1980 
onwards - for which a decision will have to be made after 1975 - are 
based on the following assumptions: 



TABLE VII. FORECAST OF THE CAPACITY AVAILABLE IN ITALIAN POWER STATIONS TO COVER 
THE WINTER PEAK DEMANDa IN 1970-1990 

Capacity (MW) available to cover winter peak demand a 

Year Hydro 
Conventional 

Pumped-storage (modulation and Nuclear Geothermal Run-of-river Total 
regulatwn) 

thermal 

Case A: Assumption of mimmum development of power demand. 
Nuclear stations competitive at 7000 kWh/kW 

1970 500 6730 15 000 600 320 1450 24600 

1975 2800 7530 27150 1450 320 1450 40700 

1980 4400 7530 31300 5 500 320 1450 50 500 

1985 6400 7530 40300 16 000 320 1450 72 000 

1990 8400 7530 40300 44000 320 1450 102 000 

Case B: Assumption of minimum development of power demand. 
Nuclear stanons com pen nve at 5000 kWh/kW 

1970 500 6730 15 000 600 320 1450 24600 

1975 2800 7530 27150 1450 320 1450 40700 

1980 4400 7530 42200 6500 320 1450 62400 

1985 6400 7530 59100 20 000 320 1450 94 800 

1990 8400 7530 60300 60 000 320 1450 138 000 

a ThiS is the capacity available m the stations at winter peak demand on the assumption that no generanng machines are out of service for fa!lures or 
maintenance. For nuclear and steam power stations, this coincides with the max1mum capacity. 
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Normal situation of the financial market, so that there will be no particular 
limitations on the availability of capital for new investment; and 

Operating experience acquired up to 1975 and later with large nuclear 
stations providing sufficient assurance of their reliability. 

Under these assumptions, the determining factor in the development 
of nuclear plant is essentially represented by economics, in addition, of 
course, to the limitations posed by service continuity and safety and other 
technical requirements of the network. However, in forecasting the de
velopment of nuclear stations in Italy, it was assumed that in the early 
'eighties there would be a gradual shift from an essentially conventional 
thermal system to a prevailing nuclear system. 

To synthesize the anticipated economics of nuclear stations, reference 
has been made to the hours of utilization per year, at which nuclear stations 
are competitive with conventional steam power stations. Because of the 
uncertainties extant on this point, here again two values were assumed, 
namely 7000 kWh/kW and 5000 kWh/kW.

4 

By combining the first assumption, which implies a slower technical
economic progress of the nuclear plant, with the assumption of minimum 
growth of electric energy demand indicated in Table VI, we obtain the 
forecasts for the years 1985 and 1990 for Case A in Table Vll. 

Likewise, by combining the assumption of nuclear competitivity at 
a yearly utilization of 5000 kWh/kW with the assumption of maximum 
growth of electric energy demand, we obtain the forecasts for the years 
1985 and 1990 for Case B of Table VII, which are to be considered the 
forecasts of maximum nuclear plant development in Italy. 

Table VII clearly shows what an important role nuclear energy will 
presumably be given in Italy after 1980; the nuclear installed capacity 
should be between 16 000 and 20000 MW in 1985, and between 44000 and 
60 000 MW in 1990. 

Of still greater importance might be the contribution of nuclear sta
tions to coverage of the energy demand; in fact, because of the low marginal 
cost of electricity they produce, the tendency will be to utilize them more 
and more, compatibly with the technical limitations and with the network 
requirements. In 1985, approximately 100 billions out of the 320-420 billion 
kWh of total energy demand might be supplied by nuclear stations; in 1990 
nuclear stations might generate 280-390 billions of the total demand of 
450-600 billion kWh. 

It also appears from Table Vll that, in the last five-year period con
sidered (1985-1990), almost all the new thermal plant will be nuclear. This 
should not be cause for surprise, because this new means of generating 
electricity, once it is rid of all the technical and economic uncertainties 
that hold up its development, will tend to assert itself and to cover all 
the band on the load diagram within which it is competitive, thus displacing 
upwards the other types of stations. 

4 It may be interesting to note that if the hmit of compentivity were taken to correspond to a yearly 
u!llizanon of 4000 kWh/kW, the nuclear capacity mdicated m Case B of Table VII for the years 1985 and 
1990 would increase very slightly. 
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Of course, this is a transition stage, and once the situation has become 
stable, the incremental requirements will be met, in rather significant 
proportions, with the participation of other generating means that are more 
competitive and more suitable for peak operation or reserve duty. 
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RESOURCES OF PRIMARY ENERGY. 
The problem of the long-term pnmary energy supply 1s extremely complex. It mvolves three 

mam quesuons: ( 1) Whether the requHed quantny of a certam kmd of primary energy be made available 
at a giVen ume and wnhm a glVen area; ( 2) Would the quanmy of pnmary energy meet compeuuve re
quHements?; and ( 3) whether the total supplies for pnmary energy requirements are guaranteed for 
centune.! on a world-w1de bas1s. The mterdependency of these three questions 1s eVident. The annual 
consumptiOn of energy to be apporuoned to a g1ven kmd of pnmary energy, and thus also the annual 
productwn of th1s pnmary energy, depend on numerous factors wh1ch, on theu part, are Interrelated. 

The usable, regenerauve sources of the world's energy are about 0. 06 x 1018 kcal/yr. Although 
they could, m pnnc1ple, meet about a quarter of the world's annual energy requuements by about the 
year 2000, they can be uulized to a limited extent only m the modern economy. 

Foss1l fuels amount to about 28 x 1018 kcal, 1f ll 1s assumed that the atmosphere· s oxygen 1S a 
denvau;e of the photosyntheSIS of the chlorophyll, and that about lo/o of the presumed overall reserves of 
foss1l fuels can be gamed economically. The usable bas1c matenals for nuclear fisswn represent energy 
reserves of around 1. 5 x 1021 kcal. At present ll lS not poss1ble to say anythmg defmne about nuclear fuswn 
except that, Judged by human standards, n 1s mexhausuble. 

Taking the present requuements as a bas1s, foss1l fuels would be sufficient for about 460 years, 
and the bas1c matenals for nuclear fisswn for even 25 000 years. Thls cons1derauon, however, leads 
to false eoncluswns. It 1s necessary to cons1der the world's populauon growth as well as the mcreasmg 
per-capna consumpuon. The result 1s that the reserves of foss1l fuels would, for example, be sufficient 
up to on.ly towards the end of the 21st century, whereas nuclear fuels would suffice for about 300 years. 
Thus, on one hand, the world w1ll be dependent upon nuclear fuswn m the long term, and, on the other 
hand, suffic1ent ume rema1ns to develop ll. 

RES SOURCES EN EN ERG IE PRIMAIRE. 
Le probleme des ressources a longue echeance en energ1e pnmaHe est tres complexe. Il comporte 

ttolS aspectS pnnc1paux mdlques Cl-apres: 1) Est-ll pOSSible de mettre ala dlSpOSlllOn des UllliSateurs 
a un moment donne et dans une regwn donnee la quantue requlse d' une certalne forme d' energle 
pnmaue? 2) Cette quantne permettran-elle de repondre aux eXlgences de la concurrence? 3) La 
totallle des bes01ns mond1aux en energ1e pnmaue pourra-t-elle etre sat!sfal!e pour les Slecles a vemr? 
Il est evJ dent que ces trOIS aspects sont etronement lies. La consommauon annuelle d' energle sous 
une forme pnmaue donnee et, partant, la producuon annuelle d' enerpe pnmaue dependent de nom
breux faeteurs entre lesquels 11 exlste aUSSl une correlatlon. 

Les ressources mond1ales en energie qu1 peuvent etre explauees et regenerees s' erevent a envuon 
0, 06 x 1018 kcal/an. B1en qu· elles sufflSent en pnnc1pe a sausfaue au quart envuon des beso1ns en 
energle du monde vers l' an 2000, l' economle moderne ne permet de les uuliser que dans une mesure 
lim nee. 

Les combusnbles foss1les representent envuon 28 x 101• kcal, s1 I' on admet que 1' oxygene atmos
pherique proVlent de la photosynthesedela chlorophylle et qu' ll est possible d' exploner economiquement 
envuon 1 o/o de !a totalne des reserves presumees de ces combusnbles. Les matieres de base unllsables 
pour la fisswn nucleaue representent une reserve d' energle d' envuon l, 5 X 1021 kcal. Pour le moment, 
on ne peut nen due de prec1s au su]et de la fuswn nucleaue smon qu· elle consutue, pour autant qu· on 
pUlSSe en JUget, Une SOUrce d' energ1e mepUlsable. 

D' apres les besoms actuels, on peut calculer que les combusubles foss1les suffua1ent pendant 
envuon 460 ans, et les maueres de base pour la fisswn nucleaue pendant 25 000 ans. Ces hypotheses 
nsquent toutefo1s de conduue a des concluswns erronees. En effet, 11 faut prendre en cons1derauon 
l' accrou.sement demograph1que et l aug menta non de la consommanon par habltant. Compte tenu 
de CeS facteUrS, les reserves en COmbUStibles foSSiles ne suffltalent QUe ]USqu' a la fln dU 21eme 
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siecle, et les combustibles nucleaites seralent epUlses au bout de 300 ans. 11 en resulte d' une 
part qu· a longue echeance le monde sera tributalre de la fuswn nuclealre, et d' autre part, qu· il reste 
encore suff1samment de temps pour mettre cette formed' energ1e en valeur. 

OCHOBHh!E 3HEPrETI1'-!ECKI1E PECYPChl. 
Tipo6JieMa ,llJIHTeJibHOrO CH86)KeHI-HI 3HeprHeH: SIBJIHeTCSI HCKJJIO'IHTeJlbHO C.ITO)KHO:t:i. 3Ta 

npo6neMa CBSI38H8 C TpeMH OCHOBHbiMH BOllpOC8MH: 1) MO)KeT JIH 6biTb npe,llOCT8BJieHO Tpe-

6yeMoe KOJIHtteCTBO onpe_zteJieHHOrO THll8 3HepreTI'fl·leCKOrO CblpbH B ,ll8HHOe BpeMSJ H B .ll8HHOM 

KOHKpeTHOM paHOHe? 2) Y ,llOBJieTBOpHT JIH 3TO KOJIH'leCTBO 3HepreTH1.JeCKOrO CbipbSI COOTBeT

CTBYI0111He :'!HepreTH'!eCKHe noTpe6HOCTH? 3) rapaHTHpOBaHO JlH Y.liOBJleTBOpeHHe Bcex noTpe6-
HOCTeH B 3JieKTp03HeprHH B MHpOBOM M8CWTa6e Ha npe,n;cTOSilllHe CTOJieTIUI? B38HM038BHCH

MOCTb BCeX 3THX TpeX BOllpOCOB Ol.leBH,IJ;Ha . EJKerO,llHOe ll0Tpe6JieHHe 3HeprMH, CBH38HHOe C 

K8KHM-JIH60 KOHKpeTHbiM HCTOl.IHHKOM 3HeprHH, a CJie,llOBaTeJibHO, e)Kero,n;HOe llpOH3BO)];CTBO 

HCT04HHKOB 3TO:H 3HepTHH 38BHCHT OT p8311Hl.JHMX ci>aKTOpOB, KOTOpbie, B CBOIO O'llepe.n;h, B38HMO

CBl!3aHbl .z~pyr c .z~pyroM. 
ro.n;HMe K HCIIOllb30B8HHIO peTeHepHpyeMbie HCTO'lJHHKH 3HepTHH B MHpe COCT8BliSIIOT npH

MepHO 0,06 X 1018 KKaJI/To.z:t, 3anacM HCKOnaeMOrO TOJIJIHBa COCT8BJISIIOT IIpHMepHO 28 X 10 18 
KK8JI 1 

ecnH HCXOJl.HTb H3 TOTO 1 1.JTO KHCliOpOJX Hamefi 8TMOCci>epbl SIBliHeTCSI IIpOH3BO)];HOfi IIpOl.leCC8 q,o

TOCHHTe3a xnopoci>Hnna H l.JTO .n;o6hi1.Ja OKano 1% acex npe.n;nonaTaeMhiX pecypcos HCKonaeMOTO 

TOJIJIHB8 MO)KeT OK838TbCSI 3KOHOMHl.JeCKH l.lenecoo6pa3HOi::t:. ro.z:tHMe K HCIIOJib30B8HHIO HCXO.z:t

Hhle M8TepH81Ihi ,llJISI H.n;epHOTO CHHTe38 COCTaBliSIIOT 3HepTeTH4eCKHe pecypCM 1 HC'llHCJIHeMbie 

npH6JIH3HTellbHO B 1,5 X 10 21 KK811. Cefiqac HeJib3H CK838Tb tteTO-JIH60 OJtpe.n;eneHHOTO B OT

HOIDeHHH SI.z:tepHOTO CHHTe38 38 HCKJI104eHHeM TOTO, l.JT0 1 HCXO,llSI H3 J10Tpe6HOCTefi l.JeJIOBe1.JeCT

B81 3TOT HCTO'lJHHK 3HeprHH HeHCTOI.J.lHM, 

B3HB 38 OCHOBY HhiHeiDHHe JIOTpe6HOCTH 1 MO)KHO CK838Tb 1 4TO HCKOJiaeMOTO TOJI11HB8 XBa

THT npHMepHO H8 460 neT, HCXO,llHhiX )Ke M8TepH8110B ,llJISI IIPOl.leCCOB H.n;epHOTO .n;eneHHSI XBBTH

)]0 611 .z~aJKe Ha 25 000 neT. O.z~HaKo TaKoil no,llc'!eT se.z~eT K HenpaBHJlbHbiM BbiBO.llaM. Heo6xo
.n;HMO yl.IHThiBaTb poeT HaceneHHH 3eMHOTO mapa, a TBK)Ke ao3pacTaiOI.I.lee noTpe6neHHe s pac

qeTe Ha .nymy HaceneHHH. TaKHM o6pa3oM, pecypcoa HcKonaeMoro TOIIJIHsa 6y.neT, HanpHMep, 

)];OCT8T01.JHO liHlllb ,llO KOHI..l8 .z:tBB.z:tl.l8Tb nepBOTO CTOJieTHSI 1 8 H.n;epHOTO TOJIJIHB8 XB8THT IIpHMep

HO H8 300 JieT. 3TO 03H8l.J8eT, l.JTO, C O)];HOH: CTOp0Hhl 1 MHp 6y.n;eT 38BHCeTb OT sr.n;epHOTO CHH

Te3a B Tel.JeHHe IIpO.z:tOJI)KHTellbHOTO nepHO,ll;8 speMeHH H 1 C .z:tpyroii: CTOp0Hhl 1 1.JTO HMeeTCH .llOC

T8TOqHQ speMeHH ,llliH pa3pa60TKH era TeXHOJIOTHH. 

RECURSOS DE ENERG!A PRIMA RIA. 

El problema del suministro de energfa a largo plaza es extremadamente compleJo y plantea tres 
grupos princ1pales de cuestiones: 1) si puede sum1mstrarse la canndad necesana de una c1erta clase de 
energfa primaria en un momenta y en una zona determmados; 2) s1 se puede conseguit ese sumimstro 
en condiciones competitivas; 3) s1 esta asegurada la sausfacc1on de las neces1dades totales de energfa 
pnmaria durante s1glos en escala mund1al. Es ev1dente la interdependencia de esos tres grupos de pro
blemas. El sumimstro anual de energfa que se pueda obtener de un tipo dado de energfa primar1a, y par 
consiguiente la producc16n anual de ese npo de energla, dependen de numerosos fact ores que a su vez 

estim correlacwnados. 
Las fuentes energeticas regeneranvas mund1ales unllzables alcanzan unas 0, 06 x 1018 kcal/a. 

Aunque pudieran, en principia, sansfacer aprox1madamente una cuarta parte de las necesidades energencas 
del mundo hasta aproximadamente el aiio 2000, no obstante, solo pueden utillzarse en la economfa 
moderna dentro de unos lfmites dados. 

Los combusubles fosiles summistran unas 28 x 1018 kcal, suponiendo que el oxfgeno de nuestra 
armosfera es un denvado de la fotosfntesis de la clorohla y que aprox1madamente el1"/o de las reservas 
globales de combusnbles fos1les pueden obtenerse econom1camente. La matena pnma para la fis16n nuclear 
representa reservas energencas de aprox1madamente 1, 5 x 1021 kcal. En la actualldad resulta cas1 
impos1ble establecer calculos iinles sabre la fusion nuclear, pero una cos a es cierta. des de un punta de vista 
humano tal fuente de energfa es mextinguible. 

Tomando las neces1dades presentes como base, los combustibles fosiles bastarfan para unos 
460 aiios; la matena prima nuclear es suficiente para 25 000 aiios. Esta consideraci6n. sin embargo, 
lleva a falsas conclusiones. Es necesano tener en cuenta el crecimiento demografico mund1al y el 
incremento del consumo per capita. Resulta asf que las reservas de combusnbles f6Slles serfan suf1c1entes 
solo hasta finales del Slglo XXI, m1entras que los combustibles nucleares durarfan unos 300 aiios. Esto 
s1gmfica, par una parte, que a largo plaza el mundo tendra que depender de la fusion nuclear. y que, 
por otra parte, queda nempo suficiente para desarrollarla. 



A/CONF. 49/P/359 447 

If we define energy as the capability for work we indicate directly the 
key role that energy plays for the future of mankind. More and more work 
of a higher quality and a more versatile nature will be needed by mankind, 
whose working capacity and ability are being increasingly concentrated on 
mental activities. 

The natural resources of energy are referred to as primary energy 
resources. They are utilized - generally after several conversion processes 
involving conversion losses - in the form of useful energy or of chemical 
raw material. 

Figure I surveys the different kinds of primary energy and their con
version processes as far as they are today, or will be in the future of 
practical importance. One should note, as far as the final form of energy 
is concerned, a trend towards a preference for electricity as the most 
versatile and valuable form of energy. In the Federal Republic of Germany, 
by the year 2000, approximately 50o/o of the overall energy demand may be 
met by electricity. 

The problem of the long-term supply of primary energy is extremely 
complex. It involves three main questions: 

(1) Is it possible to provide at a given time and in a certain geographical 
area the required amount of work from a definite primary energy? 

(2) Does this primary energy meet the requirement of competitive ability? 
(3) Can the overall demand for primary energy be met in future centuries? 

The interdependence between these three problems is obvious (see 
Fig. 2). The annual consumption of energy from a given primary energy, 
and thus the annual output of this primary energy, depend essentially on the 
following factors, which are also interrelated: Quantities of reserves with 
a certain time-dependent structure of output costs; price of the primary 
energy; costs of conversion into the final and/ or effective energy form; and 
price and effect of substituting other primary energies. This will become 
still more complicated as different energy forms are produced jointly, or 
together with chemical products. 

In the following, simple outlines of the problems as concern the Federal 
Republic of Germany are given. The first relates to the reserves of primary 
energy and to their geographic distribution. Since imports for the con
sumption of primary energy amounted in the Federal Republic of Germany 
to 44. 5o/o of the total requirements in 1969, and this fraction may rise to 
80o/o by 2000, it is necessary to examine world-wide conditions. 

Fundamental mistakes are often made when assessing the reserves of 
primary energies. Either no distinction is made between the established 
reserves on the one hand and the probable additional reserves on the other, 
or the statistics only consider the established reserves. Often the limits 
of the output costs up to which the reserves are counted are not indicated. 
By established reserves we understand those known deposits whose primary 
energy contents have been established to the extent that production by modern 
methods is possible within determined costs. By the probable additional 
reserves is meant those deposits of primary energy which lie in extensions 
of known deposits, or which are not yet explored, but it is known or 
presumed that they contain the primary energy in question, this presumption 
being based on extrapolation or preliminary indications. Economic reasons 



KIND OF PRIMARY ENERGY 

FOSSIL 
FUELS 

I NUCLEAR FUELS I 

REGENERATIVE 
ENERGY RESOURCES 

COAL 
OIL 
NATURAL GAS 
OIL- SHALE 
OIL-SAND 
PEAT 

URANIUM, THORIUM 
DEUTERIUM 

SOLAR RADIATION 

HYDRO -ELECTRIC 
ENERGY 

TIDAL ENERGY 
WIND ENERGY 
GEOTHERM. ENERGY 
WOOD 
AGRICULTURAL 
REFUSE, MANURE 

CONVERSION 
LOSSES 

CONVERSION 
LOSSES 

SECONDARY ENERGY 

ELECTRIC CURRENT 
HEATING STEAM 
PROCESS STEAM 
OIL PRODUCTS 
COMBUSTIBLE GASES 
BRIQUETTES 
COKE 
WASTE GAS HEAT 
RADIANT ENERGY 

TRANSPORT AND 
CONVERSION LOSSES 

END ENERGY 

CONVERSION 
LOSSES 

FIG 1. Resources of pnmary energtes and then conversion mto effective (secondary) energy. 

EFFECTIVE ENERGY 

ELECTRIC ENERGY 
HEATING ENERGY 
PROCESS HEAT 
RADIANT ENERGY 
MECHANICAL WORK 



VOLUME OF RESERVES 
WITH CERTAIN 

EXTR-":TION COSTS 

II 
II 
II 
II r ____ JL ____________ _ 

1 r----- --------------- ----------
1 ! 
I 
I 
I 
I 
I 
I 
I 
I 

G
RICE OF 

lSTITUTE 

RIMARY 

NERGIES 

' L--- -------- --- -·· -·- ------ --·-

L---------------

A/CONF. 49/P/359 

SECURED WORLD 
RESERVES OF THE 

PRIMARY ENERGY 

CONSUMPTION 

OF FINAL ENERGY 

449 

------~ 

I 
I 
I 

-.I 
II 
II 

I 
1
1 

II I' ______ JL ____ .., II 
I II 
I II 

: I 1
1 

--~-=~~~=~-=~=--=--~-J 

CONVERSION COSTS 

FIG. 2. Interdependence between reserves, extract10n and consumptlon of primary energy. 

generally prevent extensive exploration and exploration of deposits, which 
are ahead of the demand by more than one to two decades. 

Figures 3 and 4 survey the world's primary energy reserves as far 
as they can be derived from available data. They are chiefly based on data 
compiled for the World Energy Conference 1968, and on later corrections. 

In these figures we have used 1015 kcal as a uniform unit. The unit 
Q = 1018 Btu, used in the Anglo-Saxon countries for similar studies, 
corresponds to 250 X 1 o15 kcal. To give an idea of the amounts of energy 
of 1015 kcal, it would correspond to the present half-yearly consumption of 
primary energy in the Federal Republic of Germany. 

If one starts from the hypothesis that all the world's fossil fuels can be 
traced back to chlorophyll, and that the oxygen of our atmosphere is a 
product of the photosynthesis of chlorophyll, the total deposits of fossil 
fuels would amount to approximately 2. 5 X 1021 kcal. Figure 3 shows that 
the established and the probable additional deposits which, on the basis of 
present knowledge, could be economically exploited, amount to approximately 
9-22 X 1018 kcal. Therefore, approximately 0. 5 to 1o/o of the total presumably 
existing reserves of fossil fuels have been traced. The factor 100 is, of 
course, an important uncertainty for any long-term forecast. For example, 
should it be possible to exploit economically 1 Oo/o of the total contents of 
the wol'ld 1s fossil energies the available quantities of energy, compared with 
the values shown in the Fig. 3, would increase by 10 to 20 times. 

These comments clearly show that the price of the primary energy at 
the place of consumption is of much greater importance than the total energy 
resources of the world. The latter gives practically no indication as far 
as the possible contribution of a particular primary energy to meeting energy 
requirements is concerned. Failing to recognize this fact often leads to 
misjudgments of the security of supply. 
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Figure 4 shows the geographic distribution of the world's fossil fuels 
energy resources according to what we know at present. We may expect 
some changes of their distribution, which, however, from the overall point 
of view, are likely to be only of local and temporary interest. 

The world energy potential from fossil fuels can at present be broken 
down as follows: approximately 70% hard coal, 6o/o brown coal, 4% peat, 
5o/o oil, 7o/o oil-shale and oil-sand, and 8o/o natural gas. 

The energy potential of nuclear fissile energy amounts to at least 
3. 5 times the established and the probable additional deposits of fossil 
energy resources considering only those deposits which are exploitable at 
costs not exceeding $30/lb U30 8 (see Figs 5 and 6). If higher cost categories 
and possible uranium extraction from sea-water are included, the reserves 
of the economically exploitable nuclear primary energies would amount to 
approximately 70 times the reserves of fossil energies. This statement is 
based on the assumption that only 1 o/o of the 5000 X 1 oB t of uranium carbonate 
contained in sea-water, and only 1/3 ppm of the 1014 t of uranium contained 
in the earth's granites and basalts can be economically extracted (see Fig. 7). 
As with fossil energies there is also an uncertainty in the forecasts. Nuclear 
energy resources of much higher prices will prove to be economical because, 
after the introduction of breeder reactors, the costs of fissile material will 
have only a minor influence on the production costs of energy. It must be 
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FIG. 7, Probable extractable uramum of high cost categories - 1969. 

emphasized that Fig. 5 does not include the nuclear reserves of the People's 
Republic of China or those of the USSR as no data were available. It is 
likely that these countries have large deposits at their disposal. 

When assessing the deposits it must be borne in mind that further 
deposits of primary energy will be found and that some may shift from their 
original price category to lower ones because of technical progress in 
extraction and treatment. Moreover, deposits of primary energy under the 
oceans have hardly been explored. 

To complete the picture of the energy resources, we must refer to 
world's regenerative energy resources. In former centuries these consti
tuted the only energy supply basis, but declined in importance in proportion 
to the increase in the demand for primary energy. As a rough assessment 
the economically usable quota of the regenerative energy resources are of 
the order of approximately 60 X 1015 kcal/yr, of which 70o/o are attributable 
to wood and agricultural refuse, more than 15o/o to solar energy, and 1 Oo/o 
to hydroelectric power. The latter occupies an exceptional position since 
it can be converted into valuable electricity with an efficiency of more 
than 90o/o. 

The regenerative resources of primary energy could cover approximately 
1/4 of the world's energy demand by the year 2000. However, it is un-
likely that they will be used on that scale, mainly because they are in
creasingly supplemented, even in developing countries, by the more 
convenient and economic non-regenerative primary energies. 



A/CONF. 49/P/359 455 

It is relevant to examine the history of the use of energy. Table I 
shows that throughout history, until 1870, the regenerative sources of primary 
energy dominated. Then this leading role was assumed by the non
regenerative fossil fuels. Because of technological progress the scale of 
the usable forms of energy will be progressively extended. The new energy 
forms are distinguished in particular by an initially high growth-rate. Thus, 
we observe a continuous structural change. For instance, since 1910 this 
change has been characterized by a proportional increase in the quota of oil 
and natural gas at the expense of coal, whereas energies from wood, peat, 
and vegetal refuse have decreased considerably in their percentages. 

Since 1960, in the era of fossil fuels, the Federal Republic of Germany 
has undergone a shift towards a greater utilization of liquid and gaseous 
fuels, an increased use that is due to their economic superiority over solid 
fuels. They are preferred although their energy potential is only 
appro:llimately 16% of that of solid fuels. 

It was certainly incorrect if, in the past, an imminent depletion of the 
deposits of liquid and gaseous fuels was repeatedly predicted. However, it 
is obvious that at a consumption rate of now 3%, and perhaps 5% by the 
year 2000, these resources are tending to deplete more rapidly than coal, 
whose consumption rate is at present only approximately 7%. Therefore, 
it cannot be excluded that one day we shall have to produce liquid and 
gaseous fuels from solid ones in order to meet the requirements in those 
areas where they cannot be substituted. 

This trend towards an increasing percentage in the use of oil and 
natural gas will presumably last until the 'eighties, after which the influence 
of nuclear energy, which will increase even more rapidly, will become 
more established, and the portion of use of oil and natural gas will decrease. 
Finally nuclear energy will take the lead by the year 2000. 

Whether at a given moment and in a given geographic area the required 
quantities of a certain primary energy will be available is implicit in the 
question concerning the security of supply for the particular area. This is 
particularly important as the geographic distribution of primary energy 
deposits does not correspond to the distribution of consumption. Therefore, 
the seeurity of supply of a nation with a passive trade balance can only be 
guaranteed by a mixture of primary energies of different kinds and geographic 
origins. 

In the Federal Republic of Germany, too, the domestic primary energy 
production cannot secure the supply of energy in the long run. It cannot even 
act as a price regulator. By 2000 our demand for primary energy will 
amount to at least 840 X 1 d' TCE 1• The present still relatively high domestic 
production amounts to about 170 X 10 TCE. In the long run nuclear fuels 
will greatly strengthen the security of supply, particularly in the next 
century, when the reserves of depleted uranium by then accumulated in 
Germany will constitute the main source of energy. 

For the time being we do not need nuclear fusion to cover our energy 
demand. Its introduction might, however, solve the problem of securing 
the pr.imary energy supply. 

By the way, nuclear energy will, in the long run, render the electric 
power supplies largely independent of fuel input costs since the costs of 

1 TCE = Tons of coal equivalent 



TABLE I. HISTORY OF THE UTILIZATION OF ENERGY 

Mam Energy potentlal Cumulated 

Year Era energy resources of the different pnmary consumptwn of 

energy resources pnmary energy 

Regenerative Muscular power Annual useful regenerative 

energy Wood energy resources Cumulative 

resources max. portion 0. 06 X 1018 kcal/yr of up to 1870 

about 1800 which woold = 0. 03 X 1018 kcal/yr 2 x 1018 kcal 

1870 

Coal Utilizable total deposits 1870 - 1960 

max. portion of fossil fuels 1. 3 X 1018 kcal 

about 1910 10 - 23 x 1018 kcal 
011 and of which coal equals 

FosSil 
natural gas 6 - 19 x 1018 kcal: 

1960 
fuels 

max. portwn of which oil equals 1960 - 2000 

about 1980 1. 7 - 2 x 1018 kcal 4. 2 x 1018 kcal 
(o1l- sand and o1l- shale mel.); and 
of which natural gas 
1 - 1. 2 x 1018 kcal 

2000 

Nuclear fission Uhhzable uramum depos1ts 
1. 5 x 1021 kcal 2000 - 2030 

thorium depos1ts 12 X 1018 kcal 
1. 8 x 1021 kcal 

2030 1------------ -- -- -- ---- --------------- ---- ----------
Nuclear D - D reactions 
energy Nuclear 9 x 1024 kcal 

fuswn lithlUm reactlons 
(of s1milar order) 
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depleted uranium, or those of heavy water in the case of fusion, will contri
bute only negligibly to the energy cost. 

The figures shown in the two last columns of Table I prove that in the 
foreseeable future we should fear no shortage of energy. Therefore, the 
choice of the primary energies will be basically determined by economic 
considerations and not by the security of supply of different primary energies. 
This applies even more to the coming decades than to the present. There 
may be some exceptions in those applications where for technical reasons we 
cannot change to other energies, for example at present in parts of the 
transport sectors. 

The competitiveness of primary energies is determined by their price, 
free to the consumer, and by the cost for their conversion into the form of 
effective energy. Therefore, different prices of primary energies apply 
to different applications. 

The production costs of primary energies consist of the costs of 
exploration, opening up and developing the deposits, and extraction. To 
this must be added the costs of converting the primary energy into a 
transportable form or the product that can be fed into the energy conversion 
plants. The price free to the consumer is determined not only by the 
conversion costs but also by transport and some ancillary costs such as 
taxes and other charges. 

Some cost factors are determined by geology, some by technology and 
some by politics. Besides, the competitive situation exerts a regulative 
influe nee. Some energies, such as oil and natural gas, show a high degree 
of flexibility regarding pricing and thus exert a strong substitution effect 
over other energies. 

Generally the higher its labour costs the more an energy source is 
threatened by competition. Figure 8 surveys the wage share of the different 
primary energies free to the consumer. Depending on the location and 
conditions of the deposits this share may differ very greatly as shown by 
the e:xample of hard coal. In the light of ever-increasing wages it will, for 
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the different primary energies, be all the more difficult to counteract price 
increases by technological progress, the higher the wage share. Also, on 
account of the long-term development of other cost factors an increase in 
the prices of classical primary energies may be expected. Nuclear energy 
has an obvious advantage since the percentage of the uranium concentrate 
of the end energy costs is extremely low. This is shown very clearly by 
Fig. 9. It also indicates the share of the fuel stocks in capital requirements, 
the calculations being based on stocks of one month for the classical energy 
hard coal and of three months for oil. In spite of the high capital tied up in 
the initial fuel inventory of the nuclear fission reactors, their energy 
generating costs are much lower than those of the classical power stations. 
The higher capital demand for the initial fuel inventory of the fast breeders 
in attributable to the physics. 

In the long run nuclear energy will exert the strongest substitution effect 
on other energies, especially as it will enter the electricity sector for which, 
as already mentioned, in the highly industrialized countries by the year 2000 
approximately 50o/o of the primary energy demand will be required. Nuclear 
energy, t~erefore, might in future be the most important regulative and 
stabilizing factor for energy prices. Other energy prices will, as far as 
they will be sufficiently flexible, adapt themselves to nuclear energy. Oil, 
for instance, still has considerable margin in view of the taxes and other 
charges. In the Federal Republic of Germany part of the market for other 
primary energies will decline rapidly in its absolute values and be even more 
expressed as a percentage since not only less capacity of energy conversion 
plants - for instance power plants - will be installed, but also since existing 
plants will be operated for fewer hours. 

For the destiny of mankind the question of meeting energy requirements 
is extremely important. But this question is only significant if considered 
on a world-wide scale, and therefore can only be dealt with universally. 
In relation to the present world energy consumption of 60 X 1015 kcal, the 
reserves of the fossil fuels (see Fig. 3) would only last for 150 to 370 years; 
when the energy from nuclear fission is included (see Figs 5 and 7), we 
obtain a possible utilization period of approximately 25 000 years. These 
estimates are based on very conservative assumptions concerning the 
possible energy reserves. Such an approach, however, leads to false 
conclusions as it considers neither the world population increase nor the 
ever-increasing per-capita consumption of energy. 

While the world population increased very slowly since the pre
Christian era until about 1650, from then onwards a more rapid growth 
took place that has become a "population explosion" since about 1950. The 
growth-rate rose to approximately 30o/o every 10 years, which is about 
100 times higher than in the first millenium A. D. The world population is 
now approximately 3500 million and might rise by 2000 to approximately 
6000 million. Even if in future there would be a heavy decline of the world 
population growth-rate owing to world-wide family planning, it is probably 
no exaggeration to state that the increase will reach 20 000 million people by 
the end of the 21st century. 

Simultaneously with the growth of world population, however, an 
increase in the per capita consumption of primary energy will take place in 
order to secure adequate nutrition and accommodation and to allow people 
gradually to share in the progress of civilization. During the last 70 years 
the average utilization factor of the primary energy could be increased from 
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11.5 to 30o/o. This dampened the growth of the per-capita consumption of 
primary energy. A further improvement of the efficiency will, however, be 
very limited by physical conditions as well as by the possibilities of technical 
and economic realization. Therefore, almost constant growth-rates of the 
specific consumption of primary energy are to be expected provisionally. 
The forecasts concerning the development of the per-capita consumption 
can, in the long run, be orientated towards those of the United States of 
America, where the per-capita consumption of energy in 19 70 was approxi
mately 73 Gcaljyr.2 Compared with our development of consumption this 
indicates a development lead of approximately 17 years, and if compared 
with the overall world consumption, a lead of more than 50 years. The 
average world per capita consumption of primary energy is now approximately 
17 Gcal/yr. 

Let us assume arbitarily for the whole world a saturation point three 
times higher than the present consumption in the USA, that is approximately 
200 Gcal/p/yr. 3 

The Federal Power Commission of the USA expects that by only the end 
of this century the per-capita consumption of electricity in the USA will rise 
from the present 6000 kWh/yr to approximately 28 000 kWh/yr, whereas the 
electricity will possibly cover only 45o/o of the energy demand. This would 
mean that by the year 2000 in the USA the specific energy consumption will 
already amount to approximately 150 Gcal/p/yr. Therefore it seems 
realistic to assume that in the long run the world consumption will amount 
to 200 Gcal/p/yr. Such long-term forecasts are of course always problematic. 
It is, for instance, conceivable that the trend towards consumption may 
decrease for the benefit of other aims because the way of life of mankind 
could change radically. 

If, however, we assume a continuous development of the present world
wide situation, and that it will be free of catastrophes, the population growth, 
and even more the increase in the per-capita consumption would, according 
to what has just been said, lead to annual primary energy demands in the 
next 100 to 200 years which would set quite different standards for the use 
of our energy reserves. An annual demand of primary energy of 
20 000 million inhabitants X 200 Gcal/p/yr = 4 X 1018 kcal/yr would mean 
that reserves of fossil primary energies of around 10 19 kcal, which might 
possibly still exist by the year 2100, would meet the requirements of only 
three more years and that the average reserves for nuclear fission would 
be sufficient for 300 years even if they could be used to 85o/o. The conclusions 
concerning the fossil fuels would not change very much even allowing for 
an error of a factor of 10 when assessing the reserves. 

Such an enormous consumption of energy which is finally converted 
into heat might even influence the thermal economy of the earth. We must 
bear in mind that 4 X 1018 kcal/ yr correspond to roughly 3% of the thermal 
energy yielded by the sun to the land masses of the globe. The increase in 
the C02 content in the atmosphere could have a great impact on the climate 
should there be a large-scale exploitation of fossil fuels. A study of this 
problem for the future seems to be not only interesting but necessary. 

z Gcal = G1gacalorie = 106 kcal 
3 Gcal/p/yr = Gigacalones per person per year 
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The above comments show that the fossil energy resources will not meet 
the requirements of world energy supplies if considered on a century time 
scale. Nuclear fission, however, could cover this demand for several 
centuries. That means that we have ample time to develop economically and 
technologically the most important resource of energy, namely controlled 
nuclear fusion. This problem will presumably be solved much earlier than 
necessary from the viewpoint of energy requirements. Nuclear fission also 
became feasible earlier than was necessary from the standpoint of the 
fossil energy reserves. 

Now, what can be said about the long-term aspects of energy supplies, 
from nuclear fusion without indulging too much in speculation? The main 
problem for the technical realization of controlled nuclear fusion lies in 
maintaining the required high temperatures of the plasma which reach - even 
in the case of the most favourable reaction, the deuterium-tritium reaction -
around 50 X 1Q6"K. If we are able to control even higher temperatures, 
other substances, especially lithium, could be used directly to generate 
energy. 

Whereas the ratio of deuterium to all hydrogen isotopes is 1 to 700 in 
water, tritium does not exist in nature. It can be produced, for example, 
by neutron irradiation of lithium-6, with an abundance of 7% in natural 
lithium. 

The concentration of deuterium in the sea-water is roughly 10 000 times 
higher than that of uranium. This means that the possible production of 
energy from sea-water, in the case of nuclear fusion, is 1Q4 times higher 
than in the case of nuclear fission. An example may illustrate the potential 
of energy production by nuclear fusion of the deuterium content of the ocean. 
If all oceans consisted of oil their combustion would yield only 1/66 of their 
fusion energy potential. If we succeeded in also using the lithium reaction 
we could tap an additional resource whose yield would be higher than that of 
deuterium. This scale could be enlarged at will after achieving still higher 
reaction temperatures so that nuclear fusion would in fact constitute a 
practically inexhaustible source of energy for mankind. 

In producing uranium or deuterium from sea-water we assumed that in 
both cases only 1% could be economically extracted. This results in an 
energy potential of roughly 1021 kcal in the case of uranium fission and 
roughly 1 Q25 kcal for nuclear fusion. 

Nothing certain can be now said about the cost of the energy generation 
by fusion reactors since we do not even know how such a reactor will be 
conceived. It can be assumed that only fusion reactors with a power of 
several thousand megawatts will be economic. There are signs that their 
specific construction costs will be about those of fission reactors. The 
fuel costs from deuterium and tritium, however, might only amount to 
several hundredths of one pfennig. From this we may conclude that nuclear 
fusion will not supply us with cost-free electricity, as some may perhaps 
hope, but that there will only be fixed charges which will encourage extensive 
utilization of the power offered. It is important to note that, owing to their 
low variable costs, fusion reactors would depend to a still lesser degree 
on the fuel costs and their variations than nuclear fission reactors. 

In view of the expected relatively low electricity generating costs of 
future nuclear fission reactors, the fusion reactors will hardly make it 
possible to obtain important changes in prices. In the future great efforts 
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must be concentrated on reducing transport and distribution costs of energy 
in order to obtain low overall costs to the consumer. 

Though this study is hypothetical on many points, we may make the 
following conclusions: 

( 1) The overall world energy resources can, if judged by human standards, 
be considered as being inexhaustible. This applies even in the light of 
the exponentially increasing energy consumption. 

(2) The problem of energy supplies therefore remains chiefly a problem of 
costs. Also, in the long run the cost will be the determining factor for 
the choice and the extent of the utilization of different primary energies. 

(3) Fossil energies show, on a long-term basis, a tendency of increasing 
prices. Anyway they alone could not meet the energy demand of the 
next century. 

( 4) Nuclear fission energy, and probably later nuclear fusion, will become 
the main resources of secure and low-cost energy supplies. 

(5) The security of supply must at present be guaranteed by a mixture of 
different primary energies of various geographical origins. Nuclear 
energy should almost completely solve this problem. 

For the future of a nation the two factors of energy and creative 
imagination will be much more important than its natural resources. 
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FORECASTING THE ROLE OF NUCLEAR ENERGY IN SOUTH AFRICA. 
Severa! features of the South African situation make forecasung the role of nuclear energy more 

complex than in the highly developed counmes of Western Europe. The unique features which conmbute 
to this arc~ ( 1) the existence of five geographically well-separated load centres averaging over 500 km 
apart (two inland and three on the coast), ( 2) only one large low-cost coal reserve. this bemg at one of 
the inland centres, and (3) limned inland water resources. A computer model was therefore developed 
to simulate, under these conduions, the present electncal generation system, and us possible expansion 
over the next 30 years. The model uses the present-worth method to evaluate alternauve modes of 
system expanswn, based on forecasts of regional load growth. Transmuswn line costmg iS treated quite 
generally; for example, intermediate load take-off points on long lines and disconunuous cost funcuons 
are considered. Dry-cooled umts can be added to the system from a specified date. Plant items are 
sorted m order of merit, although, if desued, hydro umts can be run at specified annual load factors. 
The introducuon of natural and ennched uramum reactors with and without fast breeders has been studied. 
The results show that it will be economic to aim for a relauvely large nuclear installauon program 
com 1encmg in 1980. Based on locally produced plutonmm, fast breeders cannot be installed until the 
last decade of the century. Details are given of the sensiuvuy of the results to vanations in coal pnce 
and nuclear fuel cycle costs. 

ROLE PR.E:VU DEL' ENERGIE NUCLEAIRE EN AFRIQUE DU SUD. 
La situation parncullere de 1' Afrique du Sud rend la prevmon du role de 1' energie nucleaire plus 

complex" que dans les pays hautement developpes de 1' Europe occidentale. Les particularites umques 
qui conttibuent a cela sont: 1) 1' exutence de cinq centres de consommation geogr aphiquement bien 
separes, elOlgnes en moyenne de plus de 500 km (deux a 1' mteneur du pays et trois sur la cote); 
2) 1' exis1ence d' une seule grande reserve de charbon bon marche situee dans 1' un des centres inteneurs; 
et 3) des ressources hydrauliques interieures llmitees. Aussi a-t-on mlS au point un mocfele afm de simuler 
sur calculateur, dans ces conditions, le systeme de production elecmque actuel et son developpement 
pOSSible dans les 30 annees a venir. Le modele repose sur la methode uuluee actuellement pour evaluer 
d' autres modes de developpement du systeme, fondes sur les previswns de r· augmentauon de la "onsom
mation regwnale. On traite de maniere tout a fan generale du coilt des !ignes electriques; on considere 
par exernple des points de prelevement intermediaires sur des llgnes de grande longueur et les fonctions 
economiques ducontinues. A partu d' une date determinee on pourra ajouter au systeme des umtes a 
refroidissement du type sec. Les types d' usines sont classes selon leurs qualites intrinseques; cependant 
on peut au besoin utiliser des installauons hydro-elecuiques presentant des facteurs de charge annuels 
determmes. L' empl01 de reacteurs a uramum nature! et ennchi, avec ou sans surgenerateurs rapides, 
a fan 1' objet d' une etude. Les resultats font ressortir 1' interet economique de la mise en applicauon 
des 1980 d' un programme nucleaire relativement important. Dependant du plutonium produu locale
ment, les surgenerateurs ne pourront eue installes avant la derniere decennie du siecle. Des details 
sont donnes sur 1' influence qu' exercent sur les resultats les variauons du prix du charbon et du coilt du 
cycle du combustible nucleaire. 

ITPOrH03HPOBAHHE HCITOJib30BAHH.H ATOMHOH 3HEPrHH B !O)I(HO-A<I>PHKAHCKOH 
PECITYEJIHKE. 

B cHny HeKOTOphtx oco6eHHOCTeH o6cTaHOBKH a cTpaHe npo6neMa nporH03HpoaaHHH ponH 
aTOMHOH: 3HeprHH B IOAP HBJHJeTcH 6onee CJIO}I(HoH, \leM B BbtcoKopa3BHTbiX cTpaHax 3anaJJ.HOH 
EsponbJ. K t.tHcny yKa3aHHbiX oco6eHHOCTeii OTHOCHTcH: 1) HSJIH"'He nsrTH caMOCTOHTenbHbiX 

B reorpacpl!qecKoM oTHomeHI!I! QeHTpos Harpy3KI!, y.llaJJeHH>IX .11pyr oT .11pyra ~a paccToliHI!e 

6oJJee 500 KM (.llBa B QeHTpaJJbHOH 'laCTI! CTpaHbl II Tpl! Ha no6epell<be); 2) HaJJI!'IIIe TOJibKO O.ll

HOrO KpynHoro npOMbUDneHHOro MeCTOpOJK.lJ,eHHSI yrnH, HaXO,llHuterOCSI B OJJ,HOM H3 QeHTpOB Ha

rpy3KI! BO BHyTpeHHI!X paHOHaX CTpaH&t; 3) OrpaHI!'IeHHOCTL ri!.llp03HepreTI!'IeCKIIX pecypCOB 

B QeHTpanbHbiX paHoHaX lOAP. D03TOMY )lnSI nony\.feHHSI KapTHHhi COBpeMeHHOrO COCTOHHHJI 
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3HeprocHcTeMbi H ee pa3BHTIHI B rrocne.llyiOllU.fe 30 neT c yLJeToM BhinreyKa3aHHhiX oco6eHHOCTeH 
B CTpaHe 6biJIO Ilp01i3B8,ll8HO MO)t811HpOB8HH8 Ha 38M. TionyqeHHaH MO)l,8llb Ilp€.1lYCM8TpHB38T 

HCI10Jlb30B8HH€ COBp8M8HHOrO M8TO,ll;3 OQ8HKH pa3JIHY:HbiX HanpaBJI8HHfi pa3BHTIUI CHCT8Mbl Ha 

OCHOB8 nporH030B poeT a Harpy3KH B OT)l,81lbHbiX pai10HaX. Ou;eHKa CTOHMOCTH JIHHHfl: 31l8KTpo

nepe.na4U paccMaTpHaaeTcH B o6rueM nnaHe. HanpHMep, Yl..lHTbiBaiOTCH npoMe)f(yT01..JHbie nyHKTbi 

OT6opa MOlllHOCTH Ha JIHHIUIX nepe)l.at.IH 6oJihlliOf:.i IlpOT5DK8HHOCTH H npephiBHhl8 <PyHKL{HH CTOH

MOCTH. B 0Ilp8,ll;8JI8HH08 Bp8M5I B 3HeprOCHCTeMy MoryT 6biTb BKJIIO'Y:8Hbl 3JI€KTporeHepaTOpb1 

C B03.llYlllHOii CHCT8MOi1 OXJiaiK,ZJ;8HH5l. KnaccHt;PHK81UHI H Bbf6op CT8HI..U'i11: npH MO,lleJIHpoaaHHH 

IIpOH3B0.z:tHTC9: B TOM ITOpH,llKe 1 KOTOphli1 onpe,n;eJHJeTCH HX BhlrO.z:taMH, XOTH B CJiyqae He06XO)tH

MOCTH IIpH OIIpe,lleJieHHhiX rO,llOBhiX K03<i:>cf>HQH8HTaX Harpy3KH MoryT HaifTH npHMeHeHHe H rH,llp0-

3JieKTpOCTaHQHH. H3yl.leH son poe coopy)f{eHHH H 3KcrrnyaTaum1 peaKTopoa Ha npHpO,llHOM H o6o

rarn.eHHOM ypaHe B yCJIOBHHX HaJIH4H5l H OTCYTCTBH5l B CTpaHe peaKTOpoB-p33MHO.)f(HTeJiei1 Ha 

6biCTpbiX Hei1TpOH3X. J1CCJie.z:tOB3HHH IIOK333JIH, l.ITO 3KOHOMHtteCKH BhirO,llHbiM HBJISieTCSI CTpOH

TeJihCTBO KpynHDix H.n,epHDIX ycTaHOBOK Ha'-IHHa9: c 1980 ro.z:ta. HcxO,llSI H3 ycJIOBHi1 npoH3BO,llCTBa 

llJiyTOHHH BHyTpH CTpaHbi,,llO 1990 rO,lla He npe,UCT3BJIHeTC5l B03MO>KHhiM ocyrn.ecTBJIHTb COOpy.)f(e

HHe peaKTOpOB-p33MH0)KHTeJiei1 H3 6hiCTpbiX Hei1TpOH3X. 8 OTYeTe npHB6,lleHbl IIO,llp06Hble cae

,lleHH5l 0 BJIIHIHHH H3MeHeHHi.:f: CTOHMOCTH KaMeHHOrO yrJifl: H Sl,ll6pHoro TOllJIHBHOrO UHKJia H3 pe-

3YllbTaThi I1pOrH03HpOB3HHH pa3BHTH5l aTOMHOH: 3HepreTHKH. 

PREVISIONES ACERCA DEL PAPEL DE LA ENERGIA NUCLEAR EN AFRICA DEL SUR. 
La muac16n de Afnca del Sur presenta dtversos aspectos que hacen mas dtffcil prever allf el papel 

de la energfa nuclear que en los pafses muy desarrollados de la Europa occtdental. Entre las particulan
dades que contnbuyen a ello hay que constderar 1) la exiStencta de cinco centros de consumo bien 
separados geograflcamente ( dos en el intenor y tres en la costa) entre los que hay' como promedio, mas de 
500 km de diStancta; 2) que solamente hay una reserva grande de carbon barato y esta en uno de los 
centros del mterior; y 3) que los recursos de agua en el mtenor del pafs son l!mnados. En consecuencia, se 
ha constrU!do un modelo para simular por media de un computador, el Slstema actual de generaci6n de 
electrictdad en esas condtciones y su expans16n postble para los pr6x1mos tremta anos. El modelo unliza 
el metoda que se emplea actualmente para evaluar las dtversas formas en que puede crecer el Slstema, 
basandose en prevlSlones sabre el crectmtento de la demanda regwnal de energfa. El coste de las lfneas 
de transmlSlon se trata con toda general!dad; por ejemplo, se conSlderan puntas intermedws de conexi6n 
de carga sabre lfneas largas y funcwnes d!Scontmuas del coste. A partu de una fecha especiflcada se 
pueden anadir al Slstema umdades refngeradas en seco. Los dtstintos npos de centrales se clas1f1can en 
orden de mentos aunque, Sl se qlilere, las unidades htdraul!cas se pueden calcular con factores de carga 
anuales especuteados. Se ha estudtado la mtroducctiin de reactores de uranio natural y de enriquecido, 
mcluyendo 0 no los reproductores raptdos. Los resultados demuestran que serfa economlCO proyectar un 
programa relativamente grande de mstalacion de centrales nucleares, que comenzase hac1a 1980. S1 
s6lo se cuenta con el plutonto productdo localmente, no podran mstalarse reproductores rapidos hasta la 
ultima decada del stglo. Se dan detalles acerca de la senstbtl!dad del carbon y a los costes del ctclo 
del combusnble nuclear. 

1. INTRODUCTION 

With inexpenstve coal reserves conveniently situated near the larger load centres, 
there has, in the past, been little incenuve to look for alternative methods of power generation 
in the Republic of South Africa. However, with the continued development which is taking 
place in the coastal areas of the Cape and Natal, it is becoming essential to compare the 
economtcs of the current pracnce of building long-dtstance htgh-voltage transmission lines 
to serve these areas from the mtenor, with the possibility of building coastal nuclear power 
stations. There is even the possibilny that at some ume in the future it may become 
necessary to send power inland from coastal nuclear plants if the increasing demand on the 
water resources finally tmposes a limit on the construction of additional inland coal-fired 
stations. 

The first mvesugation into the possibility of introducing nuclear power into the South 
African electncity supply system showed that by !978 it would be cheaper to build a nuclear 
stauon in the Western Cape than to increase the capacity of the existing transmission 
lmes [ I]. Thts study was confined to natural uranium fuelled reactors. 

A more recent study [ 2 J was made of both natural and enriched uranium reactors to 
determine their relative economic characteristics and to identify those which would be most 
suited for installation in South Africa. A short list of five suitable reactor types was 
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accordingly drawn up, The relative economics of these reactors were, however, based on a 
study of single units operating at assumed load factors, m isolation from other reactors and 
other forms of power generation. The probable roles which the various types of plant might 
be called upon to play durmg the1r hfetimes were unknown. Apart from the errors which this 
could introduce in the economic assessment of the various reactor types, the studies were 
not able to yield any mformation concerning other factors of vital interest such as the 
overall rate of consumption of uranium ore and the rate of accumulanon of plutonium in the 
system as a whole, as a function of time, In addition u was not poss1ble to pred1ct the 
magnitude of the serv1ces wh1ch m1ght be required in association with the nuclear fuel cycle, 
thus increasing the difhculty of plannmg possible local facilities, 

Because of several unique features of the South Afncan electncity supply system, 1l 
was found necessary to develop a computer model in wh1ch the existence of five geographically 
well-separated load centres could be represented, linked by transmisswn lines. A short 
description of the programme 1s g1ven in this paper, together with prelimmary forecasts of 
the growth of nuclear power predicted wnh us aid, for vanous reactor installation strategies. 
It 1s recognised that the long-term forecasting of the rate of mstallation of various types of 
power plant in any country is fraught with difhculties and uncertainties. To combat th1s, to 
some extent, cons1derable emphas1s has been placed on sensitivity analyses in this study. 

2. DESCRIPTION OF THE CUMPL:TER MODEL 

The computer model of the South Afncan electncity supply system used m these 
stud1es L 3 J allows the five interconnected load centres to be supplied with power from en her 
coal-burning, hydro-electnc or nuclear power plant. Load centres I and 5 are inland; 2, 3 
and 4 are coastal (Figure I). The largest low-cost coal reserve is located in regwn 1, wh1ch 
1s also the area having the highest demand for electricity, Imtially, if nuclear stanons are 
installed, they may be assumed to be located m the region where the demand ex1sts, if 
conditions are favourable. Coal-burning plant, however, may be installed either at the load 
centre, if coal deposus exist nearby (the so-called "pithead" stations), or, if local coal 
reserves are inadequate, the plant may be installed on a remote coal field, the power being 
brought m by transmission line. Complete freedom is given m setting up the transmission 
line capnal cost function, and other related problems, such as system stability, are treated 
in cons1derable detail. For example, lines shared by more than one load centre and discon
nmous cost funcnons can be specified without difficulty. Hydro-electric power plant 1s 
assumed to be installed according to a fixed installation schedule, rather than being subjected 
to the general econom1c evaluation described later. 

In v1ew of the previous studies which revealed that nuclear plant was not hkely to be 
econom1cal before 1978, this was chosen as the datum year for the present invesngation, 
All items of generatmg plant that w1ll be m existence at the beginning of 1978 are specified 
in the input data by size, location and mstallation date, together wlth their fixed and variable 
running costs, The firm power transfer capability of the high voltage transmission lines 
connecting mland and coastal load centres is also represented, 

System expanswn beyond 1978 is described by load growth forecasts for each of the 
regions (Figure 2). This data 1s presented to the programme m the form of discrete power 
steps equal to the maximum size of turbo-generator set which the system is able to accom
modate, At any given time after 1978, independent forecasts of incremental operanng costs 
for each type of plant (Figure 4) are used to establish a table of merit headed by units 
having the lowest variable costs, and ending with plant having the highest incremental costs, 
System operation 1s simulated by dispatching the various installanons against a national 
load-duration curve. 

Calculations are performed at three monthly intervals. If, in any parncular period, no 
plant extension is planned, the programme merely calculates the fixed and variable costs of 
all the plant m operation at that time. If, however, an addition to the system generanng 
capacny is called for, total system costs are evaluated over 25 years for each of the plant 
alternatives, and that wh1ch gives the lowest system cost is selected for installation, In this 
way an attempt is made to trace the likely role which each plant type may be called on to 
perform. For the first iteration a guessed future installation pattern is used as background 
to the econom1c assessment, On subsequent iteranons the partly optimised results obtained 
on the prevwus pass are available. Iteration continues until no further changes are made in 
the insrallanon pattern or until a specified maximum number of iterations is reached, 
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ProJected plant retirement, specified by a mimmum life in the mput data, 1s accepted 
or deferred to a later date by comparing total system costs with and without the plant under 
consideration. 

3. DATA USED 
3,1 General (applicable to nuclear and conventional stations) 

(i) Operating llfetime for plant : 35 years mimmum. 
Financial lifetime : 25 years. 

(ii) Dry cooling: Used for all inland power stations from 1980 onwards. Capital cost 
assumed to be increased by 'lfo, thermal efficiency reduced by 3. 7%. 

(iii) Transmission line costs: Approximately R38 000 per kilometer. 
(1v) Regional growth curves: Figure 2. These show the net generating capacity, including 

reserves, required to meet the loads arising in each region, but not necessarily 
mstalled m the same region. 

(v) Plant capital costs in 1978: Figure 3. Escalation at ~% p.a. 

(vi) Fixed operation and mamtenance costs: For a 500 MW(e) unit, the following costs, 
,escalating at 2% p.a., were assumed to apply in 1978: 

Coal-fired station 2 061 

~~~~ty w:~;:r r::~~~:r (~H~Ri) ~:;: RandjkW ;a 

Fast breeder reactor (FBR) 3.26 
To obtain the fixed cost for plant of other sizes a square root scaling law was applied. 
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(vii) D1scount rate for present worth calculations: 6.5% p.a. 
(viii) Capital charge rate: 9.69\, p,a. over 25 years, based on an interest rate of 6,5% p,a,, 

a 2.1% p.a. redemption rate and a I% reserve fund. 
(ix) Size of largest units installed at a given time during the study period: 

!978 - 1981 

500 l !981 - 1987 800 
!987 - 1992 1150 MW(e) net 
!992 - 1995 1500 
!995 - 2003 2000 

3.2 Coal burning plant 

(i) Thermal efficiency of 500 MW(e) unit: 0.348 
(ii) Incremental fuel cost: 0,0709 cjkWh, escalating at ~% p.a., 3% and 49\,. 

3.3 Converter reactors 500 MW(e) 

Thermal efficiency 
Average burn-up (MWd(th)/tonne) 
Iniual ennchment (%) 

Feed enrichment (%) 

Discharge enrichment (%) 

Discharge plutonium (%) 
Specihc inventory (tonne/MW(th)) 
Incremental fuel costs [4, 5] :See Figure 4. 

LWR 
0,335 

27700 
2.23 
2.62 
0,766 
0,54 
0,0438 

HWR 
0.294 
8 800 
Natural uranium 
Natural uranium 
0,19 
0,30 
0,0433 
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FIG. 4, Incremental fuel costs. 

3,4 Fast breeder reactors 

Data for a 1000 MW(e) fast breeder reactor for installation in the late 1980s: 

Thermal efficiency 
Average burn-up (core) 
Plutonium content of replacement 

fuel elements 
Breeding ratio 
Specific inventory of core 
Fuel cycle costs: See Figure 4. 

0,43 
41 OOOMWd(th)/tonne 

19,4% 
1.47 
0,0046 tonnejMW(th) 

Note: All costs given in South African currency, 100 cents : one Rand : :;11.39 (U,S,) 
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4. RESULTS AND DISCUSSION 

The results of the study and their sensitivity to certain parameters are summarised 
in Figures 5, 6 and 7, but discussion will be confined in the first instance to the results 
obtained with the reference data which are taken as ~% per annum coal cost escalation 
rate and the predictions of nuclear fuel cycle costs based on the work of Geller [ 4]. 

4.1 Growth of nuclear capacity 

The installation of converter reactors has been controlled purely by economic con
siderations, whereas fast breeders have been added to the system as quickly as plutonium 
stocks permit. On this basis the calculations indicate that in considering the addition of 
light water reactors plus fast breeders to the system the installed nuclear capacity by the 
end of the century could approach 35 GW(e) in a total installed capacity of 84 GW(e). Owing 
to the higher capital costs which were derived for the natural uranium reactor used in this 
study, the installation of HWRs plus FBRs leads to only 23 GW(e) of nuclear capacity by the 
end of the century. However, owing to the greater rate of plutonium production achieved 
with the HWRs, breeders can be introduced earlier (1993) despite the fact that the total 
installed nuclear capacity is lower prior to their introduction. By the year 2000 with the 
LWR installed the breeder capacity is only 8GW whereas, if the HWR is chosen, it is 
almost !3GW. 

The results of the calculations show that the first and second installations are on the 
coast at a point furthest from the coalfields - Cape Town. They further indicate that quite 
a large nuclear programme will be required to meet the load growth forecast in the coastal 
areas of Natal, the Eastern Cape and the Western Cape over the next 30 years. The first 
load increment in the Western Cape, encountered after the study datum, occurs in 1980, 
calling for an installed capacity of 500 MW(e). This is in agreement with earlier "short-term" 
studies [I J . The second installation is also predicted to be on the same site. 

With the data used no nuclear installations appear to be viable at the inland load 
centre until the mtroduction of the fast breeder in the mid 1990s, though coastal load 
increments are not always met by the installation of a nuclear power station, as seen m 
the next section. 

4.2 Growth of transmission line network 

It is only in the case of installing the more expensive natural uranium reactors that 
it appears necessary to increase the firm capacity of the transmission lines from the inland 
coalfields to the coast, and then only to Natal where the input of power by transmission 
could reach 9000 MW by 1992. No expansion of the existing (1978) network serving the 
Eastern and Western Cape (Regions 3 and 4 respectively) appears necessary for any of the 
reactor installation strategies. 

These statements require qualification in that, firstly, inland water limitations may 
make it necessary to transmit power from the coast to region I and, secondly, adequate 
dehciency cover in the form of several units capable of very rapid response must, of course, 
be provided for the largest unit installed in any given area. The transmission line network 
w1ll have an important role to play in meeting this requirement by enabling one region to 
draw on the pooled spare capacity of other regions. 

4.3 Demand for raw materials 

Over the period from 1978 - 2000 approximately 2 000 million tonnes of coal would be 
required to support the power programme if no nuclear stations are installed. The total 
saleable South African coal reserves from present mining areas have been estimated at 
10 500 million tonnes [ 6] , so there should be no coal supply problems over the next 30 years 
or so. Figure 6 indicates that the installation of enriched uranium reactors could almost 
halve the cumulative coal required up to the end of the century, but, if natural uranium 
reactors are installed, an intermediate quantity of coal will be required, about I 600 million 
tonnes. 

The study has shown that the installation of the mixture of fast and thermal reactors, 
governed by purely economic considerations, gives rise to a projected cumulative U303 
requirement of up to 90 000 tonnes for all reactor types by the end of the century. Omitting 
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the fast breeders from the study does nor significantly affect this figure since it has been 
assumed that breeders will only be introduced when sufficient plutonium has been produced 
from the thermal reactor installauons, With the data used in this study the breeders do not 
appear until the m1d 1990s. The South African reserves in the price range below :010/lb 
have been estimated at 200 000 tonnes L 7], 

4,4 Demand for fuel cycle services 

A cumulative separative work requirement of upto55000 tonne units could be requ1red 
by the year 2000 to support the proposed installation programme of LWRs and fast breeders. 
The annual requirement towards the end of the century would be about 2 000 tonne units and 
this would remain fairly constant for some time afterwards owing to the introduction of 
the breeder, 

The annual demands for fuel element fabrication and reprocessing services are shown 
in Figure 8, Fabrication requirements are virtually the same for both types of thermal 
reactor although a smaller total capacity of heavy water reactors would be installed, 

4,5 Predicted load factors 

As mentioned in the introduction to this paper, a study of this nature should enable 
a more realistic assessment than hitherto to be made of the expected load factor variation 
during the life of alternative station types commissioned in any given year. Predicted load 
factors for 500MW(e) units commissioned in 1980 are shown in Figure 7, The nuclear unit 
would be installed at the coast, and the coal-fired station would be a dry-cooled unit installed 
inland in Region 1, Order-of-merit operation of the coal-fired unit is found to restrict its 
annual average load factor very severely. In its best year the unit would hardly exceed a 
load factor of 6Q%, and within 10 years it would fall to 30% and would then drop even lower 
were it not tied, in this example, to a minimum load factor by assumed coal supply contract 
limitations, The same behaviour for the coal station alternative is exhibited for all the 
reactor installation programmes studied, An LWR installed at the coastal site would be able 
to maintain an average annual load factor of 85% for the first 13 years of its life, but then it 
is quickly displaced in the merit order table by larger more efficient units, 

4,6 Sensiuviry studies 
4.6.1 Rate of escalation of coal price 

In order to study the effect of coal price on the results, it was decided to run the case 
of LWRs plus fast breeders for two higher values of the price escalation rate, viz. 3% and 
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FIG. 8. Annual demand for fuel-element fabrication and reprocessing. 

4% per annum. The results are shown in Figure 5 and indicate, as would be expected, a 
faster growth of the installed nuclear capacity, On a percentage basis this is more pronounced 
over the early years of the study where the effect of an increase in coal price escalation 
from the nominal case of~% p.a. to4% p.a. is to almost treble the nuclear capacity required 
by 1990. The additional units are all installed inland and the first appears in 1988 in the case 
of a 3% escalation rate, but as early as 1981 if the price of coal rises at 4% per annum. In 
view of the sensitivity of the results to coal price it is clearly necessary to make a closer 
study of coal price trends. This is emphasised by the fact that the results of the calculations 
show a greater change from~% to3% than from 3% to 4%. The cumulative coal requirement, 
for example, drops by 370 million tonnes for the first~% increase in escalation rate but by 
only a similar amount for the next whole percent, Cost escalation rates of ~% and 4% are 
considered to bracket likely future coal costs. 

The requirements of the nuclear fuel cycle are affected by higher coal prices chiefly 
during the middle years of the study, for example, the cumulative U308 demand increases 
from 17 to 40 thousand tonnes by 1990 for a 1~% increase in coal price escalation rate, But 
by the year 2000 the cumulative demands in the two cases are 55 and 87 thousand tonnes, 
A similar increase is observed in the demand for enrichment services, and about four times 
as much plutonium is produced by the year 2000 using the higher coal prices. This, of course, 
leads to an earlier introduction of breeders. 
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4,6.2 Rate of escalation of nuclear fuel costs 

In order to study the effect of higher estimates of nuclear fuel cycle costs, the 
equilibrium LWR and HWR incremental costs were calculated using data from WASH-1082 
[ 5 J and the 1971 separative work costs in place of Geller's data [ 4] (Nominal case). The 
calculations were carried out using the lowest coal price escalation rate (~%). 

The data from WASH-1082 give rise to higher equilibrium LWR costs than those 
calcu Ia ted from Geller's data, with the differences increasing in later years (Figure 5 ), This 
has the effect of reducing the forecast LWR + FBR nuclear capacity by the year 2000 from 
34 to 17GW(e), For an HWR the equilibrium fuel cycle costs before 1990 calculated from 
the alternative data are slightly lower than those obtained using Geller's data. After 1990, 
however, the reverse holds with the differences increasing rapidly with time. The effect of 
this is to leave the predictions of nuclear capacity up to 1990 virtually unchanged, but to 
bring about a big reduction in nuclear installations over the following 10 years. By the end 
of the century the expected nuclear capacity of HW Rs + F BRs would be reduced from 23 to 
15 GW{e) under these conditions, 

4,6,3 Higher interest rates 

The interest rare on borrowed capital which was used for this study was taken as 6.5%. 
This was thought to be a little low, and the two basic cases were re-run for 8,5% and 10,5% 
interest rates. The total installed nuclear capacity for the LWR + FBR case was not reduced 
at all in either case but, as might be expected, the more capital-intensive natural uranium 
system suffered slightly, the total installed capacity by the year 2000 dropping from 23 GW(e) 
to just over 20 GW{e) for an interest rate of 10.5%. The calculated installed capacities there
fore appear to be relatively insensitive to interest rate, 

5. CONCLUSIONS 

Under conditions of favourable nuclear fuel cycle costs an installed nuclear capacity of 
about 34 GW(e) in a total of 84 GW(e) could be expected in South Africa by the end of the 
century if only LWRs and FBRs are considered, However, higher nuclear fuel cycle costs, 
which affect mainly the growth in capacity in the last decade, could reduce this by half. 
Because of higher predicted overall costs, a programme of natural uranium reactors and 
fast breeders would give rise to nuclear capacities of 23 and 15 GW(e), respectively, under 
the high and low fuel cost conditions. 

The influence of higher rates of escalation in coal costs, on the other hand, is felt 
mostly over the early years of the nuclear programme. A modest increase in the rate, say 
from ~% to 3%, almost doubles the nuclear capacity to be expected by 1990. However, the 
next 1% increase in rate has a very much smaller effect. 

The sensitivity studies show that a more accurate forecast of nuclear capacity is 
strongly dependent on a close study of the trends in fuel costs, both nuclear and conventional. 
However, with the data used in this study, it appears likely that the installed nuclear capacity 
in the Republic of South Africa by the year 2000 could be between 20 and 40GW(e), 
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Mexico, Mexico 

Abstraa-Resume-AHHOTaJ.IHli-Resumen 

DEFINITION OF A POWER REACTOR PROGRAM FOR MEXICO 
A power reactor program for Mex1eo must have as a goal the solution of the national energy pro

blems so that the country will eventually have an adequate energy supply so that the country· s present self
sufflciency m energy resources can be maintained 1f poss1ble. Because of the lack of development of the 
heavy electncal eqmpment mdustry, and m particular the total absence of mvestment in power reactors, 
Mex1co 1s free to choose any reactor type and could m fact change type and suppller according to 
the market conditions at the moment of deciswn. Th1s policy, wh1ch would be analogous to that 
followed by pnvate electric utilities, lS not llkely to be approp1ate for Mex1co' s nauonal!zed energy 
sector. To defme a program for technology ass1m1lanon and development, lt 1s first necessary to cons1der 
the evolunon of various reactors m the world and the prospects for theu unl!zanon m Mexico. Therefore, 
probab1lmes were ass1gned to the use of d1fferent reactor types m Mex1co, mcludmg fusion reactors, at 
several dates up to the year 2000. It was thus poss1ble to assess a group of factors so as to ass1gn the 
relanve we1ghts to development plans wnhm a comprehens1ve policy, taklng mto cons1deranon as much 
as posSlble the econom1c aspects of assoc1ated costs and beneflts. 

ETABLISSEMENT D' UN PROGRAMME DE REACTEURS DE PUISSANCE POUR LE MEXIQUE. 
Un programme de reacteurs de pmssance pour le Mexique dolt VlSer a resoudre les problemes 

energetiques nationaux de faron que le pays dispose a long terme de ressources energetiques sufhsantes 
en continuant, Sl posSlble, a sufhre a ses besoms. Etant donne 1' etat peu developpe de 1' industne des 
equlpements electro-mecamques lourds et, en particulier, l' absence totaled' invest!Ssements dans les 
reacteurs de pu!Ssance, le Mex1que est libre de chmsu n' importe quelle fillere de reacteurs et, en 
pnncipe, 11 pourralt changer de flllere et de fourmsseur selon les condmons du marche au moment oil la 
declS!On sera pnse. Cette polmque, qm serait analogue a celle SU!Vle par les compagmes d' electricite 
privees. ne conv1ent guere a un pays et particuherement au secreur energeuque nauonahse mexica1n. 
Pour mettre au pomt un program me de developpement et d' mtegr anon de la technologie, il f aut 
au prealable etudier les tendances posSlbles del' evolunon des reacteurs dans le monde et les perspectives 
de leur unlisanon au Mex1que. Dans ce but, on a determme la probab1l1te d' utilisation de d1fferentes 
fll1eres de reacteurs au Mex1que, y compns les reacteurs a fuswn, pour differentes dates jusqu' a 1' an 
2000. On a ams1 pu elaborer un ensemble de prev!Slons permettant d' asSlgner un ordre d' 1mportance 
relanve aux plans de developpement dans le cadre d' une polmque globale, en tenant compte dans la 
mesure du poss1ble des facteurs econom1ques lles aux coihs et aux benef1ces. 

OTIPE.UEJIEHI1E TIPOrPAMMbl 3HEPrETI1'-IECKI1X PEAKTOPOB .UJI51 MEKC11KI1. 
IlporpaMMa 3HepreTHt.teCKHX peaKTopoa .n;nSJ MeKCHKH .n;onJKHa 6blTb HanpaaneHa Ha peme

HHe H8QHOH8JibHbiX npo6JieM ITO IIpOH3BO,llCTBy 3118KTp03HeprHH C T8M 1 '4T06bi CTpaHa HM8Jia 

,li;OCT8TO\IH08 CH86)1(8HH8 3HeprHei1:, C0Xp8HHH 1 8CJIH B03MO)I(H0 1 C8M006eCII8t.t8HHOCTb B 3Hepro

pecypcax. Bcne.ncTBHe cna6oro pa3BHTHH npoH3BO,n:CTaa TfDKenoro 3HepreTHYecKoro o6opy

.n:oaaHHSJ H, B Y8CTHOCTH 1 fiOJIHOrO OTcyTCTBHH KaiTHTaJIOBJIOIKeHHi1 B .sJ,n:epH&Ie peaKTOpbl 1 MeKCH

Ka CB060)l;HO MOJKeT Bbi6HpaTb nro6oi1 THIT peaKTOpa, H3MeHHTb B llpHHL(Hne ero THn, a T8KIKC 

ITOCT3BIUHKa COOTBeTCTBeHHO pblHOYHbiM yCJIOBHHM B MOMeHT npHHSITHSI pemeHHH. TaKaH no

JIHTHKa, KOTOpaH 6&IJI8 6bl 8H8JIOrH'4HOi1 ,n:e.sJTeJibHOCTH Y8CTHbiX 3JieKTpHYeCKHX npe,n:npHSITHtf 1 
aepoSITH0 1 He 6y,n:eT COOTBeTCTBOBaTb H3QHOH8JIH3HpOB8HHOMy 3HepreTHYeCKOMY CeKTopy MeK

CHKH. ,UJI.SI TOrO YT06&I onpe.n;eJIHTb nporpaMMy TeXHOJIOrHYeCKOi1 aCCHMHJI.Sil.(HH H pa3BHTH.SI 1 

He06XO)l;HM0 1 B nepByiO OYepe,n:b, paCCMOTpeTb 3BOJIIOQHIO pa3JIHYHhlX THITOB peaKTOpOB B MHpe 

H nepcneKTHBbl HX HCITOJib30B8HH.SI B MeKCHKe. C 3TOi1 QeJibiO 6&JJIH onpe,n:eJieHhl B03MOJKHOCTH 

HCITOJib30B3HH.SI p33JIHYHhiX THITOB peaKTOpOB B MeKCHKe 1 BKJII0\.18.fl TepMOH,n:epHhle peaKTUphl 38 

HeCKOJibKO nepHo.n;oa no 2000 ro.n:. TaKHM o6paaoM, cTano B03MO)KHhiM ycTaHOBHTh rpynny 
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<;l:>aKTOpOB. )1;1151 TOrO ~T06bi onpe,lleJIHTb OTHOCHTeJibHYIO B8JKHOCTb Illi8HOB p83BHTH51 B paMK8X 

06IUe:H: ITOJIHTHKH, IIpHHHM8fl BO BHHM8HHe, H8CKOllbKO 3TO B03M0)1(HO, 3KOHOMIP..J:eCKHe acneKTbl 

CB5138HHbiX C HHMH paCXO)J;OB H npH6blJiei1:, 

DEFINICION DE UN PROGRAMA DE REACTORES DE POTENCIA PARA MEXICO. 
Un programa de reactores de potenc1a para Mexico debe tender a la soluc16n de los problemas ener

gencos nacwnales de modo que el pais cuente, a largo plaza, con un suministro adecuado de energfa, 
preferentemente conservando la situaci6n actual de autosuficiencia. Deb1do al estado poco desarrollado 
de la industria de eqmpos electromeciimcos pesados y en particular a la ausenc1a total de inverswnes en 
reactores de potencia, Mexico se encuentra en llbertad de escoger cualquier lfnea de reactores y en prin
cipw serfa posible cambiar de tipo y de proveedor segiin las condiciones del mercado en el momenta de 
tamar una decision. Esta polftica, que serfa analog a a la segu1da par compaiifas de summistro electrico 
privadas, es poco probable que convenga a un pafs y concretamente al sector energetico nacionalizado 
de Mexico. Para poder defimr un programa de desarrollo y de aSlmilaci6n de tecnologfa, es necesano 
antes considerar las pos1bles trayectonas de evoluc16n de los reactores en el mundo y las perspectivas 
de su utilizaci6n en Mexico. Con este objeto, se asignaron probabilldades al usa de diferentes npos 
de reactores, incluyendo los de fus16n, en Mexico, en varias fechas hasta el aiio 2000. Se pudo asf 
construrr un conjunto de « futuros » que permite asignar pesos relativos a planes de desarrollo dentro 
de una polftica global, tomando en cuenta en la medida de lo poSlble los factores econ6m1cos de costas 
y beneficios asoCiadas. 

l. INTRODUCCION 

Puede postularse, muy generalmente, que un programa de reacto
res de potencia para Mexico debe contribuir a la soluci6n de los proble
mas ener9eticos nacionales, con el objetivo de que el pa(s cuente, a me
diane y largo plazo, con un suministro adecuado de energ{a, preferente
mente conservando la situaci6n actual de autosuficiencia. 

En Mexico el sector energetico se encuentra totalmente nacionaliza 
do, lo que permite en principia una coordinaci6n de las pollticas de los 
organismos descentralizados que lo integran y, concretamente, de Petr6 
leos Mexicanos, Comisi6n Federal de Electricidad y Comisi6n Nacional
de Energ(a Nuclear. Por otra parte, el poco desarrollo de la industria 
de equipos electromedinicos pesados y la ausencia de inversiones en plan 
tas nucleoelectricas, deJan bastante libertad para definir una pol(tica en
materia de reactores de potencia. 

Hasta la fecha, la situaci6n energetica del pats se ha caracterizado 
por el dominic casi total de los hidrocarburos que han satisfecho mas del 
90 por ctento de la dernanda de energ(a, en condiciones que pueden juzgar 
se favorables. Sin embargo, el aumento registrado en los ultimos aP\os
en los costos de exploraci6n y explotaci6n deL petr6leo en Mexico, indica la 
conveniencia de incluir las centrales nucleares en los planes de expansi6n 
del sistema electrico centro-sur interconectado [1] y existe el proyecto de 
construir una prirnera unidad nuclear de aproximadamente 600 MW en el lu 
gar llamado Laguna Verde, sobre el Golfo de Mexico, a unos 280 km al ei'
te de la ciudad de Mexico [ 2]. 

2. POLITI CAS POSIBLES 

Con estas condiciones iniciales y de contorno, se pueden examinar 
las opciones que se presentan. La mas simple, ser(a decidir la instala
ci6n de cada central nuclear tomando en cuenta unicamente el costo con-
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table de la energ(a producida, de modo similar a como proceder(a una 
companta privada de suministro eli~ctrico en un pats desarrollado. Esto 
conducirta, muy probablemente, a cambiar de tipo y fabricante de reac
tor con frecuencia, dependiendo de las condiciones que prevalecieran en 
el mercado internacional en el momento de tomar cada decisi6n. En 
estas circunstancias, ser(a dif{cil, porno decir imposible, planear una 
participaci6n creciente de la industria nacional en la construcci6n de las 
centrales nucleares yen particular llegar a realizar en el pa(s, en condi 
ciones econ6mtcas, el maximo posible de los procesos integrantes de los 
ciclos de combustibles. 

Otra posibilidad serta tratar de desarrollar totalmente la tecnolo-
gta de reactores de potencia, con la idea de poder alcanzar, en este campo, 
una capacidad y una autonom(a de las que carecemos en otros sectores in
dustriales mas tradicionales. Con toda seguridad, esta alternativa ser(a 
extremadamente costosa y contribuirta a agravar, en lugar de resolver, 
muchos de los problemas de desarrollo a los que Mexico, como otros 
patses, se enfrenta. 

Una polltica intermedia entre los dos extremos mdicados parecerta 
mucho mas sensata para un pats como Mexico. Las centrales nucleares 
que se construyan tendran que ser adiciones confiables y econ6micas a 
las redes electricas del pa(s. Aunque inicialmente la mayor parte del 
equipo se compre en el extranJero, se fomentara la participaci6n crecien 
te de la industria nacional, mediante est(mulos y ayudas que pueden in-
cluir la estandarizaci6n de equipos en la medtda de lo posible y la adop
ci6n de mecanismos para facilitar la transferencia de tecnolog(a y la im 
plantaci6n de meJores sistemas de control de calidad. En la rama de ~s 
combustibles nucleares, se procurara la realizaci6n en Mexico de una 
parte cada vez mayor del ciclo total, de acuerdo con las economtas de 
escala que sean alcanzables, evaluando los costos con un criteria nacio
nal, necesariamente mas amplio que el de una empresa electrica, gube.!:_ 
namental o prtvada. 

La adopci6n de una polttica como la senalada demanda del estado yen 
especial de la Comisi6n Nacional de Energ(a Nuclear, la fijaci6n de orien 
taciones y obJetivos en investigaciones ctenttficas y tecnol6gicas que faci
liten la asimilaci6n y dominio de tecnolog(as probadas, o la familiariza
ci6n con las tecnologtas en desarrollo en otras partes del mundo, de mo
do que se prepare la participaci6n oportuna de la industria nacional en los 
proyectos futuros de reactores de potencia. 

El problema que se presenta es uno de asignaci6n de recursos, ba
sanaose en proyecciones forzosamente subjetivas sobre la orientaci6n de 
los conocimientos y el estado del mundo. Por mas que se procure intro
ducir flexibilidad en los programas de investigaci6n y desarrollo, es ne
cesarto visualizar el futuro, o los "futuros" posibles, asignandoles pe-
sos adecuados para tomar en cuenta su probabilidad subje:tiva de ocurre~ 
cia. Por otra parte, las extrapolaciones de la potencia nuclear instalada 
conducen rapidamente a cifras de consideraci6n [3) que necesitan ser afe~ 
tadas de una tasa de descuento para conservar la perspectiva correcta en 
el tiempo. 



CUADRO I 

POTENCIA NUCLEAR Y POTENCIA ELECTRICA TOTAL 

EST ADO Xl EST ADO X2 PROMEDIO 
Adici6n Potencia Potencia Relaci6n Adici6n Potencia Potencia Relaci6n Adici6n Potencia Potencia Relaci6n 

Ai'io Nuclear Nuclear Total 'Yo Nuclear Nuclear Total 'Yo Nuclear Nuclear Total 'Yo 
GW GW GW GVV GW GW GW GW GW 

l972 o,6 0 7,0 0 0,6 0 7,2 0 0,60 0 7,06 0 
< 
"' ~ 

l979 l '2 0,6 ll ,2 5,4 l, 8 0,6 l4,4 4,2 l,38 0,60 l2, l6 4,9 N 

l986 2,4 l,8 l7 ,9 lO, l 5,4 2,4 28,8 8,3 3,30 l,98 2l' l7 9,3 

1993 4,8 4,2 28,6 14,7 16,2 7,8 57,6 13,5 8,22 5,28 37,30 14,2 

2000 9,6 9,0 45,8 19,7 48,6 24,0 ll5,2 20,8 21,30 13,50 66,62 20,2 

2007 18,6 73,3 25,4 72,6 230,4 31,5 34,80 120,43 28,9 
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3. ALTERNATIVAS DE DESARROLLO 

Un metodo posible para tomar en cuenta, sin demasiada compleJi
dad, los factores anteriores, consiste en asignar dos estados postbles al 
"mundo", caracterizado fundamentalmente por la abundancia de uranto y 
otros dos estados a "Mexico", caracterizado por la rapidez de su desa
rrollo. 

Definamos: 
Ul: Estado del mundo caracterizado por la existencta durante varias 

decadas de uranio barato. En estas condtciones, los reactores de cr(a y 
de fuston tienen un desarrollo lento y los reactores converttdores son pron 
to abandonados por falta de incenttvos economicos. En cambio, se desar;::; 
llan y se vuelven mas accestbles los metodos de enriquectmiento del ura
nio. Probabilidad asignada a ese estado: o, 7. 

U2: Estado del mundo caracterizado por el advenimiento, a parttr de 
1980, del uranio caro. Se impulsa constderablemente el desarrollo del 
reactor de cr(a enfriado por sodio, de otros tipos de reactores de cr(a y 
de la fusion termonuclear controlada, Los reactores convertidores tienen 
un lugar importante si se atrasan los reactores de crfa. El enriquecimien 
to del uranio nose extiende a muchos pa(ses. Probabtlidad de este esta
do: 0,3. 

Xl: Estado de Mexico caracterizado por una tasa de desarrollo si
milar a la actual. La potencia electrica instalada se duplica cada lO anos, 
o se multiplica por l,6 cada 7 anos. Cada 7 anos se decide la instalacion 
del doble de la potencia nuclear decidida en la fecha anterior, comenzando 
con la decision en 1972 de instalar 600 MW. Se es indiferente ante los ti 
pos de reactores, guiandose fundamentalmente en la seleccton por el co;-
to contable de la energ(a producida. El factor de descuento es de 0,5 ca
da 7 anos, o sea una tasa anual de 10,4 por ciento, lo que corresponderfa 
aproximadamente a una tasa de preferencia en el tiempo de 6 por ciento y 
a una tasa por aceleracion de riesgo que en nuestro caso puede interpre
tarse como una tasa por tnnovacton tecnologica, de 4 por ciento, Proba
bilidad de este estado: 0, 7. 

X2~ Estado de Mexico caractertzado por una tasa de desarrollo 
aprectablemente superior a la actual, La potencia electrica instalada se 
duplica cada 7 anos, Cada 7 anos se dectde mstalar el triple de la poten
cia nuclear decidtda en la fecha anterior, comenzando con la decision en 
1972 de tnstalar 600 MW. Se da preferencia a los ttpos de reactores cuyas 
tecnolog(as pueden implantarse mas factlmente en Mexico. El factor de 
descuento es de 0,4 cada 7 anos, o sea una tasa anual de l4 por ctento, 
lo que corresponderfa aproximadamente a una tasa de preferencta en el 
tiempo de 8 por ciento y a una tasa por innovacion tecnologica de 6 por 
ciento. La probabilidad de este estado se estima en 0 1 3, 

El cuadro I muestra el crectmiento de la potencia nuclear y de la 
potencia electrica total, mstaladas en redes de servtcio publico, para 
los estados Xl y X2 y para el promedto que puede definirse a partir de 
las probabilidades asignadas. 
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CUADRO II 

PROBABILIDADES DE TRANSICION 

PROBABILIDADES 
Futuro Futuro Futuro Futuro 

FECHA TRANS I CION A B c D 

1972 L o,9 0,8 0,8 0,8 

1979 L/H 0,2 0,4 0,4 0,5 
H/L 0,5 0,4 0,4 0,3 

1986 L,L/H 0,1 0,4 0,4 0,4 
L,L/M 0 0,1 0,2 0,3 
H,H/H 0,5 0,6 0,8 0,7 

1993 L,L,L/L 0,7 0,5 0,2 0,1 
L,L,H/M 0,2 0,2 0,3 0,3 
L,L,H/0 0 0 o, 1 0,1 
H,H,H/H 0,5 0,6 0,6 0,6 

2000 L,L,L,L/L o,3 0,2 0,1 0,1 
L,L,H,M/M 0,8 0,8 0,5 0,6 
L,L,H,M/F o, 1 o, 1 0,2 0,2 
H,H,H,H/H 0,3 0,3 0,4 0,4 
H,H,H,H/0 o, 1 o, 1 0,2 0,2 

CUADRO III 

POTENCIA NUCLEAR DECIDIDA EN EL FUTURO A 

(enGW) 

FECHA L H M 0 F TOTAL 

1972 0,54 0,06 0,60 

1979 0,92 0,28 o,oo 1 ,20 

1986 1,93 0,42 0,05 2,40 

1993 3,01 0,81 0,98 o,oo o,oo 4,80 

2000 2,05 0,52 5,19 0,92 0,92 9,60 

TOTAL 8,45 2,09 6,22 0,92 o,92 18,60 
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Siendo practicamente independientes los estados de Mexico y del 
mundo, se pueden defimr entonces cuatro "futuros" para el desarrollo 
de los reactores de potencta en Mexico: 

A: 
B: 
C: 
D: 

Futuro determinado por Ul y Xl. 
Futuro determinado por Ul y X2. 
Futuro determinado por U2 y Xl . 
Futuro determinado por U2 y X2. 

Probabilidad : 0,49. 
Probabilidad : 0,2l. 
Probabilidad 0, 2l. 
Probabilidad : 0,09. 

En la imposibilidad de considerar en detalle todos los tipos de reac 
tores posibles, nos limitaremos en esta exploracion a aquellos cuya utili 
zacion en Mexico se considera mas plausible, esto es: reactores de agu~ 
ligera que se representaran con la letra L, reactores de agua pesada 
(H), reactores de crfa enfriados por metal lfqutdo (M), otros reactores 
de crfa en general (0) y reactores de fusion (F). 

A partir de 1972, en cada fecha de decision se asignaron probabili
dades condicionales que no son otra cosa sino las probabilidades de trans 
cion a cada tipo de reactor, dada una linea de desarrollo pasado y de acC"e_c 

do con el futuro que se este considerando. Entre el gran numero de proba 
bilidades condicionales que hubo que asignar, el cuadro II recoge unas cua~ 
tas que sirven de ilustracion al procedimtento descrito. 

Los cuadros III a VII muestran los resultados obtenidos para la po
tencia cuya instalacion se decide, por tipo de reactor, para cada uno 
de los futuros y el futuro promedio. 

CUADROIV 

POTENCIA NUCLEAR DECIDIDA EN EL FUTURO B 

(en GW) 

FECHA L H M 0 F TOTAL 

1972 0,48 0,12 0,60 

1979 1,01 0,79 0,00 1,80 

1986 2,40 2,46 0,54 5,40 

1993 5,75 6~35 4,10 0,00 o,oo 16,20 

2000 4,08 4,66 30,37 4,57 4,92 48,60 

TOTAL 13,72 14,38 35,01 4,57 4,92 72,60 
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Aun en el caso del futuro promedto, las ctfras que resultan no refle
jan adecuadamente la importancia relativa de los diferentes tipos de reac
tores, debido a los diferentes tiempos en que se taman las decisiones y a 
las diferentes tasas de descuento que, segun el tipo de desarrollo, deben 
ado;:>tarse. El cuadro VIII muestra los valores presentes de las potencias 
cuya instalaci6n se decide entre 1972 y 2000, utillzando los factores de de~ 
cuento mencionados anteriormente y adoptando como 1 000 el valor presen
te de 600 MW dectdidos en 1972. 

FECHA 

1972 

1979 

1986 

1993 

2000 

TOTAL 

FECHA 

1972 

1979 

l986 

1993 

2000 

TOTAL 

CUADRO V 

POTENCIA NUCLEAR DECIDIDA EN EL FUTURO C 

(en GW) 

L H M 0 F 

0,48 0,12 

0~65 0,55 o,oo 

0,71 1,32 0,37 

0,42 1,97 1 ,68 0,24 0,49 

0,09 2,25 3,54 1,59 2,13 

2,35 6,21 5,59 1, 83 2,62 

CUADRO VI 

POTENCIA NUCLEAR DECIDIDA EN EL FUTURO D 

(en GW) 

L H M 0 F 

0,48 o, 12 

0,68 0,94 0,18 

0,89 2,78 1 '73 

0,28 6,55 7,14 0,58 1 ,65 

0,05 9,23 21,53 6,95 10,84 

2,38 19,62 30,58 7,53 12,49 

TOTAL 

0,60 

1,20 

2,40 

4,80 

9,60 

18,60 

TOTAL 

0,60 

1,80 

5,40 

16,20 

48,60 

72,60 
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CUADRO VII 

POTENCIA NUCLEAR DECIDIDA EN EL FUTURO PROMEDIO 

(en GW) 

FECHA L H M 0 F TOTAL 

1972 0,51 0,09 0,60 

1979 0,86 0,50 0,02 1 ,38 

1986 1,68 1 ,25 0,37 3,30 

1993 2,80 2,73 2,34 o, 10 0,25 8,22 

2000 1 ,88 2,54 11,60 2,37 2,91 21,30 

TOTAL 7,73 7' 11 14,33 2,47 3,16 34,80 

CUADRO VIII 

VALOR PRESENTE RELA TIVO DE LAS POTENCIAS DECIDIDAS 

TIPO DE REACTOR FUTURO FUTURO FUTURO FUTURO PROMEDIO 
A B c D 

L 3,313 2,899 1 '732 1,523 2,733 

H 0,727 2,261 1,857 2,659 1,460 

M 0,769 1 ,877 0,872 2,262 1 ,158 

0 0,095 0,195 0,215 0,359 0,165 

F 0,096 0,210 0,324 0,639 0,217 

TOTAL 5,000 7,442 5,000 7,442 5,733 

En definitiva, puede verse que la importancia actual relattva de los 
diferentes tipos de reactores en los futuros propuestos puede representar 
se aproximadamente por los numeros 0,48, 0,25, 0,20, 0,03 y 0,04 par:; 
los reactores de agua ligera, de agua pesada, de cr(a enfriados por metal 
lfquido, de crfa de otros tipos y de fusi6n, respectivamente. 
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Debe hacerse notar que estos pesos relatives se refieren a decisio
nes de instalaci6n y por tanto dan una idea de la importancia de las inver
siones, no as( de los gastos de operaci6n y muy principalmente de los gas 
tos de combustible, que necesitarfan un calculo separado de los valores -
presentes de la energfa generada en cada ano. 

4. CONCLUSIONES 

La definici6n de un programa de reactores de potencia requiere la 
elecci6n de una polftica en materia de desarrollo de reactores de paten
cia. Evitando los dos extremes de no hacer nada, ode querer hacerlo t_£ 
do, queda una banda muy amplia de posibilidades que no puede precisarse 
mas que por una evaluaci6n, necesariamente subjetiva, del porvenir. 

El tipo de analisis presentado permite una exploract6n sistematica 
del futuro, en princtpio con todo el detalle que uno desee. El hecho de que 
los resultados encontrados refleJen bastante bien el cuadro intuitive que 
uno posee, no debe considerarse como un defecto sino, al contrarto, como 
una indicaci6n de que este tipo de metodo que hace explfcitas las hip6tesis 
de parttda puede utilizarse en la formulaci6n de planes de desarrollo. 
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DISCUSSION ON AGENDA ITEM 1. 2 

Projected role of nuclear energy in meeting future energy needs 

DISCUSSION ON THE FOLLOWING GROUP OF PAPERS: 

P/467 UK Presented by Sir John Hill 

P/569 France Presented by X. Michon 

There was no discussion on these papers. 

DISCUSSION ON THE FOLLOWING GROUP OF PAPERS: 

P/347 Yugoslavia Presented by J. Salorn-~uica 

P/712 USSR Presented by A.M. Petros'yants 

L. TWUM-DANSO: Perhaps Mr. Petros•yants (Paper P/712) could say 
what percentage of the Soviet Union 1 s electricity production is nuclear. 

A. M. PETROS 1 Y ANTS: The proportion of nuclear power is still rela
tively small. The total capacity of all the power stations in the USSR at 
present amounts to 170 million kW and the nuclear capacity is about 
2. 5 million kW. The point is that the USSR is well provided with energy 
resources. Nuclear power will be playing an important part by the end of 
the present century. 

DISCUSSION ON THE FOLLOWING GROUP OF PAPERS: 

P/298 Japan Presented by W. Hiraizumi 

P/802 Brazil Presented by J.A. Marques de Souza 

W. LEPECKI: I should like to ask Mr. Hiraizumi what is the role of the 
heavy-water reactor in the Japanese program, and what is the status of the 
heavy-water prototype? 

T. YAMADA: Perhaps I can answer this question. Light-water reactors 
are preferred in Japan and this situation will probably continue in the fore
seeable future. However, from the standpoint of efficient utilization of 
nuclear fuels, light-water reactors are not very satisfactory, and we 
opted for heavy-water reactors with a view to achieving a balance between 
economy and efficient fuel utilization. The prototype we are now constructing 
is a 160-MW heavy-water moderated, light-water-cooled reactor (FUGEN), 
and we are expecting it to go into operation in 1974-75. 

The Japanese heavy-water reactors are not unlike the Candu-BLWR and 
the SGHWR, but they also have significant differences as we intend to use 
plutonium fuel. 

In the late 'seventies we expect that many heavy-water reactors will be 
operating in the Japanese electricity network, along with light-water 
reactors. 

487 
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I would refer you to Paper P/232 for further details. 
N. AYBERS: If I understand Mr. Marques de Souza (Paper P/802) 

correctly, the Brazilians are hoping to develop a local fuel-cycle industry 
covering all phases of the fuel-cycle. Does this mean they will also take 
care of all phases of the enriched-uranium fuel cycle? 

J. A. MARQUES DE SOUZA: As regards the different phases of the 
fuel cycle in the Brazilian program the situation is as follows: 

Prospecting and drilling: actively developed; 
Mining and yellow- cake production: commercial contract under way for 
installations; 
Uranium purification and U02-pellet production: pilot plants in operation 
(designed and built in our own country); 
Fuel-element fabrication and reprocessing: laboratory studies (see 
Paper P/197); 
Uranium enrichment: technico-economical and feasibility studies. 

DISCUSSION ON THE FOLLOWING GROUP OF PAPERS: 

P/778 Korea Presented by Y.K. Yoon 

P/541 CSSR Presented by J. Neumann 

P/818 Italy Presented by A.M. Angelini 

P/359 FRG 

P/660 South Africa 

P/788 Mexico 

A.M. WEINBERG: I should like to comment briefly on paper P/359 
by Mr. Mandel. Mr. Mandel' s estimate of the energy content of the 
sea- assuming the D-D reaction can eventually be mastered- is 
9 X 1024 kcal, i.e. about 5000 times the energy content of the extractable 
uranium and thorium contained in the rocks of the earth. These figures 
are not in line with similar estimates of our own, which show the two 
sources to be much more nearly equal. Of course, if fusion always had 
to depend on the D-T reaction with lithium as raw material, the balance 
would be different; the energy in uranium and thorium together is greater 
than that in lithium. 

H. MANDEL: These long-term predictions constitute no more than a 
general assessment of possibilities which would appear to exist in principle; 
enormous research programs extending over long periods of time will be 
necessary, as we all know, before any of these possibilities can be realized 
in practice. For the moment our estimates can well be made in orders of 
magnitude. Hence I estimated the fusion energy potential of the deuterium 
in the seas on the basis of the average energy recovery from the two D-D 
reactions. The result was a total potential of 9 X 1026 kcal. But no doubt 
only part of the deuterium content of the seas will be economically extract
able. I took that part to be 1 o/o and so arrived at the figure quoted in my 
paper - 9 X 1024 kcal- for the economically extractable energy potential of 
the deuterium contained in the seas. 
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From Mr. Weinberg's comment it is not clear of course whether the 
estimates to which he refers yielded different results on the basis of the 
same initial assumptions. What he does say is that the estimates have led 
to roughly equal values for the energy content of the seas and the energy 
content of the extractable uranium and thorium contained in the rocks of 
the earth. I have not examined this last relationship; rather, I confined 
myself, for purposes of comparison, to the fission energy potential of the 
economically extractable uranium contained in the seas- assuming, as 
before in the case of deuterium, that only 1 o/o could be extracted economi
cally. 

Mr. Weinberg's comparison with the energy content of the uranium and 
thorium that can be extracted from the earth's crust might well suggest 
misleading conclusions, because the extractable fraction of uranium and 
thorium in rock is not a quantity that can be assessed easily. If we assume 
that the extractable fractions are the same in every case, Mr. Weinberg's 
conclusion regarding the approximate equality of the energy potentials 
attributable to uranium and thorium fission and to deuterium fusion would 
be confirmed by my initial figures too. But in fact the fraction of uranium 
and thorium that can be extracted economically from the earth' s crust is 
probably smaller by orders of magnitude than the fraction of deuterium that 
can be extracted economically from the seas, particularly if factors such 
as accessibility of deposits are taken into account. Given the inherent 
difficulty of such a comparison, I followed the practice normally used in 
assessing conventional energy sources and derived my figures for economi
cally extractable uranium and thorium from published data which have 
been substantiated by geological investigations. 



AGENDA ITEM 5. 4 
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GOVERNMENT, UTILITIES, INDUSTRY AND UNIVERSITIES: PARTNERS FOR NUCLEAR DEVELOPMENT IN 
CANADA AND ABROAD. 

1n Canada, eleven power reactors mstalled or planned at four sites will prov1de 5520 MW(e) for an 
mvestment of $1800 million. Uramum production during the decade 1958 -1967 totalled 79 700 ton 
U30 8 worth $1621 millwn. For nuclear research, development and control, the Federal Gcvernment employs 
about 6000 people and spends about $80 m11lion/yr, which mcludes the cost of operating three ma]or research 
reactors (>30 MW each). Aggregate commercial isotope productiOn has reached 14 mCi, and Canada has 
about 3000 licensed users. Three power and two research reactors of Canadian design are or w1ll be mstalled 
m developing countries overseas. Legislation in 1946 made atom1c energy a federal responSibility and established 
an Atomic Energy Control Board. The Board's regulations, which deal pnmanly with health, safety and security, 
are admimstered with the cooperation of appropnate departments of the federal and provincial governments. 
Large-scale nuclear research began in 1941 and contmued under the National Research Counc1l until 1952 when 
the Federal Gcvernment created a public corporation, Atomic Energy of Canada Limited, to take over both 
research and the exploitation of atom1c energy, Another public corporation, Eldorado Nuclear L1mited, conducts 
research and development on the processmg of uramum and operates Canada's only uramum refinery, but 
prospecting and mimng are undertaken largely by private compames. The publicly owned electncal utilities of 
Ontario and Quebec operate nuclear power statwns and participate w1th governments m their hnancmg. Pnvate 
mdustry undertakes extenSive development and manufacturing, mainly under contract to Atom1c Energy of 
Canada Limited and the uhli!ies, and mdustry has formed its own Canad1an Nuclear AssociatiOn. Canadian 
univers1ties undertake nuclear research, and receive ngmficant government support; one has operated a research 
reactor since 1959. Canada's nuclear program is entirely directed to peaceful applicatwns, and Canada has 
ratified the Treaty on Non- Proliferation of Nuclear Weapons. The government has eleven bilateral treaties 
for nuclear cooperation; inter-agency agreements facilitate such cooperation w1th four additional countr1es. 
Appropnate loans support reactor construction in developmg countries, and training has been arranged. 

LE GOUVERNEMENT, LES ENTREPRlSES D'ELECTRlC!TE, L'INDUSTR!E ET LES UNlVERSITES PARTlCIPENT 
DE CONCERT AU DEVELOPPEMENT NUCLEAIRE AU CANADA ETA L'ETRANGER. 

Au Canada, onze reacteurs de puissance mstalles ou commandes fourniront, sur quatre Sites, 5520 MW(e); 
l'investissement total sera de 1, 8 milliards de dollars. La productwn d'uranium, au cours de !a ctecennie 
1958- 1967, a attemt 79 700 tonnes d'U30 8 valant au total 1, 621 milliards de dollars. Pour la recherche, le 
cteveloppement et le contr6le nucleaHeS, le Gcuvernement (ecteral emploie pres de 6000 personnes et ctepense 
approximatlvement 80 millions de dollars par an, somme comprenant les frais d'explo1tat10n de trois grands 
reacteurs de recherche (ayant, chacun, une puissance supeneure a 30 MW), La production totale de radiO
elements commerciaux a attemt JUSqu'a present 14 mCi et il y a au Canada environ 3000 utllisateurs qualifies. 
TrolS reacteurs de puissance et deux reacteurs de recherche de conception canadienne sent ou seront lnstanes 
outre-mer, dans des pays en voie de developpement. La Loi de 1946 a conhe au Gcuvernement federalla 
responsabilite de l'energie nucleaire et elle a etabli la Commisswn de contr6le de l'energie atom1que. Les 
r€.glements de cette Commission, qui concernent principalement la sante, la securite et la sarete, sont 
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appliques avec Ia cooperation des ministeres appropries du Gouvernement federal et des gouvernements 
provinciaux. La recherche nucleaire canadienne a grande echelle a debute en 1941. Par Ia suite, et JUSqu'en 
1952, elle a ete poursuivie sous l'egide du Conseil national de Ia recherche. Ensuite, le Gouvernement federal 
a cree une entre prise d'Etat, l'Energie atomique du Canada, pour poursuivre Ia recherche atomique et son 
exploitation. Une autre entrepnse d'Etat, Eldorado nucleaire, effectue des travaux de recherche et de 
developpement concernant le traitement de !'uranium et elle exploite Ia seule raffinerie d'uranium du Canada, 
tandis que Ia prospection et !'extraction mmieres sont effectuees en grande partie par des societes privees. 
Les entreprises d'electncife de !'Ontario et du Quebec exploitent des centrales nucleaires et participent, avec 
les gouvernements, a leur financement, Des entrepnses mdustrielles privees precedent a d'importants travaux 
de developpement et de fabncation, dans la plupart des cas sous contrats passes avec l'Energie atomique du 
Canada ou avec les entreprises d'electricite. Les entreprises industrielles ant forme !'Association canadienne 
pour l'energie nucleaire. Les universites canadiennes effectuent des recherches nucleaires et rec;oivent, pour ce 
faire, une aide substantielle du Gouvernement. L'une de ces universites explo1te un reacteur de recherche 
de puis 1959. Le programme nucleaire canadien est entierement consacre a des applications pacifiques et le 
Canada a ratifie le Traite de non-proliferation des armes nucleaires. Le Gouvernement a adhere a onze traites 
bllateraux de cooperation nucleaire. Des accords conclus entre agences fac1litent cette cooperation avec 
quatre autres pays. Des prets appropries permettent la construction de reacteurs dans les pays en voie de 
developpement et le personnel etranger peut ~tre forme au Canada, 

ITPABI1TEJibCTBO, ITPE,ll;ITPI15!T115!, ITPOMbllliJIEHHOCTb 11 YHI1BEPCI1TETbl: ITAPTHE
Pbl ITO PA3B11TI1JO 5!,ll;EPHOH 8 HEPf'l111 B KAHA,ll;E 11 3A f'PAHI1l.IEH. 

B KaHa.z:te B 1.J€T:bipex MecTax ycTaHOBJI€Hhi HJIH 3annatmpoaaHbi o.zun·IHa,zu.\aTb sHepreTH\lec
KHX peaKTopoB o6111eil MOI11HOCThiO 5520 MBT (:.n) npH KanHTanhHbiX anoJKeHHliX B 1800 MllH.!IOn
napoa. IlpOH3BO!ICTBO ypaHa 3a )leCl!THlleTHHH nepHOII C 1958 no 1967 r011 COCTaBHJlO 79 700 T 
38KHCH-QKHCH ypaHa 06uteft CTOHMOCTbiO 1621 MJIH .,ll;OJillapoB, ,llJI.R npOB€.l(€HHH R,ll;epHhiX HCCJle

.llOB81-Hiti, paapa60TOK H KOHTpOJHI ~e,llepallbl-10€ npaBHT€1IbCTBO CO.z:tep)KHT IllT8T OKOJIO 6000 qe
JIOB€K H €)K€rO.llHO aCCHrHyeT 80 MJIH .,ll;OllllapoB, Ky.Ila BXO.llHT CTOHMOCTb 3KCnnyaTaQHH Tpex 

OCHOBHbiX HCCJle)IOBaTellbCKHX peaKTOpOB (M01!1HOCTbiO 6onee 30 MBT KaJK)IblH). 06111ee KOMMep
qecKOe npoH3BO.llCTBO H3oTonoa .n;ocTHrno 14 MKH, H s HacTO.SIIu;ee speMH s KaHa,n;e OKOJIO 

3000 nOTpe6HTeneti HMeiOT JIHQeH3HH Ha HX HCOOllb30B8HHe, TpH ~:mepreTHl.leCKHX H ,llB8 HCCJie

.llOBaTeJibCKHX peaKTOpa K8H8)lCKOH KOHCTpyKQHH ycTBHOBJieHbl HJIH 6y,n:yT yCT8HOBJieHbl B pa3BH

B810IItHXC51 cTpanax. B cooTseTcTBHH c 3aKono.n:aTeJihCTBOM 1946 ro.n:a na 4le.n:epallbHOe npasH

TeJibCTso B03JIQ)KeHa OTBeTCTBeHHOCTb 38 8TOMHYIO 3HeprHIO H yqpe}l(,lleHO YnpasJieHHe no KOH

TpOJIIO 3a aTOMHOH 31-leprHeif. BbiDOJIHet-IHe HHCTpyKQHi1 YnpasJieHH51 1 K8C810IItHXC51 B OCHOBHOM 

aonpocoa 3,n:paaooxpaHet-nUI, TeXI-IHKH 6e3onacHOCTH H o6ecnel.leHH51 ceKpen·IOCTH, KOt-ITp011HpyeT

c51 COBMeCTHO C COOTBeTCTByiOW:HMH ,n:enapTaMeHT8MH \fle.ztepallbHOrO H npOBHl·IQH8llbHbiX npaaH

TeJibCTB. Dpoae.ztet-IHe H.ztepHbiX HCCJie,llOB8HHfl B IIIHpOKHX M8CIIITa6ax H8t.t8JIOC:b B 1941 ro.zty 

H npo.zton)KaJiocb no.zt pyKoso.ztcTBOM HaQHOHallbHoro Hccne.ztoBaTeJibcKoro CoseTa .n:o 1952 ro.zta, 

Kor ,.n:a q;.e,.n:epaJibHbiM npaBHTenbCTBOM 6LIJIO C03.ztaHO rocy.llapcTaet-moe o6'be.ztHHem-te "AToMHK 

3Hep,ltJKH Ocfl KaHa.zta" ,ll;JI51 npoBe)leHH51 HCCJie,ltOB8TellbCKHX pa60T H HCOOJib30B8HH51 8TOMHOif 

3HeprHH. .Upyroe rocy.ztapcTseJ-moe o6'be.ztHHeJ-nte "3Jib.ztopa.n.o HbiOKJieap" npoBO.llHT Hccne.n;oaa

HHH H pa3p860TKH no nepepa60TKe ypaHa H ynpaBJifleT K8H8)lCKHMH npe.ztnpH5ITH5IMH TOJlbKO nO 

o6oraw;eHHIO ypaHa, TOr.zta K8K pa3Be.ztKa H .zt06bitJ8 ypaHa OCyiUeCTBJI5leTC51 B OCHOBHOM tJ8CTHbi

MH KOM08HH5IMH. rocy,n;apcTBef-IHbie 3JieKTpHtteCKHe npe,n;npH5ITH51 0HT8pHO H Kae6eKa 3Kcnny-

8THpyiOT 8TOMHbie 3JieKTpOCT8HQHH H COBMeCTHO C npaBHTellhCTB8MH npHHHM810T yttaCTHe B HX 

4lHHaHcHpoaaHHH. YacTHa51 npoMLinrneHHOCTb ocymecTaJIHeT o6I1IHpHbie pa3pa6oTKH H npoH3BO.ll

cTao, B OCHOBHOM nO KOHTpaKTy C 06'be,llHHermeM "ATOMHK 31-Iep.z:tJKH 0~ KaHa,n:a" H npe,llOpH5ITH-

51MH, a npoMLimJieHHOCTb coa.nana csoro co6cTBeHHyiO .H.nepHyro AccOQHaQHIO KaHa.ztLI. KaHa.llCKHe 

yHHBepCHTeTbi npOBO,ll51T 5l.llepHbie HCClle.llOB8HH51 H DOJiyttaiOT 3H8tJHTellbHYIO OOMOIItb CO CTOpDHhl 

npaBHTeJ1bCTBa; B O,llHOM H3 yHHBepCHTeTOB HCCJie.llOBaTeJibCKHif peaKTOp 3KCDJiyaTHpyeTCfl C 

1959 ro.z:ta. DporpaMMa fl.n;epHhiX Hccne.z:toBaHHH KaHa.llhi aceueno nanpaaneHa Ha MHpHoe npH

MeHeHHe. KaHa!la paTHcpHI.1HpoBana ,ll;oroaop o HepacnpocTpaHeHHH ll!lepHoro opyJKHll. IlpaBH
TellbCTBO HMeeT O.llHHHa.llQaTb .n;aycTopoHHHX cornalllermH o coTpy.n;HHt.IeCTBe B o6nacTH aTOMHOH 

3Heprm-t; Me*se.noMcTBeHHbie cornaiiieHHfl cnoco6cTayroT TaKoMy coTpy.llHW.JecTsy ew:e c qe

TbipbMfl CTpaHaMH. Pa3BHB810IItHMC.H CTp8H8M npe.llOCT8Bli.HIOTCfl COOTBeTCTByiOIItHe 38ifMLI .llll51 

CTpOHTeJibCTBa peaKTOpOB; npOH3BO,llHTCfl llO,llrOTOBK8 MeCTHblX K8.llpOB, 

GOBIERNO, EMPRESAS ELECTRICAS, INDUSTRIA Y UNIVERSIDADES PARTICIPAN EN EL DESARROLLO NUCLEAR 
EN EL CANADA Y FUERA DE EL. 

El Canada ha mvertido 1800 millones de dolares en once reactores de potencia que proporcionarltn 
5520 MW(e) y que se han instalado o proyectado en cuatro empiazamientos. La produccion de urania durante 
el decenw 1958- 1967 alcanzo 79 700 toneladas de U30 8 par valor de 1621 millones de do lares. El Gobierno 
emplea a unas 6000 personas para 1a investigacion, desarrollo y control nuc1eares y gasta al ailo unos 
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80 millones de dolares incluyendo los costes de funcionamiento de tres reactores de investigacion principales 
(cada uno de ellos de mas de 30 MW). La produccion comercial de isotopes ha alcanzado 14 mC1 en total y 
el Canada tiene unos 3000 usuaries autorizados. Tres reactores de potencia y dos de investigacion disei!ados 
en el Canada han sido o seran instal ados en paises extranJeros en vias de desarrollo. La Ley de 1946 hizo 
responsable al Gobierno Federal de Ia Energia AtOmica y ere& una Junta de Control (Atomic Energy Control 
Board). Los reglamentos de esta Junta. que tratan principalmente de Ia salud, de Ia seguridad y de los seguros, 
se aplican con Ia cooperacion de los departamentos apropiados de los gobiernos federal y provinciales. La 
inveshgacion nuclear en gran escala comenzo en 1941 y continuo a cargo del National Research Council basta 
1952 en que el gobierno federal ere& una empresa publica, Ia Atomic Energy of Canada L1mited, para que se 
hiciera cargo, tanto de Ia investigacion como de Ia explotacion de Ia energia atomica. Otra empresa publica, 
Eldorado Nuclear Limited, se ocupa de Ia investigacion y del desarrollo de Ia elaboracion del uranio y explota 
Ia unica refineria de uranio canadiense. Sm embargo Ia prospeccion y Ia miner!a corren a cargo de las 
compailias privadas en su mayor parte. Las empresas electricas nacionalizadas de Ontario y Quebec explotan las 
centrales nucleoelectricas y participan con el gobierno en su financiacion. La industria privada se ocupa en 
gran parte del desarrollo y de Ia fabncacion, sobre todo en forma de contratos con Ia Atomic Energy of Canada 
Limited y las empresas electricas, y ha formado su propia asociacion: Canadian Nuclear Association. Las 
Universidades canadienses se ocupan de Ia investigacion nuclear y reciben un apoyo notable del gobierno. 
Una de elias lleva operando un reactor de investigacion desde 1959. El programa nuclear canadiense esta 
enteramente dedicado a las aplicaciones pac!ficas y el Canada ha ratificado el Tratado de no Proliferacion de 
Armas Nucleares. El gobierno ha firm ado once tratados bilaterales para Ia cooperacion nuclear. Hay otros 
cuatro pa!ses mas con los cuales Ia cooperacion se canaliza a traves de acuerdos entre organismos. Prestamos 
apropiados ayudan a Ia construccion de reactores en paises en vias de desarrollo, concertandose tambien 
programas de adiestramiento. 

The organization of atomic energy in Canada reflects the priotiti~s 
of scientific and economic policy as well as the accidents of history. 
Canada gained an early start because of its involvement in the military 
program of the Second World War [1,2], but immediately after that War, 
the priorities changed to those of research and of peaceful applications. 
Legislation was passed to define responsibilities, and an institutional frame
work was established [ 3]. 

During the last twenty-five years, the achievements of research and 
development have defined the routes to economic applications. The basic 
law has been consolidated, and the institutions have developed - but more 
in size than number. For Canada, the nuclear activities of these 
twenty-five years have involved trade and investment that may be counted 
in billions of dollars. The locations of the major centres are identified in 
Fig. 1. 

The basic philosophy has been to make use of existing institutions 
wherever possible. New institutions have been created only when the 
volume of work or special needs required them. Thus, although the main 
regulatory body, the Atomic Energy Control Board (AECB), was founded 
in 1946, it was not until 1960 that its staff reached ten persons. The 
application and enforcement of the Board's regulations has largely been 
carried out through the agencies of appropriate existing bodies. For 
example, the Department of National Health and Welfare and corres
ponding provincial bodies undertake the monitoring and inspection neces
sary to ensure the protection of persons from radiation hazards. Similarly, 
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the government's main arm for research and development, the National 
Research Council, carried operational responsibility for nuclear research 
until 1952, when this work had reached an extent and maturity that 
necessitated the formation of a separate institution. 

LEGISLATION [ 4,5] 

Canada is a confederation of ten provinces. The Constitution, which 
dates from 1867, assigns particular responsibilities to the federal 
parliament and to the provincial legislatures, and all responsibilities not so 
assigned are responsibilities of the federal parliament. But the Constitution 
also empowers the federal parliament to take under its own jurisdiction 
"Such Works" as it declares to be "for the general Advantage of Canada"; 
and, in 1946, the federal parliament made such a declaration to cover all 
activities related to atomic energy. Having done so, the federal parliament 
acquired exclusive jurisdiction, and the provincial legislatures have re
frained accordingly. 

The principal statute is the Atomic Energy Control Act, which was 
first made law in 1946 and has subsequently been amended [ 6]. The Act 
is a short document establishing and defining the powers of the AECB 
[7], a body with five members whose President is also its full·time 
executive officer. The Act empowers the Board to make regulations [ 8] 
covering the development of all aspects of atomic energy, to disseminate 
and control information, and to offer scholarships and grants to promote 
research and the training of personnel. The Act authorizes a Minister 
designated by the government to carry out research and the exploitation 
of atomic energy and gives him substantial powers for this purpose, 
including the power to acquire or establish companies that are wholly 
owned in the name of Her Majesty and that are supported by monies 
voted by parliament. 

The only other piece of legislation specifically concerned with 
atomic energy is the recent Nuclear Liability Act [9,10]. This places all 
responsibility for nuclear damage on the operator of a nuclear installation. 
It requires the operator to obtain insurance in the amount of $7 5 million 
(part of which may be re-insured by the government). It also provides for 
the establishment of a Nuclear Damage Claims Commission to deal with 
claims for compensation when the government deems that a special 
tribunal is necessary. The Act recognizes that Canada may enter inter· 
national arrangements in respect of nuclear liability, but Canada is not at 
present a party to any such arrangement. 

In statements to the federal parliament [ 11], the government has 
also indicated its intentions to introduce legislation or regulations that 
would set limits on foreign ownership in companies engaged in uranium 
mining. 

REGULATION AND CONTROL 

Health and Safety 

Standards for the radiation protection of atomic-energy workers and 
of the general population are given legal effect in the Regulations [ 8] of 
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the AECB. These standards closely parallel the recommendations of the 
International Commission for Radiological Protection. 

Control of Nuclear Materials 

By issuing licences, the AECB regulates all dealings in prescribed 
materials, such as uranium, thorium, plutonium and heavy water. A person 
finding a mineral deposit containing more than 0.05% by weight of 
uranium or thorium is required to inform the Geological Survey of 
Canada. Thereafter an AECB licence is required to explore or to mine a 
uranium property. Mining licences are given only to companies that have 
been incorporated under Canadian federal or provincial law. 

The uranium licences require detailed reporting on the exploration 
and on production. Sales within Canada may be made only to appro
priately licensed bodies and exports are strictly controlled. A policy first 
announced in 1958 and extended in 1965 and 1969 [12] requires safe
guards agreements for exports if these exceed 2 500 pounds (1 134 kg) to 
any one country; the amounts are limited to those required for a five-year 
stockpile in the safeguarded installation. With the coming into force of the 
Treaty on the Non-Proliferation of Nuclear Weapons (NPT), Canada will 
take into account the NPT safeguards agreements that countries may have 
concluded with the International Atomic Energy Agency (IAEA). 

Until October 1968, only the federal government or its agencies 
could own plutonium, enriched uranium or uranium-233. Private owner
ship is now possible with the appropriate licences, but these are granted 
only after a thorough investigation of an applicant's facilities, equipment 
and procedures. The personnel must have had adequate training and, when 
the amounts exceed 100 g, the application is considered by a Criticality 
Panel. As for other operations involving radioactive materials and 
radiation, the AECB seeks the advice of the Department of National 
Health and Welfare and of the appropriate provincial health department on 
radiation safety before granting a licence. 

Export licences are processed with the co-operation of the Depart
ment of Industry, Trade and Commerce; import licences are processed 
with the co-operation of the Department of National Revenue (Customs). 

Radioisotopes 

Licences are required for all dealings in radioisotopes involving more 
than a defined minimum level of activity. A licence is issued only when 
the AECB and its health advisors are satisfied that the applicant is 
qualified and equipped to use the material with safety. Medical applica
tions of radioisotopes are reviewed by an Advisory Committee on the 
Clinical Uses of Radioisotopes of the Department of National Health and 
Welfare and must conform with the Food and Drug Regulations. 

Periodic checks are made to ensure that licencees comply with the 
regulations and standards. The inspectors have been appointed from among 
the staff of the Department of National Health and Welfare and from 
appropriate departments of provincial governments. 



A/CONF 49/P/166 

TABLE I. CANADIAN NUCLEAR REACTORS 

Research and Test Reactors [ 13] 

Name Location 
(Date) 

ZEEP Chalk River, 
(1945) Ontario 

NRXa Chalk River, 
(1947) Ontario 

NRU Chalk River, 
(1957) Ontario 

PTR Chalk River, 
(1957) Ontario 

Toronto Toronto, 
University Ontario 
(1958) 

McMaster Hamilton, 
University Ontario 
(1959) 

ZE0-2 Chalk River, 
(1960) Ontario 

WR-1 Pinawa, 
(1965) Manitoba 

SLOWPOKE Chalk River, 
(1970) Ontariob 

Power 

<100W 

30-40MW 

100-125MW 

10kW 

2MW 

150W 

60MW 

SkW 

Type and Purpose 

Tank for 0 20-moderated lattice 
experiments 

020-moderated, H20-cooled for 
research, engineering tests and 
isotope production 

OzO-moderated, 020-cooled for 
research, engineering tests and 
isotope production 

Highly enriched pool reactor for 
swing measurements of reactivity 

Sub-critical university reactor for 
research and teaching, 02 0-
moderated 

Highly enriched pool reactor for 
university and industrial research 
and isotope production 

Tank for 020-moderated lattice 
experiments 

02 0-moderated, organic-cooled for 
research and engineering tests 

Highly enriched self-regulating 
pool reactor for neutron activation 

Power Reactors (including those committed for construction/'d 

Station and Location Start-up Power Coolant 
MW(e) 

NPO, Rolphton, Ontario 1962 22.5 Boiling 020 

Douglas Point, Ontario 1967 208 Pressurized 020 

Gentilly, Quebec 1971 250 Boiling H20 

Pickering, Ontario 1971~ 4x508 Pressurized 02 0 

Bruce, Ontario 1975~ 4x752 Pressurized 02 0 

a The NRX design is used in the CIRUS reactor at Trombay, India, and in a reactor under 
construction in Taiwan. 

b SLOWPOKE has been moved to the University of Toronto and went into operation 
there on June 28, 1971. 

c All reactors are moderated with heavy water and fuelled with natural-uranium oxide in 
zirconium-alloy pressure tubes. 

d Canadian reactor designs are also employed for the KANUPP 125-MW(e) nuclear power 
plant in Pakistan and the RAPP 2x200-MW(e) stations in Rajasthan State, India. 
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At present, Canada has about 3 000 licensed users of isotopes. 
Starting from 1 January 1970 the validity of all licences is limited to two 
years, after which they must be renewed. 

Reactors 

A Jist of Canadian reactors is given in Table I. A technical account 
of the criteria for judging reactor safety in Canada is given in another 
paper [ 14] presented at this Conference. All proposals are subject to 
formal and detailed reviews in at least three steps- for approving the site, 
for construction and then for operation. 

Before licences are issued, the AECB refers the application to its 
Reactor Safety Advisory Committee (RSAC). The members are appointed 
because of their expert knowledge and, in some cases, also as representa
tives of appropriate government departments. For any particular applica
tion, the membership is augmented by appropriate officers of the 
provincial governments involved and by the Medical Officer of Health of 
the local city or county administration. The RSAC is assisted by AECB 
staff members who also act as inspectors to ensure compliance with the 
conditions of licences that are issued; the AECB maintains staff members 
resident at certain sites. 

The AECB also maintains a control over the qualifications and 
experience of the key personnel operating the reactors that it has licensed. 
Shift supervisors and control-room operators are examined by the AECB's 
Reactor Operators Examination Committee. 

Reactors operated by the federal government have been exempted 
from the need for AECB licences. These are all research reactors and are 
within the establishments of the government-owned company, Atomic 
Energy of Canada Limited (AECL). AECL has its own Nuclear Safety 
Advisory Committee which includes a member of the staff of AECB. 

Accelerators 

Over many years the appropriate federal and provincial departments 
have developed procedures to ensure that X-ray machines and other 
radiation-emitting devices [ 15] are operated safely. However, in recent 
years there has been an upsurge in the construction and use of particle 
accelerators, not only for research, but also for medicine and industry. 
Altogether there are now about 50 particle accelerators in Canada, and 
many of these machines are capable of producing very intense fields of 
radiation and substantial quantities of radioactive materials. The AECB 
has, therefore, progressively developed a system of licensing and surveil
lance and has an Accelerator Safety Advisory Committee whose com
position and functions parallel those of its Reactor Safety Advisory Com
mittee. A formal licensing procedure has been mandatory since March 
1970. 

Other Nuclear Plants 

Using its broad general powers under the Act and Regulations, the 
AECB may intervene where appropriate to review the safety of any plant 
that processes prescribed materials and to subject it to a formal licensing 
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procedure. Committees are established with the appropriate expertise and 
representation. Such bodies have studied the safety of a plant for the 
production of uranium hexafluoride and several plants for the production 
of heavy water. 

Transportation of Nuclear Materials 

The various authorities that regulate transportation by rail, sea and 
air obtain technical advice from the AECB on packaging and shipping 
procedures for radioactive material. The AECB itself regulates the trans
port of radioactive materials by road pending the designation of an 
authority to regulate all aspects of the transport of dangerous commodities 
by road. The AECB's Shipping Containers Order applies to all forms of 
transport. 

The regulations applied in Canada are based on those proposed by 
the IAEA in 1967, and Canada is taking an active part in the work of 
revising its draft regulations. In accordance with the IAEA recommenda
tion, large shipments of radioactive material are subject to "certificates of 
compliance", which are prepared by AECB and endorsed by the 
appropriate authority for rail, sea or air transport. 

RESEARCH AND DEVELOPMENT 

Government research and development in atomic energy is largely 
the responsibility of AECL. This is a company set up pursuant to the 
Atomic Energy Control Act. It reports to parliament through the Minister 
of Energy, Mines and Resources [ 16]. 

The company is headed by a Board of Directors whose eleven 
members are appointed by the Minster and who bring to the Board 
experience in the universities, the electrical utilities and industry. A 
simplified organization chart is shown in Fig. 2. The current budget for 
research and development is about $70 million. 

When the company was formed in 1952, it took over the Division of 
Atomic Energy of the National Research Council (NRC). With the NRC 
Division, came the staff, laboratories and equipment that had been built 
up over the preceding seven years at Chalk River, Ontario. Now known as 
the Chalk River Nuclear Laboratories, this establishment represents 
Canada's principal investment in nuclear research and development. In 
recent years, the staff has remained fairly constant at about 2 400 of 
which about 400 have been professional research workers with appropriate 
training in physics, chemistry, biology, engineering or related disciplines. 

It is interesting to note that at no time has the government 
concentrated all its nuclear research effort in one establishment. Geological 
research has been left with the Geological Survey of Canada and the 
equivalent provincial departments. Research on extraction and processing 
of uranium has been mainly the responsibility of the Mines Branch (now 
part of the Department of Energy, Mines and Resources) and to some 
extent, of Eldorado Nuclear Limited, another public corporation. For 
many years the Chalk River establishment did not employ its own 
metallurgists; instead the Mines Branch conducted metallurgical research in 
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FIG. 2. Atomic Energy of Canada Limited: Simplified orgamzation chart, 

support of the nuclear program both at Ottawa and in special facilities at 
Chalk River. Similarly, NRC retains responsibilities for the standardization 
of radioactive sources, and it shares with Chalk River the responsibilities 
for fundamental research in radiation biology [ 17]. The Department of 
National Health and Welfare has conducted studies related to the radiation 
protection of workers and the general population. The Department of 
Agriculture has been concerned with radioactive contamination of food by 
fall-out and methods for its reduction. 

Thus, it can be seen that no rigid boundaries have been drawn 
between the research responsibilities of the different federal agencies. 
Work is done where the talent and equipment exist, and duplication has 
been avoided through appropriate consultations - most of them informal. 

The boundaries between basic and applied research are always 
difficult to delineate. Nevertheless, it is true to say that the Chalk River 
program has always had a substantial component of true basic research -
nuclear and solid-state physics, nuclear and radiation chemistry, materials 
science and radiation biology. The existence of this strong component of 
basic research is believed to have had an important influence in main
taining high scientific standards through all phases of the establishment's 
work. Personnel with many years of experience in basic research have 
moved over into applied research and have brought with them advanced 
concepts in experimental methodology. When serious immediate problems 
arose in applied research, basic research workers could be called in to join 
temporary task forces that were highly successful in finding the needed 
solutions. 

But, while the basic research programs have been broad, the applied 
research programs have tended to be highly concentrated. In the early 
1950's Canada decided to follow a single route to economic nuclear 
power- the heavy-water-moderated reactor. For a country with Canada's 



A/CONF 49/P/166 503 

limited resources in applied research, dissipation of effort in several direc
tions might have been disastrous and, in any case, would have not 
permitted the progress that was made. 

The applied research programs at Chalk River in support of nuclear 
power have particularly involved reactor physics, fuel development, 
moderator and coolant chemistry, corrosion and radiation effects on 
reactor materials, electronics and simulation, and computer studies of 
costs. 

The investments in equipment- particularly the reactors, the reactor 
loops, the accelerators, the facilities for work on highly radioactive 
materials, such as irradiated fuel, high-speed computers and the engineering 
equipment- have been supported by a strong infra-structure of technical 
services and tradesmen. Because of its remoteness from centres of 
industrial activity, Chalk River needed to develop its own cadres of 
draughtsmen, maintenance crews, construction workers, transportation 
services, storekeepers, electricians, carpenters, etc. With a flexible in-house 
capability, effort is directed where it is most immediately needed and, 
where necessary, can be maintained for all the hours of the day and all 
the days of the year. 

Towards the end of the 1950's, Chalk River had grown so that the 
number of its employees was approaching 2 500. At this point the 
management of AECL took note of the experience of other large research 
and development establishments and recognized that continued growth 
might lead to a need for much more complex administrative structure. 
AECL had had a very small head office in Ottawa and, at Chalk River, 
administration had been kept as a relatively small component of the total 
staff. Much depended on the patterns of close informal communication 
that build up in a society that is somewhat isolated and that is dedicated 
to common objectives. If further growth made it impossible to rely on this 
informal co-ordination, a much more complex structure might become 
necessary. 

The decision was taken to limit further expansion at Chalk River 
and to set up a new research centre at Pinawa in the province of 
Manitoba. Known as the Whiteshell Nuclear Research Establishment, this is 
now completing its first decade. Many of the original staff came by 
transfer from Chalk River; they brought with them the traditions and 
experience of the older establishment and were able to maintain close 
links with their colleagues still located there. Whiteshell embarked on a 
program of basic research centred on the properties of materials and a 
program of applied research centred on the use of organic coolants for 
improving the steam-cycle efficiency of heavy-water-moderated power 
reactors. Because of the extent of the program of basic nuclear physics at 
Chalk River, Whiteshell has excluded this from its range of activities. 
Whiteshell's staff now totals about 800 with about 150 professional 
research workers. 

Other establishments of AECL- its Commercial Products group in 
Ottawa and its Power Projects group near Toronto -carry out applied 
research and development in fields directly associated with their main 
objectives. 
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Canadian universities have had a long tradition of participation in 
nuclear research. It was at McGill University in Montreal that Ernest 
Rutherford carried out much of his early research on radioactivity. In the 
postwar years many universities have acquired accelerators for research and 
one, McMaster University in Hamilton, Ontario, has a 2 - MW pool reactor. 

As part of the financial support that universities receive from federal 
and provincial governments, there is a continuing program of grants in 
support of university research related to atomic energy. Advisory com
mittees review the work underway and make appropriate recommendations 
to NRC and AECB, the principal granting bodies. A separate major item is 
the construction of the Tri-University Meson Facility (TRIUMF), a 
500-Me V spiral-ridge cyclotron [ 18]; the capital grants for this facility 
total almost $30 million. 

AECL maintains close contacts with appropriate departments of 
Canadian universities, partly through contracts under which the universities 
carry out research or development to meet AECL objectives. Both Chalk 
River and Whiteshell provide facilities for Ph.D. candidates. At Chalk River 
an Experiments Advisory Committee reconciles the needs of university and 
AECL scientists for time on Chalk River equipment. Whiteshell has a 
special arrangement with the University of Manitoba under which some of 
its staff hold honorary faculty appointments. 

Industrial research on atomic energy has mainly developed through 
co-operative programs with AECL. At present, AECL is spending about $4 
million per year on development contracts with industry. One major 
emphasis has been in the field of materials development, particularly for 
reactor fuels. Another is in design and development of new instruments 
[19], and a noteworthy example is the development of large lithium
drifted germanium detectors for precise measurement of gamma photons 
[20]. 

PRODUCTION OF NUCLEAR MATERIALS 

Co-operation between government and industry [ 21] is illustrated by 
the growth of production capabilities for uranium, thorium, heavy water 
and zirconium. 

The history and current status of Canada's uranium and thorium 
industry [ 22] are more fully outlined in another paper at this Conference 
[23]. Most of the uranium ore production capacity is in the hands of 
private companies, and these have benefitted from the efforts of the 
Geological Survey of Canada, of the geological agencies of provincial 
governments and of university departments of geology. Important support 
has also come from the Mines Branch of the Department of Energy, Mines 
and Resources in the development of chemical methods of processing ores. 
A company- originally expropriated during the Second World War and 
now a Crown company known as Eldorado Nuclear Limited - operates the 
uranium refinery at Port Hope, Ontario. Feed for this refinery comes from 
Eldorado's own mining operations and from the various private companies 
that are still operating their mines and mills. 
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The vast expansion of the industry- particularly in the private 
sector - responded to the opportunities provided by government contracts 
with the United States and the United Kingdom: production in the decade 
1958-1967 totalled 79 700 tonnes U308 worth $1 621 million. But 
despite some stretching out of these contracts, demand for uranium has 
been low in recent years. The government has provided some mitigation 
by buying for stockpiles, but in general the industry has had to conserve 
its resources and await the development of a stronger market. To provide 
for power reactors under construction, Ontario Hydro 1 has made some 
long-term purchases, and forecasts for the remainder of this century 
indicate that the uranium industry will once again become a key com
ponent of Canada's national economy. 

At present Canada is not enriching uranium, although Eldorado does 
have a plant that produces UF 6 for enrichment elsewhere; it can also 
handle enriched UF 6 in its processes for preparing feed to nuclear fuel 
fabricators. The question of an enrichment plant for Canada is under 
periodic review by the governments and industries that would need to be 
involved. 

The Canadian General Electric Company Limited (CGE) and the 
Canadian Westinghouse Company Limited operate highly developed plants 
for the production of finished nuclear fuel. They have both co-operated 
closely with AECL, Ontario Hydro and Eldorado in research, development 
and irradiation testing to perfect the processes that now permit fuelling of 
Canadian power reactors at costs well below 1 m$/k Wh [ 24]. Their 
planning is facilitated by contracts from AECL and the power-reactor 
operators which give reliable indication of the production needed in the 
ensuing five years. Orders from other countries for finished fuel have not 
been large in comparison with domestic needs, but the capacity exists to 
handle larger orders. 

Canadian power-reactor fuel is clad in zirconium alloys, and 
zirconium is used extensively in the reactor structures. Eldorado com
pleted a plant in 1969 to extract zirconium, separate hafnium and produce 
300 tonne/year zirconium-metal billets. The market has not yet been great 
enough to establish a Canadian industry producing zirconium tubes, 
although industrial development of such processes has been carried out 
under AECL contracts. 

Canada has a developing capacity for the production of heavy water 
[25]. Construction of the first two large plants was made possible by the 
favourable conditions offered by the government of Nova Scotia as part of 
its effort to attract new industry, and by the prices guaranteed by AECL 
for purchases over the first years of operation. The third plant is being 
built by private industry directly for AECL; it will use steam from the 
Douglas Point nuclear power station- and eventually from the Bruce 
nuclear power station -as a source of process heat. Because of the delays 

1 
The Hydro-Electnc Power Commission of Ontario, the pubhc utility providing electncity to tbe 

entire province 
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in bringing the first two plants into production,AECL has been purchasing 
heavy water on the world market to provide the amounts needed for 
Canadian Deuterium Uranium (CANDU) power reactors in this country 
and abroad. 

NUCLEAR POWER 

It was in the early 1950's that AECL first recognized that its 
research work was pointing the way to a method of producing electricity 
that could compete in cost with the other sources of new power likely to 
be available in certain parts of Canada. In particular the province of 
Ontario was near to completing the harnessing of all its water·power 
resources within reasonable distances of the load centres, and it was 
beginning to build thermal stations fired with imported coal. Nuclear 
power offered the possibility of stabilizing the cost of electricity and of 
avoiding substantial expenditures of foreign exchange. 

A study team was put together in 1954 to review AECL's work and 
to make appropriate recommendations. The team involved individuals from 
utili ties and industry, as well as staff from AECL itself. It recommended 
the construction of a demonstration reactor, cooled and moderated with 
heavy water and fuelled with natural uranium. The design and con
struction of this reactor became a joint project involving AECL, Ontario 
Hydro and CGE. CGE had offered to invest some of its own money in the 
design work and was selected as the industrial partner following com
petitive bids. 

A team was set up at the Peterborough plant of CGE, and many of 
the staff were recruited from the experienced engineering personnel at 
Chalk River. Ontario Hydro used mainly its own personnel, but, where 
necessary, arranged for their training during attachments to Chalk River. 
Many Canadian industries became involved through sub-contracts for 
design and supply of components. AECL owns the nuclear portion of the 
Nuclear Power Demonstration (NPD) station, and Ontario Hydro owns the 
remainder of the plant. The entire station is operated by Ontario Hydro, 
which bills AECL for the costs of operating the nuclear systems, but 
purchases the steam produced at prices linked to the cost of coal in 
southern Ontario. Ontario Hydro feeds the electricity from NPD into its 
provincial network. 

It was a continuation of the original study group (with somewhat 
different membership) that drew up the conceptual design of the 
208-MW(e) Douglas Point station. This time, however, the detailed design 
and construction became the joint responsibility of AECL and Ontario 
Hydro. AECL established its Power Projects group near to Toronto to 
handle the work and again drew heavily on the engineering personnel at 
Chalk River to find the necessary staff. Ontario Hydro attached its own 
engineers to Power Projects where they worked as regular members of the 
AECL teams. 

For Douglas Point, the financing was somewhat different from what 
it had been for NPD. The federal government, through AECL, was the 
main source of the initial capital and it owns the entire station. The 
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agreement provides that Ontario Hydro purchase the power at the prices 
at which it buys electricity from interconnected utilities. & with NPD, 
Ontario Hydro operates the station and feeds the power into its provincial 
network; provision is made for the eventual purchase of the station by 
Ontario Hydro. 

A major shift in the decision·making and financial responsibilities 
came with the commencement of work for the 4 x 508-MW(e) Pickering 
station. With the increasing maturity of the design, the utility- Ontario 
Hydro -took over the major role. The first two reactors of the Pickering 
station were financed through interest-bearing loans provided jointly by 
three partners: the federal government, the government of Ontario, and 
Ontario Hydro. A formula was agreed for the progressive repayment of 
their investments out of revenue from the station. The services of AECL 
Power Projects were purchased for the design of the nuclear portion of the 
station. 

For the third and fourth reactors at Pickering and for the 4 x 
752-MW(e) Bruce station, the shift in financial responsibility goes all the 
way; Ontario Hydro raises the capital without any participation by the 
federal government. Again, however, AECL Power Projects is providing 
design service on a repayment basis. 

The 250-MW(e) Gentilly station represented a different design concept; 
although the moderator is still heavy water, the medium for heat transport 
is boiling light water instead of the pressurized heavy water employed in 
the Douglas Point, Pickering and Bruce stations. Because of the novelty 
involved, the arrangements with the utility, Ia Commission 
hydro-electrique de Quebec, follow closely the pattern established for 
Douglas Point, i.e., AECL finances and owns the station, but Hydro
Quebec participated in the design, contracted for its construction, operates 
the station and will ultimately buy it. 

AECL Power Projects has grown to a staff of nearly 1 000 including 
about 250 professional engineers. & well as the design offices, it has its 
own development laboratory and can draw on the research and develop
ment teams at Chalk River and Whiteshell for assistance in the resolution 
of particular problems. 

Fuller accounts of operating experience [26] and cost improvement 
work [ 27] are given in other papers at this Conference. Meanwhile Chalk 
River and Whiteshell carry on studies of more advanced systems [ 28,29], 
and have given continuing attention to the metallurgy of reactor materials 
[ 30] and to matters such as environmental protection [ 31]. 

The CGE team at Peterborough, which was originally formed to 
design NPD, followed this with other nuclear-reactor work, notably the 
design of the WR-1 test reactor for Whiteshell and the design and con
struction of the KANUPP power plant for Pakistan. However, when 
further orders did not materialize, CGE elected to concentrate the work of 
this team on fuel-handling machines and systems. Other Canadian com
panies have continued to develop their capacities to respond to the 
expanding needs of the nuclear power program, and one group of com
panies in the Montreal area has formed a consortium, Canatom Limited, to 
offer nuclear consulting services in Canada and abroad. 
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ISOTOPES AND RADIATION 

Oinada was one of the first countries to enter the world market 
with cobalt-60. An early start was possible because of the production 
capacity of the NRX reactor, and with the success of the first irradiators 
and beam therapy equipment, provision was made for increasing 
production capacity in NRU and in the power reactors. In recent years 
annual sales of isotopes and related equipment have amounted to about 
$10 million, most of them going to export. 

The Commercial Products group of AECL receives irradiated 
materials from the reactors and puts them into the forms needed for sale. 
Depending on the isotope, this may involve chemical as well as mechanical 
handling. Equipment is produced for mounting the radiation sources, and 
often this equipment represents a greater proportion of the total value 
than the isotope material itself. This is especially true of the automated 
irradiation equipment for cancer therapy and the large complex systems 
designed for industrial sterilization. 

Commercial Products provides design and consulting services to 
potential isotope users and helps in the development of processes. Much of 
the research and development is of a co-operative nature involving other 
appropriate institutions. Thus development of the food and agricultural 
applications [ 32] has been carried out with federal and provincial depart
ments of agriculture, with universities and with some of the larger food
processing industries; Commercial Products has taken the initiative in 
seeking approvals for particular applications from the federal Food and 
Drug Directorate. Industrial applications [ 33] have been developed in 
association with particular companies. But although Commercial Products 
has obtained the advice of the medical profession in the design of its 
therapy equipment, research on the medical applications of isotopes and 
radiation has largely been left to the universities and hospitals [ 34]. 
Unlike some other countries, the federal government has not mounted any 
large program in the medical applications of atomic energy; it has main
tained a small effort related to its responsibilities for the protection of 
atomic-energy workers. 

INFORMATION AND EDUCATION 

The results of AECL's research and development work are published 
in the appropriate scientific and technical journals, both national and 
international. More detailed information is offered in a series of technical 
reports which are both sold to the public and exchanged with other 
institutions around the world [ 35]. 

AECL's technical information service, based at Chalk River, main
tains a national collection of atomic-energy literature and makes its 
services available throughout the country [ 36]; it also provides the focus 
for Canada's participation in the International Nuclear Information System 
(INIS). 

A Canadian Nuclear Association was established in 1960 and is 
primarily an association of corporate bodies -although provision is also 
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made for individuals to join. At present it has about 170 corporate 
members including about 30 from other countries; the Canadian corporate 
members are mostly industries active in the nuclear field, especially mining 
and engineering, but they also include agencies of federal and provincial 
governments, utilities, university departments, banks and investment 
houses. The Association has eleven active committees studying particular 
aspects of nuclear development and making recommendations to the 
membership. It holds one major general conference each year at which 
Canadian nuclear progress is reviewed and often holds smaller shorter 
meetings on particular subjects. It publishes a monthly newsletter,Nuclear 
Canada. A trade magazine, Canadian Nuclear Technology, was issued from 
1961 to 1967 by a large publisher of such magazines, but it was not a 
commercial success. Many Canadian nuclear scientists and engineers are 
members of the American Nuclear Society and participate m its 
professional activities. 

AECL also sponsors conferences from time to time on appropriate 
subjects and offers the use of its facilities for atomic-energy meetings 
organized by international and professional groups. The series of AECL 
symposia on atomic power [ 37] have provided an important medium for 
alerting senior officials of government, utilities and industry to the pro
gressive development of our nuclear power capability and its prospects for 
the future. 

Nuclear education in Canada was the subject of a recent review 
article [ 38]. In contrast to some other countries, Canada has relied more 
on on-the-job training than on the development of formal courses. Particu
larly noteworthy, however, is the Nuclear Training Centre established by 
Ontario Hydro at the NPD reactor at Rolphton, Ontario [ 39]. The centre 
has a staff of about 15 training officers and is equipped with laboratories 
for studies in health physics, electrical and mechanical work, hydraulics, 
heat transfer and computer simulation. Courses extend up to five years in 
duration and are directed to the needs of those who will manage and operate 
nuclear power stations. La Commission hydro-electrique de Quebec has 
also inaugurated training programs at which technical instruction is availa
ble in French. 

Many universities (particularly those that have accelerators) provide 
for postgraduate research and training in nuclear science. For nuclear 
engineering, formal courses are in operation at Toronto University, where 
there is a sub-critical reactor; McMaster University, which has a 2-MW pool 
reactor; Royal Military College in Kingston, Ontario: and !'Ecole 
Polytechnique in Montreal. 

INTERNATIONAL CO-OPERATION AND DEVELOPMENT 

Although Canada participates actively in formal international 
arrangements for co-operation in atomic energy, we believe that the 
informal communication that exists within the "invisible colleges" of 
workers in particular subject areas provides the most effective mechanism 
for promoting co-operation and good will. By participation at international 
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scientific meetings, by visits and correspondence, and by recetvmg post
doctoral fellows in our laboratories, the network of personal relationships 
is developed. 

Canada is a member of IAEA, an associate member of the European 
Nuclear Energy Agency (ENEA) and has ratified NPT. It has signed 
inter-governmental bilateral agreements for co-operation in the peaceful 
uses of atomic energy with Australia [ 40], Euratom [ 41], the Federal 
Republic of Germany [ 42], India [ 43,44], Japan [ 45], Pakistan [ 46,4 7], 
Spain [48], Sweden [49]. Switzerland [50,51], the United Kingdom [52] 
and the United States [52-571. Formal agreements also have been signed 
between AECL and agencies with similar responsibilities in four additional 
countries - France, Italy, Romania and the Soviet Union. 

It is government policy to support the work of the IAEA, and the 
safeguards responsibilities arising from two bilateral agreements have been 
transferred to the IAEA [ 58,59]. 

Canada also supports the IAEA in its efforts to bring nuclear 
technology to bear on the problems of development. It makes its experts 
available for IAEA programs, and receives trainees, sponsored by the IAEA, 
from developing countries. Under the Colombo Plan, Canada helped to 
provide India with the CIRUS reactor which follows the NRX design 
[ 60]. Later, agreements between Canada and India made provision for the 
building of RAPP, the nuclear power station in Rajasthan state, with 
export credits guaranteed by the government of Canada. RAPP follows the 
Douglas Point design and the agreements made provision for training of 
Indian operators by AECL and Ontario Hydro. The KANUPP nuclear 
power station near Karachi in Pakistan also follows basic CANDU prin
ciples, but with some design variations worked out by Canadian General 
Electric, the principal Canadian supplier. Again the government of Canada 
guaranteed the necessary loans, and Pakistani trainees have been received 
by AECL and Ontario Hydro. 

Various other bilateral and multilateral arrangements have been 
worked out for the supply of Canadian nuclear equipment, particularly 
6 ° Co gamma irradiators, to developing countries. 

The most recent overseas reactor project involved the commercial 
sale of a research reactor of NRX type to Taiwan. Engineering respon
sibility is entrusted to the Canatom consortium, and AECL has provided 
training for the Taiwanese staff that will operate the reactor. 
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PLANNING AND CONTROL INVOLVED IN THE GOVERNMENTAL PROMOTION OF NUCLEAR ENERGY 
PROGRAMS. 

In the Federal Republic of Germany, governmental promotion of nuclear energy is primanly devoted to 
advanced sectors of nuclear technology; industry-oriented development is carried out by pnvate mdustry. The 
development of nuclear technology is earned on in governmental nuclear research establishments and by 
mdustrial compames. The emphasis in governmental activihes is placed mamly on tasks of planning and control. 
Planning objechves are determmed on the basis of the prevail!ng s1tuatwns. Alternatlve measures and 
programs for achievmg these objectlves have to be developed. Assessments of reqmrements, systems analySlS, 
expert opmwns and forecasts are tools used in evaluatmg the sc1entific, technical, economic and soc1al 
benefits of nuclear energy programs. Once established, programs have to pass through a process of pol!tlcal 
decision. Speciflc planning problems are (1) the cons1derat10n of constraints such as limited fmancial 
and manpower resources, the temporary character of promotwn measures, and the influence of social and 
econom1c structures, (2) the method of medwm-term financ1al planmng and its mfluence on planning 
programs- previous decisions, particularlythoserelating to mvestment, have made the financ1al margm for 
program planning small, (3) cooperation between advisers and government agents, (4) effective asSlgnment 
of tasks to the large research and development centres according to the principle of d1vision of efforts, best 
possible orgamzatwn of work in the centres, (5) harmonization of national and international planning. The 
control of promotion measures lS primarily an efflciency survey. Control is exercised dunng the implementatiOn 
of a program ("'continuous control"') as well as after completwn of ind1v1dual program sections ("'assessment of 
results"'). Efficiency surveys are gaining importance as a means of rendenng account to the publlc. They 
serve to make promotion measures and deciswns more transparent. Speciflc problems in controlling eff1c1ency 
anse in control methods, quantification of results, and adequate organization of research and development 
work. Current practlces of efficiency control, which may be employed at several levels, include the 
appointment of experts and project control by project committees. In the years to come, government's 
promotwn of nuclear technology w11l probably d1minish, and responsibilities are expected to shift from 
government to industry. This w1ll have consequences for future practlces concerning the planning and control 
of natwnal nuclear energy programs. 

LA PROMOTION DES PROGRAMMES NUCLEAIRES PARLE GOUVERNEMENT: PLANIFJCATJON ET CONTROL£, 
En Republique fecterale d'Allemagne ce sont avant tout les domames avances de la technique nucleaire 

qui beneficlent de 1' aide du Gouvernement; le cteveloppement a orientatiOn mdustrielle est pns en charge 
par l'industne privee. Le cteveloppement de la techmque nucleaire se falt dans les etabllssements publ!cs 
de recherche nucleaire et dans l'industrie. Le Gouvernement consacre surtout ses activites a des taches 
de planification et de contrille. La planification est basee sur des objectifs fixes en fonction des conditwns 
de depart. Ceci suppose la mise au point de mesures et de programmes de remplacement. L'evaluation 
des programmes nucleaireS du point de VUe SClentiflque, technique, economique et SOCial se fa1t a J' a1de 
d'enqut!tes sur les besoms, d'analyses de systeme, d'expertises et de pronostlcs. Le programme fixe doit t!tre 
soumis a une procedure de decision politique. Les problemes particuliers poses par la planification sont les 
suivants: 1) la pnse en consicteratwn de conditions marginales telles que la limitation des moyens financiers 
et de la main-d'oeuvre disponible, le caractere temporaire des mesures d'encouragement, et l'mfluence des 
structures sociales et economiques; 2) le procecte de programmation fmanciere a moyen terme et son influence 
sur la conception des programmes; des decisions prises dans le passe, notamment en matiere d'investissements, 
ont eu pourconsequenceune marge de liberte reduite, sur le plan financier, pour la conception des programmes; 
3) la cooperation entre conse11lers et Gouvernement; 4) l'uhlisation dynamique, basee sur le prmc1pe de la 
division du travail, des grands centres de recherche et de developpement; !'organisation optlmale des travaux 
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dans !es centres; 5) !'harmonisation des programmations nationales et internatwnales. Le contrcne des 
mesures d'encouragement est avant tout un contr6le de l'efflcacite. Ce contr6le s'effectue d'une part lors 
de !'execution des programmes («contr6le permanent») et d'autre part a !a fm des differentes phases du 
programme(« contr6le des resultats »). L'importance du contr6!e de !'eff!cactte ne cesse de cro1tre: il 
constitue un moyen d'mformer !e public et de rendre plus comprehensibles les mesures d'encouragement et les 
dec!Slons. Les problemes parttculters que pose le contr6le de l'efficactte touchent aux methodes de contr6le, 
a !a quantiftcation des resultats, il. !'organisation adequate des travaux de recherche et de deve!oppement. 
Les methodes courantes de contr6le de !'efftcactte, qm peuvent etre appltquees a plusieurs niveaux, comprennent 
ega!ement !a convocation de comites d'experts et le contr6le des pro]ets par des comites de pro]et. Pour les 
annees a venu. on peut prevou une dlminutwn de 1 t aide gouvernementale a la technique nucleaire et un 
de placement des responsabilttes de Gouvernement a l'industrie, ce qui aura des consequences sur les methodes 
futures de conceptton et de contr6le des programmes nuc!eaires natwnaux. 

CO.UEHCTBHE ITPABHTEJlbCTBA B OCYIIlECTBJIEH!1!1 ll.UEPHbiX ITPOI'PAMM: ITJIAH!1-
POBAH!1E !1 KOHTPOJlb. 

B ti>e.n;epaTHBHOH Pecny6JIHK8 repMaHHH npaBHT8JlbCTB8HH87I noMOI.I.J;b B o6nacTH 5I)l8pHofi 
3H8prHH OK831IB88TC71 npe)l~)l;e Bcero pa3BHTbiM C8KTOpaM .H)lepHOti T8XHOJlOrHH, pa3pa60TKU C 

opHeHTau;vwf"I Ha npoMI>IlliJiem-IOcTb ae.n;yTcH l.lacTI-IbiMH <frHpMaMH. Pa3pa60TKa H.n;epHofl TexHo
JIOrHH ocyi.I.J;eCTBJI5I8TC5I B npaBHT8JibCTB8HHblX U:8HTpax 5I,llepi-lbiX HCCJI8)lOB8l-IHfi H npOMbilllll8lJHbi

MH KOMTT8l-Hl5IMH, 0CHOBl-l08 BHHM8l-lH8 npH 3TOM npaBHT€1IbCTBO y.n;eJIH€T OJ18HHpOB8HHIO H KOH

TpOJIIO. UeJIH nJiai-wpoaaHHH onpe.n;eJIHIOTcH Ha ocHoae cJioJKHBlllei1cH CIITyau;HH. Pa3pa6aTbiBa

IOTCH aJibTepHaTHBHble MeponpHHTHH H nporpaMMhi .n;JIH .n:ocTHJKeHHH 3TH X u;eJieH. OueHKa noT

pe6HOcTeH, 8H8JIH3 CHCT8M 1 MH8HH71 3KC08pTOB II npOrH03bl HBJIHIOTCH T8MH Cp8.llCTB8MH, KOTQ

pbi8 HCOOJib3yiOTC51 npH OU8HK8 Hayl.lHbiX, T8XHH1.l8CKHX 1 3KOHOMW.J:8CKHX H COI.J;H81IbHbiX BbirO.ll B 

pe3yJibTaTe ocyll.{eCTBJieHm1 H.n;epHbiX nporpaMM. Pa3pa6oTaHHbie nporpaMMbi cTaHOB51TC71 npe.z:t:

MeToM noJIHTHl.lecKoro pellleHH51. KoHKpeTHbie npo6JI8Mbi nJiai-mpoeaHIIH: 1) Y11eT cf:JaKTopos, 

OrpaHHl.J:HB810I.l.{HX ~HH8HCOBbi8 H JIIO.llCKH8 pecypCbi, Bp8M8HHbi:fr xapaKT8p Mep nO CO.ll8:frCTBHIO, a 

TaK)Ke BJIH5nme couuaJibi-IhiX H 3KOHOMH1.leCKHX cTpyKTyp, 2) MeTo.n: npoMeR(yTOl.lHoro cf:JHI-taHco

eoro nJiaHHpOB8I-Il·IH H ero BJIHHHH8 I-18 f1JI8HHpOB8I-JH8 nporpaMM - p8H88 npHH71Tbi8 pelli8HH71 1 B 

t.J:8CTHOCTH T€ 1 KOTOpbi8 K8C8IOTC51 HHB8CTHpOB8HH71 1 C,ll;8JI8JIH H83H8'Y:HT81IbHbiMH tiiHH8HCOBbl8 B03-

M0/KHOCTH nporpaMMHpoeaHHR; 3} CoTpy.n:HHl.lecTBO MeJK.z:t:y KOHcyJibTaTHBHbiMH H npaauTeJib

CTB8HHhiMH yl.lp811(,ll;8HHHMH, 4) 3~~8KTHBH8H f10CT8HOBK8 38.ll81.l nepe.n; KpynHbiMH HCCll8.llOBa

T81IbCKHMH I.J;8HTp8MH B COOTB8TCTBHH C npHHUHflOM pa3,ll;8JI8HHH ycHJIHii; M8KCHM81IbHO 3cf>cf>eK

THBH851 opraHII3ai.J;H51 pa60T B U8I-ITp8X; 5) Koop.n;HH8I.J;H5I H8I.J;HOH8JibHOrO H M8)K.llyHapO.llHOrO 

f1Jl8HHpOB8HH51. flpOB8pK8 3t±Jt±JeKTHBHOCTH 71BJI518TC51 OCHOBHOJ1 cf:JopMOif KOI-ITp01I5i 38 ocyll.{eCT

BJI8HH8M Mep no co.z:t:ei1cTBHIO. Koi-ITpOJib ocyll.{eCTBJI5I8TC71 B xo.n:e BbiOOJIH8HHH nporpaMMbi ( 11 no

CT05IHHhiH KOHTpOJ1b 11 ), a T8KJK8 f1QCJI8 38B8plli8HH51 OT.ll8JlbHbiX ee pa3.ll81IOB ( 11 0IJ;8HK8 pe3yJibTa

TOB11). ITpoaepKa scpcpeKTHBHOCTH npvw6peTaeT 6oJiblliOe 3Hal.leHHe KaK cpe.n;cTBO yt.JeTa o6I.l.{ecT

BeHHoro MH8HH51. 0Ha .ll8JI88T 60JI88 f10H51TI-lbiMH M8pbl H p8lll8HH51 nO OK838HHIO CO.ll8:f1CTBH51. 

KOHKp8THbi8 npo6JI8Mbl npH npOB8pK8 3t±Jcfl8KTHBHOCTH B03I-IHK810T B M8TO.ll8X KOHT.p0JI51 1 pe3yJib

T8T8X KOJIH1.l8CTB8l-ll-IOrO OTip8,ll8J18I-llf.51 1 COOTB8TCTByiOI.l.{8i1 OpraHH38IJ;HH HCCJI8,[(0B8T8JibCKllX H KOH

CTpyKTOpCKHX pa6oT. Cyll.{ecTayroll.{a.si npaKTHKa npoeepKH 3t±JtPeKTHBHOCTH, KOTopa5I MOX~eT 611Tb 

HCTIOJib30B8I-Ia I-18 pa3JIHl.J:HbiX ypOBI-l.HX, BKJII01.l8€T H83H8'Y:8I-IH8 3KCTI8pTOB H KOI-1Tp01Ib 38 0CYLIJ;8CT

BJI€HH8M npoeKTa co CTopoHbi KOMHCCHH no npoeKTaM. B nocJie.n;yroll.{He ro.z:t:bi CO.lleHcraHe npa

BHTeJibCTaa pa3BHTliiO 51,ll;8pi-IOfl T8XHOJIOrHH 1 B8p051TI-IO, COKpaTHTC51 1 H COOTB€TCTByiOLIJ;H8 o6513ai-I

HOCTH1 KaK Oli~H,ll88TC5I 1 nepeH,n;yT OT npaBHTeJibCTBa K npOMbillill8I-II-IOCTH. 3TO 0Tp83HTC5I Ha 

6y.llyll.{e:f1 npaKTHKe f11I8HHpOB8HH51 H KOI-1Tp01I5I 38 OCylU8CTBJI8HH8M H8IJ;HOI-I8JlbHbiX H,ll8pi-ibiX npor

paMM. 

LA PLANJFICACION Y EL CONTROL EN LA A YUDA OFJCIAL A LOS PROGRAMAS NUCLEARES, 
En !a Republica Federal de A!emania se benefician en primer Iugar de la ayuda ofictal a !a mdustria 

nuclear los sectores mas avanzados de !a tecnica, mientras que la industna privada se ocupa de desarrollar 
aquellos que se encuentran en fase casi industrial. El desarrollo de !a tecnica nuclear se efectua en los centres 
ofictales de investrgaci6n nuclear y en !a mdustria. La acct6n de gobterno se dirige primordtalmente hacta la 
planiftcaci6n y el control. Los obJetrvos se fi]an segun !a situaci6n que preva!ezca. Esto supone !a elaboraci6n 
de alternativas de acct6n y de programas. Para evaluar !a utrlidad ctentifica, tecnica, econ6mica y social 
se realizan encuestas sabre las necesidades y analisis de los sistemas, se oyen las opimones de los expertos y 
se consideran los pron6sticos, El programa fiJado hay que someterlo a un procedimiento de dectsi6n politica. 
Los problemas parttculares de la planiftcaci6n son los siguientes: 1) Hay que tamar en consideract6n algunas 
condiciones margmales como, por e]emplo, !a limttaci6n de los medias financieros y del potencial humane, 
la l!mitaci6n temporal de los planes de promoct6n y. por ultimo, la influencia de las estructuras soctales y 
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economicas; 2) El proced1m1ento para Ia programac1on fmanciera a med10 plaza y Ia influenc1a de esta sabre 
Ia concepcion de los programas; algunas dec1siones tomadas en lo pasado, espec1almente en materia de 
1nvers1ones, han tenido como consecuencia reducir el margen de maniobra financiera para la concepc16n de 
los programas; 3) La colaboracion entre los asesores y el gob1erno; 4) La utlhzac1on dmam1ca, basada 
sabre los pnne1pios de Ia division del trabaJo, de los grandes centros de investlgacion y de desarrollo; Ia 
organizacion optima de los traba)os reahzados en los centres; 5) La armonizac1on de los planes nac10nales e 
internacionales, El control de las medidas de promocion es sabre todo un control de la eflcacia. Este control 
se efectua, de un !ado, mientras se e)ecutan los programas (control permanente), y de otro !ado, a! final de 
cad a una de las d1ferentes fases del programa (control de los resultados). La importancia del control de Ia 
eficacia cobra cada dla mas importancia como media de informac16n a la opin16n pUblica, pues permite que 
queden mas claras tanto las ayudas que se prestan como las dec1siones que se taman. Se plantean problemas 
particulares de control de Ia eficacia en los metodos de control, en Ia cuantificac1on de los resultados, y en Ia 
organizac1on adecuada de Ia labor de investigacion y desarrollo. El control de Ia eficacia que puede efectuarse 
a d1ferentes niveles de este control comprenden Ia designacion de expertos y el control de los proyectos par los 
comites correspondientes, En los proximos ailos se espera que d1sminuya Ia ayuda oflcial para las tecnicas 
nucleares y que el gobierno ceda esas responsab1hdades a Ia industria. Esto traera consecuenc1as en cuanto a los 
metodos futuros de concebir y controlar los programas nucleares nac10na!es. 

1. THE PROMOTION OF NUCLEAR ENERGY BY THE 
GOVERNMENT OF THE FEDERAL REPUBLIC OF GERMANY 

1. 1. The selection, formulation and promotion of large- scale technological 
research and development programs are obJectives of modern science policy. 
Such programs are a nation's or a society's answer to challenges with which 
it is confronted internally or externally. 

The U.S. "Manhattan" ProJect was the answer to a military, the Apollo 
Project to a peaceful challenge from outside. Nuclear energy programs are 
the answer to a peaceful challenge inside a nation: the challenge to ensure, 
in the long run, the supply of energy during a prolonged phase of an extra
ordinary expansion of power consumption. 

In the field of peaceful research and technological development, govern
ments are increasingly faced with new responsibilities. Control of environ
mental pollution, transport technology, urban planning and development, 
aeronautical engineering, marine research and peace research are some 
examples. The promotion of nuclear research and development for peace
ful purposes is thus but one measure - though of maJor importance -
among numerous initiatives taken by governments for the advancement of 
research and technological development. 

1. 2. Experience has shown that the promotion of all newly arising tasks 
would exceed the available national resources. It is therefore the responsi
bility of national research policy to formulate an overall concept of govern
mental research and development programs and to establish prwrities in 
these programs. The isolated promotwn of various technological programs 
by different government agencies without an overall view and co-ordination 
necessarily leads to reduced efficiency and otherwise avoidable expenditure. 

Government promotion policy will be oriented towards "advanced 
missions'! i.e. missions which are urgently awaiting solution in the decades 
to come. As soon as an innovation process has begun, governments will 
entrust industry or the responsible public institutions with the further de
velopment of the techniques concerned. 
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1. 3. Government promotion of nuclear engineering in the Federal Republic 
of Germany is thus aimed at the development of advanced reactor systems 
and their fuel cycles, the improvement of safety and protection measures, 
as well as at the securing of fuel supplies for the future. 

Active partners in this promotion include industrial enterprises, for 
instance companies of the electrical engineering, machine- building and 
metal industries on the manufacturing side, utilities as operators and 
large government- supported scientific centres as additional "generators" 
of scientific and technological know-how. Under the Federal Government 
system of the Federal Republic of Germany, the State comprises both the 
Federal Government and the German Bundestag as well as the governments 
of the Lander and their parliaments. Finally, the scientific community, 
which consists of the Universities and the non-university research insti
tutes, and in particular the Max Planck Society, is another partner in 
the promotion process. These institutions carry out first and foremost 
basic research; they give competent advice and express scientific criticism. 
There are close subJect-based, personal and often institutionalized contacts 
and links between the large scientlfic centres and other research institutes. 
Last but not least, mention should be made of the international organizations, 
the international nuclear research centres and the industrial companies of 
other countries as partners in this compound system. They, too, contribute 
essentially to the development of nuclear engineering in the Federal Republic. 

Cooperation between these partners is governed by the principle of free 
market economy. Under this principle, the more economical solution is 
given the chance of success, no matter whether this solution was found at 
home or abroad. 

1. 4. What is the Government's task in this interaction? The task is not 
so much to give individual directions or take measures, but rather to plan 
ahead, to control and evaluate research and development work, as well as 
to co-ordinate all activities and take into consideration political and financial 
boundary conditions. In these activities, the Government has to understand 
itself as a partner who is always prepared to reconsider continuously the 
weight and kind of the influence it exerts. 

On the one hand, the Government plays the part of the stimulator and 
initiator, particularly in the planning of research and development. On the 
other hand, it sometimes has to adopt the role of the one who delays a pro
ject, or says no to it, in particular in connection with control and 
evaluation. Responsible research policy will thus have to put up with criti
cism and attacks and will not always meet with approval. 

The Government has to render account of its promotion measures to 
Parliament and to the general public. All partners concerned must face 
public criticism and must inform the public about programs and projects in 
such a way that it can make up its own mind and criticize, if need be. The 
public must have access to all major decisions and the arguments on which 
they are based. 

2. PLANNING BASIS AND THE PROCESS 
OF POLITICAL DECISION-MAKING 

2. 1. Planning is based on the formulated objectives of promotion measures. 
Here, the Government will confine itself to establishing "broad" objectives. 
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Such "broad" objectives provide the policy-maker and the non-expert with 
clear and more general motivations. Complicated descriptions of objectives, 
which are difficult to grasp, would render the political discussion and pro
motion measures more difficult. 

The Third Nuclear Energy Program (1968-1972) of the Federal Republic 
of Germany states, for instance, that the most important aim of promoting 
nuclear development is to further reduce the cost of power generation in nuclear 
power plants and to meet the long-term power demand in the Federal Republic 
of Germany by using nuclear energy. When the "broad" objectives have been 
established, more detailed sub-objectives, i.e. the structure of these objectives, 
have to be worked out. They will emerge from the discussions on the ques
tion as to which concrete measures can help to achieve the "broad" aims. 

In the investment sector, such measures include for example the construc
tion of experimental, prototype or demonstration plants. They can be of 
an economic or industrial policy nature, such as the pooling of the know-
how of various industrial enterprises in a consortium. Concrete measures 
further include action to obtain knowledge and experience, for instance by 
training personnel or by participating in the operation of plants. Action 
and program alternatives have to be developed for these individual mea
sures, which give planning experts "many a hard nut to crack". 

2. 2. Complete planning of the development of a new technology and its intro
duction into the market in competition with existing and proven techniques 
of equal value is hardly possible. The technical, financial, political and 
human factors exerting their influence are too manifold to be forecast or 
predetermined. Other new techniques of equal value may be developed 
somewhere else, overtaking national developments. Under the free market 
economy system, planners must be open to ideas which offer themselves 
as ideal solutions outside the planners' responsibilities. In the planning 
process, governments have to respect the particular interests and the 
freedom of decision of the various partners. 

2. 3. In view of the considerable government expenditure on nuclear energy 
in previous years (cf. Fig. 1), and in view of the plans for the future, the 
public has again and again inquired into the benefit of promotion mea
sures, sometimes in critical terms. It is understandable that the question 
concerning the benefit of nuclear research and development promotion mainly 
refers to the benefit which society and national economy derive from such 
promotion. To point to the scientific or technological benefit or to technical 
progress as the only motivation for an annual expenditure of one thousand 
million DM does not suffice. 

In the light of such questions, the program alternatives of planning are 
to be reviewed in order to find out whether the funds to be used and the total 
benefit to be derived from them are in the proper relation. Assessments of 
demand, systems analyses and expert opinions are essential tools in the 
planning and decision-making process. The forecasts on which program 
alternatives are based have to be continuously up-dated and corrected. 
Quite a number of such assessments of demand, systems analyses and 
expert opinions for nuclear engineering have been prepared in the Federal 
Republic of Germany in the last few years. Memoranda which have been 
prepared in cooperation between partners from industry and science are 
further aids that have been developed with considerable success. 
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FIG.l. Governmental expenditure on peaceful nuclear research and development in the Federal Republic 
of Germany from 1956 to 1971. 

2. 4. The following are some of the questions presently discussed in the nuclear 
energy policy of the Federal Repubhc with respect to program alternatives: 
(a) Should back-up solutions for the sodium- cooled fast breeder reactor be de
veloped, and if so, how much should be invested in their development? (b) Should 
the dual- cycle system for the high-temperature reactor be further developed, 
or should the direct-cycle system be aimed at as the next step? (c) Should 
both of the two fuel element types for the high-temperature reactor, i.e. 
the pebble and the rod or block element be pursued, or should only one type 
be continued, and if so, which one? (d) Is it desirable to look for access to 
another enrichment technique in addition to the gas ultracentrifuge process? 
(e) How can the sources of natural uranium supplies be geographically distri
buted in such a way as to ensure that, even during a political crisis in a 
supplier country or in the case of other obstacles, sufficient natural uranium 
is available? 

2. 5. The initial planning phase is characterized by the activities of stock
taking, forecasting, the definition of objectives and the drafting of program 
alternatives. At the conclusion of the planning process, there is a political 
decision. The process of political decision-making with a view to the large 
research and development promotion programs has become more differen
tiated in the Federal Republic, as government promotion has gradually 
become extended. The global decision to promote the peaceful exploration 
and utilization of nuclear energy was taken in 1955, and a Ministry of Atomic 
Affairs was established for this purpose. This ministry eventually became 
the Federal Ministry for Education and Science (BMBW). The Third Nuclear 
Program of the Federal Republic of Germany was the first to be included in 
the deliberations of the Federal Cabinet in draft form in 1967 and was ap
proved by the Cabinet. It is common practice now to review again at the 
Cabmet level the most important decisions of a program, even after it has 
been approved, before these decisions are eventually put into practice. The 
German Bundestag and the competent parliamentary committees, i.e. the 
Committee for Education and Science and the Budget Committee, also contri
bute increasingly to the decision process by forming their own judgement 
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FIG. 2. Path of poliucal declSlons on major research and development programs in the Federal Republtc of 

Germany. 
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FIG.3. Publtc expenditure on research and development as part of the gross nanonal product(o/oo) and of 
publtc budgets ( o/o). 

and voicing their criticism. Figure 2 shows the indicated process of political 
decision-making as it applies to a large-scale research and development pro
gram, e. g. m the fields of nuclear energy, data processing or space and 
aeronautical research in the Federal Repubhc of Germany. 

3. PROBLEMS OF PLANNING 

3. 1. The definition of objectives as well as the drafting of program alterna
tives and the process of political decision-making are influenced by a large 
number of boundary conditions. They can only be mastered within a dynamic 
planning process. 
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3. 2, An important planning aid and method is furnished by the Federal 
Government's medium-term financial planning. It defines the distribution of 
government expenditure, balanced with the revenue to be expected, over 
a period of five years at a time, and is extrapolated and revised annually. 

One basis for determinating future funds for the promotion of science 
and research is formed by key figures indicated in terms of their per cent 
of public budgets or of the gross national product. Figure 3 shows the 
development of public expenditure on research and development, indicated 
as described above. In 1975, approx. l.lo/o of the gross national product 
might be available for the promotion of research and development. In ad
dition to these quantitative values, the financial planning contains, in its 
principles and explanations, qualitative judgments of the significance of in
dividual fields or specific programs and their importance in relation to each 
other. On the basis of the total funds available and the qualitative principles, 
the Minister fixes the amounts of finance envisaged for the promotion 
programs, in consultation with those responsible for the individual 
sectors. 

Long-term financial security regarding funds for promotion is a major 
prerequisite for programs and projects. If the annual budget is not passed 
until well after the beginning of the financial year and if there is no longer
term financial planning, those responsible for individual research and de
velopment projects are restricted in their activities because there is un
certainty as to the funds eventually available. 

3. 3. Admittedly, when drafting the financial planning, the planners are far 
more restricted by previous promotion measures than may appear desirable 
to some planners, or intelligible to outsiders. The financial margin re
garding the planning of a program is reduced as a result of previous de
cisions, above all in the field of capital investment. For example, for 
every single D-Mark spent on capital investment - i.e. equipment and 
buildings - in the nuclear research centres of the Federal Republic, 
about 0. 35 DM must be provided in terms of operational costs for each 
successive year. As long as available investments are therefore used to 
the full extent, significant portions of the promotion funds available every 
year are already tied up. It may well be a wise and far- sighted move to 
close down research plants ahead of schedule or, in an extreme case, even 
to refrain commissioning a plant that has been overtaken by developments. 

3. 4. Another quantity which reduces the margin of medium-term financial 
planning is the number of personnel available in industrial and government 
establishments. The overwhelming majority of problems in this connection 
arises from a surplus of personnel and not from a deficit. The transfer 
of personnel to other fields, including non-nuclear ones, is gradually be
coming a necessity in industry as well as in government establishments as 
a result of the extraordinary increase in staff costs. 

Figure 4 shows the development of staff costs per capita and year for the 
nuclear research centres of the Federal Republic in the past decade. During this 
period, staff costs for every staff member have trebled. ln view of this develop
ment, the Federal Ministry has increasingly expanded non-nuclear activities in 
government laboratories in the past years while, at the same time, the 
number of staff was increasing only marginally, and taken account of this 
in the planning. In the two large centres at Julich and Karlsruhe, about 
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FJG.4. Personnel cost per capita in the nuclear research centres of the Federal Republic of Germany. 

15o/o of the operational expenditure is accounted for by non-nuclear activi
ties in 1971. 

In highly industrialized countries, there is a sufficient number of trained 
scientists and technicians in the nuclear field today to cope with all the 
tasks assigned to them. This does not mean, however, that staff bottle
necks of a temporary nature cannot occur at certain periods of time or for 
certain development tasks. Nowadays, there is a tendency, however, to 
accept the fact that a project is delayed, rather than to put up with later 
difficulties resulting from peak staff requirements if the surplus staff can
not be reduced, or transferred, subsequently. 

3. 5. Two other sets of problems have gained significance in the Federal 
Republic in recent years: firstly, the problems of an adequate industrial 
participation in the development of nuclear technology, and secondly, the 
participation of staff in the decision-making process in research establishments. 

By "industrial participation" is meant the financial participation of in
dustry in research and development activities in their own laboratories and 
with their own development teams as well as in the realization of projects 
of the nuclear program of the Federal Republic. 

Government expenditure in the Federal Republic on the promotion of 
the nuclear sector will amount to approximately ten thousand million DM 
between 1956 and 1971 inclusive. No statistics have been published on the 
corresponding financial contributions made by industry. However, a per
centage of 10 to 20% of government expenditure is probably the correct 
amount. This may seem low at first sight. It must, however, be borne in 
mind that government expenditure on promotion includes funds for the fi
nancing of international cooperation and fundamental research in the nuclear 
field. The expenditure in these two sectors must be estimated at approxi
mately 5. 5 thousand million DM. If, furthermore, the considerable ex
penditure on the development of nuclear technology in research centres, 
which amounts to approximately two thousand million DM, is taken into 
consideration, it follows that approximately 2. 5 thousand million DM have 
hitherto been spent on industrial research and development. This is matched 
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by financial commitments of a comparable amount on the part of industry. 
In addition to the funds for research and development, capital investment 
in nuclear industry for the construction of manufacturing plants must be 
taken into consideration. 

With regard to water reactors, the Federal Government exclusively 
promotes technological developments of a more general validity, and only 
if participation by industry amounts to at least 50o/o. With regard to the 
development programs of high-temperature and fast breeder reactors, a 
participation of at least 1 Oo/o is aimed at. 

Spec1al considerations apply to the financing of large prototype plants. 
For these, complicated pricing models have been elaborated, which make 
use of the different possibilities, including fixed prices and cost reimburse
ment prices with a ceiling. They presume that no further government grants 
are required for the plant during normal operation. Admittedly, these proto
type plants are predominantly financed from public funds but industry bears 
quite a significant proportion of the investment costs. It also gives gua
rantees for the construction of the plant according to schedule and for its 
efficiency. The financial commitment of industry is an indication of the 
confidence in the accuracy and significance of the research and development 
activities promoted; it is also necessary, however, to ease the taxpayer's 
burden. Even in the more advanced nuclear technologies, only those pro
grams which can rely on the financial participation of industry can be rea
lized in the Federal Republic. 

3. 6. Proceeding from considerations of the Federal Government regarding 
the reform of structures in the sectors of higher education and research, 
and as the result of a broad-based public discussion on democratic forms 
of decision-making, questions relating to the organization and structure 
of research centres, including their relationship with the Government have, 
as in other States, been re-evaluated in the past two years. The result 
of this discussion among all groups and associations involved was published 
by the Ministry in the form of guidehnes applying to questions of principle, 
structure and organization of legally autonomous research establishments. 
The majority of establishments in the Federal Republic have been organized 
under the law as limited liability companies (GmbH). The guidelines, and 
the legal statutes of the establishments based on them secure for scientists 
and technicians a say in the decisions taken in the supervisory and manage
ment bodies of their establishments. They guaranteethoroughmformation 
on processes of decision-making to all staff members. Research and de
velopment cannot be carried out successfully in large laboratories in the 
long run without the responsible participation of those immediately concerned 
and without their unrestricted identification with their responsibilities. This 
kind of thinking must enter into planning processes as well. 

3. 7. Regarding the planning of the activities of large scientific centres, 
the Federal Government sets great store by a streamlined and clearly de
fined organization of work as far as obJectives, time schedule, and the use 
of personnel and financial resources are concerned. Quite a number of 
ventures have been organized as projects, the responsibility for which has 
been assigned to a project manager assisted by a proJect team and by working 
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groups who have been assigned certain project tasks by written contract 
agreements. 
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3. 8. The financial plans of international organizations as well as of agreed 
projects are fixed and relatively unchangeable elements within the national 
budgets. If, for reasons of overriding national considerations of financial 
policy, reductions have to be made or promotion funds have to be stretched, 
it is nearly always the national plans and programs that have to put up with 
those reductions. It is, of course, understandable that the financial plans 
have to be frozen at a certain time in the budgetary planning of international 
organizations, in particular if these organizations have a very large number 
of members, and that the budgets of international organizahons cannot make 
allowance for national financial crises of greater or smaller significance; 
nevertheless it would be very desirable if the financial plans of international 
organizations could be modified even at a relatively advanced date. 

3. 9. Finally, some remarks should be made on the cooperation between 
government and advisers in the planning process. It has frequently been 
stated that in the Federal Republic a ministry with but a small staff is res
ponsible for the promotion of peaceful nuclear research and nuclear engineer
ing. In decision-mabng, this ministry has cooperated with a large number 
of unpaid advisers, the members of the Atomic Energy Advisory Com-
mission. This Commission is divided into several sub- commissions, 
working groups and committees. At present in the ministry, twenty-six 
staff members with university degrees are concerned with the problems of 
nuclear energy promotion on a full-time or part-time basis. At present, 
the Federal German Atomic Energy Adv1sory Commission comprises 245 
members. In our opinion, this advisory and decision-finding system, which 
is based on a division of efforts, has enabled us to pursue a flexible research 
pohcy which comprises the complete spectrum of national competence. 

In order to cope with the continuously increasing responsibilities as
signed to the Federal Ministry, a variety of advisory bodies was established 
in the past, a fact that makes the reorganization of our advisory system 
necessary. In the future, the advisory bodies will no longer be organized 
by specialized fields or subjects of work according to a rigid system, but 
will be summoned according to the respective demand for advice. The 
period of their appointment will be limited to the duration of the advisory 
assignment. In doing so, the Ministry hopes to make its advisory system 
even more efficient by drawing on those external advisers who are best 
qualified for a specific task, and to achieve greater flexibility as well. 

It is a question of more general importance whether the Ministry should 
rely solely on the advice of experts, who do not come from industry and 
thus pursue no interests of their own, whenever industrial research and 
development projects are at stake. In another field, which has nothing to 
do with nuclear energy, we have gained the experience that such an attitude, 
if it were adopted, will in the long run not guarantee a successful advisory 
system. On the contrary: even the conscious or unconscious seeping of 
interests into the advisory system may serve to detect these interests 
and to form a correct estimate of them. It goes, however, without saying 
that the advisory body has to consist of members who guarantee a balance 
of interests. Furthermore, competence is also needed on the part of the 
government officials. 
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4. EFFICIENCY CONTROL OR ASSESSMENT OF RESULTS 

4. 1. The second important field of government activities in the promotion 
of technological research and development is the control of promotion mea
sures. When saying this, we do not refer to the purely book-keeping control 
of expenditure, but to the problem of evaluating the scientific, technological 
or economic success of our promotion measures. Control in this sense 
means an efficiency control or assessment of results of research and de
velopment work which is to serve a more efficient implementation of this 
work. 

4. 2. As a measure of informing the public, efficiency control gets more 
and more important. This can be understood from the extremely large 
amount of public funds allocated to the promotion of nuclear energy as 
well as from the growing number of competitive tasks devolving upon the 
Government. One of the reasons why the public's attention is now drawn 
more often than before to the problems of an effective control is the past 
failure to inform the public sufficiently on the results, the success, and the 
problems of research and development work. In the past, many scientists 
and technicians, as well as management or sponsoring organizations, have 
not realized this aspect clearly enough and have not taken it into account 
in an appropriate manner. 

Efficiency control requires thorough planning. Only this planning can 
be the yard-stick for a proper control. Afterwards, control results are 
again integrated into the planning process by way of a feedback or iteration 
process. Efficiency control and planning, including the prognosis, are 
interdependent and cannot be separated. The efficiency control of scien
tific and technological research and development activities starts as a 
"continuous" or "accompanying" control with the execution of these acti
vities. Furthermore, there will have to be an "assessment of results", or 
a final control after the major sectors of the program have been completed. 
This will facilitate a decision on whether to continue or stop the activities. 
Apart from the efficiency control of projects, the efficiency control of 
promotion programs and research institutions as a whole is of great im
portance to a sponsoring Ministry. 

4. 3. One of the most important aspects of efficiency control is the problem 
of adequate control methods. 

The problems relating to efficiency control do not reside in the industrial 
and commercial sector, where economic success, i.e. returns, can be 
compared with the expenditure incurred. 

Concerning an individual research and development project, a com
parison between plan targets and achieved results will be made. If the 
plan targets are defined precisely enough, this comparison will not be dif
ficult. A streamlined and precisely characterized planning process is of 
great advantage for this procedure. The procedure of comparing plan 
targets and achieved results can above all be applied to work organized on 
a project basis. 

The problem of adequate control methods becomes more difficult with 
research and development work whose target is to obtain results that have 
not or not yet been converted into hardware, particularly when it comes to 
the basic sciences. A wide range of criteria have to be applied in the 
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evaluation process: publications in technical or scientific journals, papers 
delivered at expert meetings, invitations for a guest lectureship or other 
guest activities, quoting from publications, and perhaps patents; all this 
gives a very useful, but incomplete picture. 

4. 4, ln evaluating research institutions as a whole, characteristlc figures 
can successfully be applied, Such characteristic figures useful for planning 
as well as for control are, among others, the ratio between graduates and 
the total staff of a research installation; the per capita expenditure on per
sonnel and equipment; the extent to which experimental and research facili
ties are used; the ratio between capital expenditure and operatmg costs; 
capital expenditure per employee; the share of infrastructure costs in the 
total costs. As an example, Fig. 5 shows the per capita operating costs, 
minus staff costs, in the Federal Republic's nuclear research centres in the 
year 1971. 
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FIG. 5. Per capita operating costs minus personnel costs m the Federal Republic nuclear research centres 
1n 1970. 

Cost calculation is an important tool of efficiency control. It means 
that all costs incurred by a certain project, even those incurred by the uti
lization of the technical infra- structure, are calculated and compiled. As 
a result of the increasing attention which is devoted to efficiency control, 
efforts are under way in the Federal Republic to abandon the system of 
classifying costs according to administrative and fiscal aspects, and to 
adopt a system of true preliminary and subsequent calculations for those 
research projects that are being promoted, calculations directly referring 
to the cost-bearing party. 

4. 5. Efficiency control is exercised as an "internal" and "external" control 
and thus at several levels of responsibility. "Internal" efficiency control 
("self control") has naturally to be exercised by the working units them
selves and their responsible staff. Concerning research and development 
programs which are promoted from public funds, "external" control has 
to be exercised by the government or the competent supervisory bodies or 
self-administered organizations. 
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4. 6. Efficiency control as practised in the Federal Republic includes co
operation with expert bodies and project control by project committees. 
In the Federal Republic there are project committees to observe and con
trol the most important projects in the field of nuclear development. They 
consist of persons working on the prOJect, representatives of the partners 
concerned at the national and international level, and persons from the 
sponsoring Ministry. Since 1967, for instance, a project comm1ttee has 
been concerned with the fast breeder proJect and another one since 1969 with 
the development of high-temperature reactors. 

In the future, closer attention will, no doubt, have to be paid to the 
training and encouragement of independent "science auditors 11 who can 
provide advice and assistance in the field of efficiency control acting for 
and on behalf of public authorities. Up to now there have been no such in
dependent bodies in the Federal Republic. In v1ew of the increasing 
public funds to be spent on research and development in the future, 
governments will need the advice and assistance of competent and inde
pendent experts organized in such bodies. 

5. FINAL REMARKS 

5 .1. Planning and efficiency control are two elements of modern research 
policy which cannot be renounced. The government must avoid two mistakes 
if research policy is to be effective. These are: planning must not be so 
rigid that it must be followed at all events; and the assessment of results 
must neither be neglected, nor must it be used as a repressive instrument. 

While a variety of planning methods have already been elaborated and 
applied, methods for efficiency control have still to be further developed 
and tested. This also applies to nuclear research and nuclear engineering, 
both of which have been developed and promoted for nearly three decades. 

5. 2. In view of the problems which still have to be solved by advanced 
nuclear systems, the peaceful utilization of nuclear energy will have to be 
supported by governments for at least another decade, probably even 
longer. Durmg th1s period, the responsibility for planning and control as 
well as funding will shift more and more from government to industry, and 
will have to be adjusted in many respects to future developments. 
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THE ROLE OF A RESEARCH REACTOR IN SCIENCE, TECHNOLOGY AND TRAINING IN HUNGARY. 
The purpose of th1s paper is to show what influence the research reactor belongmg to the Central Institute 

for Physical Research has had on the evolution of fundamental research and on the practlcal value of research 
results for industrial technology and traimng. As an orgamzational umt, the research reactor has sttmulated 
research in radiochemistry and reactor phystcs and hastened progress in nuclear physics and electromcs. The 
authors show how the instruments and methods evolved early on in the course of the Institute's reactor physics 
and nuclear phystcs program, together wtth the radtochemtcal data obtamed, quickly found application in a 
practical research program and were effectlvely and successfully used to solve problems ansing in the production 
of semiconductors, highly pure metals and steels. The method of financing the dtfferent stages of the program 
IS described. The growing demands of the universitles for traimng services and research work have now made 
it necessary to build a new low-power reactor. The expenence gamed in operatmg the Institute's present reactor 
will provide a good basis for the design of a new reactor adequate to meet all the present requl!ements of 
research and training. It will have the advantage of servmg several umversities and providmg for the needs 
of both education and research, 

ROLE DES REACTEURS NUCLEAIRES DE RECHERCHE DANS LA SCIENCE, LA TECHNOLOGIE ET LA FORMATION 
EN HONGR!E, 

Les auteurs expliquent le rille du reacteur de recherche de l'Institut central de physique dans le developpe
ment des etudes fondamentales, et !'interet que presentent les resultats obtenus pour Ia technologte tndustrtelle 
et la formation de specialistes. Un reacteur de recherche permet d'entreprendre des travaux de recherche 
en radtochimie et en physique des reacteurs, et contribue a faire avancer les etudes de phystque nucleaire et 
d'electronique. Les auteurs montrent comment les instruments et procectes mis au pomt dans les recherches sur 
la physique des reacteurs et la phystque nucleaire, ainst que les donnees radwchim1ques obtenues ant grandement 
contribue a resoudre Ies problemes qui se posen! dans l'mdustne des semi-conducteurs, de l'affinage des metaux 
et dans la siderurgte. Us indiquent le mode de hnancement des diverses etapes de ce programme. Les besoms 
croissants des etabllssements d'enseignement supeneur en matiere de formatton et de recherche ant rendu 
necessaire la fabncatwn de reacteurs de faible puissance. L'experience acquise dans l'explo1tat1on du reacteur 
de l'Institut central de phystque sera precieuse pour la construction de reacteurs de ce type dont on a actueue·
ment grand besoin pour la recherche et la formation specialisee. Ce type de reacteur aura 1' avant<tge de servir 
a plusieurs universites et d'etre utilise pour la recherche auSSl blen que pour la formation. 

POJlh MCCJIE,UOBATEJlhCKOrO ATOMHOrO PEAKTOPA B HAYKE, TEXHMKE l1 ITO,IJ,ro
TOBKE KA.UPOB B BEHrPI111. 

UeJibiO .n;oKna.n;a HBJIHeTCH noKaa BllHHHHH Hccne.n;oaaTeJibCKoro peaKTopa UeHrpaJibHOro 
HHCTHTyTa lflH3H1.f€CKHX liCCJ1€.llOBal-IHA: Ha pa3BHTHe ~yH,D,aMeHTallbHblX HCCJI€,ll;OBatmfi H, KaK 

CJI€,llCTBH€ 1 Ha nJIO,llOTBOpHOCTb HCnOJib30B3HlUI .llOCTHrt-IyTLIX pe3yllhTaTOB B npOMbiWli€Hl-IOi1 Tex
HOllOrHH H no.n:roTOBKe Ka.n;poa. 11ccne.n:oaaTellbCKHti peaKTop, KaK opraHH3al..{HOHHa51 e,n;m-mua, 
.HBHJIC.H CTHMyllOM )J.JI.H Hat.taJia HCCJie)J.OB3HHfr no pa)J.HOXHMHH H peaKTOpHOfi: 4lH3HKe, a T3K)Ke cno

C06CTBOB3JI npoBe.D.ernno uccJie,lloBaHHH no .H,llepHoH cflu3uKe H 3JieKTpOHHKe. ABTOPbi noKa3biBa

IOT, KaK nepBOHat.tallbHO B npe,lleJiaX peaKTOpriO-tfrH3Ht.teCKHX H 5l,llepri0-4lH3Ht.teCKHX liCCJie)J.OBaHHfi 

C03,llaHHbie npH60pbl H pa3pa60T3HHbie MeTO,llbJ, a T3K)Ke pa,llHOXHMHt.teCKHe )J.3HHbie CT3JllJ 6biCTpO 

529 
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npHMeHHTbCH B nporpaMMe npHKJI8.Z:U·IbiX HCCJie,llOB8HHi:f:, 0HH H811IJIH )leHCTBeHHOe H ycnem-

HOe npHMeHerme ,ZIJIH peweHHH np06JieM npOH3BO,llCTB8 noJiynpOBO,llHHKOB 1 BbiCOKOtJHCTbiX MeTaJI

JIOB1 8 T8K)Ke B CTaJienJiaBHJibHOfl: npOMbllliJieHHOCTH. ,l(aeTCH OflHCaHHe CHCTeMbl <l>HH8HCHpOB8-

HIUI pa3JHflUILIX cTa.n;HH nporpaMMM. PacTyru;He 3anpocLI yHHBepcHTeroa, CBH38HHhie c no.n;ro
TOBKoH K8,ll;pOB H HCCJie,.Q,OBaTeJibCKOi::f pa60TOJ1:, Bhl.ltBHHyJIH Heo6XC.Z:UiMOCTb C03.ll;8HIUI peaKTOpa 

MaJIOH MO!I1HOCTH. Om!T pa60Tbl Ha peaKTOpe i.IH4>H, nocJiylKHT OCHOBOH ,!l!Ill C03,!laHHll TaKOH KOH
CTpyKQHH peaKTOpa, KOTOpaH 6y.z:teT OTBel.laTb COBpeM6HHhiM Tpe60B8HH.HM Hayt.tHbiX HCCJie)lOBa

HHH: H flO,llrOTOBKH Ka.ztpOB. 0co6eHl-IOCTb ,ll8l-IHOrO peaKTOpa 38KJII0"18eTCH B TOM 1 l.JTO OH npe

,ll;OCT8BlleH B pacnopHJKeHHe HeCKOJibKHX yHHBepCHTeTOB H ~OJIJKeH o6ecnel.IHTb B03MOJKHOCTb npo

Be.z:teHHH KaK yqe6HO:i1: ~eHTeJibHOCTH 1 TaK H Hayl.IHOH pa60Tbl. 

PAPEL DE UN REACTOR DE INVESTIGACION EN LA CIENCIA, LA TECNOLOGIA Y LA EDUCACION EN 
HUNGRIA. 

Esta comunicacion detalla el alcance de Ia influencia que el reactor de investigacion del Instituto ha 
ejercido en el desarrollo de Ia investigacion basica en el mismo y como ha sido posible canalizar esta actividad 
hacia Ia tecnologia y Ia educacion. La puesta en marcha de un reactor de investigacion dio origen a una 
investigacion en los campos de Ia qu!mica nuclear y de Ia fi.sica de reactores y forzo el desarrollo de Ia f1sica 
nuclear y de Ia investigacion electronica. Los dispositivos y metodos desarrollados inicialmente en estos campos 
de Ia fi.sica de reactores y de Ia fi.sica nuclear ]unto con los conocimientos de qu1mica nuclear desembocaron 
en un programa de investigacion aplicada y fueron introducrdos en Ia producc1on de semiconductores, aceros 
y purificacion de metales no f'erreos. Se dan datos de financiacion de las diferentes eta pas de este programa. 
La segunda parte de Ia comunicacion descnbe como, por una parte, las actividades educativas e mvestigadoras 
exigieron otro reactor de baja potencia y como, por otra parte, Ia experiencia adquirida en el reactor de 
investigacion del Instituto ayudo a! disei'lo de un reactor adecuado para el programa educativo y de investigacion. 
Como tiene que adaptarse a las necesidades de diversas universidades, su principal caracter1stica es que tiene 
que realizar complejos programas educativos a! mismo tiempo que asegurar un vasto campo a Ia investigacion. 

J1CCJie,llOBaTeJibCKHH peaK TOp, 5!BJI5!IOII.IHHC5! MOII.IHbiM HCTO'IHHKOM HeHTpO

HOB, n03BOJI5!eT pemaTb CaMI>Ie pa3H006pa3Hbie Hay'!Hble If TeXHH'leCKHe 3a

,lla'!H. O.z~HaKo 3THM o6nacTb ero npHMeHeHH5! He HC'lepni>maeTc5!. Xopomo 

H3BecTHo, 'ITO peaK TOp HrpaeT ponb csoeo6pa3Horo 11 .!1BHraTeJI5! 11 H ero BJIHH

HHe Ha HayqHo-TeXHH'leCKHH nporpecc Bl>IXO,llHT .z~aneKo 3a npe.z~eni>r ero Ha3-

Ha'!eHH5! KaK "Hccne.z~osaTeJibCKoro cpe,llCTBa". BecbMa Ba.lKHaH 3a,lla'la pa3-

BHBaromHXC5! CTpaH, - KOTOpbie y.lKe pacnonaraiOT HCCJie,llOBaTeJibCKHMH peaK

TOpaMH, - 3aKJIIO'!aeTC5! B C03,llaHHH ycJIOBHH1 npH KOTOpb!X 3TO BJIH5!HHe MOr-

110 61>1 np05!BHTbC5! B HaH60JibilleH CTeneHH. 

B ,llaHHOM ,llOKJia,lle ,lleTaJibHO H3JiaraeTC5! O,llHO H3 HanpaBJieHHH pa3BHTH5! 1 

KOTopoe 6b!JIO BI>I3BaHo K .lKH3HH Hccne.z~osaTeJibCKHM peaKTopoM UeHTpanl>

Horo HHCTHTyTa lj)H3H'leCKHX HCCJie,llOBaHHH {Ull.Pll), a HMeHHO - aKTHBaQHOH

HbiH aHaJIH3. 3TOT npHMep OC06eHHO noy'lHTeJieH nOTOMy, 'ITO KO BpeMeHH 

B03HHKHOBeHH5! noTpe6HOCTH B aKTHBaQHOHHOM aHaJIH3e Bbl5!CHHJI0Cb, 'ITO 6a-

3a ,llJIH ero 6I>ICTporo ocymecTBJieHH5! y.lKe o6ecneqeHa .z~pyrHMH HayKaMH, pa3-

BHBillHMHC5! onHTb-TaKH B pe3yJibTaTe HCnOJib30BaHH5! peaKTOpa. 

llccne.z~osaTeJibCKHH peaKTOp UeHTpaJibHoro HHCTHTyTa lj)H3H'leCKHX Hccne

,llOBaHHH 

PeaKTop THna BBP-C [1] 6I>IJI noJIHOCTbiO nocTasneH CoseTCKHM Coro-

30M. ITo.z~roTOBKa nepcoHaJia TaK.lKe 6I>rJia ocymecTBJieHa B CoseTCKOM Coro-

3e, nocKOJibKY BeHrpH5! soo6me He pacnonarana oni>ITOM B o6nacTH sKcnnya

TaQHH peaKTOpOB. C MOMeHTa nycKa B 3KCnJiyaTaQHIO { 1959 ro,ll) ,llO pe

KOHCTpyKQHH, npOBe,lleHHOH B 1967 ro.z~y (2), pa60'!a5! MOII.IHOCTb peaKTOpa 

cocTaBJIHJia 2 MBT. B xo,lle peKOHCTpyKI.IHH MOII.IHOCTb peaKTopa 6I>rna 

nOBI>rmeHa .110 5 MBT. B peaKTope HcnoJib3yiOTc5! o6orameHHble {36o/o) Tss

Jil>I THna BBP-M H 6epHJIJIHeBl>IH oTpa.lKaTeJib. PeKOHCTPYKI.IHH 6blna ocy

mecTBJieHa seHrepcKHMH cneQHaJIHCTaMH • B HacToHmee speMH B peaKTope 
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HMeeTCll 11 ropH30HTaJibHb!X 1 34 BepTHKaJibHblX KaHaJIOB H .ZJ;Be nHeBMOnOl!Tbi, 

BCTpOeHHbie B BepTHKaJibHb!e KaHaJibl C pa3JIH'!Hb!M OTHOIDeHHeM nOTOKOB Ten

JIOBb!X H 6b!CTpb!X HeHTpOHOB 1 'ITO n03BOJilleT pemaTb cnel..IHaJibHb!e aHaJIHTH

l!eCKHe 3a.ZJ;a'IH • 

BJIHliHHe peaKTopa Ha Hayl!Ho-Hccne.noBaTeJibcKyro .neHTeJibHOCTb 

B pe3yJibTaTe C03.ZJ;aHHll peaKTopa B UH<I>H cy~ecTBeHHO pacmHpHJICll 

HCCJie,ZJ;OBaTeJibCKHH npoqmJib. HccJie.ZJ;OBaHHll Hal!aJIH npOBO.ZJ;HTb B HOBb!X o6-

JiaCTliX: B li.ZJ;epHOH XHMHH, B 06JiaCTH peaKTOpHb!X HCCJie,ZJ;OBaHHH. TIOliBH

JiaCb B03MOJKHOCTb .ZJ;Jlll npOH3BO.ZJ;CTBa H30TOnOB. 

HyJKHO OTMeTHTb 1 'ITO pemeHHe 0 Hal!aJie .ZJ;aHHb!X HCCJie,ZJ;OBaHHH 6biJIO 

npHHliTO B 1956 ro.ny (O.ZJ;HOBpeMeHHO C nocTaHOBJieHHeM 0 C03.ZJ;aHHH peaKTO

pa), CJie,ZJ;OBaTeJibH0 1 nepHO.ZJ; yl!e6b! H H3rOTOBJieHHll npH60pOB COBnaJI C ne

pHO.ZJ;OM C03.ZJ;aHHll peaKTOpa. B pe3yJibTaTe sToro, <flaKTHl!ecKH Hccne.noBa

TeJibCKYIO pa6oTy MOJKHO 6biJIO Hal!aTb Henocpe.ZJ;CTBeHHO nOCJie nycKa peaKTO

pa, H s<fl<fleKT HCnOJib30BaHHll peaKTOpa B Tel!eHHe KOpOTKOrO nepHO.ZJ;a npH6-

JIH3HJICll K B03MOJKHOMY MaKCHMYMY [3) • B nopli.ZJ;Ke Ol..leHKH Hayl!HOH pa60Tbl 

CJie.ZJ;yeT ynOMliHYTb, 'ITO .ZJ;O KOHI..Ia 1970 ro.ZJ;a 6b!JIO ony6JIHKOBaHO 332 CTaTbH 1 

CO.ZJ;epJKa~HX pe3yJibTaTbl 1 noJiyl!eHHble B pa3JIHl!HblX 06JiaCTliX HayKH npH 

HCnOJib30BaHHH peaKTOpa. PeaKTOp o6ecnel!HBaeT CTOnpOI..IeHTHOe y.ZJ;OBJieT

BOpeHHe OTel!eCTBeHHb!X HYJK.ZJ; B pa.ZJ;HOaKTHBHb!X H30TOnax. 

B ,ZJ;aHHOM .ZJ;OKJia,ZJ;e .naeTCll CpaBHHTeJibHO no.ZJ;p06Hoe H3JIOJKeHHe TOJibKO 

TeX .ZJ;BYX HanpaBJieHHH pa3BHTHll, Ha 6a3e KOTOpb!X CJIOJKHJICll aKTHBal..IHOHHb!H 

aHaJIH3: pa3BHTHe H3MepHTeJibHOH TeXHHKH .ZJ;H<fl<flY3HOHHb!X napaMeTpOB B 

peaKTOpHOH <flH3HKe H nporpecc B li.ZJ;epHOH XHMHH. 

Onpe.neneHHe .nH<fl<fly3HOHHbiX napaMeTpOB B opraHHl!eCKHX JKH.ZJ;KOCTHX 

B nepHo.n Hal!aJia coopyJKeHHll peaKTopa BBP-C BaJKHOH H MHOroo6e~aro

~ei1 np06JieMOH peaKTOpHOH <f>H3HKH liBJlliJIOCb HCCJie,ZJ;OBaHHe opraHHl!eCKHX 

3aMe,ZJ;JIHTeJieH H TenJIOHOCHTeJieH. 

TI epBb!M 3TanoM HCCJie.ZJ;OBaHHll liBHJIOCb onpe.ZJ;eJieHHe .ZJ;Jlll HeCKOJlbKHX 

Be~eCTB .ZJ;H<fl<fly3HOHHb!X napaMeTpOB OTHOCHTeJibHO TenJIOBblX HeHTpOHOB. 

,llJill 3THX H3MepeHHH, BMeCTO yJKe XOpOIDO pa3pa6oTaHHOrO CTal..IHOHapHoro 

MeTO.ZJ;a H3MepeHHH 1 HaMH 6biJI H36paH Cl!HTaBIDHHCll TOr,ZJ;a e~e HOBb!M HM

nyJibCHblH MeTO.ZJ;. TipeHMy~eCTBO HMnyJibCHOro MeTO.ZJ;a no cpaBHeHHIO CO 

CTal..IHOHapHblM 3aKJIIOl!aeTCll B TOM 1 'ITO OH ,ZJ;aeT B03MOJKHOCTb onpe,ZJ;eJiliTb 

O.ZJ;HOBpeMeHHO: .ZJ;H<fl<fly3HOHHYIO KOHCTaHTY D, cpe.ZJ;HIOIO npO.ZJ;OJIJKHTeJibHOCTb 

JKH3HH HeHTpOHOB J. 0 H KOHCTaHTy 3aMe,ZJ;JieHHll .ZJ;O TenJIOBOH 3HeprHH C. Kpo

Me Toro 1 3TOT MeTO.ZJ; liBJilleTCll 6b!CTpb!M H Tpe6yeT .ZJ;Jlll H3MepeHHll cpaBHH

TeJibHO He60JibiDOe KOJIHl!eCTBO Be~eCTBa. 0.ZJ;HaKO .ZJ;Jlll npoBe.ZJ;eHHll H3Mepe

HHll He06XO.ZJ;HMbl HMnyJibCHb!H HCTO'IHHK HeHTpOHOB H aHaJIH3aTOp BpeMeHH. 

TI OSTOMY BaJKHeiimeH: 3a.ZJ;al!ei1 liBHJIOCb COOpyJKeHHe HMnyJibCHOrO HeHTpOHHO

ro reHepaTopa H H3rOTOBJieHHe aHaJIH3aTopa BpeMeHH. 

B pemeHHH o6eHX 3a,ZJ;al! 60JibiDYIO nOMO~b OKa3aJI OnbiT 1 KOTOpb!M pac

nonaraJIH cnel..IHaJIHCTbi no H.nepHoH: <f>H3HKe. HaMH 6biJI H3roTOBJieH HeiiTpoH

HbiH reHepaTop THTia Hr-200, npe.ncTaBJiliiO~HH: co6oH: ycTpoH:cTBo .ZJ;Jill nony

l!eHHll 6biCTpb!X Heii:TpOHOB Ha OCHOBaHHH peaKI..IHH 3T (d, n) 4He 1 C ycKOpllro

~HM HanpHJKeHHeM 200 KB H HMnyJibCHbiM pa60l!HM peJKHMOM. HoHHbiH TOK 

Ha MHIDeHH COCTaBJiliJI 200-300 MKA, Ha 1 MHKpOKYJIOH noJiyl!aJICll Bb!XO.ZJ; HeHT

pOHOB 3·10? HeHTp/ ceK, npO.ZJ;OJIJKHTeJibHOCTb MOHHbiX HMnyJibCOB MOJKHO 6biJIO 

H3MeHliTb B HHTepBaJie 2-20 MKCeK, a l!aCTOTy nOBTOpeHHll - B MHTepBaJie 
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50-1000 11M II/ ceK [ 4] . Crre1.111aJIHCTaM11 rro sneKTpOH11Ke 6biJI 113rOTOBJieH 

IIpOCTOM aHaJII13aTop BpeMeHI1 (5] . 
C liOMOII\blO HeMTpOHHOrO reHepaTOpa 11 aHaJII13aTOpa BpeMeHI1 Mbl ocy

II\eCTBI1JII1 113MepeHI1e ,!{11~~Y3110HHbiX IIapaMeTpOB Ha CJie,l.lyiOII\11X Bell\eCTBaX: 

BO,l.la, 6eH30JI, 1.111KJIOreKCaH, H-reKCaH, TOJIYOJI, KCI1JIOJI 11 ,!{11~eHI1JI. Pe3yJib

TaTbl 113MepeHI1M 6b!JII1 rrpe,l.lCTaBJieHbl Ha TpeTbeM )KeHeBCKOM KOH~epeH1.11111 (6] 
11 Ha MeJK,l.lyHapo,l.lHOM KOH~epeH1.11111 B Kapncpys, opraHI130BaHHOM MeJK,l.lyHa

po,l.lHbiM areHTCTBOM IIO aTOMHOM 3Hepr1111 (7]. 

lfccJie,l.lOBaHI1H IIO H,l.lepHOM XI1MI111 

IJocJie rrycKa peaKTOpa IIOHBI1JII1Cb B03MOlKHOCTI1 ,l.lJIH HaqaJia llpOBe,l.le

HI1H 11CCJie,l.lOBaHI1M B pa3JII1qHbiX o6JiaCTHX H,l.lepHOM XI1M1111. B 1956 ro,l.ly 6bi

JII1 Haqa Tbl IIp11rOTOBJieHI1H K IIp0113BO,l.lCTBY pa,l.li10aKT11BHbiX 1130TOIIOB, IIp11-

qeM, B rrepByiO oqepe,l.lb 6b!JII1 pa3pa6oTaHbl HOBbie MeTO,l.lbi, II03BOJIHIOII\11e 

IIp0113BO,l.li1Tb 3Haqi1TeJibHb!e KOJII1qecTBa pa,l.li10aKTI1BHb!X 1130TOIIOB, o6Jia,l.laiO

II\11X Bb!COKOM y,l.leJibHOM aKTI1BHOCTbiO 11 IIp11rO,l.{Hb!X ,l.lJIH Me,l.li11.111HCKI1X l.leJieM. 

EbiJI IIp11o6peTeH Ollb!T B 06JiaCTI1 pa3JII1qHblX pa,l.li10XI1MI1qecKI1X pa3,l.leJieH11M, 

Haiip11Mep, IIp11MeHeHI1e 110H006MeHHblX 11 3KCTpaK1.1110HHb!X MeTO,l.lOB, H,l.lepHblX 

113MepeH11M, pa6oTbi B ycnoBI1HX ropHqeM: na6opaTop1111, qTo Heo6xo,l.li1MO ,l.lJIH 

o6pall\eHI1H c Bell\eCTBaMI1 BbiCOKOM pa,l.li10aKTI1BHOCTI1. Ha 6a3e peaKTopa 

HaqaJII1 IIpOBO,l.li1TbCH 11CCJie,l.{OBaHI1H IIO pa,l.ll1ai.II10HHOM XI1MI111, BO BpeMH KOTO

pb!X 11CIIOJib30BaJICH OIIbiT, HaKOIIJieHHb!M B XO,l.le 113yqeHI1H Bell\eCTB, IIOTeH-

1.111aJibHO IIp11rO,l.lHb!X ,l.{JIH IIp11MeHeHI1H B KaqeCTBe opraHI1qeCKI1X 3aMe,l.{JII1Te

JieM 11 TeiiJIOHOCI1TeJieM, IIp11 OIIpe,l.leJieHI111 113MeHeHI1M, B03HI1KaiOII\I1X IIO,l.l BJII1H

HI1eM pa,l.li10aKTI1BHOro 113JiyqeHI1H B opraHI1qecKI1X Bell\eCTBax 11 BO,l.le. Pe

aKTop o6ecrreqi1JI ycJIOBI1H 11 ,l.{JIH HaqaJia 11CCJie,l.lOBaHI1M rro XI1MI111 ropHq11X 

aTOMOB. HaKOIIJieHHbiM OIIbiT C ycrreXOM 11CIIOJib30BaJICH B XO,l.le IIOCJie,l.lyiO

II\I1X pa6oT IIO aKTI1Bai.II10HHOMY aHaJII13Y. 

IJycK peaKTOpa II03BOJII1JI, qTo6bi HeMTpOHHbiM aKTI1Bai.II10HHbiM aHaJII13 

6biJI BHe,l.lpeH B TeXHI1qecKyiO 11 HayqHyiO lKI13Hb BeHrp1111 B KaqecTBe O,l.{HOrO 

113 Hai160Jiee COBpeMeHHblX 11 3~~eKTI1BHb!X ~11311KO-XI1MI1qecKI1X MeTO,l.lOB, 

KOTOpblM B TeqeHI1e IIOCJie,l.{HI1X 15 JieT 11rpaeT IIOCTOHHHO B03paCTaiOII\YIO pOJib 

KaK B HayqHbiX 11CCJie,l.{OBaHI1HX 1 TaK 11 B pemeHI111 MHOlKeCTBa rrpaKT11qeCKI1X 

IIp06JieM B IIpOMblillJieHHOCTI1. 3TOT MeTO,l.l, 11CIIOJ!b3YIOII\11M MOII\Hb!M IIOTOK 

HeHTpOHOB peaKTOpa, OTJII1qaeTCH Bb!COKOM qyBCTBI1TeJibHOCTbiO 11, B OT,l.leJib

HbiX CJiyqaHX, 6b!CTpOTOM. 

Bo3HI1KJia Heo6xo,l.li1MOCTb rrpoBe,l.leH11H cJie,l.lyiOII\11X 11CcJie,l.lOBaHI1i1: 

1) 0rrpe,l.leJieHI1e CJie,l.lOB IIp11Mecei1 B IIOJiyiipOBO,l.lHI1KOBbiX MaTep11aJiaX 

(KpeMHI1M, repMaH11M, apceHI1,l.l raJIJI11H), eM. Ta6n. I; BbiiiOJIHeHI1e cep11MHbiX 

aHaJII130B (HeCKOJibKO COT orrpe,l.leJieHI1M B rO,l.l) B COOTBeTCTBI111 C HYJK,l.laMI1 

IIpOMblillJieHHOCTI1 11 HayqHo-11CCJie,l.lOBaTeJibCKI1X 11HCTI1TyTOB. 

2) Orrpe,l.leJieHI1e cJie,l.lOB rrp11MeceM: B qi1CTbiX MeTannax (Me,l.lh, aJIIOM11HI1i1, 

H11KeJib, BOJib~paM 11 T. ,!{.), CM • Ta6JI. I ; pa3pa60TKa MeTO,l.lOB, IIp11rO,l.{Hb!X 

TaKJKe 11 ,l.lJIH cep11i1Horo aHaJII13a • 

3) Orrpe,l.leJieHI1e rrp11MeceM: B pa3JII1qHbiX XI1MI1qecKI1X rrpo,l.lyKTax (He~Te

rrpo,l.lyKThi, Me,l.li1KaMeHTbi, Bb!COKOqi1CTbie XI1MI1qeCKI1e peaKT11Bbl 11 T. ,!{.). 

4) AHaJII13 6110JIOrl1qecKI1X 11 Me,l.{I11.111HCKI1X o6pa31.10B B COOTBeTCTBI111 C 

HYJK,l.laMI1 ceJibCKOrO X03HMCTBa 11 Me,l.li11.111HCKOM HayKI1. 

5) 0rrpe,l.leJieHI1e OCHOBHblX 11 M11Kp03JieMeHTOB IIOpO,l.l 11 py,l.l, IIp11HI1MaH 

BO BHI1MaHI1e 3aiip0Cbl ropHopy,l.lHOM IIpOMblillJieHHOCTI1 11 reOXI1MI1qeCK11X 11C

CJie,l.lOBaHI1M. 
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TAEJIHUA I. ITPAKTHY:ECKOE ITPHMEHEHHE AKTHBAUHOHHOrO 

AHAJIH3A B BEHrPHH 

Hccne~yeMoe sei.J..tecTso 

KpeMHHii 

repMaHiiH 

ApceHH.ll rannlill 

Cynh<!>H.ll QHHKa 

HHKenb 

AniOMHHHH 

liH,!IIiH 

OKI<Cb liTp!ill 

0KHCb ypaHa 

0K!iCb (H!iTpaT) TOplill 

H~<TpaT QlipKOHiill 

Onpe.r:tenHeMLie 3neMeHTLI 

Cu, As, Sb, Na, Au, P, La, Ge, Ga 

Cu, Au, Mo, W, Sb, As, Cl 

Cu, Hg, Cd, Zn, Co, Au, Se, Te, Mn, Ni, Fe, Ge 

Cl, Mn, Cu, Sr, Al, Na 

Cu, As, Sb, B1, Zn, Mg, Al, Mn 

Al, K, Na, Si, Re, Ni, Cu, As, In, Ga, C, Se 

0, Ag, Sb, Sn, Se, Mn, As, P, V 

0, Cu, Co, Mn, Ni, Fe, Se, Ag, Au, Cd, U, W, Zn 
Os, Ba, Pt 

Cu, Zn, Mn, Co, Fe, Cd, Ag, Hg 

Cu, Zn, Au, As, Sb 

La, Eu, Dy, Tb, Ce, Nd, Gd, V, Ca, Mn, Cu,Co, Fe, Ni 

Cu, Ag, Cd, Mo, Cr, Co, N1, Mn, Fe, P, Au 

Cd, Cu, Mn, Cr, Zn, Co 

Cd, Mn, Cu, Co, Cr, Zn 
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B Kal!eCTBe liJIJIJOCTpal.llili rrpliBO,llliM ,n;Ba KOHKpeTHbiX rrp!iMepa. B Hac

TOHII\ee BpeMH rrp!i MeTannypr!il!eCKiiX npo1..1eccax rronyl!eHHH cTaJIIi li3MeHe

Hiie KOJIIil!eCTBa KliCJIOpO,lla B paCITJiaBaX B XO,lle 11pO!i3BO,llCTBa liMeeT pelllaro-

11\ee 3Hal!eHiie, 110CKOJibKY KaK ,lleKap60Hii3al.lliH, TaK li y,n;aJieHiie OT,lleJibHb!X 

HeJKeJiaTeJibHb!X 11p!iMeCeH 11pO!iCXO,llliT C 110MOII\b!O KliCJIOpO,lla. IJo3TOMY npo

l.leCCOM 11pO!i3BO,llCTBa MOJKHO yrrpaBJIHTb nyTeM peryJI!ipOBaHiiH KOJI!il!eCTBa 

KHcnopo,lla. B Hal!ane 1968 ro,lla c noMOII\b!O Harnero MeTo,lla Hal!aJIIi orrpe,lle

JIHTb CO,lleplKaHHe KliCJIOpO,lla BO B3HTb!X li3 paCITJiaBa o6pa3UaX CTaJIIi. .lJ:JIH 

npOBe,lleHiiH aHaJIIi30B Mbl H3rOTOBiiJIH KOMITJieKTHYIO aBTOMaTiil!eCKYIO Jia6o

paTOpH!O: HeHTpOHHb!H reHepaTOp, 11HeBMOI10l!Ta, aHaJIH3aTOp (pHC .1); op

raHH30BaJIH Kypc ,llJIH 12 COTpy,llHiiKOB Cl1el..lliaJibHOH Jia6opaTOpH!i, C03,llaHHOH 

Ha .lJ:yHaHCKOM MeTaJIJiypr!il!eCKOM KOM6HHaTe. Enaro,llapH 11pHMeHeHHIO ,n;aH

HOrO MeTO,lla B npO!i3BO,llCTBe YCI10KOeHHb!X CTaJieH 6biJI 110Jiyl!eH Tpexrrpo

l.leHTHb!H 11pHpOCT 11pO,llYK1..1HH. 

B pe3yJibTaTe 6b!JI He TOJibKO ,llOCTHrHyT 3Hal!HTeJibHb!H 3KOHOMHl!eCKiiH 

3<P<PeKT, - KOTOpb!H, ecTeCTBeHHO, 110JIOJKiiTeJibHO BJIHHeT Ha pa3BHT!ie ueHT

pa H,llepHblX liCCJie,llOBaHHH, - HO TaKJKe B03pOC TeXHHl!eCKHH ypOBeHb B OT

,n;eJibHb!X 06JiaCTHX. TaK, HanpHMep, pa3pa6oTaHHb!H H BHe,n;peHHb!H HaMH 

CI10C06 ,ll03Hp0BKH BOCCTaHOBHTeJIH,OCHOBaHHb!H Ha aHaJIH3e KHCJIOpO,lla, liMeJI 

60JiblliOe X03HHCTBeHHOe 3Hal!eHHe. 0CBOeHiie 3TOrO COBpeMeHHOro cnoco6a 

,ll031ip0BKH HBiiJIOCb BalKHb!M rnaroM B pa3BiiTiili 11pO!i3BO,llCTBa CTaJIH Ha Ha

Yl!HOH OCHOBe • 

B UH<PH c 1965 ro,n;a npOBO.llHTCH cepHHHbie aHaJIH3bi no orrpe,lleJieHHIO 

CJie,llOB 11p!iMeCeH B KpeMHiieBb!X MaTepHaJiax, CJiylKall\HX ,llJIH 11pOH3BO,llCTBa 

rronynpoBO,llHHKOB. Kal!ecTBo Bb!COKOl!HCToro KpeMHHH orrpe,n;enHeTcH ny

TeM aKTiiBai..IHOHHOrO aHaJIH3a. 3aHHTepeCOBaHHOe rrpe,n;rrpHHTHe Ha Oc

HOBaHHH 3TiiX pe3yJibTaTOB Bbi6HpaeT Te <PiipMbl, KOTOpble 110CTaBJIHIOT 
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IIE1J1 

CAEO II .liP· 

KllCJIOPO,ll +-·-·-·-·-·-·-·-·-·-·-, 

IIHEBMOII01JTA 
-------"' 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

---------- __ II. 

ll3MEPilTEJibHAfl 
ClfCTEMA ,....----, 

i 
i 

HEiiiTPOHHbliil 
rEHEPATOP 

r-----t--;...._---1----O·...J 
B~A1JA PE3YJI1TATOB 

PHC . 1 . Y CT8HOBK8 ,ZJ;nSI 8H8JIH38 KHCJIOpO,ZJ;a B CTaJIH. 

y~OBJieTBOpHTeJibHbiH ITO KaqecTBY KpeMHHH. EJiaro~apS! HCKJIIoqeHHIO H3 

ripOH3BO~CTBa He~o6poKaqecTBeHHOrO CblpbS! 6biJIO ~OCTHrHyTO COKpa~eHHe 

6paKa, ~aiO~ee ro~OBYIO 3KOHOMHIO B pa3Mepe 10 MJIH. ,PopHHTOB. 

113 CKa3aHHoro cne~yeT, qTo B rrepHo~ rrocne rrycKa BeHrepcKoro Hccne

~oBaTeJibCKoro aTOMHoro peaKTopa HacTyriHJI rrporpecc B o6nacTH Hccne~o

BaHHH rro aKTHBai.\HOHHOMY aHaJIH3y. KaKHM 6bi 6oJibillHM HH 6biJI crrpoc Ha 

3TH HCCJie~OBaHHSI, CaM ITO ce6e OH He MOr 6bl 06'bSICHHTb 3TOT rrporpeCC. 

EcnH rrpocne~HTb 3a ~eHTeJibHOCTbiO Hccne~oBaTeJibCKoro QeHTpa H Ha

XO~SI~erOCSI B Herrocpe~CTBeHHOH 6JIH30CTH OT Hero aTOMHOrO peaKTOpa, TO 

MOlKHO YBH,lleTb TO riOJIOlKHTeJIMIOe BJIHSIHHe, KOTOpOe OHH OKa3b!BaiOT ~pyr 

Ha ~pyra. TaK, HarrpHMep, rrpoeKTHpoBaHHe H coopylKeHHe cnyJKa~ero Qe

JISIM HeiiTpOHHO-aKTHBai.\HOHHoro aHaJIH3a HeiiTpOHHOro reHepaTopa THrra HA-2 
B TeqeHHe ~eCSITHMecHqHoro cpOKa CTaJIO B03MOlKHblM JIHillb riOTOMy, qTo KOH

CTpyKTOpbl MOrJIH OriHpaTbCH Ha OribiT, riOJiyqeHHbiH B XO~e C03~aHHSI reHepa

TOpOB THrra Hr-200 ~JIH H3MepeHHH riO HeHTpOHHOH ,PH3HKe. TiapaMeTpbl re

HepaTopa THITa HA-2: ycKOpHIO~ee HaripS!lKeHHe - 120 KB, HOHHbiH TOK Ha 



A/CONF. 49/P/326 

MHmeHH - 1,0 MA, 3 T (d, n) 4 He - peaK~Hll ,11aromall HeiiTpOHl>I c Bl>IXO,liOM 

(1-5)•1010 HeHTp/ceK (8). 
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,Upyroii OCHOBHOH 1IpH60p ,liJill aKTHBa~HOHHOrO aHaJIH3a - MHOrOKaHaJII>

Hl>IH aMIIJIHTY.liHl>IH aHaJIH3aTOp - y.lKe HMeJICll B pacnopll.lKeHHH, IIOCKOJII:>Ky OH 

61:>IJI pa3pa6oTaH HeCKOJibKO JieT Ha3a,ll ,liJill HCCJie,liOBaHHH B 06JiaCTH ll,llepHOH 

(i)H3HKH. 

oi>HHaHCHpOBaHHe 

oi>HHaHCHpOBaHHe coopy.lKeHHll peaKTOpa H OCHOBHI>IX peaKTOpHl>IX HCCJie

,liOBaHHH, ecTeCTBeHHO, 6l>IJIO ocymeCTBJieHO 3a C'leT cpe,liCTB rocy,llapCTBeH

HOrO 6ro,ll.lKeTa. B IIepeXO,liHl>IH nepHO.ll, KOr,lla BeJiaCb pa3pa60TKa MeTO,liOB 

aKTHBa~HOHHOrO aHaJIH3a, HCCJie,liOBaHHH Ha peaKTOpe TaK.lKe (i)HHaHCHpOBa

JIHCb rocy,llapCTBOM. 3TOT 3Ta!I IIpO,liOJI.lKaJICll ,110 TeX IIOp, IIOKa HHCTHTYT He 

IIO,liHHJICll ,110 ypOBHH, 1103BOJIHIOillero eMy C rapaHTHeH H OTBeTCTBeHHOCTbiO 

Y.liOBJieTBOpHTb HY.lK.lll>l IIOCTOHHHl>IX 3aKa3'1HKOB. C 3TOrO BpeMeHH (i)HHaHCH

pOBaHHe o6ecne'IHBaeTcH 3a c'leT ,liOrOBOpHl>IX cornameHHH c 3aHHTepecoBaH

Hl>IMH !Ipe,li!IpHllTHllMH. 3Ta (i)opMa COTpy,liHH'IeCTBa llBJilleTCH Bl>IrO,liHOH ,liJill 

o6eHX CTOpOH, 3aKJIIO'IaiOillHX ,liO'rOBOp. 

PeaKTop Ey.llaiiemTCKoro TeXHH'IecKoro yHHBepcHTeTa 

B xo,11e pa6oT Ha peaKTope BBP-C Bl>IllCHHJIOCb, 'ITO BeHrepcKHe cne~Ha

JIHCTI:>I 1IpH06peJIH ,liOCTaTO'IHl>IH OIII:>IT ,liJill IIpOeKTHpOBaHHll aTOMHOrO peaK

TOpa MaJIOH MOillHOCTH H ero OCHameHHll 1IpH6opaMH ,liJill IIpOBe,lleHHH 3K

CIIepHMeHTOB, a BeHrepcKaH !IpOMl>IIDJieHHOCTb MO.lKeT H3rOTOBHTb 3Ha'IHTeJib

HYIO qacTb o6opy,11oBaHHll ,liJill TaKHX o6'l:>eKTOB. HMeHHO B 3TOT nepHO.ll oTe

qecTBeHHbie HCCJie,liOBaHHll Bl>I3BaJIH He06XO,liHMOCTb COOpy,liHTb MHOrO~eJie

BOH, yqe6Hl:>IH HCCJie,liOBaTeJibCKHH peaKTOp. 

Pa3BHTHe ll,llepHOH TeXHHKH, H,llepHOH 3JieKTpOHHKH, IIpHMeHeHHe H30TO

IIOB B BeHrpHH Tpe6yeT BCe 60JibiDe HOBI:>IX CIIe~HaJIHCTOB B 3TOH 06JiaCTH. 

PemHTb !Ip06JieMy IIO,llrOTOBKH Ka,llpOB Memano OTCYTCTBHe yqe6Horo, HCCJie

,liOBaTeJibCKOrO peaKTOpHOrO ~eHTpa, KOTOpl>IH o6eciie'IHBaJI 61:>1 COBpeMeHHl>Ie 

yCJIOBHll ,liJIH o6yqeHHll KaK B 06JiaC'TH (i)H3HKH, XHMHH H 6HOJIOrHH, TaK H B 

o6naCTH aTOMHOH 3HepreTHKH. TaKoii peaKTop, Hapll.liY c 3THM, o6ecne'IHBaJI 

61>1 B03MO.lKHOCTb HCIIOJib30BaTb Hay'IHl>!e Ka,llpl>I yHHBepCHTeTOB ,liJIH !IpOBe,lle

HHH HCCJie,liOBaTeJibCKOH pa60TI:>I B YIIOMllHYTl>IX 06JiaCTllX, IIOBl>!IDaH TeM ca

Ml>IM ee 3(i)(i)eKTHBHOCTb. 

Y'IHTl>IBall 3TH o6cTOHTeJibCTBa, 61:>IJIO Bl>IHeceHo pemeHHe o coopy.lKeHHH 

B KpyiiHeiimeM B CTpaHe Ey,llaiieiDTCKOM TeXHH'IeCKOM yHHBepCHTeTe yqe6HO

HCCJie,liOBaTeJibCKOro peaKTOpa (pHC. 2). IlycK peaKTOpa 6l:>IJI 1IpOH3Be,lleH 

BeCHOH 1971 r0,11a. 

IlpH !IpOeKTHpOBaHHH ,llaHHOrO peaKTOpa HCXO,liHJIH H3 CJie,llyiOillHX C006pa

.lKeHHH: 

- peaKTOp ,liOJI.lKeH Y.liOBJieTBOpHTb ne,llarorH'IeCKHe 3aiipOCI:>I ,11pyrHX By-

30B B 3TOH 06JiaCTH; 

- peaKTOp ,liOJI.lKeH o6eciie'IHTb B03MO.lKHOCTb IIpeiiO,llaBaTeJIHM, Hay'IHI:>IM 

COTPY.liHHKaM H CTy,lleHTaM CTapmHX KypCOB !IpOBO,liHTb HCCJie,liOBaTeJib

CKHe pa60TI:>I; 

Ha peaKTOpe H B IIpHMl>IKaiOillHX K HeMy Jia6opaTOpHllX CJie,llyeT o6ec

IIe'IHTb o6yqeHHe 6on~:>moro 'IHCJia cTy,lleHTOB, He pacnonararomHx npaK

TH'IeCKHMH 3HaHHHMH, HJIH pacnonararomHX HMH B He3Ha'IHTeJibHOH CTe

IIeHH; II03TOMY O,liHHM H3 Ba.lKHeHIDHX !Ipe,ll'l:>llBJieHHl>IX K npoeKTHpOBa

HHIO Tpe60BaHHH HBJIHJiaCb IIOBl>ImeHHall 6e30IIaCHOCTb H !IpOCTOTa. 
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PHc . 2. 3,llaHI!e yqe6Horo peaKTopa. 

0xJialK,l1aeMb!H BO,l10H, 11CIIOJih3YIO!l(11H B KatieCTBe roproqero o6orall(eHHb!H 

ypaH, peaKTOp B rrpe,l1eJiaX B03MOlKHOro ,l111a!Ia30Ha TeMrrepaTyp 11MeeT OTp11-

QaTeJibHbiH TeiiJIOBoi:f Koscp cp11QI1eHT. HcrroJih3yeMbre TB3Jibi nma EK -10 MOll<

HO !Ip11MeHHTb 11 B CJiyqae 60Jihllli1X Ha ,l1Ba !10p5!,11Ka MOli!HOCTei:f, 6e30IIaCHOCTb 

TaKI1X TBSJIOB 06Il(ei13BeCTHa. MaKCI1MaJihHa5! ,110IIYCTI1Ma5! pa60'!a5! MO!l(

HOCTb aTOMHOrO peaKTOpa COCTaBJIHeT 10 KBT, MaKCI1MaJibHb!H !IOTOK Te!IJIO

Bb!X Hei:fTpOHOB B QeHTpe aKTI1BHOH 30Hbl 11 KaHaJiaX paBeH B Cpe,l1HeM 

2,4·10 11 Hei1Tp/cM2 -ceK. 3arrac peaKT11BHOCTI1- 0,7 $. Pa3pe3 30Hbi peaK

Topa rroKa3aH Ha p11c. 3 • 

K peaKTOpy IIO,l1KJIIO'!eHO HeCKOJibKO KaHaJIOB, Tp11 1i3 KOTOpb!X IIHeBMaTH

qecKOH IIO'ITOH CB5!3aHbl C !IpliMb!KaiO!l(11MI1 Jia6opaTOp115!Mii. ,llBe ropH'IIie Ka

Mepbl !103BOJI5IIOT o6pa6aTbiBaTb IIOJiytieHHb!e li30TO!Ibl. C peaKTOpOM COe,l1H

HeHO 5 rOp1130HTaJibHb!X KaHaJIOB, B TOM '!11CJie 4 pa,l1HaJibHb!X 11 1 TaHreH

Q11aJihHblH. B peaKTOpHOM 6JIOKe liMeeTCH 60JibiiiOH TyHHeJih, KOTOpb!H rrpe

,l10CTaBJI5IeT B03M0lKHOCTh, Ha!Ip11Mep, ,11JI5! 113MepeHHH, CB5!3aHHb!X C 61iOJIOrH

qeCKOH 3all(HTOH, ,l1JI5! 06JiytieHii5! 06'beKTOB 60JiblllliX pa3MepOB 1i T .,11. 

C aTOMHb!M peaKTOpOM CB5!3aH p5!,11, TaK Ha3biBaeMbiX, IIpHKaHaJihHb!X 

pa,l1HOXHMHtieCKHX Jia6opaTopHi1 11 H3MepHTeJibHbiH QeHTp. KalK,l1aH Jia6opa

TOp11H liMeeT Ka6eJibHYIO CBIDb C li3MepHTeJibHbiM QeHTpOM. 

,llaHHb!H peaKTOp liC!IOJih3yeTC5! ,11JI5! yqe6Hb!X 1i liCCJie,l10BaTeJihCKiiX Qe

Jiei:f, B rrepByro oqepe,11b Ey,11arreiiiTCKI1M TeXHI1'IeCKHM yHHBepcHTeToM 11 cpa

KYJihTeTaMH ecTeCTBeHHb!X HayK. 0 CBOei:f 3aliHTepeCOBaHHOCTii !IpOBO,l11iTb 



A/ CONF. 49/ pI 326 

I'PM>llT C KAHAJIOM 

TBSJThl 

D rPA~llT 

6 B03)J,YX 

BOllA 

(f) PErYJIKPYIDmHA CTEPIEH~ 

8 2llCT01Jiil'IK 

Qg llHEBM.OllO'ITA 

[] SKCIIEPHMEHTAJ!l>Hb!R KAIIAJI 

PHc .3. AKTHBHaH 30Ha yqe6Horo peaKTopa. 
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Ha HeM HCCJie)lOBaHJUI 3a.SBHJIH TaKJKe Me)IHI..IHHCKHe H arpapHl>Ie YHHBepCHTe

Tl>I CTpaHl>l. He TIO)IJieJKHT COMHeHHI01 "'TO aTOMHl>IH peaK TOp B 3Ha"'HTeJil>HOH 

Mepe TIOBl>ICHT ypoBeHl> yqe6HO-HCCJie)IOBaTeJil>CKOH pa6oTl>I Ha C00TBeTCTByro

I11HX Ka<Pe.z~pax Ha3BaHHl>IX YHHBepcHTeTOB. 

CorJiaCHO Ha!llHM TIJiaHaM, peaKTOp B nepByro oqepe.lll> )IOJIJKeH HCTIOJib30-

BaTbC.S )IJI.S o6y"'eHH.S cneQHaJIHCTOB. TipH ero HCTIOJib30BaHHH B yqe6HOH .z~e.s

TeJibHOCTH YHHBepCHTeTOB CJie)lyeT npe.z~ycMaTpHBaTb: 

a) BKJiro"'eHHe Ha 3aHHTepecoBaHHl>IX <PaKyJibTeTax B MaTepHaJI cyll.lecT

Byroll.IHX KypcoB HeCKOJil>KHX H3MepHTeJil>Hl>IX 3a.z~aq; 3a)laHHe no o6'beMy H3-

MepeHHH .IIOJIJKHO 6l>ITb He60JiblllHM, HO 3aTparHBaTb IllHpOKHH Kpyr CTy.lleH

TOB. 

6) TipoBe)leHHe CTieQHaJibHl>IX KypCOB 1 OXBaTl>IBaiOII.IHX Y3KHH Kpyr CTy)leH

TOB ( 6-12 qeJIOBeK) 1 HO C paC!llHpeHHOH H3MepHTeJil>HOH TeMaTHKOH. 

B) l1H.liHBH.liYaJibHl>Ie 3aH.STH.S CO CTy.lleHTaMH; QeJiecoo6pa3HO 1 "'T06l>I 3Ta 

yqe6Ha.S <PopMa COCTaBJI.SJia qaCTb HCCJie)IOBaTeJil>CKOH .lle.STeJil>HOCTH. 
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CAEO H llP· 

PHc .4. CxeMa B03nelicTBHSI HccnenoBaTenE>cKoro peaKTopa Ha npOMbimneHHOCTE>, HayKy H 
npenonasaHHe. 

IJ OMHMO 3TOrO 1 pa60Ta Ha peaKTOpe ,li;OJilKHa 6b!Tb BKJIIO'ieHa B cnel..IHaJib

HYIO CHCTeMy nOBbiilleHHSi KBaJIH!l>HKal..IHH HHlKeHepoB H ,D;pyrHX JIHI..I C Bb!CillHM 

o6pa3oBaHHeM • 

M3 CKa3aHHoro cne.nyeT, 'iTO C03,D;aHHIO cnel..IHaJibHbiX KypcoB npH.naeTcsr 

BeCbMa 60JibllOe 3Ha'ieHHe. XoTsr 3TH KypCbl SiBJISi!OTCSi COCTaBHOH 'iaCTbiO 

yqe6HOH nporpaMMbl OT,D;eJibHb!X !l>aKyJibTeTOB 1 OHH OpraHH3yiOTCSi no TeMaM, 

IJpH OpraHH3al..IHH TOrO HJIH HHOrO Kypca npHHHMaiOTCSi BO BHHMaHHe 1 B nepByiO 

oqepe.nh, HYlK.llbi onpe.neneHHoro !l>aKyJibTeTa, o.nHaKo npe.nocTaBJisreTcsr B03-

MOlKHOCTb OKOH'iHTb ero TaKlKe H CTy,D;eHTaM .npyrHX !l>aKyJibTeTOB. B HaCTosr

~ee BpeMsr nnaHHpyiOTcsr cne.nyro~He Kypcbl: peaKTOpHasr !l>H3HKa, peaKTopHasr 

TeXHHKa, aKTHBal..IHOHHb!H aHaJIH3 1 sr,D;epHasr H3MepHTeJibHasr TeXHHKa, ,D;03HMeT

pHsr. 

Xopomeii HJIJIIOCTpal..IHeii cKa3aHHoro srBJisreTcsr cne.nyro~ee: Kypc no peaK

TOpHOH il>H3HKe 06'l>SiBJieH B nepByiO oqepe,D;b ,li;JISi TenJIOTeXHHKOB H BO BTO-

pyro - ,D;JISi 3HepreTHKOB H cnel..IHaJIHCTOB no 3JieKTpOHHKe 1 HO B nopsr,D;Ke HCKJIIO

'ieHHSi ero MoryT H3y'iaTb TaKlKe CTy,D;eHTbi-!l>H3HKH. 3TO 03Ha'iaeT, 'iTO, HC

XO,li;Si H3 yqe6Horo MaTepHaJia TenJI03HepreTH'iecKoro ~PaKyJibTeTa (neKI..IHH no 
aTOMHOH TeXHHKe 1 npaKTHKa B H30TOnHOH Jia6opaTOpHH) 1 nporpaMMa COOTBeT

CTByeT ero Tpe6oBaHHsrM. 3annaHHpoBaHHasr nporpaMMa 3Toro Kypca: .no-

3HMeTpH'iecKasr npaKTHKa, H3MepeHHe HeHTpOHHOrO noTOKa, H3MepeHHe peaK

THBHOCTH, npaKTHKa Ha MO,D;eJie peaKTOpa, CHSiTHe xapaKTepHCTHK CTeplKHeH 

ynpaBJieHHsr, KaJIH6pOBKa CTeplKHeH 3a~HTbl 1 npaKTHKa no ynpaBJieHHIO peaK

TOpOM, H3MepeHHe K03!l>il>HI..1HeHTOB MO~HOCTH H TeMnepaTypbl 1 onpe,D;eJieHHe 



A/CONF. 49/P/ 326 539 

pa.n;HoaKTHBHOCTH oxna.lK.n;aromeii BO.n;:bl. TaKaS! npaKTHKa, .n;ononHeHHaH Be.n;y

IUHMCH Ha IPaKyJibTeTe TeopeTH'·IeCKHM o6y'leHHeM, o6ecne'IHBaeT OCHOBY IJO.D;

roTOBKH IJO peaKTOpHOH TeXHHKe. 

KoHCTPYKI.IHH aTOMHoro peaKTOpa, a TaK.lKe npHMbiKaiOIUHe K HeMy na6o
paTopHH H HX o6opy.n;oBaHHe o6ecne'IHBaiOT oco6eHHO 6naronpHHTHJ>Ie ycno
BHH .D;JISI IIpoBe.n;eHHSI o6y'leHHSI H HCCJie.D;OBaTeJibCKOH pa60Tbl IJO 8KTHBai.IHOH

HOMY aHaJIH3Y. CHcTeMa IIHeBMaTH'IeCKOH IIO'ITI>I o6ecne'IHBaeT B03MO.lKHOCTb 

.D;JISI 6biCTpOH TpaHCIIOpTHpOBKH o6pa31.10B Me.lK.n;y peaKTOpOM H HaXO.D;SIIUHMCSI 

B na6opaTopHH H3MepHTeJibHbiM l.leHTpoM. CoBpeMeHHJ>Ie nonynpoBO.D;HHKO

BI>re .n;eTeKTOpbi, MHOrOKaHaJibHbie aHaJIH3aTOpbl H 3JieKTpOHHble Bbl'IHCJIHTeJib

Hble MaiUHHbl o6eciJe'IHBaiOT IIpOBe.n;eHHe Ha.n;e.lKHbiX H 6biCTpblX H3MepeHHH • 

.ll:o HaCTOSIIUero BpeMeHH YHHBepCHTeTCKHe KaiPe.n;pbl y.n;OBJieTBOpSIJIH IIOTpe6-

HOCTH TaKoro po.n;a (coKpamaH HX .D;O MHHHMyMa) B UeHTpaJibHOM HHCTHTyTe 

lPH3H'IeCKHX HCCJie.D;OBaHHH. 3TO 06CTOS!TeJibCTBO BeCbMa cy.lKaJIO HX B03-

MO.lKHOCTH: C O.D;HOH CTOpOHbi, H3-3a 60JibiDOH Harpy3KH peaKTOpa HHCTHTy

Ta H, C .n;pyroH CTOpOHbi, H3-3a 6onbmoro paCCTOSIHHSI Me.lK.n;y YHHBepCHTeTa

MH H HHCTHTYTOM. Co3.n;aHHbiH yqe6HO-HCCJie.n;oBaTeJibCKHH peaKTOp II03BO

JIS!eT pacmHpHTb .n;aHHYIO .n;eHTeJibHOCTb Ka~Pe.n;p. 

B 3aKJIIO'IeHHe IIpHBO.D;HM cxeMy (pHC. 4), BeCbM8 ynpoiUeHHO OTpa.lKaiO

IUYIO BJIHSIHHe, KOTOpoe OKa3biB8!0T IIpOBO.D;HMble H8 peaK Tope HCCJie.D;OB8HHSI 

Ha IIpOMbiiDJieHHOCTb H IJO.D;rOTOBKY Ka.n;pOB. CxeMa He OTpa.lKaeT pOJIH SI.D;ep

HOH 3JieKTpOHHKHj paCCMOTpeHHe 3TOrO BOIJpoca IJOTpe6oBaJIO 61>1 CIIei.IHaJib

HOro .n;oKna.n;a • 

(1] 

[2) 

[3) 
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THE DEVELOPMENT OF NUCLEAR ENERGY AND THE ROLE OF CNEN, 
CNEN, the Italian Commission for Nuclear Energy, has outlined its programs on Italy's economical and 

industrial potential, as well as all the technological aspects involved. Effort and research have been concentrated 
on a few special programs which could find the widest common interest both for industry and for ENEL, the 
Italian Electricity Generating Board, In the development of power reactors CNEN Judged that it was convenient 
to concentrate on only one line of reactors in the field of advanced converters and to pursue a long-term 
program on fast breeders. ln collaboration with ENEL, C!SE and Italian industries, CNEN is constructing the 
Cirene - a 40-MW(e) pressure-tube heavy-water-moderated reactor prototype cooled by light water in a two
phase water-steam mixture. CNEN's fast reactor program is now finalized in the construction of PEG (a fuel 
element testing reactor) with 140 MW(th) maximum power and of an experimental plant of sodium cooling 
circuits. CNEN is collaborating with FIAT and others in the construction of the "Enrico Fermi", an 18 000-ton 
nuclear ship powered by an 80-MW(th) PWR. CNEN and the maJor Italian industries are developing a single
purpose reactor, called ROV!, for desalination, The activities developed in the entire fuel cycle field 
should provide, in a more or less early stage, national alternatives to foreign solutions. EN!, the 
Italian State-owned industrial group, is active in mineral research in collaboration with CNEN, CNEN 
and Italian industries have accumulated satisfactory know-how in fuel fabrication. CNEN is running 
two reprocessing pilot plants, A full-size industrial reprocessing plant will be constructed in the near 
future by CNEN, and Italian industry is carrying out research and development in uranium enrichment, 

LE DEVELOPPEMENT DE L'ENERGIE NUCLEAIRE ET LE ROLE DU CNEN. 
Le CNEN, Co mite national italien pour l'energie nucleaire, a tenu compte, dans l'etablissement de ses 

programmes, du potentiel economique et industriel de l'Italie, ainsi que de taus les aspects techniques 
interesses. Ses efforts et ses recherches se sent concentres sur quelques programmes particullers susceptibles 
d'interesser au max1mum ala folS les industries et l'ENEL, l'Organisme italien de production d'etectricite, 
Dans le domaine du developpement des reacteurs de puissance, le CNEN a estime qu'il etait de son interi!t 
de concentrer ses efforts sur une seule filiere de reacteurs dans le secteur des convertisseurs avances et de 
poursuivre un programme along terme dans le secteur des surgenerateurs rapides, Le CNEN, en collaboration 
avec l'ENEL, le CISE et les industries italiennes, construit actuellement le reacteur C!RENE, reacteur prototype 
de 40 MW(e), a tubes de pression, ralenti par l'eau lourde et refroidi par l'eau Iegere en condition de 
changement de phase. Le programme de reacteurs rapides s'est concretise par Ia construction du PEG, reacteur 
d'essai pour elements combustibles de 140 MW(th), et d'une installation d'essai pour les circuits 
de refroidissement au sodium, Le CNEN colla bore, entre autres avec Ia FIAT, a la construction de 
!'Enrico Fermi, navire nucleaire de 18000 tonnes dote d'un reacteur a eau sous pression de 80 MW(th). 
Le CNEN et les plus importantes industries italiennes collaborent a Ia construction du reacteur ROVI, 
con~u pour le dessalement de l'eau de mer. Les activites developpees dans tout le secteur du cycle du 
combustible devraient permettre de rem placer, a plus ou mains breve echeance. les solutions etrangeres 
par des solutions nationales, L'ENI, Organisme national des hydrocarbures, poursuit, en collaboration avec 
le CNEN, des activites dans le domaine de Ia recherche miniere. Le CNEN et les industries italiennes ont 
acquis un know-how satisfaisant en matiere de fabrication des combustibles. Le CNEN exploite deux 
installations pilotes de retraitement; en outre, une installation de retraitement a l'echelle industrielle va i!tre 
prochainement construite par le CNEN et les industries italiennes. Enfin, le CNEN et les industries italiennes 
menent une activite de recherche et de cteveloppement dans le domaine de l'enrichissement de !'uranium. 

PA3BI1TI1E PAEOT ITO 5I.llEPHOH 3HEPrl111 11 POJib HAUHOHAJlbHOrO KOMHTETA ITO 
5I.llEPHOH 3HEPrl111 11TAJII111. 

Hau;HOHaJlbHbiii KOMI·fTeT no H,ll;epHOJi 3HeprHH HTaJJHH pa3pa6aTbiBaeT CBOH nporpaMMbi, B 

KOTOpb!X paCCMaTpllsaeTCll 3KOHOMII'IeCKHH II npOMblllllletnlblH noTeH!jllall CTpaHbl, a TaKJKe see 
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542 SALVETTI 

CBH38HHbie C 3THM TeXHH'-IeCKHe acneKTM. YCHJIHH H HCClle.l(OB8HH51 COCpe.ztOTOtJeHLI H8 HeCKOJib

KHX cneQHanbHbiX nporpaMM8X1 KOTOpLie MOrJIH 6bl npe.llCT8BHTb HHTepec K8K .llJIH npOMLilliJieH

Hb!X <l>HpM, TaK H .!IJI>I HaQHOHaJibHoro 3HepreTH'IecKoro ynpaBJieHH>I 11TaJIHH. B o6nacTH paapa-
6oTKH 3HepreTH'ieCKHX peaKTOpOB HaQHOH8JlbHLiii KOMHTeT no H.ztepHOH 3HeprHH C"'HTaeT QeJie

coo6pa3HbiM CKOHLJ;eHTpHpOB8Th BHHM8tnte H8 O,llHOM THne pe8KTOpoB H3 ycoaep1lleHCTBOB8HH!.lX 

KOHaepTopoa H ocyll{ecTBJIHTb .nonrocpo"'HYIO nporpaMMy a o6nacTH peaKTopoa-pa3MHOJKHTeneH 
Ha 6:&ICTpbiX HeHTpoHax. B coTpy.n;HH1.JecTae c HauHoHaJibHLIM 3HepreTH'IeCKHM ynpaaJJeHHeM, 
MH.PopMal.\HOHHLIM UeHTpoM 3KcnepHMeHT8JihHLIX Hccne.noaamdi H HTBJihSIHCKoH npoMLilliJieHHoc

TbJO HaQHOHaJibHhiH KOMHTeT CTpOHT npOTOTHn T>IlKeJIOBO.!IHOro peaKTopa MOIIIHOCTbJO 40 MBT(3JI) 
C Tpy6aMH nO.ll ,llaBJieHHeM, OXJialK,llaeMbiH 06bi'IHOH BO,!IOH B BH,lle .!1Byxq,a30BOH napOBO.llliHOH CMe
CH. nporpaMM8 HaQHOHanbHOro KOMHTeTa no peaKTOpaM Ha 6biCTpbiX Hei1TpOH8X 3aBepmaeTCH 

B HacTO>IIIIee BpeM>I cTpOHTeJibCTBOM peaKTopa PEC MOIIIHOCTbJO 140 MBT(Tenn) .!IJI>I HCnLITaHH>I 
TB3nOB H 3KcnepHMeHT81IbHOi1 ycTaHOBKH C KOHTypaMH HaTpHeBOrO ox.naJKJJ;eHHH. HaQHOH81IhHhli1 

KOMHTeT no >I,llepHOH 3HeprHH COTpy.!IHH'IaeT C <l>HpMOH "4>J1AT" H .z~pyrHMH yqpelK,lleHHliMH B 'lac
TH CTpOHTeJibCTBa li,llepHOro TpaHCnOpT>IOrO cy,!IHa "3HpliKO <ltepMH" BO,!IOH3MellletllieM 18 000 T, 

c peaKTOpoM c so.noH no.n .naaneHHeM H MOilU·IOCThiO 80 MBT(Tenn). HauHoHaJihHbiH KOMHTeT H 

KpynHbie HTaJibliHCKHe npoMhilliJiemibie <l>HPMhi paapa6aTbiBaJOT O.!IHOQeJieBoli peaKTOp ROVI .!IJI>I 
onpecHeHHH BO,zthl. ,I{eHTeJihHOCTh B o6nacTH pa3pa60TKH TOOJIHBHhiX UHKJIOB .ZI;OJI]IUia paHO HJIH 

003.ZI;HO npHBeCTH K pellleHHIO BOflpOCOB Ha H8UHOH81IhHOi1: OCl-IOBe B npOTHBOBeC cyllleCTByiOllJ;I-iM 

HHOCTpatUiblM sapHaHTaM. rocy.napCTBeHHOe npOMblllllleHHOe o6'be,ZI;HHerme ENI B COTpy,ZHIHY.ec

TBe C HaUHOH8JihHbiM KOMHTeTOM npOHBJIHeT 8KTHBHOCTb B 06JiaCTH MHHepaJibHblX pecypCOB. 

HaUHOH81IbHhifi KOMHTeT no H.ztepHOH: ,3HeprHH H HT81IbHHCKHe npOMbllliJieHHble <flHpMbi H8KOOHJIH 

3H8Y.HTeJibHblfi OObiT B npOH3BO.ltCTBe TOOJIHBa. HaUHOH8JihHhifi KOMHTeT HCOOJih3yeT ,ZI;Be OOhiT

Hble ycTaHOBKH no nepepa6oTKe o6Jiy'letmoro TOnJIHBa. B 6JIHlKalimeM 6y.llyllleM nnaHHpyeTc>I 
flOCTpOHTb npOMhiWJiel-IHyiO yCTSHOBKY no nPpepa60TKe 06JiyY.eHHOrO TOnnHB8j npOMbllliJieHHbie 

<f!HpMbi se.n;yT HayY.Ho-Hccne,ZJ;oaaTen&cKHe H onbtTt-IO-KOHCTpyKTopcKHe pa6oThi no o6orarueHHIO 

ypaHa. 

EL DESARROLLO DE LA ENERG!A NUCLEAR Y EL PAPEL DEL CNEN. 
La Comision Italiana de Energfa Nuclear (CNEN) ha planeado sus programas considerando Ia potencia 

industrial y economica de Italia, asf como todos los aspectos tecnologicos implicados. El esfuerzo y las 
investigaciones se han concentrado en unos pocos programas especiales que pudiesen tener el mayor interes 
comun tanto para Ia industria como para el Organismo Italiano de Produccion de Electncidad (ENEL). Acerca 
del desarrollo de reactores de paten cia, CNEN JUZ go que era conveniente concentrarse solo en una familia 
de reactores en el campo de los convertidores avanzados y dedicarse a un programa a largo plaza en el de los 
reproductores rapidos. En colaboracion con ENEL, CISE y las industrias italianas, CNEN esta construyendo el 
Cirene, un prototipo de reactor, de 40 MW(e), de tubas de presion, moderado par agua pesada y refrigerado 
par agua ligera en una mezcla bitasica agua-vapor. Los objectivos actuales del programa de reactores rapidos 
de CNEN se centran en Ia construccion de PEC (un reactor de ensayo de elementos combustibles) de 140 MW(t) 
de potencia maxima y de una instalacion experimental de circuitos de refrigeracion par sodio. CNEN colabora, 
entre otros, con FIAT en Ia construccion del «Enrico Fermi», un barco nuclear de 18000 toneladas, 
movido par un reactor del tipo PWR de 80 MW(t). CNEN y las industrias italianas mas importantes 
estan desarrollando un reactor especializado para la desalaci6n, Hamada ROVI. Las actividades 
desplegadas en el campo del ciclo completo del combustible debieran proporcionar, en plaza 
mas o menos largo, altemativas nacionales a las soluciones extran]eras. El Organismo Nacional de Hidro
carburos (EN!), en co!aboracion con CNEN, se ocupa de !a investigaci6n miner a. CNEN y las indus trias 
italianas han acumulado una practica satisfactoria en Ia fabricaci6n de combustible. CNEN explota dos 
instalacwnes piloto de reelaboraci6n de combustibles. En un proximo futuro, CNEN construira una instalaci6n 
de tamafio industrial de reelaboracion, JUnto con Ia industria italiana, con Ia que tambien !leva a cabo trabajos 
de investigacion y desarrollo en el campo del enriquecimiento del urania. 

1. INTRODUCTION 

The Comitate Nazionale per l'Energia Nucleare - CNEN (National 
Committee on Nuclear Energy) was established in Italy in 1960 for the 
purpose of developing nuclear energy and its applications, and of con
tributing to the nation's scientific, technological, economic and social 
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progress. In the last decade, therefore, CNEN's efforts have been devoted 
on the one hand to the creation of infrastructures and to the training of 
scientific and technical personnel, and on the other to the framing and 
starting of research programs in the various areas connected with nuclear 
research and its applications, with the object of promoting and developing 
the Italian nuclear industry. 

CNEN's action is essentially based on technological development 
programs connected with the utilization of nuclear energy sources, in 
particular for power generation purposes, these programs being formulated 
in such a way that the results achieved can be usefully transferred to 
industry. 

The objectives laid down by national economic planning for the energy 
sector are: an increasing degree of self- sufficiency, the continuity and 
diversification of the energy supply, a low cost of raw materials, and 
therefore a decrease in power generation costs. Nuclear energy may 
contribute to the achievement of such aims, even on a short- and medium
term basis, considering that in the longer run it is bound to constitute the 
only way to the solution of the problem of energy, both from the economic 
standpoint and from that of the necessary expansion of primary energy 
sources. 

Unlike some other countries, whose financial resources permit a 
plurality of alternative lines of development, as well as a plurality of 
industrial projects, for a country with Italy's economic resources it is 
necessary on the one hand to operate through a limited number of programs 
selected in accordance with the main lines of international nuclear develop
ment, and on the other to concentrate efforts on programs which have an 
industrial interest, 

CNEN, in fixing its program objectives, follows the guidelines laid down 
by the Comitato Interministeriale della Programmazione Economica, CIPE 
(Interministerial Committee on Economic Planning). 

2. PROVEN REACTORS 

In the development of nuclear reactors and of the fuel-cycle services, 
the program choices were made with special reference to the current 
international situation. 

Regarding PWR reactors, which have already gained an established 
market position, follow-up research in Italy has been considered inadvisable. 
It is therefore to be expected that in the near future these proven water 
reactors will continue to be built largely under foreign licences. Neverthe
less, CIPE has set as an objective the future gradual disengagement from 
the licensing system. CNEN is thus already engaged in some activities 
connected with water reactors, as regards both design techniques and fuel
element fabrication technologies, and in support activity for the development 
of the nuclear propulsion system for the ship Enrico Fermi, which will be 
discussed further on in this report. 

3, CONVERTER REACTORS 

CNEN, and therefore the Italian nuclear industry, is able to assume a 
more determinant role in the sector of advanced converters and fast reactors. 
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With respect to these two generations of reactors, no country is yet so far 
advanced as to be able to monopolize the field, nor can we expect an immedi
ate commercial introduction of these two reactor generations, which could 
dictate the choice of the various reactor designs now. 

Between the two possible types of advanced reactors now being developed 
on an international scale (heavy-water reactors and high-temperature gas 
reactors), we have recognized in Italy the soundness of the concept of the 
heavy-water-moderated, light-water- and steam- cooled reactors ( CIRENE) [ l]. 
This decision was made because of the advantages accruing from a possible 
broader diversification of the supply sources of natural uranium, which is 
much more easily obtainable, since such reactors use natural uranium 
directly, and since they produce about twice as much energy as the proven
type plants equipped with light-water reactors. 

The supply of plutonium, in effect, could prove a decisive factor for 
the presence of fast reactors on the market. 

The Cirene Program is based on the construction, already approved, 
of a prototype producing about 40 MW(e), the development of which con
stitutes a joint venture by CNEN and ENEL (National Electric Power Agency), 
with the active participation of CISE, under which the program originated. 
Design work on this reactor is being done by a joint CNEN-ENEL team, 
with the participation of an industry of the IRI Group, "Progettazioni 
Meccaniche Nucleari", while the reactor system will be built by "Ansaldo 
Meccanico Nucleare", also of the IRI Group. The reactor is scheduled to go 
into operation by 1974-75. The decision to continue with the development 
of this reactor design after the completion of the prototype will depend not 
only on the results and the prospects opening up, but also on the degree of 
development achieved in the meantime by proven reactors and fast reactors. 

4. FAST REACTORS 

The objective of independence of nuclear fuel supply sources will be 
fully achieved at the time when it will prove possible to meet the new demand 
for nuclear power with a self-supporting system of fast reactors, ensuring 
the full utilization of natural uranium for the generation of power. The 
highly interesting features of these reactors have induced Italy, like all the 
more industrialized countries, to devote great efforts to their development. 
CNEN has set itself the task of acquiring in Italy the necessary knowledge 
to enable fast reactor nuclear power plants to be designed and built within 
the country. 

In selecting the lines to be followed for the development of a program in 
this sector, allowance was made for the fact that the feasibility and economic 
profitability of fast reactors is heavily dependent on certain essential 
elements, such as the fuel element and the steam generator. 

With these points in mind, it was decided to base the Italian program 
on the development of (a) a fuel element capable of achieving high burnup 
rates, (b) sodium loops, and (c) the steam generator and intermed1ate 
exchanger. It was also decided to build the PEC reactor, a facility capable 
of testing fuel elements under predictable operating cond1tions [2]. PEC, 
which is due to go into operation by 1975, is a liquid-sodium-cooled fast 
reactor, developing an initial operating power of 80 MW(th) and a final peak 
power of 140 MW(th). The core is divided into two zones, the experimental 
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zone and the normal operation zone. The reactor will be able to operate m 
both the stationary and transient modes and its design will allow one to test 
the melting, for research purposes, of some fuel rods in the test section. 
The PEC reactor, for the construction of which an industrial Consortium 
was specially established by SNAM PROGETTI (EN!) and Societa Italiana 
Impianti (IRI), represents Italy's first industrial experience with the 
development of a prototype fast reactor in addition to constituting an essential 
facility for the development of the fuel element. 

CNEN's Fast Reactor Program is also concerned with the building of 
a 1-MW sodium loop for research and steam generators and with the 
construction of an experimental area for a sodium-water test. 

For the future development of fast reactors, it seems appropriate to 
consider first the possibility of cooperation with Euratom and with third 
countries. 

In this connection, CNEN hopes that the international situation will evolve 
towards an extensive European cooperation, for example through a joint 
program for the development of a large demonstration reactor. In any event, 
with a view to enabling Italian industry to play a role in such a cooperative 
effort, it was deemed essential to achieve in the meantime the highest 
degree of independent national development, although followmg a few well
defined lines (core design, fuel element, sodium components, safety 
problems, etc.}, up to the deadline for a decision on the construction of a 
demonstration plant. If at this point the hoped-for broader-based cooperation 
agreements have not been reached, there should be room for cooperation at 
least on a bilateral basis. Following the lines indicated above, Italy will 
in any case be able to offer to a prospective partner independent experience 
and her own stock of know-how and patents. 

5. SHIP PROPULSION 

In the last few years the nuclear propulsion of merchant vessels has 
undergone a considerable evolution, although not one comparable to that of 
nuclear power plants. 

This is also of major interest for all countries like Italy that possess 
an advanced shipbuilding industry, because of the possible future implications 
of nuclear technological development on the economics of this sector. Future 
prospects are generally regarded as favourable, even though the experts 
disagree on how soon nuclear ship propulsion will become competitive with 
conventional propulsion systems. 

In view of these facts, in the last few years CNEN has promoted 
several meetings among the leading Italian experts from different sectors 
of the economy to assess the advisability of undertaking a concrete program, 
to determine the real extent of individual interests and to throw light on the 
varwus problems and difficulties involved in such a program. These 
meetings have confirmed the existence of a general interest in nuclear 
applications in the marine sector and the desirability of moving beyond the 
research stage into a construction project. It was thus decided to concen
trate the studies on a ship powered with a PWR reactor; the program also 
calls for the construction of the service station, the carrying out of a number 
of supporting research and development activities, and the training of the 
crew needed for the experimental operation of the ship. 
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The 18 000-ton ship will be named Enrico Fermi and will be powered 
with an 80-MW(th) PWR achieving a top speed of 20 knots [3). The Fiat Co. 
will be responsible for designing and building the nuclear reactor and 90o/o 
of the nuclear plant components will be Italian-built. CNEN will be primarily 
responsible for the technical and scientific aspects of the program, including 
the development of the fuel; to this end CNEN has developed at its Casaccia 
Center the "critical experiment" for research on the core of the Enrico 
Fermi reactor. 

6. DESALINATION 

For some time, a number of countries have been working systematically 
on the problem of sea-water desalting by nuclear processes. The resources 
invested by the technologically more advanced countries reflect the enormous 
importance being attached to the water supply problem. In relatively recent 
times, studies and research have been applied to the designing of plants 
capable of simultaneously producing electric power and fresh water. Recent 
studies, however, have shown the limitations of such dual-purpose plants, 
whose economics are strictly dependent on problems of scale. The conditions 
prevailing in the majority of the countries located in arid and semi-arid 
regions indicate a demand for a plant designed for fresh-water production 
only; this is the underlying concept of the Italian desalination program 
named ROVI [ 4]. 

The ROVI program calls for the construction of a distillation desalination 
plant powered by a nuclear reactor, ROVI, organic cooled and moderated, 
developing 200 MW(th), which can produce some 100 000 m 3 of water (approx. 
26. 4 million gal (US)) per day. 

CNEN, after conducting studies and research on the reactor concept, 
promoted the establishment of an industrial consortium comprising the 
leading Italian companies (Breda, Fiat, Montecatini Edison, Snam Progetti, 
Snia Viscosa, Societa Italiana Impianti, Sorin), for the purpose of designing 
and developing the plant, so that it can ultimately be offered on the national 
and international market. ROVI, which is designed to fit into a plant so 
simple and safe as to require a limited investment for its construction, 
effectively meets the economic requirements of the developing countries 
for which this project is primarily intended; it also represents a potential 
contribution to plans for the industrialization of southern Italy, where the 
age-old shortage of fresh water is now, as never before, a major bottle
neck to growth. 

7. THE FUEL CYCLE 

The economy of nuclear energy is linked in particular to improvements 
in the fuel cycle. CNEN, therefore, in addition to its reactor development 
programs, has made great efforts to obtain knowledge on all the various 
aspects of the fuel cycle, aiming at building a strong base for future advances. 
CNEN's program calls for work in the fields of natural uranium supply, fuel 
fabrication, uranium enrichment and fuel reprocessing. 

As regards the supply of natural uranium, CNEN is conducting a 
prospecting program in Italy, with a view to preparing an inventory of 
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uranium ore resources. It also cooperates with ENI in the programs in 
many foreign countries which this Agency is conducting in prospecting for 
and working uranium ore deposits. The problem of natural uranium, apart 
from the domestic exploration efforts, is for Italy essentially a problem of 
procurement abroad. It may be ensured through long-term contracts with 
foreign suppliers and/ or through prospecting programs in foreign countries. 

In the last few years in the sector of fuel-element fabrication [ 5] Italy 
has acquired, through the efforts of CNEN and industry, a satisfactory stock 
of knowledge and know-how on the problems of design and fabrication of 
metal rod elements for gas reactors and ceramic rod elements for water 
reactors. 

Italy is now in a position not only to fabricate fuel elements under licence 
but also to introduce new fabrication processes using novel and original 
methods such as the sol- gel process developed through Italian research. 

The present programs are directed towards the acquisition of fuel
design know-how that would constitute a national and more economical 
alternative to the purchasing of foreign licences, ultimately leading to an 
industrial policy in the fuel area based on a rational concentration of 
production activities. 

This program for the development of an independent know-how plays a 
major role in CNEN's Plutonium Program [ 6], whose main objective is to 
acquire ih the shortest possible time the knowledge required for the develop
ment of a plutonium fuel element. To this end, CNEN has developed the 
chemical, metallurgical and fabrication techniques for the production of fuel 
elements containing mixed uranium and plutonium oxides, as well as specific 
methods for designing and testing these elements. The techniques have 
been tried, with highly satisfactory results, in reactor performance tests 
on fuels fabricated in CNEN's laboratories. 

As with natural uranium, Italy tends to adopt a policy of reliability and 
continuity of supply also with enriched uranium. 

Enriched uranium is now indispensable for water reactors; also, the 
possibility cannot be completely overlooked that the stage of marketing of 
heavy-water converter reactors (using natural uranium) may be skipped al
together, and that therefore we may witness an extended useful life of water 
reactors, or that we may be forced to start the fast reactor line on enriched 
uranium. For these reasons, Italy is interested in participating in Euratom 
or in other multinational organizations or enterprises concerned with en
richment processes, so as to avoid being forced into a condition of total 
dependence, with the attendant economic and technological consequences. 
The aims that Italy pursues are the creation of international cooperation 
on a European gaseous- diffusion plant and the extension to all Euratom 
countries, including Italy, of the three-country cooperation on the ultra
centrifugation process. The developments in this possible international 
cooperation will obviously affect future national research and development 
activity. 

CNEN's action on a domestic level tends to expand the capacity of 
Italian industry, with which it has established an extensive cooperation, 
to produce uranium enrichment plants, so as to enable it to participate 
adequately in the construction of a possible multinational plant, as well as 
to develop in Italy the know-how required for the construction of a future 
national plant, should such a decision be found advisable. 
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CNEN's program is oriented towards the two processes, gaseous 
diffuswn and ultra-centrifugation. At this time, it 1s impossible to make a 
choice between the two processes on purely technical and economic grounds; 
there is also a possibility that both of them may be adopted jointly in Europe. 
Cooperating in this program are ENEL and the leading Italian industries 
(FIAT, ENI, IRI, Montedison, EFIM, Snia Viscosa), which have also 
underwritten part of the cost of the implementation of research and 
development. 

CNEN has been working for many years on the problem of reprocessing 
and this activity has led to the designing and building of two p1lot plants, 
EUREX and ITREC [ 7] which, over the next decade, will make it poss1ble 
to conduct a complete experimental program on a pre-industrial scale and 
on different fuel types. This program will have, in particular, to take into 
account the possible coexistence of three reactor types, a fact which might 
substantially affect the industrial reprocessing program. 

The know-how that has been and will be acquired from these plants, and 
that which CNEN is obtaining from its participatwn m the Eurochemic 
European joint venture, ensures the most complete independent acquisition 
of knowledge by our country. This will make it possible to participate in a 
possible plan for a large-size European-level commercial enterprise that 
might take shape in the coming years, and at the same time make feasible 
an independent national alternative. 

In th1s connection, it should be noted that the quantity of fuel which will 
be discharged from Italy's predicted power plants might well be large enough 
to warrant the beginning of construction of an Italian reprocessmg plant m 
the late 1970s. 

CNEN and ENI have already established a joint working group charged 
with studying the design and cost estimate of an industrial plant called 
"EUREX 2", where the know-how and exper1ence of CNEN from the operation 
of the pilot plant will be integrated and consolidated. 

8. OTHER ACTIVITIES 

CNEN is also active in other sectors of the peaceful utilization of 
nuclear energy. For example, in controlled nuclear fusion CNEN is 
developmg, in cooperation with Euratom, a program for the construction of 
a toroidal machine (Tokamak type). 

The start of operation of the 1500-MeV Adone electron and pos1tron 
storage ring and the tests conducted with other existing accelerators have 
constituted a main part of CNEN's basic research work in high-energy 
physics. 

In the applications of radiation in agriculture, results of major scientific 
and economic interest have been achieved [ 8]. 

The responsibilities assigned to CNEN by law have resulted in major 
efforts by the Committee in safety and health protection. Such activities 
have concerned the monitoring and control of nuclear plants, radioactive 
materials in industrial and research activities, and transportation of radio
active materials. Research has also been conducted on radiation's harmful 
effects to man, as well as on the conservation and protection of the 
environment. 
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9. CONCLUSION 

This brief review of CNEN's activities leads to the conclusion that 
nuclear energy is becoming one of the essential factors in the economic 
development and industrial progress of our country. This process of 
evolution, however, may receive further and decisive impetus from a true 
and effective international cooperation, which we sincerely desire as a 
means towards the common end of contributing to the welfare of the people. 
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THE CONTRlBUTION OF THE NUCLEAR RESEARCH CENTRE JNSTALLA TION TO THE TECHNOLOGICAL 
DEVELOPMENT OF URUGUAY. 

One of the main reasons of the Uruguayan authorities for deciding to establish a Nuclear Research Centre 
(GIN) was the need to create a national infrastructure which would serve as a basis - in terms of human 
and material resources - to meet future requirements for introducing nuclear power into the country. These 
requirements lead to the rapid training of specialized personnel in power reactor and fuel cycle technologies 
and economics, because the time available for taking decisions concerning nuclear strategies is short and, more
over, the possibility of a regional strategy is envisioned, To introduce modern technology effectively and to 
obtain the benefits of an early preparation of local industry to the needs and specifications of the nuclear industry, 
it was decided that a large share of the Centre's equipment - particularly that for the associated research 
reactor - should come from domestic suppliers. The GIN reactor is the result of upgrading a former 10-kW(th) 
reactor, purchased by the Uruguyan Government some years ago, to 1 MW(th). The new design was made by 
Uruguayan engineers. The decision taken to concentrate national resources for designing and financing the GIN 
installation has helped to introduce a modern technological potential which is important to the country's 
development, In addition, it has helped develop the professional skills of a national team of engineers and 
technicians, thus giving more self-assurance, and confidence to the policy makers, which is a benefit that 
should not be overlooked at the various stages of national development, 

CONTRIBUTION DU CENTRE D'ETUDES NUCLEAlRES AU DEVELOPPEMENT TECHNOLOGIQUE DE L'URUGUAY. 
L'une des raisons principales de Ia decision prise par le Gouvernement uruguayen de construire un centre 

d'etudes nucleaires a ete la necessite de creer une infrastructure nationale qui permette de repondre aux besoins 
en hommes et en ressources materielles auxquels il faudra faire face lors de !'introduction de l'energie d'origine 
nucleaire dans le pays. Ces besoins exigent Ia formation rapide de personnel specialise dans Ia technologie 
et l'economie des reacteurs de puissance et du cycle du combustible, car le temps dont on dispose pour r ·dre 
les decisions en matiere de strategie nucleaire est plus court que prevu et, en outre, Ia possibilite d'une 
strategie regionale peut @tre envisagee. Afin de rationaliser !'introduction de Ia technologie moderne dans le 
pays et d'obtenir les avantages d'une preparation precoce de l'mdustrie locale aux besoins et aux specifications 
propres a l'energie nucleaire, il a ete decide que, pour s'equiper, le Centre s'adresserait surtout a des fournisseurs 
nationaux - notamment pour ce qui est du reacteur de recherche annexe. Le reacteur actuel du centre est 
le resultat de travaux qui avaient pour but de porter de 10 kW(th) a 1 MW(th) Ia puissance d'un reacteur 
achete il y a quelques annees par le Gouvernement. Ces travaux ont ete menes a bien par des ingenieurs 
uruguayens. La decision de faire un effort national pour etud1er et financer Ia construction du Centre a eu 
pour effet d'introduire, avec des moyens relativement faibles, un potentiel technologique moderne pour le 
developpement du pays. Cette decision a en outre contribue a ctevelopper les capacites professionnelles d'une 
equipe nationale d'ing'enieurs et de techniciens, ce qui a eu pour resultat d'augmenter chez eux Ia confiance en 
sol et chez les planificateurs Ia confiance dans leurs avis. 11 s'agit Ia d'un benefice qu'il convient de ne pas 
negliger aux divers stades du developpement national. 

3HA'IEHHE C03,ll;AHH51 1\EHTPA 5l,ll;EPHh!X HCCJIE,ll;OBAHHH ,ll;JI51 TEXHH'lECKOrO PA3-
BHTH5l YPYrBA5l. 

0;:tHOH H3 OCHOBHbiX npH4HH npHHRTHSI ypyrsaHCKHMH BRSCTSIMH pemeHHSI 0 CTpOHTenbCTBe 

1\eHTpa Sl,llepHblX HCCDe,llOBaHHli (CIN) SIBHDaCb Heo6XO,llHMOCTb C03,llaTb HaQHOHaDbHy10HH<flpacTpyK· 

Typy, KOTOpaS! CDyli<HDa 6b! OCHOBOH ( C TO'IKH 3peHHSI DlO,llCKHX H MaTepHaDbHI>IX pecypCOB) pa3-

BHTHH B CTpaHe Sl,ll;epHOi:f 3HepreTHKH B 6y,LJ;ym;eM. 3TO Tpe6yeT 6:biCTpoH no.ztrOTOBKH KBanH¢rH-
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U:HpOB8l-ll-lbiX CD8li;H8JIHCTOB ITO T8XHOJIOrHH H 3KOHOMHK8 3Hepr8THY8CKHX peaKTOpOB H TOITJIHBHO

rO I..U1KJia, TIOCKOllbKY Bp8M8HH )]JHI npHl-I5ITH51 p€lli8t-lHfi ITO 5I.D:€pHOfi CTpaTernH HM88TC51 M€1-lblll€ 1 

4€M npe,nnOJiaraliOCb, 11 1 6onee TOro, ITOCKOJibKy M0/K€T 6bJTb paCCMOTp€1-18 B03MO)KH0CTb pa3pa-

60TKH perHOH81IbHOi1: CTp8T€rHH. ,ll.JHI 3cfl<fieKTHBf-IOrO BH8,ll;p8HH51 B CTpaHe COBp€M€I-H-IOi1: T€XHO

JIOrHH1 C ytteTOM BbirO,llbi 3a6narOBp€M€HHOi1 no,nrOTOBKH M8CTHOH npOMhllllli8HHOCTH K IT0Tpe6-

HOCT51M H Oco6eHI-IOCT5IM 5I.ll:8pHOi1 npOMbiiii.II8HHOCTH 1 6biJIO p8lll8f-l0 1 YTO 60Jiblll851 1.18CTb o6opy,n:o
B8HlUi H MaTepHaJioB ,ll;JIH Uei-JTpa, oco6e1-u-Jo .n:nH ero Hccne.n:oaaTeJibCKOro peaKTopa, .llOJIIKHa no

cTynHTb oT ypyraaliCKHX nocTaBUH1KOB. PeaKTOp CIN- 3To KynneHHbiii npaeuTeJibCTBOM Hec

KOJibKO JieT TOMy Ha3a,IJ; peaKTOp Ha 10 KBT(TenJI), MOID;HOCTb KOTOpOrO 6biJia yeeJIHYeHa ,IJ;O 

1 MBT(Tenn). HoBaH KOHcTpyKQHH 6billa pa3pa6oTaHa ypyreaiicKHMH m·DKeHepaMH. Pemerme o 

KOHQeHTpaQHH HaQHOHaJibHblX pecypcoB .D;JIH KOHCTpyHpoBaHHH H CfJHI-IaHcupoBarmH ycTaHOBKH CIN 
CO)J;eficTBOBaJIO liCITOJlb30BaHHIO COBpeMeraiOrO TeXHHYeCKOrO ITOT€HQHaJia 1 YTO IIMeeT aKTyaJlb

HOe 3HaYeHH€ ,IJ;JIH pa3BHTHH CTpaHblo C ,ll;pyrofi CTOpOHbi, OHO CITOC06CTBOB3J10 ll0Bbllli€HHIO KBa

JIHclJHKaU:HI1 HH)K€HepoB H TeXHHKOB CTpaHbl o 803pOCJIO TaK)Ke ,ll;OB€pHe ITOJIHTH1.1€CKHX Kpyroe K 

HX ,ZJ;eHTeJibHOCTH, Y€M He CJle,n;yeT npeHe6peraTb Ha ,llaHHOH CTa,lll-IH HaQHOHaJibHOrO pa3BHTH51 o 

CONTRIBUCION DE LA INSTALACION DEL CENTRO DE INVESTIGACIONES NUCLEARES AL DESARROLLO 
TECNOLOG!CO DEL URUGUAY. 

AI dec1dir Ia mstalac1on de un Centro de Investigaciones Nucleares (GIN). las autondades del Uruguay 
consideraron, como uno de los elementos fundamentales. la necesidad de crear una infraestructura nacional 
que, tanto humana como matenalmente, suv1era de base a los requerimrentos futures de la introducci6n de 
la generacr6n nucleoelectrica en el pals. Dichos requerimientos imponen la pre para ciOn inmediata de personal 
especializado en Ia tecnologia y la economia de los reactores de palencia asi como de los ciclos de combustible. 
ya que los plazas para las decisiones de estrategias nucleares no son tan amplios como pudiera parecer a S!mple 
vista, maxime si se contempla una estrategia a nivel regwnal. Para mtroducu en forma efectiva Ia tecnologia 
moderna al pals, con la consecuencia beneficiosa de una preparacr6n temprana de la industria local a efectos 
de hacer frente a las neceS!dades y exigencias de Ia industria nuclear. se decidio por una parhcipacion 
1mportante de las fumas nacwnales en los sumimstros del Centro y. en parhcular, en los del reactor de mvesti
gacion asociado. El reactor del GINes el resultado de un diSeiio hecho par tecnicos nacwnales. adaptando 
un pequeiio reactor de 10 kW(t) que fuera adquuido hace algunos afios por el Gobierno. a una nueva capacidad 
de 1 MW(t). La decision de real!zar un esfuerzo nacional para diseiiar y financiar la instalacion del GIN ha 
servido para introducir, con inversiones relativamente reduc1das, un potencial tecnol6grco moderno interesante 
para e1 desarrollo del pais. Por otra parte, ha contribmdo a! desarrollo de las poS!bi!idades tecnico-profesionales 
de un equipo de ingenieros y tecnicos nacionales. con el conS!guiente resultado de segundad en su propw JU!ClO 

y, por parte de los plamficadores, de confianza en su enteric, siendo esta una capitalizaCion que no debe 
descuidarse en las etapas del desarrollo nacwnal. 

1. INTRODUCCION 

Al cabo de un afio del comienzo de la construcci6n del Centro 
de Investigaciones Nucleares (CIN) del Uruguay, las autoridades 
que han decidido por la onci6n de realizar un esfuerzo nacional, 
para instalarlo conjuntamentA con el reactor asociado al mismo, 
estin aGn m5s convencidas de que se ha elegido el camino rnis 
adecuado rara cumnlir con los ohietivos de desarrollo tecnol6-
gico nuclear del paTs, teniendo en cuenta los recursos humanos, 
industriales y financieros locales [l}. 

El Uruguay, pais en desarrollo, ha entendido que un progra
·"a nuclear prudente, basado en el esfuerzo propio, nodri contri
buir a la introducci~n de la tecnologia rnoderna, con la adopci6n 
consecuente por parte de la incipiente industria domestics de 
las exigencias y las estrechas tolerancias requeridas por los 
standards de las tecnicas nucleares [2}, 

La confianza en el exito de este programs est& basada en la 
existencia de un buen nivel de capacitaci6n en ingenieria y de 
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una mano de obra ingeniosa y experimentada para solucionar pro
blemas fuera de lo convencional, aspecto muy com~n en los paises 
en desarrollo. 

El proyecto del CI~ consta de un reactor de investi~acion 
de 1 tip o pis c in a de 1 ;nH t) de pot en cia . E l dis en o del react o r 
ha sido realizado por ingenieros locales, en base a una revision 
completa de un peque?io reactor de 10 kW(t) adquirido por el go
bierno del Uruguav hace al~Jn tiempo. f.llo ha permitido desa
rrollar las posibilidades tecnico-profesionales de un equipo de 
ingenieros y tecnicos nacionales, con el resultado ausnicioso de 
crear un grupo bien calificado y con suficiente confianza pronia 
para estudiar y considerar, oportunamente, las especificaciones, 
las propuestas y las ofertas de centrales nucleares. La seguri
dad, por parte de los encargados de las decisiones politico-eco
nomicas de contar con un asesoramiento competente y confiable, 
proveniente de profesionales compatriotas, es un elemento esen
cial para un pais en desarrollo, que debera adquirir en el ex
tranjero sus centralcs de energia electrica, o gran parte de las 
mismas, ya que esas decisiones implican inversiones muy impor
tantes a escala nacional. 

La planificacion de la instalacion de centrales nucleoelec
tricas en el pais, a mas largo plazo, ligada a la estrategia 
de los ciclos de combustible, ha impuesto una cierta urgencia 
en el fomento activo del desarrollo de las actividades nucleares. 
~eniendo en cuenta que una central nuclear necesita 4 a 5 anos 
para su construccion e instalacion y unos 3 a?ios para el esta
blecimiento de las especificaciones, el llamado a ofertas, la 
adjudicacion, y la obtencinn de una financiaci5n adecuada, el 
tiempo disponible para preparar a los responsables nacionales 
que intervengan en estas etapas es escaso, si se preve la ne
cesidad de contar con energia nucleoelectrica en la proxima de
cada. Esta urgencia es aun mayor al considerar la posibilidad 
de encarar soluciones a nivel regional, con las economias resul
tantes de la repeticion de dise?ios y de la instalacion de plan
tas de mayor capacidad para distintos procesos del ciclo de 
combustible. En este caso, el personal especializado del pais 
deberia intervenir a nivel regional mucho mas temprano. 

2. PROYECTO 

2.1 Reactor 

El proyecto del CIN comprende el dise?io e instalacion de 
un reactor del tipo piscina de 1 MW(t) de potencia. Este reac
tor ha resultado de la adaptacion de un reactor original de 
10 kW(t) exhibido en Montevideo hace algunos anos, fabricado 
por la Cia. Lockheed de los Estados Unidos. Este reactor com
pletamente desarmado fue adquirido por el gobierno del Uruguay 
y se decidio aumentar su potencia mediante un nuevo diseno, 
primero a 100 kW(t) y, posteriormente, a 1 MW(t). Los elemen
tos combustibles del tipo MTR, con uranio enriquecido al 20 %, 
fueron donados por los Estados Unidos a traves del OIEA. Aun
que existia la exigencia de utilizar el equipo y los elementos 
combustibles del reactor original, las autoridades responsables 
coincidieron en que un esfuerzo de este tipo deberia conducir a 
un reactor de mayor capacidad, ya que seria el unico que por 
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FIG. 1. Planta del reactor. 

0 

"' ,.: 

cierto tiempo iba a tener el pa!s. De ah! que el nuevo diseno 
se aparta fundamentalmente del original, aunque se ha tratado 
de utilizar al maximo los elementos recuperables de este. 

La piscina del reactor sera de acero inoxidable y tendra 
las dimensiones siguientes: 3,2 m x 2,5 m x 7,6 m de profun
didad (figs. 1 y 2). El blindaje tendra 2m de espesor en la 
parte inferior. Estara constituido por dos paredes de hormi
gon ordinaria armada, de 30 em de espesor cada una, dispues
tas a 1,4 m de distancia. El espacio existente entre ambas se 
llenara de hormigon pesado de densidad 3,5 g/cm3. El mineral 
de hierro que constituira al hormigun pesado es ilmenita y 
proviene de una mina ubicada a unos 100 km de Montevideo. 

Tres tubas radiales para haces neutronicos y uno tangen
cial pasante seran instalados para experiencias. Seran de 
aluminio y tendran un diametro de 15 em. Todos los tubas po
dran retirarse con el objeto de permitir que, en caso en que 
no se utilicen, se tenga libre acceso a las caras del nGcleo 
del reactor. Se les fijara a una platina, ubicada dentro del 
blindaje a 1m del borde exterior, mediante bulones (fig. 3). 

Se instalara ademas una columna termica de seccion cua
drada. Sus dimensiones pasaran de 0,6 m x 0,6 m contra la 
cuba a lll m x 1 1 1 m sabre el lado exterior. Inicialmente el 
espacio de la columna termica se llenara de ladrillos de hor
migon pesado, hasta tanto las necesidades experimentales no 
exijan su utilizacion con grafito. 
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FIG. 2. Corte del reactor. 
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CORTE A-A 

El sistema de refrigeracion constara de un colector en 
forma de embudo ubicado en la parte inferior del nucleo que 
conducira el agua del enfriamiento al intercambiador de calor, 
La caaerla de succion de 12,5 em de diametro atravesara la cu
ba en la parte superior con el objeto de crear un sistema de 
sifon por razones de seguridad y para evitar perforaciones del 
blindaje en las zonas de mayor presion. Todo el sistema de re
frigeracion primaria sera de acero inoxidable. 

Dentro de la cuba se ha previy~o, en el c~rcuito de sue
cion, un tanque de decaimiento de N de 11 5 m de capacidad, 
de modo que la actividad del agua de enfriamiento baje a los 
llmites permisibles, al lograrse un retraso equivalente a 7 
perlodos, antes de que salga de la cuba. 

Dos bombas centrlfugas impulsaran cada una 75 m3/h del 
agua primaria a traves de un intercambiador de calor que se re
frigerara con agua del circuito secundario. El intercambiador 
sera del tipo tubular, permitiendo un salto de temperatura de 
1o•c. La caaerla de impulsion retorna el agua primaria a la 
piscina. Esta caaerla atraviesa la cuba por la parte superior 
y descarga a traves de un difusor para evitar turbulencias im
portantes en la piscina. 
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FIG. 3. Corte perspecllvo del reactor. 

El circuito secundario de refrigeracion contara con una 
terre de enfriamiento que circulara unos 175 m3/h de agua con 
un salto de temperatura de 5°C. El sistema de funcionamiento 
es por tiraje inducido y corrientes cruzadas. 

Parte d~l agua de refrigeracion del circuito primario, se
ra derivada para su procesamiento y reposici6n. ,;n 5% del cau
dal primario se hara pasar por un sistema de resinas an1onicas 
y cationicas para evitar la acumulacion de productos de corro
sion en el agua de la piscina. 

2.2 Hall ------

El reactor estara ubicado en un hall de 18 m x 18 m de su
perficie y 15 m de altura (fig. 4). De este modo, se tendran 
cerca de 6 m libres frente a cada salida de los haces neutroni
cos y de la columna termica. La altura del hall ha sido elegi
da para poder introducir a la piscina elementos de unos 7 m de 
longitud mediante una grua-puente de 10 t de capacidad. 
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Este cdificio estara en deoresion por razones de seguridad, 
aunque no sera hermltico. La presion sc mantendra a 10 mm de 
columna de agua nor debajo de la atmosfirica. E) sistema de 
ventilaci~n permitira efectuar cuatro rcnovaciones de aire nor 
hora. El aire sera evacuado a travis de una chimenea a 20 m 
por encima del nivel del suelo. Se han nrevisto filtros abso
lutes que se conectaran al sistema solamente en case de emer
gencia. En condiciones normales, el aire se derivara directa
mente a la chimenea para evitar colmataciones innecesarias de 
los filtros absolutes. 

Las canerias del circuito primario de refrigeraci6n del 
reactor atraviesan el hall par dentro de un tunel ~ue comunica 
con la Sala de auxiliares. Esta sala esta situada fuera del 
hall para separar cl ambiente de experimentacinn del de los 
equipos auxiliares del reactor. Los equipos que se instalaran 
en esta sala seran: las bombas de circulacion del agua de re
frigeraciCn de los circuitos primario v secundario, el inter
cambiador de calor principal y el sistema de procesamiento y 
reposicion del agua. 

En la parte sunerior del reactor se colocara una platafor
lla de trabajo unida par una pasarela ala sala de comando. La 
plataforma podra contener , en una esquina, una celda caliente 
a la que se accedera desde la piscina con elementos combusti
bles irradiados (fig. 3). 

2.3 Laboratories 

Adosado al hall del reactor, se construira un edificio de 
cuatro niveles para contener a los laboratories, talleres, sala 
de maquinas, sala de comando, oficinas y sala de filtros. 

Los laboratories de f!sica y radioqu!mica as! como los ta
lleres mecanico y electronico (fig. 4), estaran a nivel del pi
so del hall. Esta zona estara en depresion de 5 mm de columna 
de agua. El sistema de ventilaci6n esta integrado al del hall 
del reactor. 

La sala de comando se encuentra a nivel de la plataforma 
de trabajo del reactor. Esta ubicacion tiene la ventaja de es
tar cerca de los dispositivos de control y de los mecanismos 
de comando de barras que iran colocados sobre una vip,a en men
sula a 1 m por encima del nivel de agua de la piscina. Ademas, 
desde la sala de comando se puede dominar visualmente la plata
forma superior y las salidas exnerimentales del reactor a nivel 
del piso del hall (fig. 5). 

En el subsuelo de este edificio se ha ubicado la sala de 
maquinas. En la misma se instalaran los equipos convencionales 
para el acondicionamiento termico de los locales, los ventila
dores y filtros primaries del sistema de ventilaci6n y los gru
pos electrogenos de emergencia. 

2.4 Vestuarios y administraci6n 

Los vestuarios forman parte de un edificio de una planta 
situado contra la pared del hall onuesta a la de los laborato
ries. Los vestuarios comunican directamente con las zonas ac
tivas por un corredor de pasaje. 
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La parte de administracion contara con biblioteca, sala de 
actos y sala de reuniones, oficinas administrativas y de control 
radiosanitario (fig. 4). 

3. ORGANIZACION 

El proyecto del CIN fue realizado mediante un convenio fir
mado entre la Universidad de la Republica y la Comision Nacio
nal de Energia Atomica (CNEA). Este convenio impone ala Uni
v~rsidad la responsabilidad de proyectar y supervisar la cons
truccion del Centro, dando enfasis a la instalacion del reactor, 
mientras que la CNEA aporta el reactor original de 10 kW(t) de
sarmado y financia parte de las obras. El convenio, ademas, en
carga a la Universidad, mediante un control adecuado de la CNEA, 
la tarea de operar el Centro una vez que se ponga en marcha. 

Para cumplir con su cometido y teniendo en cuenta que con
taba con un presupuesto limitado, la Universidad utilizo al 
maximo a sus propios profesionales para confeccionar el proyecto 
creando la Oficina del Proyecto del CIN. 

Esta Oficina selecciono un grupo de ingenieros mecanicos, 
electrotecnicos, quimicos y radioquimicos bajo la direccion de 
un ingeniero nuclear para abordar las tareas de definir los si
guientes aspectos: fisica del reactor; blindaja, seguridad e 
ingenieria civil del reactor; refrigeracion del reactor; venti
lacion y acondicionamiento termico del Centro; laboratories de 
radioquimica; eliminacion de residuos radiactivos, e ingenieria 
civil, sanitaria y electrica del Centro. Para gran parte de es
tos temas que tienen relacion con la disposicion arquitectonica 
del Centro se cont6 con el apoyo sustancial de la Oficina de Ar
quitectura de la Universidad, mientras que la responsabilidad 
de la conotrucci6n de las obras recayo sobre el Ministerio de 
Obras Publicas. 

La ejecucion de la obra esta siendo controlada por la Ofi
cina del Proyecto del CIN, conjuntamente con arquitectos de la 
Oficina de Arquitectura de la Universidad. La Oficina del Pro
yecto mantiene informada a la CNEA, semanalmente, de la marcha 
de la obra. Este sistema ha resultado bastante agil y ha ope
rado satisfactoriamente, a pesar de la multitud de organismos 
involucrados. Ello se ha debido fundamentalmente al espiritu 
de colaboracion individual entre los responsables directos de 
la obra. 

Las condiciones locales existentes al comenzarse el proyec
to impusieron este tipo de organizacion. Las condiciones favo
rables eran: las buenas relaciones existentes entre la Universi
dad y la CNEA, el deseo de evitar duplicaciones innecesarias y 
antieconomicas en el desarrollo de la investigacion nuclear del 
pais, la existencia de un buen nivel profesional en las ramas 
basicas de la ingenieria y de una concentracion de personal es
pecializado en problemas nucleares en la Universidad, la posibi
lidad de contar con una mano de obra y personal mecanico capa
citado y bien entrenado para resolver ingeniosamente las difi
cultades inherentes a las exigencias de la tecnologia moderna, 
y la necesidad de ahorrar al maximo los escasos recursos finan
cieros destinados a la obra. 
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Por otra parte, las deficiencias locales que hubo que tener 
en cuenta eran: el escaso numero de cient1ficos e ingenieros 
especializados en ciencias nucleares, la falta de desarrollo y 
tradicion industrial y, como se ha indicado, el presupuesto li
mitado. 

Una gran parte de los problemas resultantes de estas defi
ciencias fue solucionada mediante la generosa cooperacion de 
las Comisiones de Energ1a Nuclear de otros paises, en particular 
de Argentina, Francia y Espana. Varios tecnicos de dichas co
misiones examinaron las soluciones elaboradas por el grupo en
cargado del proyecto, y sugirieron correcciones y cambios basa
dos en su mayor grado de desarrollo en este tipo de actividades. 
Este intercambio, muchas veces informal, permitio que el grupo 
estableciera un dialogo con tecnicos y profesionales mas expe
rimentados y adquiriera, entonces, una mayor seguridad en su 
propio criterio tecnico, lo que resulto fundamental para el exi
to del proyecto. En lo relativo al equipamiento del Centro se 
utilizara, analogamente, la cooperacion de los programas de asis
tencia tecnica de los Organismos internacionales, como ser: PNUD, 
OlEA y OEA. 

4. DESARROLLO TECNOLOGICO 

El proyecto y la instalacion del CIN han estado contribu
yendo al desarrollo de la industria nacional y de la mano de 
obra especializada necesaria para cumplir con las exigencias de 
la tecnolog1a moderna. Ello ha resultado de las condiciones im
puestas inicialmente en el sentido de que se utilizara al maxi
mo los recursos humanos, la industria y la financiacion local. 

Uno de los elementos de mayor importancia en la instalacion 
sera la cuba de acero inoxidable del reactor. Por sus dimensio
nes y peso, aproximadamente 2,2 t, resultara una pieza de equi
pamiento que se construira por primera vez en el pa1s. La cuba 
servira de encofrado interno a la pared interior de hormigon ar
mado del blindaje. Para ello, debera ubicarse en posicion antes 
de comenzar el vaciado del hormigon. Para evitar esfuerzos im
portantes sobre las paredes de la cuba, se ira llenando con agua 
metro a metro, a medida que se levanta la pared de hormigon. 

La forma de ejecutar el blindaje mediante dos paredes de 
hormigon armado ordinario de escaso espesor que encierran una 
masa de 1,40 m de ancho de hormigon pesado es el resultado de 
una adaptacion a las condiciones constructivas locales. El hor
migon pesado es un material desconocido por los obreros de la 
construccion. Este metodo no los obligara a trabajar con enco
frados especiales para el hormigon pesado. Ademas, el hormigon 
pesado solo soportara su propio peso ya que todo esfuerzo adi
cional sera descargado por las paredes de hormigon armado. Ello 
traera como consecuencia que disminuira la proporcion de hierro 
en el hormigon pesado, lo que permitira evitar el peligro de 
aparicion de fisuras importantes por contraccion de fraguado. 
Tambien, los obreros veran su tarea simplificada en las tareas 
de terminacion de las paredes exteriores del blindaje por tra
tarse de materiales conocidos. 

El sistema de control del reactor y de sus equipos auxilia
res ha sido elaborado por ingenieros nacionales, en base a las 
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exigencias de seguridad y proteccion de la tecnica nuclear. Se 
ha tratado de utilizar el maximo de los elementos de control y 
comando del reactor original y adaptar sistemas coherentes adi
cionales para lograr el aumento de potencia. Ello ha requerido 
que se prevea el agregado de un nuevo canal de medida y de una 
barra de control mas. Ademas, debido al aumento de la altura de 
agua por encima del nucleo del reactor, la longitud de los sopor
tes de los elementos originales de control y medida ha tenido 
que incrementarse. 

Los sistemas de refrigeracion primario y secundario, el cir
cuito de procesamiento, el sistema de ventilacion, asi como los 
controles correspondientes, han sido disenados por ingenieros de 
la Universidad. 

La instalaciGn sanitaria y la de ventilacion seran realiza
das localmente, con el uso de materiales de plaza. Ello es po
sible para todos los elementos, salvo los filtros absolutes y de 
carbon activado, los instrumentos de control y medida y los re
gistros especiales. Los tanques de decaimiento para el agua 
proveniente de las zonas activas seran de hormigon pintado con 
epoxida. 

La terminacion de las superficies y los recubrimientos de 
pisos y paredes se han especificado con materiales que se fabri
quen en plaza, de modo que el mantenimiento pueda hacerse con 
elementos facilmente asequibles. 

Los elementos de acero inoxidable, como bombas primarias e 
intercambiador de calor principal, deberan importarse. Se trata
ra que estos suministros provengan de fabricantes vecinos para 
asegurar una fuente de repuestos y de servicio de reparacion de 
facil acceso, asi como para contribuir al desarrollo industrial 
regional que, a la postre, sera beneficioso tambien para el pais. 

Estos ejemplos senalan el objetivo principal perseguido pa
ra contribuir al desarrollo tecnologico nacional: la creacion de 
un grupo de profesionales y obreros especializados cuyo conoci
miento de las exigencias de la tecnica moderna, a traves de la 
experiencia adquirida por el proyecto y la instalacion del cen
tro y del reactor nuclear, pueda utilizarse en las etapas rela
cionadas con la incorporacion de centrales nucleoelectricas en 
el pais; la introduccion de las necesidades y especificaciones 
de la tecnologia moderna en la industria nacional de modo de dar
le la oportunidad de mantener al dia su capacidad y pericia para 
poder competir econo~icamente, en particular, en posible suminis
tro de elementos de las futuras centrales; y la plena utilizacion 
de los recursos locales, tanto humanos como financieros y tecni
cos, a la resolucion de un problema complejo aumentandose asi el 
poder de decision nacional en la rama de la generacion nuclear, 
en forma analoga a lo realizado en otros pa:lses de la region [3]. 

5. ASPECTOS ECONOMICOS 

El costo del proyecto e instalacion del CIN, con el reactor 
nuclear de 1 MW(t), resultara del orden de la mitad o un tercio 
de lo que han costado en otros pa[ses la importacion de instala
ciones semejantes [4]. Las razones principales para un presu
puesto tan bajo han sido: 
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-el uso del personal de la Universidad para realizar el pro
yecto y efectuar la direccion de la obra, 
-la utilizacion de un organismo estatal, como lo es el Mi
nisterio de Obras Publicas, para las construcciones del 
Centro, 
-la agil organizacion del proyecto que ha permitido una re
lacion armoniosa y eficiente entre los diversos organismos 
interesados, 
-el establecimiento de disenos y soluciones tecnicas acordes 
con las condiciones existentes en el pais, que ha conducido 
a conceptos que mejor satisfacen economicamente a los reque
rimientos tecnologicos y a las limitaciones locales, 
-el uso de materiales existentes en plaza, en la medida de 
lo posible, sin recurrir a suministros exoticos y dificiles 
de obtener, 
-la modulacion de la estructura de los edificios con ele
mentos que se repiten mediante locales cuyas dimensiones 
son multiples de un modulo basico, 
-el concepto del proyecto que permite una gran latitud para 
la introduccion de cambios y agregados a medida que sean re
queridos por los usuaries, y 
-la coordinacion de los programas de asistencia tecnica de 
diversos organismos internacionales y el establecimiento de 
contactos estrechos con profesionales y tecnicos de centros 
nucleares mas desarrollados. 

De este modo, los honorarios de los proyectistas y los sala
ries de los obreros se han establecido en base a las condiciones 
locales, provocandose un ahorro importante frente a la alternati
va de contratar asesoramiento extranjero. 

Las necesidades de equipo han sido estudiadas para que las 
inversiones correspondientes puedan espaciarse en el tiempo. Ello 
ha podido conseguirse gracias a la latitud que posee el proyecto 
para introducir cambios y agregados. Los siguientes son ejemplos 
de esta latitud: 

-La columna termica no sera rellenada de grafito hasta tanto 
no se justifique su uso por los usuaries; mientras tanto se intro
duciran ladrillos de hormigon pesado en el espacio correspondiente. 

-Se ha previsto una instalacion en dos etapas del circuito de 
refrigeracion del reactor; inicialmente se operara a 10 kW(t) y 
se procedera a la calibracion del instrumental y a la determina
cion de las curvas de flujo neutronico, lo que puede llevar algu
nos meses, siendo la refrigeracion por circu1acion natural; pos
teriormente, se elevara la potencia a 100 kW(t) y se agregaran 
las canerias y equipos necesarios para la refrigeracion forzada 
a esta potencia; finalmente, se pasara a 1 ~W(t) y se instalara 
el tanque de decaimiento de 16N y una segunda bomba de circula
cion. Todos los soportes fijos de los diversos elementos que iran 
en la cuba se colocaran inicialmente de modo que el agregado de 
los mismos sea rapido y facil. 

-La estructura de la plataforma de trabajo llevara refuerzos 
en una esquina, para poder instalar encima una celda caliente. 
Esta celda esta prevista para una etapa posterior en que se re
quiera manipular elementos combustibles irradiados (fig. 3). Este 
dispositive ha sido incluido ultimamente como resultado de discu-
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siones con expertos de otros pa!ses [2] y, gracias a que el pro
yecto estaba en manos de personal local, una vez tomada la deci
sion, el agregado pudo hacerse sin mayor inconveniente y en forma 
sumamente rapida. Es muy probable que si no se hubiera obrado de 
este modo, no se hubiese podido tomar ninguna decision al respec
to. 

-Hay previstas varias posibilidades de ampliacion de los edi
ficios del CIN. En particular, el hall del reactor podra ser 
agrandado mediante el agregado de nuevos porticos y la elimina
cion de una pared, calculada para que no tenga funciones resis
tentes. Mediante la prolongacion de los rieles, la grua-puente 
podra utilizarse en el total de la nave ampliada. 

6. GENERACION NUCLEAR 

Las perspectivas de la generac1on nucleoelectrica en el 
Uruguay han sido estudiadas en forma general y los resultados 
iniciales indican una posibilidad favorable, en un lapso de unos 
10 a 15 anos, para la introduccion competitiva de centrales nu
cleares. 

El sistema electrico del pais esta integrado con centrales 
termicas convencionales e hidroelectricas. Actualmente, el ta
mano unitario que se ha licitado por la administracion nacional 
de electricidad (UTE) es de 100 MW(e). 

En el sistema interconectado de UTE la potencia total vale 
unos 500 MW(e) y se preve, en los proximos diez anos, un indice 
de crecimiento acumulativo de la demanda del orden del 7 % anual, 
lo que permite prever para 1985 una potencia instalada de 1100 
MH(e) en el sistema. Ello si no se considera la interconexion 
con el sistema argentino del Gran Buenos Aires-Literal. En este 
caso, ya en 1980 el sistema tendra mas de 6000 MW(e) instalados. 

Debido a la caracteristica de los sistemas hidraulicos de 
los rios uruguayos, el factor promedio de utilizacion de las cen
trales termicas es del orden de las 5000 h anuales. No es de 
prever que en los proximos diez anos este valor varie sustancial
mente. 

El petroleo crudo importado cuesta C.I.F. Montevideo 17 US$/t, 
sin incluir costos de almacenamiento. Este valor es el que exis
tia antes de la entrada en vigencia de los nuevos precios acorda
dos a principios de ano entre los pa{ses productores y exporta
dores de petroleo. 

Los estudios efectuados en base a datos sobre costos de ins
talacion, de combustible y de operacion y mantenimiento de cen
trales nucleares publicados en los ultimos 3 anos, as! como a los 
correspondientes a centrales termicas convencionales, han permi
tido confeccionar el Cuadro I. En este cuadro, se indican en 
mills/kWh los costos de la generacion electrica, en base a un 
coeficiente de cargas fijas del 11,8 % (10 % de interes y 20 anos 
de amortizacion), 6500 h anuales de utilizacion de la unidad y un 
costo del crudo de 17 US$/t. Los valores se indican para varias 
potencias unitarias. Las centrales nucleares estudiadas han sido 
las que utilizan reactores con agua liviana y uranio enriquecido 
(LWR) y reactores con agua pesada y uranio natural (UWR}. 
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CUADRO I. COMPARACION DEL COSTO DEL kWh 

Centrales MW(e) 

convencionales 125 250 350 550 

mrlls/kWh 9, 4 8,1 7, 7 7,5 

Centrales MW(e) 

nucleares 100 200 300 500 

LWR 12,4 8, 9 7,5 6,0 
mills/kWh 

HWR 14,3 10,7 9, 3 7, 5 

s~ observa que existe un urnbrctJ de competitividctd alrededor del 
tamano uni ta.ri.o de 250 N!W( e). Este umbral pod ria desplazarse hacia 
menores tama.nos si el factor de ntil j ?,aci 6n de la c~ntrr..l se incrementa 
por encima de 6500 h Fmuales, o si el inter?s de] capitB.l nec~sario T'9r't 
Jr.. 'instal ac16n de la central es menor al valor del lO"h ntili_zqdo en estr.. 
compara.cion, o si el rrecio CTF del petr6leo aumenta por encima rlel valor 
rle 17 US$/t existente ct comier.zos dA 1971. 

Teniendo en cuenta que el tiempo necesario para seleccionar 
e instalar una central nuclear oscila entre los 6 y 8 anos, que
dan escasamente unos 4 a 6 anos para crear la infraestructura 
nacional, humana y material, necesaria para elaborar las especi
ficaciones, seleccionar y controlar la construccion de dicho tipo 
de plantas. Por otra parte, la urgencia. en tomar decisiones de 
fomento activo del desarrollo nuclear en el pais se hace mas no
toria al observar la importancia que implica una planificacion de 
una estrategia de los ciclos combustibles a largo plazo. F.llo, 
ligado a las posibilidades de interconexion electrica con otros 
pa{ses, podria influir en la elaboracion de una politica nuclear 
mas amplia a nivel regional, con la posibilidad de la implanta
cion en la zona de usinas de conversion, de fabricacion de ele
mentos combustibles, de reprocesamiento y, eventualmente, de agua 
pesada, para servir a un gran numero de plantas, con las consi
guientes economias de escala. 

La oportunidad de la instalacion del CIN resulta asi aun 
mas evidente al tener en cuenta el tiempo necesario para la pre
paracion de profesionales competentes en el campo de la genera
cion nucleoelectrica. 

7. CONCLUSIONES 

Se ha indicado que la prioridad que se asigne al estableci
miento de una infraestructura cientifica y tecnologica en un 
pais en desarrollo es una de las condiciones especiales para la 
obtencion de financiacion de las centrales nucleoelectricas [5]. 
Esto debe ser entendido por los responsables de la planificacion 
del desarrollo energetico en los pa{ses que requieran financia
cion extranjera para lograrlo. En el Uruguay, mediante la ins
talacion del CIN en particular, se esta tratando de cumplir con 
dicho requerimjento. 
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La decision del fomento de las actividades nucleares del pais 
utilizando sabre todo el esfuerzo local esta permitiendo desarro
llar el potencial tecnico existente nara lograr un conocimiento 
directo de la tecnica nuclear y acceder asi a los requerimientos 
de la tecnologia moderna. 

La forma de resolver con recursos pronios el problema de la 
instalacion de un reactor de investigacion ha sido muy economica 
porque ha permitido combinar las exigencias de la tecnolop,!a ac
tual con las lirnitaciones locales, obteniendose soluciones inge
niosas y satisfactorias. Por otra parte, todos los detalles de 
la instalacion, aun los rnenores, seran conocidos exhaustivamente, 
lo que no es tan facil de conseguir al importar totalmente un 
reactor de este tipo. 

Finalrnente, se ha podido crear un grupo de ingenieros y 
tecnicos con autoridad para encarar problemas relacionados con 
reactores nucleares, y cuyo criteria y asesoramiento podran ser 
seguidos con confianza por los responsables de tornar decisiones 
relativas a los programas energeticos nacionales e influir, por 
lo tanto, en la calidad del desarrollo del pais. 
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THE ORGANIZATION OF RESEARCH IN THE GRENOBLE NUCLEAR CENTRE, IN CONJUNCTION WITH INDUSTRY 
AND THE UNIVERSITY, 

One of the purposes of the CEA when founding the Centre d'etudes nuc!eaires de Grenoble (CEN-G) 
was to develop close connections with industry and the University. The authors show how, owing to a 
specially favourable situation, the various laboratories of the CEN -G have come to play an important role 
as an intermediary between the University and industry. The research teams of the CEN-G laboratories include 
an important proportion of University scientists, among whom are several professors who act as scientific 
advisers. Many research contracts are made by the CEN-G with the University. The CEN-G participates in 
University teaching and, like a specialized training school, gives complementary scientific training to students 
coming from the University. The extensive application of research results is actively encouraged. This is 
demonstrated by the existence of more than 150 contracts with public or private bodies. New structures have 
been and are being created to obtain more efficient collaboration: the creation of the Electronics and 
Information Technology Laboratory (LET!), and the presence in the CEN -G of laboratories and researchers 
from industry. Principally concerned are desalination, new materials for electronics and metallurgy, low 
temperatures, and irradiation devices. On the international level, the CEN-G welcomes each year about one 
hundred foreigners from every country, activates study groups, notably in Brazil and Peru, and carries out missions 
of scientific cooperation for the IAEA, particularly in Morocco. 

ORGANISATION DE LA RECHERCHE AU CENTRE D'ETUDES NUCLEAlRES DE GRENOBLE EN LlAISON AVEC 
L'INDUSTRIE ET L'UNIVERSITE. 

L'un des ob]ectifs du CEA en creant le Centre d'etudes nucleaires de Grenoble etait de ctevelopper 
d'etroites liaisons avec l'universite et l'industrie. Les auteurs montrent comment, grllce a un contexte 
particulierement favorable, les divers laboratoires du CEN -G sont amenes a JOUer un rOle tres important de 
relais entre la recherche et l'industrie. Les equipes des laboratoires de recherche du CEN-G comportent une 
forte proportion d'universitaires; parmi eux se trouvent plusieurs professeurs de l'universite qui assurent le 
rOle de conseillers scientifiques. De nombreux contrats d'etude sont passes par le CEN-G a l'universite. Le 
CEN-G participe a l'enseignement universitaire et apporte, comme le ferait une ecole d'application, un 
complement de formation scientifique aux jeunes ereves sortant de l'universite. La valorisation de la recherche 
y est activement menee. Elle se traduit par plus de 150 contrats avec des organismes publics ou prives. Des 
structures nouvelles sont mises en oeuvre pour obtenir une collaboration plus feconde: creation du Laboratoire 
d'electronique et de technologie de l'informatique (LET!), accueil d'equipes et de laboratoires de l'industrie. 
Les domaines suivants sont principalement concernes: le dessalement, les materiaux nouveaux pour l'electronique 
et la metallurgie, les basses temperatures, les dispositifs d'irradiation. Sur le plan international, le CEN -G 
accueille en moyenne une centaine d'etrangers de toutes nationalites chaque annee, anime des groupes de 
recherche notamment au Bresil et au Perou, et effectue des missions de cooperation scientifique pour le 
compte de l'AIEA, en particulier au Maroc, 

OPrAHM3Al.IIUI HAY'-1HO-MCCJJE,llOBATEJJbCKMX PAEOT B 5I,llEPHOM l.IEHTPE B rPE
HOEJJE COBMECTHO C llPOMbiillJJEHHbiMH llPE,llllPM5ITM5IMM M YHMBEPCMTETOM. 

O.liHOii H3 3a.lla'l KoMHccapHaTa no aTOMHOii :>HeprHH npH C03.llaHHH l.leHTpa ll.llepHLIX Hc
cnenosaHHH B rpeH06Jie 6biJIO pa3BHTHe TeCHhiX CBH3ei1: C YHHBepCHTeTOM H npOMhimJieHHIJIMH 

npe,11npHliTHliMH. ABTOPLI .liOKna,lla coo6maiOT o TOM, KaK B pe3ynLTaTe o'!eHb 6naronpHliTHOii 
06CTaHOBKH pa3nH'IHLie na6opaTOpHH l.leHTpa ll,llepHLIX HCCne,liOBaHHH B rpeHo6ne CTanH HrpaTb 
BaJKHYIO pOJIL B Kal.leCTBe CBH3YJOlllero 3BeHa MeJK,ny YHHBepCHTeTOM H llpOMhlmJieHHOCTbJO. B 
Hccne,liOBaTenbCKHe rpynnLI na6opaTOpHH l.leHTpa BXO,!IHT COOTBeTCTBYIOUiee 'fHCnO y'leHLIX YHH
BepCHTeTa; HeCKOnbKO npo<f>eCCOpOB pa60T810T B Ka'!eCTBe· Hay'IHLIX KOHCynbTaHTOB. EonhiiiOe 
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KOJIH"'8CTBO KOHTpaKTOB Ha npOBe,lleHHe H8Yl.IHO-MCCJI8,ZJ;OBaTeJibCKHX pa6oT 6biJIO BhinOJIHeHO 

UeHTpOM cosMecTHo c YHHBepcHTeToM. UeHTP npHHHMaeT yqacTHe a yqe6HoH: .n;eSITenbHOCTH 

YHHBepCHTeTa H K8K CTI8I.I;l18JIH3HpOB8HH851 I1IKOJI8 .n:aeT B03MOJKHOCTb CTy,neHTaM TIOJIYl.IHTb cne

I..U18JibHYIO TIO,llrOTOBKY. AKTHBHO TIOOtnp.SieTCH HCllOJlb30B8HHe pe3yJibT8TOB HCCJI8)lOB3HHH B 

6y.IlyiiJ;eM. 3TO riO.llTBep}I(,ZJ;8eTCSI 38KJII04:eHHeM 6onee \.18M 150 KOHTpaKTOB C rocy,n.apCTB8HHbi

MH HJlH qacTHbiMH opraHH3aLU1HMH. Pa3pa6aThiBaiOTCH HOBbie opraHH381..1HOHHbie cf>opMhi ,llJI.SJ 

o6ecne'4:eHIUI 6onee s¢cpeKTHBHoro coTpy.n;HH'4:ecTaa: co3.n;aHHe LET! (Jia6opaTopHH 3JieKTpo

HHKH H TeXHHtJecKoH HHcflopMal.liHI}, yqacTHe a ,neHTeJibHOCTH UeHTpa H,nepHbiX Mccne,lloBaHMH B 

rpeHo6ne rpynn cneuHaJIHCTOB c npoMbilliJieHHbiX npe.n.npHHTH:H:. PaccMaTpHBaioTcH, rnaBHbiM 

o6pa30M, CJie,llyiOJnHe 06JiaCTH: OI1p8CHeHHe COJieHO:H: BO,llbl 1 I1pOH3BO,llCTBO HOBbiX MaTepHaJIOB 

,llllfl 3JieKTpOHHKH H MeTaJinyprHH, HH3KH8 T8MI18paTypb1 1 pa,llHaUHOHHOe o6opy,llOBaHHe. B o6-

JiaCTH M8)K,llyHapO,llHOro coTpy,llHW·leCTBa UeHTp e)KerO,llHO rrpHHHMaeT OKOJIO eTa HHOCTpaHHbiX 

CJleUHaJIMCTOB H3 pa3JilitlHbiX CTpaH, yqaCTByeT B pa6oTe HCCJie,llOBaTeJibCKHX rpynn, OC06eHHO 

B Epaawnm H ITepy, H KOMaH,liHpyeT qepea MArAT3 cnel.lHaJIHcToB no JIHHHH Hay4HOro coTpy,~~
HHlleCTBa, oco6eHHO B MapoKKO. 

ORGANIZACION DE LA INVESTIGACION EN EL CENTRE D'ETUDES NUCLEAIRES DE GRENOBLE EN 
COLABORACION CON LA INDUSTRIA Y LA UNIVERSIDAD. 

Uno de los obJetivos del CEA al crear el Centre d'etudes nucleaires de Grenoble era establecer v1nculos 
estrechos con la Universidad y la Industria. Los autores cuentan c6mo una situaci6n particularmente favorable 
lleva a los d1versos laboratories del CEN -G a Jugar un papel muy importante de enlace entre la investigaci6n 
y la industria, Los grupos de trabaJo de los laboratories de investigaci6n del CEN-G incluyen una proporc16n 
elevada de umversitarios, entre los que se encuentran varies profesores de la Universidad que cubren el papel de 
conseJeros cient1ficos, El CEN-G pasa ala Universidad numerosos contratos de estudios. El CEN-G participa en 
la ensefianza un1versitaria y aporta 1 como lo haria una escuela de aplicaci6n, un complemento de formaci6n 
cient1fica a los alumnos J6venes que salen de la Universidad. All1 se efectua una activa valoraci6n de la 
mvestigaci6n que se traduce par mas de 150 contratos con organismos publicos o privados. Se establecen 
estructuras nuevas para obtener una colaboraci6n mas fecunda; par eso se cre6 el Laboratoire d'Electronique 
et Technologie de l'Informatique (LET!) y se acoge a grupos y laboratories de la industria. Los campos en que 
se tiene mayor interes son, la desalaci6n, los nuevas materiales para la electr6nica y la metalurgia, las 
temperaturas baJas y los dispositivos de irradiaci6n. En el plano internacional, el CEN-G acoge un promedio de 
100 extranjeros de todas las nacwnalidades a! afio, amma grupos de investigac16n, concretamente en Brasil y 
Peru y efectua misiones de cooperac16n cientifica par cuenta del OlEA, particularmente en Marruecos. 

Parler dans une conference internationale de l'organisa
tion de la recherche au Centre d'Etudes Nucleaires de Grenoble 
et de ses liaisons avec l'Universite et l'Industrie peut parai
tre presomptueux. En effet, ce Centre n'est pas en France le 
plus important du Commissariat a l'Energie Atomique. Il peut 
paraitre modeste compare a bon nombre de Centres atomiques 
existant de par le monde. Neanmoins, sa large imbrication avec 
l'Universite et l'effort que l'on y a fait pour etablir une 
collaboration aussi etroite que possible avec l'Industrie nous 
ont paru dignes d'etre signales. 

Le Professeur NEEL, Prix Nobel de Physique en 1970, qui 
prit la direction de ce Centre des sa creation en 1956, a eu 
l'occasion d'exprimer ses vues sur le role que devaient iouer 
les Centres d' Etudes Nucleaires, lors de la Conference Generale 
de l'Agence Internationale de l'Energie Atomique en 1966. A son 
avis, les Centres d'Etudes Nucleaires doivent garder une place 
de choix a la recherche fondamentale. Elle profite ainsi de la 
solide organisation administrative et du puissant soutien 
technique que peuvent, en general, fournir ces Centres. Reci
proquement, elle apporte a la technologie et aux recherches de 
developpement un soutien scientifique indispensable. Il disait 
notamment 

"Par son essence meme, 
jamais achevee, elle est une, 

la recherche fondamentale n'est 
en ce sens que les travaux menes 
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dans des lieux differents-e! dans des disciplines differentes 
sont etroitement solidaires. Elle implique des contacts cons
tants entre chercheurs de disciplines variees. Elle est essen
tiellement polyvalente dans ses debouches. On ne fait pas de la 
recherche fondamentale pour telle ou telle application, mais on 
fait de la recherche pour valoriser le potentiel scientifique 
et industriel general d'un pays tout entier." 

"La solide organisation des Centres d'Etudes Nucleaires 
qui aurait pu paraitre un peu lourde aux physiciens d'autrefois, 
avec leurs services generaux, administration, cantines, servi
ces medicaux et sociaux, services de securite, leurs services 
techniques, ateliers, entretien, bureaux de calcul, electroni
que, leurs services specialises, protection contre les radia
tions, laboratoires chauds, reacteurs de recherche, accelera
teurs, leur permet, en realite, de jouer le role de laboratoire 
d'accueil et de donner des moyens de travail a des equipes ex
terieures au benefice de la collectivite." 

Dans ces quelques !ignes se trouvent enonces les princi
pes essentiels dont !'application devait faire du CEN.G ce qu'il 
est aujourd'hui : un centre resolument tourne vers l'exte
rieur, s'appliquant a faire deboucher dans l'industrie les re
sultats obtenus en recherche fondamentale, ayant etabli des 
liens etroits avec l'Universite, collaborant avec les organis
mes publics ou prives, developpant sur le plan international 
des cooperations scientifiques et techniques basees sur une 
integration poussee des cooperants. 

La realisation de ces principes fut grandement facilitee 
par le contexte particulierement favorable qui a toujours exis
te a Grenoble. Il faut y voir l'une des raisons majeures pour 
lesquelles le C.E.A. decida, en 1956, de choisir Grenoble comme 
site pour son troisieme Centre d'Etudes Nucleaires. 

L'environnement scientifique et industriel de Grenoble 

Le potentiel scientifique et industriel, deja tres im
portant a l'epoque du choix de Grenoble pour y installer un 
Centre de recherche du C.E.A., n'a cesse de croitre. Grenoble 
se classe au premier rang des villes de province en ce qui con
cerne le potentiel en chercheurs et en universitaires : 6 000 
personnes travaillent a la recherche dont 2 500 ingenieurs ou 
universitaires dipl6mes. 

Les trois nouvelles universites, issues de la reforme 
universitaire, y sont fortes de pres de 25 000 etudiants. Les 
disciplines scientifiques en interessent 7 000 parmi lesquels 
650 etrangers et sont dotees d'une trentaine de laboratoires. 

En Pharmacie et en Medecine, on compte 2 500 etudiants 
dont 70 etrangers. 

La formation d'ingenieurs y a ete, de tout temps, assu
ree par de solides ecoles d'ingenieurs, actuellement regroupees 
dans l'Institut National Polytechnique de Grenoble. Elles deli
vrent un dipl6me des ENSI (Ecoles Nationales Superieures d'In
genieurs) a environ 260 eleves par an. 

Enfin, une mention particuliere doit etre faite des la
boratoires du Centre National de la Recherche Scientifique 
(C.N.R.S.), Electrostatique et Physique du Metal, Centre de Re
cherche des Basses Temperatures qui, avec 350 personnes, ont 
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ete un moteur puissant dans le domaine du magnetisme et de la 
physique du solide, ainsi qu'en a temoigne le congres inter
national du magnetisme qui s'est tenu a Grenoble en 1970. 

De longue date, des relations s'etaient etablies entre 
l'Universite, le C.N.R.S. et les industries regionales. Elles 
ont suscite la creation d'entreprises nouvelles. On peut citer 
parmi bien d'autres : 

- la Societe d'Etudes et de Recherches Magnetiques 
(SERMAG) filiale d'Ugine-Allevard, 

- la Societe Anonyme des Machines Electrostatiques 
(SAMES) , 

- le Centre d'Etudes Cryogeniques de Sassenage, centre 
de !'Air Liquide, 

- la Societe "Le Moteur Lineaire", filiale de Merlin-
Gerin. 

C'est dans ce cadre que s'est developpe peu a peu le 
CEN.G et la tradition deja etablie des relations Universite
Industrie s'est tout naturellement etendue au nouveau Centre 
de Recherche cree par le C.E.A. 

Liaisons Universite-C.E.A. 

A l'origine, le Directeur du Centre, le Professeur NEEL, 
exer<;ait, et il exerce encore, de tres nombreuses fonctions a l'Uni
versite : Directeur des ecoles d'ingenieurs, des laboratoires 
du C.N.R.S., President de nombreux directoires et Comites 
Scientifiques. Son adjoint etait un cadre superieur a plein 
temps du Commissariat a l'Energie Atomique(1) . Ceci assurait 
d'emblee, au niveau de la Direction du Centre, une osmose tota
le entre le C.E.A., le C.N.R.S. et l'Universite. 

Cette conjonction Universite-C.E.A. se retrouve dans la 
composition du Conseil Scientifique, cree specialement pour 
harmoniser les relations avec l'Universite. Ce conseil Scienti
fique rassemble le Haut Commissaire du C.E.A., sept directeurs 
centraux, le directeur du CEN.G et son adjoint et un nombre e
quivalent de professeurs de l'Universite de Grenoble, conseil
lers scientifiques du CEN.G. Il se reunit une fois l'an. Il est 
saisi des projets de recherche proposes par la Direction du 
Centre, donne son avis sur !'integration de ces projets dans le 
programme general du C.E.A., en propose d'autres, envisage les 
moyens et methodes a mettre en oeuvre pour les poursuivre, les 
moyens etant naturellement, en definitive, attribues lors de la 
discussion annuelle du budget a Paris. 

Une des liaisons les plus importantes est assuree par un 
certain nombre d'universitaires qui jouent le role de conseil
lers scientifiques et assument dans quelques disciplines la di
rection de laboratoires du CEN.G. Ces conseillers sont choisis 
pour leur competence dans les specialites qui interessent le 
C.E.A. Certains d'entre eux participent, comme cela a ete si
gnale precedemment, au Conseil Scientifique. Chaque laboratoire 
scientifique en possede un ou plusieurs et se trouve, de ce 
fait, plus ou moins lie a un ou plusieurs laboratoires univer
sitaires. 

(l) R1!cemment. M. le Professeur N€el est devenu De!egue du Haut Commissaire aupr~ du Centre 
d'Etudes Nucl1!arres de Grenoble, son adjoint, M. Balligand, a eM nomme Delegue !!Ia Mission Programmes 
d'Inter€t General, M. Pascal a pns les fonctions de Drrecteur du Centre d'Etudes Nuc!eaues de Grenoble. 
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Parfois, les laboratoires universitaires se sont eux
memes installes au Centre. Il en est ainsi pour les laboratoi
res de Physique Nucleaires et de Chimie Nucleaire. Par contre, 
l'Universite a construit sur un terrain adjacent au CEN.G un 
Institut des Sciences Nucleaires, dote d'un cyclotron a energie 
variable jusqu'a 70 MeV autour duquel travaillent aussi bien 
les universitaires que les chercheurs du CEN.G. 

En Biologie, la Faculte de Medecine, creee il y a quel
ques annees a Grenoble, a obtenu l'accord du C.E.A. pour eta
blir au Centre des laboratoires mixtes diriges par des Profes
seurs de la Faculte de Medecine. Les disciplines suivantes y 
sont representees : biologie cellulaires, biochimie, hematolo
gie. Non seulement ces laboratoires profitent de la solide or
ganisation du Centre, mais l'implantation de biologistes a 
proximite de physiciens, de chimistes, d'electroniciens, de 
specialistes des radioisotopes, s'est revelee extremement 
fructueuse. 

Deux autres laboratoires universitaires se sont egale
ment implantes au Centre : l'un de chimie organique physique, 
l'autre d'electrochimie organique analytique. Comme dans les 
cas precedents, les equipes sont presque en totalite composees 
d'universitaires. Sur un effectif total de 88 chercheurs, 
trois seulement appartiennent au C.E.A. Mais le programme 
scientifique de ces laboratoires est completement integre avec 
ceux des laboratoires de disciplines voisines du Centre. La 
encore, le rendement de ces laboratoires a ete multiplie grace 
aux contacts scientifiques etroits noues entre chercheurs. 

Un dernier exemple interessant de liaisons complemen
taires entre le C.E.A. et le C.N.R.S. est fourni par le labo
ratoire de Diffraction Neutronique. Un laboratoire de rayons X 
existait au C.N.R.S. L'installation au Centre de reacteurs de 
recherche, fournisseurs de neutrons, amena la creation d'un 
laboratoire de diffraction neutronique. Le mariage entre les 
deux etait evident et a donne d'excellents resultats. La mise 
a disposition en 1971 du Reacteur a haut Flux de l'Institut 
Laue-Langevin donnera des prolongements benefiques a cette 
union. 

Ces quelques exemples nous montrent la fecondite dans 
les deux sens des liaisons ainsi etablies : les deux parte
naires y trouvent avantage. 

Comme nous l'avons deja fait observer, les laboratoires 
du CEN.G hebergent un nombre eleve de chercheurs n'appartenant 
pas au personnel contractuel du C.E.A. Sur les 3 000 personnes 
recensees au CEN.G a la fin de 1970, il y a 1 625 agents 
proprement C.E.A. et plus de 1 400 personnes provenant de l'ex
terieur. Cet afflux de chercheurs non C.E.A. est assurement 
benefique pour le CEN.G. Il s'agit pour la plupart de jeunes 
gens venant de l'Universite, d'ecoles d'ingenieurs, de pays 
etrangers qui completent nos propres equipes et assurent en 
permanence la jeunesse et le dynamisme necessaire au corps des 
chercheurs. Dans les annees passees, ils ont constitue une 
source de recrutement de grande valeur. A l'heure actuelle, le 
C.E.A. ne recrute plus; toutefois, pour assurer un renouvelle
ment a la base, quelques contrats en nombre limite, peuvent etre 
conclus pour une duree determinee (un an renouvelable jusqu'a 
un maximum de cinq ans). Ils s'adressent a de jeunes scienti
fiques desireux de s'orienter dans la recherche fondamentale. 
Le Centre dispose, en outre, chaque annee, d'une vingtaine de 
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stages de longue duree (maximum un an) pour de jeunes universi
taires ayant termine leurs etudes, d'une vingtaine de bourses
theses (duree de 3 a 5 ans, en moyenne) pour des jeunes gens 
preparant un doctorat d'etat ou une these d'ingenieur-docteur. 
Enfin, un bon nombre de jeunes dipl6mes de l'Universite tra
vaillent au CEN.G sous contrat. 

Ces sejours de plus ou mains longue duree qu'effectuent 
ces jeunes chercheurs au CEN.G constituent pour eux un excel
lent complement de formation avant leur orientation definitive 
vers la recherche ou l'industrie. En ce sens, l'on peut dire 
que le CEN.G joue un role d'"ecole d'application". Les avanta
ges qu'en retire le CEN.G sont importants : 350 theses d'etat 
et de docteur-ingenieur ont ete soutenues depuis la creation du 
Centre. En permanence, chaque annee, une centaine de theses 
sont en preparation auxquelles s'ajoutent, en moyenne, cinquan
te theses de troisieme cycle. 

Le CEN.G complete ses relations avec les laboratoires 
universitaires au moyen de contrats d'etude. Ces contrats, pas
ses initialement avec l'Universite de Grenoble, s'etendent main
tenant a celles de Paris,, Lyon, Strasbourg, Nancy, Nice. Nous 
comptons ainsi aujourd'hui une soixantaine de ces contrats 
universitaires. Leurs objets sont tres divers. Ils permettent 
de faire faire a l'Universite ou au C.N.R.S. des recherches 
fondamentales dont les resultats serviront de base a la pro
gression de certaines recherches technologiques poursuivies au 
CEN.G. 

En Biologie, ces contrats permettent d'intensifier les 
echanges avec la Faculte de Medecine et de faire progresser des 
recherches de grand interet. Citons l'etude de la morphologie 
des chromosomes dans les cas d'irradiation, l'etude des fac
teurs inducteurs de leucemie et de cancer chez les souris, !'e
tude des proprietes enzymatiques des membranes mitochondriales, 
etc. 

En Electronique, la complexite des etudes est telle que, 
malgre la presence de solides equipes C.E.A., il est indispen
sable de faire appel a des equipes universitaires familiarisees 
avec certains domaines particuliers de la recherche : utilisa
tion des cristaux liquides dans le domaine de la microelectro
nique, realisations de couches minces epitaxiales sur silicium 
en vue de leur application a des circuits logiques integres 
tres rapides, etc. 

Reciproquement, ces contrats permettent de faire parti
ciper a nos recherches technologiques certains universitaires 
en leur donnant ainsi la possibilite de faire debaucher leurs 
recherches fondamentales sur des realisations concretes. Ces 
recherches concernent aussi bien des dispositifs d'irradiation 
que des realisations electroniques ou des problemes d'echange 
thermique : construction de la source froide du reacteur a haut 
flux, realisation de cibles tritiees neutronigenes, usine de 
dessalement, generateurs d'electricite radioisotopique, etc. 

A ce tableau des relations du CEN.G avec les laboratoi
res de l'Universite, il convient d'ajouter les liaisons d'ordre 
personnel, les contacts humains qui s'etablissent dans de nom
breuses occasions : seminaires, soutenances de theses, demandes 
de renseignements, frequentation mutuelle des bibliotheques. 
Des ingenieurs du Centre, en moyenne une quarantaine par an, 
participent aux activites d'enseignement de l'Universite de 
Grenoble sous des formes diverses : cours de specialites a !'E
cole Nationale Superieure d'Electronique et de Radioelectricite, 
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a l'Institut Polytechnique, a l'Institut des Sciences Nucleai
res ou encore, accueil au Centre, pour leurs travaux pratiques, 
des eleves des Instituts Universitaires de Technologie. Les 
rencontres frequentes auxquelles elles donnent lieu sont a l'o
rigine de collaborations fecondes. 

Liaisons Industrie-CEN.G 

Elles ont existe pour ainsi dire de fondation. En effet, 
des la creation du Centre, il a paru souhaitable d'associer a 
son developpement un laboratoire de l'Institut Fran~ais duPe
trole. Aux termes du contrat qui liait l'I.F.P. et le C.E.A., 
ce laboratoire,qui compte actuellement une cinquantaine de per
sonnes, devait consacrer 30 % de ses activites a des recherches 
radiochimiques pour le compte du C.E.A. Une telle collaboration 
s'est averee des plus interessantes par les resultats obtenus 
mise au point de graisses resistant a l'effet degradant des 
rayonnements, de polymeres thermostables et radioresistants. 
Cette premiere implantation au CEN.G d'un laboratoire exterieur 
au C.E.A. prefigurait une des formes que devaient prendre les 
liaisons CEN.G/Industrie. 

Les premieres manifestations de ces liaisons se sont 
cantonnees a des activites purement nucleaires et se traduisi
rent par des contrats d'etudes avec des organismes publics com
me EURATOM, la Delegation Generale a la Recherche Scientifique 
et Technique, la Direction des Recherches et Moyens d'Essais 
des Armees. De ces contrats devaient naitre les premiers con
tacts industriels. 

Ires rapidement, la Direction et les laboratoires du 
CEN.G se rendaient compte de !'importance que representait pour 
l'exterieur le potentiel scientifique du Centre en chercheurs 
et en materiel et s'attachaient a apporter leur soutien, tant 
aux organismes publics de recherche qu'a l'industrie nationale. 

C'est ainsi que, tres tot, quoique ce ne fntpas alors 
reconnu officiellement comme une mission du C.E.A., le CEN.G a 
commence a travailler pour des organismes n'ayant pas de voca
tion ou d'interet nucleaire. Il etait, en effet, apparu 
tres interessant de le faire quand les deux conditions suivantes etaient 
r€mnies simultanement: 

- quand le CEN.G se trouvait bien place pour mener une 
etude grace a !'experience acquise, les brevets pris, l'equipe
ment scientifique disponible, mais ne pouvait y consacrer les 
moyens suffisants pour la voir aboutir assez rapidement ou lui 
donner l'envergure necessaire, 

- quand cette meme etude interessait un organisme exte
rieur sans que celui-ci ait l'envie ou la possibilite de 
creer le groupe de recherche correspondant. 

Comme il n'existait pas de doctrine officielle en la ma
tiere, le CEN.G eut toute latitude pour rechercher les formes 
les mieux adaptees a son action. 

Ce furent d'abord des contrats ordinaires dont le conte
nu demeurait tres variable, allant de la simple etude dans un 
domaine determine a l'accueil d'une equipe complete de l'indus
trie venant se former pour assurer le developpement ulterieur 
d'une realisation. Une autre formule rencontra rapidement la 
faveur de nos partenaires. L'industriel, venu pour traiter une 
question, decouvre bien souvent que le Centre est en mesure de 
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resoudre bien d'autres problemes qui l'interessent. La solution 
consiste alors dans la redaction d'un contrat-cadre comportant 
frequemment !'implantation au CEN.G d'un laboratoire de recher
che de la societe contractante. Nous en avons une dizaine ac
tuellement dans les domaines les plus varies : batiment, petro
le, chimie, electronique. L'objet de ces contrats-cadres reste 
tres general mais permet de fixer les modalites generales d'ac
cord (location de locaux, problemes de responsabilite civile, 
d'assurance, de propriete industrielle). Chaque action precise 
envisagee fait ensuite l'objet d'un contrat particulier. 

Une nouvelle etape va etre franchie sous peu avec la 
constitution de groupements d'interet economique associant en
core plus etroitement l'industrie au developpement de certaines 
techniques du CEN.G, notamment dans le domaine des composants 
electroniques. La transformation en Societes Anonymes de cer
tains secteurs d'activite, deja largement tournes vers l'exte
rieur, est meme envisagee. 

La recherche des contractants est laissee a !'initiative 
de chaque laboratoire, la Direction du Centre intervenant au 
Stade de la decision, la decision finale etant, bien entendu, 
prise au niveau national dans un souci d'homogeneite avec les 
actions des autres Centres. La grande diversite des activites 
du CEN.G lui permet d'aborder toute la gamme des problemes in
dustriels. Souvent le probleme pose necessite !'intervention de 
plusieurs laboratoires. Il n'est pas rare, dans ce cas, de 
trouver reunis autour d'une meme table sept a huit chefs de la
boratoires, animes du meme esprit d'equipe, pour resoudre au 
mieux !'affaire presentee. 

Du point de vue financier les termes des contrats sont 
variables. Ils prevoient, soit le financement total, soit un 
financement partie! par le contractant du CEN.G. En regie gene
rale, il n'est pas admis un financement exterieur inferieur a 
50 % et encore cette regie n'est-elle valable que pour des or
ganismes publics comme la Delegation Generale a la Recherche 
Scientifique et Technique. Chaque contractant stipule la fa<;:on 
dont sera partagee la propril§te des brevets. Ce partage se fait 
selon une double consideration: 

- champ d'application des brevets, 
- participation au financement du contrat. 

Il convient de noter que le laboratoire charge de !'etu
de d'un probleme pose par un industriel effectue a ses propres 
frais les recherches preliminaires, ce que nous pourrions appe
ler l'etude de "feasibility". Le contractant ne commence a 
payer que lorsque le choix du procede est parfaitement defini. 
S'il s'agit de la realisation d'un appareil, notre action s'ar
rete a la livraison du prototype. Nous laissons a notre con
tractant le soin d'en assurer le developpement industriel. 
Notre role n'est pas, en effet, de concurrencer l'industrie 
mais, au contraire, de l'aider a developper et acquerir des 
techniques de pointe ou encore a beneficier des resultats des 
recherches de base obtenues au CEN.G. 

L'un des aspects originaux de cette collaboration avec 
l'industrie ou, plus exactement, de cette "valorisation de la 
recherche", est qu'elle touche les domaines les plus varies. 

Notre service des Transferts Thermiques a pu tres faci
lement faire beneficier les etudes de dessalement par distil
lation des competences qu'il avait acquises dans les etudes 
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menees sur le refroidissement des reacteurs a eau. Dans ce do
maine, il a certainement contribue pour une part importante aux 
etudes concernant la fourniture au Kowelt d'une usine de 
113 000 m3/jour. Les essais du pilote ont ete menes en liaison 
tres etroite avec l'industrie dans la station d'essais que le 
C.E.A. a installee sous contrat avec la Marine Nationale dans 
l'Arsenal de Toulon. 

Ce service a egalement de nombreux contrats avec l'in
dustrie petroliere et chimique pour des problemes de transfert 
de chaleur dans le genie chimique en application directe des 
recherches qu'il poursuit sur les echanges en "lit dense". 

Le genie biomedical constitue un domaine de choix pour 
la valorisation de la recherche. La presence au Centre de bio
logistes, chimistes, physiciens, electroniciens nous permet 
d'aborder des problemes tels, entre autres, que les detecteurs 
d'hemorragie pour rein artificiel, la mesure des debits san
guins, la sterilisation en milieu hospitalier, les coeurs 
artificiels. 

En agronomie, des etudes conduites en liaison avec les 
specialistes de la Societe Nationale des Petroles d'Aquitaine 
ont permis de trouver en emploi au D.M.S.O. (dimethyl-sulfoxy
de), sous-produit du gaz de Lacq, comme agent facilitant l'as
similation des engrais dans les espaces de grande culture. 

La technologie industrielle se montre egalement un sec
teur privilegie. Nous traitons pour le compte de societes 
d'"engineering" ou d'industries specialisees des problemes 
aussi divers que les mesures de temperature, d'epaisseur de 
revetement, de rugosite en continu, sans contact sur des lignes 
de traitement de bande d'acier dans les laminoirs, la polymeri
sation de peintures sous rayonnement, la mesure de l'humidite 
dans les corps gras, etc. 

Le cas du Laboratoire d'Electronique et de Technologie 
de l'Informatique (LET!) est sans doute la meilleure illustra
tion de cette collaboration. 

Pour developper au profit des chercheurs l'instrumenta
tion la plus adequate et en assurer la maintenance, il avait 
ete cree des l'origine du Centre, un service d'electronique. 
Ses activites l'ont amene a tirer le meilleur parti des 
composants nouveaux apparus sur le marche, que ce soit en 
electronique nucleaire ou en instrumentation generale et, meme, 
a participer a l'evolution des nouvelles technologies comme 
l'electronique integree (microelectronique). 

Ce service a progressivement consacre une part de plus 
en plus importante de son potentiel a des activites de recher
che dont l'interet debordait le cadre de la seule electronique 
nucleaire, a la suite de contrats passes avec des organismes 
publics ou prives que des travaux interessaient. Pour consacrer 
cet etat de fait et !'encourager, nous avons obtenu la creation, 
il y a 3 ans, du Laboratoire d'Electronique et de Technologie 
de l'lnformatique qui regroupe, autour de notre ancien service 
d'electronique, divers laboratoires de recherche interdiscipli
naires dont l'un est notamment constitue avec l'Institut de 
Mathematiques Appliquees de l'Universite de Grenoble. 

Grace a une large autonomie de gestion, le LET! peut 
discuter et negocier des contrats de recherche, recruter le 
personnel contractuel necessaire a leur execution, accueillir 
sous contrat des equipes de recherche appartenant a d'autres 
organismes publics ou prives. Un controle "a posteriori" est 
assure par un Conseil de Gestion qui se reunit deux fois par an 
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afin d'examiner les aspects administratifs et financiers de la 
gestion des contrats. 

Cette grande souplesse d'action lui a permis de donner 
une grande expansion a son programme oriente vers l'etude des 
composants electroniques, memoires et circuits logiques ainsi 
que vers les etudes d'automatisme, d'informatique et d'instru
mentation. Depuis peu, deux activites nouvelles ont pris une 
grande importance : la magnetometrie des champs faibles et la 
cristallogenese, synthese et etude de materiaux nouveaux. Dans 
tous ces domaines, un reseau de liens contractuels ou de simple 
collaboration a ete tisse avec la plupart des grandes adminis
trations et des industries de l'electronique (plus de quarante). 

Arrive a ce stade de collaboration, la definition des 
axes de recherche prend une grande importance. Il est necessai
re d'associer a leur elaboration les representants des princi
paux organismes avec lesquels nous travaillons. Les grandes 
orientations des programmes du LETI sont ainsi definies, une 
fois par an, par un Conseil Scientifique auquel participent, 
outre des personnalites scientifiques du C.E.A., le Directeur 
de la Delegation Generale a la Recherche Scientifique et Tech
nique, le Delegue a l'Informatique, le Directeur des Recherches 
et Moyens d'Essais des Armees, le President de la Federation 
Nationale des Industries Ele~troniques. 

Les resultats de cette "valorisation de la recherche" sont 
significatifs. En 1970, les rentrees budgetaires engendrees par 
l'ensemble des quelque 150 contrats passes avec l'exterieur se 
sont eleves a plus de 20 millions de francs, soit 21 % du bud
get du CEN.G, main d'oeuvre comprise. 

L'effort fait par le CEN.G pour cooperer avec l'indus
trie non nucleaire a ete bientot remarque ; ses representants 
ont ete appeles a collaborer a une organisation locale ·~sso
ciation pour la Zone Industrielle Scientifique et Technique de 
Grenoble" qui s'est fixe pour objectif de faire passer dans 
l'industrie les brevets et connaissances acquises en technolo
gie avancee dans les organismes de recherche de la region. 

Cooperation Internationale 

Le CEN.G participe, bien entendu, a l'effort de coopera
tion mene par le Commissariat a l'Energie Atomique avec d'au
tres pays, effort qui se concretise par l'envoi d'experts en 
mission, l'echange d'informations, l'accueil de stagiaires, 
parfois meme de dons de materiel. 

Il s'agit, le plus souvent, d'actions isolees limitees 
dans le temps : faute de moyens suffisants en materiel et en 
personnel, de programme a long terme, le pays interesse ne peut 
tirer tout le benefice de l'echange. Toutefois, nous avons pu, 
dans plusieurs cas, etablir des liens etroits et durables avec 
des organismes etrangers, profitables aux deux parties. L'ori
gine en est toujours modeste ; la cooperation a debute par une 
simple mission destinee a une aide determinee sur un probleme 
concret. La poursuite du programme a permis aux chercheurs de 
nouer des liens personnels et spontanes ; la cooperation s'est 
amplifiee et fait l'objet d'un echange permanent d'informations 
et d'hommes qui se connaissent. Le succes est incontestable. Il 
semble que l'on ait mis en place une collaboration durable, si
non definitive. 
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Notre but a ete d'assurer un "suivi" dans la politique 
d'echange et d'essayer, en quelque sorte, de creer des liens 
permanents entre laboratoires en mettant sur pied le systeme de 
"laboratoires freres" que l'on a bien souvent prone sans y par
venir. Il nous semble d'ailleurs que l'instauration de ces 
liens ne necessite pas une aide materielle enorme mais plut6t 
beaucoup d'assiduite et de bonne volonte des deux cotes. 

Au Bresil, un groupe mixte franco-bresilien de physi
ciens du solide, denomme "GRESIL" (Grenoble + Bresil) a ete 
cree a la suite d'une mission d'un de nos professeurs conseil
lers et du sejour a Grenoble, depuis 5 ans, d'un eminent pro
fesseur de chimie nucleaire de Belo Horizonte. Les jeunes cher
cheurs fran~ais qui y participent sont detaches au Bresil 
durant leur temps de service national (ex-service militaire) 
apres avoir ete stagiaires ou boursiers au CEN.G ou au C.N.R.S. 
Des echanges continus se developpent entre ce groupe et notre 
laboratoire de physique du solide a !'occasion de missions, de 
stages de chercheurs bresiliens au CEN.G. La base de la reussi
te vient de !'integration de chercheurs bresiliens et fran~ais 
dans une meme equipe. 

Un processus du meme ordre s'amorce avec d'autres villes 
du Bresil (Rio de Janeiro, Belo Horizonte) et avec d'autres 
pays d'Amerique Latine (Argentine, Perou). 

Avec !'Uruguay, dans un cadre similaire, les ingenieurs 
de Grenoble apportent un concours actif, sous forme de conseils 
au developpement du nouveau Centre Atomique de Montevideo. 

Le Maroc offre egalement un exemple de cooperation in
teressante a la suite de !'envoi dans ce pays, par l'interme
diaire de l'A.I.E.A., d'un expert du laboratoire de biologie 
vegetale du CEN.G. Cet expert avait pour mission de preter son 
concours ala planification et a !'execution d'un programme 
d'etude sur la nutrition minerale des agrumes. Ce programme a 
conduit !'expert a utiliser au Maroc des techniques mises au 
point a Grenoble et a faire appel a ses collegues de laboratoi
re. Un climat favorable s'est cree et un groupe d'universitai
res et de chercheurs marocains s'est forme pour poursuivre 
l'etude du probleme en liaison avec Grenoble. Cette operation 
qui avait un but precis, obtenir une meilleure connaissance de 
la physiologie des arbres fruitiers au Maroc, a non seulement 
profite au Maroc, mais aussi au laboratoire de biologie vegeta
le du CEN.G qui a pu mettre a l'epreuve sur un probleme concret 
la valeur de ses methodes et de son experience. 

Conclusion 

En conclusion, le Centre d'Etudes Nucleaires de Grenoble 
constitue aujourd'hui un organisme de recherche polyvalent dont 
les structures mixtes C.E.A.-Universite-Industrie sont bien 
adaptees au developpement harmonieux de la recherche fondamen
tale et appliquee dans la region. Ses activites interessent, 
non seulement le secteur des applications nucleaires, mais, en 
realite, !'ensemble de l'economie. La part de son activite 
qu'il consacre a la recherche fondamentale contribue a vivifier 
!'ensemble et a creer une large plate-forme de rencontre, in
dispensable a la creation et a l'entretien de liens etroits 
avec les autres organismes exterieurs de recherche,qu'ils 
soient fran~ais ou etrangers. 
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Il se trouve que cette action d'ouverture et de valori
sation de la recherche reunies par le CEN.G vient d'etre offi
ciellement recommandee au C.E.A. En effet, par le nouveau 
decret du 29 septembre 1970, le C.E.A. peut "dans les limites 
fixees par le gouvernement, prolonger certaines de ces activi
tes de recherche et de developpement dans des domaines non nu
cleaires soit a des fins economiques soit en vue de participer 
a des programmes d'interet general". 

Dans la nouvelle organisation de l'etat-major du C.E.A., 
qui comprend sept delegations, deux d'entre elles sont char
gees : 

- l'une des programmes de cooperation industrielle non 
nucleaire, 

- !'autre des programmes d'interet general. 

Elles doivent accentuer la mise a la disposition de 
l'exterieur des moyens du C.E.A. et developper des actions 
de cooperation avec l'industrie non nucleaire et avec les 
grands organismes d'etat : Universite, CNEXO, Ministere de 
l'Environnement, etc. 



DISCUSSION ON AGENDA ITEM 5. 4. 

Organization of national atomic energy commissions and their 
relationship with other bodies and institutions 

DISCUSSION ON THE FOLLOWING PAPER: 

P/166 Canada Presented by D. G. Hurst 

E. MAURER: I have two questions that I should like to ask Mr. Hurst 
about the new Canadian law on liability for a nuclear incident. Firstly, under 
United States law if a nuclear incident occurs in the United States of America, 
damage in Canada is also covered and is compensable. If a nuclear incident 
should occur in a nuclear installation in Canada, would damage occurring in 
the United States be covered under the new Canadian law? 

D. G. HURST: Under the Act an operator is not liable for any injury 
or damage occasioned outside Canada unless there is an arrangement 
between Canada and the other country. An arrangement may be made when 
the other country has satisfactory provisions for compensation for inJury 
and damages in Canada. 

E. MAURER: My second question relates to the availability of $75 
million as cover for a nuclear incident, with the possibility of more being 
made available under further procedures. Could you give us some idea of 
the procedures for making more than $75 million available? 

D. G. HURST: When the Governor in Council is of the opinion that the 
liability of an operator could exceed $75 million, a commission will be 
established to deal with claims for compensation. Compensation in excess 
of $75 million will require authorization by Parliament. 

DISCUSSION ON THE FOLLOWING PAPER: 

P/417 FRG Presented by G. Schuster 

D. E. H. PEIRSON: How does the Federal Ministry for Education and 
Science determine what proportions of its budget should be allocated for 
different purposes, for example nuclear energy and space? 

G. SCHUSTER: First of all, the relevant Departments of the Ministry 
for Education and Science develop their proposals for the programs and 
projects (including alternatives) in close collaboration with advisers to 
Science and Industry. 

Then teams of experts, particularly in the Research Centres of Jtilich 
and Karlsruhe, and the planning group within the Ministry, make available 
on request something approaching a systems analysis or cost-benefit 
analyses. 

Finally, the Minister, together with his three State Secretaries, and 
aided by the planning group of the Ministry, evaluate the proposals and 
make the final decision as to how the different departments and programs 
are to be funded, paying particular regard to the question of benefits to 
society and the political demarcation. 

579 
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E. SAELAND: Could Mr. Schuster comment further on efficiency 
control. Who exercises it, for example; what are the criteria employed to 
measure efficiency, and what has been learnt from experience? 

G. SCHUSTER: In evaluating research institutions as a whole, profitable 
use can be made of characteristic figures. Characteristic figures that are 
useful for planning as well as for control are, for example: the ratio 
between graduate staff and the total staff of a research facility, the per 
capita expenditure on personnel and equipment, the extent to which experi
mental and research facilities are used, the ratio between expenditure 
and operating costs, capital expenditure per employee and the share of 
infrastructure costs in the total costs. 

Similar ideas have been developed within OECD, and Mr. King has 
presented a very valuable report in this connection. 

Efficiency control comprises both internal and external control, and is 
thus exercised at several levels of responsibility. Internal efficiency 
control ("self-control") has naturally to be exercised by the working units 
themselves and the staff responsible for them. 

With respect to research and development programs which are supported 
by public funds, external control has to be exercised by the Government 
or the competent supervisory bodies, or by self-administering organizations. 

A further method of efficiency control is project control by proJect 
committees. Project committees observe and control the most important 
projects in the field of nuclear development. They consist of persons 
working on the project, as well as of representatives of the partners 
concerned at the national and international levels and of the sponsoring 
Ministry. It is very important that the efficiency control should not be 
used as a repressive instrument. 

F. C. BOYD: Mr. Schuster, I believe you stated that in your research 
organizations provision is made for the research staff to participate in 
decision-making. If this is so, could you elaborate a little on how this 
is done? 

G. SCHUSTER: The participation of scientists and technicians in the 
decision-making process takes place at two levels. 

Firstly, decisions on the programs and projects of the nuclear research 
centres have to be taken in deliberations between both the administrative 
and the technical managers and the Scientific Councils. Members of the 
Scientific Councils are the directors of the institutes. Scientists and 
technicians of the centre who have been elected by their colleagues make 
up one third of the number of members. 

Secondly, close collaboration has been established at the institute 
between its directors and their collaborators within the so-called "institute 
council". 

I am afraid that time does not allow me to go into further details. 

DISCUSSION ON THE FOLLOWING PAPER: 

P/326 Hungary Presented by F. Szabo 

There was no discussion on this paper. 
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DISCUSSION ON THE FOLLOWING PAPER: 

P/169 Italy Presented by C. Salvetti 

V. A. SARABHAI: The development of reactors for industry and utilities 
by one agency and of the fuel cycle by another might lead to chaotic conditions. 
Initiatives in atomic energy have a long period of gestation (5-1 0 years) and 
I suggest that it is desirable to have a single authority that can plan for 
10-15 years in all aspects of atomic energy. That is how we have decided 
to organize the nuclear sector in India, where the AEC has overall responsi
bility. 

C. SALVETTI: I was referring to Western European conditions, where 
one has to take into account the existence of the three components: govern
mental organizations (atomic energy commissions), the manufacturing 
industry and the utilities. My remarks obviously do not apply to countries 
such as India. In the context of Indian conditions I would agree with 
Mr. Sarabhai' s remarks, but I am sure he agrees that such conditions are 
substantially different from those in the United States of America or Western 
Europe. 

E. MAURER: I was intrigued by Mr. Salvetti's comparison between the 
nuclear energy industry and the motor industry and the recommendation 
that more matters be left to the discretion of the industry. In the United 
States we have seen the increasing intrusion of the people, for example 
Nader's raiders, in the development of safety standards and pollution 
standards. Could Mr. Salvetti comment on this element of the regulatory 
process in Italy? 

C. SALVETTI: In my brief comments I stressed the importance of the 
regulatory functions of atomic energy commissions; as far as Italy is 
concerned, safety aspects, ecology, radiation problems and environmental 
and related matters will take a predominant place among the tasks of CNEN. 

J. I. VARGAS: Being a professor himself, Mr. Salvetti perhaps felt 
that the relationship between the CNEN and the universities in Italy was too 
obvious to comment upon. I should be grateful if he would say a few words 
on the subject. 

C. SALVETTI: University professors are well represented in our 
Commission, and university activities are not overlooked. CNEN is 
currently sponsoring specialized post-graduate courses at various Italian 
universities. Moreover, it awards research contracts to academic insti
tutions; some engineering schools (such as those of Pisa and Milan) are 
currently engaged in a number of activities, mainly connected with reactor 
safety, under CNEN contracts. 

A significant example of cooperation with universities is the work in 
progress at Montecuccolino (Bologna) in the field of experimental reactor 
physics (including the operation of three zero-power critical facilities). 
The work is jointly sponsored by the University of Bologna and CNEN. 

P. BALUGAND: Mr. Salvetti has already stated his intention of being 
provocative. I think he will admit that atomic energy commissions cannot 
withdraw completely from reactor development research and leave every
thing to the manufacturer by analogy with the motor industry. The construc
tion of even a small prototype reactor entails a substantial investment. 
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In France the present policy is to arrange close cooperation between the 
CEA, Electricite de France and industry right from the start of a project 
and to make the maximum use of CEA resources and equipment. Occasio
nally an existing CEA centre may be used to provide an initial site, as in 
the case of PHENIX. 

C. SALVETTI: I did not say that atomic commissions should withdraw 
from reactor development. 

I agree that, as in France, the Commission, the utilities and industry 
must work together: discussion may eventually concern the role of the 
different partners and their respective responsibility in bringing reactors 
to full industrial maturity. 

It is not my view that CNEN should not be involved at all in this funda
mental task. I only wanted to draw attention to the problem of selecting the 
tasks reserved to CNEN in reactor development. 

As an example, I would refer to the fast breeder program: CNEN, instead 
of embarking itself on the costly task of building an FBR prototype, has 
decided to construct a fast fuel test facility (PEC reactor) and so provide 
a useful tool for our nuclear industry. 

I want to reaffirm that in my view the present role of an atomic energy 
commission is to promote the steady and safe development of nuclear energy 
and to contribute directly to it. 

J. SPIT ALNIK: I should like to say a few words on how nuclear research 
has been tackled in a developing country, namely Uruguay. 

We have heard today that a wisely formulated nuclear program based 
on self-help will contribute effectively to the introduction of modern tech
nology in a country. In that context a group of Uruguayan technicians, 
scientists and engineers has designed a research reactor that will have a 
capacity of 1 MW(th). In this way the group has gained confidence in its 
own judgement, and has thus succeeded in creating a source of competent 
and reliable advice in the country. This is very important if development 
is to proceed at a high level of quality. 

As regards international or bilateral assistance, it should be stressed 
that the investment of the countries granting assistance will be used more 
efficiently if developing countries have themselves made the initial effort 
to introduce in a thorough and competent manner the technology concerned, 
in this case nuclear technology. Experience has shown that the sudden 
injection of an advanced technology into a country unprepared to assimilate 
it entails the importation of foreign staff on a large scale to ensure the 
success of the project. Conditions of underdevelopment are thereby 
prolonged, and that should be borne in mind when technical cooperation is 
being planned. 

DISCUSSION ON THE FOLLOWING TWO PAPERS: 

P/108 Uruguay 

P/638 France 

There was no discussion on these papers. 
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Abstract-Resume-AHHOTBIIMH -Resumen 

THE ROLE OF INTERNATIONAL COOPERATION IN PROMOTING THE DEVELOPMENT OF THE PEACEFUL 
USES OF NUCLEAR ENERGY. 

International cooperation m the peaceful uses of the atom has been developmg since 1953 when 
President Eisenhower proposed to the United Natwns General Assembly an Atoms for Peace Program. The 
manner in which the technically advanced countries have shared nuclear technology and mformation among 
themselves and with the developmg countries has been unprecedented. International arrangements have been 
a crucial factor in the exchange of technical and sctentiftc mformation, supply of nuclear matenal and 
eqmpment, and fmancing of power plants. The United States role in these mternational arrangements is 
described. Techmcal and scientiftc information has been shared through visits and participanon in conferences, 
proviSion of training opportunities, presentation of exhtbits, and techmcal exchange arrangements. The 
fields covered by the information exchanges include the use of radioisotopes in agriculture, medicine, 
industry and research, food irradianon, insect eradtcanon, htgh -energy physics, nuclear desalinatwn, etc. 
Through technical information exchange arrangements covering light-water reactors, advanced converters, 
and fast reactors, duplication of effort has been avoided and economtes obtained. Many nations have 
necessanly relied on tnternational arrangements for nuclear eqmpment and matenals for the many varied 
nuclear applications. Irradiators have been loaned; vanous types of laboratory equipment, ranging from 
isotopic standards to mobile ISotope laboratories, have been provided; and research contracts have been 
rregonated. Nuclear fuel for research and power reactors has been made widely avat!able to cooperatmg 
partners orr a nondiScriminatory basis under safeguards. Loans from national and mternational lending 
institunons play an tmportant role in the development of nuclear power, especially in the developmg and 
less industrialized nations, The United States Export -Import Bank has been providmg loans for the construction 
and fuelling of nuclear power plants abroad and, by the end of 1970, had authorized apprm<imately 25 projects 
involving Umted States-supplied materials and equipment. In the nuclear power area, the nature of 
cooperative relatwnships has been changing. especially among the developed countries. Cooperative activities 
have become more commerctalm character, especially in reactor manufacture and in fuel-supply servtces. 
Governments still set overall po!tctes and negotiate covering agreements for cooperation. Day-to-day 
activities, however, are conducted on an industry-to-industry basts. Greater activity on the part of govern
ments is still requtred, however, 10 the case of developing countries. The developed countries, therefore, 
continue to provide substantial mformatwn and assistance directly and through the International Atomic 
Energy Agency. The !AEA has become the focal point for international nuclear cooperation, because of its 
global involvement in many areas, mcluding radiatwn applications in agnculture and medicine, the 
effective use of research reactors, desalination studies, theexchangeofinformationonnuclearpower, and the 
establishment of internatwnal research centres, such as the laboratories at Seibersdorf and at Monaco and 
the International Centre for Theoretical Physics at Trieste. 

LE ROLE DE LA COOPERATION INTERNATIONALE DANS LE DEVELOPPEMENT DES UTJLJSATIONS 
PACIFIQUES DE L'ENERGIE NUCLEA!RE. 

La cooperation internationale pour les unllsations pacifiques de l'atome s'est developpee de puis qu 'en 
1953 le President Eisenhower a propose a l'Assemblee generale des Nations Unies un programme d'uti!tsatwn 
pactfique de l'atome. La maniere dont les pays techniquement avances ant mis en commun leur technologie 
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nucleaire et ont partage les mforrnations acquises, entre eux ainsi qu'avec les pays en voie de developpernent, 
a ete sans precedent. Les accords intemationaux ont ete un facteur crucial pour l'echange d 'mfonnations 
scientifiques et techniques, Ia foumiture d'equipernents et de rnateriaux nucleaires et le financernent des 
centrales nuclea~res. Le rille des Etats-Unis d'Arnerique dans ces accords internationaux est decrit. Des 
infonnations scientifiques et techniques ont ete mises en commun par des visites et des participations a des 
conferences, par Ia creation de possibilites de stages, Ia presentation d'expositions et des accords d'echanges 
techniques. Les domaines couverts par les echanges d'information cornprennent !'utilisation des radioisotopes 
dans !'agriculture, la medecine, l'industrie et Ia recherche, !'irradiation des aliments, !'eradication des 
insectes, Ia physique des hautes energies, le dessalement nucleaire de l'eau de mer. Par les accords portant 
sur 1 'echange d'informations techniques relatives aux reacteurs ~ eau leg~re, aux convertisseurs de pointe 
et aux reacteurs rapides, une duplication des efforts a ete evitee et des economies ont ete realisees. De 
nom breuses nations ant forcement compte sur les accords internationaux pour leurs equipement et leurs 
materiaux nucleaires, nOCessaires aux applications nombreuses et variees de 1 'energie nucieaire. Des 
disposinfs d'irradiation ont ete pr€tes; divers types d'equipements de laboratoire, allant des echantillons 
d'isotopes jusqu'aux laboratoires mobiles, ont ete fournis; et des contrats de recherche ont ete negocies. 
Du combustible nucleaire pour les reacteurs de recherche et de puissance a ete mis largement a Ia disposition 
des partenaires de Ia cooperation sur une base non discriminatoire respectant les garanties. Des pr€ts 
accordes par des otganismes de pr€1 nationaux et intemationaux ont joue un rille important dans le developpe
ment de Ia production d 'energie d'origine nucleaire, particulierement pour les nations en voie de developpe
ment et mains industrialisees. La Banque arnericaine import-export a fourni des pr€ts pour Ia construction 
et l'approvisionnement en combustible de centrales nucleaires a l'etranger, et, a Ia fin de 1970, elle avait 
approuve environ 25 projets impliquant Ia fourniture par les Etats-Unis de mati~res et d' equipement. 
Dans le domaine de Ia production nucleaue d 'energie, Ia nature des relations de cooperation a change, 
surtout entre pays developpes. La cooperation a pris une toumure plus commerciale, en particulier en ce 
qui concerne Ia foumiture de reacteurs et de combustible. Les gouvernements certes etablissent les regles 
generales et negocient les accords de cooperation. Mais Jes activites au jour le jour sont menees d'industrie 
a industrie. Une plus grande activne, cependant, est encore exigee des gouvernements dans le cas des 
pays en voie de developpement. Les pays developpes continuent done a fournir des infonnations et une 
assistance irnportante, directement et par l'intennediaire de l'Agence internationale de l'energie atomique. 
L' AIEA est devenue le foyer de Ia cooperation nucleaire internationale, avec ses activites globales 
dans de nombreux domaines tels que les applications des rayonnements a !'agriculture et a Ia mectecine, 
!'utilisation efticace des reacteurs de recherche, les etudes sur le dessalernent de I 'eau de mer, l'echange 
d'informations sur Ia production nucleaire d'enetgie et !'installation de centres internationaux de recherche 
tels que les laboratoires de Seibersdorf et de Monaco et le Centre mternat10nal de physique theorique de Trieste. 

PO.Jlh MEJK,ll;YHAPO,ll;HOrO COTPY,ll;HHt,IECTBA B CO,ll;EMCTBHH PA3BHTHIO MHPHOrO 

HCITO.Jlh30BAHIDI 51,ll;EPHOM 9HEPrHH. 

MelK.QyHapO.QHOe COTpy.QHII'IeCTBO B 06118CTH MHpHOro HCnOJib30B8HH.R 8TOM8 CT8JIO ocy

l!leCTBJI.RTbC.R c 1953 ro.Qa, KOr,Qa npe3H,QeHT 9li3eHxay:>p npe.QJIOlKHJI reHepallhHOii AccaM6-

nee OOH nporpaMMY "ATOM>~ ,llli.R MHpa". ToT nyTh,no KOTopoMypa3BHTble B TeXHH'IeCKOM OTHo

meHHH CTpSHbl CT8JIH 06MeHHB8TbC.H MeJK..ztY, co6oif H C p83BHBaiOinHMHCH CTp8H8MH .ZJ;OCTH)I(eHHHMH 

B o6naCTH H,D;epuoH TeXHHKH H HH410pM8QHefl, HBJIBeTCH 6ecnpeQe.Q;eHTHbiM. 3aKJIIOqeHHe MeJIK.ZJ;y

H8pO.QHbiX COrJiameHHii .RBHJIOCb peili8101!1HM cpaKTOpOM B 06MeHe TeXHH'IeCKOii H Hay'IHOii HHcpop

Mai.IHeii, nOCT8BKe .R,llepHbiX M8TepH8JIOB H o6opy.IIOB8HH.R H cpHH8HCHpOB8HHH :>HepreTH'IeCKHX 

ycTaHOBOK, B .liOKJia,lle roBopHTC.R o poliH CiliA B :>THX MelK.llyHapO.liHbiX MeponpH.RTH.RX. 06MeH 

HSy'IHO-TeXHH'JeCKO:H: HHcflOpM8QHe:H: OCym;eCTBnRnCR nyTeM BH3HTOB H yt:~aCTHR B KOHcflepeHQ,HHX, 

npe,liOCT8BJieHH.R B03MOlKHOCTeii ,IIJI.R CT8lKHpOBKH 1 npOBe,lleHHll BbiCT8BOK H MeponpH.RTHii no 

TeXHH'ieCKOMy 06MeHy • 06MeH HH!POpM8Q,He:H: ocym;eCTBnHnCR llO T8KHM BOllpOC8M 1 K8K HCllOnb-

30B8HHe p8,ltHOH30TOllOB B cenhCKOM X03RitCTBe, Me,ItHQ,HHe, npOMLIWneHHOCTH H HCCJie,ItOB8HHSIX, 

o6nyqeHHe nHm;es:&IX npo.ztyKTos, yHH"'TozeuHe spe.llH:&IX HaceKOM:&Ix, cflH3HKa BhiCOKHX sueprHH, 

onpecHeHHe c noMOI!IhiO aTOMHoii :>HeprHH H ,11p. MeponpH.RTH.R no o6MeHy TeXHH'IecKoii HHcpop

Mai.IHeii no peaKTOpaM Ha 06bi'IHOii BO.lle, yCOBepmeHCTBOB8HHbiM peaKTOpaM-KOHBepTOpaM H pe-

8KTOpaM Ha 6biCTpb!X HeiiTpOH8X no3BOJIHJIH H36elK8Tb .lly611HpOBaHH.R B pa60Te H ,IIOCTH'Ib 3KOHO

MH'ieCKOro scflcfleKTa. MuorHM cTpaHaM HeH36eJKHo npHmnoch nonaraThCR ua Mez,n:yuapo.llHhie 

cornameHH.R no nocTaBKe .R,llepHoro o6opy.lloBaHH.R H MaTepHaJIOB ,llli.R pa3JIH'IHhiX acneKTOB .R.llep

Horo npHMeHeHH.R. fipe,liOCT8BJI.RJIHCb 38liMbl H8 npH06peTeHHe H3lly'laTeJieii; nOCT8BJI.RJIOCb 

pa3nH"'HhiX THllOB na6op8TOpHOe o6opy.ztOB8HHe: OT H30TOllHhiX CT8HJ18pTOB ,llO nepe.ztBHZHhiX H30-

TOnHbiX 11860paTOpHlij npOBO,liHJIHCb neperoBOp>! 0 3aKJIIO'IeHHH HCCJie,liOB8TeJibCKHX KOHTpaKTOB. 

CoTpy,liHH'I8101!1HM napTHepaM IliHpOKO npe,liOCT8BJI.RJIOCb .R,llepHOe TOnliHBO ,llli.R HCCJie,liOB8TeJibCKHX 

H 9HepreTH't.J.eCKHX peaKTOpDB. TIOCT8BK8 ocym;eCTBnRnacb H8 paBHOOp8BHOii OCHOBe npH co6nJO

,n:eHHH rapaHTHii. Tipe.ztOCT8BJieHHe 38ii:MOB H8J.tHOH8HbHhiMH H MeJK.,llyHBpo.llHhlMH Kpe.Q.HTHhlMH 
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y<~peJK,lleHH>IMH HrpaeT B8JKHyJO ponb B pa3BHTHH ll,llepHOii 3HepreTHKH, OCo6eHHO B p83BHB81001HX
Cll H MeHee HH.llycTpHan&HO pa3BHTbiX cTpaHax. 3KcnopTHo-HMnopTHI>Iii 6aHK CJIIA npe.>~ocTas
nlleT 3ai1Mbl H8 CTpOHTeRbCTBO H TOnRHBO ,llnll 8TOMHI>IX 3ReKTpoCT8HQH!i 38 rpaHHQeii H K KOHQy 
1970 ro.>~a caHKQHOHHposan oKono 25 npoeKToB, BKnl0'18llliiiHX nocTaBKY Coe,!IHHeHHI>IMH JIITaTaMH 
MaTepHaROB H 06opyiiOB8HHll. B o6naCTH ll,llepHOii 3HepreTHKH xapaKTep CBll3eli no COTpy.>IHH
'IeCTBy npeTepnesaeT H3MeHeHHll, oco6eHHO cpe,!IH pa3BHTI>IX cTpaH. CoTpy.>IHH'IeCTBO cTano 
HOCHTb 6onee KOMMep'tleCKHH xapaKTep, OC06eHHO B 06JI8CTH CTpOHTeJibCTB8 peaKTOJ>OB H OK8-

38HHll ycnyr no nocTaBKe TOMHBa. llpaBHTen&CTBa see e111e onpe,11enllm o601yJO nonHTHKY H 
BeJlYT neperosopLI o aaKniOl.leHHH cornameuuA o COTPY.llHH\.feCTBe. Tioace.zt.HesHaR ,lleRTen&
HOCTb ocyiQeCTBJIHeTCR H8 OCHOBe npoMbiWJleHHOCTb - npoMbliDlleHHOCTH. 0.zt.H8KO, CO CTOpoHhl 

npaBHTeJibCTB He06XO.llHM8 6dJibW8H 8KTHBHOCTb flO OTHOWeHHIO K p83BHB810.HMCH CTp8H8M. fio-

3TOMY pa3BHTble CTp8Hbl npO,!IORJK8JOT npe,!IOCT8BRliTb o6mHpHyJO HH<l!OpMaQHIO H OK831>1B8Tb no
MOOib Henocpe.>ICTBeHHO HnH <~epe3 MeJK.>~yHapo.>~Hoe areHTCTBO no aTOMHoii 3HeprHH. MArAT3 
CTano QeHTpaRhHI>IM y<~peJK,lleHHeM no MeJK,llyHapo,!IHOMY COTpy,!IHH'IeCTBy B o6nacTH 8TOMHO!i 
3HeprHH B CBH3H C TeM, "'TO era ,ZJ;eSITeJibHOCTb OXB8TLJB8eT B MHpDBOM M8CWTa6e MHOrHe o6-
Jl8CTH, BKlllOl.I8R npHMeHeHHe H3Jiyt~eHHii B CeJJbCKOM X03RR:CTBe H Me,llHJ.tHHe, 34fcpeKTHBHOe HC

nORb30B8HHe HCcne,!IOBaTeRhCKHX peaKTOpoB, pa60TI>I no OnpecHeHHJO, 06MeH HH<l!OpM8QHeii no 
Sl,llepHO:H: 3HepreTHKe, 8 T8K}I(e C03,ll8HHe T8KHX Me&,ZJ;yHapo,llHblX HCCJJe.llOB8TeJJbCKHX QeHTpOB 1 
KaK na6opaTopHH B 3aii6epc,llop.pe H MoHaKo, MeJK.>~yHapO,!IHblli UeHTp TeopeTH'IecKoii <l!H3HKH 
B TpHecTe. 

FUNCION DE LA COOPERACION INTERNACIONAL PARA PROMOVER EL DESARROU.O DE LAS APL!CACIONES 
PACIFICAS DE LA ENERGIA NUCLEAR. 

La cooperacion mternacional en las aphcaciones pac{ficas de Ia energ{a atomica se viene desarrollando 
desde el aii.o 1953 en que el Presidente Eisenhower propuso a Ia Asamblea General de las Nacwnes Unidas el 
«Programa de Atomos para Ia Paz». La manera en que los palses tecnicamente adelantados han companido 
Ia tecnolog1a y Ia informacion nucleares entre s{ y con los palses en desarrollo, no tiene precedentes. Los 
convenios internacionales han desempeiiado un papel decisivo en el intercambio de infonnaci6n tecnica y 
cientffiCa, sumimstro de equipo y matenales nucleates, y financiamiento de plantas de potencia. Esta 
memoria descnbe el papel que los Estados Umdos han representado en estos convemos internacionales. La 
infonnacii'm tecnica y cientffica se ha companido por medio de vlsitas y participaci6n en conferencias, 
creaci6n de oportunidades para Ia fonnacion especializada, presentac10n de exhibiciones, y convenios de 
intercambio tecnico. Los campos abarcados por los intercambios de infonnacion incluyen el empleo de 
radiois6topos en agricultura, medicina, industria e investigaci6n, Ia irradiaci6n de alimentos, Ia erradicacion 
de insectos, Ia ffsica de las altas energ{as, Ia desalaci6n nuclear, etc. Por medio de convenios de intercambio 
de infonnacion tecnica, que abarcan a los reactores de agua ligera, convenidores avanzados y reactores 
rapidos, se ha obtenido grandes economfas y se han evitado duplicaciones de esfuerzos. Numerosas naciones 
han contado necesariamente con los convenios internacionales para aprovisionarse de equipos y materiales 
nucleates para muchas y vanadas aplicaciones nucleates. Se han concenado prestamos de irradiadores y 
proporcionado diversos tipos de equipo de laboratorio, que van desde muestras isot6picas basta Iaboratorios 
m6viles de 1s6topos, e igualmente, se han negociado contratos de investigaci6n. Sabre una base no 
discriminatoria relauva a las salvaguardias, se han suministrado a las partes de los acuerdos de cooperacion, 
considerables cant!dades de combustibles nucleates para investigaci6n y reactores de potencia. Los prestamos 
facilitados por instituciones nacionales e internacionales de credito desempeiian un papel importante en el 
desarrollo de Ia energfa nuclear, especialmente en las naciones en desarrollo y menos industrializadas. 
El Banco de lmponaci6n y Exportaci6n (Expon-Import Bank) de los Estados Unidos ha facilitado prestamos 
para la construcci6n y aprovisionamiento de combustible de centrales nucleoeiectricas en otros pa(ses; hasta 
finales de 1970, habfa autorizado aproximadamente 25 proyectos que suponfan suministros de materiales y 
equipos de los Estados Unidos. En el sector de Ia energfa nucleoelectrica, el caracter de las relaciones de 
cooperaci6n ha sufrido cam bios, especialmente entre los pafses en desarrollo. Las actividades cooperativas 
han adquirido un caracter mas comercial, especialmente en lo que se refiere a Ia fabricaci6n de reactores 
y a los serv1cios de suministro de combustible. Los Gobiernos siguen estableciendo !a poHtica general y 
negociando los acuerdos de cooperacion, pero las actividades ordmarias se llevan a cabo por media de 
contactos directos entre las mdustrias. A pesar de todo ella, en el caso de pafses en desarrollo, es todavfa 
necesana una mayor actividad por pane de los Gobiernos. Los pa{ses desarrollados, por consigmente, 
continuan suministrando importantes mformaciones y ayudas, bien directamente o a traves del Organismo 
lnternacional de Energfa At6mica. El OlEA ha llegado a ser el punta clave de Ia cooperac!6n nuclear 
internacional con su implicacion global en numerosos sectores, incluyendo las aplicaciones de las radiaciones 
en !a agricultura y !a medicina, el empleo eficaz de react ores de investigacion, los estudios de desalacion, 
el intercambio de infonnaci6n sabre energfa nuclear y el establecimiento de centros internacionales de 
investigacion tales como los laboratonos de Seibersdorf y Monaco y el Centro Internacional de Ffsica Teorica 
de Trieste. 
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INTRODUCTION 

It appears particularly appropriate on the occasion of the Fourth 
Geneva Conference to review the contribution that international coopera
tion has played, and will play, in fostering the peaceful uses of nuclear 
energy. The Geneva Conferences in themselves have become an impressive 
symbol of the remarkable spirit of internationalism that has accompanied 
the expansion of this technology over the past two decades. 

Since the end of the last world war, the world has witnessed 
revolutionary advances in many fields of science, technology, medicine, 
and agriculture. To varying degrees, these advances have entered the 
world-wide pool of knowledge, and have spread from nation to nation. 
The field of nuclear energy, however, is unique in both the intensity 
and the nature of the international efforts which have been made to 
ensure that its benefits would be available on a world-wide basis. 

While the diffusion of knowledge in most fields of science and 
technology has taken place largely through traditional channels of scien
tific and commercial interchange, international cooperation in the peaceful 
uses of nuclear energy has resulted directly from deliberate policy 
decisions made at the governmental level in various nations. One major 
consequence of this has been the establishment of an international organiza
tion devoted exclusively to cooperation in the peaceful uses of nuclear 
energy -- the International Atomic Energy Agency. The Geneva Conferences 
themselves, which have been unique in their scope and intensity of 
coverage of such a broad scientific field, are another result and 
indicator of the special nature of international cooperation in nuclear 
energy. 

The emergence of formal governmental action as the dominant element 
in spreading the knowledge and the benefits of the peaceful uses of nuclear 
energy has its origins in three interrelated facts: first, that programs 
for the development of peaceful uses were at the outset almost exclusively 
conducted by governments, or with heavy government financial support; 
second, that these programs were originally classified or drew heavily upon 
information which had been classified for national security reasons; and, 
finally, that these applications themselves, even though peaceful, 
involved the use of processes and materials which, unfortunately, can be 
applied to military purposes of awesome destructive force. It is not sur
prising that, under these circumstances, international cooperation in the 
peaceful use of nuclear energy began and has largely continued through 
intergovernmental arrangements, of both a bilateral and multilateral nature. 

To conclude, however, that the international cooperation which has been 
created in this field was a natural and inevitable consequence of the 
auspices under which the peaceful uses of nuclear energy came into being 
would be to do a profound disservice to the statesmen and governments 
responsible for conceiving and implementing this unparalleled cooperative 
effort. The few nations which had undertaken large nuclear development 
programs had the alternative of seeking to retain their knowledge under 
secrecy indefinitely. As another alternative, diffusion of the knowledge and 
benefits of the peaceful applications could have been left to the workings of 
the more traditional channels of. exchange, as these applications were 
gradually declassified or became known through independent efforts in 
additional nations. The adoption of this course of action would have both 
greatly reduced the rate at which other nations could realize the benefits 
of peaceful applications and greatly increase the risk that these applica
tions would be turned to military purposes of grave potential danger. 
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Instead of these alternatives, the political leaders of a decade and 
a half ago chose another course -- that of deliberate and intensive efforts 
to share the peaceful benefits of the atom as rapidly as possible, under 
conditions which ensured insofar as possible that these benefits would be 
applied exclusively to peaceful purposes. Thus, they decided to accept the 
security risks which widespread possession of the knowledge and materials of 
nuclear energy entailed in order not to deny their benefits to the world at 
large, at the same time taking advantage of the world-wide appeal of these 
benefits to help establish conditions and understandings which would minimize 
the risk of improper use. This was a bold and imaginative decision and, in 
the opinion of the authors, one which time has shown to be a wise one. 

It is the purpose of this paper to review and evaluate the programs 
which have evolved from this decision of the mid-1950's and to explore their 
future potential. In our nation, it has from time to time seemed to be 
fashionable to question the wisdom of the decision itself, as well as the 
achievement of the resulting programs -- and to ask "Whatever happened to 
Atoms for Peace?" The authors believe that a great deal has happened, of 
great world-wide benefit. 

It is inevitable that in our review we shall deal largely with programs 
and viewpoints of the United States, since the essentially governmental 
nature of cooperation in this area makes it difficult to describe and evalu
ate the programs of others. We are well aware, however, of the broad 
international character of cooperation in the peaceful use of nuclear 
energy, as attested to by this Conference itself. The widespread willingness 
of other nations advanced in the peaceful use to join the United States in 
sharing these benefits was a goal of the U.S. program from the outset and 
has been most welcome to our Government. 

PROGRAM DESCRIPTION 

The fundamental concept of the United States program of international 
cooperation in the peaceful uses of nuclear energy has been that of provid
ing access by other nations to the experience and assets of the large U.S. 
program devoted to the development of peaceful applications. These assets 
are of two principal kinds: first, the vast body of scientific information, 
technology, and know-how resulting from the expenditure to date of several 
billion dollars on the development of peaceful applications; and, second, the 
capacity to produce in large volume and at low cost the special materials -
such as heavy water and enriched uranium -- essential to many of the peaceful 
applications. 

Economic and financial assistance, while employed to some extent, 
especially in the early years of the program, has been modest in comparison 
with that brought to bear in a number of other programs of national and 
international cooperation. Where employed, financial assistance has, from 
the outset of the U.S. program, been carefully tailored to stimulate local 
activity and investment, and not as a substitute for a genuine commitment 
on the part of the cooperating nations themselves to a meaningful national 
or regional peaceful nuclear energy program. For example, the program of 
research reactor grants, under which the United States undertook to contri
bute to the cost of research reactors in 26 countries between 1955 and 1960, 
was limited to providing up to one-half the cost, and in no event more than 
$350,000, of research reactor facilities constructed by cooperating 
countries. In nearly every case, the investment by the cooperating country 
in the research reactor facilities assisted under the program far exceeded 
the U.S. contribution of $350,000. In many cases, the funds committed by the 
other governments represented the first significant governmental investment 
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in science which they had ever made. The importance of this result alone 
is obvious. 

A similar approach of joint and equal participation was followed in the 
joint research and development program of the United States and Euratom, under 
which a total of $55,000,000 was devoted to improvement in light water 
reactor technology between 1959 and 1969. 

Another feature of the U.S. program has been to encourage the formation 
in cooperating nations of governmental organizations which could serve as 
a focal point for undertaking a program in the peaceful application of 
nuclear energy. In many cases, this encouragement led to the formation of 
an atomic energy commission or comparable governmental body which, in many 
nations represented the first governmental organization ever devoted to 
fostering scientific research or development, or their applications. The 
beneficial side effects of introducing and legitimizing science and technol
ogy as an important concern of government in these nations may well exceed 
the direct benefits of the cooperation itself. 

The United States cooperative program, as well as that of other 
advanced nuclear nations, has been a flexible one, designed to be of 
assistance to nations at any stage of nuclear development. It has 
ranged from furnishing materials or advice for relatively elementary 
radioisotope application to the supply of power reactors and fuel and the 
performance of joint experiments in high-energy physics or reactor technology. 
In all, active cooperation has been conducted with some 60 nations bilaterally, 
with many more nations benefitting through U.S. participation in the IAEA and 
other international forums, as well as through the intensive U.S. program of 
publication of the results of its research and development programs. 

The participation in this Conference of 60 nations is eloquent testimony 
to the virtual universality of both interest and capability in the peaceful 
use of nuclear energy. No nation with which the United States has cooperated 
has lacked at least a small nucleus of genuinely talented scientists 
eager to apply their capabilities to the solution of urgent national problems. 
To deprive these outstanding individuals and their nations -- through emigra
tion or stagnation -- of the opportunity to apply nuclear techniques to the 
solution of urgent national problems would be tragic indeed. The ability of 
nuclear energy programs to keep talented scientists in their native lands and 
constructively engaged in attacking scientific problems of local interest is 
one of the most important and gratifying results of international cooperation 
in the nuclear field. 

Finally, the U.S. program has from the outset been reciprocal in nature. 
We believe, without apology, that cooperation from which all parties can 
derive direct benefit is fundamentally more effective, more stable, and more 
welcome to all parties concerned. Advanced countries cannot, of course, 
reasonably expect to receive scientific information of as much value as that 
which they provide to a less developed partner. Nevertheless, reciprocity 
of obligation has an important effect in strengthening the fabric of 
international contribution. Among nations of comparable level of development, 
reciprocity both of obligations and in practice is essential if cooperation 
is to survive. 

The contributions which many less-developed countries are making, 
particularly to their less advanced neighbors, is one of the most encouraging 
aspects of international cooperation in the peaceful uses. Regional coopera
tion, often under the aegis of the IAEA, has been particularly effective on 
many occasions, and merits, in the authors' view, more widespread application. 
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With these general remarks, let us turn now to a more detailed 
description of individual elements of the international cooperative 
program. 

TECHNICAL INFORMATION 

591 

A man's judgment is no better than his information. To this we might 
add that a nation's future is dependent in no small measure upon its ability 
and capacity to master and use information and knowledge. Unlike other 
natural or man-made resource, information can never be depleted nor 
destroyed through use. 

The willingness of the nations advanced in the peaceful uses of atomic 
energy to share their knowledge with each other, and with others less 
advanced, has been an indispensable element to the world-wide progress in 
peaceful uses. The Geneva Conference of 1955, and to a lesser extent that 
of 1958, served a vital function in stimulating the declassification and 
publication of a vast amount of information which, until then, was classi
fied. Since 1958, virtually all information dealing directly or predominantly 
with the peaceful uses of atomic energy has been treated as unclassified by 
the nations in which it has developed, and its publication has taken place 
in increasing volume on a regular basis. The International Atomic Energy 
Agency's vigorous program of topical conferences, symposia, and panel meetings 
has been a major element in providing a continuing stimulus for the publica
tion of nuclear energy information, and the Agency's own publications have 
achieved world-wide status as a valuable source of information on the 
peaceful uses. 

The United States Atomic Energy Commission, including its laboratories 
and contractors, has been the principal producer of peaceful uses literature. 
The total number of literature items published in the United States increased 
from 4,800 in 1955 to 24,000 in 1970. All U.S. literature, including the 
USAEC report literature, is available throughout the world and this report 
literature is sold for nominal charges reflecting reproduction costs through 
the International Atomic Energy Agency, National Lending Library (United 
Kingdom), and the National Technical Information Service (United States). 

The literature output of other nations in the field of peaceful uses 
has also increased dramatically. Using Nuclear Science Abstracts (NSA) as 
a base, the world collectively published 8,020 items in 1955, compared to 
53,080 itema in 1970. Countries which contributed more than one percent of 
the total to 1970 NSA base were: USA- 45.5%; USSR - 11.1%; U.K. - 6.5%; 
Germany, F.R.- 6.1%; France - 5.4%; Japan - 4.8%; Italy - 2.9%; Canada - 2.4%; 
India - 1.8%; Australia - 1.3%; and Switzerland - 1.1%. 

Clearly, despite this large volume, not all information and know-how 
in the field of peaceful uses is reduced to written form in generally 
available publications. To do so would be neither practical nor desirable 
for a variety of reasons. 

Increasingly, nuclear energy information, especially in the key field 
of nuclear power, has attained the status of immediate commercial importance. 
At this stage, much of the information may be developed privately and is not 
available to national atomic energy authorities for distribution. Other 
information, even though developed in national programs, may be regarded as 
being of too great and immediate commercial interest to justify its publica
tion without compensation commensurate with the assumed value of the 
information. Finally, at the advanced developmental stage, the sheer volume 
and detail of information may preclude its complete publication, regardless 
of any policy considerations. By the same token, the assimilation of such 
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detailed and voluminous information becomes extremely difficult and 
essentially useless except to those who might be engaged in an almost 
parallel development program. 

The United States has long favored the reciprocal exchange of detailed 
information with cooperating nations with comparable interests, conducting 
programs of comparable scope and scale. Such cooperation not only saves 
all parties effort and money, bu~ by providing a larger and more assured 
base of common knowledge, results in more rapid achievement of the develop
mental goals. The United States recognizes the importance of commercial 
incentives in contributing to the achievement of the most efficient results 
in any particular field of technology. At an appropriate stage in the 
development of an evolving technology, giving effect to these incentives 
may result in more rapid overall progress. 

It is probable that there is general agreement on the principle of 
full exchange of basic knowledge, with gradually increasing application of 
proprietary considerations as the stage of commercial application is 
approached. There are, however, understandable differences in the applica
tion of this principle. From the United States' point of view, it appears 
that restrictions on the exchange of information have sometimes been imposed 
prematurely in the developmental process, with the result that the common 
goal of rapid progress may not be well served. 

There are two fields related to the peaceful uses of nuclear energy 
in which exchange of information continues to be restricted in the United 
States and elsewhere by national security considerations. These are the 
fields of uranium enrichment and the peaceful applications of nuclear 
explosions. In the field of uranium enrichment, cooperation is now taking 
place among several countries on a classified basis, and this trend may be 
accelerated. However, declassification and general publication of uranium 
enrichment technology, in the authors' view, would not be in the overall 
international interest. 

In the field of peaceful nuclear explosives, information concerning the 
design of devices will undoubtedly remain classified for the indefinite 
future, but there are essentially no classification restrictions imposed 
in the United States on information concerning the application of explosive 
devices and their results. The Soviet Union has also released extensive 
information on its peaceful nuclear explosives program to the IAEA and its 
Member States, and fruitful exchanges have taken place between the U.S. and 
the Soviet Union in this field. 

The decade of the sixties witnessed great changes in information-handling 
techniques. Most of these changes flow from computer technology which 
provides practical means of storing, manipulating, and retrieving incredibly 
large banks of alpha-numeric data. In the seventies, third and fourth 
generation computers tied to rapidly accessible trillion-bit mass storage 
devices will be directly linked to individual users in laboratories, offices, 
and schoolrooms through world-wide data communication networks. 

The treasury of man's knowledge which has, in the past, been available 
only to a fortunate few, and to them only after mountainous labor, will, 
in the not-too-distant future, become available to many, irrespective of 
geographic location. The United States has utilized the opportunity of 
this conference to demonstrate the feasibility of a user in Geneva, 
Switzerland, manipulating large data bases stored in a computer in Oak Ridge, 
Tennessee, the two linked together by a satellite communication network. 
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If these experimental information systems of today are to serve 
responsively and responsibly the changing needs of all segments of the 
world's societies tomorrow, we believe that orderly development can best 
be achieved through international cooperation. This is why we view the 
International Atomic Energy Agency's International Nuclear Information 
System (INIS) as a long step in the right direction. No other cooperative 
international information system is so far along operationally; no other 
has brought together the immensely varied interests of all nations, advanced 
as well as those not so advanced, and none yet proposed share the same degree 
of governmental support both at technical and political levels. The 
IAEA's INIS role of establishing standards, regulating the system, merging 
national inputs, providing forums for experts to improve the system so that 
users everywhere have what they want, when they want it, and in the form 
they want it, will require a continuing high degree of technical expertise 
and cooperative attitude on the part of both the Agency and participating 
nations. 

We are only now at the threshold of understanding the application of 
computers and associated network hardware to the handling of information 
and knowledge resources. As systems move from developmental to operational 
status, and then to improved generations, their impact on the enormous 
range of ever-changing problems -- educational, security, economic, and 
political -- must be immense. 

EDUCATION AND TRAINING 

In the earlier years of international cooperation in the peaceful uses, 
a critical need existed for programs of education and training. The require
ments, particularly for training at the specialized professional levels, 
extended far beyond the developing countries, and included advanced nations 
ordinarily self-sufficient in providing educational opportunities. The 
problem was compounded by the fact that, even in the most advanced nuclear 
nations, adequate facilities and programs for advanced nuclear training did 
not yet exist in the established educational institutions. To meet this 
need, the United States Atomic Energy Commission organized the International 
School of Nuclear Science and Engineering in 1955. In 1960, since colleges 
and universities were by then offering basic nuclear courses, the School was 
reestablished as the International Institute of Nuclear Science and Engineer
ing, which conducted graduate level programs in several fields of nuclear 
science and engineering. This program was located at two universities 
(Pennsylvania State University and North Carolina State) and at the Argonne 
National Laboratory. This program was later supplemented by specialized 
courses open to students from abroad at the Oak Ridge School of Reactor 
Technology (ORSORT). Between 1955 and 1965, more than 820 students from 
abroad representing 56 countries, were trained at the International School 
and Institute, or at ORSORT, most with full or partial financial support 
from the United States Government. 

The Oak Ridge Associated Universities has also played a major role in 
developing specialized personnel for the nuclear age. From 1948 to 1970 
more than 660 overseas specialists, many of them physicians, were trained 
in the use of radioisotopes in their fields of interest. 

Concurrently with this broad educational and training program, the 
United States Atomic Energy Commission was undertaking a vigorous program 
for improving the capabilities of established U.S. educational institutions 
in the nuclear field. This program, combined with decreasing demand for 
formal training from abroad, led to the termination of the International 
Institute program in 1965. Today, more than 70 colleges and universities 
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in the U.S. offer degree courses in nuclear energy. All of these institutions 
accept properly qualified students from abroad. 

Of particular interest and importance is the Puerto Rico Nuclear 
Center, located at the University of Puerto Rico, and financially supported 
by the USAEC. This institution is especially well qualified to offer 
graduate level training in a number of fields to students preferring 
Spanish language training, as well as to those interested in the specialized 
application of nuclear energy to problems of tropical agriculture and medicine. 

Several other nations established,at a relatively early date,government 
training institutions in the nuclear sciences similar to the U.S. institutions 
just described. In these other nations, responsibility for nuclear training 
has generally been transferred to established educational institutions. 

Today, from the world-wide point of view, there is clearly no shortage 
of educational and training opportunities in various branches of nuclear 
science for all qualified students. Financial support, often the crucial 
factor, is available from the IAEA, the OAS, and from various other govern
mental and private organizations which make scholarships and fellowships 
available to foreign students. The IAEA has the capability of awarding 
approximately 300 fellowships annually, including about 50 contributed 
"in-kind" by the United States Government. 

A need continues to exist, and undoubtedly will continue,for post-graduate 
training opportunities -- "on-the-job training" -- in highly specialized 
fields of nuclear energy. The USAEC continues to offer these opportunities 
at its laboratories and research centers. On the average, approximately 1,500 
overseas guest scientists are assigned to AEC laboratories, usually for 
periods of a year or more. Under some circumstances, exceptionally well 
qualified young scientists may be employed by the laboratories during their 
assignments. Others, if properly qualified, are accepted without charge, 
and may obtain financial support for living expenses from any of the 
sources noted earlier. 

An important new type of requirement has arisen recently. This is for 
training in the "regulatory" aspects of nuclear power -- the process of 
determining the acceptability of proposed nuclear facilities from the stand
point of health, safety, and environmental considerations. The United States 
considers it inappropriate, as a matter of policy, to undertake the safety 
review of power reactors or other safety facilities built abroad. Indeed, 
this is a responsibility which no nation prepared to install a nuclear power 
plant should delegate to others, even though it may appropriately seek outside 
advice and assistance. Within the severe limits of its capability, however, 
the USAEC is prepared to assist other nations in establishing or improving 
their own capability to undertake regulatory programs by providing information 
and training on U.S. practices in this field. One regulatory training course 
was conducted in 1969, and the course may be repeated from time to time, if a 
sufficient demand exists. 

The training of reactor-operating and supervisory personnel is an 
extremely important matter for any nation considering the installation of 
nuclear power plants. It is highly desirable that at least a few people 
trained in power reactor operation and supervision be available in any 
country during the study, bidding, and bid evaluation phases of any proposed 
nuclear power project. As soon as a specific reactor is selected, the train
ing of people in the operation of that reactor is essential. A training 
program should be required as an integral feature of the reactor proposals, 
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and the quality of the training program, including its "on-the-job" aspects, 
should be given considerable weight in the bid evaluation. 

EQUIPMENT AND FACILITIES 

As already mentioned, the U.S. provided financial support in the 
earlier years of the international cooperation program for the research 
reactors located abroad. Despite criticism that some of these grants were 
premature, we believe that they have proven their worth in virtually every 
instance, and have served as the indispensable nucleus for the nuclear 
programs of most of the nations in which they are located. 

This reactor grant program was supplemented for several years by a 
program of equipment grants, under which 26 grants of nuclear laboratory 
equipment were provided. Today, the U.S. makes available each year to the 
IAEA a limited fund which may be applied in part to the acquisition of 
nuclear laboratory equipment to IAEA members. More than 100 grants, 
totaling over $1,000,000 have been made since the inception of this program 
through 1970. The IAEA also has available to it other sources of funds for 
equipment grants to Member States, including voluntary cash contributions 
from the U.S. and many other Member States, as well as the United Nations 
Development Program. The IAEA is, therefore, now the principal source of 
financial assistance for the acquisition of nuclear equipment. 

Financial assistance for the purchase of nuclear power plants is a 
specialized matter, covered elsewhere in this paper. The United States 
view, which we believe is shared by other reactor suppliers, is that the 
financing of nuclear power plants should be considered on its economic merits 
within the framework of the various programs for development assistance or 
export financing. 

MATERIALS 

Cooperation in the supply of nuclear materials has been a cornerstone 
of the U.S. program of international cooperation since its beginning. Since 
local means for producing the principal nuclear materials were generally not 
available, an outside source of supply of these materials was an essential 
element in enabling development programs, especially in the field of 
nuclear power, to go forward in many countries. 

The importance of the U.S. role in supplying enriched uranium has been 
generally recognized. U.S. enriched uranium has been and is being employed 
in research and materials test reactors, in reactor experiments, demon
stration and prototype reactors and commercial nuclear power plants of most 
of the nations having a need for this material. It is perhaps less generally 
recognized that heavy water supplied by the United States was equally 
essential in enabling those nations interested in heavy water reactor 
concepts to undertake the necessary development programs. Similarly, U.S.
supplied plutonium has substantially accelerated fast-reactor development 
programs in a number of countries. The international supply of nuclear 
materials has been a factor at least as influential as that of sharing 
technology in enabling many nations to participate in the development of peace
ful uses and to share in their benefits. 

As the principal supplier of enriched uranium, the U.S. at an early 
date formulated policies which would ensure users abroad of access to this 
vital energy source on an assured, long-term, and stable basis. AEC supply 
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policies have, therefore, been based on two fundamental principles: long
term assurances of supply, and nondiscriminatory terms and conditions, 
including prices identical to those charged domestic customers. 

Since 1969, enriched uranium supply has generally been accomplished 
through means of "toll-enrichment" arrangements which allow customers to 
deliver their own feed material for enrichment in U.S. facilities. This 
unusual arrangement not only makes it possible for overseas consumers of 
enriched uranium to make use of their own natural uranium or to procure it 
from the source of their choice, but has also opened up a major world 
market for natural uranium. 

The U.S. capability for the supply of enriched uranium is based on the 
availability of three large diffusion plants with a total capacity of 
17,000 metric tons per year of separative capability-- enough to meet the 
continuing enrichment requirement of much more than 100,000 megawatts of 
nuclear electric generating capacity. Because of their large size, the 
efficient process which they employ, and the low-cost electric power 
available to them, these plants are capable of accomplishing enriching 
services at unusually favorable costs. This factor, coupled with the 
USAEC policy of basing its enriching charges on costs, has made it possible 
for customers abroad to enjoy exceptionally attractive nuclear fuel costs. 
Despite recent unavoidable cost increases, U.S. enrichment charges of $32 
per kilogram of separative work are 33% lower than those first announced by 
the USAEC in 1956. In a typical light-water reactor nuclear fuel cycle, 
these charges correspond to approximately 0.6 mills per kilowatt hour or 
less than 10% of the total generating cost for such a reactor. 

A question of world-wide interest in the field of nuclear power is that 
of the adequacy of enrichment capacity to meet the rapidly growing require
ments. The nuclear power industry has been fortunate in having available 
throughout its formative years a capacity for enriched uranium production 
far in excess of current requirements. As the nuclear power industry grows 
and absorbs this surplus enrichment capacity, the normal commercial situation 
of additional capacity being built as needed will prevail. When this point 
is reached in the late 1970's, the established nature of the nuclear power 
industry will ensure, as is the case in other industries, a normal balance 
between the supply and demand for enriching services. The vital subject of 
uranium enrichment is treated in greater detail in another U.S. paper. 

Although the USAEC has not established a program to meet world 
requirements for heavy water, it has been prepared to sell heavy water(surplus 
to its own needs)on a first-come, first-served basis to domestic and overseas 
customers. As already noted, this heavy water supply has constituted almost 
the sole source of heavy water in the world market so far, and its availabil
ity has allowed those nations interested in heavy water concepts to pursue 
their objectives. It is of interest that the nuclear material of greatest 
scarcity to date has not been enriched uranium, but heavy water. Nuclear 
power projects,based on the use of natural uranium, heavy-water concepts in 
order to achieve independence of overseas sources of fuel supply,should take 
into consideration the availability of heavy water both for initial needs and 
routine or emergency replacement. 

Most of the plutonium now employed in the crucial fast-breeder reactor 
development programs has been derived from reactors producing plutonium for 
defense requirements. The availability of this material has undoubtedly 
advanced by years the fast-reactor programs of countries not possessing their 
own sources of plutonium. With the availability of plutonium as a byproduct 
of the operation of nuclear power reactors, plutonium supply should place 
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no limitation on breeder-reactor development work. Indeed, this material 
is now becoming available in quantities which create strong incentives for 
its use as a supplementary fuel in light-water or other enriched reactor 
systems. With many different sources of supply and potential customers, it 
should be possible to establish a free market in plutonium subject, of 
course, to necessary restrictions limiting its use to peaceful purposes. 

There are many other materials of particular importance to the field of 
nuclear energy or which are produced as byproducts of nuclear operations. 
These include many radioisotopes of unique and exciting properties. One 
such example is plutonium-238 which has provided the thermal energy source 
now powering experiments placed on the moon by the Apollo astronauts. 
Production of these materials can ultimately represent a source of incremental 
revenue for nuclear power programs. Cobalt 60 is already being produced 
commercially in several nuclear power reactors. In general, the supply of 
these other nuclear materials has imposed new limits on the nuclear industries, 
and world-wide markets have been established for several of them. 

SAFEGUARDS 

An unusual feature of international cooperation in the peaceful uses 
of nuclear energy has been the development of the measures known as 
"safeguards." As a result of the awesome military potential of the atom, 
the framers of the Atoms for Peace Program in the United States and else
where felt that it was essential that international cooperation in this 
field take place under arrangements which assure that programs and materials 
devoted to peaceful purposes would not be turned to destructive uses. 

Out of this conviction grew the concept of safeguards -- a series of 
measures, including on-site inspection, designed to provide assurance both 
to the cooperating parties and to the world at large that nuclear activities 
conducted under a peaceful designation were not employed for any military 
use. 

The international verification of the obligation to employ nuclear 
materials only for peaceful purposes represents, in the authors' view, a 
development in international relations of an importance which far transcends 
its immediate field of application. The International Atomic Energy Agency 
is playing a key role in the development and application of these safeguards 
and haa been assigned major responsibility in this area by the Non-Prolifera
tion Treaty. The importance of this subject is such that it is treated in 
detail as a separate topic of this conference, but its crucial role in 
making possible broad and effective international cooperation must be acknow
ledged in this review. The existence of effective assurances that the United 
States' materials and equipment supplied for peaceful uses of atomic energy 
are not being used for unauthorized purposes has been an indispensable 
pre-condition of the broad program of cooperation in peaceful uses outlined in 
this paper. 

INTERNATIONAL INSTITUTIONS 

Cooperation in the peaceful use of nuclear energy has been a fertile 
field for the creation of multi-national arrangements of both a regional 
and world-wide nature. The high cost of nuclear development and applica
tions has made it essential that nations work together to avoid duplication 
of effort and to achieve maximum progress in furthering peaceful develop
ments. Moreover, the hazarda of nuclear energy, unlikely as they are to 
materialize, would know no limits of national frontiers. Regulation of 
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nuclear activities and materials to ensure safety is thus of international 
concern. The International Atomic Energy Agency is the foremost world
wide institution in furthering peaceful use of nuclear energy and in 
promoting cooperative efforts toward this end. In its 14 years of 
existence, the IAEA has clearly established itself as a major and effective 
force in the promotion and regulation for peaceful uses of nuclear energy. 

On a regional basis many other organizations are playing important 
roles. These include the European Atomic Energy Community, the European 
Nuclear Energy Agency, the Joint Institute for Nuclear Research, and the 
Inter-American Nuclear Energy Commission. Regional arrangements of a more 
specialized nature, often under the auspices of the International Atomic 
Energy Agency, have also proven of value in fostering progress in the 
specialized problems of a particular geographic area. For example, the 
IAEA is coordinating a program of cooperation among several Asian nations 
to increase the practical application of neutron activation in medicine, 
agriculture and industry of the area. The IAEA also holds each year several 
regional and inter-regional training courses in various peaceful nuclear 
energy applications. 

NUCLEAR-POWER FINANCING 

With only a few exceptions, external financing of nuclear power projects 
has been undertaken by the national export financing institutions of the 
principal supplier nations. In the United States, this role is played by a 
Government institution, the Export-Import Bank, which expressed its confidence 
in nuclear power at an early date and consequently has played a crucial role 
in the introduction of nuclear power in many nations. At the time of the 
Third Geneva Conference in 1964, the Export-Import Bank had extended five loans 
to finance nuclear power projects outside the United States. This number 
has now grown to 20 major nuclear plants. The total value of Eximbank
supported nuclear-type exports from the U.S., including fuel for initial and 
reload cores, test reactors and other associated equipment and services, 
amounts to $1.1 billion. In addition, the Bank has made preliminary commit
ments to support seven other projects in six nations with a total U.S. export 
value of $800 million. 

The Export-Import Bank's interest rates are competitive with those of 
the world capital market. Its loans are made in combination with financing 
provided by other U.S. and non-U.S. lending institutions, the degree to which 
Eximbank's own funds are used determined on a case-by-case basis. Where 
desired, Eximbank will also guarantee the loans made by the other institutions 
which are helping to finance nuclear power plant purchases from the U.S. 

The Bank's general policy is to make these loans available for viable 
projects in countries which can reasonably demonstrate an ability to meet 
the payment schedule for such a project, along with their other international 
obligations. 

While Eximbank financing is limited to the U.S. goods and services 
involved in each particular project, the Bank participates in projects where 
part of the financing is done outside the U.S. In practice, therefore, the 
projects typically involve procurement from several sources of supply, both 
to take advantage of lowest world prices for particular components as well 
as to reserve scarce foreign exchange through local procurement wherever 
possible. 

Eximbank loans on reactors, related equipment and services customarily 
are for a period of 15 years, with repayments starting six months after 
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construction is completed. Loans for the initial nuclear fuel inventory are 
made on 5-year terms, plus the same grace period as for reactors. Purchasers 
of U.S.-manufactured nuclear power equipment are assured of Eximbank financing 
for replacement fuel units. The Bank also is prepared to participate in 
the financing of U.S.-processed fuel sold separately from nuclear reactors, 
including replacement fuel inventories. 

Where conditions require it, Eximbank also may assist in financing local 
costs, in the host country, incident to the completion of a nuclear power 
project. This assistance normally takes the form of guarantees of loans 
made by non-U.S. financial institutions to cover local costs. The guarantee 
may cover an amount equal to 15 percent of the costs of U.S. equipment and 
services used in the project. 

In summary, through Eximbank and similar export financing institutions, 
there is adequate support for all feasible nuclear power projects. The essential 
requirement is that national authorities be able to justify the economic and 
technological validity of such projects, and be willing to give them sufficiently 
high priority. 

Proposals have been made from time to time for the establishment of 
special international funds earmarked for the financing of nuclear power 
projects. These proposals are based on the understandable and generally 
commendable principle that there are incentives for the introduction of 
nuclear power into developing countries beyond the narrow economic merits 
of a particular project. This is a principle to which the authors take no 
exception. Nevertheless, it would appear that the most important step to 
be taken, if nuclear power is to be given the maximum encouragement, is for 
national authorities themselves to give nuclear power projects priorities 
which they consider appropriate, taking into account both tangible economic 
benefits and intangible technological factors. In general, projects which 
are given sufficiently high priority by national governments are being 
financed through existing means. 

CONCLUSION 

International cooperation in the peaceful uses of nuclear energy has 
been extraordinarily intensive and successful. Through it, the knowledge 
and benefits of an entire new field of science and technology have been 
t~ansferred from a handful of countries to all interested nations in the 
space of less than two decades. The predominant influence in the creation 
and implementation of this broad program of international cooperation has 
been at the governmental level, especially on the part of the initially 
advanced nuclear nations. The International Atomic Energy Agency was created 
at their initiative and has become in itself a major positive force for 
international cooperations. 

International cooperation in the peaceful uses of nuclear energy will 
continue to play a major role in the future, although a somewhat modified 
one. As particular activities, especially nuclear power, reach the stage of 
commercial feasibility, international cooperation will tend increasingly to 
be conducted through commercial and other non-governmental channels. Even 
here, however, the role of governments in establishing a favorable climate 
for international cooperation will be crucial for many years to come. In 
the areas of fuel supply and reactor exports, particularly, it can be 
expected that governmental approvals and participation will be required for 
an indefinite period. 
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In areas of less immediate commercial significance, governmentally 
sponsored international cooperation will continue to be the major factor in 
promoting the peaceful uses of nuclear energy. Among these fields are 
nuclear desalting, the peaceful use of nuclear explosives, and controlled 
fusion. The great promise which all of these fields hold for the future can 
be substantially advanced through the determination on the part of governments 
to continue the practices of the past in embracing the concept of international 
cooperation in the peaceful uses of atomic energy. 
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THE NPY-COOPERATION IN REACTOR PHYSICS· FINAL SUMMARY REPORT. 
The mam orgamzatwnal concepts are described concerning the cooperanon in reactor phys1cs among 

Norway, Poland, Yugoslavia and IAEA, called the NPY-Project, which was established Ill 1963 and concluded 
this year. Then the scientific ob)ecnves, which were the goals of th1s 7-year cooperation, are discussed w 
a more detailed way. On the bam of the output of this cooperation, the highlights of the scientific, techmcal 
and organizanonal achievements are presented. The merits of three Internanonal Advanced Summer Schools 
and many Semwars orgamzed within the framework of this cooperation are d1scussed. Physical problems of 
particular interest for the three cooperating parties and for the rest of the scientific community of IAEA Member 
States, which were attacked and solved w1thin the framework of the NPY-Project, are discussed, Fmally 
there is an attempt to formulate concluswns for the cooperating parties and the IAEA, and for possible 
activities which could emerge out of this ProJect. 

LA COOP ERA T!ON EN MATIERE DE PHYSIQUE DES REACTEURS DANS LE CADRE DU PRO JET NPY: 
RAPPORT RECAPITULATIF FINAL. 

Le memoire ctecnt les principaux aspects de l 'orgamsanon de la cooperation entre la Norvege, la 
Pologne, Ia Yougoslavie et l'AIEA dans le domaine de Ia phys1que des reacteurs, cooperanon qm a pour 
cadre le Proj et NPY etabli en 1963 et mene a terme au cours de I' annee courante. Le memoue presente 
egalement une diSCussion detaillee des obj ectifs scientifiques de Cette cooperation de 7 annees. II enumere 
les resultats les plus 1mportants obtenus grSce ~ cette cooperation dans les domaines de la SCience, de Ia 
techmque et de l'orgamsation et dlSCUte les mentes de trois COlli'S univers1taues internatronaux d'ete et 
d 'un assez grand nombre de )ournees d •etude, organises dans le cadre de cette cooperation. En outre, 11 

met en lumu\re, en les formulant clairement, des prob!emes de physique presentant un mter€t particulier 
pour les trms parties cooperantes ainsi que pour les autres membres de la communaute scientif1que de 
l'AIEA, et ala resolution desquels on s'est attache avec succes dans le cadre du Projet NPY. Enfin on tente 
de nrer, pour les parties cooperantes et l'AIEA, des conclusions concernant les activites susceptibles de 
decouler de ce Proj et. 

COTPY,llHIFIECTBO HTIIO B OEJIACTH 4>H3HKH PEAKTOPOB. 
B ,llOKna,lle npe,llCTaaneHbl OCHOBHbie opraHH3aQHOHHbie KOHUellUHH COTpy,llHHtJeCTBa B o6-

naCTH <f>H3HKH peaKTOpoB MeJK,llY HopBerHeii, Tion&meii, IOrocnaBHeii H MArAT3, Ha3h!BaeMoro 
coKpameHHO TipoeKT HTIIO, KOTopLIH 6hln yqpeJK,lleH B 1963 ro,11y H 3aBepmeH B TeKy111eM ro,11y. 
Eonee no,11po6Ho paccMaTpHBaiOTc>I HayqHLie 3a,11a"H ceMHneTHero coTpy,llHHqecTBa HTIIO. Ha 
OCHOBe ,llOCTHrHyTbiX pe3ynbT8TOB npe,llCTaBneHhl rnaBHble HaytJHhie, TeXHHtJeCKHe H opraHH3a

QHOHHLie ,llOCTHJKeHH>I, B qacTHOCTH, npoBe,lleHHh!e B paMKax TipoeKTa HTIIO TpH MeJKJlyHapo,ll
Hhie JleTHHe illKOnhi H PHJl ceMHHapos. PaccMaTpHaaJJTcH IPH3HtJeCKHe npo6neMw, HMeiOmHe 

oco6oe 3HaqeHHe ,lln>I cTpaH HTIIO H ,llpyrHx cTpaH-qneHoB MArAT3, c<f>opMynHpoBaHHLie H 
pemeHH&Ie B paMKax TipoeKTa HTIIO. B 3aKmoqeHHe aBTOp n&ITaeTc>I C,llenaT& BhlBO,llLI OTHOCH
Ten&Ho cOTPYJlHHqecTBa cTpaH-yqacTHHQ TipoeKTa H MArAT3, a TaKll<e nocne.IlyiOmeii ,lle>ITen&
HOCTH, BhiTeKaiOI.QeH H3 ocyr:necTaneHHH 3TOro TipoeKTa. 

LA COOPERACION EN MATERIA DE FISICA DE REACTORES DENTRO DEL MARCO DEL PROYECTO NPY· 
VERSION FINAL DEL IN FORME RESUMIDO. 

Se describen los principales aspectos de Ia organizaci6n para Ia colaboraci6n en materia de f{sica de 
reactores entre Noruega, Polonia, Yugoslavia y el OlEA, Hamada «Proyecto NPY», establec1da en 1963 
y llevada a termmo el presente allo, Se exponen a connnuaci6n, de modo mas detal!ado, los objetivos 

':'Prepared under the recommendation of and approved by the NPY Jomt Committee, 
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cientfficos que han constituido las metas de la cooperaci6n durante estes siete ailos, Fund~ndose en los 
resultados de esta cooperaci6n, se presentan los logros cientlficos, tecnicos y de organizaci6n mas destacados. 
Entre ellos se estudian los obtenidos en tres Escuelas de Verano Superiores Internacionales y diversos Seminaries 
organizados dentro del marco de dicha cooperaci6n. Se formulan y exponen problemas ffsicos de particu-
lar interes para las tres partes cooper antes y para el resto de la comunidad ciendfica de los Estados Miembros 
del OlEA, problemas que fueron abordados y resueltos dentro del proyecto NPY. Finalmente, se form ulan 
conclusiones relativas a las partes cooperantes y el OlEA y a posibles actividades que pudieran surgu de este 
proyecto. 

INTRODUCTION 

The cooperative research program in reactor physics between 
Norway, Poland, Yugoslavia and the IAEA was signed in 1963. The main 
motivation was the fact that national programs in reactor physics in each 
of these countries contained much in common on the one hand and, on the 
other were so complementary to each other that the parties could benefit 
from a cooperative effort and achieve greater progress in their respective 
reactor development programs, A practical motivation for the NPY-
Project was the fact that the parties would have access to a larger pool of 
equipment than would be available to one country working independently, 
This includes a larger variety of critical and subcritical assemblies, larger 
computing facilities together with computer programs, and special labora
tory instrumentation. Furthermore, a permanent exchange of information, 
technical discussions and critical considerations of the work done, exchange 
of staff, common performance and interpretation of experiments, and cross
checking of calculations of various chosen examples make the solution of 
particular problems more thorough and much faster. The main objectives 
of the cooperative Program were the development and testing of theoretical 
models and calculation methods used in the analysis of reactor experiments 
and interpretation of experimental data, the development of experimental 
techniques and the testing of their applicability in various fields of reactor 
physics. 

The program was conducted in the national laboratories of the co
operating countries: the Institutt for Atomenergi, Kjeller, Norway; the 
Institute of Nuclear Research, Swierk, Poland and the Institute of Nuclear 
Sciences, Vinca, Yugoslavia. The International Atomic Energy Agency 
played a very important role as a catalyser and an active party of the 
Project during the preparatory period of establishing the Project and during 
its activity. On the other hand it seems that the activity of the Project 
helped the IAEA to some extent in performing its constitutional duties by 
organizing Summer Schools and Seminars attended by participants from 
many Member States and assisting in a Fellowship Program. 

The objectives of the NPY -Project were implemented under the scien
tific guidance of the Joint Committee of the Project, which formulated tasks 
from a list of selected topics, recommended definite jobs to be undertaken, 
discussed staff problems and the exchange of information, and considered, at 
the Technical Seminars, the progress made in the host country to the actual 
meeting of the Joint Committee. 

The tasks were initially formulated as follows: 

Establishment of a consistent set of nuclear data 
Calculation of the thermal neutron distribution and reaction rate 
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in reactor cells and comparison with experiments 
Resonance absorption effects 
Buckling measurements and interpretation 
Void effects 
Neutron thermalization and slowing -down problems 
Pulsed neutron technique 
Reactor kinetics 
Development of nuclear design codes 

In 1967 the list of tasks was reformulated as follows: 

Thermalization and thermal neutron distribution 
Slowing-down and resonance absorption effects 
Buckling measurements and interpretation 
Reactor kinetics 
Development of nuclear design codes 
On-line digital control of reactors 
Burnup calculations and experiments 

603 

For the implementation of the cooperative program the following main 
experimental and computational facilities were at the disposal in the co
operating countries: 

In Norway: 
In Poland: 

In Yugoslavia: 

NORA reactor, CDC-3600 digital computer 
ANNA and MARYLA critical assemblies, HELENA 
subcritical assembly, GIER digital computer, 
RA and RB critical assemblies, ZUSE Z-23V and CDC-3600 
Digital computers. 

Let us review now the progress made on the initially formulated tasks, 

1. ESTABLISHMENT OF A CONSISTENT SET OF NUCLEAR DATA 

Norway made available to the other parties the IFA Reactor Physics 
Handbook [NPY -N -17) 1, a valuable compilation of nuclear data. In 
accordance with the recommendation of the NPY -Joint Committee, this set 
was accepted as a common basis for reactor calculations and interpretation 
of experiments related to the cooperative programs. 

2. THERMALIZATION AND THERMAL NEUTRON DISTRIBUTION 

One of the most important results was obtained in a common under
taking devoted to measurements and interpretation of intracell flux distri
bution in the critical assemblies of the NPY countries, using different 
methods and techniques. The critical assemblies include: Norwegian 

1 A complete List of NPY Reports is given at the end of this paper. Some of these Reports are referred 
to in the text. The letters NPY-N, NPY-P and NPY-Y refer to Norwegian. Polish and Yugoslavian reports, 
respectively. 
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NORA, Polish ANNA and Yugoslavian RB. Intracell neutron flux distri
butions in all three assemblies were measured by the representatives of 
the three NPY countries and calculated by various theoretical methods. 

The summarized results of these efforts are presented in the Joint 
Report on Neutron Thermalization prepared by R. J. J. Stamm 1ler from 
Norway, Z. Weiss from Poland and S. Takac from Yugoslavia and published 
in the IAEA Technical Report Series No. 68, 1966. 

One of the major results was that the thermalization code K7- Thermos, 
developed at IFA, Kjeller gave good agreement with experimentally observed 
neutron density distributions for water-moderated lattices. This code was 
then adapted and developed as S-II-Thermos and S-Ill-Thermos at INR, 
Swierk, The changes and innovations introduced will be discussed under 
task No.9. Definite progress was achieved in the experimental methods 
used for the determination of the thermal neutron density distribution in 
reactor cells. The aim was to minimize or to evaluate as correctly 
as possible the perturbing effect of the experimental devices on the 
thermal neutron distribution. This effort resulted in the improvement 
of the existing techniques or in the development of new experimental 
techniques. The rolled wire and pin detector technique was extensively 
used in Norway. The spiral technique with theoretical evaluation of the 
perturbing effects was developed in Poland [NPY- P-49]. In Yugoslavia 
it was decided to eliminate the perturbing effects by extrapolation of the 
results to a zero amount of foreign materials (detectors) [NPY-Y-27, 28, 29]. 

Extensive studies devoted to thermalization effects were performed 
in Poland using the eigenfunction expansion method [NPY -P-2, 20] or the 
Wiener-Hopf technique [NPY -P-54]. 

In Yugoslavia an analytical method for neutron thermalization calcula
tions was developed based on the use of energy-dependent boundary conditions 
combined with the Laguerre polynomial expansions in the moderator and the 
collision probability technique in the fuel [NPY- Y -13]. In addition, multi
group P 3 calculations were carried out for the neutron flux distribution in 
D 20 and H20 reactor cells [NPY- Y -37]. Then the emphasis was put on 
the development of the discrete energy-points method for the determination 
of the thermal neutron spectrum [NPY- Y -38]. A new scheme for point-to
point scattering matrix calculations based on the Lagrange interpretation 
was proposed. The discrete energy method was also combined with a P 3 

approximation and the multipoint and multigroup procedures were compared 
in a number of different cases [NPY- Y -46]. 

Analogous studies on the application of the energy-point method for 
thermalization calculations were performed in Norway. A special point
energy version of the K-7 Thermos and DATAPREP was proposed. Special 
attention was given in both countries to the investigation of an exposed 
uranium fuel with plutonium isotopes present; low-energy resonances of 
240 Pu were included in the thermal region. Comparison with conventional 
multigroup calculations was very promising. 

The theory of time-dependent neutron thermalization was developed 
in Poland. The spectral properties of the Boltzmann operator were exten
sively studied and, on the basis of these studies, the effective solution to 
the initial value problem for neutron thermalization was formulated 
[NPY-P-85] and the numerical code TEINTRA calculating fundamental 
decay constants in moderators was developed. In attempting to resolve 
the discrepancies between theoretical predictions and experiments for 
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small samples, where, in contrast to the theory, the exponential decay is 
still observed, the investigations of neutron thermalization were extended 
from the usual space of functions which are square summable over a finite 
region to infinite regions [NPY- P-86] and to a space of bounded measures. 
This approach was also applied to study the wave phenomena in neutron 
transport theory [NPY- P-127]. At the Symposium on Application of Trans
port Theory held at Oxford in September 1970 a paper on fundamental time 
and critical eigenvalues of the linearized Boltzmann equation was presented. 

The experimental investigations of thermal neutron flux distributions, 
thermal utilization factors, disadvantage factors, and Lu: Dy spectrum 
index distributions were continued on the ANNA and MARYLA reactors. 
In the latter case a broad range of lattices with a variable uranium/water 
ratio was studied, Measurements were performed in clean cores and in 
the vicinity of "irregularities 11 such as control rods, water channels or 
the reflector boundary [NPY- P-78, 79]. An extensive series of such 
experiments was also performed in the NORA-reactor [NPY -N -82]. 
A special set of experimental techniques designed for use in complex 
multitube fuel elements was developed [NPY -P-91, 128]. Using a fast 
chopper as a pulsed neutron source, a series of measurements of the 
neutron decay constant in the small beryllium and graphite blocks at 
-80°C and at room temperature was performed. Attempts were made 
to interpret the results, which exhibited an exponential decay for blocks 
smaller than critical ones [NPY- P-84, 89]. 

3. SLOWING-DOWN AND RESONANCE - ABSORPTION EFFECTS 

The main contribution was the development of a chemical separation 
technique for the isolation of 239Np, used in measurements of resonance 
absorption of 238U. This technique was developed in Norway [NPY-N-9] 
and broadly applied in Poland for p28 measurements on the ANNA and 
MARY LA reactors [NPY- P- 29, 55, 56]. Measurements included also 6 25 
measurements and resonance escape probability calculations, Close 
cooperation was established between Poland and Yugoslavia in measure
ments of the resonance integrals, using a pile oscillator technique, and 
resulted in joint measurements or detailed intercomparison of independent 
measurements, Various substances like silver, zirconium, Zircaloy, 
tantalum, uranium were measured and compared with calculated values 
(NR-IM approximation and Levine' s formula for escape probability) 
[NPY-P-97, NPY-Y-35,45]. Results were presentedatthe5thConference 
on Physics and Engineering of Research Reactors, Dec. 1968, Warsaw, 

The neutron slowing-down equation for an infinite homogeneous 
mono atomic medium was solved exactly, assuming cross- sections to be 
energy dependent. The solution is given in an analytical form as a sum 
of probabilities, which are given by Green's functions [NPY-Y -50]. At 
Swierk experiments were performed using pulsed neutron sources of the 
FLASH and GUN type with an efficiency of about 1 os neutrons per 2 f.l sec 
pulse. The slowing-down parameters were investigated in light-water 
and graphite assemblies. The theoretical interpretation was based on a 
specially defined slowing-down probability in the diffusion approximation 
[NPY -P-112]. 
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4. BUCKLING MEASUREMENTS AND INTERPRETATION 

Within the framework of this task several buckling measurements 
and theoretical interpretations of critical experiments were made in the 
three countries. Some attempts to synthetize the results obtained in 
order to select the reliable experimental techniques and theoretical 
models for interpretations failed because it was not possible to perform 
such an ambitious job without additional experimental and theoretical 
efforts, which were not in the national programs of the cooperative 
countries. 

A selection of experimental results of buckling measurements in the 
mixture of heavy- and light-water lattices have been reported by Norway 
in [NPY-N-6, 7, 72]. 

The measurements on the Polish ANNA (graphite-moderated, light
water-cooled) and MARYLA(light-water) reactors have been reported 
in the papers [NPY -P-5, 6, 9, 19, 23, 31, 36, 41, 67, 68, 93, 105, 106. 118, 121]. 

Heavy-water lattices with tubular 2o/o-enriched fuel were studied in 
Yugoslavia and described in [NPY-Y-3, 11, 14, 15, 23]. 

A series of mixed lattices using natural and 2o/o- enriched uranium 
fuel was investigated both experimentally and theoretically in order to 
establish the relation between the buckling of a compound core and the 
bucklings of each individual fuel lattice. There are indications of a linear 
relation between those bucklings [NPY- Y -41]. It was shown that the inte
gral transformation method and the spatial spherical harmonics approxi
mation are completely equivalent [NPY-P-87]. It was proven that the 
algorithm of the critical transport calculation based on the integral equa
tion is convergent to the unique, non-negative solution corresponding to 
a positive value of the effective neutron multiplication factor [NPY -P-120]. 

The Norwegian interpretation of buckling and macrodistribution measure
ments are based on the following publications: [NPY -N-8, 10, 12, 15, 18, 21, 
22, 23, 25, 30, 52, 53, 55] related to K-7 THERMOS, BIGG-II, DATA 
PREP-II, and TWENTY GRAND SPORT codes. 

Polish interpretations are based on the following publications: [NPY -P-7, 
12, 48, 69, 70, 111, 117, 126] related to PROGONKA, DIFIGREC, DIFIGREC
TAPE, EWA-I, EWA-II, S-II-THERMOS, BIGG-II, HELENA and other 
codes. 

5. VOID EFFECTS 

Under this task the experimental work was done in Norway only. 
Void effects were measured in the NORA reactor [NPY-N-19] and inter
preted satisfactorily. 

6. REACTOR KINETICS 

In this task many interesting results were obtained which are sum
marized in the Joint NPY Report on Reactor Kinetics (submitted for publi
cation in the IAEA Technical Reports Series). It contains contributions of 
all parties and common efforts on the following subjects: 
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Theory of zero-power reactor kinetics 
Reactivity measurements 
Pulsed neutron technique 
Neutron statistics analysis 
Ion- chamber current fluctuations analysis 
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The main theoretical contributions are connected with the transport theore
tical treatment of time-dependent problems with delayed neutrons. The 
multigroup approach was the first step, initiated in Poland in collaboration 
with Yugoslavian colleagues [NPY- Y -36]; the extension of the method for 
the case of continuous energy dependence is the basis of a Ph. D. dissertation 
on the transport theoretical calculations of the reactor period, in pre
paration at Swierk, Poland. The multigroup approach was studied more 
extensively in Yugoslavia in the diffusion or P1 approximation. First the 
spectral properties of the appropriate operators were studied, then the 
Bubnov and Galerkin methods were applied to a multiregion thermal nuclear 
reactor (as a by-product, the corresponding stationary problem was 
investigated) [NPY- Y -34, 53, 54]. Interesting results were obtained in 
the formulation of reactor kinetic equations on the basis of the Feinberg
Galanin heterogeneous reactor theory. The solutions were found for a 
step change of reactivity as well as for a pulsed neutron source. In the same 
way the zero- power transfer function was derived [NPY- Y -49]. 

Experimental activity was mostly connected with items (a) and (b) 
below. 

(a) Further evaluation of reactivity: improvements of measuring methods 

Some techniques were investigated from the point of view of their 
application to the reactivity measurements. The oscillation method for 
water level reactivity coefficient measurements was applied in Norway 
[NPY -N-57], where the pulsed neutron source technique was also applied 
for measurement of negative reactivities [NPY -N-59, 70, 71, 78, 79]. Low 
reactivity measurements using a reactor oscillator were performed also 
in Yugoslavia [NPY- Y-16, 21, 22]. Some techniques were studied in Poland: 
source jerk methods, various noise techniques, and the periodic reactivity 
coefficient of the moderator (it was found that this method can be success
fully used to evaluate the reactivity built into the reactor as well as to 
calibrate the control rods). The new method of reactivity measurements, 
which is the modified rod drop technique, was proposed in Poland. The 
improvement takes into account the real change of reactivity (formerly 
approximated by a step function) [NPY -P-126]. 

(b) Reactor noise analysis: elaboration of new techniques 

Reactor noise analysis was one of the most fruitful domains of co
operation. There was a relatively active exchange of staff and ideas, 
and the IAEA Fellows from Poland and Yugoslavia took an active part in 
the research program on the NORA reactor and contributed by their re
search activities in their own countries. Rossi-a measurements and the 
power spectral density method was used in Norway [NPY -N-36, 37, 38, 56, 
63]. A new theory for interpretation of Rossi-a measurements was de
veloped in Norway for measurements using the time analyser technique 
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[NPY -N-47]. This theoretical work is considered very important in the 
field and seems to resolve the long-standing discrepancy between experi
mental results and the existing theories. The theory of interval distribution 
measurements [NPY -N -46] was used to interpret the count- to- count interval 
distribution experiments. 

In Yugoslavia the auto-correlation and power spectral density methods 
were used for the measurements of the zero-power reactor parameters 
and for the search of sources affecting reactor stability [NPY- Y -31, 47]. 
Experiments were performed with the use of a data acquisition system and 
a PSD spectrometer. 

In Poland reactor noise research covered various techniques. Atten
tion was mainly paid to measurements (and their suitable interpretation) 
based on the conditional probabilities. Two new techniques were proposed 
in this field: the analogue flash start and the drop start, with their theo
retical interpretations [NPY-P-74, 77, 81, 96]. The interpretation of 
the digital flash- start technique proposed by N. Pacilio was also given 
[NPY -P-99, 115], as well as the proposal for the modification of the dead
time-alpha method [NPY -P-100]. 

Studies of reactor noise experiments were performed using numerical 
Monte Carlo techniques for simulation of reactor noise. The main assump
tions were the one-point reactor model and no delayed neutrons. Numerical 
programs can simulate different measuring devices, make possible compari
sons of experiments and allow the determination of the best experimental 
conditions [NPY-P-114, 134]. 

The analogue computer has been directly applied to measure the auto
correlation function of the signal coming on line from a neutron detector 
[NPY -P-82]. 

The fast data-acquisition system for the analysis of kinetic processes 
has been put into operation in Poland. The system is based on analogue 
to digital conversion, magnetic tape registration and digital data processing. 
This system permits measurement of the autocorrelation function and the 
mean frequency of zero crossing, as well as the investigation of the utility 
of noise methods for absolute reactor power calibration [NPY- P-96]. 

The applicability of the reactivity concept for a description of reactor 
kinetics was investigated. The derived criterion of its applicability was 
used in the analysis of various methods of reactivity measurements. An 
especially informative idea was to correlate the stable reactor period and 
the prompt neutron time constant [NPY -P-90, 98, 101]. 

7. DEVELOPMENT OF NUCLEAR DESIGN CODES 

This task was formulated in 1965 in order to co-ordinate efforts in 
the three countries on power reactor calculations. 

The implementation of this task met various difficulties ca·used mostly 
by the different computers with different languages in each of the three 
countries. 

Because of the fact that Norway has a large CD-3600 computer, with 
the greatest possibilities of all three parties (Yugoslavia acquired a CD-3600 
computer in 1970) it was agreed that cooperative efforts be oriented towards 
developing codes for this computer and to use some of the blocks, after 
appropriate adaptation in other countries. 
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As a result of the cooperative efforts, modified versions of the two
dimensional diffusion code TWENTY GRAND SPORT [NPY-N-55, 67] was 
completed, as well as a new method for solving two group diffusion equa
tions in a square cell [NPY -N- 28]. 

A new code, PIGG, a one- dimensional multigroup P-1 code using the 
Greuling-Goertzel slowing-down model in 40 epithermal groups and a full 
scattering matrix in 6 thermal groups was programmed [NPY -N-80]. 

Polish researchers participated in the investigations on the rate of 
convergence of various iterative schemes applied in reactor diffusion 
codes and developed a two-dimensional diffusion code [NPY -N -81]. 

During the reported period the following reactor design codes have 
been developed or adapted and included into the Swierk Nuclear Codes 
Library: 

1. MINIGASKET: special version of a GASKET code, with changed inte
gration procedure, based on calculating the scattering law for crystal
line moderators [NPY- P-125]. 

2. FLANGE -AL4: an Algol, slightly modified version of the General 
Atomics FLANGE code computing the thermal neutron cross-sections 
and scattering kernel for inelastic scattering from the scattering law 
[e. g. MINIGASKET output-tape]. 

3. HEXSCAT-S: an Algol-4 version of the HEXSCAT code computing the 
elastic part of the thermal neutron scattering cross-section. 

4. S-UI-THERMOS: a replacement for the former S-II-THERMOS code. 
The innovations include: 

a. Use of scattering matrix stored on the magnetic tape 
(e. g. FLANGE-AL4 output tape) 

b. Addition of pseudonuclide Fissium to the library 
c. Any combination of materials in separate zones 
d. FLURIG technique for transport matrix calculations 
e. Other organizational improvements (report in preparation). 

5. MIXER: a data preparation code which calculates the effective 26- group 
cross-sections from the ABBN library for a given material composition. 
It takes into account self- and mutual-resonance shielding and can 
handle up to 15 nuclides [NPY- P-116]. 

6. BIGG-II: an Algol version of the IFA, Kjeller code [NPY -P-126]. 
7. BIGG-S: a modified version of the BIGG- II code that guarantees the 

positivity of solutions to the B-1 Greuling- Goertzel equations. This 
code also uses a slightly modified library (report in preparation). 

8. EWA-TAPE: an enlarged version of the one-dimensional code EWA-I. 
It can deal with up to 40 energy groups. 

9. EWA-ADJOINT: algorithm of EWA-I used for adjoint flux. 
10. EWA-III: algorithm of EWA-I supplemented with logarithmic boundary 

condition. 
11. EWA-II: two-dimensional diffusion code with a new, very fast itera

tion scheme. Its present version can deal with up to 1900 space points. 
This algorithm is very promising. Work on its theoretical basis 
is in progress. 

12. DIFIGREC-JAP: an accelerated version of the previous DIFIGREC-2D, 
few- group diffusion code and based on the line overrelaxation scheme. 
The anisotropy of the diffusion has also been introduced. 
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Besides these, some minor calculational subroutines were developed: 

DOVER: a Kushneriuk method for logarithmic boundary condition 
calculation for a cylinder (unpublished). 

GAP: a few- group subroutine for the effective boundary condi
tion calculations in cylindrical geometry. 

BUCKLING-EWA: a fitting procedure for finding the value of the axial 
buckling from a given set of data (unpublished). 

In Yugoslavia the following reactor physics codes have been developed or 
adapted: 

( 1) ANTER: calculates the thermal disadvantage factor by the analytical 
method using the energy-dependent boundary conditions [NPY- Y -13]. 

(2) SIGMA: calculates the group values of cross- sections, scattering 
matrix and outer sources of neutrons using the Brown St. John 
scattering model [IBK-449]. 

(3) MULTI: a multigroup or multipoint P 3 program for calculating 
thermal neutron spectra in a reactor cell [NPY-Y-37]. 

(4) CAMP: calculates the multipoint data for thermal neutron spectra 
determination using the Lagrange interpolation scheme [IBK-714]. 

(5) VESTERN: a one-group program for thermal disadvantage factor 
calculation using the collision probability method [IBK-653], 

(6) PRIMAX: calculates the optimal fuel distribution in a high-flux 
research reactor according to the Pontryagin maximum principle 
[NPY-Y -51]. 

(7) PEZEPEF-CP-1: solves the eigenvalue problem for the stationary 
diffusion operator [NPY- Y- 53] . 

(8) PEZEPEF-BZN: solves the eigenvalue problem for the diffusion 
operator without delayed neutrons [NPY-Y -53]. 

( 9) HETERO: a two-dimensional criticality code based on Feinberg
Galanin heterogeneous theory. Solves Keff and flux distribution for 
a square and hexagonal lattice, 

( 10) RESON: determines the slowing-down spectra of neutrons in a reactor 
lattice cell (resonance absorption effects). 

( 11) MARIA: a two-dimensional diffusion calculation of thermal neutron 
flux distribution in a perturbed three-region reactor cell, 

( 12) PEZEPEF-SZN: a group of programs for the solution of the eigenvalue 
problem for a diffusion operator with delayed neutrons [NPY- Y -53]. 

8. ON-LINE DIGITAL COMPUTER CONTROL OF REACTORS 

A detailed program of cooperation in this task was formulated with 
the emphasis on: 

The development of adaptive control with on-line identification of 
parameters changes; 
The reduction of dimensionality of the model by simplification 
of the control strategy; 
The estimation of flux and power distribution; 
The development of methods for prediction of an accidental 
situation, 
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As the first step in the cooperation, the formulation of the mathematical 
model of a large nuclear reactor was considered, According to this deci
sion the Polish group developed its first version [NPY- P-11 0]. Later this 
version was slightly modified by the Norwegian group by introducing common 
pressure feedback, necessary in a BWR reactor. This group also elaborated 
the model in more detail, introducing coefficients and their numerical 
values. It was agreed that this model be used in further cooperation cal
culations of optimal strategy [NPY- P-129]. 

One of the ideas of the simplification of the control strategy was the 
splitting of a system into small, weakly interacting subsystems. In [NPY-N -84] 
a partitioning of the system into five smaller subsystems was investigated 
with compensation for the interaction effects by cross-coupling controllers. 
In [NPY-N-85] theoptimumcontrollawwas calculated based on a much
reduced, one-point model, giving satisfactory results for short-term 
transients. 

Two methods were investigated for treating the optimal control of 
distributed parameter systems: 

(a) A modal expansion of the dynamics equations, leading to a very 
simple control design [NPY -N -87] (second order Ricatti Eqs) 

(b) The usual dynamics programming approach for finite systems, 
generalized to distributed systems. The system is described by the 
Green' s function, which can be measured experimentally [NPY -N -88]. 
Two computer programs were completed for process identification from 
experimental data. One code works on the basis of differential equations, 
the other builds up a linear time discrete representation. 

In Poland the influence of the time delay of temperature feedback on 
the linear dynamics of the coupled core reactors was investigated. It 
was found that instability occurs for some values of the above time delay. 

Non-linear power reactor dynamics was considered in the example of 
a one-point non-linear model with two temperature reactivity feedback. 
The stability of this non-linear model was investigated by means of the 
Volterra functional approach and the Runge-Kutta method [NPY- P-132, 133]. 
In Yugoslavia, work is near completion on the identification of the linear 
dynamic systems. The same situation occurs in the synthesis of the optimal 
feedback regulator using the maximizing principle of Pontryagin. 

Specific results for the problem of constraints were obtained in three 
ways: 

(i) Using Lagrangian multipliers for constraints on input variables 
(ii) Formulating the suboptimal regulator (constraints on state 

variables) 
(iii) Using "physical amplitude" restrictions of control signals. 

These approaches should be compared and, if possible, combined. 
The results discussed refer mostly to the first two items in the list of chosen 
problems to be solved under this task. There are plans to continue this 
cooperation in another form, as will be discussed later on. 

9. BURNUP CALCULATIONS AND EXPERIMENTS 

The activities of the Norwegians concentrated on the development 
and testing of three codes for analysis of boiling-water reactors (BWR). 
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RECORD is a code for burnup analysis of BWR fuel elements. A multi
group model is used to represent the epithermal range. The thermal 
energy range extends up to 1. 84 eV to handle the 240 Pu low-energy re
sonances. The point-energy method is used for thermalization calcula
tions. Flux distributions within the elements are calculated by 5- group 
diffusion theory. 

PRESTO is a three-dimensional BWR simulator belonging to the class 
of codes coming from the American FLARE code. BWR life histories may 
be simulated, on a macroscopic scale, taking into account the interaction 
between nuclear power and thermal hydraulic conditions. Fuel elements 
and control rods are individually represented. Power distributions in 
three dimensions are calculated optionally by diffusion theory or the nodal 
coupling method. The diffusion scheme is based on coarse mesh repre
sentation and requires a modest computer memory. Nuclear data are 
represented by polynomials generated by separate runs of RECORD or 
a similar code. FSC-II is a code designed for fuel management studies 
in a BWR. Using simplified physical models combined with iterative 
methods, various refuelling parameters may be determined so as to 
optimize fuel cycle economy under given constraints. 

In Poland, owing to limited computer possibilities, the work until now 
was limited in scale. The one-point burnup and fission products code 
TIDEC, based on the CINDER [WAPD-TM-334] approach for fission 
products chains, was completed with three auxiliary libraries for fission 
products. 

Polish Fellows cooperated with Norwegian colleagues in elaboration 
of the fast, two-dimensional diffusion code FROST [NPY -N-81], calculating 
the neutron flux distribution in a BWR fuel assembly. 

The Yugoslavians developed the TER code (a burnup code based on 
the Swedish BOB and REBUS) in three versions and the REDIR code giving 
the axial and radial reactor macroparameters as a function of burnup 
[NPY-Y-32,33]. 

As a part of the scientific activity of the NPY -Project, a series of 
Seminars and Summer Schools was organized which were devoted to the 
discussion of chosen problems important for the cooperative program. 
The main objectives of these Seminars and Summer Schools were twofold: 

To review the progress in various branches of reactor physics, with 
the outline of their foreseeable future trends as the basis for the 
NPY -Joint Committee recommendations. 

To increase the scientific level of the NPY staff, to organize the 
exchange of ideas and experience among NPY specialists, and to use 
these occasions for other countries (Member States of the IAEA) to 
train their staff. 

All these Seminars and Summer Schools were partially financed by the 
IAEA and partially by the host country. The assistance of the IAEA in 
providing lecturers and Fellowships for NPY and non-NPY Fellows is 
gratefully acknowledged. 



A/CONF, 49/P/330 

The list of the NPY -Seminars organized during the existence of the 
Project is as follows: 

1. Seminar on Resonance Absorption Effects, Belgrade, Yugoslavia, 
January 1964; invited lecturer: R. Hellens, Brookhaven National 
Laboratory, USA. 
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2. Seminar on Reactor Kinetics and Related Topics, Kjeller, Norway, 
May 1964; invited lecturers: H. Smets, ENEA, Paris, A. T. Eurola, 
Halden Project, N. G. Sjostrand, Chalmers Technical University, 
Gothenburg. 

3. Seminar on Neutron Thermalization, Warsaw, Poland, December 1965; 
invited lecturer: P. Michael, Brookhaven National Laboratory, USA. 

4, Seminar on Reactor Noise Analysis, Kjeller, Norway, March 1966; 
invited lecturers: P. Stegemann, Kernforschungszentrum, Karlsruhe, 
W. Matthes, Euratom, lspra. 

5. Seminar on Numerical Solution of Multidimensional Diffusion Equations, 
Warsaw, Poland, March 1969; invited lecturers: K. Lathrop, General 
Atomics, USA, R. Coveyou, IAEA. 

Each of these Seminars was attended by about 25-30 participants 
from many IAEA Member States, who usually took a very active part 
in the discussions and presented their own contributions. Chosen problems 
for the topics of NPY -Seminars were usually directly correlated with the 
definite tasks of the NPY -Project and were intended to resolve certain diffi
culties or to summarize the output of the cooperative efforts. 

Besides these seminars, at each NPY Joint Committee Meeting the 
host country to the Meeting presented a Technical Seminar which was a 
review of results achieved during the It year period since the last Joint Com
mittee Meeting in that country. The Seminars, together with visits to laboratories, 
helped the Joint Committee to keep in touch with the actual situation in the 
implementation of the NPY tasks in all three countries and helped it to make 
its organizational and scientific decisions. These activities are considered 
a very important part of the organizational experience gained during the 
activity of the Project and are highly recommended for similar projects. 

The following International Advanced Summer Schools in Reactor 
Physics took place: 

1. 13-28 September 1964, Zakopane, Poland. The scientific program 
covered various subjects of theoretical and experimental reactor 
physics and was given by nine invited lecturers from different coun
tries. Also, informal seminars were held in order to discuss the 
topics covered by the program. There were about 3 0 papers contributed 
by 67 participants and 19 observers from 28 countries from all over 
the world, Lecture notes were published by the IAEA in 1966. 

2. 22 August - 2 September 1966, Sandefjord, Norway. The scientific 
program covered the interpretation, analysis and utilization of reactor 
physics experiments in thermal critical and subcritical assemblies. 
Seminars and discussions were organized after each lecture, including 
a number of original presentations by the participants. Eight invited 
lecturers delivered 10 lectures, published afterwards by IFA, Norway 
in 1967. The school was attended by about 90 participants. 
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3. 31 August - 10 September 1970, Hercegnovi, Yugoslavia. The scientific 
program covered physical problems on thermal neutrons of nuclear 
power reactors. Nine lectures were delivered by seven invited lec
turers. The school was attended by 92 participants from 24 countries. 
Lectures were followed by discussions and seminars. The school was 
concluded by two panels devoted to the following subjects: 

(a) The problems in reactor physics of interest to the countries impor
ting power reactors 

(b) Outstanding problems in power reactor physics. 

The lectures are to be published by the IAEA. 

It is considered that these Schools served the NPY -countries as well 
as the scientific community of IAEA Member States working in the field 
of reactor physics. It is most desirable to keep the tradition of organizing 
such Summer Schools by the IAEA. If this happens, all active participants 
of the NPY- Project will consider these Schools as the best tribute to the 
existence of NPY- Project and the spirit of the scientific cooperation and 
friendship which was successfully generated during the seven years of its 
activity. This opinion was expressed by all lecturers and participants 
of the 3rdNPY International Summer School in Hercegnovi. 

Looking back on the output of the NPY -Project we can distinguish 
problems of rather limited scope, which were closely connected with the 
national programs of the cooperating parties. Tasks and problems of 
a more general character, interesting to a wider circle of physicists 
working in reactor development, were also formulated. Some of the tasks 
have been carried out. Some of those which are not yet finished merit 
further research because of their general importance. The IAEA has 
considered substituting the NPY -Project by a series of scientific co
operations on a larger scale with greater scientific potentialities, trying 
to build up a series of coordinated research programs. These programs 
are to include more scientific institutions working in reactor physics and 
interested in cooperative efforts of the type of the NPY- Project. 

It is contemplated that three co-ordinated research programs be formed 
which are devoted to the following topics, recommended by NPY -Joint 
Committee and many scientific panels organized by the IAEA and other 
scientific organizations: 

( 1) Fuel burnup calculations and experiments 

There exists a need to improve existing possibilities in optimization 
of fuel management problems. This improvement requires a specific 
progress in theoretical and calculational methods and comparison of these 
methods with properly programmed experiments. A very important part 
of these activities should be problems related to the re-evaluation of 
existing nuclear data, especially for fission products. 

(2) Dynamics and digital control of power reactors 

The contemporary nuclear power reactors require an optimal control 
to meet imposed conditions of safe and economic operation. It is considered 
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that this problem can be best solved with the use of on-line digital control. 
On the other hand, this imposes a number of problems related to reactor 
dynamics, control theory and instrumentation. 

(3) New methods in linear transport theory 

It has been recognized recently that many aspects and techniques 
of reactor theory and calculations should be re-evaluated and/ or refor
mulated on sounder physical and mathematical foundations. These re
quirements are due to new reactor concepts and operational demands 
and the rapid development of computer technology. The only rational way 
to meet these new conditions is the development of advanced transport 
theory methods in practical calculations. Studies of the mathematical 
properties of transport equations should be oriented towards greater 
efforts to apply their results to the further development of numerical 
methods of neutron transport theory. 

If these Coordinated Research Programs attract a larger number of 
scientific institutions and stimulate cooperative research in Europe, those 
who took an active part in the establishment and activity of the NPY -Project 
will consider their efforts as successful not only from the point of view of 
their national goals but also from that of their contribution to the IAEA 
activities and those of the scientific community of reactor physicists. 
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Abstract-Resume-AHHOTBUMli-Resumen 

AN APPROACH TO REGIONAL COOPERATION IN NUCLEAR ENERGY· THE NORDIC COLLABORATION. 
Work m nuclear energy m Denmark, Finland, Norway, and Sweden has been organized in quite 

different ways to suit the individual needs of each country. The national nuclear energy institutes and their 
programs in relanon to the nuclear power schedules are bnefly descnbed in the paper. In 1957 a permanent 

liaison group was created by the governments to follow development and promote cooperatiOn. 
According to a recommendation from this group, collaboration was intensified in 1968 through 
the foundation of the Nordic Co-ordination Committee for Atomic Energy. This committee 
caters to permanent exchange of relevant mfortnation and knowledge between the national institutes and 
initiates common ventures. The committee members act through their normal positions as directors of the 
institutes, and each institute remains independent and continuously adapts ns programs to national needs. 
One additional committee member acts as an official exclusively devoted to Nordic cooperation m thlS 
held. Whenever a scheme for pracncal collaborauon between two or more 1nst1tutes has been worked 
out, the commmee proposes the conclusion of an agreement on this particular item between the insntutes 
involved. In this manner important JOint ventures have been earned through, mamly m areas related to 
reactor technology. These are enumerated and descnbed in the paper. Some of them are discussed in other 
contributions to this conference, Schemes for Nordic cooperatiOn in related fields are also mentioned, such 
as Nordel (the electncny producers' organization), and the collaboranon organized around the large-Size 
SwediSh nuclear power stan on Ringhals. Fmaliy, an official collaboration scheme between the four countries 
has been set up m reactor safety. Its mmal a1m is to make recommendations for uniform rules concerning 
reactor hcence apphcatwns, and to promote, as far as possible, the harmomzation of safety criteria. 

REALISATION D'UNE COOPERATION REGIONALE DANS LE DOMA!NE DE L'ENERGIE NUCLEAIRE· 
COLLABORATION ENTRE LES PAYS NORDIQUES. 

Les actlvites dans le doma1ne de 1' energ1e nucleaue au Danemark, en F1nlande, en 

Norvege et en Su~de ont ete organisees de fayons assez d1fferentes afm de repondre aux besoins propres a 
chaque pays. Les centres nauonaux d'energie nuclea1re et leurs programmes de travail en mata~re d'mstallation 
de centrales nucleaires sont bru~vement ctecnts. En 1957 les gou vemements ont cree un groupe de liaison 
permanent pour su1vre le developpement et pour encourager la coopf.rat1on. Conformement a une recommandation 
de ce groupe, la collaboratiOn a ere Intensifiee en 1968 par la creation du Comite nordique de coordination 
nucleaue. Ce comitf. s'occupe de l'f.change permanent d'Informations et de connaissances entre les centres 
natlonaux, et Il prend !'Initiative d'entreprises communes. Les membres du comitf. agissent en tant que 
duecteurs des centres, et chaque centre reste mdependant et adapte ses programmes aux besoins nat10naux. 
Un autre membre du comltf. rempht les fonctlons de fonctionnaire nordique GOmmun, entierement voue 
a Ia cooperanon nord1que dans ce domame. Lorsqu'un pro]et de collaboration pratique entre deux ou plus~eurs 
centres a f.tf. eiabore, le comitf. propose la conclusion d 'un accord sur ce SUJ et particuller entre les centres 
interesses. De cette maniere, des travaux communs Importants ont ere realtses, princi;>alement dans les 
domaines se rapportant ala technologie des reacteurs. Ces travaux sont enumf.rf.s et decrits en df.tail dans 
le memoue. Certains des pro jets communs sont examines dans d 'autres communications presentees a cette 
conference En outre, des programmes de cooperation nordique dans des domaines voiSins sont mentionnf.s, 
par exemple le Nordel (organisation des producteurs d'electnclte) et Ia collaboranon organisee dans Ia grande 
centrale nucleaire de Rmghals en Su~de. Fwalement, dans le domaine de Ia securite des reacteurs, un 
plan officlel de collaboration entre les quatre pays a ete elabore, dont 1 'ob)ectif Initial est de recommander 
des regles umformes concernant les demandes d 'autonsatwn pour les reacteurs, et de contribuer autant que 
possible a 1' harmomsation des cnt~res de secunte, 

'' Author's address: Risll Huse 12, Roskilde, Denmark. 

627 



628 MARCUS 

PEri10HAJihHOE COTPY.UHI1'IECTBO CKAH.U11HABCKI1X CTPAH B OEJIACTI1 51.UEPHOH 
8HEPrl111: HOP.U11K • 

.li;eHTen:cHOCTb B o6nacTH H.D;epHoH 3HeprHH s ,lJ;aHHH, cllHHJIHH.ZUiH, HopserHH H IllaeLU-IH op

raHH30BaHa no-pa3HOMy H HanpaBJieHa Ha y.ZI:OBlleTBOpeHHe HH,llHBH.ZJ;yaRbHIIIX llOTpe6HOCTeif KaJK

.ztOif cTpaHbi. B ,D;oKJia.z:te KpaTKO HanaraeTcH ,D;estTeJILHOcTb HaQHOHaJibHhiX yqpeJK.ZJ;eHHii no H.n;ep

HoH 3HeprHH H peaJIH3iaQHSI HX rrporpaMM 1 K8C8JOUJ;HXCH TIJISHOB pa3BHTHH H.z:tepHOif 3HepreTHKH. 

B 1957 ro,11y npaBHTeiTbCTBaMH 5bina C03,llaHa nOCTOliHHall rpynna CBli3H B QeiTl!X CO,lleHCTBHll 
paaBHTHK> H coTpyiiHWieCTBy. B cooTBeTCTBHH c peKoMeH,llaQHeii 3Toii rpynnhi B 1968 ro11y 5hin 
C03.ZJ;8H Koop.ztHH8L{HOHHhii1 KOMHTeT CK8H,ZJ;I1H8BCKHX CTpaH flO aTOMHOii 3HeprHH, KOTOpbiH 3H8tJ:H

TeJJbHO pacmHpHJI coTpy.l(HI-i:'leCTBO B 3TOH o6nacTH. 3ToT KoMHTeT ocym;ecTBJIHeT nocTOHHHbiH 

05MeH COOTBeTCTBYK>IQei\ HH<!>OpMaQHeH MeJK,lly HaQHOHaiTbHh!MH HHCTHTyTaMH H CO,llei\cTByeT 
ocymeCTBJieHHIOCOBMeCTHbiXllpOeKTOB. 'lJJieHlll KOMHTeTa .zteiiCTBYIO'I' B COOTBeTCTBHH C HX o6:&I'IHbi

MH 38HHMaeMLIMH ,llOJ])KHOCTHMH K8K .z:tHpeKTOpa HHCTRTyTOB; Ka)J(,ll:&Iif HHCTHTYT OCTaeTCJI He3aBHCH

MbiM H flOCTOHHHO paapa6aTbiBaeT nporpaMM:bl npHMeHHTeJibHO K CBOHM HaQHOH8JlbHbiM HyJK.z:taM. 

0.ztHH .ztOflOJIHHTeJlbHhlif qJieH KOMHTeTa BbiCTynaeT B Kal.feCTBe 'IHHOBHHK8 OT BCeX CK8H.llHH8BCKHX 

cTpaH H 3aHHMaeTcll coTpy!IHH'leCTBOM B 3TOH o5nacTH. BcliKHH pa3, KOr.lla pa3pa5aTLIBaeTcll 
nporpaMMa npaKTH'lecKoro coTpy!IHH'leCTBa MelKIIY IIByMll HITH 5onee HHCTHTyTaMH, KoMHTeT 
npe)l}IaraeT 38KJIIO'IHTb COrJiallleHHe flO ,l{BHHOMy BOnpocy MeJK.l{y COOTBeTCTByBliQHMH HHCTHTyTa

MH. TaKHM o6pa30M 1 npOBO.llHTCH B8JKHble COBMeCTHhie pa60Tbl, rnaBHbiM 06pa30M B 06JiaCTH 

peaKTOpHoH TeXHHKH. B .z:toKna.z:te nepeqHCJIHIOTcH H paccMaTpHBaiOTcH yKaaaHHbie pa6oT:&I. He

KOTOpbie H3 HHX OCBeiitaiOTCSI B .ztpyrHX .z:tOKJia,llaX, npe.z:tcTaBJieHHblX Ha 3Ty KOH~epeHQHIO. Pac

CMaTpHBaK>TCll TaKJKe npoeKThl COTPYIIHH'leCTBa CKaH,liHHaBCKHX CTpaH (HQP,UI1K) B COOTBeTCT
BYKliQHX o6nacTliX, KaK HanpHMep, HOP.UEJih (opraHH3aQHll npoH3BOi1HTeneii aneKTpOaHeprHH) H 
coTpYIIHH'leCTBo no CTpOHTeJibCTBY KpynHoii aTOM HOM aneKTpocTaHQHH PHHranc B illBeQHH. Ha
KOHeQ, yTBepJK,lleHa nporpaMMa COTpy,liHH'leCTBa MelKIIY 'leTblpbMll CTpaHaMH B o5JiaCTH 6eao
naCHOCTH peaKTOpOB. IJepBOHa'laiTbHOH QenbK> 3TOH nporpaMMbl liBITlleTCll paapa60TKa peKOMeH
.z:taQHH no e,llHHblM npaBHJI8M npHMeHeHHH JIHQeH3HH K peaKTOpaM H CO.z:teil:CTBHe, B npe.z:teJiaX B03-

MOlKHOro, pa3pa6oTKe e,!IHHOH CHCTeMhl HOpM 6eaonaCHOCTH. 

LA COOPERACION REGIONAL EN EL CAMPO DE LA ENERGIA NUCLEAR: COLABORACION ENTRE LOS 
PAISES NORDICOS. 

Las actJvJdades en el campo de !a energ{a nuclear en Dinamarca, Finlandia, Noruega y Suecia se han 
organizado de formas muy diferentes para ajustarlos a las necesidades individuales de cada pa{s, Las 
1nstituciones nacionales de energla nuclear y sus program as en relaci6n con los planes de energ{a nucleo
electrica se describen brevemente en !a memoria. En 1957 los Gobiernos crearon un grupo permanente de 
enlace para cont1nuar el desarrollo y promover la cooperaci6n. De acuerdo con una recomendaci6n del 
grupo, en 1968 se intensific6 la colaboraci6n a traves de !a fundaci6n del Comite N6rdico para la 
coordinaci6n de la energ{a at6mica. Este Comite procura un intercambw permanente de informaci6n y 
de conocimientos entre las instituciones nacwnales y emprende trabajos comunes. Los miembros del Comite 
actuan desde sus puestos de directores de las instituciones, y cada institute permanece independiente y 
adapta continuamente sus programas a las neces1dades nacionales. Un miembro adicional del Comite se 
ocupa exclusivamente de !a cooperaci6n n6rdica en este campo. Siempre que se elabora un plan de 
colaboraci6n practica entre dos o mas instituciones, el Comite propane !a conclusi6n de un acuerdo sabre 
el particular entre las instituc1ones de que se trate. De esta forma se han llevado a cabo 1mportantes 
empresas con)untas, pnncipalmente en campos relacwnados con !a tecnolog{a de los reactores. La memoria 
enumera y describe dichas empresas, algunas delascuales se discuten en otras memorias presentadas en esta 
conferencia. Se mencionan tambien algunos planes de cooperaci6n n6rdtca en campos afines, como el 
Nordel (Organizaci6n de productores de electricidad) y !a colaboraci6n organizada en la gran central nuclear 
sueca Ringhals. Se ha estab!ecido un plan de colaboraci6n ofJCial de los cuatro pa1ses en el campo de la 
seguridad de los reactores. Su prop6sito inicial consiste en hacer recomendaciones para uniformizar las 
normas en materia de solicitud de licencias para reactores, y en promover, en todo lo posible, !a 
armonizaci6n de los criterios de seguridad. 

1. BACKGROUND FOR COLLABORATION BETWEEN NUCLEAR 
ENERGY INSTITUTES 

Few other areas have seen such an extensive collaboration across the 
borders as nuclear research. Close relations between nuclear energy 
laboratories or "institutes" have been favoured by their simultaneous 
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development in many countries and, consequently, by a desire to benefit 
from experience gained elsewhere and to limit expenditure. 

Schemes for collaboration between nuclear institutes must take into 
account similarities and differences between them so that cooperation efforts 
can be placed at an appropriate level. World-wide, regional and national 
schemes may each have their advantages depending on the topics involved. 

The scope of a national nuclear research institute and its goals depend 
on the circumstances prevailing in the particular country. Of special 
influence is the state of advancement of nuclear power and its industrializ
ation, the organization of research and development in related fields, the 
need for educational programs, and the expert knowledge required by 
authorities. 

The original, general purpose of many nuclear research institutes is 
gradually turning into more specific goals as areas previously in the domain 
of research are taken over by industry, electricity producers and others. 
The change of policy which can at present be observed at many nuclear 
institutes is a proof of their efforts to make continually the best use of their 
resources and to meet new requirements. Nuclear research institutes, 
with their unique combination of expertise in many different disciplines, 
provide an excellent focal point for the solution of scientific and industrial 
problems in new areas and are particularly suited to stay in the forefront 
of development. 

Today, the scope appears to be from purely scientific work. to typical 
nuclear energy development, diversification into non-nuclear areas and 
commercialization of activities. In spite of such differences in goals, 
rewarding forms of collaboration between nuclear institutes can be found. 
In this paper a regional system is described where an attempt has been made 
to take advantage of cooperation without investing in extensive organizational 
measures. This regional system is complementary to participation in world
wide collaboration as organized through the IAEA and to other more specific 
schemes such as European nuclear collaboration sponsored by ENEA and 
bilateral agreements of collaboration with other countries. 

2. NUCLEAR WORK IN DENlVIARK, FINLAND, NORWAY, AND SWEDEN 1 

2. 1. The Nordic Collaboration 

In the four Nordic countries in northern Europe there is a tradition for 
international collaboration. The close relation between these countries in 
cultural, natural and political setting, the comparable standards of living 
and education and the similar scientific levels all contribute to creating the 
basis for what has been termed the Nordic or Scandinavian Collaboration, 
which extends into hundreds of different fields. 

It should be stressed that the four countries, with a total of approxi
mately 20 million inhabitants, form neither a political nor an economic 
union. Any collaboration scheme is measured by its real merits and carried 
through only to the extent that it is useful for the participants. 

1 
The fifth Nordic country, Iceland, is not further mentioned in this paper although it takes part in 

some of the cooperation schemes described. 
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2. 2. The nuclear field 

The iorm the Nordic Collaboration has taken in the nuclear field can 
be considered a consequence of (1) the different needs for nuclear power, 
(2) the varying industrial engagement in the nuclear field, and (3) the dif
ferent organization of nuclear research and development work in each country. 

(1) The need for nuclear power 1s by far the greatest in Sweden and 
Finland, whose hydro sources will soon be fully committed. The first 
Swedish commercial nuclear plant goes on line this year, and more than 
7000 MW(e) are expected to be in operation in 1980. Finland's first nuclear 
plant is on order, and another two are to be completed by 1980 to give a 
total of 1500 MW( e). In Norway, one third of the hydro reserves are still 
unexploited, and the first nuclear station is now expected around 198 0. 
Danish electricity producers feel confident that with the prevailing special 
conditions, conventional thermal power can also be produced economically 
in the years to come, and also here the first nuclear plant 1s expected only 
about 1980. 

(2) The commitment of industry in the Nordic countries shows a 
similar spread, Sweden's half state-owned Asea-Atom is the only reactor 
vendor not Just in Scandinavia but also the only one outside the "big" 
countries. Industrial firms specializing in various components for nuclear 
plants are already active in Finland also, while in Norway certain special 
components related to nuclear installations are being marketed. 

(3) The work at the state-financed nuclear research institutes has long 
traditions going back to the Norwegian Jeep reactor which went cntical in 
1951. With the difference in timing for introduction of nuclear power, the 
original, more general research programs have developed in a characteristic 
direction in each of the four countries. 

Denmark 

The Ris6 research establishment operated by the Danish Atomic Energy 
Commission is located at Roskilde near Copenhagen. It has a staff of about 
800 of whom 200 have an academic or similar degree. The net operating 
costs ($10 million in 1971) are provided m the budget of the AEC and form 
part of the Danish state budget. 

Under the terms of reference of the Danish AEC, research and develop
ment at Riso have from the outset in 1955 been directed towards many 
different aspects of scientific and practical peaceful uses of atomic energy. 
The work today thus comprises not only reactor technology, but also basic 
and applied research in a number of fields where research reactors and 
other radiation sources are put to use. Solid state physics and radiation 
chemistry take up important positions in the basic research program. 

Several senior members of the staff hold teaching posts at institutes 
of higher education, and a number of students as well as post- graduate 
students perform their research work at Riso. Similarly, the basic 
research at Risi:i is in close contact with University research in neigh
bouring fields. 

In applied research, collaboration is found with enterprises in such 
areas as plant breeding and medico-technical application of radiation and 
isotopes. Industry also participates in work related to reactor technology, 
for example in fuel element manufacture, where the knowledge obtained is 
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equally useful for fuel fabricators, electricity producers, and in safety 
evaluation. Together with the National Health Service, the Danish AEC is 
responsible for assessing the safety of nuclear power plants, and hence it 
is expected that Riso will be called upon to provide the technical expertise 
that will be needed for this task in the future. 

Finland 

Nuclear research and development work is not centralized in one single 
research institute. The major part of the work is carried out at the 
Otanierni Reactor Laboratory of the State Institute for Technical Research. 
The latter, together with the Helsinki University of Technology, now form 
the important Otanierni Polytechnical Research Center located just outside 
Helsinki. Another part of the work is carried out by various groups working 
at different research institutes. 

All nuclear research and development work is co-ordinated by the Atomic 
Energy Commission, which has an advisory function to the Ministry of 
Commerce and Industry. 

Owing to the decentralized organization, there is no clear definition of 
the total amount of governmental funds and of persons involved in Finnish 
nuclear research. They may be estimated at approximately $3 million in 
1971 and 120 persons, of whom 70 have an academic or similar degree. 

As the Finnish nuclear work was started relatively late and as there is 
an important nuclear power program, work is now mainly concentrated on 
functions that are essential in order to develop the knowledge needed for 
controlling the design, construction and operation of power plants. Specialist 
teams have been formed in such areas as materials, reactor dynamics, 
reactor codes, reliability, environment, reactor safety, etc. Direct contri
butions are also made by the Ministry to the development work carried out 
by the component industry, in particular the Finnatorn Company created by 
eight industrial firms for the purpose of manufacturing components for the 
nuclear power industry. 

Norway 

Institutt for Atornenergi (!FA) located at Kjeller near Oslo is a foun
dation partly financed by the state ($4. 5 million in 1971) with outside 
contributions amounting to about 50o/o of the state contribution. A total of 
500 persons are employed (120 with academic or similar degrees). The 
Institute has an advisory function to the Ministry of Industry to which it 
also reports. The Council for Scientific and Industrial Research advises 
the Ministry on the scope of work of the Institute. 

There is close cooperation with the major power producers and con
sumers, with whom assessment studies have been performed on problems 
related to the introduction of nuclear power. The particular problem of 
underground containment in solid rock has attracted much attention. 

The Halden reactor, horne site of the OECD Halden Reactor Project 
where ten countries and organizations are collaborating, is owned by the 
Institute. Development work in fuel technology, with emphasis on fuel 
performance and reliability studies, is part of the Halden reactor program. 
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Hot-cell facilities at Kjeller are offered on a commercial basis for post
irradiation investigations in this connection. Experience in fuel technology 
is made available to a Norwegian firm producing Zircaloy canning tubes. 

Part of the nuclear work has found non-nuclear application: fuel 
reprocessing technology is applied in the separation of rare earths in 
collaboration with industry, and experience in reactor digital- control work 
has found widespread application in industrial process control. Production 
of isotopes for medical and industrial applications has taken place for more 
than fifteen years. The Institute has a close cooperation with hospitals in 
this matter. 

The Netherlands-Norwegian reactor school at Kjeller, in operation for 
more than 10 years, organizes courses with a large international attendance. 
Student training is offered at the universities, particularly in physics and 
physical chemistry. 

Sweden 

AB Atomenergi is a wholly state-owned company with a program council 
composed of representatives from industry and power producers and 
advising the board on future activities. The company is mainly located at 
Studsvik and has a staff of 1000 (2 00 with academic or similar degrees). 
Another branch with 100 people is located at the uranium mill in Ranstad, 
now used for large-scale development work. State contributions of $12 million 
cover the operation of the company infrastructure and a base program 
mainly concentrated on light-water reactors and the uranium mill. Pluto
nium recycling and fast breeder work is also done, but the latter now 
receives lower priority on account of the late starting date for commercial 
breeder reactors expected in Sweden. 

Results of state-funded research and development work in reactors and 
fuels are made available to Asea-Atom and other Swedish industries and 
utilities, while specific tasks are performed for payment. Such development 
work is a vital task, as a reactor vendor must have its concepts tested in 
facilities that are only available at a sizable nuclear institute, and AB 
Atomenergi has made a point of providing facilities tailored to the needs 
of water reactor development. 

Another type of task performed for utilities and authorities is the 
investigation of safety aspects of nuclear plants and their location close to 
urban areas. 

The facilities and services at Studsvik are also available on commercial 
terms to companies from abroad. Efforts are being made to increase 
diversification from purely nuclear work; one example is the measurement 
of pollution caused by car exhaust gases. Yearly contributions from paid 
tasks now amount to $6 million, mainly from nuclear work, and include 
revenues from isotope sales. There is thus a strong move towards com
mercialization. Modern planning and full-cost budgeting systems are used. 

Long-range research is limited to what can be financed through 'outside 
funds, at present approximately $2 million annually. The main source 
is the Swedish Board for Technical Development which, through its distri
bution of funds, acts as a co-ordinating state agency for development work 
all over the country. Training of students, mainly in physics, takes place 
at the Studsvik reactors and other facilities. The Swedish Research Council 
has separate laboratories at Studsvik for its scientists. 
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2. 3. A comparison of the four institutes 

As will be seen from the foregoing, we have in these four countries a 
typical example of different approaches to nuclear energy work (see also 
Table I). Within the general framework of policy changes at nuclear 
research institutes we can compare the present role of the Nordic institutes 
and their relation to nuclear power and research work. 

In Denmark the institute is maintaining its character as a specialized 
scientific nuclear research centre with links to research organizations all 
over the country. In Norway the move is towards industrial development 
both inside and outside the nuclear power field. In Sweden, where there is 
an ambitious nuclear industry, the work at the institute is concentrated on 
nuclear technology with a conscious effort towards commercial viability. 
In Finland, where there is no nuclear research institute as such, work is 
confined to the immediate problems in connection with the first nuclear 
plants and the component industry entering the nuclear market. 

The cooperation between these four institutes is an example of possi
bilities and limits in international collaboration. 

3. ORGANIZATION OF NORDIC COLLABORATION IN THE NUCLEAR 
FIELD 

3 .1. Governmental and research institute committees 

In 1957 the governments of the Nordic countries decided to create a 
permanent Nordic Liaison Committee for Atomic Energy with the main task 
of following developments in the nuclear field. This Liaison Committee, 
composed of state officials from the five Nordic countries, meets twice a 
year to discuss policy matters in international affairs and initiatives for 
cooperation to be taken within the Nordic ountries. Customarily the four 
countries alternatively occupy one seat on the IAEA Board of Governors. 
Two groups with specific working areas, NAK and NARS, have been created 
by and report to the Liaison Committee. 

NAK, the Nordic Co-ordination Committee for Atomic Energy, was 
created in 1968. NAK attempts to make the best possible use of the resources 
at the nuclear institutes and promotes co-ordination of their research and 
development programs. NAK has as its members the four managing directors 
from the institutes and one liaison officer. NAK does not act as an independ
ent organization, but decisions reached in the committee are carried through 
at the institutes concerned by virtue of the committee members' executive 
positions. As no separate organization has been built up for NAK, all 
administrative work is referred to the institutes. The liaison officer, who 
is also a member of a working group handling the day-to-day problems of 
Nordic cooperation, supervises the practical application of the guidelines 
decided upon. Specialist groups are called upon when new schemes for 
collaboration are to be examined or proposed. 

NARS, the Nordic Working Group on Reactor Safety, was created in 
1969. Its purpose is to propose common guidelines for reactor safety 
assessment documents and to promote, as far as possible, the harmoni
zation of safety criteria. These rules are intended to serve as a basis for 
the preparation of official guidelines in each of the countries. 



TABLE I. NORDIC NUCLEAR ENERGY RESEARCH INSTITUTES 

Direct state Total 
Personnel Nuclear generating 

Organizational Research contnbution budget Main working 
form centre in 1971 in 1971 

(academic/ 
areas, 1971 

capacity expected 

(m1llion $) (million$) 
total) in 1980 (MW(e)) 

Denmark AEC, state-financed Riso 10 10 200/800 Basic and apphed Possibly 600 
(under Minister of research 
Educauon) 

Fmland Advisory AEC, work At Otaniemi 3 3 70/120 Work related to 1500 
under State Institute Polytechnical first power 
for Technical Re- Research plants 
search (Ministry of Centre 
Commerce and 
Industry) 

Norway Independent foun- Kjeller 4.5 7 120/500 Use of knowledge Possibly 800 
dation (under and for national m-
Ministry of In- Halden dustry 
dustry) part! y 
state-financed 

Sweden State-owned com- Studsvik 12 20 200/1100 Commercial Above 7000 
pany (under and tasks and de-
Mmistry of Industry) Ranstad velopment for 
partly state- reactor industry 
financed 
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3. 2. Other joint organizations 

Parallel to the committees already mentioned, the electricity producers 
in the Nordic countries have created their own cooperation in the Nordel 
organization. Here questions of common interest are handled, such as the 
routine exchange of electricity between the countries and planning activities 
[ 1] . The latter include the distribution network, where Nordel has 
recommended important additional links between the Nordic countries. In 
certain cases, an organized sharing across borders of output from oversized 
nuclear plants will take place. 

Another power producer's initiative is the Ringhals centre, where 
staff from the Nordel companies gain experience by taking part in the 
planning, construction and startup phases of what is so far the largest 
Swedish nuclear power station (2 X 800 MW). 

Numerous other fields related to nuclear energy are the subject of 
Nordic collaboration. Examples are the implementation of ICRP recommend
ations, specifications for radioactive drugs for the Nordic Pharmacopea, 
and related quality requirements. 

3. 3. Stages of cooperation 

The experience obtained from the schemes described shows that positive 
results can be obtained regardless of the extent of cooperation aimed at. 
From the work of NAK some general conclusions can now be drawn on the 
possible stages of cooperation between nuclear institutes with different 
scopes. 

(1) An initial step is to organize an ample exchange of information, 
which must be carefully planned to make it efficient at all levels. This first 
stage may allow participants to benefit systematically from experiments 
and experience relevant to their own work. 

(2) In the natural continuation of step (1 ), such information exchange 
may lead to discussions of future programs. As a result, programs planned 
at one institute may be modified so as to give results more directly useful 
to the work carried out at another institute. Such a scheme will obviously 
be succesful only if reciprocity is obtained. 

(3) Where activities at other institutes are complementary to a 
program carried out at one laboratory, the next step is to arrange for 
participation by sending people from the other institutes to take part actively 
in the work at the laboratory in question. In this case, the management of 
the work remains entirely with the host laboratory but the practical experi
ence is shared. 

(4) A stage where activities are more evenly distributed is the coope
ration scheme termed "joint project", carried through at one particular 
institute. In this scheme, the eosts are shared by the parties who also send 
manpower and take an active part in the planning and project execution. 
The results obtained are common property. 

(5) The most advanced stage of participation realized in the collabor
ation between the Scandinavian institutes is a project with distributed tasks 
where the work is divided between all the institutes involved, while a joint 
group evaluates the results and recommends further action. This arrange
ment is practical in central fields of common interest and reduces the 
necessity of placing staff at the other institutes. 



636 MARCUS 

3.4. Organizational experience 

It has proved practical to make separate arrangements for each 
cooperative venture started according to schemes (3) through (5). Here, 
one institute assumes the role of host organization and takes care of all 
administrative matters. General guidelines have been worked out concerning 
agreements, principles of payment, right to obtained knowledge, patents, 
etc. Each project is operated by a project council with representatives from 
the institutes involved. NAK only influences the work of the groups when 
policy matters have to be settled. 

As mentioned, a necessary condition for establishing cooperation 
between different institutes is an efficient flow of information at all levels. 
It is important that scientists and engineers should be convinced of the 
professional merits of a collaboration scheme in order that they give it their 
personal support. Preferably, initiatives for new ventures should come 
from persons directly involved in the work. Another principal point is to 
make use of the existing organizations without creating new bodies that might 
cause wasteful duplication of work. 

Scientific work seems most suited for cooperation according to schemes 
(1) and (2), which are limited to information about present and future work. 
Only if equipment is needed which would not otherwise be available are more 
far-reaching schemes selected. In many cases, the international scientific 
contacts and traditional collaboration partners abroad attract scientific 
workers more than does the work done at other Scandinavian institutes. 

The best results of Nordic cooperation have been obtained in techno
logical areas. Other national or foreign commitments may, however, 
prevent institutes from taking part in new joint development projects. The 
closer the working field is to commercial application, the more restrictive 
are the participants and the more complicated the organization of a common 
venture will be. 

4. PRACTICAL RESULTS FROM THE NORDIC COOPERATION 

The co-ordination organized within the framework of NAK has helped 
to create a positive climate where specialist groups have been formed and 
joint projects run that have added to the experience and opened new per
spectives for the participants. A total of forty different matters are or 
have been handled according to the collaboration schemes described in the 
preceding chapter. The corresponding expenditure (cash contributions and 
man-hours spent on joint projects) can be estimated at less than $5 million 
over three years and may appear modest when compared to the total yearly 
state expenditure at the institutes ($30 million in 1971 according to Table I). 
When considering this figure it should be remembered, however, that from 
the yearly budget of each institute only a minor part is available for new 
projects and that Nordic projects have also to compete on equal terms with 
national programs that cover a far larger field of activities. 

4.1. Two-phase flow 

One technological area that has proved to be well-suited for Nordic 
collaboration is related to two-phase flow in power reactor fuel elements. 
Calculation methods are today insufficiently developed to permit predictions 
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to be made with the desired accuracy for normal and accident conditions in 
light-water reactors. Better knowledge would allow reactor designers to 
establish closer safety margins and reactor operators to improve their 
control routines and permit analysis of possible accidents. 

Several joint projects have been run in this area. The first one com
prised engineering tests with full-scale fuel models in the 6-MW "Frigg" 
test-loop at the Asea-Atom laboratory in Sweden, where a group of Nordic 
engineers and technicians took part in the experiment for several months. 

The second project aims at producing a three-dimensional calculation 
code for the dynamic behaviour in reactor cores. The code combines neutron 
physics, heat transmission and hydraulics. This work is being done in 
Norway by a joint Scandinavian team, and the code will be tested in an 
operating Swedish power reactor. 

A third project comprises research on the nature of flow patterns in 
subchannels in fuel elements; here work is done at each of the Institutes, 
Ris6, Kjeller and Studsvik, on different element configurations, while a joint 
theory group located in Denmark develops the corresponding computer 
programs and acts as a central advisory body in the experimental work. 

4. 2. Concrete reactor vessels 

Another area of technology which has been developed in a comprehensive 
Nordic project is that of the use of prestressed concrete reactor vessels in 
water reactors [ 2]. With the increasing unit size of nuclear plants and the 
transportation problems with large steel reactor vessels, and with the need 
for power production near urban areas, there seems to be an incentive for 
the development of the technology for concrete vessels on account of their 
safety characteristics and their convenient erection procedure on site, 
requiring a comparatively short building time. A detailed 1 : 3. 5 scale 
model has been erected and tested at Studsvik as a joint project. It demon
strates the specific features for water reactor application, e. g. a rapidly 
removable lid and a novel removable insulation system. Complementary 
calculations with different programs have been performed at Riso, where 
concrete irradiation tests are also made. Another series of parallel tests 
with smaller models was run in Norway, while studies on concrete permea
bility took place in England. 

Electricity producers as well as private industrial firms have actively 
participated in the project. Stress calculations and aspects of concrete 
technology were supervised by an advisory committee including university 
professors and consultants from industry. In a continuation of the experi
mental work another Nordic study group has evaluated the design and safety 
aspects of a prestressed concrete tank for a full-size (850-MW(e)) boiling
water reactor. Questions related to location of concrete reactor vessels 
in rocks and to actual construction of a full-size model tank are being 
evaluated. 

4. 3. Safety 

The field of reactor safety seems destined for a broad regional col
laboration. In each country the nuclear research institute has its specific 
tasks and role in safety matters in relation to the competent authorities. 
There is, however, a large number of parallel activities with a bearing on 
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safety that takes place at each of the institutes. On their part, safety 
authorities in the Nordic countries do collaborate in a number of areas, and 
the NARS working group on reactor safety, described in Section 3, is an 
example of authority collaboration confirmed by a governmental agreement. 

NARS has established a number of small groups composed of specialists 
mainly from the four Nordic nuclear institutes. Each group prepares part 
of the recommendations concerning the data to be presented in safety docu
ments about such items as, for example, siting, plant equipment and its 
reliability, analysis of normal operation, incidents and accidents, etc. In 
the present phase, work on criteria has started with criteria for safety 
systems. International recommendations, safety evaluation report guides, 
and general design criteria from other coun~ries are used as working docu
ments, but the NARS document is intended to be more specific and adapted 
to the conditions in the Nordic countries. 

Exchange of information has been organized on an ad hoc basis in a 
number of other areas related to safety, such as meteorological dispersion 
phenomena, criticality regulations for local work with fissile materials, 
retention of active gases and aerosols, etc. A joint group with participants 
from institutes and electricity producers evaluates the availability of cal
culation codes for accidental release of activity from the reactor core and 
its containment, and in this connection the need for results from large
scale containment experiments is examined with a view to making use of 
the Marviken installations in Sweden. Finally, more general areas of 
work such as metallurgy (fracture mechanics) and instrumentation in 
reactor control are examined to establish common goals in work related to 
safety. 

4.4. Zirconium and hot cells 

Even areas where industrial competition exists can lend themselves to 
cooperation, at least on the basic development side. One example is the 
nuclear application of Zircaloy. Development of novel zirconium alloys is 
organized so that identical material is tested at several institutes. Testing 
methods are distributed so that the best use is made of particular qualifi
cations existing at each institute. 

Similarly, in the field of post-irradiation examination of irradiated 
fuel in hot cells, experience on working methods and equipment is openly 
exchanged in spite of the competition for outside customers existing between 
the three Scandinavian hot-cell laboratories. 

4. 5, Administration 

In order to facilitate the organization of cooperative ventures, action on 
several aspects has been taken on the administrative side. Recommendations 
for presentation of budgets and for uniform fees to be charged have been 
worked out. Joint ventures are basically financed according to the same 
scale as is used for the national contributions to the IAEA. However, host 
organizations for joint projects carry a relatively higher burden in 
exchange for the benefit of having the experimental facility at their institute 
and keeping their staff at their home site. 
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4.6. Documentation 

In the documentation field the Nordic atomic libraries have formed 
their own joint secretariat. The four libraries act as one region in relation 
to the USAEC for the exchange of information for Nuclear Science Abstracts 
and also operate as a single region in the International Nuclear Information 
System of the IAEA. Co-ordination of key-wording and information retrieval 
is planned in order to rationalize the daily documentation work. 

5. CONCLUDING REMARKS 

In this paper an attempt has been made to describe how regional colla
boration can be organized between national nuclear energy laboratories in 
spite of their different scopes and purposes. The advantages of the system 
described are flexibility, low cost, and the absence of an independent joint 
organization. The correct functioning of the system is supervised by one 
person who is jointly employed by the organizations involved and who is 
sufficiently familiar with the working areas to identify fields where new 
initiatives may be taken. Experience has confirmed the value of this sytem 
where exchange of information on all levels organized through the staff 
itself can lead to important joint ventures. 
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THE STATE COMMITTEE FOR NUCLEAR ENERGY IN ROMANIA AND ITS ACTIVITIES IN THE FIELD OF 
INTERNATIONAL COOPERATION. 

The paper deals with the organization of the State Commlttee for Nuclear Energy and its mam tasks 
in achieving a national nuclear program in Romania. Taking into account the catalytic role wh1ch the 
development of 1nternanona! cooperation plays m the present technical and sc1entific revolunon, the paper 
underlines the 1mportance of international cooperation for nuclear development in Romania, The paper 
then refers to Rom am a's experience in international cooperation for the peaceful uses of atomic energy, 
emphasizmg the role of bilateral and multilateral international cooperation. Also emphas1zed is the 
s1gnificance of Articles IV and V of the Treaty on the Non-Proliferation of Nuclear Weapons, which stresses 
the necessity of mtematwnal cooper anon for development as a legal obligatwn of the States Parties. Also 
presented are certain concrete activities of cooperation within some International nuclear organizauons to 
which Romania belongs such as the International Atomic Energy Agency, the Comm1ssion for Atom1c Energy 
of the CMEA, JINR-Dubna, and others. The paper also discusses the role played by the IAEA 1n the develop
ment of mternatwnal cooperation m the nuclear f1eld and the tasks of the Agency in the context of the 
NPT. Particular 1mportance is attached to International cooperation for the necessary training of staff. 
The last part of the paper suggests some forms and methods of internanonal cooperation in peaceful uses 
of nuclear energy, which should be useful for the future. 

LA STRUCTURE DU COMITE D'ETAT POUR L'ENERGIE NUCLEAIRE DE LA REPUBLIQUE SOCIALISTE DE 
ROUMANIE ET SES ACTIVITES EN MATIERE DE COOPERATION INTERNATIONALE. 

Les auteurs decrivent Ia structure du Comite d'Etat pour !'energ1e nucleaire et les principales attributions 
de celm-ci dans le cadre du programme nucleaire roumain. Vu le rOle catalyseur que joue la cooperation 
internanonaJe dans !'actuelle revolution teChniqUe et SClentifique, iJs soulignent !'importance de cette forme 
de cooperation pour le developpemem nucleaire en Roumanie. Puis ils presemem I' experience de Ia Roumanie 
en matiere de cooper anon internatlonale dans le domaine des applications pac1fiques de 1 'energie nucleaire, 
en soulignant le n'lle de Ia cooperation internanonale bilaterale et multilaterale. Ils relE,vent Ia portee des 
articles IV et V du Traite sur Ia non-prohferation des armes nucleaires (TNP), qui font de Ia cooperation 
mternanonale a des fms de deve!oppement une obhgation jurid1que pour les Etats parties, Les auteurs 
mentionnent egalement certaines acti vires concretes en matiere de cooperation qul se deroulent dans le 
cadre des organismes internationaux s 'occupant du dornaine nucleane et dont Ia Roumanie fait parne, tels 
que l'Agence internationale de I'energte atomique, la Commission pour 1 •energte atomique du Conseil 
d 'assistance economique mutuelle et l'Instltut umfie de recherches nucieaues de Doubna. Les auteurs se 
referent egalement au rille j oue par l'AIEA dans le developpement de Ia cooperation mternationale conformement 
aux t.1ches que lui confere le TNP en manere de cooperation nucleaire. Ils soulignent le r$!e que doit ]ouer 
Ia cooperation mternationale dans Ia formation du personnel. Ils suggerent enfin des formes et des methodes 
de cooperation mternanonale dans le domaine des applicanons pacifiques de l'enerpe nucleaire qui pourrom 
a 1 'avenir ~re unlement mises a profit. 

rOCY,UAPCTBEHHhiH KOMMTET ITO R,UEPHOH 3HEPriU! COUHAJIHCTJ.P.JECKOH PEC
ITYEJIHKH PYMhiHHH H ErO .UERTEJihHOCTh B OEJIACTH MEJK.UYHAPO,UHOrO COT
PY,UHH<JECTBA. 

B ,ZJ;OKJia)le .n;aeTCSI OnHC8HHe CTpyKTypbl rocy.n;apCTBeHHOrO KOMHTeTa no Jl.n;epHOif SHeprHH 

11 ero ocHOBHbiX 3a.lla<~ B paMKax ll,ilepnoii nporpaMMbi PyMbiHIIII. Y'IIITbiBall CTIIMYJIIIPYIODIYIO 
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pOllb, KOTopyiO HrpaeT M8JK,D;yHapO,llH08 COTpy,nHHqeCTBO B COBpeMeHHOH H8Y'·IHO-T6XHH1.18CKOif 

peaoniOQHH, aaTopbi no,zp-~:epKHBaiOT BS}KHOCTb 3Toro BH.zta COTPY.ztHHqecTsa .n,nH paaBHTHB npHMe

HeHHll l!,llepHoii <:~HeprHH B PyMbiHHH. .Uanee roBOpHTCll o6 on biTe PyMhiHHH B o6nacTH MeJKAy
HapOAHOro COTPYAHH'ieCTBa no MHpHOMy Hcnonb30BaHHro ll,llepHoii <:~HeprHH. IloAqepKHBaeTCll 
3Ha'ieHHe cTaTeii IV H V .UoroBopa o HepacnpocTpaHeHHH liAepHoro opyJKH>I, B KOTopoM Heo6-
XOAHMOCTI> MeJKAyHapo,liHoro COTPYAHH'ieCTBa paccMaTpHBaeTCll KaK IOJ)HAH'iecKoe o6l!3aTenl>
cTBO rocy,napCTB- yt.J:aCTHHKOB ,UorOBOpa. ABTOpbl ,lt8IOT TSKJKe OllHCSHHe HSKOTOpbiX KOHKpeT

HbiX BH,l{OB .ll8HT8JibHOCTH B 3TOii: 06llaCTH B p8MK8X M8)K,ZJ;yHapO,D;HhiX opraHH38J..tHH, 38HHMaiO

IIIHXCll BOnpocaMH npHMeHeHHll ll,llepHOii 3HeprHH H yqacTHHKOM KOTOpbiX liBnlleTCll PyMbiHHli,
T8KHX7KaK Me)K.z:tyHapo.o;aoe areHTCTBO no aTOMHoH 3HeprHH, KoMHCCIHI no aTOMHoH 3HeprHH 
CoseTa 3KOHOMHt~ecKoH B3aHMonoMOm.H, 06'be;:uo~HeHHbiH HHCTHTYT H.ztepHbiX Hccne,llOBSHHH B 

.Uy6He HAP· ABTOpbi paccMaTpHBaiOT ponl>, KOTopyro HrpaeT MArAT3 B pa3BHTHH MeJKAyHa
po,n;Horo COTpy,n;HHti8CTB8 B 06li8CTH 8TOMHOti 3HeprHH, a TSK)K8 38,ll8'4:H AreHTCTBa B CBH3H C 

.UoroBopoM o HepacnpocTpaHeHHH. IlOA'iepKHBaeTc>I pon~> MeJKAyHapOAHOro COTPYAHH'ieCTBa 
a no,llroTosKe cne~HaJIHCTOB. B 3aKJIIOl.JHTenDHoH qacTH .ztOKna.zta npe.ztnaraiOTcH HeKoTopLie 
,PopMbi H MeTO,llbi MeJKAyHapoAHoro coTpyAHH'iecTBa B o6nacTH MHpHoro npHMeHeHH>I >IAepHoii 
3HeprHH, KOTOpbie MoryT 3,P,PeKTHBH0 HCfiOJib30BaTl>C>I B 6yAyllleM. 

EL COMITE EST A TAL PARA LA ENERGIA NUCLEAR EN LA REPUBLICA SOCIALIST A DE RUMANIA Y SUS 
ACTIVIDADES EN MATERIA DE COOPERACION !NTERNACIONAL. 

Los autores describen Ia estructura del Comite Estatal para Ia Energ{a Nuclear y sus comendos principales 
dentro del programa nuclear rumano. Subrayan luego algunos problemas relacionados con Ia 1mportancia 
que tiene la cooperaci6n 1nternac10nal para el desarrollo de la energla nuclear en Rumania, teniendo en 
cuenta que esa cooperaci6n actlla de catalizador de la revoluci6n c1entlfica y tecmca actual. M.9.s adelante 
explican Ia experiencia de Rumania en Ia cooperaci6n internacional para los usos padf1cos de Ia energ{a 
at6mica, hac1endo resaltar el papel de Ia cooperaci6n intemacional bilateral y multilateral. Insisten 
tam bien en Ia 1mportancia de los art{culos IV y V del Tratado sabre !a no proliferaci6n de las armas nucleares, 
que seilalan !a neceSldad de Ia cooperac16n mternacwnal con fines de desarrollo, a! conSlderarla como 
obligaci6n jurldica de los Estados signataries. Los autores seiialan activ1dades concretas en la cooperac16n 
dentro de algunas organizaciones internacionales nucleares a las que pertenece Rumania, como por e]emplo 
el Organismo Internacional de Energ{a At6mica, Ia Com1si6n de Energ{a At6m1ea del COMECON y el 
Institute central de investigaciones nucleates de Dubna, Tamb1en se refieren al papel del OlEA en el 
desarrollo de Ia cooperaci6n intemacional y a los objetivos que le sei'!ala el TNP en el campo nuclear. 
Se presta atenci6n particular a! papel de Ia cooperaci6n mternacional en el adiestramiento del personal, 
La ultima parte expresa algunos puntos de vista que se refieren a los metodos de cooperaci6n internacional 
para los usos padficos de Ia energ{a nuclear que podnan aplicarse en lo futuro. 

1. GENERA LITES 

Au cours du dernier quart de siecle, 11 un des traits fondamentaux de 
la vie economique et sociale de la Roumanie a ete 1' accroissement continue! 
et rapide des indices de developpement dans taus les domaines d' activite. 
La Roumanie socialiste, en poursuivant une politique d' industrialisation 
rationnelle, s' est elevee au rang des Etats beneficiant du developpement 
economique et social le plus dynamique. Le rythme d 'accroissement de la 
production industrielle glob ale, qui atteindra 12o/o entre les annees 19 71 et 
1976, le confirme. Un resultat particulierement favorable a ete atteint dans 
le cadre du plan quinquennal pour la periode 1966-1970, au cours de laquelle 
la prod~ctfon industrielle a ete presque egale a celle des trois plans quinquen
naux precedents. 

Etant donne que ce developpement rapide a des effets considerables sur 
toute la vie sociale, il a impose un developpement correspondant de la science 
et de la technique en Roumanie. Un inter&t particulier est accorde ala 
physique, et surtout a la physique nucleaire, qui est un des domaines les 
plus avances de la science moderne et qui offre la possibilite de nombreuses 
applications sans lesquelles le progres rapide d 1 une societe est aujourd' hui 
inconcevable. 
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Dans un cliscours prononce devant la Quatorzieme session de la Confe
rence generale de 1' AIEA, le President du Conseil d' Etat de la Republique 
socialiste de Roumanie, Son Excellence Monsieur Nicolae Ceau~escu, 
declarait: «La Roumanie, consciente de 11 importance decisive de la 
physique atomique dans la vie de la societe contemporaine, fait des efforts 
considerables pour developper la recherche nucleaire et pour utiliser 11 ener
gie d 1 origine atomique dans diff'erents domaines de la production et de la 
vie sociale - parmi lesquels je mentionnerai specialement la construction 
de certaines centrales nucleaires - pour 11 utilisation de cette immense 
force danS la VaSte OOUVre quI elle realise: 11 edification d 1une nOUVelle SOCiete,» 

L' evolution rapide de 11 industrie et d 1 autres activites economiques et 
sociales a exige une augmentation rapide de la puissance installee des cen
trales electriques. En Roumanie, la puissance installee s• elevait ala fin 
de 11 annee 1970 a 7000 MW(e) environ, la production totale brute d' energie 
electrique depassant 35 TWh. Le temps de doublement de la production 
d 1 energie a ete de cinq ans pendant la derniere decennie; pour les annees 
1970-1980, on prevoit un doublement to us les six ans environ. 

La Roumanie possede des reserves energetiques fossiles (petrole, gaz 
naturel, charbon). Cependant, quelque grandes que soient ces reserves, 
elles sont toutefois limitees et, dans 11 avenir, meme avec le complement 
que leur apportera la mise en valeur de la plus grande partie du potentiel 
hydraulique qu 1 il est techniquement possible d 1 amenager, elles ne suffiront 
pas au developpement de la production energetique au rythme exige par les 
decennies futures. 

D' ailleurs il ne faut pas perdre de vue le fait que les reserves de 
petrole roumain, d' une qualite superieure, ainsi que celles de gaz naturel, 
sont normalement utilisees avant tout par 11 industrie petrochimique, qui 
est la mieux a meme d 1 en assurer la mise en valeur. Des lors, la Roumanie 
essaie de resoudre le probleme de la «faim d 1 energie» par d' autres moyens: 
!'importation de petrole, 11 exploitation aussi intensive que possible des 
res sources hydrauliques et 1' «industrialisation>> de 1' energie nucleaire sont, 
pour le moment, les uniques solutions, la solution d 1 avenir etant 1' utilisa
tion des reserves d 1 uranium et de thorium pour la production d 1 energie 
dans des centrales nucleaires de grande puissance. 

Ces raisons ont amene le Gouvernement roumain a decider d' introduire 
11 energie d 1 origine nucleaire dans le systeme de production energetique 
du pays dans le courant de cette decennie m~me. 

En fait, la production d' energie d' origine nucleaire n' est pas le seul 
bienfait offert par la physique atomique. Le developpement des applications 
de la science nucleaire dans des domaines de plus en plus nombreux de 
11 economie et de la vie sociale est 11 une des caracteristiques de 11 epoque 
contemporaine. Quoique la production d' energie d' origine nucleaire n' en 
soit aujourd' hui qu' a son debut en Roumanie, les applications des techniques 
atomiques ont deja penetre dans la vie quotidienne. 

2. LE COMITE D1 ETAT POUR L' ENERGIE NUCLEAIRE 
ET SES INSTITUTS - LE PROGRAMME NUCLEAIRE NATIONAL 

Les activites en matiere de recherche et d' applications pacifiques de 
l'energie nucleaire ont pris un essor particulier apres 11 annee 1955, lorsque, 
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par decision du Gouvernement roumain, ont ete crees le Comite pour l'ener
gie nucleaire, organe consultatif du Gouvernement, et, en 1956, 1' Institut 
de physique atomique de Bucarest. 

Depuis lors et jusqu' en 1969, 11 accent a ete mis surtout sur la forma
tion de personnel, 11 adaptation de 1' enseignement aux conditions nouvelles, 
et 11 equipement adequat des laboratoires. 

Afin d' accelerer le developpement de cet important domaine, le 
Gouvernement roumain a approuve en 1969 le premier Programme nucleaire 
national, dont les objectifs sont scientifiques, technologiques et industriels 
et qui prevoit des investissements importants et complexes. L' execution 
de ce programme aura des effets sensibles sur le developpement economique 
et social du pays; toutes les branches de 1' industrie et de nombreux autres 
secteurs de 11 economie nationale et de la vie sociale contribueront a sa 
realisation. 

Les principaux objectifs sont 11 industrialisation de 1' energie nucleaire, 
a savoir la construction d' ici a 1980 de centrales nucleo-electriques d' une 
puissance totale de 1000 MW(e) environ et la mise sur pied d' industries 
connexes, ainsi que la promotion de recherches fondamentales visant a 
soutenir le programme et a introduire les techniques nucleaires dans un 
grand nombre de secteurs economiques et scientifiques. 

Ces objectifs ayant ete fixes par le Programme nucleaire national, 
un decret du Conseil d 1 Etat, emis le 30 decembre 1969, a cree le Comite 
d 1 Etat pour 11 energie nucleaire de la Republique socialiste de Roumanie, 
qui a remplace 1' ancien comite. 

Le Comite d'Etat pour 11 energie nucleaire est 11 organe administratif 
central; c' est lui qui execute les decisions gouvernementales dans le do
maine nucleaire; il lui incombe de developper la production d1 energie 
d' origine nucleaire et d' introduire les techniques nucleaires dans 11 in
dustrie et d' autres branches de la vie economique et sociale, tout en 
tenant compte des progres de la science et des necessites du pays. Le 
Comite est responsable, au niveau de 1' Etat, de toutes les activites qui 
ont trait ala recherche, a 11 etablissement de projets et ala production, 
depuis les recherches fondamentales jusqu' a 11 industrialisation de 11 energie 
nucleaire par la construction de centrales nucleaires. 

A cette fin le Comite d'Etat pour 1' energie nucleaire possede son 
budget propre, approuve par le plan d'Etat, il dispose d' unites pour la 
recherche, les etudes de projets et la production, il gere des centres 
d' enseignement et d' information et des entreprises chargees de 11 etude 
et de la realisation des centrales nucleaires et autres installations touchant 
au domaine nucleaire. Le Comite coordonne en matiere de methodologie 
et soutient materiellement les activites de plus de 300 etablissements 
nucleaires sur toutle territoire du pays ainsi que les associations et 
societes scientifiques de physique pure ou nucleaire. 

Les recherches scientifiques sont effectuees a 11 Institut de physique 
atomique et a 11 Institut de physique de Bucarest, ainsi quI a 11 Institut des 
isotopes stables de Cluj; ces etablissements dependent du Comite d'Etat 
pour 11 energie nucleaire. Le personnel comprend plus de 2300 employes 
et la majorite des disciplines nucleaires modernes y sont etudiees. Des 
recherches similaires sont effectuees dans les universites de Bucarest, 
Cluj, Ia:;;i et Timi:;;oara et d' autres etablissements encore. 

Les recherches, fondamentales aussi bien qu' appliquees, s' etendent 
maintenant a des domaines varies de la physique et des techniques nucle-
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aires: physique et technologie des reacteurs, production d 1 energie d 1 origine 
nucleaire, etude des effets des rayonnements sur la matiere, essais de 
materiaux nucleaires, physique des plasmas, etude de 11 etat condense de 
la matiere par la methode de diffusion des neutrons lents, physique des 
radiations cosmiques et des particules elementaires, etude des reactions 
nucleaires a energie haute, moyenne et basse, spectroscopie nucleaire, etc. 

L' Institut de physique atomique et d' autres centres roumains fabriquent 
les instruments qui, outre 11 outillage importe, forment 11 equipement de 
base des unites nucleaires qui fonctionnent dans les differentes branches 
de 11 industrie, de 11 agriculture, de la medecine, etc. 

Une des taches principales du Comite est de developper les recherches 
en matiere de technologie nucleaire dans une mesure suffisante pour que 
puisse etre atteint le but fondamental du Programme: 1' industrialisation 
de 11 energie nucleaire. L' experience necessaire est acquise par des re
cherches originales ainsi que par une cooperation avec des centres de re
cherche d' autres pays et une collaboration etroite avec 11 industrie (cons
truction de machines, metallurgie, chimie, production d' energie, etc.). 

Le passage au stade de la mise au point des technologies et de 1' etablisse
ment des projets doit se faire dans un cadre adequat; un centre technologique 
national, 1' Institut de technologie nucleaire, a ete fonde. Cette nouvelle 
unite, subordonnee au Comite d'Etat pour 1' energie nucleaire, assurera 
la liaison entre la recherche fondamentale, appliquee et industrielle; elle 
mettra au point les technologies necessaires a la construction de centrales 
nucleaires et autres unites, en utilisant au maximum le potentiel de personnel 
technique et scientifique disponible. 

Aussi parfaits que soient 1' organisation et 11 equipement d I un reseau 
d' instituts et de centres de recherche, les resultats escomptes ne peuvent 
pas ~tre obtenus sans 11 existence de personnel possedant les qualifications 
requises. C' est ainsi qu1on a fonde recemment, conformement aux objectifs 
du Programme nucleaire, un Centre de formation et de specialisation dans 
les branches nucleaires, qui preparera des ouvriers, des techniciens et 
des specialistes ayant fait des etudes universitaires. 

Le Centre de la documentation et des publications nucleaires a, lui 
aussi, ete fonde recemment. Son role sera d' entretenir des contacts 
etroits avec tous les centres similaires du monde pour etre a meme de 
recevoir rapidement les informations les plus recentes dans le domaine 
nucleaire, de les classifier et de les mettre immediatement a la disposition 
des instituts de recherche, des laboratoires, de 11 industrie et des etablisse
ments d' enseignement. Le Centre devra aussi fournir aux etablissements 
similaires de 11 etranger des informations sur les travaux effectues en 
Roumanie et leur faire parvenir les publications des specialistes roumains. 

La figure 1 represente 1' organigramme des unites qui relevent du 
Comite d'Etat pour 11 energie nucleaire. 

Le Comite d'Etat pour 1' energie nucleaire est dirige par un conseil 
d' administration (comite). Son President est membre du Gouvernement 
roumain. Il est seconde par un premier vice-president, un vice-president 
et un secretaire general ainsi que par des conseillers. 

Un conseil technique et scientifique donne des avis sur les principaux 
problemes Soumis a 11 approbation du Comite ou du President. 

Le Comite est subdivise en plusieurs departements techniques, scien
tifiques et administratifs. La figure 2 en donne 11 organigramme. 
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L' Inspectorat general de la securite et de la radioprotection delivre 
les autorisations sans lesquelles les unites nucleaires ne peuvent fonctionner. 
Toutes les activites nucleaires du pays sont contrcSlees par un inspectorat 
d'Etat, qui fonctionne dans le cadre du Comite d'Etat pour l'emergie nucleaire, 

3. COOPERATION INTERNATIONALE 

Le Programme nucleaire national sera execute grace a 1' effort soutenu 
des specialistes roumains et a une collaboration internationale. Conforme
ment a sa politique de promotion de la cooperation internationale, et compte 
tenu de la signification speciale qu' il faut accorder dans ce contexte aux 
problemes techniques et scientifiques, la Roumanie attache une importance 
toute particuliere a la cooperation avec d 1 autres Etats dans le domaine des 
applications pacifiques de 11 energie nucleaire. 

La cooperation internationale doit favoriser le developpement de tous 
les pays, tout en contribuant a reduire le decalage existant entre eux. Une 
telle cooperation, 1' une des conditions essentielles du progres de toutes 
les nations et 11 une des premices de la solution de nombreux problemes 
d 1 interet general, implique necessairement des relations multilaterales 
et diversifiees. 

Ces relations ne pourront etre developpees et consolidees sans que 
soient respectees et appliquees rigoureusement dans les relations entre 
Etats, quel que soit leur regime social et politique, les normes fondamen
tales du droit et de la legalite internationale. Il s' agit en 1' espece des 
principes de 11 independance et de la souverainete, de 1' egalite en droits 
des peuples et des Etats, de la non-ingerence dans les affaires interieures 
d 1 autres Etats et de la reciprocite des avantages. 

L' evolution de la cooperation internationale a un rythme toujours plus 
rapide est un phenomene caracteristique de 1' epoque actuelle. Chaque 
pas fait par l'humanite sur la voie du developpement des forces productives 
et du progres scientifique, technique et social doit resserrer les liens 
qui unissent les Etats et conduire a augmenter le volume aussi bien que 
la qualite des echanges internationaux. 

Par les activites qu 1 elle deploie dans le cadre des organisations et 
des reunions internationales, par ses initiatives et ses suggestions, la 
Roumanie entend contribuer au developpement de la collaboration inter
nationale, a la promotion de la justice et de la legalite dans le monde, 
eta la sauvegarde et a la consolidation de la paix. 

La cooperation internationale dans le domaine des applications paci
fiques de 1' energi.e nucleaire est un probleme complexe. Le besoin general 
de cooperation qui domine 11 epoque contemporaine, ens' etendant aux 
aspects les plus dynamiques de la revolution technique et scientifique 
actuelle - 11 avenement de la science nucleaire - reveie en meme temps 
les contradictions generees par le caractere bivalent de 1' utilisation de 
1' Emergie atomique et le niveau inegal de developpement des Etats. 

Le domaine nucleaire, de par ses dimensions, de par les bienfaits 
qu' il peut apporter a 1' humanite et les ressources humaines et materielles 
qu' il exige, rend la cooperation internationale indispensable. 

Les applications pacifiques de 1' energie nucleaire constituent aujourd' hui 
un des domaines d' activite sans lesquels aucune nation ne peut avancer sur 
la voie du progres. La production d 1 energie electrique, les multiples 
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applications des isotopes et des rayonnements dans 11 industrie, 11 agri
culture, la medecine, etc.' S 1 imposent comme une necessite objective 
dans la vie economique et sociale de tout pays. 

La production d 1 energie electrique, de meme que les autres applications 
des techniques nucleaires, exigent pour 11 execution des travaux de recherche 
et d 1 industrialisation des efforts financiers importants, une technique bien 
developpee, et du personnel qualifie dans de nombreuses disciplines. Ces 
exigences depassent bien souvent les moyens dont disposent les pays petits 
et moyens et posent parfois, meme aux grands pays fortement industrialises, 
des problemes difficiles a resoudre. 

Il est par consequent essentiel que les Etats mettent un accent parti
culier sur la cooperation internationale dans le domaine nucleaire. 

L 1 existence dans la famille des Nations Unies d 1 une organisation spe
cialisee, les conferences internationales periodiquement organisees par 
11 ONU et 11 AIEA, le nombre eleve d I accords bilateraux de cooperation 
consacres exclusivement aux applications pacifiques de 11 energie nucleaire 
attestent le fait que la voie vers une cooperation internationale dans ce 
domaine a deja ete ouverte. 

Convaincue qu 1 une collaboration internationale mutuellement profitable 
facilite les efforts necessaires au developpement des Etats dans un domaine 
aussi important que celui des applications de 11 energie nucleaire, la Rou
manie deploie une vaste activite dans ce domaine, dans le cadre des orga
nisations internationales comme dans celui des accords bilateraux. 

On sait que la Roumanie est un des membres fondateurs de 11 Agence 
internationale de 11 energie atomique. La parole du representant le plus 
autorise du peuple roumain, Son Excellence Monsieur Nicolae Ceauij!escu, 
President du Conseil d 1 Etat de la Republique socialiste de Roumanie, s 1 est 
fait entendre a la tribune de cette organisation 11 annee passee pour faire 
connaitre la decision de notre pays de militer constamment en vue d 1 instaurer 
un climat propice ~ la cooperation internationale, a la consolidation de la 
paix par un desarmement general et, en premier lieu, un desarmement 
nucleaire, a la mise a la disposition de tous les Etats, sans aucune discri
mination, des resultats obtenus dans le domaine nucleaire. 

Le President du Conseil d 1 Etat de la Roumanie, dans son discours, 
a souligne que: «L 1 Agence internationale de 11 energie atomique peut contri
buer par ses activites a 11 introduction des grands avantages offerts par 
11 application de la physique nucleaire dans le circuit mondial des valeurs, 
a eliminer le sous-developpement, a hausser le niveau de civilisation de 
tous les peuples. Une importance particuliere est attachee, dans ce sens, 
a 11 activite de 11 Agence pour le developpement de la cooperation au profit 
de la recherche et de 11 utilisation pacifique de 11 energie nucleaire, 11 inten
sification de 11 echange d 1 informations et d 1 experience, pour soutenir les 
efforts des pays membres qui luttent pour combler leur retard dans ce 
domaine. C 1 est ainsi que 11 Agence internationale de 11 energie atomique 
peut largement contribuer ala detente internationale, a 11 entente entre les 
peuples, a la cause de la paix dans le monde.)) 

La delegation roumaine a pris une part active et constructive aux 
nombreux debats qui ont eu lieu dans le cadre de 1' AIEA et a apporte une 
contribution positive au developpement de cette organisation par les initia
tives qu' elle a presentees. 

Une cooperation etendue et diversifiee avec 1' AIEA a ete en perma
nence au centre de 11 attention dans ce pays, la Roumanie participant a 
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diff~rents programmes de 11 Agence: assistance technique, bourses, 
~changes de scientifiques, de publications, etc. Les specialistes roumains, 
dans le cadre de contrats signes avec 11 Agence, ont effectue une s~rie de 
recherches int~ressantes et utiles. Ces recherches ont ~te faites ou sont 
en cours a 11 Institut de physique atomique, a 1' Institut des isotopes stables 
de Cluj, au Centre de chimie physique, a 1' lnstitut polytechnique de Bucarest, 
a 1' Institut d' etudes et de recherches hydrologiques, au Centre de recherches 
agricoles, a 1' Institut oncologique de Bucarest, au Centre de gastro-entero
logie, etc. 

La Roumanie est membre fondateur de 11 Institut unifie de recherches 
nucleaires (IURN) de Doubna et prend une part active a ses travaux. Les 
representants de la Roumanie aux reunions des organes directeurs de 
l' IURN - Conseil des Representants pHmipotentiaires des Gouvernements 
des Etats membres et Conseil scientifique - ont soumis des propositions 
utiles qui ont ~te adopt~es par 11 lnstitut, et ont participe a 11 elaboration 
des programmes de recherche et de cooperation de maniere a servir les 
interi:Hs de tousles Etats membres. A 11 heure actuelle de nombreux 
specialistes roumains travaillent en permanence a 1' Institut de Doubna; 
de plus, des stages de travail sont organises regulierement. La colla
boration avec 11 Institut unifie de recherches nucleaires a ete diversifiee; 
elle est axee sur des themes efficaces et les r~sultats obtenus sont positifs. 

L' annee derniere a ete celebre le dixieme anniversaire de la fondation 
de la Commission permanente du Conseil d' assistance economique mutuelle 
(CAEM) pour 1' utilisation de 1' energie atomique a des fins pacifiques. 
Pendant toutes ces annees la Roumanie a participe sans interruption aux 
activites de cette organisation. Conformement a la politique de notre pays, 
la del~gation roumaine a toujours milite en faveur de 11 elargissement et 
de la diversification de la cooperation entre les pays socialistes membres du 
Conseil. Les instituts competents de Roumanie ont pris part, sous 1' egide 
du CAEM, a une s~rie d' activites interessantes pour le pays: recherches 
communes, echanges d 1 experience, etablissement de pronostics, d' etalons, 
etc. 

Les physiciens roumains apportent en outre leur contribution aux tra
vaux de deux organisations non gouvernementales, 11 Union internationale 
de physique pure et appliquee et la Societe europeenne de physique, forums 
importants qui reunissent des physiciens du monde entier. Parmi les 
activites deployees en Roumanie on peut citer le Seizieme Congres inter
national AMPERE, organise en 1970 a Bucarest, qui a emporte un succes 
bien m~rite. 

La collaboration de la Roumanie dans le domaine des applications 
pacifiques de 1' lmergie nucl~aire se deploie aussi par des relations bilaterales 
fondees sur des instruments juridiques au niveau du Gouvernement ou des 
minis teres. 

Le plan de cooperation exterieure du Comite d'Etat pour l'Emerg1e 
nucleaire prevoit la reactivation des accords existants et, chaque fois que 
cela est necessaire et possible, leur remplacement et leur am~lioration, 
ainsi que la signature de documents juridiques fixant des modalit~s de 
collaboration avec les Etats, lorsque de tels documents n' existent pas 
encore. 

Des protocoles d' application fondes sur les accords existants ou ceux 
qui seront conclus dans 11 avenir seront signes, qui prevoiront des visites 
d• information et de documentation, des echanges de specialistes et de per-
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sonnel enseignant, des stages de travail, 11 octroi mutuel de bourses de spe
cialisation, l' organisation en commun de reunions scientifiques et techniques, 
11 echange de renseignements, de documentation, de publications, etc. 

Cette forme de cooperation commence a prendre corps: des conventions 
entre l' Institut de physique atomique, l' Institut des isotopes stables de Cluj 
et l' Institut de physique de Bucarest ont ete conclues ou sont actuellement 
negociees avec des instituts ou laboratoires etrangers. 

En 1970 les Gouvernements de la Republique socialiste de Roumanie 
et de 1' Union des Republiques socialistes sovietiques ont signe un accord 
de cooperation pour la construction en Roumanie d' une centrale nucleaire 
de 440 MW(e). La collaboration entre les specialistes roumains et sovie
tiques a deja commence et le temps n' est pas loin ou la construction propre
ment dite de 1a centrale sera entreprise. 

Des negociations sont en cours avec des firmes etrangeres en vue de 
realiser d' autres objectifs du Programme nucleaire national; une coopera
tion est aussi envisagee avec celles-ci en matiere de recherche nucleaire 
et d' application des isotopes et des sources de rayonnements. 

Une importance toute particuliere est attachee a la cooperation bi
laterale et multilaterale dans les problemes de formation du personnel. 
Le Comite d'Etat pour l' emergie nucleaire a organise dans son Centre de 
formation et de specialisation, en collaboration avec les unites du Ministere 
de 11 enseignement, des cours couvrant une large gamme de specialites et des 
niveaux de formation differents. I1 existe ainsi une section des centrales 
nucleaires a l' Institut polytechnique de Bucarest, une section de physique 
et de technique des reacteurs a 11 Universite de Bucarest, des cours post
universitaires ou post-lycee concernant 11 electronique nucleaire, les cen
trales nucleaires, 1a dosimetrie des rayonnements, les materiaux nucleaires, 
les applications des isotopes; des lycees specialises dans les techniques 
nucleaires ont aussi ete fondes. 

Cependant, pour completer ces cours il a ete et il est necessaire 
d 1 envoyer des specialistes a 11 etranger surtout en ce qui concerne les 
techniques nucleaires. Le choix des stages se fait conformement au 
Programme nucleaire national. Un appui special a ete rerru d' Etats 
avec lesquels la Roumanie a des relations bilaterales developpees dans 
le domaine nucleaire, ainsi que de quelques organisations internationales 
comme 11 AIEA, 1' !URN, le CAEM, etc. A 11 heure actuelle une des pre
occupations majeures est le choix optimal des disciplines de specialisation; 
ce choix est centre principalement sur les domaines directement lies a 
11 industrialisation de 1' energie nucleaire, ou notre pays a moins d' experience. 

Par ailleurs, 1a Roumanie est prete a recevoir des specialistes d' autres 
pays en vue de leur perfectionnement dans le cadre des nouvelles formes 
d 1 etude ainsi organisees et offre aussi des bourses tant sur la base d 1 ac
cords bilateraux que par l' intermediaire de 11 AIEA. 

4. LE TRAITE SUR LA NON-PROLIFERATION 
DES ARMES NUCLEAIRES 

Dans cette analyse il est necessaire de souligner l' importance du 
Traite de non-proliferation, des elements nouveaux qu' il introduit dans 
les relations internationales en matiere nucleaire. La Roumanie s' est 
prononcee et continue a se prononcer en faveur du desarmement general, 
et avant tout du desarmement nucleaire. En sa qualite de membre de la 
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Commission du desarmement, a Gem3ve, la Roumanie a pris part a 11 ela
boration du Traite de non-proliferation et a ete 1' un des premiers pays qui 
1' ait signe et ratifie. La Roumanie a aussi participe aux travaux du Comite 
des garanties de 1' AIEA. 

En vertu du Traite de non-proliferation, les Etats non dotes d 1 armes 
nucleaires Parties au Traite s 1 engagent a ne pas fabriquer ou acquerir 
d 1 armes nucleaires ou d 1 autres dispositifs nucleaires explosifs, obligation 
qui est soumise a un controle international dont 1' execution a ete confiee 
a 1' Agence internationale de 1' energie atomique. 

D 1 autre part, le Traite contient 1' obligation expresse pour les Parties 
de cooperer en contribuant, a titre individuel ou conjointement avec d 1 autres 
Etats ou des organisations internationales, au developpement plus pousse 
des applications de 1' energie nucleaire a des fins pacifiques, en parti-
culier sur les territoires des Etats non dotes d 1 armes nucleaires qui 
sont Parties au Traite, compte dGment tenu des besoins des regions du 
monde qui sont en voie de developpement. 

Pour ne pas avoir d 1 effets negatifs, un traite international ne doit pas 
porter atteinte au developpement des Etats signataires, ni a la cooperation 
entre eux. Le probleme qui se pose avant tout est de veiller a ce que ce 
controle n 1 entrave pas le developpement de la production et des recherches 
dans le domaine des applications pacifiques de 1' energie nucleaire et n 1 af
fecte pas la protection du secret industriel dans les etablissements SOUmis 
au controle, phenomenes qui seraient a meme d 1 influencer le developpement 
d 1 un pays. 

Le preambule du Traite enonce les principes dont le strict respect aura 
des effets positifs sur son application. L 1 automatisation du controle dont 
il est question dans le preambule peut permettre de renoncer a la presence 
physique des inspecteurs dans les installations ou de la reduire au minimum, 
tout en perturbant le moins possible la production et en contribuant ainsi a 
proteger le secret industriel. 

Un tel traite, qui doit permettre de progresser sur la voie de la securite 
internationale, doit constituer un element constructif du developpement des 
Etats signataires, et de 1' expansion et de la diversification des relations 
entre ces pays. C 1 est dans cet esprit que doivent etre gppliquees les 
clauses du Traite de non-proliferation, et que doivent etre adoptees des 
mesures concretes de nature a assurer 1' acces de tous les Etats a la 
science et a la technologie nucleaires afin de faciliter le developpement de 
leur industrie atomique. 

Afin d 1 attenuer 11 influence que pourrait avoir, sur le developpement 
des applications pacifiques de 11 energie d 1 origine nucleaire, 1' interdiction 
pour les Etats non dotes d 1 armes nucleaires d 1 avoir une activite propre 
dans le domaine des explosions nucleaires, on a insere dans le Traite 
1' article V, destine a garantir que les avantages potentiels decoulant des 
applications pacifiques des explosions nucleaires seront mis a la disposition 
des Etats non dotes d 1 armes nucleaires Parties au Traite. 

L' interdiction des utilisations militaires de 1' energie nucleaire et son 
controle pourraient etre accompagnes d 1 une liberalisation de la diffusion 
de renseignements sur ses applications pacifiques, et 1' octroi aux inspecteurs 
de 1' AIEA du libre acces aux installations nucleaires des Etats non dotes 
d 1 armes nucleaires pourrait etre contrebalance par la liberalisation de 
1' acces des specialistes de ces pays aux entreprises industrielles et de recher
che nucleaire des Etats dotes d 1 armes nucleaires qui sont Parties au Traite. 
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La mise en pratique des dispositions de 11 article IV impose une obli
gation majeure aux Etats Parties au Traite et fera, sans aucun doute, 11 objet 
de negociations entre ces pays. L 1 application de cet article, qui affecte 
profondement la cooperation internationale dans le domaine nucleaire, sou
levera des problemes nouveaux autour de toutes les tables de negociation, 
des discussions bilaterales jusqu I a 11 Assemblee generale des Nations Unies. 

Un role particulier revient a cet egard a 11 AIEA, dont les activites 
dans ce domaine devront s I etendre a la suite de l' entree en vigueur du Traite. 

Quoique le Traite ne stipule pas expressement le role qui reviendra 
a 11 AIEA dans 11 application de 11 article IV du Traite, les objectifs fixes 
dans cet article imposent une obligation majeure, egalement stipulee dans 
le statut de 11 Agence, a savoir: encourager la cooperation internationale 
dans le domaine des applications pacifiques de 11 energie nucleaire et ac
corder une assistance technique aux pays en voie de developpement dans 
ce domaine. 

Un effort coordonne des Etats, avec la participation directe de 11 AIEA et 
des commissions nationales de 11 energie nucleaire des Etats nucleaires, 
pourrait mener, par exemple, a une meilleure comparaison economique 
des differentes filieres de centrales de puissance, a leur meilleure inte
gration dans 11 economie des Etats petits et moyens, a 11 acceleration du 
developpement; la formation de specialistes dans le domaine des applica
tions pacifiques de 11 energie atomique, et en particulier de la production 
d 1 energie, la fabrication d 1 uranium enrichi pour les combustibles nucleaires 
et d 1 autres activites encore pourraient etre organisees sur le plan inter
national. 

Vu le role que 11 AIEA aura a jouer dans 11 application de 11 article III 
du Traite, la part des garanties dans 11 ensemble de ses activites 
augmentera sensiblement dans les annees a venir. Mais cet accroissement 
ne doit pas amener un desequilibre des rapports entre les obligations fon
damentales de 11 AIEA et ses nouvelles obligations dans le domaine des 
garanties et du controle; tout en maintenant 11 equilibre existant, il doit 
conduire a un developpement substantiel des efforts dans le domaine de 
la cooperation et de 11 assistance technique. Ceci serait d 1 ailleurs dans 
11 esprit du Traite qui doit etre, comme de juste, un accord positif qui 
non seulement n 1 entravera pas, par ses interdictions et ses effets, le 
developpement pacifique de 11 energie nucleaire dans les etats non dotes 
d 1 armes nucleaires, mais contribuera a leur progres, avant tout en faisant 
passer a un stade nouveau la cooperation et 11 assistance technique organisees 
a 11 echelle internationale. 

Sans avoir la pretention d 1 epuiser le sujet, nous avons essaye dans 
ce memoire, en nous fondant sur des considerations sur 11 importance et 
le caractere specifique du domaine nucleaire, ainsi que sur 11 experience 
du Comite d 1 Etat pour 11 energie nucleaire de la Roumanie, d1 analyser a 
travers le prisme de la science des relations internationales, une serie 
d I aspectS, d I ObjectifS et de methodeS relatifS a la COOperation internationale 
dans ce domaine. No us sommes convaincus quI une etude scientifique des 
problemes d 1 organisation et de cooperation dans le domaine nucleaire 
merite maintenant une attention beaucoup plus soutenue, les resultats 
pouvant contribuer a resserrer les liens qui unissent les nations et a 
favoriser le developpement des applications de 11 energie nucleaire a des 
fins pacifiques dans tous les pays. 
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INTERNATIONAL COOPERATION IN NUCLEAR PROJECTS AND EXCHANGE OF INFORMATION. 
The paper shows the long Urn ted Kingdom experience in nuclear cooperation and the extensive as

sistance which the United Kingdom has provided by way of Information, training, attachments, etc. International 
cooperation has gone through several phases, Around the time of the first Geneva Conference many very 
general intergovernmental agreements were concluded. In the late 1950s several projects were set up, 
e. g. Halden, Dragon, Eurochemic, which mvolved national laboratories and to a small extent industry as 
well as governments. Now that nuclear energy is strongly commercial, almost every collaborative project 
involves industry as well as government and national laboratories; and, where nuclear power 1S concerned, 
electrical utihties are involved also, The difficulty of concludmg proJects for mternanonal cooperation IS 

closely related to the number of parties mvolved and the degree of commerciahzation. CERN enjoyed a 
halcyon era because the number of interests involved were relatively few, and the end product of CERN'S 
activ1ty was of no commercial interest. Most of today's projects are at the other extreme, mvolvmg many 
parties and strong commerc1al interests, It is not surprismg that these projects have a long gestahon period. 
The tripartite centrifuge project took many months to launch; there were no serious disagreements, merely 
a lot of points requinng resolution, and at least three interests to be kept in !me m each of three countries. 
European nuclear effort must be more closely mtegrated to cut out wasteful duphcanon and to create an 
industry strong enough to compete. This cannot however be done qmckly or without great effort and patience. 
It requires, and 1S beginning to call forth, a new breed of executives, part lawyers part scientists, part patent 
experts and part diplomats. It reqmres also a new focus m which the several interests can be brought to
gether. For Europe, Foratom has the right composmon and should be strengthened, 

COLLABORATION INTERNAT!ONALE EN MATIERE DE PROJETS NUCLEAIRES ET D'ECHANGE D'INFORMATIONS, 
Le memoire decrit Ia longue experience du Royaume-Uni dans le domame de Ia collaboration nucleaire, 

et !'aide considerable qee le Royaume-Uni a fournie par Ia voie d'echanges d'informations, de programmes 
de formation, de penodes de detachement, etc. La collaboration internationale a connu plusieurs phases, 
A I'epoque de !a premiere Conference de Geneve, de nombreux accords d 'un caractere ues general ont ece 
conclus entre Gouvernements. Pendant Ia deuxieme moitie des annees 1950, plusieurs projets ont ete mis 
sur pied, par exemple Halden, Dragon, Eurochemic, qui interessaient des laboratoires nationaux et, dans 
une m01ndre mesure, 1 'industrie aussi bien que les Gouvernements. Main tenant que I'energie nucleaire a 
acquis un caractere commercial, presque taus les pro jets de collaboration imeressent 1 'industrie aussi bien 
que les !aboratoires gouvernementaux et nationaux; par ailleurs, les projets ayant trait aux centrales nucleaires 
interessent egalement les entrepnses de production et de distribution d 'electriclte. La difficulte de conclure 
des pro]ets de collaboration internationale est intimement Hee au nombre de parties interessees et au degre 
de commerciahsation. Le CERN a connu une epoque sereme parce que le nombre des parties interessees 
etait relativement reduit, et parce que le resultat des activires du CERN n•avait pas d'inten€t commercial. 
La plupart des projets actuels se trouvent a !'autre bout de l'echelle - entratnant Ia participation de 
nombreuses parties et d'mterets commerciaux puissants. II n'est pas Surprenant que ces projets aient une 
longue pen ode de gestation. II a fallu attendre de nombreux mois pour lancer le proJ et tripartite de centri
fugeuse; ce delai n'etait pas dO a des desaccords serieux, mais tout simplement <l de nombreuses quemons 
qu'il fa!lait eclaircir, et au moins trois domames d 'inter~t a aligner dans chacun des trois pays. Les efforts 
europeens dans le domame nucleaire dmvent s'integrer plus largement afin d'eliminer le dedoublement des 
efforts qUI conduit au gaspillage, et creer une industrie suffisarnment pmssante pour etre competitive. Ce!a, 
toutefois, ne peut pas €tre realise rapidernent ni sans beaucoup d 'effort et de patience. Cette collaboration 
ex1ge, et commence a faire naitre, une nouvelle categorie de cadres, qui sont en partie juristes, en partie 
scientifiques, en partie experts conseil en matiere de brevets et en partie diplomates. Elle exige aussi 
un nouveau point de mire capable de reunir plusieurs intergts. Dans le cas de 1 'Europe, Fora tom presente 
Ia composition adequate et il faudrait renforcer cette organisation. 
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ME)J(,llYHAPO,llHOE COTPY,llHI1'-IECTBO B OEJIACTI1 11CITOJib30BAHI151 51.UEPHOH 9HEP
rl111 11 OEMEH 11H4>0PMA1(11EH. 

B .IIOKna)le ocBel!laercll onbiT MeJK.IIyHapO.IIHOro corpy.IIHH'IeCTBa BenHKo6pHraHHH B o6-
nacTH HCllOJib30B8HHH H.ztepHOif 3HeprHH H TOBOpHTCH 0 TOif 60llhiDOH llOMOW.H, KOTopyiO OHa OKa-

3biB8118 nyTeM npe.llOCTasneHHH HH4>opMattHH, no.nroTOBKH cneuHanHcTos H T . .zt. MeJK.nyHapo.zt
Hoe COTPYIIHH'IeCTBO npomno HecKonbKO :nanoB. B nepHOII nocne IlepBoll )J(eHeBcKoll KOH<j>e
peHUHH 6:&tno aaKnl()qeHo MHoro Me)KnpaBHTen:&cTBeHHbiX cornameHHH o6m:ero xapaKTepa. B 
KOHI.le 50-x ro.nos Hal.lanoch ocymecTsneHHe HecKOllbKHX npoeKTOB - Xan,lleHCKHH peaKTop, pe
aKTop DRAGON, npoeKT "EspoxHMHK", - s KOTOpLIX npHHHJIH yqacTHe Hau;HOHanbHbie na6opa
TopHH, npoMwmneHHbie npe.nnpHHTHH, a TaKJKe npasHTenhcTsa HeKoTophiX cTpaH. CeH:tJac, Kor
.na HJtepHaH 3HepreH CTana HMeTb 6onhmoe npoMhimneHHoe 3HaqeHHe, a ocyw:ecTsneHHH noqTH 

K8X<,ll0TO COBMeCTHOrO npoeKTa npHHHMSIOT yt~aCTHe npOMLimJJeHHLie KpyrH, a TSKJKe npasH

TenbCTBO H HaUHOHanbHbie na6oparopHH. Ocyl!lecrBneHHe ll)lepHbiX npoeKTOB He o6xo)IHTCll 
TSKJKe 6e3 yt.JaCTHH npe,D;npHHTHH KOMMYHSJJbHOro SHeprOCHa6JKeHHH. Tpy,llHOCTH BLinOJJHeHHH 

npoeKTOB no nHHHH MeJK,IlyHapo.Q;HOro coTpy.ztHHqecTsa B 6onbmoH cTeneHH 3SBHCHT OT tJHcna 

crpaH-y'laCTHHU, a TaKJKe or KOMMepqecKoll 3Ha'IHMOCTH npoeKra. B npomnoM l(EPH ocy
~ecTBJJHn ,Q;eHTeJJbHOCTb B CfiOKOi::fHOM pHTMe, noTOMY 4TO 3SHHTepeCOBSHHOCTb B npoeKTSX 

6bina He6onbmoll H !<OHe'IHbiH pe3ynhTaT )lel!TenbHOCTH l(EPHa He npe)ICTaBnlln HHKaKOTO 
KOMMepqecKoro HHTepeca. Eonhmall qacrh coBpeMeHHbiX npoeKTOB xapaKrepH3yercl! .11pyroll 
Kpafi:HOCTbiO - 60JJbmHM tJHCJJOM CTpaH-y4aCTHHI.{ H CHJJbHOfl: KOMMeptJeCKOi::f 38HHTepecosaH

HOCT:&IO. Tio3TOMY He y.Q;HBHTeJJbHo, 4TO TaKHe npoeKTLI BLIHamHBaiOTCH B Tet.JeHHe .Q;JJHTeJJ:&Horo 

nepHO.Q;a apeMeHH. TaK, Ha npHHHTHe pemeHHH o HatJane ocyn:r;ecTaneHHH TpexcTopoHHero npo

eKTa no ueHTpH<PyraM 00Tpe60BSJJHCb MHOrHe MeCHQDI; npH 3TOM He 6DJJJO HHK8KHX cepbe3HLIX 

p83HOrnacHH, npOCTO 6LIJJO MHOrO BOnpOCOB, Tpe6yiOIItHX pemeHHSI H, KpOMe TOro, HYJKHO 6LIJJO 

cornaCOB8Tb HHTepeCLI Tpex CTpaH. YCHJJHH esponefiCKHX CTpaH B o6naCTH HCOOJJb30BSHHSI 

ll)lepHOH 3HeprHH )IOnJKHbl 6b!Tb 6onee TeCHO CBll3aHbl 1 'IT06bl HCKniO'IHTb paCTO'IHTenbHOe )ly6-
nHpOBaHHe H C03)1aTb )IOCTaTO'IHO KOHKypeHTOCllOC06HyiO npOMbimneHHOCTb. 0)1HaK0 1 3TO Tpe-
6yer BpeMeHH " 6om.mHx ycHnHll. BbmonHHTb )laHHYIO 3a)laqy noMoJKer HOBoe noKoneHHe: 
IOpHCTOB, yqeHLIX, naTeHTOBe,ll;OB H ,ll;HOJJOMSTOB. Heo6XO,ltHMO TSKJKe H3LICKHB8Tb HOBLie nyTH 

)lnll COBMel!leHHll pa3nH'IHbiX cneQHanbHOCTell. of>opaTOM B 3TOM nnaHe HMeeT llO)IXO)Illl!lYIO 
crpyKrypy )lnll EBponbi " ero Heo6XO.IIHMO yKpennl!Tb. 

COOPERACION INTERNACIONAL EN MATERIA DE PROYECTOS NUCLEARES E INTERCAMBIO DE INFORMACION. 
Este trabajo demostrara cuinta expenencia ttene el Reina Unido en cooperaci6n nuclear y que gran 

asistencia ha proporcionado el Reina Unido por media de informacion, entrenamiento, comisiones, etc, 
La cooperaci6n internacwnal ha pasado por d1versas fases. Hacia Ia epoca de Ia primera Conferenc1a de 
Ginebra, se firmaron muchos acuerdos entre gobiernos, de caracter muy general. AI fmal de Ia decada de 
los aiios cincuenta se establecieron varios proyectos, par e)emplo, Halden, Dragon, Eurochemic, en los 
cuales estaban implicados tanto gobiernos como laboratorios nacionales e incluso, en pequei!a proporci6n, 
Ia industria. Ahara que Ia energ{a nuclear ha adquirido un gran valor comercial casi no existe proyecto de 
colaboraci6n en el que no intervenga Ia industna tanto como los gobiernos y los laboratorios nacionales y, 
cuando se nata de Ia producci6n de energ{a nuclear, tam bien intervienen las empresas electricas. El grado 
de dificultad de llegar a un acuerclo a! establecer proyectos de cooperaci6n mternacional depende mucho del 
numero de partes interesadas y del 1nteres comercial. El CERN disfrut6 de una epoca dorada porque el 
nU.mero de los mteresados era relativamente pequeiio y el producto final de la actlvidad del CERN no tenia 
interes comercial. La mayor parte de los proyectos actuales estan en el otro extrema; interesan a muchas 
partes y tienen un gran valor comerc1al. No puede sorprender que estos proyectos tengan un largo per{odo 
de gestaci6n. Llev6 muchos meses poner en marcha el proyecto tripartito del metoda de centrifugaci6n; 
no es que existieran desacuerdos graves, hab{a simplemente muchos detalles que requerlan una decisiOn y 
por lo menos tres mtereses diStintos que tener en cuenta en cad a uno de los tres pa{ses. El esfuerzo nuclear 
europeo tiene que coordinarse me)or si se quiere cottar la duphcaci6n bald{a y crear una industria suficientemente 
fuerte para poder competir. Sin embargo, esto nose puede hacer rapidamente o sin gran esfuerzo y mucha 
pac1encia. Requiere, y esta empezando a promover, una nueva raza de e)ecutivos, en parte hombres de 
leyes y en parte cient{ficos, en parte expertos en patentes y en parte diplomaticos. Tamb1en requ1ere un nuevo 
punto de vista de acuerdo con el cual se puedan compaginar 1ntereses distintos. Foratom nene Ia composici6n 
adecuada para Europa y deb1era ser reforzado. 

The military security barriers, which had severely limited post-war exchanges on nuclear 
energy, were effectively lowered when the first Geneva Conference met in 1955. Since then a 
flood of international exchanges in pursuit of the peaceful atom has followed. Surely no other 
new technology has been launched with a comparably large exchange. The motives which gave 
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rise to these extensive exchanges on nuclear matters were probably very mixed. Initially the 
desire to catch up with an important scientific advance was very strong and was matched by a 
willingness to aid in the process and to exchange experiences. In some countries, especially 
those where energy resources are poor, the hope that nuclear energy could be quickly and simply 
harnessed to provide unlimited cheap power for all was raised unwarrantably high. Whatever 
the motives, information was sought and shared by every practicable means: reports and visits 
were exchanged, conferences, symposia and panels met. 

The provision of training facilities by the countries most advanced in nuclear technology 
was particularly important. The U.K. Atomic Energy Authority has for twenty years run 
training courses which have attracted, in addition to U.K. nationals, a large number of students 
from other countries; an Isotope School was established in Harwell in 1951, followed by a 
Reactor School in 1954. These have been merged and added to over the years, and now con
stitute an Education and Training Centre which continues to attract a large attendance from 
overseas. In 1969/70 over half of the students at the main courses for students from outside the 
U.K.A.E.A. were from other countries. The word "student" is perhaps misleading. Because 
there are now available, in Universities and colleges, basic courses in reactor technology, the 
courses which the U.K.A.E.A. run in these fields are specialised and advanced. This means that 
they appeal mainly to scientists and engineers who are already experienced in the nuclear field. 

For the past seven years, the Education and Training Centre has included a Reactor Safety 
Course, one of only two in the Western world (the other being at the Massachusetts Institute of 
Technology). This has so far attracted some 200 foreign students from 29 countries. 

In 1957, the U.K.A.E.A. established a Reactor Operations School at Calder Hall; and at the 
present time a Fast Reactor Technology Training Centre is being established at Dounreay. This, 
like all of the U.K.A.E.A's other training facilities, will be open to students from other countries. 

In the years followmg the 1955 Conference, a characteristic feature of the international 
nuclear scene was the many co-operation agreements concluded, some bilateral and others multi
lateral. During the last fifteen years the U.K. has been a party to some 65 such agreements, with 
worldwide coverage, in addition to commercial agreements concluded by the U.K.A.E.A. Some 
of these agreements have been between Governments, and some between the U.K.A.E.A. and its 
counterparts in other countries; some have been general and some detailed. The common theme 
of all of them has been the sharing of nuclear information, so that the countries concerned could 
advance more rapidly in partnership than would have been possible in isolation. Some of these 
agreements have been more fruitful than others. Where a genuine exchange of information has 
been possible between people working on similar topics, the results have been valued by those 
taking part and the exchanges have often continued for a very long time, even if sometimes only 
at a low level of activity. On the other hand, so-called exchanges, where in fact the information 
flow is predominantly in one direction, are likely to die an early death. For non-commercial 
exchanges to flourish, a political willingness alone is not enough, a common scientific and tech
nical interest must also exist. Though this is perhaps most clearly true of bilateral exchanges, it 
does also apply in multilateral exchanges. 

The need for straightforward information agreements has now very largely disappeared. 
Such agreements fulfilled a useful purpose in earlier days, when some of the technology was still 
classified, and when channels for the regular flow of nuclear information had not been opened 
up. Now, classification plays a very small part, and the number of media for the distribution of 
information is almost embarrasingly large. To the extent that some of these agreements were in 
part directed to ensuring safeguards against the non-peaceful use of nuclear material, equipment 
or information, their objectives can be largely met in future by widespread ratification of the 
Non-Proliferation Treaty and the conclusion of safeguards agreements with the I.A.E.A. under 
the Treaty. Agreements are still necessary, of course, for the exchange of commercially valuable 
information - and this is becoming increasingly important. 

The limits on free flow of information are now rarely military security, but, mcreasmgly, 
commercial interest. Even those limits leave very wide areas free for extensive exchanges, and 
here the international organisations like I.A.E.A. and E.N.E.A. have played, and will continue to 
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play, a valuable role. Such activities of these agencies as neutron data compilation, computer 
programme library, I.N.I.S., have met a real need. They are the appropriate agencies for the 
organisation of multi-national groups of specialists; but here it is important to avoid duplication. 
Nobody is helped much if the same fashtonable topic is taken up at international meetings 
arranged in two, three or four different countries within a short time interval and all aimed to 
attract the same group of experts. 

The first batches of agreements concluded m the middle 1950s were, as already stated, pri
marily for the exchange of informatton. In the second half of the decade, some ambitious 
agreements were entered mto constituting joint projects. The most far-reaching was of course 
the Treaty establishing the European Atomic Energy Community (Euratom). There has been an 
agreement for co-operation between U.K. and the Community since 1959. In the same period, 
three joint projects were established under the aegis of E.N.E.A. viz. Halden, Dragon and Euro
chemic. The U.K.A.E.A. was a member of the Halden Project for many years, and has throughout 
been a member of the Dragon Project, subscribing at the present time nearly half of the budget. 

Earlier- indeed the earliest of the international projects- was C.E.R.N., established under 
an agreement ratified in 1954. Many useful lessons can be drawn from the great achievements of 
C.E.R.N., e.g. the necessity for clarity of objective and for strong leadership. Nevertheless, 
C.E.R.N. can not be taken as a complete model for the setting up of international collaborative 
nuclear projects m today's circumstances. C.E.R.N., as has been frequently remarked, is fortunate 
in generating information which has no commercial value; moreover, its creation and its con
tinuance have been largely the concern of Governments and to hardly any extent of industry. 

Dragon enjoyed at its outset some of the same advantages as C.E.R.N., notably in that only 
the several participating Governments, and the national atomic energy bodies (C.E.A., U.K.A.E.A. 
etc.) were directly interested; and, as with C.E.R.N., industry saw as its initial role only the supply 
of reactor hardware. Moreover, Dragon has throughout been fortunate m its project leadership. 
Dragon shared with Halden another considerable initial advantage, in that the time-consuming 
labour of establishmg a special legal entity was avoided. The Signatories were content to rely on 
the U.K.A.E.A. as their legal agent (similarly the Institut for Atomenergi has been the manage
ment agency throughout the history of the Halden Project). This enabled the Dragon Project to 
get off to a quick start. 

Even so, it was feared that design of the reactor by a team drawn from twelve countries, 
followed by procurement after equally widespread tender action, would prove less than 100% 
efficient. In the event, the reactor reached criticality in just over five years after the coming into 
force of the Agreement - by no means an unreasonable time for the assembly of an international 
team, followed by design, construction and commissioning of the firSt experimental reactor of its 
kind. Moreover, international tender action was completed with virtually no friction; no more 
than two or three instances required consideration by the Dragon Board of Management. 

It is relevant to note that between the establishment of the international nuclear projects 
just discussed and the conclusion of the Tripartite Centrifuge Agreement in March 1970 there 
was a dearth of international projects. This does not betoken any weakening of the will to col
laborate internationally - though perhaps there was once, and no longer is, a tendency to believe 
that a project not worth undertaking nationally would become worthwhile by the mere act of 
being undertaken internationally. 

The main reason why the 1960s saw no major international nuclear projects, lies in the 
greatly increased complexity of the nuclear scene. In the 1940s nuclear energy was exclusively 
the c0ncern of Governments. In the next decade, national laboratories, Authorities, Commis
sions etc. began to have some degree of independence (rather limited, as all were virtually I 00% 
financed by Governments); so in each country two sets of interests were concerned in any inter
national project. The 1960s saw a great increase in the complexity of the pattern. Now there 
are few nuclear projects in which manufacturing industry is not directly concerned, and those 
(the majority) which are concerned with nuclear power cannot be taken far without requiring 
the support of the electrical utilities. 
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The later history of the Dragon Project provides an illustration. For most of its first decade, 
the tasks of the Project were technically challenging but admmistratively simple - to complete 
and test the first reactor experiment based on the high temperature system. Now, following the 
promising expenence of Dragon, Peach Bottom, A.V.R., th1s system is bemg senously considered 
by a number of utilities, and therefore the Dragon reactor ism great demand as a fuel test bed. 
The pomt to note is that the working out of the Dragon test programme now requires, m the 
case of several countries, the participation of at least three elements - natwnal commission, 
industry and utility. 

In the field of international nuclear collaboratwn, nothing is simple any more. One general
isation remams valid viz. that collaboration is easier the earlier it is embarked upon, and becomes 
progressively more difficult as the work proceeds independently in several countries and as vested 
interests are created. One of the attractions of the Tnpartite Centrifuge Project was that, when 
discussions started, development in the three countries was still at a comparatively early stage and 
not too many vested interests had to be taken into account. Even so, discusswn leadmg to the 
signature of the inter-Governmental Agreement on 4th March 1970 occupied many months and 
required the participation of a wide range of mterests. In addition to Government and para
Government representatives, the Project required the collaboration of two branches of mdustry, 
VIZ. machinery manufacturers and also firms interested m uranium supply and enrichment. 

Of course, the fact that the technology is classified (enrichment technology is now vrrtual!y 
the only part of the civ1l nuclear field wh1ch is still classified) added appreciably to the problems 
of the Centrifuge Agreement, requiring strict regulations concerning security. The other feature 
of the Centrifuge Agreement which dictated the time-table of its negotiation was that th1s Agree
ment provided for the establishment not merely of a general collaboration but also of an actual 
business enterprise, involvmg major fmanc1al commitments by the three partners and important 
financial and contractual relations between them. Given this fact, the number of interests 
involved, and also the classification factor, it is perhaps surprising that the participants did not 
take longer to reach agreement. 

A problem arose m the case of the Centrifuge Agreement which will probably arise in future 
mstances: it has already been encountered again in connection with the projected mternational 
collaboration over reprocessmg. In the first two decades after World War II the characteristics of 
international nuclear collaboration were comprehensiveness and non-discnmination. This is most 
obvious in relation to l.A.E.A., but also to a lesser extent in such bodies as E.N.E.A. In the case 
of the mternational projects established during this period, participation by all interested countries 
was regarded as a matter of nght and of good international behaviour. This gave rise to little 
difficulty as regards projects such as Halden and Dragon which had limited objectives and com
paratively few commercial implications. Circumstances have changed, however, and the inter
national projects currently under negotiation are fully as commercial as any private industrial 
deals on a national basis, and considerably more complicated. Current experience ind1cates that 
there is a strict limit to the number of countries which can participate in the formulation of such 
an international venture (bearing in mind, as already indicated, that in each country several dis
parate interests have to be concerned in the negotiations). The administrative mertia increases 
sharply with the number of countries involved. In a b!lateral deal it is, or should be, a minor 
factor; in a tripartite deal it is, or should be, tolerable. Perhaps a quadripartite deal1s achievable 
but there must be considerable doubt as to whether, in any more widespread negotiatiOn, progress 
could overcome the administrative inertia. This inevitably means that those who wish to embark 
on internatiOnal commercial projects must select therr partners with great care and must be pre
pared to face the reproaches of those who are left out. As Dav1d Fishlock noted in a recent 
article,! this is the era of the "Club" as a means of nuclear collaboration; and there never was a 
club which was not regarded w1th some susp1cion by those outside it. This is not an mdication 
that those fonnmg such "Clubs" are departing from good international practice; on the contrary, 
in the highly sophisticated and commercial stage which nuclear development has now reached, 
the alternative to selective collaboration would be no collaboration at all. 

1 
Financial Times, 14th December 1970. 
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It should be emphasised that the preceding paragraphs refer to the formulation of projects. 
For this purpose there must be leaders and these must be few. This does not exclude the pos
sibility of widening the project after formulation to include others with similar interests; indeed, 
projects should be formulated with this in view. 

In the modern, highly commercial and competitive world of nuclear energy, four types of 
international collaborative project have emerged, viz. Research and Development, fuel services, 
jomt marketing, and inter-utility collaboration. 

Collaboration in R & D normally involves governmental or semi-governmental agencies, as 
in most countries public funds still supply the main part of the finance required for nuclear 
R & D. Collaboration m reactor R & D almost invariably, under modern crrcumstances, requires 
the participation of industry and frequently, of utilities also. In consequence, such collaborative 
projects, involving the reconciliation of a number of differing interests, need patient negotiation. 

There is one area of R & D in which collaboration would at the present stage involve less 
complexities but could be very fruitful. This is the area of fusion reactors. This area is at present 
entirely open, untrammelled by either security or commercial considerations, and there is a very 
extensive exchange of information between all the countnes concerned. A further step could be 
taken to great mutual advantage. Until now, work has been largely at the laboratory stage, 
involving substantial but not unmanageable expenditure. Soon, however, the stage will be reached 
at which further progress will require the construction of large prototype machines, each of which 
will cost many millions of pounds sterling. The ideal solution would be the building of the pro
totype of one system in one country, and of another system m another country, with full ex
change results; conversely, the worst would be to drift into another "fast reactor" situation, with 
essentially the same machine being built in several countries. The ideal is still attainable; it 
requires that between two, or conceivably three countries or organisations, exchange of informa
tion should be enlarged to include joint planning- and this must be done quickly. This may be 
the one important area where international collaboration can still be achieved relatively simply 
and with great mutual benefit; but there is not much time. 

The second type of international collaborative project is in the fuel services area; the centri
fuge enrichment project and the discussions concernmg reprocessing having already been men
tioned. 

Thirdly, joint marketing arrangements have been made between equipment manufacturers 
or consortia, and others are currently under discussion. These are rarely simple; it is not often 
that the interests of the several participants are found to match exactly. Moreover, arrangements 
which would be advantageous from a nuclear viewpoint sometimes run counter to traditional 
technical partnerships in one or other country or across international frontiers. 

Finally, there are links between utilities. Exchange of information is of course long
established, particularly concerning power station operation. In recent years there has been dis
cussion between utilities as to the possibility of economising in effort and expense by collabora
tion in the financing, construction and operation of the first large station incorporating a new 
reactor system. It is to be regretted that these discussions do not seem to have progressed. How
ever, E. de F. have been successful in negotiating the construction of nuclear power stations (not 
necessarily of new reactor systems) with neighbouring utilities on the French borders with Spain, 
Switzerland, Germany and Belgium. 

It is hardly necessary, to argue the merits of international collaboration. They are well 
expressed in the following quotation from Sir Solly Zuckerman's recent book "Beyond the Ivory 
Tower": "The economics of modern technological industry demand bigger and bigger units and 
more and more resources, if research and development is not to prove a sterile enterprise. That, 
quite independently of longer and more assured production runs, is one of the main reasons why 
Britain's closer association with Europe in a Common Market should lead to major long-term 
benefits for all. Europe will never be able to compete effectively with the giant technological 
corporations of the United States unless its industries combine their efforts in what has been 
called a technological community." 
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International collaboration is necessary not only to eliminate wasteful duplication of R & D, 
but also - and probably more important - to expand the market. The record of achievement in 
recent years- particularly in Europe- has been disappointing. Europe cannot afford four inde
pendent fast reactor programmes, but there are at least four. A minimum of a dozen European 
manufacturing groups are competing for the European nuclear power market; the American 
market, which is at least three times as big, is supplied by no more than three or four groups. 

The need for action is clear. There is however a tendency, mamfest usually among those 
who know least about the subject, to believe that because the need is clear, the solution is clear 
also, and that progress is being obstructed only by insularity or lack of determination. There is 
a tendency to impatience that so much time should be consumed in achieving such apparently 
small advances. What has been said already will indicate that the problem is not simple and that 
there are no easy solutions. It would of course be a mistake to conclude that there are at present 
no internationallinkings; there are perhaps too many, and they are certainly too ineffective. The 
difficulty of creating effective international groupings is only increased by the necessity to thread 
one's way through the labyrinth of the existing bilateral and multilateral agreements, which have 
in many cases, been overtaken by the rapid advance of the nuclear industry. 

It would not be helpful just to list the failures and the difficulties. A few recommendations 
of a more positive nature are therefore appended: 

(a) The object of any collaborative project should be clearly defined from the outset. There 
should in addition be a conscious effort to shape it in the light not only of the industrial 
pattern as at the time of negotiation, but also of the industrial pattern as it may be expected 
to develop. Associated with this is the necessity to foresee not only how the project may 
start but also how it may be brought to a natural termination. If the Dragon Agreement 
suffers from any defects, it is on these latter points. 

(b) The situation demands the exercise of creative imagination m order to identify at the earliest 
possible moment the projects which may make sense on an international scale. As already 
noted, the ease or difficulty of creating a collaborative project is related directly to the 
stage in its development at which collaboration is proposed. 

It would m present circumstances be very difficult to negotiate a major European sodium
cooled reactor collaboration project; it would have been appreciably easier ten years ago. 
Of course, early decision involves risks. As in so many other situations, the disadvantages 
have to be balanced - on the one hand, the risk that a project chosen early m its develop
ment may fail to fulfil its promise; on the other hand, the barrier to collaboration which 
will be interposed by vested interests 1f the choice is left too long. Hence the need for 
creative imagination. 

(c) Notwithstanding the desirability of early choice, it would be a mistake to look for early 
results. Learning to live with other people, in business as in marriage, is a process that takes 
time. On the other hand, there must be more ruthlessness than has sometimes been demon
strated in terminating a project once it has become clear that it has outlived its utility. 

(d) Those who are endeavounng to make the project proceed should receive the full backing of 
their principals; in other words, collaboration is not likely to succeed unless it is whole
hearted. This is true of collaboration within a national framework, and even more the case 
in international ventures. 

(e) A collaborative project, by definition, requires contributions from all the partners. The 
temptation to safeguard in advance that each partner will get as much out as he puts in (or 
preferably more) should be resisted. One should not enter into a collaborative project unless 
one can see a reasonable prospect of benefiting. Having made this assessment and decided 
that there is such a prospect, to go further and specify in advance that e.g. the staff must be 
recruited or the expenditure allocated in strict proportion to contributions, IS the best 
means of ensuring that nobody profits from the venture. 

(f) International collaboration in technology is calling into being new teams of executives, 
made up of scientists or engineers, lawyers, patent experts and diplomats. In reducing the 
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time required for completion of a new project on a collaborative basis, the expertise of 
these people can be as important as that of those concerned in carrying out the development 
itself. Additionally, this could be a field of activity for a new type of management consult
ant. If the proposed International Institute for the Management of Technology comes into 
being, this could be the natural source for the future of such expertise. 

(g) Finally, there is a real need for a more effective market place in which today's type of col
laborative project can be discussed. Bodies like IAEA, ENEA, and Euratom fulfil valuable 
functions; but they are representative of Governments, whereas it has been stressed in this 
paper that today's projects typically require full participation also of manufacturing industry 
and, in many cases, of utilities. Nationally these various interests can usually be brought 
together in the national atomic energy forum or similar body. So far as Europe IS concerned, 
these national bodies have been brought together in Foratom. Studies promoted by For
atom have played an important part in several of the international projects already men
tioned m this Paper, notably uranium enrichment and reprocessing. It is to be hoped that 
It will be encouraged by its members, and given the resources, to play an even more active 
role in the future. 
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THE EFFECT OF INTERNATIONAL COOPERATION ON THE ARGENTINE NUCLEAR PLAN: AN EXPERIENCE 
OF INTEREST FOR DEVELOPING COUNTRIES, 

International cooperatiOn has played an important role in the preparanon of the 10 -year Argentine 
Nuclear Plan and is of fundamental importance in its execution. A detailed description of the assistance 
so far received is given, and the reasons why it has to be adapted to the present conditions are shown. The 
experience obtained may be of interest for countries where nuclear energy has followed an evolution similar 
to that in Argentina, because it may stimulate development by allowing them to profit to the maximum from 
international cooperation, Concrete solutions are given for adapting the type of assistance to the level of 
evolution reached; and particular attention is paid to the ways of meeting the requuements of a country that 
presents, as in the case of Argentina, an intermediate level of development in the nuclear field, and the 
need to start the corresponding mdustnal stage. 

L'EFFET DE LA COOPERATION INTERNATIONALE SUR LE PLAN NUCLEAIRE ARGENTIN· UNE EXPERIENCE 
INTERESSANTE POUR LES PAYS EN VOlE DE DEVELOPPEMENT. 

La cooperation internationale a rempli une fonction importante dans Ia preparation du plan nucleaire 
argentin de dix ans et continue a jouer un r6Ie fond am ental dans son execution. Les auteurs analysent en 
detail les caracteristiques de !'aide re<;ue ainsi que les raisons pour lesquelles il a ete necessaire de !'adapter 
aux conditions actuelles. L 'experience obtenue peut presenter un mter~ pour les pays dans lesquels l'energie 
nuc!eaire SUit un processus evo!utif semblab!e a celui de l'Argentme, parce qu'elle permet d'acce!erer !es 
etapes du developpement si on !'utilise pour tirer un meilleur profit de Ia cooperation internationale. Des 
solutions concr~es sont proposees pour adapter le type d'aide au degre d'evolution atteint et, en particulier, 
pour satisfaire les besoins des pays qui, se situant comme la Republique argentine a un niveau 1ntermediaire 
du developpement nucleaire, se trouvent places devant necessite de passer a l'etape industrielle correspondante. 

BJUI5!HY!E MEJK,llYHAPO,llHOro COTPY,llHY!T.JECTBA HA 5!,llEPHYIO ITPOrPAMMY APrEH
TY!Hbl: OITbiT, ITPE,llCTABJl5!10InYIH Y!HTEPEC .UJI5! PA3BY!BAIOinY!XC5! CTPAH. 

MelK,llyHapO,llHOe COTpy.llHH'IeCTBO Hrpano BalKHYIO ponb B XO,lle no,llrOTOBKH 10-neTHei! 
nporpaMMbl ApreHTHHbl B o6nacTH .s!.llepHoii 3HeprHH H npo,llonlKaeT HMeTb salKHOe 3Ha'leHHe .llD.s! 
ee ocy!lleCTBDeHH.s!, ,llaeTC.s! nO,llp06HOe OnHCaHHe nony'leHHOH nOMOOIH H H3naraJOTC.s! npH'IHHbl 
He06XO,llHMOCTH ee COOTBeTCTBHB cospeMeHHLIM yCJIOBHSIM. IJpH06peTeHHblif OO:&IT MOJK.eTnpe,n

CT8BJlHTb HHTepec ,ZVUI CTpaH C 8H8JIOrHtlHblM yposHeM p83BHTHH H,llepHOif 3HeprHH 1 noCKOJlbKy 

3TO MOJK.eT co,o;efr:CTBOB8Tb p83BHTHIO nyTeM H3BJie'leHHH MaKCHManbHOif BLirO,ZUd H3 Me]l(,llyHapo,ll

HOrO COTpy.llHH'IeCTBa. Tipe.EVIaraJYrC$1 KOHKpeTHLie Mepbl ,llnH TOrO, 'IT06LI M8CIDT86 H xapaKTep 

OK83LIB8eMOif nOMO~H H8XO,llHnCH B COOTBeTCTBHH C JlOCTHrHyTblM ypOBHeM pa3BHTHHj Oco6oe 

BHHMaHHe y.lleD.s!eTC.s! cnoco6y y.llOBJieTBOpeHH.s! noTpe6HOCTeii TaKOH CTpaHbl 1 KaK ApreHTHHa, 
HaXO,ll.s!OieHC.s! Ha cpe,llHeM ypOBHe pa3BHTH.s! B .s!,llepHOH o6nacTH 1 a TaKlKe He06XO,llHMOCTH nepe
XO,lla Ha HOBYIO npOMLlmneHHYIO CTa,llHIO. 

EL EFECTO DE LA COOPERACION INTERNACIONAL EN EL PLAN NUCLEAR ARGENTINO: UNA EXPERIENCIA 
DE INTERES PARA LOS PAISES EN DESARROLLO. 

La cooperaci6n internacional ha desempeiiado un papel primordial en Ia preparaci6n del Plan Nuclear 
Argentino a diez ailos, y es de importancia fundamental para su ejecuci6n. En Ia memoria se analizan con 
detalle las caractensticas de Ia asistencia recib1da y las razones de Ia necesidad de su adaptaci6n a las 
condiciones actua!es. La experiencia puede.,resultar de interes para pa!ses en los que Ia energ{a nuclear 
sigue un proceso evolutivo similar a! de Ia Argentina, ya que permitir!a acelerar las etapas del desarrollo, 
utihzandola para obtener un mejor aprovechamiento de Ia cooperaci6n internacional. Se proponen soluciones 
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concretas para adaptar el tipo de asistencia a! grado de evoluci6n obtenido, y en particular, para cumplir 
los requenmientos de un pals que, como !a Republica Argentina, presenta un nivel mtermedio de desarrollo 
nuclear, y !a necesidad de inic1ar su correspondiente etapa industrial. 

INTRODUCCION 

La Republica Argentina se encuentra en un proceso de industrializaci6n 
y elevaci6n del nivel de vida, en el cual la energia nuclear interviene a 
traves del Plan Nuclear Nacional. La ejecuci6n de este plan implica las 
siguientes perspectivas mediatas de la energia nuclear en la Argentina: 

a) Un definido cambio de escala en la actividad nuclear. 
b) El desarrollo de un proceso de industrializaci6n nuclear. 

El estado actual de la energia nuclear 

El estado actual de la energia nuclear puede evaluarse en los siguientes 
hechos: 

El plan nucleoeH~ctrico contempla la instalaci6n de tres centrales, con 
una potencia total del orden de 2000 MW(e), antes de 1980. La primera 
de ellas, actualmente en construcci6n, es de 320 MW( e) de potencia; 
la segunda, en proceso de licitaci6n, de 6 00 MW( e) y la tercer a, pro
gramada para 1979, tendra 1000 MW(e). En la primera mitad de la 
decada 1980-89, se considera necesaria la instalaci6n de 1000 MW(e) 
de origen nuclear cada dos aflos. La industria nacional participa en 
la construcci6n de la primera central nuclear con un 40% del total de 
la obra. El programa establece la participaci6n creciente de la industria 
argentina en las pr6ximas centrales. Estimase que sera superior al 
50% en la segunda central. 
Las reservas de minerales de uranio se elevan, en la categoria de 
recursos razonablemente asegurados, a precios menores de 10 U$8/lb 
a 11600 toneladas de U30a y los recursos adicionales posibles en la 
misma categoria a 18 400 toneladas. Estas reservas se incrementan 
a raz6n de no menos de 1000 toneladas por aflo. 
La producci6n de concentrados que actualmente es de 50 t/ aflo, se 
incrementara progresivamente, hasta llegar a 700 tjano antes de 
1978. 
8e ha fabricado en la Argentina el total de los elementos combustibles 
de los reactores de investigaci6n y producci6n que posee el pais y 
algunos prototipos de potencia. 8e trabaja en la instalaci6n de una 
fabrica de elementos combustibles que satisfaga la demanda interna. 
Los 427 centros usuarios de radiois6topos existentes utilizaron 117 Ci 
en 1970. A partir de 1971, la producci6n nacional reemplaza gran 
parte de la irnportaci6n. La extrapolaci6n de esta demanda implica 
una producci6n de 450 Ci en 1980. 
El personal de la CNEA se eleva a 3000 agentes, 800 de los cuales son 
egresados universitarios. 8u presupuesto, en 1971, asciende a 
69,6 millones de pesos (equivalentes a 17,4 millones de U$8), ex
cluyendo las erogaciones correspondientes a la central de potencia 
en instalaci6n. 
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La cooperaci6n internacional en la preparaci6n del plan 

El estado de desarrollo alcanzado y la formulaci6n del Plan Nuclear 
a diez anos demuestra claramente que la actividad nuclear en el pais 
presenta dos etapas bien definidas, la primera de preparaci6n basica que 
nos ha permitido obtener una capacidad propia de evaluaci6n de nuestros 
problemas nucleares y la segunda, en la que se deciden realizaciones 
nucleares de interes nacional, y la iniciaci6n y el desarrollo de la capacidad 
industrial correspondiente. El resultado logrado en la primera etapa es 
el que ha permitido encarar un programa adecuado a nuestra realidad. 

La excentrica posicion geografica de nuestro pais, su distancia con 
los principales centros mundiales del conocimiento y desarrollo nuclear, 
y las condiciones de contorno en cuanto a la evoluci6n cient1fica y tecnol6gica, 
hubieran imposibilitado los resultados obtenidos, de no haberse contado con 
una eficiente y positiva ayuda de asistencia tecnica exterior. 

Las fuentes de asistencia tecnica recibida fueron principalmente las 
siguientes: 

Los convenios bilaterales: Alemania, Estados Unidos, Espana, Francia, 
e Italia. 
Los organismos internacionales, tales como: Organizaci6n de los 
Estados Americanos (OEA), Comisi6n Interamericana de Energia 
Nuclear (CIEN), Comunidad Europea para la Energia At6mica (Euratom), 
Organizaci6n Mundial de la Salud (OMS), Organizaci6n de las Naciones 
Unidas para la Educacion, la Ciencia y la Cultura (UNESCO), Organizacion de 
las Naciones Unidas para la Alimentaci6n y la Agricultura (FAO), de
biendose destacar en forma especial la del Organismo Internacional 
de Energia At6mica (OlEA). 

En esta primera etapa, han sido de fundamental importancia las 
siguientes formas de cooperaci6n internacional: becas para entrenamiento 
de personal, expertos y profesores por periodos prolongados que han 
contribuido a completar la preparaci6n de nuestros tecnicos, equipos, 
cursos, reuniones y conferencias, visitas cient1ficas y apoyo a proyectos 
de investigaci6n y desarrollo. 

Dentro de estas formas, debemos destacar la especial importancia 
de los expertos. Su contribuci6n nos ha aportado enormes beneficios en 
relaci6n ala inversi6n demandada. Estos beneficios, ademas de econ6micos, 
han demostrado tener gran significacion para la formaci6n de un clima ade
cuado en los grupos de trabajo. 

Algunas veces hemos recibido asistencia que no hemos podido asimilar, 
a veces por exceso de nivel, otras por defecto. Sin embargo, es justicia 
destacar que el balance general de la ayuda exterior recibida es ampliamente 
satisfactorio y merece nuestro maximo reconocimiento. 

La cooperaci6n internacional en la ejecuci6n del Plan 

La segunda etapa, ligada ala ejecuci6n del Plan Nuclear, se produce 
en un estado de desarrollo nuclear muy distinto al inicial y tiene caracteristi
cas diferentes, dado que su acci6n tiende fundamentalmente a aspectos 
tecnol6gicos productivos. 
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Esta diferencia implica un cambio fundamental en los requerimientos 
de asistencia tecnica y de cooperaci6n internacional, esencialmente en su 
naturaleza, ya que los objectivos de estas varian y tienden bacia la posi
bilidad de proyectar por si mismos y la obtenci6n de capacidad de realizaci6n. 

Existen temas en los que ya no necesitamos al profesor generalizado, 
sino al especialista en un tema especifico, con experiencia propia, voluntad 
de transmitirla y posibilidad de hacerlo. Generalmente la necesidad surge 
en forma totalmente imprevista, por lo que se lo requiere con urgencia 
aunque por cortos periodos. El consejo oportuno ante un problema deter
minado, permite evitar el derroche de esfuerzos y recursos econ6micos 
que no poseemos o que poseemos en cantidades limitadas. 

Reciprocamente, necesitamos enviar nuestro especialista en una visita 
de consulta corta a un grupo o persona determinada, y contar con la buena 
disposici6n para la atenci6n de la consulta. Es de desear que la parte de 
la asistencia que se invert1a en equipo, sea derivada ahora a expertos. 
Esto implica menores presupuestos destinados a personal y equipo y mayor 
presupuesto dedicado a pasajes y viajes. 

Necesitamos que se nos facilite el uso de instalaciones que por sus 
caracteristicas o costo no resulten posibles montar en la Argentina por 
ahora, pero que son indispensables para el desarrollo de los programas. 

Debe existir la posibilidad de llegar a acuerdos bilaterales o multi
laterales para desarrollos espec1ficos de mayor magnitud. 

En sintesis, necesitamos transmisi6n de experiencia en realizaciones 
y asesoramiento tecnol6gico y, lo que es tan importante, necesitamos 
los mecanismos que posibiliten obtenerlos dtpidamente. 

CONCLUSION 

La cooperaci6n necesaria, que durante la primera etapa resulta facil 
de obtener a traves de las fuentes anteriormente mencionadas, se endurece 
en forma coincidente con la iniciaci6n de la industrializaci6n, por l6gicas 
razones comerciales o de defensa de intereses. 

En esta segunda etapa, la posibilidad de una efectiva cooperaci6n 
bilateral sufre grandes limitaciones, y es entonces cuando los organismos 
internacionales, cuyos objetivos de creaci6n son los de promover el desarrollo 
y deberian estar exentos de tales limitaciones, pueden cumplir un importante 
cometido. 

A este fin se sugieren las siguientes medidas: 

a) La creaci6n en aquellos organismos de un cuerpo estable de expertos 
asesores en problemas mas comunes de la tecnologia nuclear, similar 
al de inspectores de salvaguardias del OIEA. 
Estos expertos deberian estar siempre disponibles a viajar sin demora 
al pais que solicitare sus servicios. 
Seria conveniente poner tambien a disposici6n los especialistas ya 
existentes en los organismos, que esten en condiciones de prestar 
tales servicios, como ya lo hace ocasionalmente el OIEA. 

b) La asignaci6n de fondos especiales, a fin de poder resolver en forma 
expeditiva requerimientos como los enunciados. 
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c) Dada la importancia ya destacada de los expertos como forma de 
asistencia, considerar la posibilidad de extender el aprovechamiento 
de sus viajes en forma regional, indidmdoles la visita a paises que 
est€m en su ruta o pr6ximos a su destino. 

Creemos que la adopci6n de estas medidas, facilitar~ a muchos paises 
el necesario cambio de escalas en sus procesos de desarrollo nuclear. 
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Abstract-Resume-AIUIO'I'IIQMli-Resumen 

INTERNATIONAL COOPERATION BY THE USSR IN THE PEACEFUL UTILIZATION OF ATOMIC ENERGY. 
The paper reviews mternational cooperation on the part of the USSR in the peaceful utilization of 

atomic energy during the penod between the Third and Fourth Geneva Conferences. Information is g• ven 
on the bilateral and multilateral agreements concluded during this period and on the development of 
cooperation on the basis of these agreements, Consideration is given to progress in the field of such traditional 
forms of international cooperation as the exchange of visits by scientists, the exchange of scientific and 
technical information, and participation in the work of international meetings, symposia, etc. Data are 
presented on the assistance given by the USSR in establishing scientific research centres and in training specialists 
for meeting the needs of nuclear science and industry in a number of countries. An assessment is made of the 
outlook for international cooperation in the context of the IAEA, and an account given of the contribution 
of Soviet scientists to the work of international organizations. Finally, the paper describes the further develop
ment of international cooperation in its various forms, and quotes examples of the organization and implemen
tation of joint research and development projects by Soviet and foreign scientific research centres and pe!Sonnel. 

COOPERATION !NTERNATIONALE DE L'URSS DANS LE DOMAINE DE L'UTILISATION DE L'ENERGIE 
ATOMIQUE A DES FINS PACIFIQUES. 

Les auteurs traitent de Ia cooperation de l'URSS avec d'autres pays dans le domaine de !'utilisation 
pacifique de l'energie atomique pendant Ia pertode comprise entre les troisieme et quatrie'me Conferences 
de Geneve. !Is donnent des precisions sur les accord bilateraux et multilateraux conclus pendant cette periode 
et sur le developpement de Ia cooperation dans le cadre de ces accords. !Is examinent les progres accomplis 
dans Ia cooperation internationale sous ses formes traditionnelles telles qu 'echanges de chercheUIS, echanges 
de renseignements scientifiques et techniques et participation aux reunions internationales, colloques, etc. 
!Is commumquent des renseignements sur !'aide que l'URSS accorde en vue de !'organisation de centres de 
recherche scienti fique et de Ia formation de specialistes pour Jes besoins de l'industr!e et de Ia science 
atom1ques de diveJS pays. lis indiquent les pe!Spectives qui s 'ouvrent ;t Ia cooperation internationale dans 
le cadre de J'AIEA et font etat de Ia contribution des hommes de science de !'Union sovietique aux activites 
des organisations internationales. Enfin ils retracent !'evolution des diverses formes de cooperation, et 
donnent des exemples d 'etudes et travaux de recherche organises et executes en commun par des centres de 
recherche et des specialistes de !'Union sovietique et d'autres pays. 

MEJK.IJ:YHAPO.ll:HOE COTPY.IJ:HH<JECTBO CCCP B OEJIACTH MHPHOrO HCITOJib30BAHIDI 
ATOMHOH 3HEPrHH. 

B .liOKlla.lle ocBelllaeTc.R Mellt.llyHapo.liHoe coTpy.liHH'ieCTBO CCCP B o6nacTH MHpHoro Hc
non&30BaHH.R aTOMHOii 3HeprHH 38 nepHo.ll, npowe,llmHii Mellt.lly TpeT&eii H '-leTBepToii JKeHeBCKH
MH KOH~epeHQHliMH. IlpHBO.li.RTCll .li8HHhle 0 38Kllll'ieHHhiX B 3TOT nepHO.ll .liBYCTOpOHHHX H MHO
rOCTOpOHHHX cornameHHliX H o pa3BHTHH COTPY.liHH'ieCTBa Ha 6a3e 3THX cornameHHii. Pac
CMaTpHBaeTcll nporpecc B o6nacTH TaKHX TP8.liHIIHOHHhiX ~opM Mellt.llyHapO.liHoro coTpy.liHH'ieCT
Ba, K8K 06MeH BH3HT8MH Y'<9HhiX; 06MeH H8Y'iHO-TeXHH'i9CKOii HH~OpM8QHeii; Y'<8CTHe B pa-
60Te MelK.liYHapo.liHhlX COBelllaHHii, CHMD03HYMOB H T .,ll. Coo6111a11Tcll .li8HHhle o noMomu CCCP 
B OpraHH38UHH H8Y'fHO-HCCne~OBaTenhCKHX qeHTpOB H DO,llrOTOBKe cneQ,HaJIHCTOB .Q,nSI HY~.ll 

aTOMHOii npoMhlmneHHOCTH H HayKH pll.lla CTpaH. .Uamcll nepcneKTHBhl MelK.llyHapO.liHOro coT
PY.liHH'<eCTBa B paMKax MArAT3, npHBO.llliTCll cBe.lleHHll o BKna.11e coBeTCKHX y'<eHhiX B .lleliTen&

HOCTh MelK.liYH8pO.liHhiX opraHH38QHii. IJpHBO.llliTCll .li8HHhle 0 p83BHTHH ~OpM COTpy.liHH'ieCTBa, 
8 T8Kll<e npHMepbl opraHH38QHH H OCYIII9CTBneHHll COBMeCTHhiX npoeKTOB HCCne,liOB8HHii H pa3-

pa6oTOK, npOBO.liHMhiX COBeTCKHMH H 3apy6elltHhiMH H8Y'iHO-HCCne,liOB8TenbCKHMH Q9HTp8MH H 
cnequanucTaMH. 
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COLABORACION INTERNAC!ONAL PREST ADA POR LA URSS EN LA UTILIZACION PACIFICA DE LA ENERGIA 
ATOMICA, 

En !a memoria se ponen de manifiesto algunos aspectos de Ia colaboraci6n intemacional prestada por 
Ia URSS en Ia utilizaci6n padfica de Ia energ{a at6mica durante el penodo comprendido entre Ia 3a y Ia 
4a Conferencia de Ginebra. Se aportan datos acerca de los acuerdos bilaterales y multilaterales firm ados 
en este per{odo y del desarrollo de Ia colaboraci6n basada en dichos acuerdos, Se considera el progreso 
alcanzado en el campo de las formas tradicionales de colaboraci6n internacional, tales como el intercambio 
de visitas de cient!ficos, el intercambio de informaciOn cientlfico-tecnica, la participaci6n en los trabajos 
de reuniones tnternacwnales, de simposios, etc. Se presentan datos acerca de Ia ayuda prestada porIa URSS 
en Ia orgamzac16n de centres de investigaci6n Clent{fica y en Ia preparaci6n de especialistas con vistas a 
las necesidades de Ia tndustna at6mica y de Ia ciencia, de una serie de pa{ses, Se presentan las perspectivas 
de colaboraci6n intemacional dentro del marco de Ia OlEA y se proporciona informacion acerca de Ia 
contribuci6n de los cientfficos sovieticos en las actividades de las organizaciones intemacwnales. Se 
facilitan datos relatives a! desarrollo de las formas de colaboraci6n internacional y se presentan ejemplos 
de organizaci6n y realizaci6n de proyectos colecnvos de 1nvestigaci6n y desarrollo llevados a cabo por 
centres cient{ficos y especiallstas sovieticos y extranJ eros. 

BBE,UEHHE 

CeMHJieTHHH rrepHO.ll, KOTOpblH OT,lleJIHeT HaC OT ill MeJK,llyHapo,!IHOH KOH

<iJepeHQHH IIO MHpHOMY HCIIOJib30BaHHIO aTOMHOH 3HeprHH 7 3HaMeHyeT co6oif 

,llaJibHeifmee pa3BHTHe aTOMHOH HayKH H TeXHHKH H pacmHpeHHe MeJK,llyHapO,li

HOrO COTpy,!IHH'IeCTBa B 3TOH o6JiaCTH. 

B 3TOT rrepHO.ll CoBeTCKHif Co103 HeH3MeHHO BDicTyrraJI Ha MeJK,llyHapo.z~

HOif apeHe C rrpe,!IJIOJKeHHHMH 7 HarrpaBJieHHl>IMH Ha CMHr'leHHe MeJK,llyHapO,!IHOH 

HaiipHJKeHHOCTH, yKperrJieHHe MHpa H COTpy,!IHH'IeCTBa, o6ecrretieHHe HCIIOJIJ>-

30BaHHH H,llepHOH 3HeprHH Ha 6Jiaro rrporpecca H C03H,llaHHH . 

BecbMa cymeCTBeHHl>IM IIpaKTH'IeCKHM marOM B 3TOM Ha!IpaBJieHHH HBHJI

CH MOCKOBCKHH ,!IOrOBOp 0 3arrpemeHHH HCIIl>ITaHHH H,llepHOrO opyJKHH B Tpex 

cpe,llaX (1963 r.), KOTOpb!if ycTpaHHJI HaH60Jiee O!IaCHD!H HCTO'IHHK HCKYCCT

BeHHOH pa,!IHaQHH, CIIOC06HOH !IpH'IHHHTb ymep6 3,!10p0Bbl0 JIIO,lleif, HaHeCTH He

IIOIIpaBHMD!H Bpe.z~ oKpyJKaiOmeif qenoBeKa cpe.z~e; a TaKJKe ,UoroBop o Hepac

rrpocTpaHeHHH H,llepHoro opyJKHH (1970 r,), KOTOpbiH, yMeHblliaH OIIaCHOCTb 

pa3BH3J>IBaHHH H,llepHOH BOHH1>1 7 OTKpbiBaeT HOBble rrepC!IeKTHBD! ,!IJIH MHpHOro 

HC!IOJib30BaHHH aTOMHoif sHeprHH c ,!IOJIJKHJ>IM yt~eTOM HYJK.ll pa3BHBaiOmHXCH 

paifoHOB MHpa. Tipe.z~ce.z~aTeJib CoB eTa MHHHcTpOB CCCP A. H. KocJ>IrHH BO 

BpeMH QepeMOHHH liO,!IIIHCaHHH ,UorOBOpa OTMeTHJI B CBOeM BDICTY!IJieHHH: 

"Yt~acTHe cero,!IHH B rro.z~rrHcaHHH ,UoroBopa mHpoKoro Kpyra rocy.z~apCTB y6e

.ziHTeJibHO rOBOpHT 0 TOM, 'ITO rocy.z~apCTBaMH MOryT 6D!Tb Haif,lleHJ>I B3aHMO

IlpHeMJieMD!e pemeHHH CJIOJKHJ>IX MeJK,llyHapO,!IHJ>IX rrpo6JieM, JKH3HeHHO BaJKHbiX 

,!IJIH BCero tieJIOBetieCTBa 11
• 

B HaCTOHmee BpeMH HayKa ,!IOCTHrJia TaKoro ypOBHH pa3BHTHH, KOr,lla 

MHOrHe Hay'IHJ>Ie !Ip06JieMD! MOryT 6J>!Tb pemeHJ>I TOJibKO B pe3yJibTaTe TBOp

tieCKOrO COTpy,!IHH'IeCTBa, 06'be,!IHHeHHH H KOOp,!IHHaQHH YCHJIHH Ha MeJK,llyHa

pO,!IHOH OCHOBe • 

CoBeTCKHH COI03 HeyKJIOHHO Bl>ICTynaeT 3a TaKOe MeJK,llyHapO,!IHOe COTpy.z~

HH'IeCTBO B o6JiaCTH HC!IOJib30BaHHH aTOMHOH 3HeprHH, KOTOpOe B !IOJIHOH Me

pe OTBetiano 6D! QeJIHM H rrpHHQHrraM YcTaBoB OpraHH3aQHH 06'be,!IHHeHHDIX 

HaQHif, MeJK,llyHapo.z~Horo areHTCTBa no aTOMHoii: sHeprHH (MArAT3) H no

JIOJKeHHHM ,UoroBopa o HepacnpocTpaHeHHH H,llepHoro opyJKHH. l16o TOJibKO 

Ha OCHOBe paBHO!IpaBHH H yt~eTa HHTepeCOB BCeX CTpaH B03MOJKHO IIJIO,!IOTBOp

HOe COTPY.liHH'IeCTBO, CIIOC06CTBYIOmee 3KOHOMH<IeCKOMy H COQHaJibHOMY npor

peccy Bcero qenoBet~ecTBa. 



AjCONF. 49/P/743 669 

CoBeTCKHH Coro3 ocyi!1eCTBJJHeT Hay•mo-TexHH'IecKoe coTpy.nHH'IeCTBO 

B 06JJaCTH MHpHOrO HCIIOJJb30BaHHSI aTOMHOH :meprHH C COI.IHaJJHCTH'IeCKHMH, 

pa3BHBaiOI!1HMHCSI H HH.ZIYCTpHaJJbHO pa3BHTbiMH CTpaHaMH, a TaKJKe C MeJK_ny

HapO.l{HbiMH opraHH3al.IHSIMH. 

KaJK_noe H3 3THX HanpaBJJeHHH BKJJIO'IaeT B ce6SI pa3JJH'IHbie 1>opMbi COT

PY.ZIHH'IeCTBa: rrpoBe.neHHe COBMeCTHbiX Hay'!Ho-Hccne.noBaTeJJbCKHX H 3K

crrepHMeHTaJJbHbiX pa6oT CO CIIel.IHaJJHCTaMH H3 COI.IHaJJHCTH'IeCKHX H KaiiH

TaJJHCTH'IeCKHX CTpaH Ha OCHOBe .ZIBYCTOpOHHHX H MHOrOCTOpOHHHX COrJJame

HHHj OKa3aHHe TeXHH'IeCKOH IIOMOI!1H H CO.l{eHCTBHSI B C03.l{aHHH Hal.IHOHaJJb

HbiX aTOMHbiX LleHTpOB B COI.IHaJJHCTH'IeCKHX H pa3BHBaiOI!1HXCSI CTpaHaXj yqac

THe COBeTCKHX y'leHbiX H CIIel.IHaJJHCTOB B MeJK_nyHapO.l{HbiX KOH1>epeHI.IHSIX 1 

CHMII03HyMaX, COBei!1aHHSIX 3KCIIepTOB 1 CeMHHapax; IIpOBe.l{eHHe B3aHMHbiX 

03HaKOMHTeJJbHbiX IIOe3.l{OK IIO KOHKpeTHOH TeMaTHKe aTOMHOH HayKH H TeX

HHKHj MeJK_nyHapO)IHbiH o6MeH Hay'IHO-TeXHH'IeCKOH HH1>0pMa1.1Hei1:; y'laCTHe 

CCCP B 3apy6eJKHbiX BbiCTaBKax. 

COTPY,UHH"l.JECTBO C COUHAJIHCTH"l.JECKHMH CTPAHAMH 

KaK H3BeCTHO, e111e B 1955 ro.ny 6I>IJJH 3aKJJIO'IeH:bi rrepBI>re cornameHHH 

COBeTCKOrO COI03a C COI.IHaJJHCTH'IeCKHMH CTpaHaMH Ha .ZIBYCTOpOHHeii OCHOBe 

0 COTpy.ZIHH'IeCTBe B 06JJaCTH MHpHOrO HCIIOJJb30BaHHSI aTOMHOH 3HeprHH. 

OcHOBHOH 3a.naqei1: B Te ro.ni>r HBJJHJJOCb oKa3aHHe CoBeTCKHM Coro3oM 

Hay'IHOrO H TeXHH'IeCKOrO CO)IeHCTBHSI B C03.l{aHHH He06XO.l{HMOH )IJJSI HHX Ha

Y'IHO-TeXHH'IeCKOH 6a3bl H B IIO.l{rOTOBKe Ka.npOB .l{JJSI pa3BHTHSI Hal.IHOHaJJb

HOH aTOMHOH HayKH H TeXHHKH 1 B CTpOHTeJJbCTBe HCCJJe.l{OBaTeJJbCKHX Sl_nep

HbiX peaKTOpOB, yCKOpHTeJJeH 3JJeMeHTapHbiX 'laCTHI.I, 1>H3H'IeCKHX H pa_nHo

XHMH'IeCKHX JJa6opaTOpHH. B pe3yJJbTaTe TaKoro COTPY.ZIHH'IeCTBa 6I>IJJH C03-

.naHbi Hal.IHOHaJJbHbie aTOMHI>re LleHTpbr B Hapo.nHoii Pecrry6JJHKe EonrapHH, 

BeHrepCKOH HapO)IHOH Pecrry6JJHKe' repMaHCKOH ,UeMOKpaTH'IeCKOH Pecrry6-

JJHKe, Tioni>cKoii Hapo.nHoii Pecrry6JJHKe, COI.IHaJJHCTH'!ecKoii Pecrry6JJHKe Py

MbiHHH, "l.JexocnoBal.IKOH COI.IHaJJHCTH'IecKoii Pecrry6JJHKe H COI.IHaJJHCTH'IecKoii 

<Pe.nepaTHBHOii Pecny6JJHKe IOrocnaBHH, ocHall1eHHbie caMbiMH coapeMeHHbiMH 

THIIaMH HCCJJe.l{OBaTeJJbCKHX peaKTOpOB, yCKOpHTeJJeii 3JJeMeHTapHbiX 'laCTHI.I 

H _npyrHMH Sl.l{epHbiMH ycTaHOBKaMH, IIOMOraiOII1HMH BeCTH Hay'IHO-HCCJJe.l{OBa

TeJJbCKHe pa60Tbl Ha CaMOM COBpeMeHHOM ypOBHe . 

B CTpOHTeJJbCTBe, MOHTaJKe, HaJJa_nKe H IIYCKe B 3KCIIJJyaTal.IHIO 3THX Ha

Y'IHO-Hccne.noBaTeJJbCKHX aTOMHbiX ycTaHOBOK npHHHMaJJH y"<~aCTHe coBeTCKHe 

CIIel.IHaJJHCTbi 1 KOTOp:bre nepe.naBaJJH CBOH 3HaHHSI H OIIbiT. C03.l{aHHe aTOMHbiX 

I.leHTpOB H HX )leS!TeJJbHOCTb CIIOC06CTBOBaJJH 6onee WHpOKOMy pa3BHTHIO B CO

I.IHaJJHCTH'IeCKHX CTpaHaX HCCJJe.l{OBaHHH 1 HH/KeHepHbiX pa3pa60TOK H OpraHH3a-

1.1HH B .l{aJJbHeiimeM HOBbiX HHCTHTyTOB H Sl.l{epHbiX ycTaHOBOK. 

B CaMOM COI.IHaJJHCTH'IeCKOM CTpOe 3aJJO/KeHbl orpOMHbie B03MO/KHOCTH 

MHpHoro COTpy.ZIHH'IeCTBa. 3TH B03MOIKHOCTH orrpe_neJJSIIOTCSI IIOJJHOH rapMO

HHeH HHTepeCOB BCeX COI.IHaJJHCTH'IeCKHX CTpaH, 06"be.l{HHeHHbiX 06I!1HMH Lle

JJSIMH. liMeHHO II03TOMy C KaJK.l{biM rO.l{OM paCmHpS!JJHCb H COBepmeHCTBOBa

JJHCb 1>opMbl Hay'IHOro COTpy_nHH'IeCTBa. li 3TO o6CTOS!TeJJbCTBO HaWJJO CBOe 

BbipaJKeHHe B co.nepJKaHHH HOBbiX cornameHHii c rrepe'IHCJJeHHbiMH Bbime co

LIHaJJHCTH'!ecKHMH CTpaHaMH o .naJJI>HeiimeM pa3BHTHH coTpy.nHH'IeCTBa B o6-

nacTH HCIIOJJb30BaHHSI aTOMHOH 3HeprHH B MHpHbiX LleJJSIX. 

B SIHBape 1969 ro_na COCTOSIJJOCb OTKpblTHe aTOMHOro yqe6Horo LleHTpa 

Pecrry6JJHKH Ky6a, KOTOp:brii 6biJJ co3.naH rrpH TexHH'IeCKOM co.neiicTBHH Co

BeTcKoro Coro3a Ha ocHoBe CornameHHH oT 15 ceHTH6pH 1967 ro.na. 
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B OCHOBe 3THX COrJiameHHM JieJKaT IlOJIOJKeHHSI 0 IlpOBe,neHHH COBMeCTHblX 

Hay'IHO-HCCJie,noBaTeJibCKHX pa60T B 06JiaCTH Sl,nepHOM <i>H3HKH, <i>H3HKH TBep

,noro TeJia, <i>H3HKH H TeXHHKH Sl,nepHDIX 3HepreTH'IeCKHX peaKTOpOB, <i>H3HKH 

IIJia3MDI, pa,nHOXHMHH, pa3pa60TKH H opraHH3ai..IHH I1pOH3BO,nCTBa pa,nHOH30-

TOI1HbiX I1pH60pOB H T ,,n. OcymeCTBJISIIOTCSI TaKJKe 06MeH Hay'IHO-TeXHH'Iec

KOM HH<i>OpMai..IHeii:, IIpHeM CTaJKepoB, IIpOBe,neHHe B3aHMHbiX KOHCYJibTai..IHM, 

rrocTaBKa H3 CCCP H B3aHMHaSI rrocTaBKa ,npyr ,npyry crrei..IHaJibHbiX MaTe

pHaJioB H o6opy,noBaHHSI ,nJISI IlpOBe,neHHSI Hay'IHO-HCCJie,nOBaTeJibCKHX pa60T, 

HaH60Jiee BaJKHblM HarrpaBJieHHeM B pa3BHTHH Hay'IHO-TeXHH'IeCKHX CBSI-

3eM C COI..IHaJIHCTH'IeCKHMH CTpaHaMH SIBJISieTCSI COTpy,nHH'IeCTBO B 06JiaCTH 

aTOMHOM 3HepreTHKH. 3TH COrJiailleHHSI IIpe,nycMaTpHBaiOT COOpyJKeHHe aTOM

HbiX 3JieKTpOcTaHI..IHM Ha ycTaHOBJieHHYIO MOII1HOCTb OKOJIO 6000 MBT (3JI). 

ATOMHaSI 3HepreTHKa H3 rrepHo,na IIOHCKOB H 3KCIIepHMeHTOB BCTaJia ce

rO,nHSI Ha peJibCbl 6D!CTporo IlpOMblillJieHHOrO pa3BHTHSI. Jly'lillHM CBH,neTeJib

CTBOM 3TOrO SIBJISieTCSI COCTaB yqaCTHHKOB Hameii: KOH<i>epeHI..IHH. HH Ha o,n

HOM H3 rrpe,nD!,nymHX KOH<i>epeHI..IHM He 6biJIH TaK mHpOKO rrpe,ncTaBJieHbl ,neno

BD!e KpyrH BCeX CTpaH, He 6D!JIO TaK MHOrO ,nOKJia,nOB Ha 'IHCTO 3KOHOMH'IeC

KHe H HHJKeHepHble TeMDI, 

CornameHHSI o coTpy,nHH'IeCTBe CCCP c COI..IHaJIHCTH'IecKHMH cTpaHaMH 

B CTpOHTeJibCTBe aTOMHbiX 3JieKTpOCTaHI..IHM (A3C) rrpe,nycMaTpHBaiOT TeCHOe 

B3aHMHOe COTpy,nHH'IeCTBO yqeHDIX, HHJKeHepOB H CIIei..IHaJIHCTOB, y'laCTBYIO

illHX B pa3pa60TKe, IlpOeKTHpOBaHHH H COOpyJKeHHH A3C, o6MeH HH<i>OpMai..IHeM 

H TeXHH'IeCKOM ,noKyMeHTai..IHeM IIO BbiilOJIHeHHblM pa6oTaM H HCCJie,noBaHHSIM, 

a TaKJKe IIpOBe,neHHe ,nByCTOpOHHHX KOHCYJibTai..IHM, CBSI3aHHbiX C C03,naHHeM 

A3C. 

Ilo CorJiameHHIO c r,n:P OT 17 HIOJISI 1956 ro.na CoBeTCKHM COI03 OKa3aJI 

TeXHH'IeCKYIO I10MOII1b B CTpOHTeJibCTBe aTOMHOM 3JieKTpOCTaH1..1HH MOmHOCTbiO 

70 MBT c peaKTopoM BO,no-Bo,nSIHoro THIIa B paii:oHe r.Paii:Hc6epra. B 

Mae 1966 ro.na A3C 6D!Jia c.naHa B 3KcrrnyaTai..IHIO H yJKe 5 neT ycrremHo H Ha

,neJKHo pa6oTaeT Ha IlpOeKTHOM MOillHOCTH. 

14 HIOJISI 1965 ro,na 6biJIO 3aKJIIO'IeHO HOBOe CorJiameHHe 0 ,naJibHeii:meM 

paCillHpeHHH COTpy,nHH'IeCTBa B COOpyJKeHHH H BBO,ne B 3KCI1JiyaTai..IHIO ,no 

1980 ro.na B r,n:P aTOMHbiX 3JieKTpOCTaHI..IHM o6meii: MOmHOCTbiO 2000 MBT (3JI). 

IJepBbiM 3TaiiOM B ocymeCTBJieHHH 3Toro IIJiaHa SIBHTCSI coopyJKeHHe A3C 

"HOP,U-1" MOillHOCTbiO 800 MBT, COCTOS!meii: H3 ,nByX 6JIOKOB C peaKTopaMH 

THIIa BB3P. IlpH 3TOM IIJiaHHpyeTCSI BBeCTH B 3KCIIJiyaTai..IHIO rrepBbiM 6JIOK 

B 1973 ro,ny H BTOpOM- B 1974 ro,ny. 

IJycK B 3KCIIJiyaTai..IHIO ,nByX 6JIOKOB A3C "HOP,U-2" C aHaJiorH'IHOM MOm

HOCTbiO HaMeqeH COOTBeTCTBeHHO Ha 1977-1978 rO,nbi. 

B CTa,nHH 3aBepmeHHSI Haxo,nSITCSI pa6oTbl IIO IIO,nrOTOBKe B 1971 ro,ny 

rrycKa rrepBoii: A3C LJ:exocJioBai..IKOM COI..IHaJIHCTH'IecKoii: Pecrry6nHKH (Mom

HOCTbiO 150 MBT C peaKTOpOM KOpiiyCHOro THIIa C ra30BbiM OXJiaJK,neHHeM Ha 

ecTeCTBeHHOM ypaHe). B XO,ne COBMeCTHOrO COTpy,nHH'IeCTBa COBeTCKHe H 

'leXOCJIOBai..IKHe y'leHDie, HHJKeHepbl H CIIei..IHaJIHCTbl ycrremHO BbiilOJIHHJIH CJIOJK

HD!e TeXHH'IeCKHe 3a,na'IH, CBSI3aHHble C pa3pa60TKOM H H3rOTOBJieHHeM Bce

ro KOMIIJieKca o6opy,noBaHHSI ,nJISI A3C. Ha OCHOBe IlOJiy'leHHOrO OilbiTa IlpO

MDiillJieHHOCTb LJ:CCP OCBOHJia IlpOH3BO,nCTBO KOpiiyCOB BbiCOKOrO ,naBJieHHSI 

H ,npyroro TeXHOJIOrH'IeCKOrO o6opy,noBaHHSI, 

B arrpene 1970 ro,na 6D!JIO rro,nrrHcaHo HOBoe CornameHHe o .cTpOHTeJib

CTBe CoBeTCKHM Coro3oM B LJ:CCP Ha'IHHaSI c 1977 ro,na ,nByx A3C o6meii: 

MOmHOCTbiO OKOJIO ]700 MBT (3JI), COCTOSimHX H3 'leTD!pex 6JIOKOB C peaKTOp

HblMH ycTaHOBKaMH THIIa BB3P. 
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B 1966 ro~y 6:&IJIH TaKa<:e 3aKJIIO"'eH:&I cornameHH.R c HPE H BHP o co

opya<:eHHH aTOMH:&IX 3JieKTpOCTaHQHH MODlHOCT'biO 800 MBT (3JI) 1 KaX<.Qa.!l H3 

KOTOp:&IX COCTOHT H3 ~BYX 6JIOKOB C peaKTOpaMH BB3P; a B Mae 1970 ro

~a - cornameHHe c CPP o cTpOHTeJI'bCTBe A3C c peaKTopoM THIIa 

BB3P-400. 
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TaKHM o6pa3oM 1 6naro~ap.s~ mHpoKoMy H nno~OTBOpHoMy coTpy.!lHH"'ecTBY 

B COQHaJIHCTH"'ecKHX cTpaHax c noMOI!l'biO CCCP co3~aHa HJIH co3~aeTc.R Kpyn

Ha.R Hay"'HO-TeXHH"'eCKa.R 6a3a B 06JiaCTH aTOMHOH 3HepreTHKH 1 BKJIIO"'aiOI!la.R 

B ce6.R Hay"'HO-HCCJie.QOBaTeJI'bCKHe H npOeKTHO-KOHCTpyKTOpCKHe HHCTHTy

T'bi1 3aBO~'b! H npe~npH.!!TH.!I 1 KOTOpl>Ie MOryT pemaT'b CJIOX<H'bie Hay"'HO-Tex

HH'ieCKHe 3a~a"'H B 3TOH o6JiaCTH. 

CoTpy~HH"'eCTBO CCCP c COQHaJIHCTH"'eCKHMH cTpaHaMH He orpaHHtJH

saeTc.R TOJI'bKO cornameHH.!IMH Ha ~BYCTOpOHHeH OQHOBe. 

B CB.!I3H C C03~aHHeM HaytJHO-TeXHH"'eCKHX npe~nOC:&IJIOK B03HHKJIH HO

B:&Ie npo6JieM'bi 1 CB.R3aHH'bie C HCnOJI'b30BaHHeM ~OCTHX<eHHH aTOMHOH HayKH 

H TeXHHKH B pa3JIH"'H:&IX OTpaCJI.!IX Hapo~Horo X03.!1HCTBa. ,UJI.!i pemeHH.!I Ta

KHX npo6neM noTpe6osaJIHC'b 3Ha"'HTeJI'bH:&Ie cpe~cTBa, ~oporocTo.RmHe ycTa

HOBKH1 npH6op:&! 1 annapaT:&I H MaTepHSJI'b!. B03HHKJIS He06XO~HMOCT'b peme

HH.!I COBMeCTH:&IMH yCMJIH.!IMH p.R~a BSX<HeHWHX HSY"'HO-TeXHH"'eCKHX npo6JieM • 

B 1956 ro~y o6'1te~MHeHH'biMM ycMJIH.RMM coQHaJIHCTH"'ecKMx cTpaH 1 .QJI.R 

o6ecneqeHH.!I COBMeCTHOrO npOBe~eHH.!I TeXHH"'eCKHX H 3KCnepMMeHTSJI'bH:&IX 

HCCJie~OBSHHH B 06JiaCTH .R~epHOH 4lM3HKH 1 B ,Uy6He 6'biJI C03~aH 06'1te~MHeH

H:&IH MHCTMTYT .R.QepH:&IX HCCJie.QOBSHHH (0H5IH). H BOT ya<:e 15 JieT 3TOT HH

CTHTYT H ero MHOrOHSI.lHOHSJI'bH:&IH KOJIJieKTHB HaytJH:&IX COTpy.QHHKOB npOBO

~HT BSX<H:&Ie H HHTepeCH:&Ie HCCJie~OBSHH.!I 1 pe3yJI'bTSTSMH KOTOp:&!X nOJI'b3yiOT

C.!I BCe CTpaH:&I-y"'aCTHHI.l:&I 3TOrO HHCTHTyTa. MHorHe CBOH pa60T:&I 0H5IH 

B:&InOJIH.ReT COBMeCTHO C HSY'iHO-HCCJie.QOBaTeJI'bCKHMH HHCTMTyTaMH CTpaH

yqaCTHHQ. CoTpy~HM"'eCTBO 06'1te~HHeHHOro HHCTMTyTa .R~epH:&IX HCCJie.QOBa

HHH c HaytJHo-Mccne~oBaTen:&cKHMM MHCTHTyTaMH CoBeTcKoro Co103a npMHo

CMT 60JI'bWYIO nOJI'b3Y o6eMM CTOpOHSM. 

IJpMMepOM TSKOrO TeCHOrO COTpy~HH"'eCTBa MoryT CJIYX<MT'b COBMeCTH:&Ie 

HaytJHO-Mccne.QoBaTen'bcKMe pa6oT:&I OH5IH H HHCTMTyTa 4lM3HKH B:&ICOKHX 

3HeprHH rKA3 CCCP Ha CepnyXOBCKOM ycKOpMTene. 

18 HIOH.R 1970 ro~a MeX<.!lY OH5IH M rKA3 CCCP 6:&rno 3aKJIIO'IeHo corna

meHMe 0 HSY'IHO-TeXHH'ieCKOM COTpy~I'IM'ieCTBe 1 no KOTOpOMy o6e CTOpOH:&I 

06.!13SJIHC'b cnoco6CTBOBST'b .!lSJI'bHeiimeMy pacmHpeHHIO COTpy~HH'IeCTBa B o6-

JISCTH .R~epHOH 4lM3HKH 1 o6ecne"'MBS.!I MaKCHMaJI'bHOe H 34l4leKTHBHOe MCnOJib-

30BSHHe HMeiOI!lHXC.!I B HX pacnop.RX<eHHH yCKOpMTeJieH 1 HCCJie~OBSTeJI'bCKHX 

peaKTOpOB 1 annapaTyp:&I ~JI.!I o6pa60TKH HH4lOpMSQHH H ~pyrHX 3KCnepMMeH

TSJI'bH:&IX H HCCJie.QOBaTeJI'bCKHX ycTaHOBOK 1 a TSKX<e C03~SBSTb HOBOe o6opy

~OBSHMe .!lJI.!I 3THX QeJieH. 

,UJI.R B:&InOJIHeHH.!I 3THX 3a~aq OH5IH H HHCTMTyT:&I rocKOMHTeTa 6y~yT 

3SKJIIO"'ST'b .!lBYCTOpOHHMe ~OrOBOp:&I C onpe.QeneHHeM TeMaTHKH HCCJie.QOBa

HHH1 CpOKOB npOBe~eHH.!I 3KCnepMMeHTOB H T .Jl. 

IJpo~OJIX<SeTC.!I ycneWHOe COTpy~HH'ieCTBO COBeTCKHX yqeH:&IX C yqeH:&IMH 

M3 COQHanHCTH'ieCKMX cTpaH B paMKax IJocTO.!IHHOH KoMHCCMM C3B no Mcnonb-

30BaHMIO STOMHOH 3HeprHH B MHpH:&IX QeJI.RX 1 o6pa30BSHHOH B 1960 ro~y 1 B 

pa6oTe KOTOpOH npHHHMaiOT yqacTHe ~eJieraQHH HPEI BHPI r,UPI IJHPI CPPI 

T..ICCP H CCCP. 

Uenl>IO KoMHCCHH .RBJI.ReTc.R co~eHCTBHe ~an'bHeiimeMy pa3BHTHIO MHoro

cTopoHHero 3KOHOMH"'ecKoro H HayqHo-TeXHHtrecKoro coTpy~HH'IeCTBa Mea<:~y 
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CTpaHaMH-"!JieHaMH C3B B HHTepecax 6onee IIJiaHOMepHOrO IIpHMeHeHH.H aTOM

HOM 3Heprmi B MHpHbiX UeJI.HX o 

IJ OCTO.HHHa.H OKOMIICCIIH opraHII3yeT Ba;>KHeHil!He Hay"!HO-IICCJie,noBaTeJib

CKHe pa60Tbl H IIH;>KeHepHb!e pa3pa6oTKH B o6JiaCTH peaKTOpHOH HayKII II Tex

HIIKII II aTOMHOH 3HepreTIIKH 1 H,nepHOrO IIpii60pOCTpOeHIIH 1 rrpOH3BO,nCTBa H30-

TOIIOB H IICTO"!HIIKOB H,nepHb!X II3JIY"!eHIIH 1 rrpiiMeHeHIIH pa,niiOII30TOITHb!X Me

TO,nOB H arrrrapaTypbl 1 pa,niiaUIIOHHOH 6e30IIaCHOCTH H 3a!IliiTHOH TeXHIIKII 1 y,na

JieHHH pa,niiOaKTHBHblX OTXO,nOB II ,npyriiX liHTepeCHblX II Ba;>KHb!X IIp06JieM o 

.IJ:JIH JIY"'lllei1 opraHII3aUIIII II KOOp,niiHaUHII pa6oT ITO IICITOJib30BaHIIIO aTOMHOH 

3HeprHII II y,nOBJieTBOpeHIIH pacTy!IlHX 3HepreTII"!eCKHX IIOTpe6HOCTeH CTpaH

"!JieHOB C3B 1 MHOriie II3 KOTOpb!X He IIMeiOT 60JiblllliX 3aiiaCOB KJiaCCH"!eCKOro 

TOITJIIIBa 1 B paMKax KoMIICCHH co3,naHa crreuHaJibHaH pa6oqaH rpyrrrra crre

uiiaJIIICTOB rro BorrpocaM rrpoeKTHpOBaHIIH 1 coopy;>KeHIIH H 3KcrrnyaTaUIIH A3C o 

Pa6oqej:j rpyrrrroi1 6biJI pa3pa6oTaH IIJiaH KOOp,nHHaUIIII Hay"!Hb!X II Tex

HII"!eCKHX liCCJie,noBaHHH 1 KOTOpb!H rrpe,nycMaTpHBaJI BbliiOJIHeHHe pa60T ITO 

37 TeMaM 1 H3 HliX 10 TeM ITO peaKTOpHOH TeXHIIKe H H,nepHOH 3HepreTHKe o 

CoBeTcKIIe crreuHaJIIICTbi yqacTBOBaJIII B pa6oTax rro: 

- HCCJie,nOBaHIIIO II pa3pa60TKe HOBb!X II ycoBepll!eHCTBOBaHIIIO cymecT

BYIO!IlliX 3HepreTII"!eCKIIX peaKTOpOB Ha TerrJIOBb!X Hei1TpOHaX MO!IlHOCTb!O 6o

Jiee 400 MBT ( 3JI) 1 oco6eHHO peaKTOpOB c BO,noi1 rro.n ,naBneHIIeM; 

- HCCJie,nOBaHIIIO II rrpoeKTHblM rrpopa60TKaM 3HepreTH"!eCKOrO peaKTOpa 

Ha 6b!CTpb!X Hei1TpOHaX C pa3JIH"!Hb!MII TeiiJIOHOCIITeJIHMH 3JieKTpii"!eCKOH MO!Il

HOCTb!O CBbiil!e 1000 MBT; 

- pa3pa60TKe H liCCJie,noBaHIIIO TeXHOJIOrHH IIpOII3BO,nCTBa II pereHepa

UIIII H,nepHoro roproqero; 

- liCCJie,nOBaHIIIO B 06JiaCTII IIpOII3BO,nCTBa HOBblX peaKTOpHb!X MaTepiia

JIOB 1 crreuiiaJibHOrO o6opy,noBaHHH II cpe,ncTB pa,nHaUIIOHHOH 3a!IliiTbl H 6e3o

rraCHOCTII 3HepreTH"!eCKIIX peaKTOpOB II ,np o 

COBeTCKHe crreuiiaJIHCTbl rrpiiHIIMa!OT yqaCTIIe B COBMeCTHb!X Hay"!HO-HC

CJie,nOBaTeJibCKIIX pa6oTax B paMKax IJocTo.HHHOH KoMIICCIIII C3B rro rrpoii3-

BO,nCTBY II IIpHMeHeHIIIO II30TOIIOB 1 Me"!eHb!X coe,niiHeHIIH 1'1 IICTO"'HIIKOB li3Jiy

"'eHHH1 B 06JiaCTII H,nepHOi±JH3II"!eCKIIX rrpii60pOB II pa,niiOII30TOIIHOH arrrrapaTy

pbl1 ITO BOIIpOCaM pa,nHaUHOHHOH 6e30IIaCHOCTH II 3a!IlliTHOH TeXHIIKII 1 o6e3-

Bpe;>KIIBaHIIIO ;>KII,nKHX 1 TBep,nbiX II ra3006pa3Hb!X pa,nHOaKTIIBHb!X OTXO,nOB 1 ,ne-

3aKTIIBaUIIH 3arpH3HeHHb!X IIOBepXHOCTeH II ,np o 

IIIHpOKO COTpy,nHH"!a!OT CTpaHbl- "!JieHbl C3B II B 06JiaCTII H,nepHoro rrpH-

6opOCTpOeHHHo 

K HaCTOH!IleMy BpeMeHII o6miii1 o6'1\eM rrpoH3BO,nCTBa II3,neniii1 H,nepHoro 

IIpii60pOCTpOeHIIH B CTpaHaX- '!JieHaX C3B COCTaBJI.HeT 6onee 65 MJIH o py6-

JieH 1 Il!HpOTa HOMeHKJia Typb! - 6onee 100 TIIIIOB rrpii60pOB 1'1 ,no 1000 HaMMe

HOBaHIIH o CyMMapHaH HOMeHKJiaTypa pa,niiOII30TOIIHOH rrpo,nyKUHII OXBaTb!BaeT 

CBblll!e 5000 rrperrapaTOB II IICTO"'HIIKOB li3Jiy"!eHHH o 

B IIroHe 1970 ro.na Ha XVIII 3ace,naHHII KoMHCCHII 6I>rna rrpHHHTa rrpor

paMMa ,naJibHei1Il!ero yrny6JieHHH COTpy,nHII"!eCTBa B 06JiaCTII II30TOIIHOH rrpo

,nyKUHII Ha 1971-19 7 5 rO,nbl 1 KOTOpaH rrpe,nycMaTpiiBaeT KOMIIJieKCHOe pell!e

HIIe BOIIpOCOB ITO crreuiiaJIII3aUHH H KOOIIepiipOBaHIII01 YHIIi±JIIKaUHII H CTaH,nap

TII3aUIIII1 Hay"!HO-TeXHII"!eCKOe COTpy,nHII"'eCTB0 1 COBepll!eHCTBOBaHHe CliCTe

Mbl HHi±JopMaUIIH o 

Pa3BIIBaeTCH II COBepllleHCTByeTCH TaK;>Ke COTpy,nHH"!eCTBO B 06JiaCTH 

H,nepHOH Me,niiUIIHbl 1 pa,nHaUIIOHHb!X rrpouecCOB H ycTaHOBOK o 

CoTpy,nHH'!eCTBO COUIIaJIHCTII'!eCKIIX CTpaH B o6naCTII MIIpHOrO aTOMa B 

paMKaX C3B Herrpepb!BHO pa3BIIBaeTCH: ycTaHaBJIHBa!OTCH KOHKpeTHbie rrpaK-
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TMl:!eCKMe CBH3M, Be.l{eTCH !IOCTOHHHb!H B3aMMHb!H !IOMCK rryTeif pemeHMH HOBb!X 

3a.l{al:! M rrpo6neM. 

COTPY,llHlP·IECTBO C PA3BHBAIOII(HMHC5I CTPAHAMH HA ,llBYCTO

POHHEH OCHOBE 11 B PAMKAX MArAT3 

TipoeKTbl !10 MCIIOJ!b30BaHM!O aTOMHOH SHeprMM B MMpHbiX l.leJIHX CTaHO

BHTCH MOII1Hb!M CTMMYJIOM SKOHOMMl:!eCKOrO M Hayl:!HOrO rrporpecca pa3BMBaro-

111MXCH CTpaH. OcymeCTBJieHM!O STOH l.leJIM BO MHOrOM C!IOC06CTByeT Hayl:!HO

TeXHMl:!eCKOe COTpy.l{HMl:!eCTBO STMX CTpaH C CoBeTCKMM COI030M Ha OCHOBe 

.llBYCTopoHHMX cornameHMH M B paMKax MeJK.l{yHapO.l{HOro areHTCTBa rro aToM

HOM SHeprMM. 

CoBeTCKMH Coro3, pacmMpHH coTpy.l{HMl:!ecTBO c pa3BMBaromMMMCH cTpa

HaMM B o6JiaCTM MMpHOrO MC!IOJ!b30BaHMH aTOMHOH SHeprMM, CTpeMMTCH rro

.l{eJIMTbCH CBOMM O!Ib!TOM C yl:!eHbiMM STMX CTpaH, OKa3aTb TeXHMl:!eCKOe co

.l{eHCTBMe B C03.l{aHMM Hal.IMOHaJibHbiX Hayl:!HO-MCCJie.l{OBaTeJibCKMX l.leHTpOB M 

liO.l{rOTOBKe MeCTHbiX Hal.IMOHaJibHblX Ka.l{pOB .l{JIH CaMOCTOHTeJibHOrO IIpose

.l{eHMH Hayl:!HbiX MCCJie.l{OBaHMH. 

Co3.l{aHHbiH B 1961 ro.l{y Ha OCHOBaHMM MelKrrpaBMTeJibCTBeHHoro corname

HMH CCCP c OAP Hay"'HO-Mccne.l{oBaTeJihCKMH aTOMHbiH l.leHTp B6JIM3M KaMpa 

3Hal:!MTeJibHO paCIDMpMJI 3a !IOCJie.l{HMe rO.l{bl TeMaTMKY COBMeCTHbiX pa6oT, 

BKJI!Ol:!MB B IIJiaH MCCJie.l{OBaHMH !10 TeiiJIO<i>M3MKe M <i>M3MKe IIJ!a3Mbl 1 a TaKJKe 

yseJIM"'MJI o6'beM MCCJie.l{OBaHMH !10 MC!IOJ!b30BaHM!O pa.l{MOaKTMBHbiX M30TO!IOB. 

B cocTaB UeHTpa BXO.l{MT sKcrrepMMeHTaJibHbiH BO.l{O-BO.l{HHOH peaKTop 

MOII1HOCTb!O 2000 KBT, BbiCOKOCTa6MJibHbiH SJieKTpOCTaTMl:!eCKMH ycKOpMTeJib 

Ha sHeprMro 2,5 MsB, a TaKJKe MacTepcKMe M crrel.IMaJihHDie na6opaTopMM .l{JIH 

IIpOBe.l{eHMH MCCJie.l{OBa TeJI bCKMX pa6oT B 06JiaCTM H.l{epHOH <i>M3MKM 1 XMMMM 1 

MeTannyprMM M 6MOJIOrMM . 

C 1964 ro.l{a rro HacToHmee BpeMH B ATOMHOM l.leHTpe OAP BbiiiOJIHeHo 

OKOJIO 100 Hayl:!Hb!X pa6oT. CoseTCKMe yqeHbie IIpOl:!MTaJIM erMIIeTCKMM CIIe

l.IMaJIMCTaM 6onee 400 neKI.IMH M rrpoBeJIM 6onbmoe l:!Mcno ceMMHapos. 

B 1963 ro.l{y Ha 6a3e ATOMHoro l.leHTpa B OAP B KaMpe 6biJI C03.l{aH 

Cpe.l{He-BOCTOl:!HbiH perMOHaJibHbiH pa.l{MOM30TO!IHbiH l.leHTp, B pa6oTe KOTO

poro rrpMHMMaiOT yqacTMe 13 cTpaH. 

C rroMOmhro CoseTcKoro Coro3a C03.l{aH TaKJKe UeHTP H.l{epHbiX Mccne.l{o

BaHMH B HpaKe c peaKTOpOM TMIIa HPT-2000, KOTOpbiH 6biJI rrymeH 6 HHBa

pH 1968 ro.l{a. UeHTP MMeeT OT.l{en rro rrpoM3BO.l{CTBY pa.l{MOM30TOIIOB, oT

.l{en <i>M3MKM 7 reonorMM, pa.l{Mal.IMOHHOH 6e30!IaCHOCTM 7 6MOJIOrMM M ceJibCKOro 

X03HHCTBa, a TaKJKe peMOHTHble M TeXHMl:!eCKMe CJiylK6bi. 

,JlJIH OKa3aHM.H CO.l{eHCTBM.H B CTpOMTeJibCTBe 1 MOHTaJKe M HaJia.l{Ke IIO

CTaBJieHHOrO o6opy.l{OBaHM.H B llpaK 6biJIO KOMaH.l{MpOBaHO OKOJIO 50 COBeTCKMX 

C!Iel.IMaJIMCTOB. 

B 1969 ro.l{y c HpaKOM 6biJI IIO.l{IIMCaH TipoToKOJI o .l{aJihHeil:meM pacmMpe

HMM Hayl:!HO-TeXHM"'ecKoro coTpy.llHMl:!eCTBa B o6nacTM MMpHoro MCIIOJib30Ba

HM.H aTOMHOH SHeprMM. Tipe.l{yCMOTpeHa MO.l{epHM3al.IMH MCCJie.l{OBaTeJibCKOro 

peaKTOpa, MMeroma.H l.leJ!b!O !IOBbiCMTb MOII1HOCTb peaKTOpa. 

B Mae 1970 ro.l{a MelK.l{Y rKA3 CCCP M KA3 TiaKMCTaHa 6biJIO 3aKJIIOl:!e

HO cornameHMe 0 COTPY.llHMl:!eCTBe 1 KOTOpoe rrpe.l{ycMaTpMBaeT B3aMMHbiH 06-

MeH C!Iel.IMaJIMCTaMM M SKC!IepTaMM !10 TeXHOJIOrMM .H.l{epHbiX SHepreTMl:!eCKMX 

peaK TOpOB 1 !IpOM3BO.l{CTBY M rrepepa60TKe H.l{epHOrO TO!IJIMBa 1 pa3Be.l{Ke M .l{0-

6b!l:!e .H.l{epHbiX Cl>IpbeBb!X pecypCOB 1 !10 MCCJie.l{OBaHM.HM B pa3JIMl:!HbiX o6nac-
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TliX aTOMHOH HayKM M TeXHMKM, TeXHOJIOrMM .liBYXl.leJieBb!X H,llepH0-3HepreTM

qecKMX ycTaHOBOK M T .,II. rocKOMMTeT 6y,lleT eJKerO,liHO npe,liOCTaBJiliTb ,!10 

5-TM CTMneH,liMH (,110 O,liHOrO r0,11a KaJK,llali) ,liJili cnel.{MaJIM3al.{MM M nonyqeHMli 

npaKTMqecKoro OnbiTa IIaKMCTaHCKMMM yqeHb!MM B COBeTCKMX HayqHo-MCCJie

,liOBaTeJibCKMX yqpeJK,lleHMHX, a TaKJKe OKa3biBaTb CO,lleHCTBMe B npMo6peTeHMM 

B CCCP Heo6xo.z~MMoro o6opy.z~osaHMH. 

Co.z~eH:cTBYH pa3BMTMro aTOMHOH 3HepreTMKM Pecny6nMKM HH,!IMM, CoseT

CKMH Coro3 no COrJiaDieHMIO OT 6 OKTH6pH 1961 r0,11a nepe,llaJI ej:j: nOJIHYIO TeXHM

qecKyro ,liOKyMeHTal.{MIO no peaKTOpy Ha 6b!CTpb!X HeHTpOHaX 3JieKTpMqeCKOH 

MOl!1HOCTbro 50 MBT. Ocyl!1eCTBJIHeTcH o6MeH .z~eneral.{MHMM cnel.{:HaJIMCTOB 

MeJK,lly CCCP M HH.z~MeH:. 

CoBeTCK:HH Coro3 OKa3biBaeT TaKJKe 60JibDiyro nOMODib pa3BMBaiOl!1MMCli 

CTpaHaM, npMHMMali aKTMBHOe yqaCTMe B peaJIM3al.{MM nporpaMMbl TexnOMO

DIM MArAT3, BaJKHOCTb KOTOpOH cyl!1eCTBeHHO B03pacTaeT B CBli3M C BCTyn

neH:HeM B c:Hny ,llorosopa o HepacnpocTpaHeH:HM H,llepHoro opyJKMH, H6o oT

Ka3 OT npOM3BO,liCTBa M npM06peTeHMli li,llepHoro opyJKMli n03BOJIMT pa3B:HBaro

DIMMCli CTpaHaM OCB060,liMTbCli OT 60Jiblll:HX HenpOM3BO,li:HTeJibHb!X 3aTpaT M 

C03,llaCT ,liOnOJIHHTeJibHb!e B03MOJKHOCTM MCnOJib30BaHMli MMeiOl!1MXCli pecyp

COB ,!IJIH 3KOHOMMqecKoro M cOL{:HaJibHoro nporpecca . 

B pacnopHJKeHMe MAr A T3 CoseTcKMM Coro3oM npe.z~ocTasneHbr TaKJKe 

,!106pOBOJibHbie B3HOCbl Ha 06111yro CyMMy 712 500 py6. B BM,lle nOCTaBKM B 

pa3BMBaiOl!1MeCli CTpaHbl ycTaHOBOK,06opy,liOBaHMli, MaTepMaJIOB, npM60pOB 

M M3,lleJIMH. 

CoseTCKMM Coro30M 6e3B03Me3,!1HO npe.z~ocTasneH cnel.{MaJihHbiH .z~o6po
BOJibHbiH B3HOC B BM,lle o6opy,liOBaHMli ,liJili qeTb!peX pa,liMOJIOrMqeCKMX l.{eHT

pOB: B 1967 ro.z~y- B MapOKKO, B 1968 ro.z~y- B IJaKMCTaHe, B 1970 ro

.liY- B HpaKe; KpoMe TOro,npMHliTO peDieHMe 0 cTpOMTeJibCTBe B 1972-

1973 ro.z~ax l.{eHTpa B BMpMe. 

CoseTCKOe npaB:HTeJibCTBo npMHHno peDieHMe ysenMq:HTb B 1971 ro.z~y .z~o6-

posonhHbiH B3Hoc CCCP B ¢oH,ll TeXH:HqecKoH: noMODIH MAr AT3 co 150 ,110 

250 Tb!C .py6, ,liJili np:H06peTeH:Hli o6opy,lloBaHMH, npM60pOB M MaTepMaJIOB, a 

TaKJKe ,!IJIH npose.z~eHMH B CCCP cosel!1aHMH, yqe6Ho-o3HaKoM:HTenbHbiX noe3-

,!IOK, KypCOB M CeMMHapOB, 

B HaCTOHl!1ee BpeMH npaKTMqecKM peaJIM30BaHbl BCe 20 CTMneH,liMH (,110 

O,liHoro ro.z~a KaJK,llaH), npe.z~ocTasneHHbre B 1966 ro.z~y B pacnopHJKeH:He 

MArAT3 ,!IJIH o6yqeH:Hli B HayqHo-Mccne.z~osaTenhcKHX l.{eHTpax CCCP cne

l.IManMcToB M3 pa3BMBaiOl!1MXCH cTpaH- qneHOB AreHTCTBa. B 1970 ro.z~y Ha 

XIV cecc:HM reHepanbHOH KoH¢epeHLIHH MArAT3 CoseTCKMH Coro3 npe.z~ocTa

BHJI AreHTCTBY e111e 25 CTMIIeH,liMH. 

CCCP no,liTBep.z~Hn TaKJKe csoro roToBHOCTb npe.z~ocTaBJIHTb eJKero,liHO 

10 CTMneH,liMH C l.{eJib!O no,llrOTOBKM cnel.{MaJIMCTOB ,liJili pa60Tbl Ha ycTaHOBKaX, 

nocTpOeHHb!X C nOMOl!1b!O CCCP, :HJIM ,liJili Bbl!IOJIHeH:Hli COBMeCTHb!X pa60T B 

paMKaX .liBYCTOpOHHMX COrJiaDieHMH C 3TMMM CTpaHaM:H. 

B cooTseTCTBHH c IJporpaMMOH Pa3BMTMH OOH H PerynHpHoH: IJporpaM

MoH: MArAT3 CoseTcKM.ii Coro3 HanpaBMJI B pa3BMsarol!1MecH cTpaHbi BbiCOKo

KBanM¢MLIMPOBaHHhrx 3KCnepToB-KOHCYJibTaHTOB ,liJili OKa3aHMli nOMODIM B o6-

JiaCTM pa,liMal.{MOHHOH 6e30naCHOCTM, o6nyqeHMli n:HDieBb!X npO,llyKTOB, npMMe

HeH:Hli pa,liMO:H30TOnOB B rM,llpOJIOrMH, MMMYHOJIOrMM, B 06JiaCTM yCKOp:HTeJib

HOH :H peaKTOpHOH TeXHHKM, li,llepHOH ¢:H3:HKH, aHaJI:H3a li,llepHb!X Cb!pbeBbiX 

MaTepMaJIOB M T .,II. 

Pa3BMBaiOl!1MeCH CTpaHbl npOHBJili!OT B03pacTarol!1HH MHTepec K yqaCT:HIO 

B HayqHo-o3HaKOMMTenhHbiX noe3,!1Kax no CoBeTcKoMy Coro3y c npose,lleH:HeM 
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O,llHO,llHeBHDIX ceMHHapoB. 3a nocne,llHHe 3 ro.na no npocb6e AreHTCTBa 61>IJIH 

OpraHH30BaH:bl CeMHHapDI no HCnOJib30BaHHIO H30TOnOB B npOM:blillJieHHOCTH, 

no BOnpocaM o6pa111eHHH C pa,llHOaKTHBH:b!MH OTXO,llaMH 1 no pa,llHOH30TOnH:biM 

MeTO,llaM H3MepeHHH 11 in ViV0 11 B Me,llHI.,IMHe 1 HCnOJib30BaHHIO H30TOnOB H H3Jiy

"l!eHHH B CeJibCKOM X03HHCTBe 1 no CTaH,napTH3ai.IMM pa,llMai.IMOHHOH ,ll03HMeT

pHH. B COCTaB KalK,llOH rpynnl>I BXO,llHJIO OKOJIO 25 HHOCTpaHH:b!X cnei.IMaJIHC

TOB. 

0"l!eBH,llH0 1 'ITO OC06eHHO aKTyaJibH:b!M CTaHOBHTCH BOnpoc 06 o6ecne"l!e

HHH pa3BHTHH aTOMHOH 3HepreTHKH H,llepHb!M ropiO"l!HM H, B nepByiO O"l!epe,nb 1 

o6orameHHbiM ypaHoM. Ha HbiHemHeM aTane pa3BHTHH aTOMHOH aHepreTH

KH OTHOCHTeJibHO npOCTb!MH no KOHCTpyKI.IMM H B TO JKe BpeMH ,llOCTaTO"l!HO 

Ha,llelKHbiMH H 3KOHOMH"l!Hb!MH HBJIHIOTCH aTOMHl>Ie peaKTOpb! 1 HCnOJib3YIOillHe 

o6orameHHbiH ypaH. 

MHorHe cTpaHbi pacnonaraiOT ecTecTBeHHbiM ypaHOM, a ,llJill Tex, y Koro 

ero HeT 1 He COCTaBJIHeT OC06oro Tpy,lla KYTIHTb ero. 0,llHaKO o6oraTHTb 3TOT 

ypaH ,llO HylKHOH KOH,llMI.IMM 60JibillHHCTBO ,nalKe pa3BHTb!X CTpaH B HaCTOHmee 

BpeMH He B COCTOHHHH 1 TaK KaK 3TO O"l!eHb ,llOporOCTOHII1HH TeXHOJIOTH"l!eCKHH 

npo1.1ecc. 

llCXO,llH 1!13 nOTpe6HOCTH HeH,nepHb!X CTpaH B o6orall1eHHOM ypaHe H JKe

JiaH cnoco6cTBOBaTb pa3BHTHIO aTOMHOH aHepreTHKH 3TMX cTpaH, CoBeTcKHH 

Coro3 Ha XII ceccHH MAr AT3 3aHBHJI o roTOBHOCTH oKa3b!BaTh ycnyrH no 

o6ora111eHHIO ypaHa,npHHa.nneJKall1ero HeH.nepHbiM cTpaHaM. Mbi paccMaTpH

BaeM 3TO KaK BecbMa BalKHbiH BKJia,ll CCCP B MelK,llyHapo.nHoe coTpy.llHM

"l!ecTBO no MHpHOMy HCnOJib30BaHHIO aTOMHOH 3HeprHH H C nOHHMaHHeM OTHO

CHMCH K TOMY HHTepecy 1 KOTOpb!H npOHBJIHIOT MHOrHe CTpaHbl K COTpy,llHH"l!eCT

BY c CoBeTcKHM Coro3oM B 3TOH o6nacTH. 

YcnyrH, oKa3l>!BaeMbie CCCP B o6ora111eHHH ypaHa, MoryT HBHTbCH Bbi

ro,llHOH, Ha,llelKHOH H ,llOJITOBpeMeHHOH 6a30H ,llJIH aTOMHOH 3HepreTHKH CTpaH, 

noJKeJiaiOII1HX BOCnOJib30BaTbCH 3THMH ycnyraMH. 

EcTecTBeHHO, 'ITO ypaH .npyrHX CTpaH, o6ora111eHHl>IH B CoBeTcKOM Co

ro3e, l!OJilKeH HCnOJib30BaTbCH TOJibKO B MMpHbiX 1.1eJIHX 1 no,ll KOHTpOJieM 

MArAT3, KaK aTo H npel!yCMaTpHBaeTcH )loroBopoM o HepacnpocTpaHeHHM 

H,llepHoro opylKHH. 

COTPY)lHH'IECTBO C HH)lYCTPHAJibHO PA3BHTbiMH CTPAHAMH 

3a HcTeKmHH nepHO,ll Ha6nro.nanocb pacmHpeHHe COTPY.llHM"l!ecTBa CCCP 

B 06JiaCTH MHpHOTO HCnOJib30BaHHH aTOMHOH 3HeprHH C HH,llYCTpHaJibHO pa3-

BHTbiMH CTpaHaMH. 3aKJIIO"l!eHHe COTJiameHHH 0 COTpy,llHH"l!eCTBe C ClliA, 

AHrJIHeH, <l>paHI.IMel{, KaHa.n;ol{, llTaJIHel{, lliBei.IMeH, EenhrHeH, ronnaH.n;HeH 

H )laHHei{ HBHJIOCb BalKHb!M marOM Ha nyTH ycTaHOBJieHMH 6onee TeCHb!X .n;e

JIOBDIX KOHTaKTOB B 06JiaCTH aTOMHOH HayKH H TeXHHKH. 

3THM lKe l.leJIHM BO MHOTOM cnoco6CTBOBaJI 06MeH ,lleJieTai.IMHMH Ha ypoB

He pyKOBO,llHTeJieH Hai.IMOHaJibHb!X aTOMHb!X KOMHCCHH 1 a TaKJKe y"lleHb!MH H 

cnei.IMaJIHCTaMH ,llJIH 03HaKOMJieHHH H npOBe,lleHHH COBMeCTHb!X HCCJie,llOBaHHH 

no oT,neJibHbiM Hay"l!Hl>IM npo6neMaM. 

B cooTBeTCTBHH c MeMopaH.llYMOM o cOTPY.llHM"l!eCTBe B o6nacTH Hcnonb

aoBaHHH aTOMHOH 3Hepnm B MHpHbiX l.leJ!liX MeJK,ny rKA3 CCCP H KA3 ClliA 

6:biJI npoBe,lleH B3aHMHb!H 06MeH .n;enerai.IMHMH no ll,llepHb!M 3HepreTH"l!eCKHM 

peaKTOpaM, tPH3HKe nJia3Mb1 1 tPH3HKe TBep,llOTO TeJia, H,llepHOH !lJH3HKe, npo6-

JieMaM aaxopoHeHHH pa,llHOaKTHBHb!X OTXO,llOB H B ,npyrHX 06JiaCTHX. C MaH 
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1970 ro.z~a B llHCTI1TyTe cp11311KI1 B.biCOKI1X 3Hepr11if (ll<PB3, CepnyxoB) npo

B0.1111TCli COBMeCTH.b!H COBeTCKO-aMep11KaHCKI1H 3KCnep11MeHT no ni10H-3JieK

TpOHHOMY pacceliHI1!0. 

CornacoBaH o6MeH .z~eneraU11liMI1 no npoM.brnrneHH.biM pa.1111aUI10HH.biM npo

ueccaM 11 pa6oTaM no 11CnOJib30BaHI1!0 3HepreTJ11-IeCKI1X ny"'KOB )IJili HarpeBa 

nJia3M.bl, ocyl!1eCTBJilieTCli 06MeH yqeHb!M11 .liJili npOBe)leHI1li COBMeCTHblX pa-

6oT B 06JiaCTI1 cpi1311KI1 nJia3Mbl 11 ynpaBJilieMoro TepMOli)IepHoro CI1HTe3a. 

B pa3BI1TI1e MeMopaH.liYMa o coTpy.liHI1"!ecTBe B Banri1HrToHe 30 HOli6-

pli 1970 ro.z~a 6b!JI no)lni1CaH IlpoTOKOJI MelK.liY rKA3 CCCP 11 KA3 CiliA 0 

npoBe)leHI111 COBMeCTHb!X pa60T B 06JiaCTI1 cpi1311KI1 Bb!COKI1X 3Hepr11H Ha ycKO

p11TeJiliX ll<PB3 (CepnyxoB) 11 Haul1oHaJibHOH ycKop11TeJibHoif na6opaTopl111 

(EaTaB11li). B HaCTOli!l1ee BpeMli Be.llyTCli neperOBOp.bl 0 nocTaHOBKe COB

MeCTHOTO 3KCnep11MeHTa no npOTOH-npOTOHHOMY pacceliHI1!0 Ha MaJII>Ie yrJibl 

Ha ycKop11Tene B EaTaBI111. 

KpoMe TOTO, Ha OCHOBe B3a11MHOH )IOTOBOpeHHOCTI1 6b!JII1 npoBe)leHbl B 

Be He, MOCKBe 11 BalliHHTTOHe Tp11 3Tana COBeTCKO-aMepHKaHCKHX TeXHH"!ec

KHX neperOBOpOB no 11CnOJib30BaHH!O li.llepHb!X B3pb!BOB B MHpHb!X ueJiliX. 

CornanreHHe o COTPY.liHH"!eCTBe aToMHbiX opraHI13aUHH AHrJIHH H Co

BeTcKoro Coro3a, no.z~ni1CaHHOe 19 Mali 1961 ro.z~a, npO)IJieHO B HaCTOli!!111H MO

MeHT .110 1976 ro.z~a. 

B COOTBeTCTBHH C CorJiallieHHeM COCTOliJICli o6MeH )leJieraUHliMH )IJili 

03HaKOMJieH11li C pa6oTaMH no li.llepHOH cpH3HKe, cpH311Ke nJia3Mbl, YCKOp11Te

JiliM, cpi13HKe Bb!COKHX 3Heprvrif, pa)IHaUHOHHOH 6e3onaCHOCTH H T .)I. 

,UocTI1rHyTa TaKJKe .z~oroBopeHHOCTb o COTPY.11HI1"!ecTBe B o6nacTI1 3Hep

reTH"!eCKHX peaKTOpOB (Ha 6b!CTpb!X H TenJIOBb!X HeifTpOHax) 11 no peaKTOp

Hb!M MaTep11aJiaM. HOBb!M 3TanOM liBHJIOCb npOBe)leHHe COBMeCTH.b!X 3KCne

pHMeHTOB B llHcTvrTyTe aTOMHOH 3Heprvrvr 11M .ll. B. Kyp"'aToBa no H3MepeHHIO 

3JieKTpOHHOH TeMnepaTypbl nJia3Mb! Ha ycTaHOBKe "ToKaMaK-3 11 C noMO!l1b!O 

Jia3epHoro nyqa . 

Hay"!HO-TeXHH"!ecKoe coTpy.liHH"!ecTBO c <PpaHuvreif B o6nacTH MHpHoro 

HCnOJib30BaHHli aTOMHOH 3HeprHH OCyl!1eCTBJilieTCli Ha OCHOBe CorJiallieHHli 

OT 20 Mali 1967 ro.z~a, KOTOpOe 6b!JIO npOJIOHrHpOBaHO HeCKOJibKO pa3 C pac

lliHpeHI1eM 6a3bi .liJili o6MeHa .z~enerauvrliMH, HHcpopMauvreif, npoBe)leHHli coB-

MeCTHbiX Hay"!Hb!X Meponp11liTHH. 

IJapaJIJieJibHO Bb!UOJIHliJIOCb CornanreHHe MelK.liY rKA3 CCCP H KA3 

.PpaHUI1H, no)lni1CaHHOe B MOCKBe 11 OKTli6pli 1966 ro.z~a, 0 npOBe)leHHH COB

MeCTHb!X Hay"'HO-HCCJie)IOBaTeJibCKHX pa6oT B 06JiaCTH cpH311KI1 Bb!COKHX 3Hep

THH Ha COBeTCKOM npOTOHHOM YCKOpHTeJie C 3HeprHeif 70 rsB B r. CepnyxoBe 

C HCnOJib30BaHHeM cppaHUY3CKOH lKI1)1KOB0.110p0.11HOH ny3b!pbKOBOH KaMepbl 

"M11pa6eJib 11 c noJie3HbiM o6'.beMoM 6000 JI. 

Ceifqac MOJKHO c Y.liOBJieTBopeHI1eM oTMeTHTb, "!To, Ha"!aB c o6MeHa .z~e

nerauvrliMH no 03HaKOMJieHvrro c Hay"!HbiMH ueHTpaMH, Hallie COTPY.liHH"!eCTBo 

nepepOCJIO B npoBe)leHI1e KpynHb!X COBMeCTHb!X Hay"!Hb!X 3KCnepHMeHTOB. 

Ilo.z~nvrcaHHe H peaJIH3aUHli 3Toro CornanreHHli liBJilieTcli He TOJibKO Bbl.llaro

!!1HMCli BKJia)IOM B )leJIO pa3BHTHli cpH3HKH Bb!COKHX 3HeprHH, HO H npHMepOM 

nJIO.liOTBOpHoro coTpy.liHH"!eCTBa .liByx cTpaH c pa3JIH"!Hb!M couvraJibHbiM cTpo

eM B .11yxe .11PYlK6b! H B3aHMOnOHHMaHHli. 

B CBli3H c 3aliBJieHI1eM CoBeTcKoro Coro3a Ha XII cecc1111 reHepaJibHOH 

KOHcpepeHUHH MArAT3 o roTOBHOCTH o6oral!1aTb ypaHoBoe Cb!pbe 3aHHTepe

coBaHHb!X CTpaH .110 2,5-So/o no 
235U, B Mae 1971 TO)Ia B IJapHlKe nO)Ini1CaH 

KOHTpaKT 0 npe.liOCTaBJieHHH cppaHUY3CKOH CTOpOHe ycnyr no o6ora!!1eHH!O 
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!l>paHl.IY3CKOrO ypaHOBOrO Cb!pbH Ha COBeTCKHX npe.nnpHHTHHX Ha B3aHMOBbi

rO,liHb!X ycnoBHHx. 

ITo cornameHHro MeJK.ny rKA3 CCCP H EBponeiicKoii opraHH3al.IHeii H.nep

HbiX HCCJie,liOBaHHH (UEPH) (HIOJ!b 1967 r.) npH aKTHBHOM yqaCTHH COBeTCKHX 

cne1.1HaJIHCTOB B UEPHe pa3pa6aTbiBaeTcH TaKoe o6opy.noBaHHe ,!IJIH Cepny

xoBcKoro ycKOpHTeJIH 7 KaK CHCTeMa 6b!CTporO Bb!BO,lla nyqKa npOTOHOB 7 Bbi

COKO"'aCTOTHblH cenapaTOp 3JieMeHTapHb!X "!aCTHl.l, a TaKJKe pa3JIH"!HaH 3JieK

TpOHHaH annapaTypa. ITocne nocTaBKH 3Toro o6opy.noBaHHH B CepnyxoB npH

e.neT 6onbmaH rpynna yqeHbiX UEPHa ,!IJIH npoBe.neHHH COBMe~THbiX Hay"!HbiX 

pa6oT Ha ycKopHTene. TaKHM o6pa3oM, nocne MOHTaJKa H HaJia,liKH 3Toro 

o6opy,liOBaHHH B Jii.PB3 COBMeCTHblMH YCHJIHHMH yqeHb!X pa3Hb!X CTpaH 6y,lleT 

C03,llaH YHHKaJibHblH KOMnJieKC 7 BKJ!IO"'aiOIUHH MHOroKy6oByro lKH,liKOBO,liOpO,liHyro 

KaMepy 11 MHpa6eJib 11 H KpynHeHillHH B MHpe KaHaJI 3apHlKeHHb!X qacTHl.l. 

B o6pa6oTKe HH!l>OpMal.IHH c KaMepbr 11 MHpa6eJib 11
, nonyqaeMoii B BH.ne 

CTepeo!l>OTorpa!l>HH, npHMYT yqacTHe COBeTCKHe HHCTHTYTbl 7 Hay"'HO-HCCJie

.noBaTeJibCKHe opraHH3al.IHH .PpaHl.IHH H cTpaH- yqacTHHLI UEPHa. 

OcymecTBJIHeTcH TaKJKe COTPY.liHH"!ecTBO c KaHa.ncKoii rocy.napcTBeHHOH 

OpraHH3al.IHeif 11 ATOMHK 3Hep,lllKH Oil> KaHa,lla J!HMHTe,ll 11 Ha OCHOBe COrJiame

HHH 1964 ro.na, C Hal.IHOHaJibHb!M KOMHTeTOM no H,llepHOH 3HeprHH JiiTaJIHH 7 

PeaKTOpHbiM l.leHTpoM HH.nepnaH.noB, KoMHccapHaTOM no aTOMHOH 3HeprHH 

EeJibrHH (c 1965 r.) H KA3 ,llaHHH (c 1968 r.). 

3a nocne.nHHe ro.nbr 3aMeTHO pacmHpHJIOCb COTPY.liHH"!ecTBO CCCP co 

lliBel.IHeH B o6JiaCTH aTOMHOH HayKH H TeXHHKH. 

B COOTBeTCTBHH C ,liOrOBOpeHHOCTbi07 3a!l>HKCHpOBaHHOH B COBeTCKO

illBe,liCKOM KOMMIOHHKe OT 13 HIOHH 1968 ro.na, B MOCKBe B HHBape 1970 r0.11a 

6b!JIO no,llnHCaHO COrJiailleHHe CpOKOM Ha 30 JieT MelK,lly flpaBHTeJibCTBOM 

CCCP H lliBel.IHH o coTpy.nHH"!eCTBe B o6nacTH HcnoJib30BaHHH aTOMHOH 3Hep

rHH B MHpHbiX 1.1eJIHX. CornameHHe npe.nycMaTpHBaeT pacmHpeHHe o6"DeMa 

coTpy.nHHqecTBa no cpaBHeHHro c no.nnHcaHHbiM B !l>eBpane 1968 ro.na 11 IlpoTo

KOJIOM 0 COTpy,liHH"'eCTBe B o6JiaCTH HCnOJib30BaHHH aTOMHOH 3HeprHH B MHp

HbiX l.leJ!HX MeJK.ny rKA3 CCCP H lliBe,liCKOH KopoJieBCKOH aKa,lleMHeil HH

JKeHepHb!X HayK 11 
7 no KOTOpOMy npOHCXO,liHT TOJ!bKO o6MeH ,lleJieral.IHHMH yqe

Hb!X H Hay"!HO-TeXHH"!eCKOH HH!l>OpMal.IHeil. 

YKa3aHHOe CornameHHe npe.nycMaTpHBaeT B3aHMHyro nocTaBKy o6opy.no

BaHHH, BKJIIO"!aH H,llepHb!e peaKTOpbl H TOnJIHBO ,!IJ!H HHX 7 MaTepHaJIOB H cne

l.IHaJibHb!X H,llepHblX MaTepHaJIOB Ha KOMMepqeCKOH OCHOBe 7 ycnyrH no 06o

rameHHIO ypaHa Ha npe.nnpHHTHHX CCCP, npH"!eM nro6bre MaTepHaJibi, npe.no

cTaBJieHHbre no HaCTOHIUeMy CorJiailleHHI0 7 6y.nyT HCnOJib30BaTbCH TOJibKO ,!IJIH 

MHpHb!X l.leJieH. 

YcTaHaBJIHBaiOTCH KOHTaKTbl C Q?pr B 06JiaCTH MHpHOrO HCnOJib30BaHHH 

aTOMHOH 3HeprHH: B HOH6pe 1970 r0,11a B MOCKBe 6biJIH npoBe,lleHbl nepero

BOpbl o nepcneKTHBax COTPY.liHH"'eCTBa MeJK.ny rpynnaMH 3KcnepTOB 

rKA3 CCCP H .Pe.nepaJibHOro MHHHCTepCTBa o6pa30BaHHH H HayKH .PPr; B 

anpene 1971 ro.na CCCP noceTHJia .neneral.IHH cnel.IHaJIHCTOB <PPr B o6nacTH 

il>H3HKH Bb!COKHX 3HeprHH 7 B HIOHe 1971 rO,lla COBeTCKHe cnel.IHaJIHCTbl 6biJIH 

npHHHTbl B .ppr no BOnpocaM TepMOH,llepHOrO CHHTe3a, 

B ceHTH6pe 1969 ro.na 6biJI no.nnHcaH IlpOTOKOJI MeJK.ny npaBHTeJibCTBa

MH CoBeTcKoro Coro3a H <PHHJIHH,!IHH o cTpOHTeJibCTBe B <PHHJIHH.IIHH npH Tex

HH"!eCKOM co.nell:cTBHH CCCP aTOMHoll: 3JieKTpocTaH!.1HH MOIUHOCTbro 

440 Tb!C. KBT, HMeromeil peaKTOp C BO,!IOH nO,ll ,llaBJieHHeM. roTOBHOCTb CTaH
l.IHH K npOMblillJieHHOH 3KCnJiyaTal.IHH 6y,11eT o6ecneqeHa ,110 30 HIOHH 1976 ro.na, 
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YLIACTI1E CCCP B ,llE5ITEJibHOCTI1 ME)!(,llYHAPO,llHbiX OPrAHI13A

Ul1H 

KaK y.lKe OTMeqanoch, CoBeTcKHH Coro3 oKa3hiBaeT 6oJihDiyro noMO~h pa3-

BHBaro~HMCH cTpaHaM B paMKax MAr AT3 - opraHH3al..IHH, cnel..IHaJihHO co3-

,llaHHOi1 ,!IJIH CO,lleHCTBHH npHMeHeHHIO aTOMHOH 3HeprHH B l..leJIHX MHpa H npor

pecca H npH3BaHHOH ocy~eCTBJIHTh Me.lK,llyHapO,!IHOe COTpy,!IHH"!eCTBO B 3TOH 

o6JiaCTH. 

C MOMeHTa C03,llaHHH AreHTCTBa CoBeTCKHi1 Coro3 npHHHMaeT aKTHBHOe 

yqacTHe B ero ,lleHTeJibHOCTH 7 BCH"!eCKH CO,lleHCTBYH BbinOJIHeHHIO CTOH~HX 

nepe,11 HHM 3a,lla"!. 

3a HCTeKDIHH nepHO,ll COBeTCKHe yqeHble H cneuHaJIHCTbl 3Ha"!HTeJihHO 

paCDIHpHJIIi CBOe y"!aCTHe B npOBO,!IHMbiX AreHTCTBOM KOHtPepeHI..IIiHX 7 CHM

n03HyMaX7 ceMHHapax, COBe~aHHHX 3KCnepTOB 7 pa60"!HX rpynn H npe,!ICTaBH

JIH 60JihD!Oe KOJ!H"!eCTBO ,!IOKJia,!IOB H C006~eHHH 0 nOCJie,!IHHX ,!IOCTH.lKeHHHX 

COBeTCKOH aTOMHOH HayKH H TeXHHKH. TOJihKO 3a O,!IHH 1970 rO,ll 6b!JIO npe,li

CTaBJieHO OKOJIO 100 COBeTCKHX Hay"!Hh!X ,!IOKJia,!IOB. TaKOe yqaCTHe n03BO

JI.HeT ycTaHaBJIHBaTb H yKpenJIHTh CBH3H C 3apy6e.lKHb!MH yqeHb!MH 7 ,lleJIHThCH 

6oraTb!M onbiTOM 7 HaKOnJieHHb!M COBeTCKOH aTOMHOH HayKOH H TeXHHKOH. 

Cpe,11H MeponpHHTHH, KOTOpbie npoBo,!IHJIHCh Ha TeppHTopHH CCCP, cne
.llyeT OTMeTHTh 3aCe,llaHHe Me.lK,llyHapO,!IHOrO KOMHTeTa no H,llepHb!M ,llaHHbiM 

(MOCKBa 7 1967 r .); III KOHtPepeHI..IIiiO no HCCJie,!IOBaHHHM B o6JiaCTH tPH3HKH 

nJia3Mbl H ynpaBJI.HeMb!X TepMOH,llepHb!X peaKI..1HH 7 Ha KOTOpOH npHCyTCTBOBa

JIO 6onee 250 3apy6e.lKHbiX y"!eHbiX H3 20 cTpaH - qneHOB MAr AT3 (HoBocH-

6HpcK, 1968 r. ); COBe~aHHH 3KCnepTOB no HCCJie,!IOBaHHHM CTpOeHHH H,llpa, 

no BOnpocaM KOHCepBHpOBaHHH H TpaHCnJiaHTal..IHii KOCTHOrO M03ra, tPHKCa

l..lliH pa,!IHOaKTHBHb!X OTXO,!IOB B 6HTyMe; 3aCe,llaHHe Me.lK,llyHapO,!IHOH rpynnbi 

CBH31i no TepM03MHCCHOHHOMY npeo6pa30BaHHIO li ,lip. 

IJpaKTHKYIOTCH TaK.lKe "'aCTb!e BCTpeqH B rKA3 c COTPY.liHHKaMH CeKpe

TapHaTa MArAT3 ,!IJIH o6cy.lK,lleHHH pa3JIH"!HbiX BonpocoB, CBH3aHHbiX c yqac

THeM CCCP B ,lleHTeJihHOCTH AreHTCTBa. 

CoBeTCKHe cneuHaJIHCTbi aKTHBHO yqaCTBOBaJIH B pernaMeHTal.IHOHHoi1 

,lle.HTeJibHOCTH AreHTCTBa no Bb!pa60TKe HOpM 7 HaCTaBJieHHH 7 npaBHJI H pe

KOMeH,llal..IHH7 rJiaBHh!M o6pa30M no BOnpoCaM H,llepHOH 6e3onaCHOCTH. 

B HaCTOH~ee BpeMH COBeTCKHMH Hay"'HO-HCCJie,!IOBaTeJibCKHMii yqpe.lK,lle

HHHMH BbinOJIH.HeTCH 11 KOHTpaKTOB H HCCJie,!IOBaTeJibCKHX COrJiaDieHHH (6 li3 

HHX Ha 6ecnJiaTHOH OCHOBe) C MArAT3 no TeXHH"!eCKHM acneKTaM rapaHTHH 7 

y,llaJieHHIO pa,!IHOaKTHBHb!X OTXO,!IOB 7 pa,!IHOCneKTpOCKOnH"!eCKHM HCCJie,!IOBa

HHHM 7 no HCnOJih30BaHHIO liH.liYLIHPOBaHHb!X MyTal..IHH B ceJieKI..IHH paCTeHHH 

li T .,!I. 
CoBeTcKHH Coro3 npH,llaeT TaK.lKe 6oJihDIOe 3Ha"!eHHe TaKHM Ba.lKHbiM ac-

neKTaM ,lleHTeJihHOCTH MAr AT3, KaK ocy~ecTBJieHHe AreHTCTBOM KOHTponh

HhiX tPYHKI.IIiH B CBH3H C )lorOBOpOM 0 HepacnpOCTpaHeHHH H,llepHOro opy.lKHH 7 

HCnOJih30BaHHe H,llepHhiX B3pb!BOB B MHpHbiX ueJIHX 7 Me.lK,llyHapO,!IHa.H CHCTeMa 

H,llepHOH HHtPOpMal..IHii (11Hl1C) H KOOp,!IHHal.IHH pa6oT B 06JiaCTH TepMOH,llepHo

ro CHHTe3a. 

roBOpH 0 COTpy,!IHH"!eCTBe C MArAT3, HeJib3H He CKa3aTh 0 HOBOH 7 

oqeHb Ba.lKHOH ,lle.HTeJibHOCTH 3TOH OpraHH3al..llili B CBH31i C )lorOBOpOM 0 

HepacnpocTpaHeHHH H,llepHoro opy.lKHH. 'lyBCTBO 6oJihDioro Y.liOBJieTBope

HHH Bbl3b!BaeT TOT <PaKT 7 "'TO AreHTCTBO 3a cpaBHHTeJihHO KOpOTKHH CpOK 

cyMeJIO npH KOHCTpyKTHBHOM COTpy,!IHH'IeCTBe CTpaH-y"!aCTHHLI Bbipa6oTaTh 

Te nOJIO.lKeHHH 7 KOTOpbie ,!IOJI.lKHhl CJIY.lKHTh OCHOBOH COrJiaDieHHH 0 KOHTpOJie 
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MeJK.ny MArAT3 H HeH.nepHl>IMH CTpaHaMH- y'laCTHHI.IaMH ,UoroBOpa 0 He
pacnpocTpaHeHHH. 3To - 3aMe'laTenbHl>IH npHMep MeJK.nyHapo.nHoro coT

PY.ZIHH'!eCTBa cTpaH. XoqeTcH Ha.neHTbCH, 'ITO B pe3ynbTaTe npo.nenaHHOH 

pa6oTl>I K ,UoroBopy npHcoe.nHHHTCH e~e 6onbme rocy.napcTB, a 3TO 6y.neT 

3!p!peKTHBHO CO.lleHCTBOBaTb .neny MHpa. 
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BaJKHl>IM acneKTOM .neHTenbHOCTH AreHTCTBa, Henocpe.ncTBeHHO Bl>ITeKa
ro~HM H3 ,llorOBOpa 0 HepacnpocTpaHeHHH 1 HBnHeTC51 ero .neHTenbHOCTb B HC
cne.noBaHHH npo6neMl>I MHpHl>IX H.llepHl>IX B3pl>IBOB. 

CoBeTCKHH Coro3, ocy~eCTBnHH Hccne.noBaHHH B 3TOH o6nacTH H coT
PY.ZIHH'!aH c .npyrHMH cTpaHaMH Ha .liBYCTOpOHHeii ocHoBe, aKTHBHO co.neiicT
ByeT AreHTCTBY B ero pa6oTe, c TeM 'IT06l>I npH6nH3HTb BpeMH peanH3ai.IHH 
nonoJKeHHH cTaTl>H V ,UoroBopa o HepacnpocTpaHeHHH. 

Y'laCTBYH B MeponpHHTHHX MArAT3 no Hccne.noBaHHIO npo6neMl>I MHp
Hl>IX H.llepHl>IX B3pl>IBOB 1 COBeTCKHe cnei.IHanHCTl>I no.nenHnHCb CBOHM onl>ITOM 
npOBe.lleHHH pa60T H pa3pa60TOK TeXHH'!eCKHX npOeKTOB no npHMeHeHHIO H.llep

Hl>IX B3pl>IBOB B pa3nH'IHl>IX o6naCTHx Hapo.nHoro X03HHCTBa CCCP. Ha 
XIV ceccHH reHepanbHOH KoH!pepeHI.IHH MArAT3 coBeTcKaH .neneral.IHH ne
pe.nana AreHTCTBY KHHO!pHnbMl>I 06 HCnonb30BaHHH H.llepHl>IX B3pl>IBOB B MHp
Hl>IX 11enHX (nHKBH.llai.IHH ropH~ero ra30BOrO !pOHTaHa H C03.llaHHe HCKYCCTBeH
HOrO BO.liOXpaHHnH~a) H C60pHHK Hay'!HO-TeXHH'!eCKHX MaTepHanOB 0 HeKO
TOpb!X pa6oTax, npoBe.neHHl>IX CoBeTCKHM Coro30M B 3TOH o6nacTH. 

PaccMaTpHBaH mHpOKHH MeJK.nyHapo.nH~>IH o6MeH HH!popMai.IHeii KaK cpe.n
CTBO ycKopeHHH Hay'!Ho-TeXHH'!ecKoro H 3KOHOMH'!ecKoro nporpecca, Co
BeTCKHH Coro3 HBHnCH O.!IHHM H3 HHHI.IHaTopOB C03.llaHHH B paMKaX MArAT3 
nepBOH B MHpe MeJK.nyHapO.liHOH CHCTeMl>I H.llepHOH HH!pOpMai.IHH {HHHC), KO
TOpa51 Ha'!ana .neHCTBOBaTb C anpenH 1970 ro.na. B .neHTenbHOCTH pa60'!HX 
opraHOB MArAT3, 3aHHMaBIDHXCH pa3pa6oTKOH opraHH3ai.IHOHHl>IX H TeXHH

qecKHX npHHI.IHnOB 3TOH CHCTeMl>I 1 yqaCTBOBanH Be.ny~He COBeTCKHe cnei.IHa

nHCTl>I. 
C MOMeHTa C03.naHHH HHHC CoBeTCKHH Coro3, HcnonHHH B3HTl>Ie Ha ce-

6H 06H3aTenbCTBa, ocy~eCTBnHeT eJKeMeCH'!Hl>IH perynHpHl>IH BBO.ll B CHCTe
My OTe'!eCTBeHHl>IX MaTepHanoB, no.nna.naro~HX no.n ee TeMaTH'!eCKHH OXBaT. 

BcH'!eCKH co.neiicTBYH .nanbHeiimeMy ycoBepmeHCTBOBaHHIO HHHC, Ml>I 
C'IHTaeM, 'ITO ycnemHoe !pyHKI.IHOHHpOBaHHe 3TOH CHCTeMl>I nOMOJKeT pa3BH
THIO aTOMHOH HayKH H TeXHHKH B pa3BHBaiO~HXCH CTpaHaX, a TaKJKe n03BOnHT 
HH.liYCTpHanbHO pa3BHTl>IM CTpaHaM 6onee 3!p!peKTHBHO 06MeHHBaTbCH Hay'!HO
TeXHH'!eCKOH HH!pOpMai.IHeH Ha 6a3e MHOrOCTOpOHHero COTPY.ZIHH'!eCTBa. 

CoBeTCKHH Coro3 no.n.nepJKan HaMepeHHe MArAT3 yqpe.nHTb B paMKax 

AreHTCTBa MeJK.nyHapo.nHl>IH coBeT no TepMOH.llepHl>IM Hccne.noBaHH51M B I.le
nHx nyqmeH MeJK.nyHapO.liHOH KOOP.liHHai.IHH pa60T B o6naCTH C03.llaHH51 TepMo-
51.llepHoro peaKTOpa. CCCP npe.ncTaBneH B 3TOM CoBeTe aKa.neMHKOM 

J1 .A.Api.IHMOBH'!eM. 

Co3.naHHl>IH B 1964 ro.ny AreHTCTBOM MeJK.nyHapO.liHl>IH I.leHTp TeopeTH
qecKoii !pH3HKH B TpHecTe, ynpaBneHHe .neHTenbHOCTbiO KOToporo ocy~ecT
BnHeTcH B HaCTOH~ee BpeMH cOBMecTHO c IOHECKO, cnoco6cTByeT .nanbHeii
meMy pa3BHTHIO Bcex o6nacTeH TeopeTH'!eCKOH !pH3HKH nocpe.ncTBOM no.nro
TOBKH MOnO.lll>IX !pH3HKOB, OC06eHHO H3 pa3BHBaiO~HXC51 CTpaH, npoBe.neHHH 
COBMeCTHl>IX HCCne.noBaHHH H MeJK.llyHapO.liHl>IX !popyMOB. 

B MeponpHHTHHX UeHTpa npHHHManH yqacTHe BH.liHl>Ie coBeTCKHe yqeHl>Ie, 
KOTOpl>Ie 'IHTanH neKI.IHH, npOBO.ZIHnH Hay'!HO-HCCne.liOBaTenbCKHe pa60Tl>I (3a
ce.naHHe pa6oqeii rpynnl>I no !pH3HKe nna3Mbi B 1970 r.), yqacTBOBanH B pa-
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6oTe CHMn03HYMOB (HanpHMep, MeJK.n;yHapO,liHb!H CHMn03HYM no npo6JieMaM 

COBpeMeHHOH cpH3HKH, 1968 r.). 

MeJK.n;yHapo.n;Hoe coTpy.n;HHqecTBo, ocy!I1eCTBJIHeMoe B paMKax MArAT3, 

BO MHOrOM cnOC06CTByeT paCIIIHpeHHID 3KOHOM!fqecKHX If HayqHo-TeXH!fqec

KHX CBH3eH MeJK.n;y rocy.n;apCTBaMH, B pe3yJibTaTe qero HCKJiroqaeTCH .n;y6JIH

poBaH!fe B npoBe,lleHHH HayqHb!X HCCJie,liOBaHHH, B 3Haq!fTeJibHOH CTeneHH 3KO

HOMHTCH BpeMH If cpe,liCTBa. 

CoBeTcKHH Coro3 npHHHMaeT .n;eHTeJibHOe yqacTHe B pa6oTe HayqHoro 

KOMHTeTa 00H no .n;e.iiCTBHID aTOMHOH pa.n;Hai..IHH, KOTOpb!H no.n;roTOBHJI pH,n; 

,liOKJia,liOB ,!IJIH reHepaJibHOH AccaM6Jie!f OOH 0 pa.n;HoaKTHBHb!X oca.n;Kax BCJie.n;

CTBHe HCnbiTaHHH H,llepHOrO opyJKHH, 0 ,n;eHCTBHH ecTeCTBeHHOH If HCKYCCTBeH

HOH pa.n;Hai..IHif Ha OKpyJKaiD!I1YID cpe.n;y, 0 pa,liHOaKTifBHOM 3apaJKeHHH OKpyJKaro

!11eif cpe,n;bi If T .,II. 01..1eHKH If BblBO,llbi, c.n;eJiaHHbie KOMHTeTOM, CbirpaJIH no

JIOJKHTeJioHyro pOJib B 6opb6e 3a npeKpa!I1eHHe H,llepHb!X HCnbiTaHHH B aTMOCcpe

pe, KOCMHqecKOM npOCTpaHCTBe If no.n; BO,!IOH If CnOc06CTBOBaJIH paCIIIHpeHHID 

3HaHHH 06 ypOBHHX If .n;e.iiCTBHH aTOMHOH pa,n;Hai..IHH, lfCXO,liH!I1eH lf3 BCeX Hc

TOqH!fKOB. 

CTpeMHCb co.n;e.iicTBOBaTb paciiiHpeHHID MeJK.n;yHapo.n;Horo coTpy.n;H!fqecT

Ba B o6JiaCTH CTaH.n;apTH3a1..1HH, COBeTCK!fe cne1..1HaJIHCTbl aKTHBHO yqaCTBYIDT 

B .n;eHTeJioHOCTH TexHHqecKoro KoMHTeTa 45 ("3neKTpOH3MepHTeJioHaH an

napaTypa .n;JIH perHcTpai..IHH HOHH3Hpyro!I1HX H3JiyqeHH.ii") MeJK.n;yHapo.n;Ho.ii 3JieK

TpOTeXHHqecKOH KOMHCCHH, ero nO,liKOMHTeTOB If pa6oqHX rpynn, a TaKJKe 

TexHHqecKoro KOMHTeTa 85 (" ATOMHaH 3HeprHH 11
) MeJK.n;yHapo.n;Ho.ii opraHH-

3ai..IHH CTaH,n;apTH3ai..IHH. 

CoBeTCKHH Coro3 oKa3aJI rocTenpHHMCTBO B npoBe.n;eHHH B MocKBe B 

1969 ro.n;y c yqacTHeM 60 HHOCTpaHHbiX cne1..1HaJIHCTOB oqepe.n;Horo 3ace.n;a

HHH TeXHHqecKOro KOMHTeTa 45, Ha KOTOpOM paCCMaTpHBaJIHCb BOnpOCbi, 

CBH3aHHb!e C KJiaCCHcpHKai..IHeH TepMHHOJIOrHH, a TaKJKe C YHHcpHKai..IHeH pa,liHO

H30TOnHOH annapaTypb! H MeTO,liHK HCnbiTaHHH. 

YqACTHE B ME)!(,llYHAPO,llHbiX 51PMAPKAX H BbiCTABKAX 

BaJKHyro pOJib B yKpenJieHHH MeJK.n;yHapO,liHOrO COTpy,liHHqeCTBa H pa3-

BHTHH 3KOHOMHqecKHX H ToproBbiX CBH3e.ii CCCP c 3apy6eJKHbiMH cTpaHaMH 

HrparoT COBeTCKHe Bb!CTaBKH, npOBO,liHMb!e KaK 3a rpaHHI..Ie.ii, TaK If BHyTplf 

cTpaHhi, H oTpaJKaro!I1He .n;ocTHJKeHHH CoBeTcKoro Coro3a B o6nacTH MHpHoro 

HCnOJib30BaHHH aTOMHOH 3HeprHH. 

HeH3MeHHb!M ycneXOM nOJib3YIDTCH BblCTaBKH "ATOM ,!IJ!H MHpa", KOTOpb!e 

.n;eMoHcTpHpoBaJIHCb Bo MHOrHx cTpaHax A3HH, AcppHKH, EBponhr, CeBepHo.ii 

H lOJKHo.ii AMepHKH. 

Ha BceMHpHo.ii BbiCTBKe B MoHpeane "3KCIT0-67" B 3Kcno3H1..1HH pa3.n;e

na 11 ATOM ,liJIH MHpa 11 6b!JI noKa3aH nyTb OT nepBOH B MHpe COBeTCKOH aTOM

HOM 3JieKTpocTaH1..1HH ,110 COBpeMeHHblX A3C npOMb!IIIJieHHOro THna, a TaKJKe 

ycnexH CCCP BO MHOrHx .n;pyrHx o6nacTHX HcnoJih30BaHHH aTOMHo.ii 3HeprHH. 

B 1967 ro.n;y B BHP H CPP .n;eMOHcTpHpOBaJIHCb ro6Hne.iiHbie BbiCTaBKH 

"HayqHo-TeXHHqecKHe .n;ocTHJKeHHH CCCP", Ha KOTOpbrx 6biJIH noKa3aHbi Ha

yqHbie .n;ocTHJKeHHH CoBeTcKoro Coro3a 3a 50 neT If Hx npaKTHqecKoe npHMe

HeHHe B HapO,liHOM X03HHCTBe. 

CoBeTCKHH Coro3 yqacTBOBaJI B MeJK.n;yHapo.n;Ho.ii HpMapKe aTOMHo.ii npo

MbiiiiJieHHOCTH "HYKJIEKC-69" B Ea3eJie (illBe.iil..lapHH). B COBeTCKOM na

BHJibOHe 6biJIH npe.n;cTaBJieHbl MaKeTbl aTOMHb!X peaKTOpOB, H30TOnHbie HC-
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TO<IHHKH TOKa, yCKOpHTeJIH )IJil'l npOM:CimJieHH:CIX l.leJieH, nJia3MeHHDie ycTaHOB

KH )IJil'l pe3KH MeTaJIJIOB, Jia3epH:Cie ycTaHOBKH H )lpyrHe H3)1eJIH.l'l. Bo BpeMl'! 

B:CICTaBKH 6:c1Jla npoBe)leHa Hay<!HO-TeXHH<!eCKal'! KOH<i>epeHI.IHl'l npe.ncTaBHTe

JieH H3 22 CTpaH MHpa, B KOTOpOH npHHl'IJIH y<~aCTHe H COBeTCKHe cnei.IHaJIHC

T:CI. 

CoBeTCKa.l'l aTOMHa.l'l HayKa H TeXHHKa 6:cina TaKJKe mHpOKO npe.ncTaBne-

Ha Ha BCeMHpHOH B:CICTaBKe "3KCIJ0-70" B OcaKe (5InOHH.l'l). 0CHOBHDIM 

co.nepJKaHHeM COBeTCKOrO naBHJibOHa l'IBJil'IJICl'l noKa3 )IOCTHlKeHHH HayKH H 

TeXHHKH, C KOTOp:ClMH COBeTCKHH Hapo.n npHmeJI K CJiaBHOMY I<J6HJieiO opraHH-

3aTopa coBeTcKoro rocy.napcTBa B. H. JleHHHa. 

06 ycnexax COBeTCKOH aTOMHOH HayKH H TeXHHKH paCCKa3:CIBaeT H Ham 

naBHJibOH Ha B:CICTaBKe B )l(eHeBe, npHypo<~eHHOH K npoBe.neHHIO IV )l(eHeB

CKOH KOH<l>epeHI.IHH no HCnOJib30BaHHIO aTOMHOH 3HeprHH B MHpH:CIX l.leJil'IX. 

Bcero 3a 16 neT CoBeTCKHM Coi030M 6:c1Jlo npoBe.neHo 152 B:CICTaBKH no 

aTOMHOH TeMaTHKe, B TOM <!HCJie 3apy6eJKH:CIX B:CICTaBOK B 45 CTpaHaX MHpa. 

llHCJIO noceTHTeJieH 3THX BDICTaBOK 3a rpaHHI.IeH - CB:Cime 80 MJIH. qeJIOBeK -

CBH)IeTeJibCTByeT 0 TOM 60JibmOM HHTepece, KOTOp:b!H npO.l'IBJI.l'leTC.l'l K ycne

XaM COBeTCKOH aTOMHOH HayKH H TeXHHKH. 

Co BpeMeHH III MeJK.nyHapo.nHoii KOH<PepeHI.IHH no MHpHoMy Hcnon:c3oBa

HHIO aTOMHOH 3HeprHH noJiy<iHJIH )laJibHeiimee pa3BHTHe OCHOBH:ble HanpaBJieHH.l'l 

pa60T B 3TOH 06JiaCTH, B03pOCJia pOJib aTOMHOH 3HeprHH B lKH3HH <!eJIOBeKa. 

MHpH:ciii aToM cTan o6"I>eKTOM aKTHBHoro o6meHH.l'l MeJK.ny rocy.napcTBaMH, 

npeBpaTHJICl'l B BaJKH:CIH <l>aKTOp COBpeMeHHOH MeJK)IyHapO.liHOH JKH3HH. 

CoBeTCKHH COI03, l'IBJil'l.l'!Cb Moryqej:{ l'!)lepHOH .nepJKaBOH, HCXO)IHT BO B3a

HMOOTHOmeHH.l'IX C .npyrHMH rocy.napCTBaMH He C n03H1.1HH BOHHDI, a C n03HI.IHH 

MHpa, Ha KOTOpOH OCHOBDIBaeTCl'l Hama noJIHTHKa MHpHOrO cocymeCTBOBaHH.l'l, 

BDipa6oTaHHal'l B .H .JleHHH:CIM. 

BHemHenoJIHTH<~ecKaH .neHTeJibHOCTb Hameii napTHH H npaBHTeJibCTBa 

HanpaBJieHa Ha )laJibHeiimee BCeCTOpOHHee COBepmeHCTBOBaHHe H pacmHpeHHe 

3KOHOMH<!eCKHX H Hay<iHO-TeXHH<ieCKHX CBl'l3eH CO BCeMH CTpaHaMH MHpa Ha 

ycJIOBHl'IX B3aHMHOH B:CirO)IDI, paBHOnpaBH.l'l, B HHTepeCaX MHpa H cnpaBe)IJIH

BOCTH. 3THM JKe 1.1eJI.l'IM cnyJKHT H MeJK.nyHapo.nHoe COTPY.liHH<!eCTBO CCCP 

B o6naCTH MHpHOrO HCnOJib30BaHHl'l aTOMHOH 3HeprHH. 
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Abstract-Resume-AIDI~Hli-Resumcn 

THE INTERNATIONAL NUCLEAR INFORMATION SYSTEM (INIS): AN EXERCISE IN INTERNATIONAL 
COOPERATION AND A SERVICE TO NUCLEAR SCIENTISTS AND ENGINEERS, 

The International Nuclear Information System (INIS) describes and Indexes information published in 
36 countnes and by 8 international organizations. The descriptions are distributed on computer magnetic 
tape, in an announcement bulletin and on microfiches. Users of the system can select information on specific 
subjects from the total file, Thus individual scientists and engineers can be provided with both recent and 
retrospective information from world-wide sources. The unique and distinctive feature of INIS is its 
decentralized operation, an approach never attempted before on an international scale, Input to the system 
is provided by the country or organization in which the information is first published, so the amount of work 
required of each participant is normally proportional to the scale of its nuclear program. Input is received 
by the IAEA in Vienna, where it is checked and processed by documentalists and by a computer; output 
files are distributed for use by the participating countries. Also, the IAEA provides the forum in which the 
participants meet to give overall direction to INIS and its future development, The IAEA also organizes 
seminars and other means of training the personnel providing input to INIS and utilizing its output. The 
INIS system design was prepared by an international group of consultants and approved at meetings of experts 
from the participating countries. A large part of the cost is carried by the various countries and 
organizations in financing their own participation. The cost of INIS's central operations In the IAEA, 
partly offset by sales of output products, is provided for in the regular IAEA budget. Participating countries, 
particularly developing countries without computer-based information-processing capabilities, are en
couraged to combine to fonn centres either for INIS activities alone or for INIS activities in association 
with information services covering other fields of science and technolgoy. 

LE SYSTEME INTERNATIONAL DE DOCUMENTATION NUCLEAIRE AU SERVICE DES ATOMISTES (INIS): 
UN EXEMPLE DE COOPERATION INTERNATIONALE. 

Le Systeme international de documentation nucl~aire (INIS) d~crit et indexe Ia documentation publi~e 
dans 36 pays et par huit organisations inrernarionales, Les notices bibliographiques sont distribuees par les 
moyens suivants: bandes magnetiques pour ordinateur, bulletin signal~tique et microfiches. Les usagers du 
syste'me peuvent choisir dans le fichier general des renseignements sur des sujers pr~cis, lls peuvent done 
fournir aux ·~cialistes une documentation complete, recente et ancienne en provenance du monde ent!er, 
La caracteristique unique d'INIS estsonfonctionnement d~centralis~, entreprise qui n'avait jamais ~te 
tentee auparavant sur le plan international. Les donn~es d 'entr~e du syst<!me som foumies par Ie pays ou 
I 'organisation qui pub lie I ·~Iement d 'information pour Ia premiere fois, de sorte que Ia quantite de travail 
incombant a chaque participant est normalement proportionnelle a Ia ta!lle de son programme nucl~aire. 
Ces donnees d'entr~e sont r~ues par l'A!EA a Vienne, oil elles sonr conrr&ees et rrait~es par des documentalistes 
et sur ordinateur. Les fichiers «produits» sont distribu~ pour exploitation aux pays participants. L' AIEA 
organise des reunions au cours desquelles les participants decident de !'orientation g~~rale d'INIS et 
definissent les modalites de son developpement futur. Elle organise aussi des journ~ d'~tudes er d'autres 
moyens de fanner le personnel qui etablit les donnees d'entree pour !NIS et exploite ses <~produits», L'etude 
d'INIS a ere faite par un groupe international de consultants et approuvee au COUtS de reunions d'experts 
des pays participants. Les divers pays et organisations assument, en financ;ant leur propre participation, Ia 
majeure partie des coths. Le coih des services cenrraux de l'AIEA, compense partiellement par le produit 
des venres, est inscrit au budget ordinaire de l'AlEA. On encourage les pays participants, et notamment 
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les pays en voie de developpement qui n'ont pas de moyens de traitement automatique de l'inforrnanon, a 
s'associer pour former des centres, soit pour executer les seuls travaux relatifs a INIS, soit pour combiner 
les travaux d'INIS avec des services de documentation couvrant d'autres domaines de Ia science et de Ia 
technologie. 

MEJK,UYHAPO,UHA7! CI1CTEMA 7!,UEPHOH 11H<I>OPMAI.\1111 (11HI1C): TIPI1MEP MEJK,UYHA
PO,UHOrO COTPY,UHii'IECTBA B Y,UOBJIETBOPEHI111 TIOTPEEHOCTEH B 11H<I>OPMAI.\1111 
ITO ATOMHOH TEMATI1KE Yl.JEHb!X 11 11HJKEHEPOB. 

MeJK,llyHapO,!IHa>l CHCTeMa >l,llepHOH HH,PopMaQHH (11HI1C) BKJIID'!aeT B ce6>1 OnHCaHHe HH,Pop
MaQHH, ny6JIHKYIDI!IeHC>I 36 CTpaHaMH H 8 MeJK,llyHapO,!IHL!MH opraHH3aQH>IMH. 11H,POpMaQH>I pac
npOCTpaHHeTCH B ljlOpMe MarHHTHbiX neHT 1 o6pa60T8HHLIX nocpe,llCTBOM 3BM, neqaTHOrO 610Jl
JieTeH>I H MHKpO,PHmeii. JlHQa, nOJib3YIDI!IHeC>I ycnyraMH CHCTeMLI, MOryT BLl6paTb H3 CBO,!IHOro 
6IDJIJieTeHH HH,PopMaQHID no oT.z~ent>HLIM KOHKpeTHLIM BonpocaM. TaKHM o6pa3oM, 11HI1C npe.z~o
cTaBJI>IeT y'leHLlM H HHJKeHepaM HOBeiimyro H cneQH,PH'!eCKyro HH,POpMaQHID H3 HCTO'IHHKOB, ny6JIH
KyeML!X BO BCeM MHpe. YHHKaJibHOH H OTJIH'IHTeJibHOH oco6eHHOCTbiD 11HI1C >IBJI>IIDTC>I ,lleQeHTpa
nH30B8HHLie onepall;HH llO no,nrOTOBKe BBO,lla HHlPOpM8QHH - npaKTHK8 1 HHKOr.zta He npHMeHHB

maHCH panee B IDHpOKOM MeJK,D;yHapO.llHOM M8CIDTa6e, BXO,llHLie ,ll8HHLie ,llJHl CHCTeMbi npe,ll;OCTaB

JI>IIDTC>I CTpaHOH HJIH opraHH3aQHeH, r.z~e HH,POpMaQH>I ny6JIHKyeTC>I BnepBL!e, TaK 'ITO 061oeM Tpe-
6yeMOH OT KaJK,!IOrO y'laCTHHKa pa60TL! 06LI'IHO nponopQHOHaJieH MaCmTa6y >l,llepHOH nporpaMMLl 
ero CTpaHLl. BXO,!IHL!e ,llaHHL!e nocTynaiDT,B MArAT9, r.z~e OHH npoBep>IIDTC>I H o6pa6aTLIBaroT
CH ,!IOKyMeHTaJIHCTaMH C nOMOI!IbRl 9BM. BLIXO,!IHL!e ,llaHHLle pacnpOCTpaHHIDTCH ,!IJIH HCnOJib30-
BaHHH B cTpaHax-yqacTHHQax. 11MeHHO MArAT9 co6HpaeT ,PopyMLr, Ha KOTop•rx yqacTHHKH 
11HI1C onpe,lleJIHIDT 06l!lee HanpaBJieHHe ,llel!TeJibHOCTH CHCTeMLl H ee 6y.z~yl!lero pa3BHTHH. 
MArAT9 npoBO,!IHT CeMHHapL! H ocymecTBJIReT .z~pyrHe ,PopMLl o6y'!eHHH nepcoHaJia, KOTOpLili 
roTOBHT BXO.!IHLie .z~aHHLie ,!IJIR CHCTeMLI H HCnOJit>3yeT ee BLIXO.!IHLie .z~aHHbie. TipoeKT 11HI1C 
6Ltn llOJJ;rOTOBneH Me)K,ZJ;yHapO,llHOif rpynnoH KOHCynhT8HTOB H O.ll06peH Ha COBein8HHHX 3KcnepTOB 

CTpaH-y'i8CTHHQ, 0CHOBH8H tJ8CTb paCXO,llOB no CHCT9Me llOKpLIBaeTCH pa3nHl,IHLIMH CTpaHaMH 

H opraHH3aQHRMH, ,PHHaHCHpyromHMH Hx .z~eRTeJit>HOCTb B paMKax cHcTeMLI. Pacxo.z~•r Ha nep
coHaJI QeHTpant>Horo annapaTa 11HI1C qacTH'IHO noKpbiBaiDTcR MArAT9 3a C'leT npo.z~aJKH BLr
xo.z:tHoH npo.z:tyKUHH, a TBK)f(e onnaliHBBIOTCSJ H3 cpe.ztCTB06bPIHoro 6IO.zt)KeTaAreHTCTaa. CTpa

HaM-yllaCTHHQaM, OC06eHHO pa3BHB8IOII\HMCSI CTpaHaM, He HMeiOlllHM B03MOX<HOCTH HCllORb3Q-

B8Tb sneKTpoHHO-BbiliHCnHTenbHbie MamHHbi .ztnH o6pa6oTKH HHIPopMaQHH, peKoMeH.nyeTcSJ 

06'De.ztHHHTb CBOH YCHRHH B C03,lt8HHH QeHTpOB, npe.z:tH83H8lleHHbiX CRy)f(HTb nH60 TORbKO QenSJM 

11HI1C, JIH6o QeJIRM Y.!IOBJieTBopeHHR noTpe6HocTeii B HH,PopMaQHH B .z~pyrHx o6nacTRX HayKH 
H TeXHHKH. 

SISTEMA INTERNACIONAL DE DOCUMENTACION NUCLEAR (INIS)· EJEMPLO DE COOPERACION 
INTERNAC!ONAL EN SERVICIO DE LOS CIENTIFICOS E !NGENIEROS NUCLEARES. 

El sistema internacional de documentact6n nuclear ( INIS) recoge y clasifica documentaci6n public ada 
en 36 pafses y por 8 organizaciones internacionales. Las descripciones se distribuyen en cinta magnetica 
producida por una computadora electr6nica, en un boletfn yen microfichas. Los usuaries del sistema pueden 
se!eccionar informaci6n sobre matenas especfficas de Ia serie total de datos. Asf. los cientfficos e ingenieros 
pueden disponer de inforrnaci6n pasada o rectente procedente de fuentes en una escala mundial. Caracterfstica 
(mica y d1stintiva del INIS es su funcionamiento descentralizado, procedimiento que nose ha intentado antes 
en escala tnternacional. Los datos que se registran en el sistema son suministrados por el pafs o por Ia 
organizaci6n que primero publica ron Ia inforrnaci6n, de modo que Ia labor de cad a pafs u orgamzaci6n 
participante es normalmente proporcional a Ia escala de su program a nuclear. Los datos de entrada los recibe 
el OlEA en Vrena, donde son comprobados y tratados por documentalistas y por una computadora electr6nica; 
los datos de salida se distribuyen para su utilizaci6n por los pafses partictpantes. Ademis, el OlEA pro
porciona los locales para las reuniones de los participantes en que se determinan las directrices globales del 
IN!S y su futuro desarrollo; tambten organiza semmarios y otros metodos de forrnacr6n del personal encargado 
de proporcionar los datos de entrada a! INIS y de emp!ear los datos de salida. El proyecto del sistema INIS 
se prepar6 por un grupo tntemacional de asesores y se aprob6 en reuniones de expertos de los pafses participantes. 
La parte principal del costo esta sufragada por los diversos pafses y organizaciones, que financian su propia 
participaci6n. El costo de las actividades de Ia central del!NIS en el OlEA, parcialmente cubierto porIa 
vema de los productos de salida, se carga a! presupuesto ordinaria del OlEA. Se estimula a los pafses 
participantes, especialmente los pafses en desarrollo que no poseen facilidades para el tratamiento computacional 
de inforrnacr6n a reunirse para formar centres ya sea para activtdades del INIS exclusivamente o como comple
mento de otros servrcios de informaci6n referentes a distintos campos de Ia ciencia y Ia tecnologfa. 
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1. INTRODUCTION 

The International Nuclear Information System (INIS) now provides new 
services for the world's nuclear scientists and engineers and for the 
librarians and documentalists that work with them. The services have been 
in existence only since May 1970 and, as yet, the scope is by no means 
comprehensive [1]. INIS, however, has the potential for meeting most of 
the information needs of the nuclear community and represents an unique 
experiment in international cooperation (see Table I). 

Over the years, some excellent information services have come into 
operation under national or regional management. Very broad coverage is 
provided by Nuclear Science Abstracts [2], which is published in the United 
States of America. Similarly broad coverage in French and Russian is 
provided, respectively, by Bulletin Signaletique [3] and Referativnyj Zhurnal 
[4]. The Euratom Nuclear Documentation System (ENDS) provides a 
computer-based retrieval system primarily for nuclear scientists and 
engineers in the six countries of the European Community [5]; the United 
States and the Soviet Union [6] have also been developing computer-based 
systems dealing with the whole general field of atomic energy. While INIS 
cannot yet compete in volume or scope with the services provided by these 
existing systems, it is already a useful supplement, particularly for nuclear 
research workers in developing countries. 

2. THE INIS PRODUCTS 

Four main products are now offered by INIS and are described below. 

2. 1. Computer magnetic tapes 

These tapes contain detailed bibliographic records and subject descriptors 
for all items of literature reported by INIS. They permit the selection of 
items by any of a large number of different parameters (subjects, titles, 
authors, institutions, countries of origin, dates of publication, forms of 
publication etc.), the printing of lists in preferred sequences, and the 
generation of new indexes. The carrier language of the computer records 
is English, although titles are also given in the original language (trans
literated from non-Roman alphabets when necessary). 

A new supplement to the magnetic-tape file is produced each month and 
copies are available to any international organization or to the government 
of any Member State participating in INIS. The governments, in turn, may 
copy and distribute these tapes as they see fit. The records in each tape are 
recorded serially, and both 7-track and 9-track formats are available. 
Eventually, the IAEA expects to offer specially condensed tapes designed for 
rapid searching, as well as appropriate software packages. 

2. 2. An indexed announcement bulletin 

Known as INIS Atomindex, this publication is issued once each month 
and provides an ordered record of all items that have been identified in the 
magnetic-tape service. It is, in fact, printed directly from the magnetic 
tape by the IAEA's computer in Vienna. One free subscription is given to the 
depository nominated by the government of any Member State of the IAEA, 



TABLE I. SUMMARY OF FUNCTIONS AND PRODUCTS OF THE INTERNATIONAL NUCLEAR 
INFORMATION SYSTEM 

Member States: 

(a) Identifying those pieces of newly published 
literature, both conventwnal and non-conventional, 
that come within the INIS subject scope; 

(b) Preparing a "bibliographic description" (i.e. names 
of authors, titles, where and when published, etc.) 
for each piece, according to standard rules; 

(c) AsSigning "keywords" from a thesaurus to each 
bibliographic description so as to identify the subJects 
treated in the piece of literature described; 

(d) Recording the bibliographic descriptions and keywords 
in specified formats, either on magnetic computer 
tape, or as punched paper-tapes or tYPewritten 
worksheets, and transmitting them to the Agency; 

(e) Providing the Agency with a type-written "abstract" 
of each piece of literature in a specified format; and 

(f) Providing the Agency with the full text of each piece 
of non-conventional literature, either as originally 
published or as microfiches to a standard publication. 

The Agency edits, checks and otherwise processes all mput as it is received. 
It IS stored in the following ways: 

(a) Bibliographic descriptions and keywords on magnetic computer tape; and 

(b) Abstracts of all literature and full texts of non-conventional literature 
on microfiches. 

Member States can obtain the following output products from INIS: 

(a) Copies of the magnetic tapes on which bibliographic descriptions and 
keywords are recorded, new tapes bemg distributed once monthly; 

(b) A once-a-month printed bulletin contaimng the same information as 
the magnetic tapes; 

(c) Twice-a-year cumulative indexes (author, corporate authors, 
bulletm number) to the bulletins; 

(d) Complete sets of abstracts of both conventional and non-conventional 
literature on microfiches; and 

(e) Full texts of pieces of non-conventional literature, either individually 
or as complete sets, on miCrofiches. 
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and additional copies are sentto the centres that provide input to INIS. INIS 
Atomindex is also available for sale to any person or institution anywhere in 
the world. The subscription price includes airmail postage to all addresses 
outside Europe; as with all its publications, the IAEA accepts payment in 
the currency of any of the many countries in which it maintains bank accounts. 
Entries in INIS Atomindex are grouped according to a relatively broad subject 
category scheme; computer-printed indexes are included in every issue and 
permit searching for authors, for institutions and for report numbers. 
Cumulative indexes are prepared twice each year. 

2. 3. Abstracts on microfiches 

Every item in the magnetic-tape record and in INIS Atomindex is identi
fied by a serial number. For every item, an abstract is available in at 
least one of the official languages of the IAEA (English, French, Russian or 
Spanish). These abstracts are sequenced according to the serial numbers 
and microfiches are prepared at a reduction factor of about 18: 1. Up to 
sixty such microfiches are reproduced on a single sheet of film 
( 148 mm X 105 mm) and provided with a title that can be read by the naked 
eye. An instrument is needed to read the individual abstracts on each 
microfiche, but such instruments are commercially available at prices 
ranging from about US $100 upwards. 

The INIS abstracts-on-microfiches are available, like INIS Atomindex, 
on annual subscription and may be received airmail by any person or institu
tion anywhere in the world. (Surface mail is used on the European Continent.) 

2. 4. Full texts on microfiches 

Many of the items recorded by INIS are articles in scientific and 
engineering journals or commercially published books. However, many of 
the other items - which we identify as "non- conven,tional" literature - are 
not readily available through commercial channels, e. g. laboratory technical 
reports, conference paper preprints, and theses. These non-conventional 
items currently comprise over 30o/o of the items reported in INIS Atomindex. 

The IAEA acquires copies of the full texts of all "non-conventional" 
literature reported by INIS and converts these to microfiches. The micro
fiches may be ordered, either individually or in sets, from the IAEA. 

3. COVERAGE 

The Board of Governors of the IAEA decided that INIS should begin with 
a "limited" subject scope and envisaged a step-by-step approach to complete 
coverage of the world's nuclear literature. INIS is still operating only within 
its initial scope, which nevertheless covers the following fields of activity: 

Reactors and reactor materials; 
Uranium production and fuel cycles; 
Nuclear techniques in food and agriculture; 
Health, safety and waste management; 
Isotope production; 
Industrial applications of radiation; 
Peaceful nuclear explosions; 
Safeguards, legal and economic questions. 



TABLE II. COUNTRIES AND ORGANIZATIONS PARTICIPATING IN INISa 

Countries: 

+Argentina 
+ Australia 
+Austria 
+Belgium 
+Bulgaria 

Byelorussian Soviet Socialist Republic 
Braz1l 

+Canada 
Ch1le 

+ Czechoslovakia 
+Denmark 
+Finland 
+France 

Organizatwns: 

+ Federal Republic of Germany 
+Hungary 
+ Ind1a 
+Israel 
+ Italy 
+Japan 

Korea 

Mexico 
+ Netherlands 
+New Zealand 
+Norway 
+Pakistan 
+ Philippines 

CERN (European Organization for Nuclear Research) 

+Poland 
Portugal 
Romama 

+ South Afr1ca 
+Sweden 

Switzerland 
Thailand 
Ukra1man Sov1et Sociahst Repubhc 

+ Union of Soviet Soc1ahst Repubhcs 
+ Arab Repubhc of Egypt 
+ United Kingdom 
+ United States of Amenca 

Vietnam 
+ Yugoslavia 

ENEA/OECD (European Nuclear Energy Agency/Orgamzation for Economic Co-operation and Development) 
+ Euratom (CommiSsion of European Communities) 
+ FAO (Food and Agncultural Orgamzation of the United Nat10ns) 
+ IAEA (International Atomic Energy Agency) 
+ ICRP ( !nternatwnal CommiSSIOn on Radwlopcal Protectwn) 
+ISO (International Orgamzatwn for Standardization) 

OAU ( Organizatwn of Afncan Umty) 
+ UN ( Umted Natwns Orgamzatwn) 

WEC (World Energy Conference) 
+ WHO (World Health Organizatwn) 

a As of August 1971. 
+ Those mputtmg to INIS. 

0> 
00 
00 
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FIG.l. INIS Atomindex - items published monthly. 

In addition, when INIS began, many of the countries that had agreed to 
participate were not yet ready to report all that was published in their 
territories. Some countries are still having difficulty in preparing com
plete input; nevertheless, there has been a progressive growth in the 
number of items reported out by the system (Fig. 1) . When INIS has reached 
its full scope of coverage and participants are fully organized to cover their 
literature, it is expected that 85 000 items will be reported yearly. 

4. PARTICIPATION IN INIS 

Participation in INIS is currently limited to IAEA Member States and to 
international organizations with which the Agency maintains working relation
ships. The 361 countries and the eight2 organizations now participating are 
shown in Table II. Also indicated in the table are the names of the Member 
States and organizations that have input items to the system. 

Countries and organizations that qualify for participation may begin 
inputting upon formal agreement with the Agency. The specific rules for 
inputting are contained in a series of documents called the INIS Reference 
Series. These documents are made available in limited quantities without 
cost to participants and at modest charges to others. 

1 As of Aug.1971. 40 countnes are now participatmg. 
2 As of Aug .1971. 11 organizations are now partic1pating. 
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5. THE NEED FOR INIS 

As early as 1964, the IAEA had become concerned about the fact that 
it was not adequately meeting its statutory obligations to foster the exchange 
of nuclear information amongst its members. This arose mainly from the 
fact that new literature dealing with the use of nuclear science for peaceful 
purposes was accumulating faster than it could be handled by the abstracting 
journals of the world, with their limited budgets; the concern was aggravated 
by disquieting indications that one of the three leading journals might not 
continue to be available indefinitely. There was also evidence that computer 
techniques might be usefully employed in processing descriptions of the 
literature. 

6. DEVELOPMENT OF THE SYSTEM 

In 1965, the Director General of the IAEA invited two consultants, one 
from the Union of Soviet Socialist Republics and the other from the United 
States of America, to outline an information-handling scheme that would 
provide comprehensive coverage of the literature, incorporating up-to-date 
cooperative procedures for obtaining data and the latest computerized tech
niques for its storage and retrieval. The consultants' proposals for an 
international nuclear information system were discussed by a working group 
of 29 experts from 16 Member States and four international organizations 
which met in December 1966; its recommendations were that the Agency 
should assume a "leading role" in the development of such a system, under 
which national and regional nuclear information services would work to
gether in a network for the preparation of data to go into the system and for 
the dissemination of its products. The working group's other main re
commendation was that English should be the language used for storing 
data on computer tape. 

An essential requirement for a mechanized information-handling system 
is that the input data for it be prepared according to standard formats. Since 
the working group's recommendation that the preparation of input data for 
INIS should be decentralized had been accepted, it became necessary to formu
late rules which national and regional services could use in preparing biblio
graphic descriptions. A draft set of rules was accordingly prepared by 
three consultants working with the IAEA, and was discussed by a panel of 
experts convened in December 1967; as a result of the experts' suggestions, 
a first working set of rules was elaborated. These rules were communicated 
to several different information services, which made a valuable contribu
tion to the development of INIS by preparing sample bibliographic descriptions 
in accordance with them. These descriptions, amounting to 1231 from five 
different sources, were stored on magnetic computer tape, from which output 
data were then experimentally printed. The results of these experiments 
were most encouraging. 

Parallel with this work, a small group of experts from the USSR, the 
United Kingdom and the United States of America was called together in the 
second half of 196 7 to advise on the next stage in the development of INIS. 
In essence, their advice was that INIS should initially be set up as a system 
whereby the Agency would store on computer tape bibliographic descriptions 
to be supplied by Member States, each description to be provided with key
words to identify the subjects dealt with; the Agency would then circulate 
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copies of this tape and of a periodical bulletin printed directly from it, and 
a microfiche service for non-conventional literature would also be operated 
by the Agency. The experts also advised that a complete systems study of 
INIS conceived along these lines should be made. 

To make this study, an international team of seven consultants worked 
with the Agency from March to June 1968; seven further experts were called 
in to help for varying periods of time. This team reconciled the different 
objectives of the countries producing the bulk of the world's nuclear literature 
and described an overall concept for operating INIS. In July, the team 1 s 
report was communicated to a number of organizations throughout the world 
which were considered capable of appraising it. The critical comments thus 
obtained, together with the report itself, were laid before an international 
panel, composed of 37 experts from 23 Member States and four international 
organizations, which met at IAEA Headquarters in Vienna in late October 1968. 

One of the important recommendations stemming from these studies was 
that the Agency should have a highly developed and centrally maintained 
thesaurus for effective subject control of documents input into the system. 
This was an absolute essential if a decentralized system was to operate 
effectively. Since a well-functioning system had been created and was 
operating in Euratom, a contract was subsequently negotiated with them to 
furnish an INIS thesaurus and indexing instruction manual. Also included 
was a set of computer programs for processing the indexing of items in 
INIS input. These included error-detection and error-correction routines. 

In 1969, the Board of Governors of the Agency gave its approval for the 
establishment and operation of INIS. The nucleus of the staff to operate the 
system came from existing personnel of the Documentation and Computer 
Sections of the Agency, reinforced by additional specialists recruited from 
Member States. 

7. AIMS AND COSTS 

The International Nuclear Information System aims to improve and 
expedite the exchange of scientific and technical information between IAEA 
Member States on the basis of multilateral cooperation and to eliminate the 
overlapping and duplication in the processing of literature which occurs at 
present in atomic energy centres and results in wasteful expenditure of 
manpower and funds. Cost-sharing is one of the main principles of a de
centralized system. National information centres designated by IAEA 
Member States are responsible for processing the literature published in 
their areas in accordance with the standards and rules of INIS and for pro
viding their input in the proposed volume and range; they are also re
sponsible for the cost of the operation. In accordance with those principles, 
a large part of the cost of INIS is borne by the various countries and organi
zations in financing their own participation. This results in each participating 
Member State undertaking an effort scaled about in proportion to the size 
of its nuclear program. 

The costs of the central operations in Vienna are covered by the 
regular budget of the IAEA and partly offset by the sales of output products. 
The central operation of INIS in the IAEA Headquarters consists of co
ordinating and checking the work of the national centres; processing the 
input and output data; regularly distributing to the Member States magnetic 
tapes, the printed INIS Atomindex and abstracts; making availa&le, through 
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the INIS Clearinghouse, reports and conference papers in microfiche form; 
maintaining INIS standards and rules; organizing training courses; co
ordinating the work of INIS with that of other international information 
systems and abstracting services. 

Countries participating in INIS, particularly developing countries without 
computer-based information-processing capabilities, are encouraged to 
form cooperative centres, either for INIS activities alone or for INIS acti
vities in association with information services covering other fields of 
science and technology. Such centres provide a means of processing 
information more quickly and by more experienced personnel, thereby 
assuring a higher quality of input to INIS. Also, their centralized staffs 
provide greater resources to the users for locating information contained 
in INIS output or other sources. In particular, they usually have the means 
of identifying items of known interest through the provision of regular 
Selective Dissemination of Information (SDI) services resulting in faster 
awareness of pertinent information by scientists, engineers and other users. 

For a State or organization which chooses to participate within the 
framework of its own resources, there are reasonable minimum require
ments relative to the size of the participant• s nuclear program. First of 
all, as previously mentioned, there is a requirement that all the information 
published in a participant• s territory must be scanned to determine whether 
it is within the subject scope of INIS. This, of course, must be done by 
technically qualified individuals. Countries or organizations with small 
nuclear programs and no organized information program might find it 
advantageous to depend upon designated scientists and engineers within 
laboratories, universities, etc. to identify pertinent items for inclusion 
in INIS and forward them to a central processing site or what is termed an 
"INIS Reporting Centre". 

At the Centre, information would be catalogued, abstracted, and indexed 
in accordance with INIS rules and forwarded to Vienna to be merged with 
material from other sources. Where resources are even smaller, the 
designated scientists would have to perform the cataloguing, abstracting and 
indexing, and the input would then be reviewed and consolidated by a Liaison 
Officer for submission to the IAEA. There are many variations of the 
methods and means which might be employed, and the INIS staff of the IAEA 
has been available for advice on the organization and training of individuals 
in participating countries and organizations. Although each organization 
must tailor its structure to individual requirements, there are many simi
larities in needs despite the possible variations. 

8. EQUIPMENT REQUIREMENTS 

For developing countries inputting on worksheets (the simple method 
of inputting), the equipment requirements are at most a typewriter with an 
English keyboard. More advanced countries may be capable of inputting on 
punched paper tape, which would require the availability of a Flexowriter or 
similar machine costing approximately US $5000. Major producers of 
information, of course, would be expected to report on magnetic tape. In 
every case there is a convenient means for a country to contribute to the 
system. However, for maximum economy and effectiveness, prospective 
participants with small programs are well advised to seek cooperative 
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arrangements with other national, regional or multi-national centres. Such 
arrangements as previously mentioned can also be advantageous for the 
effective use of INIS output for purposes of SDI or retrospective searching 
in fields of particular interest. Since INIS Atomindex in printed form is 
designed for manual searching, effective, if slower, use can be made of this 
tool where fast computer capability does not exist. Thus countries at all 
levels of development can make practical use of the system. 

One of the products of INIS noted earlier is non-conventional literature 
on microfiches, which requires as a minimum the use of a $100 reader. 
The number of readers, of course, varies with the size of the country's 
program. Usually, the means of printing out from microfiches is desirable 
and a reader-printer is required. The cost for this is approximately $1400. 

9. TRAINING 

To assist new participants, the IAEA provides two types of training 
opportunities. One is a three-week seminar covering cataloguing, abstracting 
and indexing, including related computer demonstrations. While the use of 
computers may not be of primary interest to developing nations, a knowledge 
of their use in the system is of future value. In addition, it provides further 
appreciation for accuracy in reporting - a naturally important element in 
any good information system. 

Additional training is provided on-the-job at IAEA Headquarters in 
Vienna for varying periods of time based upon specific needs of selected 
individuals. Careful selection of a trainee by his employer is vitally im
port ant. Ideally, he should be selected after the following factors have been 
considered: 

1. His assignment to the INIS program in his own organization is to 
be of a reasonably long duration, preferably three years or more. 

2. The position to be occupied upon completion of training is clearly 
identified before training is requested so that instruction can be properly 
tailored to the individual. 

3. The trainee's background and capabilities, including a thorough 
knowledge of English, should be carefully evaluated. 

In each form of training, limited funds have been available to provide 
partial support for individuals from developing countries. To provide a 
more complete training program, particularly in recognition of the need for 
self-training or the reinforcement of instruction a trainee has previously 
received, an additional aid is being developed. This is the acquisition of 
programmed learning courses in the critical aspects of INIS input - descrip
tive cataloguing, indexing and abstracting. A contract has been arranged 
for the first course in this series - descriptive cataloguing - and should 
be available by early 1972 if the testing program proceeds as anticipated, 
If this anticipation proves true, then the other two courses in abstracting 
and indexing should follow soon afterwards. 

10. INIS OPERATING POLICY 

As previously mentioned, the Agency has primary responsibility for the 
operation of INIS. In this connection, it is also responsible for the continuous 
review of the methods and procedures incorporated into the system. However, 
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INIS is a service to Member States in which they have invested through their 
funding of the Agency's budget and in which they have invested personnel 
and equipment resources at the national level. Therefore, the Agency 
follows a policy of consulting with participants in a variety of ways before 
major changes are instituted. This is essential to assure that no important 
points are overlooked or, more particularly, that revisions or new require
ments that might be imposed do not cause any unusual hardship. 

In implementing this policy, several means are employed. First of all, 
contact is maintained with the established Liaison Officers of INIS members 
(designation of Liaison Officers is a requirement for participants in the 
system) through the medium of INIS Circular Letters. These letters pri
marily cover announcements that include such items as descriptions of 
changes and their effective dates. The process leading to an announced 
change may take several paths, depending upon its depth, extent, or financial 
implication. In most instances involving relatively minor changes, the pro
posals are first circulated to Liaison Officers by means of INIS Technical 
Notes. The responses are thoroughly evaluated and the appropriate decision 
made. To consider complex problems, special study or working groups of 
experts are formed. In addition, operation of the system is reviewed by the 
INIS Advisory Committee, which is composed of representatives from 
Member States whose experience covers the administration and management 
of national information systems, and also of members who are users of 
information. In the case of major changes, such as those involving scope or 
larger computers, a final review is made by the Agency's Board of Governors 
and its responsible committees. 

While from the foregoing it might appear that the Agency is concerned 
only with changes and their effect on the internal workings of INIS, this is 
not the case. Staff members continually serve on working groups developing 
systems such as UNISIST 3 and AGRIS 4 to help ensure future compatibility, 
and some serve on committees of the International Organization for 
Standardization (ISO). 

At all stages of review, the ultimate purpose is to maintain the integrity 
and efficiency of a system whose development represents not only a signi
ficant monetary investment, but also the collective intellectual effort of 
internationally recognized experts in information services. Thus, INIS was 
created through a spirit of international cooperation and continues as a co
operative venture for the benefit of all members. 
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0 ,UE5ITEJihHOCTH COBETA 3KOHOMJ1qECKOH 
B3AHMOIIOMOmH B OEJIACTH HCIIOJih30BAHH5I 
ATOMHOH 3HEPrHH B MHPHhiX UEJI5IX 

CEKPETAPHAT COBETA 3KOHOMHqECKOM 
B3Al1MOTIOMOmH * 

Abstraa-Rtsumt-AHH01'8JV!H-Resumen 

THE ACTIVITIES OF THE COUNCIL FOR MUTUAL ECONOMIC ASS!STA~E CONNECTED WITH THE USE 
OF ATOMIC ENERGY FOR PEACEFUL PURPOSES. 

The purpose of the paper is to set forth the basic principles, practical organization and results of 
multilateral cooperation among the States Members of the Council for Mutual Economic Assistance (CMEA) 
in the use of atomic energy for peaceful purposes. Data are given on the initial period of cooperation in 
this field among the socialist countries, when their national atomic science and technology infrastructures 
and research centres were established with the technical assistance of the Soviet Union. In view of the growing 
complexity of the problems associated with the introduction of atomic energy into the national economies, 
a Standing Commission on the use of atomic energy for peaceful purposes was set up under CMEA as long 
ago as 1960, with the aim of co-ordinating multilateral cooperation among the States Members of the 
organization. The paper deals with the basic problems, aspects and methods of multilateral cooperation 
under the most important headings: nuclear power, nuclear instrumentation, isotope production and appli
cations, and safety and protection against ionizing radiations. 

It is pointed out that the work of CMEA has now substannally contributed to establishing the pre
requisites for solving the problems of nuclear power generation and of developing radiation processes and 
facilities and other promising trends in the peaceful use of atomic energy in the States Members of CMEA. 
Mention is made of the positive value of contacts between CMEA and !AEA and other international organi
zations, and of the desire of CMEA for the mutually advantageous exchange of working experience. A 
description is also given of the principal aspects and forms of a new stage of cooperation in the peaceful 
uses of atomic energy, intended to implement the resolunons of the XXIII (special) session of CMEA, 
The XXV session of CMEA, held in Bucharest in June 1971, unanimously adopted an overall program for 
the further strengthening and consolidation of cooperation and of socialist economic integration among 
States Members of CMEA. Inter alia, the program provides for measures to accelerate the development 
and introduction of nuclear power in the national economies of Members. 

ACTIV!TES DU CONSEIL D'ASSISTA~E ECONOMIQUE MUTUELLE DANS LE DOMAINE DE L'UTILISATION 
DE L'ENERGIE ATOMIQUE A DES FINS PACIF!QUES. 

Le rapport expose Ies principes generaux, !'experience, !'organisation et Ies resultats de !a collaboration 
multilaterale des pays membres du CAEM dans le domaine de I 'utilisation de l'energie atomique a des fins 
pac1fiques. II rappelle Ies debuts de cette collaboration, qui remontent a l'epoque a laquelle !'aide technique 
de 1 'Union sovietique a perm is a ces pays de cre.er une science et une technologie atomiques nationales et 
d'etablir des centres d'etudes nucleaires. En 1960, Ia complexite croissante des probl<omes que les applications 
de l'energie atomique posaient a I'economie nationale des divers pays a entratne !a creation, dans le cadre 
du CAEM, d 'une commission permanente de !'utilisation de l'energie atomique a des fins pacifiques, dont 
la t~che principale est d 'organiser la collaboration multilaterale des pays membres du CAEM. Le rapport 
met en lumiE!re les principales questions, formes et methodes de collaboration multilaterale dans les grands 
domaines suivants· production d 'energie d 'origine nucleaire; instrumentation nucleaire; productiOn et 
emploi des isotopes; securite radiologique et radioprotection. 

Les activites du CAEM ant beaucoup aide ses membres a remplir les conditiOns necessaires pour resoudre 
!es prob!Elmes lies a Ia production d 'energie d 'origine nucleaire, aux applications industrielles des rayonnements, 
aux installations d'irradiation et a de nombreuses autres applications de l'energie atomique a des fins pacifiques; 
ace propos le rapport souligne le rare positif des relations que le CAEM entretient avec l'AIEA 
et d 'autres organisations intemationales, alnsi que les efforts qu 'il deploie en vue de promouvoir un echange 
mutuellement profitable de renseignements pratiques. Enfin, le rapport expose les principaux aspects et 

* A.llpec: CCCP, MocKBa, r-205, IlpocneKT KanHHHHa, 56. 
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formes de !a nouvelle etape de !a collaboranon dans le domame des applications pacifiques de I 'energie 
atomique, au cours de laquelle les decisions de !a xxme session (speciale) du CAEM seront mises en ceuvre. 
Lors de !a XXVe session du CAEM, qm s'esttenue en JUillet 1971, a Bucarest, les pays membres om approuve 
a l'unanim!le !'ensemble du programme qui tend a approfondir eta amelwrer leur collaboration eta activer 
l'int€.gration de leurs economies SOClalistes. Ce programme prevoit entre autres 1'€.Iaboranon de mesures 
pour acce.Ierer le cteveloppement et l'utlhsation efftcace de 1 •energte atom1que dans I'€.conomte nationale des 
divers pays. 

0 L(E51TEJibHOCTH COBETA 3KOHOMH'-IECKOH B3AHMOITOMOII(lf B OEJIACTH HCITOJib-
30BAHH51 ATOMHOH 3HEPrHI1 B MHPHbiX UEJI51X. 

UenbiO .ztoKJia,IJ;a HBJIHeTcH H3JIO)J(eHHe OCHOBHLIX npHHQHnoa, onMTa opraHH3al(HH H peaynD
TaToB MHOrOCTOpOHHero COTpy,n:HH't.JeCTBa CTpaH- qJieHOB C3B B o6naCTH HCUOJib30B8HIUI 8TOMHOH 

3Hepnm B MllpHbiX !1eJIJ'IX. ITpHBOIIJ'ITCJ'l cae,lleHHJ'l o Ha'laJibHOM nepHO!Ie COTPYIIHH'IecTBa C0!1Ha
JIHCTJ.P.JecKHX cTpaH a .z:taHHoH o6naCTH, Kor,D;a c TeXJ-IHqecKoH noMOIUhiO CoaeTcKoro Coi03a B HHX 

C03,li;8BaJIHCb H8l{HOH8JlbH8H 8TOMH8H HayKa H TeXHHKB H HCCJie,II;OBBTellbCKHe QeHTpbl o 0TMel.la

eTCfl, l.JTO B CB.R:3H C pacTytnHMH 38,ll81.J8MH no BHe.ztpeHHIO 8TOMHOH 3HeprHH B HapO,llHOe X03Hii:

CTBO cTpaH, B 1960 ro11y B paMKax C3B 6•rna o6pa30BaHa ITocTOJ'IHHal'l KoMHCCHJ'l no HCTIOJih30Ba
HHIO 8TOMHOii 3HeprMH B MHpHbiX QeJIHX, 38,llal.Jei1 KOTOpOfi HB.IT.ReTCH opraHH381.1Hfl MHOrOCTOpOH

Hero coTpy.ztHHl.JeCTBa cTpaH- q.neHOB C3Bo OcsernaiOTcH ocHOBHbie sonpocbt, cpopMbi H MeTo.n;bi 

MHOrOCTOpDHHerO COTpy.n;HH1.JeCTB8 no B8)1(Hei::J:IUHM aanpas.neHHHM: aTOMHOii 3HepreTHKe, H,n:ep

HOMy npH60pOCTpoeHHI01 npOH3BO,llCTBy H npHMeHeHHIO H30TOflOB 1 pa,n:H8I..tHOHHOii 6eaonaCHOCTH H 

aatnHTHOH TexHMKeo 0TMel.laeTcH, \ITO ,n:eHTe.nbHOCTb C3B B 3Hal.JHTeJibHOft Mepe cnoco6cTBOBa

na C03.IJ;8HHIO K H8CTOHtneMy BpeMeHH He06XO,n:HMhiX npe.ztnOCbiJIOK ,lJ;JIH peiUeHH.H BOllpOCOB pa3BH

THH 8TOMHOft 3HepreTHKM 1 pa3pa60TKH pa.a;MaQHOHHbiX npOQeCCOB H ycTaHOBOK, a TaK)Ke flO .ztpy

rHM nepcneKTHBHhiM HanpaBJieHHHM MHpHOrO HCflO.ITb30BaHJUI 8TOMHOfi 3HeprHH B CTpaH8X- l.JJie

HaX C3B; npll 3TOM OTMe"!aeTCJ'l nonoJKHTeJihHal'l pOJih KOHTaKTOB C3B c MAr AT3 H 11pyrHMH MeJK
!IyHapOIIHbiMil opraHH3a!1HJ'IMil ll ero CTpeMJieHI!e K B3ai!MOTIOJie3HOMy 06MeHy OTibiTOM pa60Tbl. 
ManaraiOTCH OCHOBHbie acneKThl H cpopMbl HOBOrO 3Tana COTpy.ztHHl.JeCTBa B o6.nacTH MHpHoro 

HcnoJib30BaHHJ'l aTOMHOil 3HeprHH, Hanpaanemr•re Ha peaJIH3a!1HIO pemeHHil XXIII (cne!1HaJibHoil) 
ceccHH C3B. OTMeqaeTcl'l, 'ITO XXV ceccHJ'l C3 B, cocTo,ama"c" a HIOlle 1971 ro,lla B EyxapecTe, 
e.n;HHo.n:yiUHO npHHHJia KoMn.neKcHylO nporpaMMy .n;a.nbHe:HIUero yrny6neHHH H coaepiUeHcTBOBaHHH 

COTpy.ztHHl.JeCTBa H pa3BHTHH COQH811HCTH1.JeCKOii: 3KOHOMH'4:eCKOH HHTerpaQMH CTpaH- 4:JieHOB C3B. 
B ITporpaMMe, B 'lllCJie !lpyrHx npo6neM, npe,llycMoTpeHa pa3pa6oTKa MeponpHl'ITHil ,lllll'l ycKo
peHHH pa3BHTHH H 3cpcpeKTHBHOrO BHe,n;peHHH 8TOMHOii 3HeprHH B HapO.ztHOe X03HiiCTBO CTpaH o 

LA UTILIZACION DE LA ENERGIA ATOM!CA CON FINES PACIFICOS DENTRO DEL MARCO DEL CONSEJO 
DE AYUDA ECONOMICA MUTUA, 

En la presente memoria se esbozan, en sus rasgos fundamentales, los principios, experiencia, organizaci6n 
y resultados de !a colaboracion de caricter multilateral entre los Estados Miembros del CAEM en !a esfera 
de la utihzaci6n de la energla at6mica con fines paclficos. Se describe el peri'odo imc1al de estas actividades 
de colaboraci6n entre los palses socialistas, cuando se estaban desarrollando, con la asistencia recnica 
sovietica, !a cienc1a y !a tecnolog[a nucleares y los centros de investigacion nuclear en los pa[ses socialistas. 
En 1960, la creciente compleJidad de los problemas que entraD.an las aplicaciones econ6micas de la energla 
atomica condujo a !a creacion de !a Comision Permanente del CAEM para le Utillzacion de !a Energ!a 
At6mica con Fines Paclficos. Inctunbe a esta Comisi6n organizar la colaboraci6n multilateral entre los 
Estados Miembros del CAEM. La memoria versa sobre los problemas fundamentales, las formas y los 
metodos de la colaboraci6n multilateral en los principales sectores· energ(a nucleoelectrica, Instrumental 
nuclear, produccion y uso de isotopos, segundad y proteccion radiolog1cas, 

La labor del CAEM ha contribuido de manera decisiva a crear, en los EstadosMiembrosquelointegran, 
las condiciones previas necesarias para resolver los problemas relacionados con la generaci6n de energla nucleo
electrica, los procedimientos e instalaciones de irradiacion y otras alentadoras perspecnvas del empleo de !a 
energ!a atomic a con fines pacfficos. Se subraya el cadicter positivo delasrelaciones del CAEM con el OlEA y otras 
organizaciones internacionales a! objeto de fomentar un intercambio de mformacion mutuamente venta)oso. 
Se examinan tam bien los principales aspectos y modalidades de esta nueva etapa de colaboracion en materia 
de utilizaci6n de la energ{a at6mica con fines pac{ficos, encaminados a plasmar en realidad las decisiones 
aprobadas en el 23• perlodo extraordinario de sesiones del CAEM. Se indica que el 25'" per[odo de 
sesiones del CAEM, celebrado en julio de 1971 en Bucarest, aprobo por unanimidad un programa 
detallado encaminado a intensificar y mej orar !a cooperacion y el desarrollo de !a integracion economica 
sociallsta entre los Estados Miembros del CAEM. El programa, entre otras actividades, preve !a adopcion 
de medidas a fin de acelerar el desarrollo y !a 1mplantacion eficaz de !a energla atomica en !a economla 
nacional de los distmtos palseso 
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BBE,UEHHE 

B 1960 ro.ny, B cooTBeTCTBHH c nocTaHOBJieHHeM XIII ceccHH CoBeTa 

3KOHOMHqecKoi1 B3aHMOIIOMOI11H, 6oiJia o6pa3oBaHa IlocTORHHaR KoMHCCHR 

C3B ITO HCIIOJib30BaHHIO aTOMHOH 3HeprHH B MHpHbiX QeJIRX 1 B pa6oTe KOTO

poi:f npHHHMaiOT yqacTHe ,neneraQHH cTpaH: Hapo,nHoi1 Pec11y6nHKH EonrapHH, 

BeHrepCKOH Hapo,nHOH Pecny6nHKH, repMaHCKOH ,UeMOKpaTHqecKOH Pecl1y6-

JIHKH, IT onocKoi1 Hapo,nHoi1 Pec11y6nHKH, CoQHaJIHCTHqecKoi1 Pec11y6JIHKH Py

MbiHHH, Co103a CoBeTCKHX CoQHaJIHCTHqecKHX Pec11y6JIHK H qexocnoBaQKOH 

CoQHaJIHCTHqecKoi1 Pec11y6JIHKH, B03rJiaBJIReMI>Ie Ilpe,nce,naTeJIRMH HaQHO

HaJibHI>IX rocy,napCTBeHHbiX KoMHTeTOB HJIH KOMHCCHH 110 aTOMHOH 3HeprHH. 

IT ocTORHHaR KoMHCCHR RBJIReTcR opraHOM CoBeTa 3 KOHOMHqecKoi1 B3a

HM0110M0111H H OCyll1eCTBJIReT CBOIO ,neRTeJibHOCTb Ha OCHOBe 11pHH1.1HI10B: 110JI

HOrO paBHOIIpaBHR, yBaJKeHHR cyBepeHHTeTa H HaQHOHaJI bHbiX HHTepeCOB, B3a

HMHOH BblrO,nbi H TOBapHI11eCKOH B3aHMOI10M0111H. KOMHCCHR HMeeT QeJibiO 

CO,neHCTBOBaTb ,naJibHei:fiiieMy pa3BHTHIO 3KOHOMHqecKHX CBR3eH MeJK,ny CTpa

HaMH-qJieHaMH C3B, a TaKJKe opraHH3aQHH MHOrOCTOpOHHero 3KOHOMHqecKO

ro H HayqHo-TeXHHqecKOrO COTpy,nHHqeCTBa MeJK,ny HHMH B HHTepecax 6oJiee 

11JiaHOMepHoro 11pHMeHeHHR aTOMHOH 3HeprHH B MHpHbiX QeJIRX. 06pa30Ba

HHe IlOCTORHHOH KOMHCCHH 6oiJIO 3aKOHOMepHbiM H ecTeCTBeHHl>IM 11pOQeCCOM 

pa3BHTHR HayqHo-TeXHHqecKOrO COTpy,nHHqeCTBa CTpaH B o6JiaCTH MHpHOrO 

HCI10Jlb30BaHHR aTOMHOH 3HeprHH, KOTOpOe HaqaJIOCb C 1955 ro,na Ha OCHOBe 

,nByCTOpOHHHX COrJiaiiieHHH. 

B cTpaHax-qneHax C3B 11pH HayqHoM H TexHHqecKoM co,nei1cTBHH Co

BeTcKoro COI03a B KOpOTKHe CpOKH 6oiJIH coopyJKeHbl H BBe,neHbl B 3KCI1Jiya

TaQHIO HCCJie,nOBaTeJibCKHe R,nepHI>Ie peaKTOpb1 1 yCKOpHTeJIH 3JieMeHTapHbiX 

qacTHQ 1 pa,nHOXHMHqeCKHe H !pH3HqeCKHe Jia6opaTOpHH 1 a TaKJKe OpraHH30-

BaHa no,nrOTOBKa Ka,npoB B 3TOH o6JiaCTH. Co3,naHHe H ,neRTeJibHOCTb Hayq

HO-HCCJie,noBaTeJibCKHX QeHTpOB B CTpaHax-qJieHaX C3B CI10C06CTBOBaJIH 6o

Jiee IIIHpOKOMy pa3BHTHIO HayqHbiX HCCJie,noBaHHH, HHlKeHepHbiX pa3pa60TOK H 

opraHH3al.IHH B ,naJibHeHIIIeM HOBbiX HHCTHTyTOB H Jia6opaTOpHH, HapR,ny C 

C03,naHHeM HayqHo-TeXHHqeCKHX 11pe,ni10Cb!JIOK 1 B03HHKJIH HOBble 3a,naqH, CBR-

3aHHbie C HCI10Jlb30BaHHeM ,nOCTHJKeHHH aTOMHOH HayKH H TeXHHKH B pa3JIHq

HbiX OTpaCJIRX HapO,nHOrO X03RHCTBa , 

B CBR3H c 3THM IlocTORHHaR KoMHCCHR B HaqaJie CBoei1 ,neRTeJibHOCTH 

011pe,neJIHJla TaKHe BalKHbie Hal1paBJieHHR COTpy,nHHqeCTBa CTpaH-qJieHOB C3B, 

KaK HCCJie,nOBaHHR H pa3pa60TKH B 06JiaCTH R,nepHOrO 11pH60pOCTpOeHHR 1 11pO

H3BO,nCTBO H30T0110B H HCTOqHHKOB R,nepHbiX H3JiyqeHHH 1 11pHMeHeHHe pa,nHO

H30T011HbiX MeTO,nOB H a1111apaTypo1 1 pa,nHaQHOHHaR 6e30I1aCHOCTb H 3aii1HTHaR 

TeXHHKa, C 1965 ro,na 6biJIO opraHH30BaHO COTpy,nHHqecTBO 110 peaKTOpHOH 

HayKe H TeXHHKe H aTOMHOH 3HepreTHKe. 

IlocJie,nHHe ,nBa ro,na ,neRTeJibHOCTb IlOCTORHHOH KOMHCCHH pa3BHBaeTCR 

Ha ocHoBe pemeHHH XXIII (c11eQHaJibHoi1) H XXIV ceccHi1 C3B, KOTopble 011-

pe,neJIRIOT rJiaBHI>Ie Ha11paBJieHHR ,naJibHei:fmero yrJiy6JieHHR H COBepiiieHCTBO

BaHHR COTpy,nHHqeCTBa H pa3BHTHR COl.IHaJIHCTHqeCKOH 3KOHOMHqeCKOH HH

TerpaQHH CTpaH-qJieHOB C3B, H3biCKaHHR HOBbiX, 6onee 3!p!peKTHBHbiX !pOpM 

H MeTO,nOB COTpy,nHHqeCTBa. 

B ,naHHOM ,nOKJia,ne H3JiaraiOTCR OIIbiT opraHH3aQHH H HeKOTOpbie pe3yJio

TaTbl MHOrOCTOpOHHero COTpy,nHHqecTBa CTpaH-qJieHOB C3B 110 OCHOBHbiM 

Ha11paBJieHHRM MHpHoro HCIIOJib30BaHHR aTOMHOH 3HeprHH, 
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I. COTPY,llHlfT-IECTBO B OEJIACTH PEAKTOPHOH HAYKH l1 TEXHHKH 

l1 ATOMHOH 3HEPrETHKH 

B MaTepHaJiaX TpeTbeH Me.lK,IIyHapO,IIHOH KOH<flepeHLIHH no HCnOJib30Ba

HHIO aTOMHOH 3Hepr!ili B M!ipHbiX LleJIJ'IX {)KeHeBa, 1964 ro.z~) BnepBbie 6biJIO 

nOKa3aHO, 'ITO ,IIJIH 3HatiHTeJibHOH tiaCTH paifOHOB M!ipa, pacnoJiaraiOil(HX cpaB

HHTeJibHO ,liOpOrliMH HCTO'iHHKaMH opraHH<IeCKOro TOnJIHBa, aTOMHl>Ie 3JieK

TpOCTaHLIHH (A3C) B 6JIH.lKaifmee BpeMH CTaHyT 6onee 3KOHOMH'IHI>IMH no cpaB

HeHHIO C TenJIOBbiMH 3JieKTpOCTaHLIHHMH (T3C), pa6oTaiOII1HMH Ha opraHH<IeC

KOM TOnJIHBe. YcneWHOe pa3BHTHe aTOMHOH 3HepreTHKH B pH,lle CTpaH M!ipa 

B nocJie,llyromRe ro,lll>I noKa3aJio, <ITO A3C cTaHOBHTCH sKOHOMH<IHee T3C ,~~a

.lKe B paifOHaX C OTHOCHTeJibHO He,liOpOrHMH KJiaCCH<IeCKHMH HCTO'iHHKaMH TOn

JIHBa. 

3TH noJIO.lKeHHH HBHJIHCb Ba.lKHOH npe,llnOCbiJIKOH np!i OpraHH3alllili B 

1965 ro,11y coTpy,liHH<IeCTBa CTpaH B paMKax CoBeTa 3KOHOMH<IecKoif B3aH

MonoMOIUH no BOnpocaM peaKTOpHOH HayKH H TeXHHKH H aTOMHOH 3HepreTH

KH. ,llJIH nO,llrOTOBKH MaTep!iaJIOB H npe,liJIO.lKeHHH no 3THM BOnpocaM 6biJia 

C03,llaHa pa6o<IaH rpynna cne~:.~HaJIHCTOB CTpaH-qJieHOB C3B B IJOCTOHHHOH 

KOMHCCHH no HCnOJib30BaHHIO aTOMHOH 3HeprHH B M!ipHbiX l.leJIHX. C 1968 ro

,lla B paMKax IlocTOliHHOil: KoMHCCHH C3B no sneKTposHeprHH Ha<Iana pa6o

TaTb CeKLIHll cnel.IHaJIHCTOB CTpaH-tiJieHOB C3B no BOnpocaM npoeKT!ipOBa

Hiill, coc;>py.lKeHHll H sKcnnyaTaLIHH A3C. 

B ycJIOBHliX 6I>ICTporo pa3BHT!ill B cTpaHax-qneHax C3B HayqHo-TeXHH

qecKHX, a TaK.lKe npOMbiWJieHHbiX npe,llnOCbiJIOK BHe,llpeHHll aTOMHOH 3Hepre

THKH B HapO,liHOe X03liHCTB0 CTpaH Ba.lKHOe 3HatieHHe HMeeT, npe.lK,lle Bcero, 

Hay<IHo-TeXHH<IecKoe coTpy.liHH<IecTBo. 3To COTPY.liHH<IeCTBO ocymecTBJilleT

Cll nyTeM o6MeHa OnbiTOM, Hay<IHO-TeXHH'IeCKOH ,liOKyMeHTal.IHeil: H HH<fJOpMa

LIHeil: rJiaBHl>IM o6pa30M Ha OCHOBe KOOp,liHHaLIHH Hay<IHI>IX H TeXHH'IeCKHX HC

CJie,liOBaHHH H onbiTHO-KOHCTpyKTOpCKHX pa60T, nyTeM KOOnep!ipOBaHHll B pe

meHHH Ha!i6oJiee CJIO.lKHbiX np06JieM. 

B STHX ~:.~enllx IlocTOliHHOil: KoMHCcHeil: C3B no HcnoJib30BaHHIO aToMHoil: 

3HeprHH B M!ipHbiX LleJiliX 6biJI pa3pa6oTaH nJiaH KOOp,ll!iHal.IHH Hay<IHbiX H Tex

HH'IeCKHX HCCJie,liOBaHHH Ha 1966-1970 rO,IIl>I, KOTOpbiH npe.z~ycMaTpHBaJI Bbi

nOJIHeHHe CTpaHaMH pa60T no 37 TeMaM, B TOM 'iHCJie no 10 TeMaM B 06Jiac

TH peaKTOpHOH TeXHHKH H ll,llepHOH 3HepreTHKH, KaK HanpHMep: 

- HCCJie,liOBaHHll H pa3pa60TKa HOBbiX H ycoBepmeHCTBOBaHHe cymeCTBy

IOII1HX 3HepreTH<IeCKHX peaKTOpOB Ha TenJIOBbiX Heil:TpOHaX MOIUHOCTbiO 6o

Jiee 400 MBT (sn), oco6eHHO peaKTopoB c BO,IIoil: no,11 ,llaBJieHReM; 

- HCCJie,liOBaHHll H npoeKTHbie npopa60TKH 3HepreTH<IeCKOrO peaKTOpa 

Ha 6biCTpbiX Heil:TpOHaX C pa3JIH'!Hl>IMH TenJIOHOCHTeJiliMH 3JieKTp!i<IeCKOH MOm

HOCTbiO ,110 1000 MBT; 

- pa3pa60TKH 1i HCCJie,IIOBaHHll TeXHOJIOrHH npO!i3BO,liCTBa ll,llepHOrO Ton

JIHBa H pereHepal.IHH ll,llepHoro roproqero; 

- HCCJie,IIOBaHHll B o6JiaCTH npO!i3BO,IICTBa HOBI>IX peaKTOpHbiX MaTepHa

JIOB, cnel.IHaJibHOrO o6opy,IIOBaHHll H cpe,IICTB pa,lllial.IHOHHOH 3ail(HTbi H 6e30-

naCHOCTH 3HepreTH'ieCKHX peaKTOpOB. 

,llJill npoBe,lleHHll pa60T no nJiaHy KOOp,IIHHaLIHH Hay<IHO-TeXHH<IeCKHX HC

CJie,IIOBaHHH CTpaHaMH-tiJieHaMH C3B np!iBJietieHO 6onee 100 HHCTHTYTOB, 

npoeKTHbiX H KOHCTpyKTOpCKHX OpraHH3al.IHH C HCnOJib30BaHHeM Jia6opaTop

HbiX yCTaHOBOK, Onl>ITHI>IX H 3KCnepHMeHTaJibHbiX 6a3. 

Pe3yJibTaTl>I Bl>InOJIHeHHl>IX cTpaHaMR-qJieHaMH C3B Hay'IHO-TexHR<Iec

KHX pa60T IJoCTOliHHall KOMHCC!ill CHCTeMaTH<IeCKH o6cy.lK,llaeT Ha KOOp,IIHHa-
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l.llfOHH:biX COBe11.18HifHX cnel.llf8JIIfCTOB 7 ClfMn031fYM8X If KOH!flepeHl.llfHX o IJ 0 

nJiaHy pa60T:bl KOMifCCiflf TOJibKO 38 nepliOll C 1967 no 1970 rOll TaKJile Hay'IHO

TeXH!f'!eCKJile MeponpHHTifH 6:biJIJil npoBelleH:bl B BHP, r.uP, CCCP Jil l.J:CCP no 

CJiellyiOII.IIfM TeMaM: 

1 o CocToHHJile If nepcneKTifB:bl pa6oT no C03ll8HJii!O A3C c peaKTopaMJil 

Ha 6:biCTp:b!X HeHTpOH8X o 

2 o HccJiellOBaHHH B o6nacTJil nepepa6oTKJil o6ny'leHHoro TonJIHBa 0 

3 o CocTOHHJile Jil nepcneKTJiiB:bi pa3BifTifH A3C c BOllO-BOllHH:biMJil peaKTo

paMH o 

4 o HccnellOBaHHH npo6neM 3aii.IHT:bl oT npOHHKaiOII.Iero Jii3Jiy'!eH!fH peaK

TOpH:biX ycTaHOBOK o 

5o KoHTpOJib If ynpaBJieHHe HllepH:biMJil peaKTopaMJil If o6opylloBaHHeM 

A3Co 

6 o EOllHble pe)J(Ji!M:bl BOllO-BOllHH:biX peaKTOpOB 7 pallJil8l.IJii0HH:biH KOHTpO!Ib 

TenJIOHOC!fTeJieH Jil CHif)J(eHife p8llJil8l.IJiiOHHOH onaCHOCTif TenJIOHOCJi!TeJieH o 

7 o ATOMH8H 3HepreT!fK8 7 TOnJIJiiBH:ble !.1Ji!KJI:bl 7 p8lllf8l.llfOHHOe MaTepliaJIO

BelleH!feo 

Ha yKa3aHH:biX cMMn03JilyMax If KOH!flepeHLIJiiHX 6:biJIO npellcTaBJieHo 6onee 
400 llOKJI8llOB If C006II.IeHifH 7 B HlfX Y'I8CTBOB8JIO OKOJIO 800 cnel.llf8JIIfCTOB o 

3TH MeponpMHTifH HBJIHIOTCH 3iflifleKTJiiBHOH iflopMOH o6MeHa pe3yJibT8T8Mif 

B:binOJIHeHH:biX pa60T no rJiaBH:biM HanpaBJieHJiiHM Hay'IH:b!X If TeXHJil'!eCKifX lfC

CJiellOB8HifH o KpoMe y'!eH:biX Jil cnel.llf8JIJiiCTOB CTpaH C3B, B pa6oTe OTlleJib

H:biX ClfMn031fYMOB npliH!fMaJIIf y'laCT!fe T8K)J(e cnel.llf8JIIfCT:bl ,lleMOKpaT!f'lec

KOH Pecny6JIHKif B:&eTHaM, Pecny6JIMKJil Ky6a, COl.llfaJIJiiCTJil'lecKoii 4>ellepaTMB

HOH Pecny6nHKif IOrocnaB!fJil If Me)J(llyHapOllHOro areHTCTBa no aTOMHOH 3Hep

nm o 

Hay'!Ho-TeXHif'!ecKJile, npoeKTHO-KOHCTPYKTopcKJile Jil TeXHOJIOrH'!eCKJile 

pa3pa60TK!f Jil MaTepHaJI:bl 7 noJiy'leHH:ble CTpaHaMH npM npoBelleHHH HCCJiellO

B8HifH no nnaHy KOOpllMHal.llfH pa6oT, paccMOTpeHJile B KoMJiiCCJi!Jil C3B TeXHH

K0-3KOHOMH'!eCKifX ll8HH:biX no npoeKTY A3C 3JieKTpH'!ecKOH MOII.IHOCTbiO 6o

nee 800 MBT c llBYMH BOllO-BOllHH:biMH 3HepreTM'!ecKJiiMJil peaKTOpaMJil (BB3P), 

a T8K)J(e 06MeH On:b!TOM no npoeKTHpOB8HHI07 COOpy)J(eHHIO H 3KCnnyaT8!.1HH B 

CCCP H r,llP aTOMH:biX 3JieKTpOCT8Hl.IJiiH C:blrpaJIH pemaroll.lyiO pO!Ib B pa3pa-

6oTKe CTp8H8MH-'IJieHaMH C3B CBOHX H8!.1JiiOH8JlbHbiX nporpaMM no aTOMHOH 

3HepreTMKe H npHHHTJi!Jil pemeHJiiH o cTpOHTen:&CTBe A3C 0 

B COOTBeTCTBHH C 3THMH nporpaMMaMJil B CTpaHax-qJieHaX C3B (6e3 

CCCP) B nepHOll llO 1980 rolla HaMe'!aeTcH nocTpoHTb A3C o611.1eH: MOII.IHOCTbiO 

llO 10 000 MET o 

B CoBeTCKOM Coro3e Ha 1971-1975 roll:bl npellyCMOTpeHo 3Ha'!HTeJI:&Hoe 

pa3BJiiT!fe aTOMHOH 3HepreTHKJi1 7 HaMe'!eHO BBeCTJil B lleHCTBJile MOII.IHOCTJil Ha 

A3C B pa3Mepe 6000-8000 MBT o B 3TOM nHTHJieTJi!Jil CCCP npHcTynaeT K 

ocyll.leCTBJieHif!O mMpOKOH nporpaMM:bl CTpOHTeJibCTBa aTOMH:biX 3JieKTpOCTaH

l.llfH, npe)J(lle BCero B EBponeil:CKOH '18CTH CTp8H:blo 3Ta nporpaMMa npellyC

MaTpHBaeT BBeCTif B lleHCTB!fe B Te'!eHJile 10-12 JieT A3C MOII.IHOCTb!O 

30 000 MBT c npHMeHeHJileM peaKTOpH:biX ycTaHoBOK MOII.IHOCTbiO 1000 MBT 

H B:bimeo 

B HeKOTOp:b!X CTpaHaX-'!JieHaX C3B B CBH31f C B:b!COKHMH TeMnaMH npo

M:blmJieHHOrO pa3BHTJiiH H 60JibmlfM pOCTOM noTpe6JieHHH TOnJIJiiB8 H 3JieKTpo-

3HeprJi!Jil A3C cTaHOBHTCH pean:&H:&IM Jil Halle)J(H:biM JiiCTO'IHJiiKOM noKp:biTJiiH 

B03paCT8IOII.IeH noTpe6HOCTJil B 3JieKTpM'!eCKOH 3HeprMJilo 

IJnaH:bi pa3BHTHH aTOMHOH 3HepreTHKH B CTpaHax-qJieHax C3B B 6nH

)J(aHmHH: nepliOll 6a3HpyiOTCH Ha npHMeHeHHH pa3pa60T8HH:b!X B H8CTOHII.Iee Bpe-
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MH BO,nO-BO,!IHHb!X SHepreTI1'!6CKI1X peaKTOpOB Ha TenJIOBb!X H~HTpOHaX e,ni1-

HI1'IHOH SJI6KTp11'I6CKOH MOI!1HOCTbiO 440 MBT (T11n BB3P-44G). 

PeaKTopHbie 6JIOKI1 BB3P-400 np11M6HHIOTCH B CCCP np11 coopy:>KeHI111 

TpeTbeH: 11 qeTBepToH: oqepe,n11 HoBOBopoHe:>KcKoH: aTOMHOH sJieKTpocTaHQI111, 

KoJihCKOH 11 ApMHHCKoH: A3C, B EoJirapu11- Ha A3C "Ko3Jio,ny:1:", B r.UP- Ha 

A3C "Hop,n", a TaK:>Ke Ha aTOMHb!X SJI6KTpOCTaHQI1HX 1 HaMetieHHbiX K coopy

:>K6HI1IO B BeHrp1111, PyMbiHI111 u 'lexocJioBaKI111. 

B IT OJihme HaytiH0-11CCJie,noBaTeJibCKI1e H npoeKTHbie opraHI13aQ1111 lli11po

KO np11BJI6'!6Hbl K pa3pa60TKe pH,na T6M no nJiaHy KOOp,!111HaQI111 HaytiHb!X 11 

T6XHI1'!6CKI1X HCCJie,noBaHI1H 1 npOB0,!111MbiX CTpaHaMI1-tiJieHaMI1 C3B B 06JiaCTI1 

H,nepHOH SHepreTI1KI1. B HHCTI1TyTe H,nepHblX 11CCJI6,!IOBaHI1H Ha 6a3e C03,!1aH

HbiX 11CCJI6,!IOBaTeJihCKI1X peaKTOpOB 11 B npoeKTHbiX SHepreTI1'!6CKHX opraHI1-

3aQI15IX npOBO,!IHTCH 11CCJI6,!IOBaHI1H 11 pa3pa60TKa OnTI1MaJibHbiX pelli6HI1H no 

coopy:>KeHI1IO nepBOH aTOMHOH SJI6KTpOCTaHQI111 C peaKTOpaMI1 Ha TenJIOBb!X 

Heii:TpoHax THna BB3P, a B nepcneKTI1Be - c peaKTopaMI1 Ha 6orcTpbiX HeH:

TpoHax. 

B HaCTOHI!1ee BpeMH B paMKax CoBeTa 3KOHOMI1'!6CKOH B3aHMonoMOII111 

pa3pa6oTaHa nporpaMMa npOB6,!16HI1H COBM6CTHbiMI1 yCI1JII1HMI1 HaytiH0-11CCJie

,!IOBaTeJibCKHX u npoeKTHO-KOHCTpyKTopcKHX pa6oT no peaKTopy BB3P e.nu

HH'IHOH SJI6KTpH'I6CKOH MOlliHOCTbiO 1000 MBT H Bb!llie, 'ITO 6y,neT cnoco6cT

BOBaTb ycKopeHuro pa3pa6oTK11 npoeKTa A3C c TaKHMI1 peaKTopaMH, pa3BH

THIO cneQHaJIH3aQHI1 11 npOH3BO,!ICTB6HHOTO KOOnep11pOBaHI1H np11 113TOTOBJI6HI1H 

sHepreTI1'IecKoro o6opy,noBaHHH, np116opoB H cpe,ncTB aBTOMaTH3aQHH A3C. 

Ha nepcneKTHBHbiH nepuo,n reHepaJibHOH JIHHHeH: pa3BHTHH aTOMHOH sHep

reTHKH B CTpaHax-qJieHaX C3B HBJIH6TCH pa3pa60TKa H coopy:>KeHI1e aTOMHbiX 

SJieKTpOCTaHQHH C peaKTOpaMH Ha 6biCTpbiX H6HTpOHaX, KOTOpble o6ecnequ

BaiOT HaH60JI66 nOJIHOe HCnOJib30BaHI16 np11p0,!1HOTO ypaHa 11 1 KaK CJI6,!1CTBH6, 

CHH:>K6HHe B6JII1'IHHbl TOnJIHBHOH COCTaBJIHIOI!16H CTOHMOCTI1 SJI6KTpOSH6prHI1. 

Y:>Ke B STOM nHTHJI6THH (1971-1975 rO,nbi) CTaBHTCH 3a,naqa npOMbllliJI6HHOTO 

OCB06HHH peaKTOpOB Ha 6biCTpbiX H6HTpOHaX. 

II. COTPY,llHH'-IECTBO B OEJIACTH ITPOH3BO,UCTBA H ITPHMEHEHH5I 

H30TOITOB, ME'-IEHbiX COE,llHHEHHH H HCTO'-IHHKOB H3JIY'-IEHHH 

B cTpaHax-qJieHax C3B npoH3BO.!ICTBO pa,nuoaKT11BHbiX H30TonoB opra

HI130BaHo, B OCHOBHOM 1 Ha HCCJI6,!IOBaT6JibCKHX aTOMHbiX peaKTOpaX H yCKO

pHT6JIHX 3apH:>K6HHblX tiaCTI1Q. 3TO n03BOJIH6T CTpaHaM pa3BI1BaTb C0Tpy,n

HH'I6CTBO no BOnpocaM pa3pa60TKI1 M6TO,!IOB noJiytieHHH H30TOnOB, KOHTpOJIH 

1130TOnHOH npo,nyKQHH, cneQHaJIH3aQHH npOH3BO,!ICTBa, YHHcpHKaQI1H OCHOBHbiX 

napaMeTpOB H XapaKT6pHCTHK 1 HaytiHO-T6XH11'!6CKOTO COTpy,nHH'I6CTBa 11 o6-

M6Ha Onb!TOM B STOH 06JiaCTI1. 

B HaCTOHI!166 Bp6MH cyMMapHaH HOM6HKJiaTypa H30TOnHOH npo,nyKQHH B 

CTpaHaX-qJieHaX C3B OXBaTb!BaeT CBbillie 5000 npenapaTOB H HCTO'IHHKOB 113-

JiytieHHH, B TOM 'IHCJie OKOJIO 800 HaHM6HOBaHHH pa,nHOaKTHBHblX H30TOnOB H 

H60praHH'I6CKHX C06,!1HH6HI1H 1 npi1M6pHO 900 M6'!6Hb!X opraHH'I6CKHX coe,nu

H6HHH, ,!10 300 pa,nuoaKTHBHblX M6,!1HQHHCKHX npenapaTOB, 400 BH,!IOB STaJIOH

HblX paCTBOpOB H CB6TOCOCTaBOB, 900 HaHM6HOBaHHH CTa6HJibHbiX H30TOnOB 

H H3,!16JIHH C o6oral!16HHbiMH CTa6HJibHblMH 1130TOnaMH 11 CBblllie 2000 BI1,!10B 

3aKpb!TbiX HCTO'IHHKOB H3JIY'I6HI1H. 

ITOCTOHHHOH KOMI1CCH6H C3B no 11CnOJib30BaHI1IO aTOMHOH SHepr1111 B MHp

HblX QeJIHX 3a nep11o,n c 1961 no 1967 ro.n npHHHTbr peKoMeH,naQHH no cneQHaJIH3a-



A/CONF.49/P/683 701 

I..IHH npOH3BO,liCTBa 6oJiee 50 pa,liHOaKTHBHbiX H30TOnOB, KOTOpbie HCnOJib3YIOT

CH ,!IJIH H3rOTOBJieHHH OKOJIO 300 HeopraHH'IeCKHX npenapaTOB H npHMepHO 

600 MeqeHblX opraHH'IeCKHX COe,liHHeHHH. ITpHHHTbie peKOMeH,llai..IHH n03BO

JIHJIH 3Ha'IHTeJibHO yBeJIH'IHTb npOH3BO,liCTBO H30TOnHOH npo,llyKI..IHH 3a C'leT 

COKpa~eHHH HOMeHKJiaTypbl B OT,lleJibHbiX CTpaHaX, OHH CblrpaJIH nOJIOJKHTeJib

HYIO pOJib B pa3BHTHH cne1..1HaJIH3HpOBaHHOro npOH3BO,liCTBa H30TOnOB H Meqe

HblX COe,liHHeHHH B CTpaHaX-qJieHaX C3B. 

KoMHCCHH o.n;o6pHna peKoMeH,llai..IHH no yHH<!>HKai..IHH 46 BaJKHei:fmHx pa.n;Ho

aKTHBHbiX Me,!IHI..IHHCKHX npenapaTOB no HX napaMeTpaM H XapaKTepHCTHKaM, 

MapKHpOBKe H nacnopTH3ai..IHH 1 'ITO 06JierqaeT opraHH3ai..IHIO npOH3BO,liCTBa, 

KOHTpOJIH H B3aHMHbiX nOCTaBOK 1 n03BOJIHeT npOBO,liHTb cpaBHeHHe Ka'leCTBeH

HbiX xapaKTepHCTHK, CO,lleHCTByeT nOBblilleHHIO y.n;eJibHOH aKTHBHOCTH npenapa

TOB H ynyqmeHHIO pa,liHOH30TOnHOH H pa,liHOXHMH'IeCKOH 'IHCTOTbl. 

KOMHCCHei:f B 1967-1970 rO,llbl npHHHTO 17 peKOMeH,llai..IHH no CTaH,llapTH-

3ai..IHH pa,liHOH30TOnHhiX npenapaTOB H 3aKpbiTbiX HCTO'IHHKOB H3JiyqeHHH no 

HX OCHOBHblM xapaKTepHCTHKaM, MeTO,llaM KOHTpOJIH H HCnbiTaHHH, MapKHpOB

Ke H nacnopTH3ai..IHH. 

IT OCTOHHHaH KOMHCCHH y.n;eJIHJia OC06oe BHHMaHHe Hay'IHO-TeXHH'IeCKOMY 

COTpy,liHH'IeCTBY B 06JiaCTH npOH3BO,liCTBa H KOHTpOJIH H30TOnOB H MeqeHblX 

coe.n;HHeHHH. Hay'IHbie Hccne.n;oBaHHH, npoBO,liHMbre B cTpaHax-qJieHax C3B, 

KOOp,liHHHpOBaJIHCb no MeTO,llaM nonyqeHHH H30TOnOB H CHHTe3a Me'leHblX coe

,liHHeHHH, no MeTO,llaM aHaJIH3a, KOHTpOJIH H H3MepeHHH aKTHBHOCTH pa,liHO

H30TOnHblX npenapaTOB. 

B pe3yJibTaTe STHX HCCJie,liOBaHHH B CTpaHax-qJieHaX C3B pa3pa6oTaHbl 

HOBbie MeTO,llbl noJiy'leHHH CJIOJKHbiX OpraHH'IeCKHX COe,liHHeHHH, MeqeHHbiX 

TpHTHeM H yrnepO,liOM-14, MeTO,llbl noJiy'leHHH pa,liHOaKTHBHblX H30TOnoB; 

YCOBepmeHCTBOBaHbl TeXHOJIOrH'IeCKHe npOI..IeCCbl ,!IJIH nonyqeHHH o6ora~eH

HbiX CTa6HJibHblX H30TonoB; pa3pa6oTaHbl MeTO,llbl HX aHaJIH3a, OC06eHHO 6e3 

npHMeHeHHH CJIOJKHblX Macc-cneKTpOMeTpH'IeCKHX ycTaHOBOK. 

KoMHCCHei:f B nepHo.n; 1963-1970 ro.n;oB opraHH30BaHo 10 CHMno3HYMOB 

H COBe~aHHH cne1..1HaJIHCTOB CTpaH-qJieHOB C3B no BOnpocaM npOH3BO,liCTBa 

H KOHTpOJIH H30TOnHOH npo.n;yKI..IHH. ITo pemeHHIO KOMHCCHH 6b!JIH H3,llaHbl CBO,li

Hble KaTaJIOrH H30TOnHOH npO,liYKI..IHH, BhlllyCKaeMOH B CTpaHax-qJieHaX C3B: 

"Pa,liHOaKTHBHbie H30TOnbi H Me'leHble COe,liHHeHHH 11 H 11 CTa6HJibHbie H30TOnhi
11

• 

ITo Mepe pa3BHTHH npOH3BO,liCTBa H30TonHoi:f npo.n;yKI..IHH H pacmHpeHHH accop

THMeHTa H3,lleJIHH B 1967-1968 rO,llbl H3,llaHbl ,liOnOJIHeHHH K yKa3aHHblM KaTa

JIOraM. 

3a npome.n;mee .n;ecHTHJieTHe B pa6oTe KoMHCCHH 6onhmoe BHHMaHHe y.n;e

JIHJIOCb pa3BHTHIO coTpy.n;HH'IeCTBa cTpaH-qJieHOB C3B no npHMeHeHHIO pa.n;Ho

aKTHBHbiX H30TOnOB H H,llepHb!X H3JiyqeHHH B Hay'IHb!X HCCJie,liOBaHHHX H B Ha

pO,liHOM X03HHCTBe; 6biJIH pa3pa6oTaHbi: 

- peKOMeH,llai..IHH nO BHe,llpeHHIO B npOMblillJieHHOCTb H30TOnHbiX MeTO,liOB 

H npH6opoB, npOBepeHHb!X B npOH3BO,liCTBeHHbiX ycJIOBHHX H noKa3aBillHX onpe

,lleJieHHb!H TeXHHKO-SKOHOMH'IeCKHH s<P<PeKT; 

- 0630pbl npHMeHeHHH pa,liHOaKTHBHb!X MeTO,liOB H npH60pOB B pa3JIH'IHb!X 

OTpaCJIHX npOMblillJieHHOCTH (MeTaJIJiyprHH 1 MaillHHOCTpOeHHH, reo<PH3HKe, 

,li06bi'Ie noJie3Hb!X HCKOnaeMbiX, XHMHH, CTpOHTeJibCTBe, He<!>Tenepepa60TKe 

H T .,11.); 
- e,liHHaH MeTO,liHKa onpe.n;eJieHHH SKOHOMH'IeCKOH s<P<PeKTHBHOCTH npHMe

HeHHH pa,liHOaKTHBHb!X H30TOnOB H H,llepHblX H3JiyqeHHH, 

Ha OCHOBe yKa3aHHhiX peKoMeH,llai..IHH H MeTO,liH'IeCKHx MaTepHaJIOB IToc

TOHHHbie KoMHCCHH C3B no ceJibCKOMY X03HHCTBY, nHmeBoii npoMbiillJieH-
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HOCTH 1 reonorHH 1 qepHOH MeTannyprHH H ~pyrHe KOMHCCHH B CBOHX nna
HaX pa60Tbl npe~ycMaTpHBaiOT BHe~peHHe pa~HOH30TOnHl>IX MeTO~OB Hanna

paTypl>l B KOHKpeTHb!X npOH3BO~CTBeHHb!X npOI.IeCCaX. 

IJpOBO~HMble pa60TJ>I B 3TOH o6naCTH cnoco6CTBOBanH pa3BHTHIO npHMe

HeHH.R H30TOnOB H H3nyqeHHH B pa3nHqHDIX OTpacn.RX npOMl>ImneHHOCTH 1 B 

cenbCKOM X03.RHCTBe H Me~HI.IHHe CTpaH-qneHOB C3B. B HaCTO.RII\ee BpeM.R 

B 3THX CTpaHaX H30TOnDI 1 MeqeHJ>Ie COe~HHeHH.R H HCTOqHHKH H3nyqeHHH npH

MeH.RIOTC.R npHMepHO B 7000 opraHH3ai.IH.RX 1 B TOM qHcne Ha 3600 npOMDimneH

Hb!X npe~npH.RTH.RX 1 B 900 Me~HI.IHHCKHX yqpeJK~eHH.RX H 6onee qeM B 1600 Ha

yqHO-HCCne~OBaTenbCKHX HHCTHTyTaX. EJKerO~HDIH npHpOCT KOnHqeCTBa npe~

npH.RTHH H opraHH3ai.IHH 1 npHMeH.RIOII\HX H30TOnl>I H MeqeHble coe~HHeHH.R 1 co

CTaBn.ReT B cyMMe no CTpaHaM-qneHaM C3B OKOno 10%, a B OT~enbHJ>IX CTpa

HaX - ~aJKe ~0 30-40%. J1cnonb30BaHHe .R~epHDIX H pa~Hai.IHOHHJ>IX npOI.IeCCOB 

B HayKe H npaKTHKe npHHOCHT CTpaHaM-qneHaM C3B 3HaqHTenbHl>IH 3KOHOMH

qecKHH 3!l>!l>eKT. 

III. COTPY,llHHl.JECTBO B 05JIACTI1 51,llEPHO<PI13I1l.JECKI1X IlPHEO

POB I1 PA,lll10I130TOITHOH AITITAPATYPbi 

B CB.R3H C pa3BHTHeM B CTpaHax-qneHaX C3B aTOMHOH SHepreTHKH H 

pacmHpeHHeM npHMeHeHH.R H30TOnOB H HOHH3HpyiOII\HX H3nyqeHHH B HayqHO

TeXHHqecKHX HCCne,llOBaHH.RX 1 HapO,llHOM X03.RHCTBe H Me.l{HI.IHHe 3HaqHTenbHO 

B03pacTaeT nOTpe6HOCTb CTpaH B H3.l{enH.RX .R,llepHoro npH60pOCTpOeHH.R. IJpH 

3TOM xapaKTepHOH oco6eHHOCTbiO npH60pOB .R,llepHOH TeXHHKH .RBn.ReTC.R HX 

illHpOKHH aCCOpTHMeHT 1 6onee 1000 HaHMeHOBaHHH 1 HO ManJ>Ie cepHH B npOH3-

BO~CTBe 1 qTo Tpe6yeT 3HaqHTenbHDIX 3aTpaT cpe~CTB Ha HCCne.l{OBaHH.R 1 pa3-

pa60TKY 1 HCnb!TaHH.R o6pa31.10B H no,llrOTOBKY npOH3BO,llCTBa. 

B 3THX ycnoBHHX oco6yro BaJKHOCTb npHo6peTaeT COTPY.llHHqecTBO cTpaH

qneHOB C3B B npOI.IeCce pa3pa60TKH H npOH3BO~CTBa 1 cnei.IHanH3ai.IH.R H KO

onepHpOBaHHe 1 YHH!l>HKai.IH.R H CTaH~apTH3ai.IH.R H3,llenHH. 

YqHTJ>IBa.R, qTo B TexHHqecKOM nporpecce, B o6ecneqeHHH KaqecTBa, Ha

.neJKHOCTH H ~onroBeqHOCTH npH60pOB 6oni>myiO ponb HrpaeT YHH!l>HKai.IH.R H 

CTaH,llapTH3ai.IH.R 1 KOMHCCHeH npHH.RTO 69 peKOMeH,llai.IHH no CTaH,llapTH3ai.IHH 

(PC C3B) sneKTpOHHO!l>H3HqecKOH 1 .l{03HMeTpHqecKOH H pa.nHoMeTpHqecKOH 

annapaTypl>1 1 ,lleTeKTOpOB .R,llepHDIX H3nyqeHHH 1 pa,llHOH30TOnHDIX npH60pOB H 

.R,llepHOMe.l{HI.IHHCKOH annapaTypl>l. 3TH pa60TJ>I npOBO~.RTC.R C yqeTOM peKo-

MeH.l{ai.IHH .npyrHX MeJK.nyHapO,llHDIX opraHH3ai.IHH no CTaH,llapTH3ai.IHH (J1C0, 

M3K H ~p.). 

Ha ocHoBe npHH.RTJ>IX KoMHCCHeH PC C3B cTpaHJ>I pa3pa6aTJ>IBaiOT Ha

I.IHOHanbHJ>Ie CTaH,llapTl>l H HOpMaTHBHYIO .l{OKyMeHTai.IHI01 qTO n03BOn.ReT C03-

.l{aBaTb He06XO,llHMJ>Ie ycnOBH.R .l{n.R npoBe,lleHH.R cnei.IHanH3ai.IHH H KOonepHpo

BaHH.R npOH3BO.l{CTBa 1 pa3BHTH.R B3aHMHOH TOproBnH. 

3a BpeM.R cBoeH ~e.RTenbHOCTH IlocTO.RHHaH KoMHCCH.R pa3pa6oTana H 

npHH.Rna peKOMeH.l{ai.IHH no cnei.IHanH3ai.IHH npOH3BO,llCTBa 6onee 70 HOMeH

KnaTypHD!X rpynn .R,llepHO!l>H3HqecKHX npH60pOB H pa~HOH30TOnHOH annapaTy

pb11 HCnOnb3yeMJ>IX B HayKe 1 npOMJ>IillneHHOCTH1 cenbCKOM X03.RHCTBe H Me.l{H

I.IHHe. IJpHMepaMH ycTaHOBHBilleHC.R cnei.IHanH3ai.IHH npOH3BO.l{CTBa H3,llenHH 

.R,llepHoro npH60pOCTpOeHH.R MeJK.ny CTpaHaMH-qneHaMH C3B .RBn.RIOTC.R: 

- H.nepHoMe.llHI.IHHCKaH annapaTypa, npOH3BO.llHMa.R B BHP; 

- npH60pl>l ~JI.R HayqHJ>IX HCCJie,llOBaHHH 1 npOH3BO~HMDie B r,llP; 

- CI.IHHTHnnHTOpl>I 1 npoH3BO~HMJ>Ie B BHP H l.JCCP; 



A/ CONF. 49/P/ 683 

C'leT•UIKH H,llepHbiX H3nyt~eHHH, npOH3BO,llHMbie B r,UP H ITHP; 

- raMMa-,lleq>eKTOCKOnH'IeCKaH annapaTypa, npOH3BO,llHMaH B ITHP H 

CCCP. 

703 

B QenHX B3aHMHOH HHq>OpM8QHH H 06MeHa onbiTOM 0 COCTOHHHH H TeX

HH'IeCKOM ypOBHe pa3pa60TOK H npOH3BO,llCTBa npH60pOB H annapaTypbl H,llep

HOH TeXHHKH B CTpaHax-qneHaX C3B, C yt~eTOM pe3ynbTaTOB pa6oT, BbinOn

HeHHbiX CTpaHaMH npH KOOp,llHHaQHH Hay'IHbiX H TeXHH'IeCKHX HCCne,llOB8HHH 1 

B paMKaX C3B npOBO,llHTCH ceMHHapbi, CHMn03HyMbi 1 KOHq>epeHQHH. ,llnH 

3Toro 6bmH TaKJKe opraHH30BaHbi Hayt~Ho-TeXHHt~ecKHe BbiCTaBKH B MocKBe, 

BapmaBe H Jiei:fnQHre. 

ITo pemeHHK> ITocTOHHHOH KOMHCCHH C3B B ceHTH6pe 1969 ro,lla B Moc

KBe 6brna npOBe,lleHa Hay'IHO-TeXHH'IeCKaH KOHq>epeHQHH Ha TeMy 11 ITOBbiilleHHe 

TeXHH'IeCKOrO ypOBHH pa,llHOH30TOnHOH annapaTypbi, npH60pOB ,llnH H,llepHOq>H-

3H'IeCKHX HCCne,llOBaHHH H opraHH3aQHH QeHTpanH30BaHHbiX CHCTeM ,llnH o6-

pa60TKH ,ll8HHbiX il>H3H'IeCKHX 3KCnepHMeHTOB B H,llepHbiX QeHTpaX CTpaH-'Ine

HOB C3B". Ha nneHapHbiX H ceKQHOHHbiX 3ace,llaHHHX KOHq>epeHQHH 6bmo npo

'IHTaHo H o6cyJK,lleHO 78 ,llOKna,llOB 1 B pa6oTe KOHq>epeHQHH npHHHnO yt~aCTHe 

160 cneQHanHCTOB cTpaH-t~neHOB C3B. 

PaccMoTpeHHbre Ha KoMHCCHH HTOrH KOH!l>epeHQHH noKa3anH, 'ITO 3a,lla

'IH, pemaeMbie B HaCTOHIIIee BpeMH C nOMOIIIbKJ H,llepHbiX H pa,llHaQHOHHbiX Me

TO,llOB, BCe 6onee pacmHpHK>TCH. BbiCOKaH 'IYBCTBHTenbHOCTb COBpeMeHHbiX 

H,llepHbiX npH60pOB 1 n03BOnHKJIIIaH npOBO,llHTb n03neMeHTHbiH aHanH3 pH,lla Be

mecTB 6e3 oT6opa npo6, 6e3 pa3pymeHHH o6pa3Qa, OTKpbiBaeT 6onbmHe nep

cneKTHBbi 3q>q>eKTHBHOrO npHMeHeHHH H,llepHbiX npH60pOB B C8Mb!X pa3H006-

pa3Hb!X cq>epax HayKH, TeXHHKH H npOH3BO,llCTBa. 

BMeCTe C TeM, TaKOe pa3H006pa3He npHMeHeHHH H,llepHOq>H3H'IeCKOH H 

pa,llHOH30TOnHOH annapaTypbi, illHpOKaH HOMeHKnaTypa npH60pOB He BCer,lla 

C03,llaKJT ycnoBHH ,llnH 3KOHOMH'IeCKH BblrO,llHOH pa3pa60TKH H npOH3BO,llCTBa 

H3,llenHH B K8JK,ll0H OT,llenbHOH CTpaHe. 

Yt~HTbiBaH, 'ITO Ha ocHoBe npHHQHnOB COTPY.llHH'IeCTBa cTpaH-t~neHoB 

C3B HMeeTCH 06'beKTHBHaH B03MOJKHOCTb MeJK,llyHapO,llHOro COQHanHCTH'IeC

KOro pa3,lleneHHH Tpy,lla H KOOnepHpOB8HHH B Hayt~HblX HCCne,llOBaHHHX H npo

H3BO,llCTBe, KoMHCCHH, B coOTBeTCTBHH c pemeHHeM XXIII ( cneQHanbHoli) cec

CHH C3B o6 yrny6neHHH COTPY.llHHt~ecTBa cTpaH-t~neHOB C3B, no,llrOTOBHna 

peKoMeH,llaQHH o HOBbiX, 6onee 3q>q>eKTHBHbiX q>opMax COTPY.llHH'IeCTBa B o6-

nacTH H,llepHOrO npH60pOCTpOeHHH 1 B TOM 'IHCne no C03,llaHHKJ MeJK,llyHapO,llHO

ro X03HHCTBeHHoro o6'be,llHHeHHH cTpaH-t~neHOB C3B "llHTepaTOMHHCTpyMeHT 11
• 

IV. COTPY,UHlllJECTBO ITO BOITPOCAM PA.UllAUllOHHOH EE30ITAC

HOCTll ll 3AII(llTHOH TEXHllKll 

B o6nacTH pa,llHaQHOHHOH 6e3onacHocTH H 3aiiiHTHOH TeXHHKH B paMKax 

C3B ocymeCTBnHeTCH KOOp,llHHaQHH Hay'IHbiX H TeXHH'IeCKHX HCCne,llOBaHHH 1 

npoBO.llHMbiX cTpaHaMH-t~neHaMH C3B, pa3pa6oTKa HOpMaTHBHbiX .llOKyMeHToB, 

peKOMeH,llaQHH no CTaH,llapTH3aQHH, cneQHanH3aQHH H KOOnepHpOBaHHKl npOH3-

BO,llCTBa H3,llenHH 3aiiiHTHOH TeXHHKH. 

B 1965 ro,lly ITOCTOHHHOH KOMHCCHeH 6binH pa3pa6oTaHbl H peKOMeH,llO

BaHbl ,llnH CTpaH-qneHOB C3B: "HopMbl pa,llH8l.IHOHHOH 6e30nacHOCTH 11 
1 "ITpa

BHna pa6oTbl C p8,llH08KTHBHblMH BemecTB8MH11 H 11 ITpaBHna nepeB03KH pa,llHO

aKTHBHblX BemecTB 11
• IT03,llHee, B 1966-1967 rO,llbl, 3TH ,llOKyMeHTbl 6binH 

yTO'IHeHbi H ,llononHeHbi. 
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B CBH3H c TeM, 'ITO MeJK,llyHapO,liHbiM areHTCTBOM no aTOMHOH sHeprHH 

(MAr AT3) cHcTeMaTHt.IecKH rrpoBO.ziHTCH pa6oTbi no coBeprneHCTBOBaHHro Hop

MaTHBHbiX ,liOKyMeHTOB B o6nacTH pa,liHal.IHOHHOH 6e3orracHOCTH, H yt.IHThiBaH, 

t.ITO 3TH ,liOKyMeHTbi o6o6maroT MHpOBOH orrhrT, KoMHCCHH rrpHHHJia perneHHe 

peKOMeH,liOBaTh CTpaHaM-t.IJieHaM C3B B Kat.IeCTBe HCXO,l(Hb!X MaTepHaJIOB 

I1pH pa3pa6oTKe Hal.IHOHaJihHbiX IlpaBHJI HC!10Jlh30BaTh HOpMaTHBHb!e ,liOKyMeH

Tbl MArAT3 no pa.z~Hal.IHOHHOH 6e3orracHOCTH H 3all.\HTe. 

Yt.IHTbiBaH Heo6xo,liHMOCTh opraHH3al.IHH B cTpaHax-qneHax C3B cHcTeMa

THt.IecKoro Ha6Jiro,lleHHH 3a pa,lllial.IHOHHOH o6cTaHOBKOH H o6ecrret.IeHH51 IlOJIHOH 

pa,liHal.IHOHHOH 6e30!1aCHOCTH BCeX J!Hl.l, pa6oTaromHX C pa,liHOaKTHBHb!Mii Be

meCTBaMH, a TaKJKe HaCeJieHHH, KoMHCCHeH, B ,l(OllOJIHeHHe K HOpMaTHllHb!M 

,liOKyMeHTaM 1 6b!JIH pa3pa6oTaHbi: 

1 . 06mHe peKOMeH,llal.IHH !10 ocymecTBJieHHID KOHTpOJIH 3a C06J!IO,lleHHeM 

HOpM pa,liHal.IHOHHOH 6e30!1aCHOCTH. 

2. PeKoMeH,llal.IHH no .z~e3aKTHBal.IHH rroBepxHocTeM: rroMemeHHH, o6opy.z~o

BaHHH, cpe,!ICTB HH,liHBH,llyaJihHOH 3all.\HTbl li KOlKHb!X IlOKpOBOB. 

3. MeTO,liHKa OT6opa !1p06 ,!IJIH Ol.leHKii 3arpH3HeHH51 BO,llbl pa,liHOHYKJIH

,llaMH. 

4. MeTO,liHKa OT6opa !1p06 ,l(JIH CHCTeMaTHt.IeCKOTO orrpe,lleJieHHH 3arpH3-

HeHH51 IlpO,llyKTOB IlHTaHHH CTpOHI.IHeM-90 1i l.le3HeM-137, 

5, PeKoMeH,llal.IHH !10 Ol.leHKe rrperrapa TOB 1 rrpe,!1Ha3Ha t.IeHHb!X ,!IJIH Ol.JHCTKH 

KOlKHb!X IlOKpOBOB OT pa,liHOaKTHBHb!X 3arp513HeHHU. 

6. PeKoMeH,llal.IHH no ,lle3aKTHBal.IHH TeXHOJIOTHt.IecKoro o6opy,lloBaHHH, 

IlpHMeHHeMOTO ll aTOMHOU 3HepreTHKe. 

B o6nacTH 3all.\HTHofi TeXHHKH KoMHCCHH rrpHHHJia OKOJIO 40 peKoMeH,lla

l.llill !10 YHHif>HKal.IHH, CTaH,llapTH3al.IHH H Cllel.IHaJIH3al.IHH !1pOH3BO,liCTBa H3,lle

JIHU 3all.\HTHOH TeXHHKH 1 KaK HallpHMep, yrraKOllOl.JHb!e KOMilJieKTbl ,!IJIH rrepe

B03KH pa,liHOaKTHllHb!X MaTepHaJIOB 1 Jia6opaTOpHaH Me6eJih ,l(JIH pa60Tbl C pa

,liHOaKTHllHb!MH BemeCTBaMH 1 raMMa-TeparreBTHt.IeCKHe arrrrapaTbi, raMMa

.z~eif>eKTOCK0!1bl1 6JIOKH 3all.\HTHb!e CBHHI.IOBbie H T .,II. 

B paMKaX C3B Bee 60Jihiiiee BHHMaHHe y,lleJisreTCH COTpy,liHHt.IeCTBY !10 

o6ecrret.IeHHID l.JHCTOTb! OKpylKaromeiJ: cpe,llbl. B CB513H C 3THM I1p0BO,!IHTCH pa-

6oTa !10 KOOp,liHHal.IHH Hayt.IHb!X li TeXHHt.IeCKHX HCCJie,liOBaHHH B o6JiaCTH o6e3-

BpelKHBaHHH lKH,liKHX 1 TBep,llb!X H ra3006pa3Hb!X pa,liHOaKTHBHbiX OTXO,!IOB H 

,lle3aKTHBal.IHH 3arpsr3HeHHhiX rroBepxHocTeM:, pa3pa6oTaHa "MeTO.liHKa ,!IJIH 

orrpe,lleJieHHH 3KOHOMHt.IeCKOH 3 if> if> eKTHBHOCTH pa3JIHl.JHbiX MeTO,liOll rrepepa-

60TKH H 3aXOpOHeHH51 pa,liHOaKTHBHb!X OTXO,!IOB 11 
1 IlpOBe,lleHbl ,l(Be Hayt.IHO

TeXHHt.IeCKHe KOHif>epeHI.IIiH !10 o6e3BpelKHBaHHID pa,liHOaKTHllHb!X OTXO,!IOB. 

B CBH3H c yKa3aHHOfi Bb!IIle .z~esrTeJihHOCThro CoBeTa 3KOHOMHt.IecKoM: 

B3aHMOI10MO!l.\H B o6nacTH MHpHoro rrpHMeHeHHH aTOMHOH sHeprHH B pa3JIHt.I

HbiX 06JiaCTHX HayKH, TeXHHKii 1i !1pOH3BO,liCTBa CJie,llyeT OTMeTHTh IlOJ!OJKH

TeJihHYID poJih KOHTaKTOB CoBeTa 3KOHOMHt.IecKofi B3aHMOI10MO!l.\H c MeJK.z~y

Hapo.l(HbiM areHTCTBOM !10 aTOMHOH 3HeprHH. 

V. HOBblH 3TAIT YrJIYEJIEHH5I H C0BEPI1IEHCTBOBAHH5I COTPY,ll

HWIECTBA B OEJIACTH MHPHOrO HCITOJib30BAHH5I ATOMHOH 3HEP

rHH 

BaJKHoe 3Hat.IeHHe B coTpy.liHHt.IecTae cTpaH-t.IJieHOB C3B Ha coBpeMeH

HOM sTarre srBHJIHCh perneHHH XXIII (crrel.IHaJihHOfi) ceccHH CoBeTa 3KOHOMH

t.IeCKOH B3aHMorroMO!l.\H. 
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B cooTBeTCTBHH c 3THMH pemeHHHMH pa3pa6oTaHa H Ha XXV ceccHH 

C3B B mOJie 1971 ro.z~a B EyxapecTe €,!1HHO.liYillHO rrpHHHTa KoMIIJieKcHasr rrpor

paMMa ,llaJibH€Hillero yrny6JI€HHH H COB€pill€HCTBOBaHHH COTpy.n;HH'I€CTBa H 

pa3BHTHH C01..1HaJIHCTH'I€CKOH 3KOHOMH'I€CKOH HHTerpai..IHH CTpaH-'IJI€HOB C3B, 

B KOTOpOH IIpe,llyCMaTpHBa€TCH HCIIOJlb30BaHH€ HOBbiX 7 6onee 3¢¢eKTHBHblX 

¢opM H MeTO.liOB coTpy.liHH'IecTBa. B qacTHOCTH, rrpH ocyll\eCTBJieHHH Ha

Y'IHO-T€XHH'!ecKoro COTPY.liHH'!ecTBa HaMe'!eHo rrpoBO.liHTb HccJie,lloBaHHH rry

TeM KOOIIepHpOBaHHH Ha OCHOB€ ,!IOrOBOpOB 7 COrJiaill€HHH H KOHTpaKTOB 7 C03-

.n;aBaH IIpH 3TOM KOOp,!IHHai..IHOHHbl€ 1..1€HTpbl 7 M€JK,llyHapO,!IHbl€ Hay'IHO-HCCJie

,!IOBaT€JlbCKH€ KOJIJI€KTHBbl 1 X03paC'I€THbl€ Hay'IHO-IIpOH3BO,!ICTB€HHbl€ 06"be

,!IHHeHHH H ,llpyrHe opraHH3ai..IHH 7 B 3aBHCHMOCTH OT xapaKTepa H YCJIOBHH pa-

60T IIO KOHKp€THblM IIp06JieMaM • 

ITO MHpHOMy HCIIOJib30BaHHIO aTOMHOH 3HeprHH B IIporpaMM€ COTpy.n;HH

'I€CTBa Ha ,!IJIHT€JlbHblH rrepHO,ll H B IIJiaHe KOOp,!IHHai..IHH Hay'!HblX H T€XHH'I€C

KHX HCCJI€,liOBaHHH 7 IIpOBO,!IHMbiX CTpaHaMH-qJieHaMH C3B B 1971-1975 rO,llbi, 

IT ocTOHHHoll: KoMHCcHell: rrpe.z~ycMOTpeHa pa3pa6oTKa psr.n;a TeM H rrpo6neM c 

HCIIOJib30BaHH€M 6onee 3¢¢eKTHBHblX <iJopM COTpy,!IHH'I€CTBa. 

B o6nacTH sr.z~epHoll: 3HepreTHKH pa3pa6oTaHa rrporpaMMa pa6oT rro rrpo

Be,lleHHIO B paMKaX C3B COBM€CTHOrO T€XHHK0-3KOHOMH'I€CKOro IIpOrH03a. 

3TOT IIpOrH03 6y,li€T OXBaTbiBaTb rrepHO,ll ,110 1990 ro,11a C BblHBJI€HH€M OCHOB

HblX T€H,li€H1..1HH ,110 2000 ro,lla. 0H 6y,11eT HBJIHTbCH COCTaBHOH '!aCTbiO 0611\ero 

IIpOrH03a pa3BHTHH reHepHpyromHX MOII\HOCT€H H TOIIJIHBH0-3HepreTH'I€CKOrO 

6anaHca CTpaH-qJieHoB C3B. 

IT O,llrOTOBJieHbl I1p€,!1JIOJK€HHH IIO KOOp,!IHHai..IHH H KOOIIepHpOBaHHIO Ha ,110-

rOBOpHblX OCHOBaX Hay'IHO-HCCJI€,liOBaT€JlbCKHX H KOHCTpyKTOpCKHX pa6oT 1 

rrpoBO,!IHMbiX cTpaHaMH-'!JieHaMH C3B, B 1..1€JIHX ycKopeHHH C03,llaHHH aTOMHbiX 

peaKTOpH.biX ycTaHOBOK Ha TeiiJIOB.blX H 6.biCTp.blX H€HTpOHaX €,!1HHH'IHOH MOm

HOCTbiO 1000 MBT H B.brme, oTpa6oTKH TexHonorHqecKoro rrpo1..1ecca H o6opy

,!IOBaHHH ,!IJIH rrepepa60TKH 06Jiy'I€HHOrO H,llepHOrO TOIIJIHBa H 06€3BpeJKHBaHHH 

pa.n;HOaKTHBH.blX OTXO).IOB. 

B 06JiaCTH. IIpOH3BO,!ICTBa H30TOIIOB 7 Me'I€H.blX COe,!IHH€HHH H HCTO'IHHKOB 

H3JIY'I€HHH IT OCTOHHHaH KoMHCCHH IIpHHHJia IIHTHJI€THHH IIJiaH pa60T.bl IIO COT

py,!IHH'I€CTBY B 06JiaCTH IIpOH3BO,!ICTBa H30TOIIHOH IIpO.liYKI..IHH Ha 1971-197 5 ro

,llbl7 KOTOp.blH OXBaT.biBaeT OCHOBH.bl€ HarrpaBJI€HHH COTpy.n;HH'I€CTBa: l1pOrH03 

I10Tpe6JI€HHH H IIpOH3BO,!ICTBa H30TOIIHOH IIpO.liYKI..IHH Ha ,!IJIHT€JlbHbiH rrepHO,ll 7 
IIpOBe,lleHH€ T€XHHK0-3KOHOMH'I€CKHX HCCJI€,liOBaHHH IIO pa3BHTHIO IIpOH3BO,li

CTBa 1 pa3pa6oTKy peKOM€H,lla1..1HH IIO Cl1€1..1HaJIH3ai..IHH H KOOII€pHpOBaHHIO pa60T 

B IIpOH3BO,!ICTB€ 7 BOIIpOC.bl YHH¢HKa1..1HH H CTaH,llapTH3ai..IHH H3,!1€JIHH. 

ITo IIp06JieMe "Pa3pa60TKa H BH€,!1p€HH€ B HapO,!IHO€ X03HHCTBO CTpaH

'IJI€HOB C3B pa,!IHai..IHOHHOH TeXHHKH H T€XHOJIOrHH 11
, KOMHCCHell: B 1970 ro.n;y 

C03,llaH Koop,!IHHai..IHOHH.bill: HayqHo-TeXHH'IeCKHll: coBeT (KHTC). YTBepJK,lleH

H.biMH Ha KoMHCCHH ITonoJKeHHeM o KHTC H ITporpaMMOll: Hay'IHO-TeXHH'!ec

Koro COTpy,!IHH'I€CTBa Ha 1971-1975 rO,ll.bl rrpe,llyCMaTpHBaeTCH KOOp,!IHHai..IHH 

ycHJIHH CTpaH-'IJI€HOB C3B B 1..1€JIHX ycKOpeHHH BH€,!1p€HHH B IIp0MblillJI€HHYIO 

T€XHOJIOrHIO pa,!IHai..IHOHHblX I1p01..1€CCOB H ycTaHOBOK ,!IJIH CT€pHJIH3a1..1HH M€,!1H-

1..1HHCKHX MaTepHaJIOB, pa,!IHai..IHOHHOrO CillHBaHHH IIOJIHM€pH.blX MaTepHaJIOB 7 

MO,!IH¢HKa1..1HH ,!1p€B€CHHbl 7 JIY'I€BOH o6pa60TKH IIHmeB.blX H C€JlbCKOX03HHCT

B€HH.blX IIpO,llyKTOB. 

B 'IHCJI€ ,llpyrHX rrpe,!IJIOJK€HHH BaJKHO OTM€THTb pa3pa6oTKy MeporrpHHTHH 

IIO opraHH3a1..1HH 3aHHTepeCOBaHH.biMH CTpaHaMH-qJieHaMH C3B BpeMeHHOrO 

MeJK.n;yHapO,!IHOrO Hay'IHO-HCCJI€,liOBaTeJibCKOrO KOJIJI€KTHBa ,!IJIH IIpOBe,lleHHH 

COBM€CTHbiX H,llepHO¢H3H'I€CKHX HCCJI€,liOBaHHH Ha KpHTH'I€CKOH c6opKe THIIa 
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BB3P (BO,llO-BO.ZVIHh!X 3HepreT.If'!eCK.IfX peaKTOpOB) 60JibillOH MOIIIHOCTH, a 

TaKJKe C03,llaHHe KOOp,llHHaQHOHHh!X Hay'!HO-TeXHH'!eCKHX COBeTOB IIO pH,lly 

!Ip06JieM H TeM IIJiaHa KOOp,llHHaQHH Hay'!Hh!X H TeXHH'!eCK.IfX HCCJie,llOBaHHH. 

OcymeCTBJieHHe HaMe'!eHHh!X Mepo!IpHHTHH B o6JiaCTH MHpHoro !IpHMe

HeHH.II aTOMHOH 3HeprHH C HC!IOJib30BaHHeM 6onee 3<P<PeKTHBHh!X <PopM Hayq

HO-TeXHH'!eCKOrO COTPY.llHH'!eCTBa 6y,lleT crroco6cTBOBaTb ,llaJibHeifmeMy yr

ny6neHHIO H COBepmeHCTBOBaHHIO COTpy,llHH'!eCTBa CTpaH-'!JieHOB C3B, yCKO

peHHIO TeXHH'!eCKOro rrporpecca H IIO,ll'beMy 3KOHOMHKH 3THX CTpaH, 
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OUTLINE OF ACTIVITIES OF THE JOINT RESEARCH CENTRE, COMMISSION OF THE EUROPEAN COMMUNITIES. 
As a result of development in industry, the activities of the Joint Research Centre (CCR), which has 

now been operatmg for some twelve years, need to be given a new direction. Its institutional structure 
having been modified, a new program covering several years is now being drawn up and will be aimed 
essentially at reactor development in areas requiring costly equipment or special knowledge; public service 
studies, particularly in areas where the Commission has a special responsibility; basic research, to be 
carried out in close collaboration with universities, that will form the scientific basis for project develop
ment work and doubtless be of interest to young scientists, Diversification into certain non-nuclear but 
related areas is a logical and technically legitimate consequence of this new onentation. The CCR's future 
activities will be developed Ill the light of the mstallations available at Ispra, Petten, Karlsruhe and Gee! 
and the personnel at the disposal of these four establishments. In collaboration w1th industry and with other 
centres, four reactors are being used m work which is of importance for practically all existing reactor types 
in the Community. Laboratories are actively engaged in research on transuranic elements and other studies. 
Long-term technological work is related mainly to materials, safery matters, and non-power-generating 
uses of nuclear energy. In the area of public service studies, mention should be made of the work being 
done by the Central Nuclear Measurements Office (BCMN) at Gee! and the Calculations Centre (CETIS), 
and also of programs in reactor physics, fissile material control, and biology. Basic research is directed 
mainly towards solid state physics; once completed, the SORA pulsed reactor, an Ispra-developed project, 
is likely to prove a specially powerful tool in this work, 

APER<;U DES ACTIVITES DU CENTRE COMMUN DE RECHERCHE DE LA COMMISSION DES COMMUNAUTES 
EUROPEENNES. 

L'€volution du contexte industriel necesslte une reorientation des activites du Centre commun de 
recherche (CCR), qui existe maintenant depms 12 ans. A pres une restructuration du cadre instltutionnel, 
un nouveau programme plunannuel est en preparation, qui sera axe essentiellement sur le developpement 
des reacteurs dans des domaines exigeant des equipements coGteux ou des connaissances particulieres: des 
etudes a caractere de service public, notamment dans les domaines dans Iesquels la Commission a une 
responsabihte partlculiere; des activites de recherche fondamentale, a exercer en contact etroit avec les 
universites, qui constitueront la base scientif1que des travaux orientes vers les projets et pourro!lt 1nteresser 
de )eunes sciennfiques. Une diversification vers certains doma1nes voisins, non nucleaires, est une suite 
logique et techniquement legitime d 'une telle orientatwn. Les activites futures du CCR seront developpees 
compte tenu des installations disponibles dans Ies quatre etablissements d 'Ispra, Petten, Karlsruhe et Gee! 
et de leurs ressources en personnel. Quatre reacteurs sont utilises en collaboration avec 1 'industrie et d'autres 
centres pour des travaux interessant pratiquement tous les types de reacteurs existant dans la Communautf.. 
Des laboratoires actifs servent pour des recherches sur les erements transuraniens et d'autres etudes. Les 
activites technologiques ci long terme concernent surtout les materiaux, la securite et 1 'utilisation non 
electrogE!ne de 1 'energte nucleaire. Pour ce qui est des etudes ci caractere de service public tl convient de 
mentionner les travaux du Bureau central de mesures nucleaires (BCMN) de Geel et ceux du Centre de calcul 
(CETIS), ainsi que les programmes de physique des reacteurs, de contri'lle des matieres fissiles et de bwlog1e. 
La recherche fondamentale est surtout orientee vers la physique de l'etat solide; Ia realisation du proj et 
de reacteur pulse SORA, mis au point a Ispra, pourrait lui fourrur un instrument particulierement puissant. 
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OE30P }lE51TEJihHOCTH OE'bE}lHHEHHOro 1..\EHTPA HCCJIE}lOBAHHH KOMHCCHH 
EBPATOMA. 

IlpOMbllliJieHHOe pa3BHTHe Tpe6yeT nepeopHeHTaQHH )lel!TeJibHOCTH 06"be)IHHeHHOrO QeHTpa 
HCCJie)IOBaHHH {01\lf), KOTOpb!H Cyl!leCTByeT yJKe 12 JieT. IlocJie peopraHH3aQHH QeHTpa pa3pa-
6aTLIBaeTCSI HOB8B MHOrOJieTHSIH nporp8MM8 1 KOTopaH 6y.neT COCpe,llOTOtJeHa rJiaBHLIM o6pa30M 

Ha pa3pa6oTKe peaKTopHbiX y3nos, Tpe6yrol!lHX t~oporocTO!II!lero o6opyt~oBaHH!I HJIH cneQHan•
HLIX 3H8HHi:f:, Ha HCCJie,llOB8HlHIX B C~epe KOMMYH8JibHOro 06CJIYJKHB8HHH, B OCHOBHOM TaM, r,.lle 

KOMHCCH!I HeCeT OC06yiO OTBeTCTBeHHOCTb; ,PyH)laMeHTaJihHbie HCCJie)IOBaHH!I, KOTOpbie Tpe6yrar 
ycTaHOBJieHHH TeCHbiX KOHT8KTOB C yHHBepCHTeTaMH, 6y.ZJ;yT HBJIHTLCSI Hayt.~HOH 6aaoH: .D;JIH npo

Be)leHH!I pa60T no KOHKpeTHbiM npoeKTaM H HeCOMHeHHO 6yJtyT npe)ICTaBJiliTb HHTepec )Ill!! MO
JIOJlhiX yqeHLIX, 0XB8T HeKOTOpLIX CMe)KHLIX HeH,nepHhiX 06JiaCTeH: SIBJIHeTCSI JJOrH'JHbiM H TeXHH

l.JeCKH 3aKoHoMepHLIM cne,IJ;cTsHeM TaKoH opHeHTaQHH. B ,llaJILHeHmeM ,lleHTeJILHOCTb OUM 6y
.neT paaaepTLIBaTbCH c yqeToM ycTaHOBOK, HMeiOIUHXCH a t.J:eTLtpex ueHTpax- a Hcnpe, TieTTeHe, 
Kapncpy3, rene, - " Hx o6cnyJKHBaiOmero nepcoHana. B coTpyt~HH'!ecTse c npoMbtmneHHhiMH 
npe.n;npHHTHSIMH H H8y"'HLIMH QeHTpaMH Ha 3THX peaKTOpax npOBOJlHTCH HCCne,ZJ;OBaHHH, HMeiOIUHe 

npaKTHl.leCKOe 3Hal.leHHe ,ZJ;nH ycosepmeHCTBOBaHHH ni06biX THllOB peaKTOpOB, HMeiOIUHXCH B CHC

TeMe EBpaTOMa. B pat~Hona6opaTopHliX Hccnet~yrarc!I TpaHcypaHOBbie 3JieMeHThi. }lonrocpoq
Hbie TexHonorHt~ecKHe pa6oTbi se.a;yTCH rnaBHhiM o6paaoM no SI.n;epHhiM MaTepHanaM, sonpocaM 

6eaonaCHOCTH H HCllOR:b30BaHHIO H.a;epHOi:f: 3HeprHH B o6naCTHX, He HMeiOIUHX QenDIO npOH3BO,li;CTBO 

3neKTp03HeprHH. 'tJTO KacaeTCH HCCne.a;oBaHHi:f:, npOBO.llHMhiX Ha KOHTpaKTHOH: OCHOBe, TO cne
)lyeT yKa3aTb Ha )lel!TeJibHOCTb 1..\eHTpaJibHOrO 6Iql0 ll)lepHbiX H3MepeHHH B rene (BCMN) H Bbi
'iHCJIHTeJibHOrO QeHTpa (CETIS), a TaKJKe Ha nporpaMMbl B 06JiaCTH ,PH3HKH peaKTOpOB, KOH
TpOJill 3a paCI!lenJiliiOI!lHMHCll MaTepHaJiaMH H B 06JiaCTH OO<OJIOrHH. ~YHJtaMeHTaJibHbie HCCJie)lo
BaHHH HanpasneHbi npeJK.n;e scero Ha pemeHHe npo6neM cf>H3HKH Tsep.n;oro Tena; ocymecTsneHHe 

npoeKTa no HMnyJibCHOMy peaKTopy SORA, pa3pa6oTaHHoro B Hcnpe, MoJKeT oKa3aTh 6on•myro 
llOMOtn:b B npose,neHHH Hay"'HhiX HCCne.a;oBaHHi:f:. 

S!NOPS!S DE LAS ACTIVIDADES DEL CENTRO COMUN DE INVESTIGAC!ON DE LA COM!SION DE LAS 
COMUNIDADES EUROPEAS. 

La evoluci6n del contexte industrial reqmere una nueva orientaci6n de las acll vidades del Centro 
Comun de Investigact6n, creado hace dace alios. Despues de haberse reorgamzado su marco institucional, 
se esta preparando ahara un nuevo programa plurianual que se centrara esencialmente en los stguientes 
puntas: desarrollo de reactores en esferas que exigen equipos costosos o conocimientos especiales; estudios 
con caracter de servicio pUblico, sabre todo en las esferas en los que la Comist6n tiene una responsabilidad 
panicular; actividades de investigact6n fundamental, que se realizaran en estrecha colaboract6n con las 
universidades y constltuirin la base cient{flCa de los trabajos orientados hacia los proyectos, mteresando as{ 
a los cient(ficos j6venes, Una dtversificaci6n hacia ciertas esferas vecinas de caricter no nuclear ser3. la 
continuaci6n !6gtca y tecmcamente legi"tima de tal onentaci6n. Las actividades futuras del Centro Comun 
de Investigaci6n se desarrollaran teniendo en cuenta las cuatro tnstttuciones de Ispra, Petten, Karlsruhe y 
Gee!, y sus equipos de personal. Se uttlizan cuatro reactores en colaboraci6n con Ia industria y con otros 
centres, en trabajos de interes practice para todos los tipos de reactores de Ia Comunidad. En algunos 
!aboratonos acti vas se realizan investigaciones sabre los elementos transuramcos y otros estudios. Las 
actividades tecno!6gicas a largo plaza se refieren sabre todo a los materiales, a Ia seguridad y a Ia uttlizaci6n 
de Ia energi"a nuclear en campos diferentes del de Ia generaci6n de electricidad. Par lo que se refiere a los 
estudios que tienen car3.cter de servicio pllbhco, conviene subrayar los traba]os de la Oficina Central de 
Medidas Nucleares (Gee!) y los del Centro de Calculo (CETIS), as{ como los programas de f{sica de los 
reactores, de control de materias fisionables y de brolog{a. La investigaci6n fundamental se refiere esencial
mente a Ia f{sica del estado s61tdo, para lo cualla construcci6n del reactor pulsado SORA, proyectado en 
Ispra, proporcionar3. un instrumento extraordinariamente eficaz. 

1. INTRODUCTION 

Conclu en 1957 dans le cadre de la cooperation economique entre 
les six pays de la Communaute, le Traite EURATOM jetait les bases 
d'un effort commun dans le domaine de l'energie nucleaire. Aux termes 
de cet accord, l'Allemagne, la Belgique, la France, l'Italie, le Luxembourg 
et les Pays -Bas s 'engageaient a promouvoir le developpement de leur 
industrie pour les applications pacifiques de l' energie nucleaire et deci
daient de mettre en commun les resultats de leurs recherches gr§.ce a 
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la coordination tres etroite de leurs activites nationales et a la creation 
d'un Centre commun de recherche (CCR). 

Il y a quatorze ans, l'energie nucleaire, en Europe du moins, etait 
loin d'avoir atteint le stade industriel. L'initiative et la responsabilite 
de la recherche fondamentale, du developpement technologique et de la 
formation d'un personnel qualifie incombaient a des organismes publics, 
car les benefices etaient trop incertains et eloignes pour que les entre
prises privees se risquent a des investissements massifs. Des centres 
de recherche nucleaire furent en fait crees dans un grand nombre de 
pays pour combler ce vide et fournir a l'industrie les informations 
techniques dont elle avait besoin. 

A l'heure actuelle, la situation evolue tres rapidement. L'industrie 
nucleaire parvenant a maturite, il convient maintenant que l'initiative 
et la responsabilite passent des institutions publiques aux entreprises 
pnvees. Cette etape, delicate a franchir en soi, est encore aggravee 
par la pression que l'augmentation impressionnante de la puissance des 
centrales et l'acceleration soudaine du progres technique exercent sur 
l'industrie electro-mecanique europeenne. 

Il n 'y a done rien de surprenant au fait qu 'on ait dCl ces dernieres 
annees reflechir serieusement ala reorientation a donner a 1 'activite 
des centres de recherche nucleaire dans le monde. A ces difficultes 
s 'est ajoutee, dans le cas de la Communaute, 1 'obligation de concevoir 
des structures industrielles nouvelles capables de profiter au maximum 
du vaste marche cree par le Traite CEE. 

Le CCR a ete ainsi conduit a reexaminer son r6le dans le cadre de 
la politique economique et industrielle de la Commission, afin de l'adap
ter aux conditions nouvelles. 

La premiere phase de ce processus a amene, en decembre 1970, 
le Conseil de Ministres de la Communaute et la Commission a reorganiser 
le CCR par l'octroi d'une plus large autonomie et d'une plus grande sou
pless e danS la preparation et 1 I exeCUtiOn deS programmeS de recherche. 
Simultanement, de nouvelles voies de communication et de discussion ont 
ete creees, non seulement avec les gouvernements, mais encore avec 
les representants des milieux scientifiques et industriels. 

Bien que ce processus de reorganisation et de reorientation du CCR 
soit encore en cours, la mission future du CCR se dessine deja sur les 
bases suivantes: 

- Le developpement a court et a moyen terme des reacteurs sera 
progressivement assume par le secteur prive, mais pendant de nombreuses 
annees encore, les organismes publics et notamment le CCR devront 
consentir un effort important dans toute une serie de domaines qui exigent 
un equipement elabore et collteux, des delais de mise au point prolonges 
ou des connaissances multidisciplinaires tres particulieres. On peut citer, 
a titre d'exemple, le developpement de materiaux, leur tenue sous irra
diation, les problemes de securite, 1 'elaboration de methodes de calcul 
complexes. 

-En depit du succes que 1 'energie nuclEfaire a rencontre comme 
source de production d'electricite, il reste encore a lui trouver a long 
terme un r6le economique plus large dans le contexte global de la 
production et de la consommation d'energie. Telle sera vraisemblablement 
la t§.che des grands centres de recherche pendant les annees soixante-dix. 
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- Les activites des services publics gagnent en importance et il est 
reconnu qu'elles necessitent un effort de recherche plus intense que par 
le passe. Dans la mesure ou certains des problemes poses sont lies 
directement aux travaux et aux responsabilites de la Commission des 
Communautes europeennes, il semblerait logique d'en faire un domaine 
d'activite privilegie du CCR. D'une maniere generale, le Centre devrait 
tendre de plus en plus a devenir un instrument technique aidant la 
Commission a preparer et a executer ses taches politiques et administratives. 

- Les activites de recherche fondamentale sans lien direct ou evident 
avec les objectifs industriels ou le bien-~tre public seront exercees en 
contact etroit avec les universites et fourniront une base scientifique 
satisfaisante aux travaux orientes vers les projets. 

L'elaboration du nouveau programme fera appara1tre de plus en 
plus clairement que la distinction entre le nucleaire et d'autres domaines 
de recherche est souvent injustifiee. Conscients de ce phenomene, 
beaucoup d'autres grands centres de recherche nucleaire dans le monde 
ont deja optimalise leur role dans la societe dans le sens d'une extension 
de leur champ d'action a des domaines non nucleaires bien definis. 

Nous decrivons ci-apres le potentiel du CCR, ses activites actuelles 
et leur evolution possible sur la base des grandes lignes precitees. 

2. SITUATION, EFFECTIF ET BUDGET DU CCR 

Le CCR comporte quatre etablissements implantes dans quatre pays 
differents: 
-l'Etablissement d'Ispra, situe dans le nord de l'Italie, est un centre de 

recherche et de developpement de caractere general; 
-l'Etablissement de Petten, situe aux Pays-Bas dans l'enceinte du 

«Reactor Centrum Nederland», s'occupe essentiellement de recherches 
sur les materiaux de structure et les materiaux resistant aux hautes 
temperatures ainsi que de 1 'exploitation du reacteur HFR, 

-l'Institut europeen des transuraniens pres de Karlsruhe, situe dans le 
Centre de recherches nucleaires allemand, etudie le plutonium et les 
transplutoniens; 

-le Bureau central des mesures nucleaires (BCMN), situe a Geel en 
Belgique, est un laboratoire qui d€ltermine des donnees nucleaires et 
etablit des etalons. 

Le CCR dispose d'un effectif de 2000 personnes environ, dont 500 cadres 
de niveau universitaire. Ispra en compte 1500, tandis que les autres 
etablissements occupent chacun de 160 a 200 personnes. L'effectif est 
constitue presque exclusivement de ressortissants des six pays membres. 

Le budget annuel est alimente par les gouvernements des Etats 
membres. Il s'eleve en 1971 a environ 45 millions UC 1/an, soit 
approximativement 5, 5o/a du montant total des depenses engagees par les 
administrations publiques des pays membres au titre de la recherche 
et du developpement nucleaire. En outre, la Commission oonsacre 
quelque 14 millions uc a des «activites indirectes» (exercees dans le 
cadre de contrats et d'associations). L'equipement des etablissements 
du CCR est adapte aux differentes taches qui leur ont ete confiees au 
cours des dernieres annees. Dans l'ensemble, il couvre un domaine 

1 1 UC (unite de compte) est egale a 1 dollar des Etats-Unis. 



A/CONF. 49/P /724 

assez etendu et permet ala Commission d'exercer des activites dans 
des secteurs tres divers. 

3. LES GRANDES INSTALLATIONS NUCLEAIRES ET LEUR 
EXPLOITATION 

3. 1. Reacteurs nucleaires et activites annexes 

711 

Le CCR compte quatre reacteurs experimentaux dont trois (ISPRA I, 
ESSOR, ECO) sont implantes a Ispra et un (HFR) a Petten. Ensemble, 
ils forment un instrument de travail adapte aux experiences d'irradiation 
couvrant un large eventail de types de reacteurs. Ils sont en effet 
utilises, en collaboration etroite avec l'industrie et d'autres centres 
de recherche, pour des travaux concernant les reacteurs a eau legere 
et a eau lourde, les reacteurs refroidis au gaz et les surgenerateurs 
rapides. 

Les experiences necessitant un flux eleve de neutrons rapides sont 
realisees de preference dans le HFR (High Flux Reactor) de l'etablisse
ment de Petten. Ce reacteur, derive de l'ORR d'Oak Ridge, a ete 
construit par le «Reactor Centrum Nederland» (RCN) et donne a la 
Communaute en 1962. 

Son exploitation courante est assuree, sous contrat, par le 
departement des reacteurs du RCN, et une equipe mixte EURATOM/RCN 
se livre a des travaux de developpement a long terme visant a moderniser 
ce reacteur eta !'adapter aux programmes a executer. 

C'est ainsi que la puissance du HFR a ete progressivement portee 
de 20 a 45 MW(th) et que ses composants ainsi que la configuration du 
coeur ont ete adaptes aux besoins des utilisateurs qui demandent des 
flux plus eleves et des rapports accrus de neutrons rapides sur neutrons 
thermiques. A 11 appui des programmes d'irradiation, un groupe 
EURATOM s'occupe de la conception, du developpement et de la fabrication 
de capsules et de dispositifs auxiliaires, avec un succes particulier dans 
le domaine des irradiations a haute temperature et de la mesure en 
continu de parametres physiques, tels que !'evolution des gaz de fission, 
les changements dimensionnels et la puissance thermique des elements 
de combustible pendant 1 'irradiation. 

De nombreuses irradiations ont ete effectuees dans ce reacteur tant 
a 1 'intention des etablissements du CCR qu 'a celle de laboratoires de 
recherche nationaux, d'organisations commerciales et de departements 
universitaires. 

ISPRA -I est un reacteur de recherche du type Argonne CP5, 
principalement utilise comme source de faisceaux de neutrons pour les 
recherches sur la physique de 1 'etat solide. Certains autres travaux 
directement lies a des probH!mes industriels y sont egalement executes. 
Dans une boucle organique centrale, ou le flux de neutrons thermiques 
peut atteindre 1014 nfcm2 · s, on irradie des crayons et des capsules de 
combustible experimentaux. D'autres canaux servent a !'irradiation 
de materiaux de structure et ala production de radioisotopes. Le con
vertisseur EURACOS a uranium enrichi, associe a ISPRA-I, sert a 
des experiences fondamentales et conceptuelles de blindage. 
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ECO est un assemblage critique modere a l'eau lourde de faible 
puissance (2 kW). Ses dispositlfs speciaux permettent d'etudier l'influence 
d'une serie de parametres, sans qu'il soit necessaire de demonter et 
de remonter l'ensemble de !'installation. A titre d'exemple, le pas du 
reseau peut etre modifie automatiquement dans deux directions et deux 
elements combustibles superposes peuvent etre mis en oscillation. En 
plus il est possible de faire varier la temperature de l'eau lourde entre 
10 et 80°C. ECO constitue un instrument de travail souple pour les ex
periences de physique des reacteurs, c0n9u en tant qu 1 auxiliaire des di
vers programmes nationaux et industriels et reposant par consequent sur 
une etroite collaboration avec les centres de recherche et les industries. 
Les principales activites experimentales effectuees au cours des der
nieres annees ont consiste en des mesures de temperature et de coefficient 
de vide de res eaux a D20 con tenant de 1 'uranium et du plutonium, ainsi 
qu'en la determination de valeurs de reactivite par la methode de 
!'oscillation. Avec les mesures faites en collaboration avec le CNEN et 
AGIP Nucleare dans les installations RB1 et RB2 a Bologne, ces activites 
forment la base des travaux theoriques suivants: 

elaboration de sections efficaces groupees et leur evaluation sur la 
base d'experiences propres 
elaboration de programmes de calcul et leur application au calcul 
statistique de coeurs de reacteurs, analyse de !'evolution de leur 
combustible et estimation economique de leurs cycles de combustible 
elaboration de programmes de dynamique dependant de variables 
spatiales. 

Les deux bibliotheques de programmes de calcul d'Ispra (ENEA et 
CETIS) sont d'une grande utilite pour ces activites. 

ESSOR est un reacteur d'essai destine a l'etude du comportement 
des composants des coeurs de reacteurs de puissance et notamment de 
grappes de combustible de grandes dimensions. A l'origine il a ete 
con<;:u et construit en vue du developpement du projet du reacteur ORGEL, 
reacteur refroidl par liquide organique; il est modere a l'eau lourde et 
attemt une puissance de 2 7 MW(th) dans la zone nourriciere, a laquelle 
on peut ajouter 15 a 30 MW( th) dans la zone experimentale. Son flux 
de neutrons thermiques, de 3 · 1014 n/ cm2 · s, est constant sur une 
hauteur ut1le de pres de 2 m. La cuve a environ 4 m de haut et 2, 4 m 
de diametre. Elle contient une zone experimentale centrale dotee de 
12 canaux verticaux d'environ 120 mm de diametre utile, qui hebergent 
des tubes de force recevant les elements combustibles a irradier. Une 
zone nourriciere de 16 elements fortement enrichis et refroidis a l'eau 
lourde est disposee en couronne autour de la zone experimentale. 

Plusieurs circuits de refroidissement independants (boucles) ali
mentent les canaux experimentaux: le caloporteur et les parametres de 
fonctionnement peuvent done etre choisis en fonction des essais envisages. 
Il existe actuellement deux boucles: la boucle CART, de 1, 3 MW(th) 
avec refroidissement par eau legere en double phase pour un canal, 
utilisee pour le programme italien CIRENE, et une boucle organique 
de 18 MW(th), capable d'alimenter cinq canaux en parallele. ESSOR 
est le seul reacteur de la Communaute specifiquement con<;:u pour l' irra
diation de grappes de crayons combustibles de grandes dimensions (par 
exemple, diametre 110 mm et longueur 2m). La possibilite d'installer 
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des boucles a eau legere a hautes performances a ete etudiee; de tels 
dispositifs permettraient l'irradiation d'assemblages de combustible dans 
des conditions particulierement severes (cyclage de puissance, perte 
de caloporteur, etc.) susceptibles d'entra1ner la defaillance des crayons 
experimentaux. Une enqu~te a ete entreprise pour evaluer l'inter~t 
des industries et des entreprises europeennes envers la mise en place 
de telles boucles, dont le collt devrait ~tre amorti par une plus grande 
fiabilite de securite d'elements combustibles futurs mis au point grace 
a leur utilisation. 

3. 2. Laboratoires radioactifs et cellules chaudes 

Les laboratoires de recherche sur les materiaux radioactifs les 
plus importants du CCR s e trouvent a l'Institut europeen des transuraniens. 
Ses 350 boites a gants contiennent les installations necessaires a l'etude 
de proprietes physiques et physico-chimiques, a des analyses chimiques 
et radiochimiques ainsi qu'au developpement de combustibles. Sept 
cellules prevues pour 106 Ci (1 MeV) destinees au demantelement, 
au decoupage et a des etudes de physique, cinq cellules pour 104 Ci 
destinees a des travaux de chimie, et cinq cellules pour 102 Ci destinees 
ala manipulation des activites moins importantes constituent le complexe 
des cellules chaudes qui, a l'aide de son equipement pour essais non 
destructifs (radiographie, photographie aux rayons X, balayage gamma, 
etc.) et destructifs permet des examens post-irradiatoires tres precis. 

Deux autres complexes de cellules chaudes, dotes d'un appareillage 
experimental varie, sont situes a Ispra. Leur ensemble, constitue 
d'une vingtaine de cellules en plomb ou en beton, offre la possibilite 
de proceder a toute une gamme d 1 examens post-irradiatoires allant des 
grands assemblages de combustible jusqu 'aux petits echantillons et 
eprOUVetteS, Il S I est avere de la plUS grande Utilite pOUr 11 etude deS 
elements combustibles decharges des reacteurs de puissance. 

Les travaux poursuivis dans les laboratoires actifs et les cellules 
de moyenne et haute activite sont essentiellement lies au developpement 
des reacteurs. L'Institut des transuraniens de Karlsruhe joue un role 
important dans le domaine des surgenerateurs rapides. Le developpement 
de combustible contenant du plutonium, l'etude de ses proprietes 
physiques et physico-chimiques avant et apres irradiation, les analyses 
chimiques et radiochimiques, les analyses isotopiques en vue de la 
determination du taux de combustion et le controle des matieres fissiles, 
les recherches sur les caracteristiques des elements transplutoniens 
(americium, curium) font partie des activites qui necessitent un materiel 
special et collteux et s 1appuient sur une collaboration etroite avec 
l'industrie et les centres de recherche nationaux. 

Les cellules chaudes installees a Ispra et utilisees surtout pour 
des etudes de developpement des materiaux, par exemple dans le cadre 
du programme HTR, servent egalement a l'examen post-irradiatoire 
d'elements de combustible provenant de reacteurs de puissance, tels 
que le reacteur de Trino Vercellese. 

4. ACTIVITES TECHNOLOGIQUES A LONG TERME 

Bien qu 'il soit generalement admis que la technologie moderne, et 
en particulier la technologie des reacteurs, soit largement conditionnee 
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par le developpement de materiaux adequats, il faut souligner que les 
delais de realisation d 'un materiau nouveau sont tres longs, sou vent 
de l'ordre de 10 ans. Les projets devant se fonder sur des materiaux 
existants, plut6t que sur des materiaux hypothetiques, le developpement 
de materiaux constitue une activite par excellence pour les centres de 
recherche finances par des fonds publics, surtout lorsque des installa
tions cofiteuses comme les reacteurs nucleaires sorit requises. 

Au sein du CCR, les travaux de recherche et de developpement 
sur les materiaux sont principalement effectues a Ispra et a Petten 
et, en ce qui concerne le combustible nucll§aire, a Karlsruhe. Ce 
domaine tres vaste nepouvant ~tre approfondi ici, seuls quelques points 
precis seront abordes. 

Les recherches portant sur les combustibles nucleaires concernent 
surtout le combustible destine aux surgenerateurs rapides, qui est 
traite a Karlsruhe, et les particules de combustible enrobees, destinees 
aux reacteurs a haute temperature, qui sont etudiees a Ispra. Les 
activites de l'Institut des transuraniens ont deja ete decrites dans leurs 
grandes lignes. Nous ferons etat ici des etudes concernant la tenue 
d'oxydes mixtes d'uranium-plutonium sous flux de neutrons rapides a 
des puissances nominales elevees. L' etude de 1' influence de la teneur 
en oxygene et de la distribution de densite sur l'integrale de conductivite, 
sur la segregation des produits de fission et la recristallisation ainsi 
que sur le gonflement des combustibles a base d'oxydes mixtes a donne 
d'interessants resultats. Le gonflement de nitrures et de carbures 
mixtes a fait egalement l'objet de recherches. La determination des 
constantes physiques, des diagrammes de phases et l'etude du processus 
de diffusion et de la recristallisation de composes de plutonium non 
irradies permettront une meilleure comprehension des phenomenes 
d'irradiation. En outre, des travaux plus technologiques, tels que la 
fabrication de pastilles d'oxydes mixtes de faible densite ainsi que de 
microspheres de Pu02 de densite tres elevee, ont ete executes a la 
demande de clients exterieurs. 

A Ispra, les recherches relatives au combustible nucleaire se sont 
deplacees ces dernieres annees du domaine des carbures d'uranium a 
celui des particules de combustible enrobees. Une attention particuliere 
est consacree a la tenue sous irradiation et, notamment, a la liberation 
de produits de fission et aux problemes de compatibilite (entre noyaux 
et rev~tements). L' etude des proprietes du rev~tement et la mise au 
point de meilleures barrieres en vue de la fabrication de particules 
capables de resister a des temperatures encore plus elevees s 'inscrivent 
dans le cadre de ces recherches. 

Les metaux de structure sont etudies a Ispra et a Petten. A Ispra, 
l'accent a ete mis sur la tenue a !'irradiation et sur la corrosion des 
alliages de zirconium connus, ainsi que sur la mise au point d'alliages 
nouveaux possedant de meilleures performances. 

Les metaux refractaires, interessant les futurs reacteurs a haute 
temperature et leurs applications, sont etudies a la fois a Ispra et a 
Petten. A Ispra, l'effort porte principalement sur les materiaux com
posites et, en particulier, sur les alliages renforces par des fibres 
obtenus in situ par solidification unidirectionnelle des eutectiques, tandis 
que Petten se consacre au vanadium, etudie en tant que metal de structure 
en soi et en tant que modele pour d'autres metaux cubiques centres. 
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Les recherches sur les materiaux graphitiques et carbones occupent 
une place importante dans les activites de Petten. On y procede, entre 
autres, ala determination de la structure en fonction du procede de 
preparation, a des etudes de compatibilite, a l'examen des proprietes 
mecaniques sous tension et sous irradiation, a !'elaboration de specifications 
ainsi qu 'a des controles de qualite. 

L'·utilisation de l'energie nucleaire a d'autres fins que la production 
d'electricite fait partie des sujets d'etude a long terme susceptibles de 
fournir des resultats de la plus grande utilite. L'Etablissement d'Ispra 
s 'attache tout particulierement a produire de l'hydrogene a partir de 
l'eau, en utilisant la chaleur nucleaire aux temperatures atteintes dans 
les caloporteurs des reacteurs nucleaires, sans passer par le stade 
intermediaire de la production d'electricite. 

Des cycles de reactions chimiques, tels ceux illustres notamment 
par les equations ci-dessous: 

CaBr2 + 2Hp 
2HBr + Hg 
HgBr2 + Ca(OH~ 
HgO 

Ca(OH)z + 2HBr 
HgBr2 + H2 
CaBr2 + Hz() + HgO 
Hg + 1/2 02 

a 730°C 
a 250°C 
a 100°C 
a 6oooc 

font actuellement !'objet d'investigations et sont consideres comme 
suffisamment prometteurs pour justifier la poursuite des travaux. En 
cas de bonne rentabilite, !'ensemble du secteur energetique pourrait 
etre ouvert a la technologie nucleaire, avec les consequences importantes 
que cela pourrait entrai:ner pour l'environnement. 

Bien que la securite offerte par l'energie nucleaire ait toujours 
ete remarquable, elle n' en constitue pas moins a bon droit un sujet de 
preoccupation pour les constructeurs de reacteurs, les autorites 
gouvernementales et !'opinion publique. Le probleme se pose avec 
d'autant plus d'acuite qu'un grand nombre de reacteurs de puissance seront 
implantes dans le voisinage de vastes zones urbaines. Aussi le CCR 
etendra-t-il vraisemblablement son champ d'action dans ce domaine, 
deja etudie depuis plusieurs annees, dans des directions differentes. 

Une synthese telle que celle-ci doit etre limitee a quelques exemples 
de recherches dont la plupart est realisee en collaboration etroite avec 
les industries interessees. 

Le comportement des materiaux et des structures pendant les 
transitoires de caractere destructif, comme !'«accident maximal 
hypothetique», est etudie sous differents aspects comme par exemple 
la rupture des alliages de zirconium hydrures sous l'effet de charges 
dynamiques, et la sollicitation par un choc explosif de modeles de 
structures de reacteurs. Les problemes poses par la perte ou !'ejection 
soudaine de caloporteur du reacteur necessitent des etudes de caractere 
gemeral dans le domaine de l'echange thermique et de la thermo-hydraulique, 
comme par exemple dans le cas extreme d'une interaction entre l'U02 
fondu et le Na dans un reacteur surgenerateur refroidi par metaux liquides. 

Un effort remarquable a ete consacre au developpement de «barres 
de controle liquides», c'est-a-dire de systemes rempla<;ant les barres 
d'absorption solides gr§.ce auxquels des solutions absorbantes sont 
injectees dans des canalisations penetrant dans le coeur du reacteur. 
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Les constructeurs de reacteurs ont manifeste de l'interet pour cette 
realisation qui en est actuellement au stade des essais dans ESSOR. 

Le programme de securite prevoit egalement des etudes de fiabilite 
des composants de reacteurs et de criticite, qui necessitent 1' elaboration 
de codes de calcul complexes. 

Les etudes theoriques et experimentales relatives au controle de 
securite des matieres fissiles seront traitees dans un autre expose.2 

Les possibilites offertes par la conversion directe de l'energie a 
l'aide de procedes thermo-ioniques et la rentabilite de cette technique 
sont toujours en discussion. A Ispra, ce sujet est a l'etude depuis plusieurs 
annees tant sur le plan de la physique que de la technologie. Bien que 
l'avenir de cette activite reste un point d 'interrogation, des resultats 
precieux ont ete obtenus et sont utilisables dans d'autres domaines. Le 
developpement de caloducs, en particulier, merite d'etre signale, 
l'equipe d'Ispra JOuant dans ce secteur un role d'avant-garde en Europe 
et l'industrie leur cherchant des applications dans des domaines tres divers. 

5. ACTIVITES PRESENTANT UN CARACTERE DE SERVICE PUBLIC 

Le Bureau central des mesures nucleaires de Geel exerce essen
tiellement des fonctions de service public: production d'etalons, mesure 
de constantes et de parametres neutroniques necessaires a l'industrie 
nucleaire, determination des caracteristiques de radionucleides. En 
outre, il accomplit, a la demande d' industries et d 1 autres clients, des 
travaux tels que des analyses isotopiques et la preparation d' echantillons 
de composition precise et homologuee. 

Le BCMN est equipe d'un accelerateur d'electrons lineaire de 
70 MeV a 11 tubes de trajectoire dont la longueur atteint jusqu' a 
400 m, et d'un accelerateur Van de Graaff de 3 MeV; il a egalement 
acces au reacteur belge a haut flux BR2 situe a proximite. Cet institut 
participe a des programmes internationaux qui lui permettent de comparer 
ses resultats avec ceux d'autres bureaux de references importants. 

Dans ses recherches sur les neutrons, le BCMN s 'attache a etablir 
un lien solide entre la science et la technologie nucleaires. Des sections 
efficaces de reference, telles que la section efficace a 2200 m/s de la 
reaction 10J3(n, a), le rapport de branchement dans lades excitation du 
7Li produit, ainsi que les sections efficaces de fission de 235U et de 239Pu, 
ont ete determinees avec precision. Des mesures ont egalement ete 
effectuees dans le domaine des sections efficaces destinees aux detecteurs 
a seuil. On a mesure les sections efficaces des reactions H(n, n') et 
C(n, n') afin de permettre la comparaison de differentes techniques de 
mesure de flux. 

Des sections effie aces totales et differentielles de diffusion, de 
capture et de fission, necessaires pour le developpement et la conception 
de divers types de reacteurs, ont ete etablies et les travaux ont contribue 
ala comprehension des processus physiques fondamentaux, notamment 
la fission sous s euil de 240Pu et la classification des spins pour les 
differentes resonances neutroniques dans 235U. 

2 JACCHIA, E., FINZI, S., Ces Actes, m~moire 725, vol. 9. 
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Le groupe de mesures nucleaires du BCMN a pour principales activites: 
!'etude exacte des schemas de desintegration, la determination des 
periodes, des rendements de fluorescence et des coefficients de 
conversion interne 
la preparation et la distribution d'etalons homologues (par exemple 
etalons isotopiques, sources de neutrons etalonnees) 
la prestation de services a l'industrie nucleaire et ad' autres centres 
de recherche (par exemple mesures isotopiques pour la fabrication 
et le controle de securite du combustible, determinations de flux). 

Diverses methodes de comptage et de preparation des sources ont 
beneficie d 'ameliorations apportees aux techniques experimentales. 

Le caractere de service public se retrouve dans les programmes 
susmentionnes de securite et de physique des reacteurs (par exemple 
l'«Integral Nuclear Data Centre», INDAC), dans certaines activites de 
l'Institut des transuraniens, dans les travaux du centre de calcul CETIS 
(Centre europeen de traitement de !'information scientifique) d'Ispra 
sous la forme de bibliotheques de programmes et du developpement de 
software, airisi que dans le programme de biologie et de protection 
sanitaire, dont nous parlerons plus loin. 

Le CETIS, qui traite les problemes des differents departements du 
CCR, d'institutions etrangeres et d'entreprises industrielles, a leur 
demande, s'occupe egalement du developpement de software et d'analyse 
numenque. Un software a ete conc,:u notamment pour la liaison d'un 
ordinateur avec des terminaux et la liaison entre ordinateurs, pour 
!'execution automatique de sequences de programmes relies, pour 
!'indexation et la recherche automatiques de documentation et pour des 
systemes de gestion integres. 

Le CETIS dispose de trois ordinateurs IBM numeriques des types 
360/65, 7090 et 360/30, utilises suivant le principe du libre-acces 
(open shop). Recemment un systeme on-line a ete mis en service avec 
differents laboratoires et la conversion du systeme de transmission 
off-line des donnees avec le BCMN en systeme on-line est en preparation. 

Une bonne collaboration est etablie avec la bibliotheque de programmes 
de l'ENEA qui experimente ses nouveaux programmes sur les machines 
du CETIS. Le systeme de traduction automatique du russe en anglais, 
exploite par le CETIS pour des clients intra- et extra-communautaires, 
constitue egalement une activite a caractere de service public. 

Le programme de recherche biologique de la Commission de la CEE 
est essentiellement mis en oeuvre par le biais de contrats exterieurs. 
Le groupe de biologie d'Ispra est bien integre dans ce contexte et 
realise egalement des recherches sur place pour l'etablissement. 

Les recherches de ce groupe couvrent trois domaines principaux: 
la contamination du milieu par des substances radioactives et d' autres 
produits, y compris les mecanismes de transfert des agents de conta
mination par la chaine alimentaire et les systemes ecologiques; 
!'interaction des radiations ionisantes et des agents chimiques avec 
les systemes mammiferes; 
la radiobiologie experimentale et theorique. 

Les etudes relatives a l'environnement presentent un inter~t particulier 
du fait que le Centre est situe au bord duLac Majeur, qui irrigue une 
vaste zone de rizieres et de pil.turages. Une connaissance approfondie 
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des transferts et des effets des produits liberes dans ce milieu est done 
indispensable. 

Les recherches engagees sur les effets des radiations ionisantes 
ou des produits chimiques (en particulier ceux qui sont utilises dans le 
domaine de la technologie des reacteurs) sur les systemes mammiferes, 
notamment sur les cultures de cellules et les systemes enzymatiques 
isoles intervenant dans la desintoxication ou la synthese de l'ADN, 
fournissent une base appropriee de detection et d'appreciation des risques 
potentiels. Les techniques experimentales sont egalement applicables 
aux problE~mes poses par la pollution de 1' environnement. 

Il est necessaire d'etablir le rapport entre !'absorption d'energie 
spectrale dans des modeles de structures biologiques et les lesions 
biologiques pour mieux connaitre les mecanismes et evaluer les risques 
d'irradiation inherents, notamment, aux neutrons rapides et epithermiques. 

6. RECHERCHE FONDAMENTALE 

Il est souhaitable que tout organisme de recherche consacre une 
partie de ses activites aux problemes scientifiques de base, afin de 
preserver un niveau scientifique suffisamment eleve, de creer une 
atmosphere de travail stimulante, d'assurer des contacts avec les 
universites et d'autres institutions de recherche et d'attirer des elements 
jeunes. Par ailleurs, les appareils coll.teux et puissants installes dans 
les centres de recherche nucleaire et qui, d 'habitude, n 1 existent pas 
dans les universites, offrent des moyens exceptionnels pour la recherche 
fondamentale. On peut meme considerer qu'il appartient a de tels centres 
de mettre ces instruments a la disposition du monde scientifique exterieur. 

Au CCR, la recherche fondamentale a ete axee essentiellement sur 
la physique de l'etat solide, au moyen des neutrons fournis par les divers 
reacteurs. Dans le contexte de cette experience et de la competence 
generale de l'etablissement, une equipe d'Ispra propose depuis plusieurs 
annees un reacteur rapide pulse, SORA (SOrgente RApida), qui deviendrait 
un des instruments les plus puissants dans le domaine de la physique des 
neutrons et de l'etat solide et attirerait des equipes de recherche d'un 
grand nombre de pays. 

Ce reacteur a atteint le Stade d'un projet industriel qui doit etre 
termine pour 1972 en vue d'une decision quanta sa construction. Bien 
qu 'aucune information nouvelle ne puisse etre donnee ici sur le projet, 
qui est deja decrit dans la litterature, on peut rappeler que le passage 
d 1 un reflecteur de beryllium (fixe sur un bras mobile) a proximite du cceur 
du reacteur permettra d 1 obtenir 50 fois par seconde un flux neutronique 
de 4.15 n/cm2 ·set d'une duree de 50 J.!S. 

L 'importance attachee au projet SORA ne signifie pas que la 
recherche fondamentale sera exclusivement centree sur la physique de 
l'etat solide, puisque tous les laboratoires devront se consacrer par
tiellement a des travaux fondamentaux ne se rapportant pas directement 
a des projets specifiques. La collaboration avec les universites devra 
par consequent s'etendre et interesser un large eventail de disciplines. 
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7. REMARQUES FINALES 

Dans le bref apers:u qui precede, certains aspects importants du 
CCR ont ete obligatoirement laisses dans l'ombre. L'accent ayant ete 
mis sur les principaux obj ectifs a poursuivre, 1' attention du lecteur n 1 a 
pas suffisamment ete attiree sur le fait que les etablissements de 
recherche sont des organismes vivants dont les differentes branches 
scientifiques sont etroitement liees. 11 vade soi notamment que toutes 
les activites evoquees ci-dessus doivent trouver un large support dans 
un grand nombre de domaines, allant des mathematiques a la chimie 
et ala physique, de la metallurgie et de l'electronique a l'ingenierie, 
sans parler de 1' infrastructure generale et des ateliers. C 'est en fait 
ce support qui definit la physionomie reelle d'un centre de recherche 
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et son potentiel pour l'avenir. Les competences accumulees dans les 
divers laboratoires constituent, quant a elles, l'heritage de programmes 
anterieurs. 

Ainsi, a lspra, !'importance prise par la chimie organique est 
impUtable aU r()le qUI elle a jOUe danS la realisation dl Un reacteur ~ 
refroidissement organique. Les qualifications ainsi acquises, inhabituelles 
dans un centre de recherche nucleaire, peuvent maintenant i3tre mises, 
avec celles de la division de biologie, au service d'un programme futur 
sur le contr<>le de la pollution et 11 environnement. 

On peut affirmer que, d'une fas:on generale, la competence acquise 
dans une discipline est une caracteristi"que plus durable des etablisse
ments de recherche que des applications specifiques, ce qui tend egalement 
a expliquer le caractere artificiel d'une scission entre activites nucleaires 
et non nucleaires dans un certain nombre de cas. 

Des considerations politiques et economiques ont amene les 
gouvernements de notre Communaute a associer leurs efforts et a creer 
le CCR. Les annees passant, il a fallu reviser les objectifs specifiques 
de cette entreprise pour les adapter au contexte industriel en constante 
evolution. 

Les raisons primordiales de sa creation et sa vocation essentielle 
n'en restent pas moins inchanges: ameliorer les conditions de vie 
par le progres technique et contribuer au processus d'integration 
scientifique et humain des pays europeens. 
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THE PLACE FOR COOPERATION ON A REGIONAL BASIS. 
Over the past 14 years, European countries of the OECD (formerly OEEC) have collaborated through 

the European Nuclear Energy Agency m JOint activmes for the development of nuclear energy for peaceful 
purposes. These act1 vi ties have included technological and economic studies, the handling and diffusion 
of nuclear information and data, applications of radioisotopes, and the development of appropriate legal 
and regula to!)' measures to ensure the efficient and orderly exploitation of nuclear energy. But most particularly, 
they have included a number of pracncal cooperative projects concerned with the development of advanced 
reactors, with reprocessing technology and with other aspects of the fuel cycle (mcludmg radioactive-waste 
management). Thus ENEA has accumulated a wide range of first-hand experience of the problems involved 
in regional cooperation, and of the scope and limitanons of such cooperanon in areas of rapid technical 
advance and evolving relationships between governments, governmental inslltutions and industl)'. These 
factors are discussed with particular reference to their influence on the scope for regional cooperanon, mainly 
between advanced countnes, m the nuclear field m the 1970s. 

ROLE DE LA COOPERATION SUR UNE BASE REGIONAL£. 
Durant ces 14 dermeres annees, les pays europeens membres de 1 'OCDE (prealablement appelee OECE) 

ont collabore, dans le cadre de l'Agence europeenne pour r·energte nucleaire, a des activttes communes 
vis ant ~ promouvoir les uti!isations de I 'energie nucleane a des fins pacif1ques. Ces acn vites ont porte sur 
la reahsation d •etudes techniques et economiques, sur le traltement et la diffusion d 'informations et de 
donnees nucleaires, les applicanons des radioisotopes, et Ia mise au point de dispositiOns legislatives et 
reglementaires vis ant ~ garantir une explOitation efficace et methodique de 1 'energ1e nucH\aire. En outre, 
ces activites OOt ere onentees plus particulH~rement vers UD certain nombre de projets de cooperation, .l 
caractere pratique, port ant sur Ia mise au point de reacteurs avances, sur les techniques de retral!ement et 
sur d 'aut res aspects du cycle du combustible (y compris !a gesnon des dechets radioactifs). Ams1, I 'ENEA 
a acquis une expenence directe et largement dtversifiee des problt~mes de cooperatlon regionale, et notamment 
de la portee et des llmites d'une telle cooperation dans des domaines qm se caracterisent par une evolution 
rapide de la technolog1e et des relations entre les Gouvernements, les 1nstitutions gouvernernentales et 
I 'mdustne. Ces facteurs sont passes en revue, en insistant particulierement sur l'mfluence qu '1ls peuvent 
exercer, au COUrS des annees SOlXante-dix, sur la portee de la cooperation reg1onale entre les pays generale
ment avances dans le domame nucleaire. 

COTPY.UHH'-IECTBO HA PErHOHAJibHOH OCHOBE. 
B reqeaae nocne.llHHX 14 neT esponelicKHe crpaHbl- qneabl 03CP (paHee OE3C) «epe3 

EsponeHCKOe areHTCTBO no H,z.,epHOH 3HeprHH ocymeCTBnHnH COTpy,z.,HH\.feCTBO no HC00nb30Ba

HHIO H,aepHOil: 3HeprHH B MHpHbiX u;enHX o 3Ta pa6oTa BKniOt.tana TeXHHqeCKHe H 3KOHOMHt.teCKHe 

HCCne,noBaHHll, o6pa60TKy H pacnpocTpaHeHHe ll,llepHOH HH,POpM8QHH H ,ll8HHblX, npHMeHeHHe 
pa.n;HOH30TOOOB, a T8KJKe pa3pa6oTKY COOTBeTCTBYIOUlHX MeponpHHTHH q>H.D;HqeCKOTO H HOpMa

THBHOTO xapaKTepa C QenbJO ,!l06HTbCll 3,P,PeKTHBHOTO HCnOnb30B8HHll l!,!lepHOH 3HepTHH. Hc
cne,llOBBHHH OXB8TbiBanH pH.D; npaKTHt.t8CKHX COBM8CTHLIX npoeKTOB, CBSI38HHbiX C pa3pa60TKOH: 

ycosepmeHCTBOB8HHbiX peaKTOpOB, ynyt.tmeHHeM T8XHOnOrHH nepepa60TKH TOnnHBa H .n;pyrHMH 

acneKTaMH TonnHsHoro u;HKna (sKnrot.taH o6pameHHe c pa.n;HoaKTHBHLIMH oTxo.n;aMH). TaKHM o6-

pa3oM, EA5l3 HaKonHno 6onbmoH: onLIT no sonpocaM perHoHanbHoro coTpy.n;HH\.fecTsa, c yt.teToM 

era MacmTa6os H B03MOJKHOCTeH B T8KHX o6naCTSIX, r.n;e Ha6n~aeTCSI 6ypHLIH: T8XHH\.feCKHH 

nporpecc o Heo6XO,li;HMbl T8K)Ke COBM8CTH:bie ycHnHH CO CTOpOH:bl npaBHTenbCTB, npaBHTenbCT

seHH:biX yt.tpeJK.n;eHHH H oTpacneH npoM:bimneHHOCTH. Bee 3TH 4>aKTOp:bi paccMaTpHsaiOTCH c Toq

KH 3peHHH HX BnHHHHH Ha M8CmTa6:bi perHOHBnbHOrO COTpy.n;HH\18CTB8 B o6nacTH MHpHOTO HC

nonb30B8HHH 8TOMHOH 3HeprHH M8JK.D;y p83BHT:biMH CTp8H8MH B 70-e TO,ll;:bl. 

IMPORTANCIA DE LA COOPERACION SOBRE UNA BASE REGIONAL, 
Durante los 14 ultimos alios, los pa{ses europeos de Ia OCDE ( antenormente OECE) han colaborado 

a traves de !a Agencia Europea para !a Energ(a Nuclear en acnvtdades conjuntas para el desarrollo de !a 
energla nuclear con fmes paclficos. Esas actividades incluyen estudios econ6micos y tecno!6gicos, !a 
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colecci6n, registro y difusi6n de !a mfonnac16n y de los datos nucleares, las aplicaciones de los radioisotopes, 
y el desarrollo de med1das legales adecuadas y de reglamentos para asegurar !a eficaz y ordenada explotaci6n 
de !a energ!a nuclear. Mas detalladamente, incluyen un cierto numero de proyectos practicos cooperatives 
relacionados con el desarrollo de los reactores a vanzados, con !a tecnolog!a de !a reelaboraci6n y con otros 
aspectos del ciclo de combustible (incluida !a gest16n de desechos radiactivos). De este modo !a AEEN ha 
acumulado amplia experiencia directa sabre los problemas 1mplicados en !a cooperaci6n regional, as! 
como de los prop6sitos y hmitaciones de dicha cooperaci6n en esferas de rapido a vance tecnico que entranan 
relaciones de co!aboraci6n entre gobiernos, instituciones gubemamentales y Ia industna. Se estudian estos 
factores, considerando especialmente su influencia sabre los objetivos de Ia cooperaci6n regional, 
principalmente entre los parses mas avanzados, que durante los alios 70 se establezca en el campo nuclear. 

During the last two decades few, if any, technological 
fields have received more widespread attention by Governments 
than the peaceful applications of nuclear energy. In adaition 
to substantial national efforts to develop and control this 
new energy source, a considerable amount of international 
activity in a variety of forms and in a number of different 
frameworks has also emerged. The basic incentive has been the 
desire to pool resources and experience, in particular for 
costly development work, and the need to harmonise regulatory 
and protective measures to ensure for nuclear energy a safe 
and orderly growth. 

International cooperative schemes have varied from 
simple bilateral arrangements to action on a worldwide scale. 
Regional cooperation could perhaps be defined as any multi
lateral cooperative scheme which is more narrow in scope than 
fully worldwide action. The notion "regional" need not then 
be taken necessarily in a strictly geographical sense: a region 
might also mean a group of countries which are close to each 
other in economic or political structure, or simply a number 
of countries having certain common economic or technical ob
jectives which could be furthered through a joint effort. 

Much of the work carried out in worldwide organisations 
like IAEA is in fact of regional nature, being limited to 
localised contexts, for instance assistance to a group of 
developing countries. On the other hand, cooperative action 
begun in a regional organisation may often lay a sound found
ation for, and eventually become, action on a worldwide scale. 
At the other end of the spectrum, bilateral or trilateral 
agreements could, in many cases, be developed into regional 
schemes by the participation of additional countries. 

The present paper will not attempt any general analysis 
of the many existing examples of international regional co
operation in nuclear energy. Details of a good number of these 
are being given in other Conference communications. The pur
pose of the present paper is rather to describe the principles 
adopted by one of the wider regional intergovernmental organ
isations, the European Nuclear Energy Agency of OECD, and to 
attempt to analyse its experience and the way in which, in the 
rapidly changing circumstances of today, this type of cooper
ation could continue to make practical contributions of value 
to Member nations. 

The European Nuclear Energy Agency (ENEA) was set up 
nearly fourteen years ago by what was then the Organisation 
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for European Economic Cooperation (OEEC). The mandate of the 
Agency, according to its Statute, was " ••• to further the 
development of the production and uses of nuclear energy for 
peaceful purposes by the participating countries, through 
cooperation between those countries and a harmonisation of 
measures taken at national level." 

Although this mandate was intentionally wide and 
general, ENEA was also given specific initial instructions for 
its work. From the start it became an instrument for promot
ing cooperation on an optional basis between members, rather 
than a body for supranational planning and direction. A 
principal theme of the present paper will be that such a role 
is readily adaptable to changing needs and circumstances and 
that, where Governments wish to maintain a considerable degree 
of national independence in scientific (and other) affairs, 
its flexibility offers good prospects for success at regional 
or other levels. This is because successful international 
cooperation depends on the continuing will of participating 
countries (or non-governmental organisations, industrial con
sortia or commercial groups); and the best structure in the 
world will fail to produce results if its inability to adapt 
to changing needs destroys this willingness among the 
participants. 

ENEA's role and activities over the past 14 years have 
therefore been highly selective, rather than the realisation 
of some comprehensive master plan for the development of nuclear 
energy in western Europe. This essentially pragmatic approach 
has been possible only because the Agency's Statute is itself 
an extremely flexible instrument, designed to encourage cooper
ation in whatever form may seem most appropriate for the 
particular objectives envisaged. 

STRUCTURES FOR COOPERATION 

Although the preceding paragraphs have implied that 
the organisational structure of a cooperative venture is of 
secondary importance compared with the willingness of those 
taking part to make it work, the form adopted for a joint 
activity can of course have a significant effect on its ef
ficiency. In ENEA's various undertakings, from the major 
reactor projects Dragon and Halden to cooperative development 
programmes such as those on food irradiation and isotopic 
batteries, a wide variety of organisational forms has been 
employed. I Not all have been equally successful, but con
sidered as an ensemble of practical experiments they provide 
guidelines to both the requirements and the pitfalls of in.ter
national cooperation in scientific or technological fields. 

It will perhaps be best to start with three basic 
similarities in the structure of ENEA's projects. Because 
these are common to all, it is reasonable to conclude that 
they probably represent necessary characteristics. 

See Table I. 



TABLE I. PRINCIPAL ACTIVITIES SPONSORED BY ENEA 

ACTIVITIES CURRENT TECElliCAL ORGANISATIONAL PARTICIPATIHG OVERALL BUDGET 
OBJECTIVES STRUCTURE COUN'rRIES MILLION EJ:IA uf a (f) 

DRAGON REACTOR PROJECT HTGCR technology Projects >rith separate 
l2(c) 

101.5 over 
and fuel development and autonomous inter- 14 years (a) national management. 

National "host organi-
HALDEN REACTOR PROJECT Fuel testing, sations" performing 

9(d) 
22.2 over 

computerized reactor legal acts on behalf 14;f years (a) control of Projects 

EUROCHE!1IC FUEL Reprocessing and International share- 13 65.5 over 
REPROCESSING COMPANY development work holding company 15 years (a) 

KARLSRUHE FOOD ) Development of wholesome- Project with separate 1.5 over 
IRRADIATION PROJECT(b ness testing methods and autonomous inter- 5 years (a) national management. 

Nationi}l "host orgp.ni- 20 
sation performing legal 
acts on behalf of 
Project. Work mainly 
through contracts 

ISOTOPIC BATTERY !STUDY Development of small Centralized management: Contributions 
GROUP isotopic batteries work in national labo- 7 entirely in 

ratories kind 

ATLANTIC WASTE OPERATIONS Disposal of packaged Direction by special 7, 5 and 4 
(1967, 1969 and 1971) radioactive wastes in 11 ad hoc" committees respectively 

the deep ocean 

COMPUTER PROGRA!1!1E Collection, testing and 
LIBRARY (ISPRA) diffusion of computer 13 1.6 over 7 years 

programmes Parts of El'fEA 
Secretariat: 

NEUTRON DATA COMPILATION Collection, cl assificatior supervised by special 
CENTRE (SACLAY) and diffusion of neutron committees 13 2.9 over 7 years 

data (a) 
--------------- -------------- -------------- "---------- ----------



HEALTH AND SAFETY C01111IT'rEE Radiation protection, 
waste management 

EUROPEAN-AMERICAN NUCLEAR 
DATA COMMITTEE (E~~DC) 

Surveillance of current EUROPEAN-AMERICAN COMMITTEE 
ON REACTOR PHYSICS (EACRP) work and problems: 

proposals for new work 

COMMITTEE ON REACTOR SAFETY 
TECHNOLOGY (CREST) 

GROUP OF EXPERTS ON 
PRODUCTION OF ENERGY FROM Information exchange 
RADIOISOTOPES 

WORKING GROUP ON GAS-COOLED Information exchange 
FAST REACTORS 

STUDY GROUP ON LONG TERM Forecasts of ~uclear fuel 
ROLE OF NUCLEAR ENERGY demand, estimation of 

resources 

NUCLEAR LAW Information and harmoni-
zation in the field of 
nuclear legislation 

MAGNETOHYDRODYNAMIC 
LIAISON GROUP 

(b) Surveillance of current 
work and information 

THERMIONIC CONVERSION exchange 
LIAISON GROUP 

(a) Until presently agreed date of termination 
(b) Jointly w1th IAEA 

ENEA 

specialized 

committees or 

Groups of 

Experts 

Joint ENEA/IAEA 
specialized 
committees 

(c) Includ1ng the 6 EEC countries, represented through the Commission 

OECD count-
ries, IAEA, 
Euratom 

OECD 
countries 

(e) 

OECD count-
ries, IAEA, 
Euratom 

OECD 
countries, 

Euratom 

OECD count-
ries, IAEA, 
Euratom 

OECD count-
ries, IAEA, 
Euratom 

(dl 13 countries (includ1ng 6 EEC members) during first 6 years of Project 
(e Limited personal membership from certain countries; other countries represented through correspond1ng members 

and (for EANDC) a sub-committee 
(f) EMA u/a =European Monetary Agreement units of account. 
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In the first place, all projects are supported finan
cially only by those countries which are really interested -
and in general it is only these countries which have direct 
access to the results of the work done. This voluntary 
participation, which results directly from the flexible nature 
of the ENEA Statute, has in recent years become known as "a 
la carte" participation. In certain cases it has been devel
oped to the extent of enabling some countries to participate 
in different ways from others, for example by contributing 
work, or seconding staff, in addition to or even in place of 
direct budgetary contributions. 

A second feature of all ENEA projects, and a conse
quence of the voluntary participation just described, is that 
each activity has its own, largely autonomous, management 
body. ENEA representation in these bodies is mainly advisory, 
the technical direction in particular being in the hands of 
the participants. It is those participants who pay, and it 
is right that they alone should decide how their money is 
spent. 

Concerning finance, all the projects are financed on 
scales agreed in advance, and within budgetary limits agreed 
for fixed periods. Participants therefore know their precise 
commitments; and, although this may seem axiomatic, it may be 
noted that in one case where this simple rule was not observed, 
insoluble problems of management and control SQbsequently 
developed and the project had to be wound up. In cases where 
contributions in kind form part of a project budget, it is no 
less important than with direct financial contributions to 
agree in advance on the precise nature of the contribution and 
its equivalent monetary value. 

The various ENEA projects have many individual and 
different characteristics. Among the most important of these 
are legal status and relations with the host country. 

As a general rule, it has been foQnd more convenient 
not to endow a project with its own legal personality. Thus, 
both for the Halden Reactor Project and for the "Dragon" High 
Temperature Reactor Project, all legal acts relating to the 
carrying out of the joint programmes are performed on behalf 
of the Signatories by the host organisations, the Norwegian 
Institutt for Atomenergi and the United Kingdom Atomic Energy 
Authority respectively. ENEA's "Common Services" on the other 
hand (the Computer Programme Library at Ispra, Italy, and the 
Neutron Data Compilation Centre at Saclay, France) are integral 
parts of ENEA itself, financed through the OECD budget. 

Yet another approach has been adopted for the joint 
operations organised by ENEA for disposal of packaged solid 
wastes in the deep Atlantic. In this case the participant 
countries have themselves jointly contracted with shipowners 
and have observed operational procedures laid down and 
supervised by ENEA. Thus each problem or project has led 
to the development of an organisational and legal form suited 
to its particular circumstances. 
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One important exception to the practice of not giving 
projects their own legal personality is the Eurochemic Company. 
Under its Statute and Convention, signed in December 1957, the 
Company was established as an international organisation in 
its own right, benefiting from certain privileges, and subject 
to the laws of the host country (Belgium) only where its own 
Convention is silent. In practice this has meant that the 
Company has been deprived of the backing of a natio~al host 
organisation, which in the case of other projects has been 
extremely helpful. 

THE CHANGING RELATIONS BETWEEN GOVERNMENTS AND INDUSTRY 

A factor of growing importance in ENEA's cooperative 
projects has been the increasing interest of industry. In 
the late 1950's and early 1960's, the involvement of industry 
was commonly achieved by the award of contracts, enabling 
industry to contribute to the realisation of a project but 
not to its planning or direction. The contract system also 
absolved industry of any real concern for the objectives of 
a project, and was not conducive to a relationship based on 
partnership. Such an arrangement may perhaps be satisfactory 
for projects of a purely research nature, but where - as for 
example with the Dragon Project - development work is expected 
to lead to commercial exploitation, it will be necessary at 
some stage to bring in industrial participation in a much 
more fundamental way. 

This need for some form of governmental-industrial 
collaboration has gradually gained recognition, and it is 
probable that no project with essentially commercial objectives 
could now be considered other than in such a form. This raises 
an entirely new series of legal and administrative problems, 
to which ENEA has devoted some study. However, the evolution 
of both the Halden and Eurochemic projects has permitted the 
progressive direct involvement of industrial interests and 
this trend can be expected to continue. On the other hand, 
projects concerned with problems traditionally the prerogative 
of Governments are likely to continue to observe the precepts 
discussed earlier in this paper. A particular recent example 
has been the new Er.EA/IAEA/FAO International Project in the 
field of Food Irradiation, involving governmental organisations 
in twenty countries, which came into beLng on 1st January 1971 
to establish wholesomeness data concerning irradiated food
stuffs. 

THE INCREASING IMPORTANCE OF LEGAL AND REGULATORY 
COOPERATION 

Besides the promotion of research and development 
projects, specialised information services, and a number of 
scientific committees and liaison groups for exchange of 
information and planning of new work,2 ENEA has,since its 
creation,been concerned with the development of special legal 
and regulatory regimes without which the progress of nuclear 
energy in Europe would have been greatly retarded. 

2 
for main examples see Table I. 
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This is a field where, unlike that of joint under
takings and common services, limited participation is undesir
able, for to be effective the regime must be adopted by the 
largest possible number of countries. The clear implication 
is that nuclear law must in due course become world inter
national law, and it appears that this objective will be 
attained more readily through coordination of regional efforts 
with those planned on a worldwide basis by IAEA. However, 
progress is necessarily slow because legal systems and 
principles differ substantially in different areas of the 
world, ru1d the successful introduction of a sophisticated 
legal regime is not possible if the necessary executive 
machinery (system of advocacy, courts, judgment) does not 
exist. 

The truth of this is emphasised by the fact that in 
the field of nuclear energy liability - which has received 
more attention than any other aspect of nuclear law - the 
only regime so far in operation internationally is that 
established for the ENEA area by the 1960 Paris Convention, 
which came into force in 1968. Even this Convention as yet 
applies in only seven countries, because Signatory countries 
have to adapt their own national legislation to the Convention's 
principles before they can ratify it. This often takes a very 
long time. 

A further impediment to the rapid development of world 
nuclear law is the wide variation, in different countries, of 
the practical state of nuclear progress. As a result, although 
some countries have urgent need of a nuclear regime now, for 
others the matter remains academic. 

THE FUTURE 

In its early days the attention of Governments to 
nuclear energy derived to a large extent from political con
siderations and the importance of nuclear programmes (national, 
regional and international) was often measured in terms of 
investment rather than results. A contributing factor to 
this was the difficulty of measuring the real value of these 
results as long as they could not be applied in a normal 
competitive market situation. 

For over a decade, however, political commitments to 
nuclear energy have been more and more subjected to economic 
analyses, with the principal objective of relating costs to 
expected benefits. This rigorous discipline, applying to 
nuclear power the same criteria as have long governed the 
exploitation of other energy resources, has naturally had 
its effect on current thinking about cooperation across fron
tiers. Recognising that such cooperation is not an end in 
itself, Governments are no longer willing to pledge their 
support until convinced that it may bring advantages unobtain
able (or more expensive) at national level. This means that 
although nuclear cooperation still contains an element of 
solidarity between the participating countries and a recog
nition of their interdependence in this field, a clear practical 
benefit for every individual partner is being increasingly 
sought. 
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In this changing climate, regional and international 
organisations can no longer rely on idealistic support based 
on general political motivation, but must themselves demon
strate that their costs are justified by the benefits they can 
offer. This is especially true for large-scale development 
projects requiring substantial funds for investment and 
operation, and for which the expected benefits must be care
fully assessed and compared with expected returns from alter
native investments. 

The difficulties of making cost/benefit analyses of 
research and development work are well known, and for obvious 
reasons they are even greater in the case of international pro
jects yielding results to be exploited by a number of co~tries. 
Such studies of international undertakings would probably show 
that there are good and bad joint projects just as there are 
successful and less successful national projects. In the case 
of international projects, however, quite exceptional care is 
needed in assessing possibilities for the participants to make 
use of the jointly produced results, taking particular acco~t 
of the complex patent and other legal problems which may evolve. 

It must also be recognised that participating countries 
in a joint project might adopt changed policies during the 
project's life, and this might lead to a developing lack of 
interest, or even a conflict of interests in respect of the 
project. It is therefore important to build into any project 
Agreement provisions allowing for appropriate changes to be 
made, or even the project to be terminated, if it ceases to 
correspond to the common interests of the participants. In 
such circumstances termination of a joint project would not 
necessarily reflect on the quality of the project but rather 
the fact that the field had reached the competitive stage, 
and that continued collaboration between emerging competitors 
would be unrealistic. 

It is often said when difficulties arise over multi
national projects that these are due to Governments lacking 
the political will to cooperate. This might be true in some 
cases, since political support is normally essential for any 
large-scale project of this kind; in many other cases, how
ever, what is interpreted as lack of political will may have 
its origins in fundamental divergencies over technical object
ives, divergencies which must arise from time to time with the 
continuous evolution of both the project itself and the situ
ation in the participating countries. 

It is entirely natural that evolving circumstances 
may sometimes call for changes in existing cooperative activi
ties, and even the ending of some. But it is also natural that 
the same evolution should bring into focus new possibilities 
and methods for cooperation, with the continuing overall 
objective of increasing efficiency, and effectiveness, of 
national efforts. 

In the field of nuclear energy, these efforts have now 
enabled many countries to achieve a first goal, namely the 
development of economically competitive nuclear power stations. 
The next step, to which Governments are now gradually turning 
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their attention, will be to ensure the rapid growth of 
installed nuclear generating capacity so that this may play 
its hoped-for role in meeting increasing electricity demands. 

This introduces a number of new problems, from those 
of assuring adequate supplies of nuclear fuels, to the prac
tical and psychological questions concerned with safety and 
siting of nuclear installations. Initially, of course, these 
problems will be of major interest to the more industrially 
advanced countries, most of which are now heavily committed 
to nuclear power. Since the problems are very similar - in 
some cases identical - from country to country, a multinational 
approach may well offer advantages, and on certain questions 
could lead to rationalised solutions. Indeed there are various 
policy problems (such as those of waste management, or of 
ensuring optimised use of basic resources) which by their 
nature are incapable of solution by individual nations in 
isolation. Here Governments have no choice but to adopt a 
cooperative approach which as a first step will include con
frontation of national problems and policies. In general, such 
approaches may be expected initially at regional levels, ~~ong 
groups of countries where interests are inter-linked either 
geographically or by similar states of technological develop
ment. 

The conclusion to be drawn is that, although the 
nature of cooperation in nuclear energy in future years may 
be expected to differ considerably from what it has been in 
the past, there will be an increasing need for such cooperation 
in many new directions. It will be the task of inter-govern
mental organisations like ENEA to define these directions, 
having in mind that the measure of success should not be 
quantity or size of activities launched, but their usefulness 
to participating countries. 
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The INIS is an international information system based on national information systems. To establish 
an INIS in Japan, it is necessary to establish a national network in both input and output. TheJAERI (Japan 
Atomic Energy Research Institute) was designated as the organization to carry out this project in Japan. 
For that purpose the J AERI obtains and scans non-conventional literature and core journals in atomic energy; 
the JICST (Japan Information Center for Science and Technology) is in charge of the peripheral fields, and the 
Keio Medical Library deals with biology and medicine. The JAERI checks inputs from these organizations, 
coordinating their activities. The Japanese Advisory Committee for INIS was organized in September 1970. 
The duties of the Committee are to advise the President of the JAERI concerning policies of the INIS 
management in Japan. A Technical Committee for Dissemination of Information in atomic energy was 
also set up in the Atomic Energy Society of Japan. In this initial stage of INIS, Japan is providing about 1CP/o 
of the world's INIS input. In bibliographic descriptions, the language barrier is a problem in the functions 
of input. The standardization of bibliographic descriptions for Japan is being studied by the !SO National 
Documentation Commmee, etc. It is desirable that Japan's input for world information systems be convettible, 
To effectively obtain information retrieval from magnetic tapes, the exchange of software, language control 
including a thesaurus, and the development of utilization techniques in related organizations are encouraged. 
The NIST (National Information System for Science and Technology) planned by the Japanese Government 
is expected to solve certain problems of the national INIS input and output network. 

LE RESEAU NATIONAL D'INIS AU JAPON. 
INIS est un systme international de documentation base sur les syst~mes de documentation de chaque 

pays participant. En vue d'exploiter INIS au Japon, il est necessaire d'etablir un reseau national tant pour 
les donnees d'entree que pour cel!es de sortie. Le JAERI (Japan Atomic Energy Research Institute) a ete 
charge de sa mise en pratique dans le pays. A cet effet, le J AERI se procure de Ia documentation non 
homologuee et Ia diffuse, et prepare egalement des extraits de periodiques dans le domaine de l'energie 
atomique; le JICST (Japan Information Center for Science and Technology) s'occupe des disciplines generales 
et !a bibliotheque medicale de 1 'U niversite de Keio de la biologie et de Ia medecine. Le J AERI verifle les donnees 
d'entree fournies par ces institutions et coordonne leurs activites. Le Cornite consultatif japonais pour INIS 
a ete organise en septembre 1970. I! a pour mission de conseiller le president du JAERI en matiere de 
politique de gestion d'INIS au Japon. Le Comite technique pour !a diffusion de renseignements relatifs .t 
l'energie atomique a egalement ete cree, au sein de !'Atomic Energy Society ofJapan. Ace premier Stade, 
le Japon foumit a !NIS 1CP/o environ des donnees d'entree mondiales. Dans les descriptions bibliographiques, 
!a barri~re linguistique constitue un probleme. Pour y faire face, on envisage actuellement, entre autres 
au sein du Comite de documentation nationale de !'ISO, !a normalisation des descriptions bibliographiques 
pour le J apon. Il est souhaitable que les donnees d 'entree du J apon pour les systmes de documentation 
mondiaux scient convertibles. Pour exploiter efficacement les informations foumies par les bandes 
magnetiques, on encourage l'echange des techniques du software, le contr81e linguistique, y compris le 
thesaurus, et le developpement des techniques d'utilisation .t travers les organismes concemes. Le NIST 
(National Information System for Science and Technology), dont Ia mise en place est envisagee par le 
Gouvernement, devra resoudre quelques problemes relatifs aux donnees d 'entree et de sortie d 'lN!S dans le 
reseau national. 

HAUHOHAJibHA51 CHCTEMA HHHC B 51ITOHHH. 
HHHC l!BnlleTcll Mell()lyHapo)IHoil HHif>opMaQHOHHOII cHcTeMoll, ocHosaHHoil Ha HauHoHam,

HblX CHCTeMax HHif>opMaQHH. ,Un11 ocyllleCTsneHHll cHcTeMbl HHHC s 51noHHH Heo6xO)IHMO opra
HH30BaTb H8QHOH8nbHYD CHCTeMy, CDOC06HyD nony'I8Th H BW,Il8B8Tb HH~OpM8QHOHHitle M&TepHa

nbl s paMKax HHHC. PeanH38QHll 3Toro npoeKTa B 51noHHH so3nOll(eHa Ha Hccne)losaTen&CKHII 

':' Present address· Japan Pharmaceutical Information Centre, Sh!buya-Ku, Tokyo. 
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HHCTHTYT aTOMHOH :>HeprHH. B•moJIH>BI :>"J;y sa)la«y, 11HCTHTYT nony«aeT H o6pa6aTb!aaeT He
cTaH,ll;apTHbie ny6nHK8l(HH H nepHO,llHl.JeCKHe H3,lt8HHSI B 06JI8CTH 8TOMHOH 3HeprHH; 71nOHCKHH 

HH,POpMaQHOHHbiH ueHTp no HayKe H TeXHHKe npoBO)IHT TaKyro pa6oTy IIJill nepH,PepHH, Me!IH
QHHCKall 6H6JIHoTeKa B Keilo 3aHHMaeTcll ny6JIHKaQHliMH no 6HonorHH H Me)IHQHHe. 11HCTHTyT 
npoaepSieT HHq>OpM8UHJ01 nonyt.taeMyiO H3 STHX opraHH38QHft H KOOp,llHHHpyeT HX ,lleHTeJibHOCTb. 

5lnoHCKHil KOHcynbTaTHBHbiH KOMHTeT no CHcTeMe HHHC 6biJI opraHH30BaH B ceHTll6pe 1970 ro
.n;a. KoMHTeT KOHCYJibTHpyeT npe.ztce.IJ;aTeJIH llHCTHTyTa no sonpocaM, CB.sJ3aHHbiM c opraHH3a
QHeil cHcTeMbi HHHC B 5lnoHHH. B cTpyKType 061!1eCTBa no aTOMHOH :>HeprHH 5lnOHHH 6b!JI 
TaKJKe c03,llaH TexHHqecKHH KOMHTeT no pacnpocTpaHeHHIO HH!f>opMaUHH. Ha HaqaJibHOM sTane 
pa6oTbl cHcTeMbl HHHC 5lnoHHll 6y)leT )laaaTb OKono 10% acex HH,PopMaQHOHHbiX MaTepHanoa, 
HanpaBJilleMbiX cTpaHaMH B :>Ty cHcTeMy. IT pH cocTaaJieHHH 6H6JIHorpa,PH«ecKHX onHcaHHH 
MaTepHaJIOB )IJill BBO)Ia B 3TY CHCTeMy npo6JieMOH 6y11eT ll3b!KOBOH 6apbep. HaQHOHaJibHbiH 
ueHTp no IIOKyMeHTaQHH MeJK)IyHapO/IHOH opraHH3aQHH no cTaH)IapTH3aQHH H3y«aeT aonpoc 
CT8H,ll8pTH381..1HH 6H6JIHOrpa!PHt.J:eCKHX OITHC8HHH ,li.JIH 5IITOHHH, JK.enaTeJibHO, '4:T06:bi MaTepH8Jihl 1 

nepe.nasaeMbie .fiiTOHHeH: B MeJK.n;yHapO)lHbie HH<flopM8QHOHHhie CHCTeMbi 1 6biJIH 6bl KOHBepTHpye

Mb!MH, )lJill 3,P,PeKTHBHOrO noHCKa HH,POpMaQHH C MarHHTHbiX JieHT npHMeHl!eTCll 06MeH cpe)I
CTB8MH nporpaMMHpOB8HHSI 1 KOHTpOJib Sl3biKOB 1 BKJIIOti8SI Te3aypyc, H pa3pa60TKa MeTO,ltOB HC

nOJib30BaHHll HH,PopMaQHH B cooTaeTcTBYIOII1HX opraHH3aQHliX. OJKH)IaeTcll, «To NIST (HauHo
HaJibHall HH,POpMaQHOHHall CHCTeMa no HayKe H TeXHHKe), C03)1aHHe KOTOpOH nJiaHHpyeTCll npa
BHTeJlbCTBOM 5InOHHH, pemHT HeKOTOp:&Ie fip06JleMbl HaQHOHaJlhHbiX BXO,ltHbiX H BbiXO,ltHbiX ,naH

HbiX B paMKax HHHC. 

LA RED NACIONAL DEL INIS EN EL JAPON. 
El INIS es un sistema de informaciOn internacional basado en los sistemas nacionales de informaciOn. 

Para utrlizar los servicios del INIS en el Jap6n ha sido necesario establecer una red nacwnal con su srstema 
de entradas y salidas, Para tal fin se ha desrgnado al JAERI que obtiene y examina literatura no convencional 
y prepara resumenes de revistas especralrzadas en el campo de la energfa at6mica; el JICST (Japan Information 

Center for Scrence and Technology) se encarga de las publrcaciones perifericas y Ia Biblioteca Medica de 
Keio de Ia biolog(a y de la medicina. El J AERI comprueba las entradas procedentes de estas institucwnes 
y coordina sus actividades, En septrembre de 1970 se organize el Comite Consultivo Japones para el INIS 
(Japanese Advisory Committee for INIS), que tiene como misi6n asesorar al Presidente del JAERI sabre la 

gesti6n del INIS en el J ap6n. Se ha establecrdo tam bien un Comite Tecnico para Ia Difusi6n de la Informacion 
sabre Energfa At6mica, en el seno de la Atomic Energy Society of Japan. En esta fase inicial del INIS, el 
Jap6n suministra alrededor del HP/o de las entradas mundiales. La barrera del idwma constituye un grave 
problema en las operaciones de entrada de descripciones biblrograficas. El Comite J a pones ISO de Documentaci6n, 
Junto con otras instituciones, esta considerando la normalizaci6n de las descripciones bibliograficas japonesas, 
aspirandose a que las entradas preparadas en este pals sean intercambiables con las de los demas sistemas 
mundiales de informac16n. Con ob]eto de conseguir lamas efi.caz localizaci6n de la informaciOn acumulada, 
se esumulan entre las organ1zaciones a fines los intercambios de programas (software), de listas terrninol6gicas 
(incluido el Thesaurus) y de asesoramiento sobre tecnicas de utilizaci6n del sistema. Se espera que el NIST 

(Natrona! Information System for Science and Technology), proyectado por el Gobierno japones, resuelva 
algunos problemas de la red nacional, relacionados con los datos de entrada y de salida del INIS, 

INTRODUCTION 

INIS, one of the international systems of information service, is 
typical of its kind. Each member country provides input to the IAEA. In 
this operation, each country is to bear its share of the total costs involved 
according to the percentage of information in that country. This mechanism 
of operation is also quite common in similar international systems. 

For INIS to be truly "user-oriented", it is necessary that the following 
procedures be standardized: bibliographic description, indexing, and output. 
Accompanied by these are the establishment at the IAEA of rules, 
personnel training, a check on inputs, etc. The proper world network of 
work, with individual countries as units, must be very well organized. 
Moreover, a similar network is also necessary in each country, including 
the input and output to terminal users. 
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In Japan, the Japan Atomic Energy Research Institute (JAERI) was 
designated as the national centre of INIS. In this nation, the project has 
certain problems, which include the special "mission-oriented" nature of 
nuclear energy, peculiarities of the Japanese language, etc. However, 
the entire set-up of INIS will be effectively conducted in Japan in the future 
through close cooperation with other organizations. 

THE FIELD OF NUCLEAR SCIENCE AND TECHNOLOGY 

Nuclear science and technology is not a so- called "disciplinary field" 
such as is chemistry or similar fields. It is therefore termed "mission
oriented" or otherwise "interdisciplinary". In other words, nuclear 
science and technology is distributed over the respective conventional 
academic fields. 

In the JICST (Japan Information Center for Science and Technology), 
abstract journals entitled "Current Bibliography on Science and Technology" 
(for disciplinary fields) are ·prepared, totalling 400 000 abstracts annually. 

These abstract journals concern "General and Mechanical Engineering", 
"Electrical Engineering", "Earth Science, Mining and Metallurgy", "Civil 
Engineering and Architecture", "Pure and Applied Physics", and a special 
issue on "Isotopes and Radiation Chemistry". There are no abstract 
journals for the life sciences and agriculture. Abstracts on nuclear science 
and technology are distributed among these abstract journals or their 
respective fields. Concerning the special issue on "Isotopes and Radiation 
Chemistry", there are overlapping entries with other "Current Bibliography 
on Science and Technology" issues. This is apparently a duplication of 
an information service which, although not desirable, is prepared because 
of considerations of the varied requirements of users. As in other countries, 
the field of nuclear science and technology in Japan has developed as 
mission-oriented. The total number of nuclear scientists and technologists 
in Japan, according to the INIS scope, is close to 10 000. The growth rate 
of nuclear personnel is larger than that of other fields [1]. Moreover, 
there are demands from other fields for information services in nuclear 
science and technology. Thus, the number of people engaged in nuclear 
research and technology is possibly several times larger than that indicated. 

In Japan, the following journals are published especially for the 
nuclear fields: "Journal of Nuclear Science and Technology", "Journal of 
the Atomic Energy Society of Japan", "Nippon Acta Radiologica", and 
"Radioisotopes". Consequently, the field of nuclear science is firmly 
established in Japan, and it is parallel to or at the same level with chemistry 
and other broad fields. As a result, the information service can well be 
considered a singularly independent system for this particular field. 

NETWORK OF ACQUISITION OF INPUT MATERIALS 

In Japan, documents concerning the nuclear field appear as journal 
papers and non-conventional technical reports. The latter are restricted to 
a few institutions such as JAERI, while the journal articles are fairly 
extensive. The number of periodicals published in Japan covers about 
5 000 titles [ 2]. A breakdown of these journals is listed in Table I. 
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TABLE I. NUMBER OF PERIODICALS PUBLISHED IN JAPAN 
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894 18.2 

2,138 43.6 

874 17.4 

1,023 20.7 
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GO 

Number of periodicals 

70 

FIG. 1. Per cent of the total number of papers abstracted m the NSAJ compared with the number of 
periodicals. The curve shows that the rate of increase in the per cent of abstracted papers decreases rapidly 
beyond a certain number of periodicals. 

The Nuclear Science Abstracts of Japan (NSAJ) was published for 
nine years until the beginning of 1970. The abstracted papers, which were 
published in the journals covered by the NSAJ, are widely distributed, 
as shown in Fig. 1. 

In Table II a comparison is given for the abstract journals dealing with 
the literature in Japan, "Nippon Kagaku Soran (Complete Chemical Abstracts 
of Japan)", "Igaku Chuo Zasshi" (Japana centra revuo Medicina), and 
"Nuclear Science Abstracts of Japan". From this table it is evident that 
documents on nuclear science are spread over many fields, compared with 
the other two journals. 

The research activities of JAERI include a fairly large part of the 
INIS scope. Those branches not undertaken by JAERI are the life sciences, 
agriculture, and mining. Regarding the network of acquisition for input, 
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TABLE II. DISTRIBUTION OF ABSTRACTS FOR THE THREE 
ABSTRACT JOURNALS 

No. of 
abstracts (A) 

Nucl. Sci. A bstr. Japan 5 909 

Chern. Abstr. Japan 37 000 

Japana cent. Revuo med. 100 000 

Note: The figure in brackets is an estimated one. 
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JAERI takes care of core journals and non-conventional technical reports, 
the Keio University Medical Library is in charge of life sciences, and 
JICST is entrusted with other journals not covered by JAERI and JICST. 
The Keio University Medical Library is a service organ of the Medical 
Department of Keio University. In an international role, it also serves 
the MEDLARS by the input from Japan. The services by MEDLARS output 
are now being developed through collaboration with JICST, a central informa
tion centre in Japan related to the fields of science and technology. As 
already mentioned, it publishes abstract journals containing around 
400 000 entries per year, and it also participates in other information services. 
The network of acquisition for INIS is shown in Fig. 2. 

NETWORK OF BIBLIOGRAPHIC DESCRIPTION 

INIS input consists of contributions from many countries, and thus 
there is a need for coordinating and standardizing rules. Regarding biblio
graphic descriptions, cataloguing standards were initially prepared, 
together with an Authority List. This Authority List has already been 
published under Corporate Entries and Journal Titles. 

The Authority List can also be used in other information systems. It 
is desirable to prepare a list for Japan to be introduced into the Authority 
List by collaboration among similar information organizations and to 
steadily maintain this list in the future. 

There is a variety of secondary literature in Japan. Among those 
based on Japanese periodicals are: Japana Centra Revuo Medicina, 
Complete Chemical Abstracts of Japan, Japanese Periodicals Index, 
Japanese Metallurgical Abstracts (in Japanese), Nuclear Science Infor
mation of Japan, Japan Science Review, and MEDLARS input (in English). 
For certain reasons, the Japan Science Review is now less active. In 
this connection, JAERI, engaged in INIS in Japan, is a pioneer in making 
bibliographic descriptions in English. 

In Japan, bibliographic descriptions in English first involves the problem 
of the Japanese language. Personal and corporate names include Chinese 
characters in most cases, causing difficulty in identification. "Japan", 
for example, in Chinese characters may be read either as "Nippon" or 
"Nihon". Moreover, the Latin letters used here constitute several types, 
and in Japan conformity in the usage of any one type is very difficult to 
attain among various groups. For personal and corporate names, inquiries 
are often made by JAERI to authors and institutions. As a result, it is not 
easy to identify an author in English, unless his name is spelled in full [ 3]. 

These problems are common in Japan; thus, it is desirable to prepare 
an authority list by collaboration among the groups concerned. 

The system of registering periodicals has been proposed by UNISIST. 
This is even more necessary for Japanese periodicals. 

To deal with problems such as this, the Japanese Committee for INIS 
was recently established in JAERI. The duty of this Committee is to 
advise the President of JAERI concerning the policies of INIS management 
in Japan. Subcommittees can be established in the Committee, and an 
Expert Committee on INIS input has been formed. 

The problems of standardization are "international". A Liaison 
Committee for the ISO (International Standard Committee) TC-46 Documenta
tion was set up in the Japan Documentation Society. The subjects being 
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discussed in this committee (the latinization of Japanese, journal abbre
viations, input-tape format, and others) are also related to the INIS oper
ation in Japan. 

INDEXING NETWORK 

The preparation of a thesaurus and its maintenance are effected col
lectively at IAEA. But the assignment of descriptors to the documents is 
performed by individual countries dispersed throughout the INIS network. 
In Japan, indexing is then done in JAERI, JICST, and KEIO. It is neces
sary to hold meetings among the indexers and to establish channels of 
communications among them. According to an investigation by Euratom 
on the stability of indexing, it is the most effective when performed by 
field specialists [ 4]. To realize an improvement in this respect, it is 
desirable to educate these scientists on the INIS and descriptor systems. 
A "Technical Committee for Dissemination of Information" was set up 
last year in the "Atomic Energy Society of Japan". This committee is 
composed of about twenty members specializing in nuclear science and 
concerned with information dissemination. One objective of this Committee 
is to foster information activities including a descriptor system among 
members who then transmit this knowledge to their colleagues. 

OUTPUT NETWORK 

The structure of input for INIS is now being formed in Japan; on the 
output side - that is, the use of magnetic tape for information retrieval
preparations are presently under way. 

Various forms of the information system usi,ng a computer are being 
developed in Japan; however, both users and information service organiza
tions are not yet familiar with such services. The use of magnetic tapes 
in MEDLARS is now being developed by collaboration between JICST and 
KEIO. On the other hand, an extensive information retrieval system in the 
Japanese language is progressing in the JICST. Such commercial magnetic 
tapes as Chemical Abstracts Services, ASCA, Ringdoc and others are being 
used in some enterprises, while input is also being prepared and the com
puter processed for internal use. In this situation in Japan, INIS will be 
one of the organizations in the field of mechanized information service. 

Since there will be considerable software for computer systems in INIS, 
in IAEA, and also in individual countries, the expense involved is fairly 
large on both sides. In a public system such as INIS, it is of course 
desirable to use common softwares jointly; however, this is difficult to 
realize at present. In Japan, it is not certain yet whether output using 
magnetic tape should be made at more than one location. This especially 
concerns software. 

Computers used in Japan comprise several types, including both 
domestic and foreign brands. In this respect, the employment of software 
conversion or a general-use program package is being investigated, but 
without any solution as yet in the field of information systems. 
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NATIONAL INFORMATION SYSTEM FOR SCIENCE AND TECHNOLOGY 
(NIST) 

As already described, INIS in Japan is related to many other systems 
and schemes. A national project termed the "National Information Systems 
for Science and Technology" is presently being formulated to coordinate 
work regarding (1) information of international systems such as INIS, 
MEDLARS and CAS; (2) a national centre like JICST; (3) systems by 
associations, and so forth; and (4) other systems by foreign and domestic 
enterprises. 
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The Council for Science and Technology of the Japanese Government 
submitted a report to the Prime Minister who approved it in October 196 9. 
It was entitled "A Basic Policy Concerning the Flow of Information Related 
to Science and Technology". According to this basic policy, concrete 
plans for the NIST are now being formed, and will be completed in 1972. 

A chart of NIST is shown in Fig. 3. NIST consists of operating 
centres, specialized and data centres, regional service centres and term
inals and a central depository. NIST is also involved in training, research 
and development. To control its overall activities, there are central 
coordination and clearing-house functions. 

In the operation centres, primary literature is processed in major 
fields such as science and technology, life sciences, and agriculture. 
Then, in the specialized and data centres, processing into secondary 
information or evaluation of data collected takes place. JAERI, with its 
INIS and Nuclear Data Center, belongs to this category. The regional 
service centres, of which several will be established in Japan, are the 
sales outlets in NIST. The terminals in Fig. 3 are at the interface between 
NIST and the users such as educational institutions, societies, enterprises, 
and others. 

The central coordination function assumes the following important 
roles: policy making, creating feedback systems from the users to NIST, 
acting as an agency for NIST in matters related to international cooperation, 
information, standardization, and so on. 

Still in the stage of visualization, it will be more than several years 
before NIST goes into actual operation. The advance of INIS in Japan, of 
course, requires the support of IAEA, and also coordination with other 
organizations in Japan. 

INIS in Japan will be positioned within NIST; thus the problems confront
ing INIS in Japan will be gradually solved with the growth of NIST. 
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DISCUSSION ON AGENDA ITEM 5. 5 

International cooperation in nuclear projects and exchange of information 

DISCUSSION ON THE FOLLOWING PAPER: 

P/102 USA Presented by M.B. Kratzer 

M. SANDOVAL VALLARTA: Is any information available on the present 
employment and specialization of the hundreds of former students of the 
Institute of Nuclear Science and Engineering? Are their present activities 
still related to the peaceful uses of atomic energy? 

M. B. KRATZER: This is a most interesting question and one on which 
we have attempted to obtain information for our own use. We have not had 
any formal follow-up program on the activities of the students of the Institute 
since the time it was discontinued, but we have tried to determine this 
informally. We know that many of them have gone on to become important 
members of their respective atomic energy programs and that, in general, 
a very high percentage of them have remained active in the nuclear field. 
Unfortunately, we do not have precise figures. 

DISCUSSION ON THE FOLLOWING PAPER: 

P/330 Poland Presented by R. Zelazny 

There was no discussion on this paper. 

DISCUSSION ON THE FOLLOWING PAPER: 

P/007 Finland Presented by F.R. Marcus 

N. PELZER: In 1963 the Scandinavian States and the IAEA concluded 
an agreement concerning mutual emergency assistance in cases of radiation 
accidents. I would like to ask whether, since the entry into force of this 
agreement in 1964, there have been any accidents which have brought this 
instrument into play. And if so, what were your experiences with the 
agreement? 

F. R. MARCUS: I know that the system is in force, but to my knowledge 
it has not been used in practice. 

DISCUSSION ON THE FOLLOWING PAPER: 

P/341 Romania Presented by A. Georgescu 

There was no discussion on this paper. 
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DISCUSSION ON THE FOLLOWING PAPER: 

P/511 UK Presented by D. E. H. Peirson 

N. PELZER: In connection with the possibility that the United Kingdom 
may become a member of the European Community, and more specifically 
of Euratom, what, in your personal opinion, will be the implications for 
your country? Do you think that the very elaborate provisions of the Euratom 
Treaty can be made to mesh with the legal and administrative system gov
erning nuclear energy in the United Kingdom? 

D. E. H. PEIRSON: We do not think that the assimilation of our system 
with that of Euratom will present any great difficulty (subject only to the 
consultation provided for in the United Kingdom-Euratom Treaty). The 
process will take some time but the problems should not be insuperable. 

DISCUSSION ON THE FOLLOWING PAPER: 

P/567 Argentma Presented by O.A. Ouihillalt 

There was no discussion on this paper. 

DISCUSSION ON THE FOLLOWING PAPER: 

P/743 USSR Presented by I. D. Morokhov 

There was no discussion on this paper. 

DISCUSSION ON THE FOLLOWING PAPER: 

P/206 /AEA Presented by C.W. Pelzer 

B. L. WOOD: Could Mr. Pelzer comment on the relationship between 
the INIS costs borne by the Agency and those borne by the participants. 

C. W. PELZER: The costs to the Agency for 1970 are about $400 000; 
for 1971 and 1972 they will be $493000 and $570000, respectively. These 
are net costs and include the following: personnel, travel, supplies, full 
cost of equipment, computer time and programmers, and our share of 
common services (overheads); also, credit for income from sale of INIS 
products. 

I do not have full information on participants 1 costs but at a meeting 
of a cross-section of INIS participants in July some countries indicated 
that their costs run about $15-30 per item- the high figure would include 
translations. 
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DISCUSSION ON THE FOLLOWING PAPER: 

P/683 CMEA Presented by Z. Vadasz 

There was no discussion on this paper. 

DISCUSSION ON THE FOLLOWING PAPER: 

Pn24 Euratom Presented by P. Caprioglio 

M.A. ROLLIER: As Professor of Chemistry at Pavia University, 
where Alessandro Volta taught early in the nineteenth century, I should 
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like to express thanks to the directors of the Joint Research Centre at Ispra 
for its assistance to the University in connection with the doctoral disser
tations of many of its students. 

DISCUSSION ON THE FOLLOWING PAPERS: 

Pn37 OECD Presented by E. Saeland 

P/266 Japan 

There was no discussion on these papers. 
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GOVERNMENTAL SCIENTIFIC EXHIBITION 
AND IAEA EXHIBIT 

Narrative of the Exhibits 

As with previous International Conferences on the Peaceful Uses of 
Atomic Energy, a Governmental Scientific Exhibition was held in the 
Palais des Expositions. This building, which is centrally situated in 
Geneva, was rented to house the seventeen exhibits and,by arrangement 
with the local authorities, was provided with a mobile fire picket, first 
aid post, catering and administrative facilities. 

Nineteen Governments contriquted seventeen exhibits, the arrangement 
of which is shown in the diagram of the floor plan. The exhibits varied in 
area from 47. 50 to 1875 m 2 and occupied a total area of 9373 m 2 The cost 
of the hire of the building, common services and administration was met 
by the exhibiting governments in proportion to the surface occupied by 
each. 

The President of the Conference, Mr. Glenn T. Seaborg, and Mr. Vittono Winspeare Guicciardi, Director
General of the Urn ted NatJ.ons Office at Geneva, dunng the informal tour of the exhibits after the opening 
ceremony. 
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Floor plan of the Governmental Scientific 
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As part of the Exhibition, the International Atomic Energy Agency 
set up a small exhibit in the Salle des Pas Perdus of the Palais des Nations. 
This exhibit illustrated the different aspects of the Agency's work and is 
described in greater detail later. 

The Scientific Exhibition was opened to participants in the Conference 
on the afternoon of Sunday, 5 September, when the President of the Con
ference, Glenn T. Seaborg, accompanied by senior officers of the United 
Natwns, members of the Umted Natwns Scientlflc Advisory Committee, 
the Director General of the Internatwnal Atomic Energy Agency and members 
of his staff and the Scientific Secretanat, CIVIc digmtanes of the State of 
Geneva and representatives of Delegatwns made an mformal tour of the 
exhibits. fhe Exhibition remamed open until 16 September to Conference 
partlClpants and members of the public. 

The theme of the Exhibition was "Atoms for Development'' and the National 
exhibits reflected this theme. No commercial exhibition was held as in 
1958. National exhibits also reflected the papers presented at the Conference 
by the respective delegations. 

AUSTRIA 
Stand 17 

Nuclear research and development in Austria is carried out mainly 
by the Osterreichische Studiengesellschaft fUr Atomenergie GmbH 
(SGAE), universities and industry. The SGAE is jointly owned by the 

A view of one of the stands in the exhibition hall. 
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Government of Austria, industries and utilities and has its own reactor 
centre at Seibersdorf, near Vienna. Close co-operation exists between 
all centres undertaking nuclear research and development, which has re
sulted in efficient working. The Austrian exhibit reflected this organiza
tional structure and was divided into two main sections. One section 
of the exhibition stand illustrated a number of projects under development 
in the various research institutes and the other showed related industrial 
activities. International co-operation has made possible research and 
development on several reactor types. 

Much work in Austria is oriented towards reactor engineering and 
involves the use of liquid sodium,particularly at temperatures of 900°C 
and above. It is expected that this work will find application in fast breeder 
reactors and in liquid metal magnetohydrodynamic (MHD) power generating 
installations. A valve designed and tested for use in liquid sodium at 
temperatures up to 950°C was exhibited. 

Special alloys developed for nuclear purposes were shown. These 
materials include special steels, and molybdenum and aluminium alloys. 
Seamless and welded stainless-steel tubes and pipes were displayed, to
gether with associated welding techniques as appropriate. 

Work on reactor systems was illustrated by means of scale models. 
A model of the 700 MW(e) nuclear power station which is to be built at 
Zwentendorf (near Vienna) on the Danube was displayed. Another scale 
model showed a nuclear power plant with integrated steam storage. Such 
a plant is suitable for load peaking. This development, which has not met 
with great success for conventional electricity generating plants, makes 
use of the fact that thermal storage, together with the low fuel cost of 
the nuclear plant, leads to low cost power for peak topping. It also enables 
a marked improvement in load factor to be obtained by allowing the plant 
to remain under full load during off-peak time whilst the steam accumula
tors are charged. The model shown featured a 1200 MW(e) base load 
plant with an additional load peaking unit of 400 MW(e). The peak load 
power is supplied by a separate turbine fed from the main accumulators. 
The steam supply for peak load power is superheated by means of superheat 
accumulators and superheaters, thus improving the efficiency and reducing 
the exhaust wetness in the auxiliary turbine. Cost optimization studies 
have shown that minimum peak power cost is achieved at a main steam 
accumulator pressure of about 20 bar and a superheat accumulator pressure 
of about 40 bar. 

A particularly interesting exhibit illustrated work at the Reaktorzentrum 
Seibersdorf on a prestressed concrete reactor vessel (containing a hot 
liner) of advanced design. This work is a joint venture of the SGAE and 
several large industrial companies. A vessel 12 m high capable of with
standing an internal pressure of 100 bar and with a wall temperature of 
300°C is under construction. The steel liner of the vessel will be located 
inside the thermal insulation and, furthermore, will be accessible for 
periodic inspection. A model section of the vessel wall was on display. 
Extensive development work is being undertaken on steel liners, heat 
resistant concrete and related engineering measurements. Initial experi
ments will use water as coolant under the working conditions of light water 
reactors. These will be followed by development work on the main compo
nents of a helium-cooled high temperature reactor, the core of which is 
to be simulated by means of an electric heater. 
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ABOVE: Prestressed concrete reactor pressure 
vessel of advanced design having a hot liner 
inside the thermal insulation accessible for 
periodic inspection. 
RIGHT: Scale model of nuclear power plant 
with integrated steam storage for load 
peaking - 1. Reactor building; 2. Steam 
storage accumulators; 3. Turbine hall. $-~$;~(·. :· . 
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AUSTRIA 

Reactor valve 
operating with 
liquid sodium at 
95o•c and 5 bar. 
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Work on plasma MHD was illustrated by means of a toroidal plasma 
storage ring suitable for fusion research, 

The considerable export trade in main nuclear components such as 
core internals, pressure vessels and piping assemblies for the auxiliary 
systems of nuclear power plants was illustrated by means of photographs 
and models. Other reactor components such as coolant pumps and special 
sections were either on view or displayed pictorially. 

A graphic display showed several processes developed for the quality 
control and post-irradiation examination of reactor fuels and, in particular, 
for coated particle fuels. A related display featured a remotely controlled 
research microscope (Telatom) for use with radioactive substances. It is 
located within a double enclosure fitted with lead shielding. The important 
parts, e. g. the illumination system, eye-piece body and photographic 
equipment are located outside the enclosure and the mechanical drives 
are provided with a system of remote controls. 

An experimental rig for the concentration of liquid waste by eva
poration was shown in order to illustrate the attention being devoted to 
the problems of waste disposal. 

Several other items of scientific and industrial equipment were either 
exhibited or depicted. The triple axis neutron spectrometer for neutron 
diffraction studies developed jointly by the SGAE and the Institute for 
Nuclear Research at Swierk, Poland, was illustrated. 

The use of radioisotopes for medical purposes, in agriculture and in 
industry was depicted. Newly developed labelled rheuma pharmaceuticals 
are being used to study their influence on human metabolism. Environ
mental pollution is being studied by determining the trace elements present 
in human organs by means of activation analysis. An instrument was shown 
which continuously measures the ash content in a running web of paper. 
This instrument, which is suitable for use in paper mills, does not involve 
any mechanical contact with the paper web and has an accuracy of better 
than± 0. 5o/o. Also depicted was a transmission type thickness gauge which 
measures the thickness of asbestos-cement sheets. With a measurement 
time of 2 seconds, an accuracy of± 1 o/o is obtained over a thickness range 
from 4 to 20 mm. An interesting graphic display showed numerous appli
cations of radioisotopes in oil-field exploration and oil production. Wear 
measurements using tracer methods was also depicted. 

Emergency training was displayed by means of a series of slides de
monstrating the instructions given to the stand-by (and emergency) troops 
at the Reaktorzentrum Seibersdorf. Participants who successfully complete 
the course receive a diploma together with a Radiation Protection Competi
tion Badge. 

CONTRIBUTORS TO THE AUSTRIAN STAND 

Austnatom, Vienna, a partnership of the following compames: 
Bohler & Co., Vienna, 
Maschmenfabrik Andn tz Aknengesellschaft, Graz- Andntz, 
OsterreiChische- Alpme Montangesellschaft, Vienna, 
Schoeller- Bleckmann Stahlwerke AG, Vienna, 
Simmermg-Graz-Pauker AG, Vienna, 
Waagner-Bu6 AG, Vienna: 
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GKT-Gemeinschaftskernkraftwerk Tullnerfeld GmbH, Vtenna; 

Metallwerk Plansee AG & Co. KG., Reutte, Tyrol; 

OMV- Osterretchische Mmeralolverwaltung AG, Vtenna; 

Osterretclusche Studtengesellschaft fiir Atomenergie GmbH (SGAE), Vtenna; 

Reaktorbau Forschungs- und Baugesellschaft mbH (RFB), Seibersdorf; 

C. Reichert Optlsche Werke AG, Vtenna; 

Veretmgte Metallwerke Ranshofen-Berndorf AG, Braunau-Ranshofen; 

V1:JEST - Vereimgte 1:lsterreichtsche Etsen- und Stahlwerke AG, Lmz. 

BELGIUM 

Stand 7 

A visitor to the Belgian exhibition stand first saw a large map of 
Belgium showing the location of the nuclear plants and establishments 
within the country. This map revealed the closely connected, deeply 
integrated and highly specialized structure underlying nuclear develop
ment in this country and disclosed its varying aspects with respect to 
research, design, engineering, construction, fuel cycle and power 
production. 
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The Belgian stand was constructed on a honeycomb pattern. The 
arrangement was similar to the lattice assembly of the 300 MW (e) sodium 
cooled fast breeder prototype reactor which is to be constructed with 
considerable Belgian participation, and the stand's architect will have 
had this thought in mind when designing the exhibit. 

The first "cell" was occupied by the Centre d'etude de l'emergie 
nucleaire (SCK/ CEN) of Mol whose display described the main projects 
carried out there, namely: 

(a) Utilization of the materials testing reactor BR-2 as a tool for testing 
fast reactor materials; 

(b) The use of the high performance sodium loop Na3 for testing reactor 
components; 

(c) The production of spherical fuel particles by means of high temperature 
coating equipment; 

(d) The production of actinium-227 and thorium-228 for uses as neutron 
sources and of actinium-227 as a heat source; 

(e) Reprocessing of fast reactor fuel of the U02/ Pu02 / stainless steel type 
by liquid-metal decladding and subsequent disintegration using an 
oxidizing molten salt; 

(f) Plutonium recycling in light water reactors; 
(g) Production of radioisotopes. 

The related activities of private industry were also displayed, the impression 
being gathered that Belgium's current effort is directed toward a quick 
extension of nuclear power generation and the corresponding creation of 
a strong fuel-cycle organization. 
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ABOVE: View of stand showing honey
comb arrangement of exhibits. 

BELGIUM 

LEFT: An SNR fast reactor prototype 
core and axial blanket subassembly to 
the left and, to the right, an SNR 
radial blanket subassembly. 
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The visitor was reminded that the picture given in the Belgian stand 
is by no means complete and he was referred to the 'De benelux' stand for 
details of the work performed in Belgium - by the CEN as well as by 
industry - relating to fast reactors and the associated fuel. 

Several industrial organizations contributed exhibits. One such exhibit 
showed advanced techniques for handling plutonium that can be applied in 
an industrial-scale production of plutonium bearing fuels. Some typical 
aspects of research and development laboratories were shown and a pilot 
line operation was shown pictorially. The pilot line was illustrated at 
several production steps, e. g. pressing, de-waxing, sintering, etc. A 
new full-scale plant that was under construction was also described. This 
plant is expected to be able to fabricate all types of plutonium fuels re
quired for fast and thermal reactors. 

Work performed on plutonium recycle in water reactors was shown, 
and irradiation results relating to fast and thermal reactors were displayed. 
HTR fuel development work has led to several types of kernels, coatings 
and compacts which were on display. 

A fuel element of the type to be used in the 800 MW(e) power plant now 
under construction at Doel, north of Antwerp, was shown. 

Alongside photographs of the Ardennes power plant, primary pumps 
and reactor vessel internals, one could see a PWR control rod drive 
mechanism of the Tihange type and a mock-up of a 600 MW(e) twin power 
plant. Other photographs presented concepts of major items such as turbo
generating sets, reactor vessels and steam generators. 

The Gas Breeder Reactor Association displayed panels showing recent 
activities, and the aims and objectives of this Brussel's based international 
organization. The design characteristics of the system were given together 
with performance estimates for this type of reactor concept. Two potential 
fuel concepts were illustrated by means of pictures of fuel assemblies. 
These fuel assemblies use either stainless steel clad fuel pins or coated 
particles. The related basic research and development work required 
for successful commercial exploitation was also indicated. 

A simplified flow- sheet of a patented electrolytic cutting and leaching 
head-end process was shown which illustrated some of the work being 
carried out in Belgium on the processing of fast and thermal reactor 
fuels. Other exhibits presented details of processes developed for dis
assembling fast reactor fuels, manufacture of nuclear materials, sample 
irradiation and transfer, and radioactive waste treatment. 

The activities of the international venture, Eurochemic, were illustrated 
by means of several photographs: films of its activities were continuously 
screened in a nearby cubicle. 

The stand also featured several models and photographs of reactor 
'mock-ups'· 

CONTRIBUTORS TO THE BELGIAN EXHIBIT 

Studiecentrum voor kernenergie/Centre d' etude de 1' energ1e nucleane (SCK/CEN), Mol; 

Belgonucleaire, Brussels; 

Metallurgie et Mecanique Nucleaues (MMN), SA, Dessel; 

Societe generale des Mmera1s, SA, Brussels; 
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Pickering Generating Station, Unit No. 1. The second CANDU-PHW reactor went into operation during the 
period of the Conference. 

CANADA 

The Pickering calandria. 
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A tellers de constructwns electnques de Charlerm (ACEC) SA, Charlerm; 

SA Cockenll-Ougree Providence and Esperance-Longdoz, Seramg; 

The Gas Breeder Reactor Association (GBR), Brussels; 

Synatom, Brussels; 

EN! - L' Electro-navale et mdustrJelle, Antwerp; 

Eurochem1c, Mol, 

CANADA 

Stand 1 

Canada's national exhibit, occupying the area opposite the entrance 
to the exposition, highlighted the growth of nuclear power in Canada from 
the 22 MW(e) Nuclear Power Demonstration Station, which has been in 
operation since 1962, to a total of 11 heavy water-moderated reactors which 
will have a combined power output of 5512 MW(e) when the four units of 
the 3000 MW(e) Bruce Generating Station are in service. 

Particular emphasis was placed on Ontario Hydro's 2032 MW(e) 
Pickering Generating Station, whose first of four units went smoothly into 
operation in February 1971 and reached full power output in May of that 
year. The Canadians added a new graphic panel to their exhibit during the 
conference, to announce on the 15th of September that the second Pickering 
reactor had gone into operation. The third and fourth CANDU -PHW reactors 
in the station are scheduled for completion in 1972 and 1973. 

Among the other topics in the exhibit were nuclear fuel and heavy water 
production; the manufacturing capabilities of Canadian industry; research 
reactors and other facilities at universities, at the Whiteshell Nuclear Re
search Establishment and at the Chalk River Nuclear Laboratories; inter
national co-operation, including nuclear power stations of Canadian design 
in India and Pakistan; and applications of radioactive isotopes in medicine, 
industry and agriculture. 

Around the circular exhibit at floor level were models of nuclear power 
stations, the TRIUMF accelerator, the SLOWPOKE research reactor, a 
medical products sterilization plant, a Gamma beam 650 irradiator, and the 
Taiwan Research Reactor. 

Also displayed were power reactor fuel bundles; equipment for gauging 
creep in Zircaloy pressure tubes; instrumentation of fuel elements to 
measure sheath temperatures, transverse vibrations, gas pressure and 
circumferential strain; the use of radioisotopes in entomology studies and 
in an ecosystem study of the productivity of natural grasslands; and a model 
of a neutron power monitor that simulated a tamper-resistant package for 
measuring reactor power. The latter is part of a United States of America
Canada co-operative research program, known as TRUST (Tamper Resistant 
Unattended Safeguards Techniques), that is aimed at developing and evaluating 
tamper-resistant and tamper-indicating instruments and techniques that 
might be used in safeguarding reactors and other nuclear facilities. 

From a tower in the centre of the exhibit, five slide projectors and 
one film projector presented colourful views of Canadian research, power 
stations and radioisotope applications. While the slide projectors operated 
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Model of the TRIUMF cyclotron: scale is given by figures in the model. 

Simulated neutron power monitor in TRUST 

CANADA 
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continuously to provide a lively effect to the exhibit, seven different films, 
in English and French versions, were presented each day. Visitors to the 
exhibit could watch the films from seats at the front of a circular, raised 
platform surrounding the projection tower. On the opposite side of this 
platform was a technical information service where publications were dis
played and distributed and a publication ordering service was operated. 

The Canadian exhibit also showed a range of national activities directly 
related to informing the public of nuclear safety, the principles of operation 
of power stations and the "ABC's" of nuclear energy in general. In this 
area were photographs of a trailer exhibit that is sent to communities 
throughout Western Canada by the Whiteshell Nuclear Research Establish
ment, a truck that takes lecture demonstrations and films to high schools 
in Ontario, and an exhibit which travels to fairs and expositions throughout 
Quebec. This display also included racks of publications produced speci
fically for the general public. 

In the nuclear power area of the Canadian exhibit the first display unit 
to be seen was an architectural model of the Bruce Nuclear Power Develop
ment on the shore of Lake Huron in Ontario. This model showed the 
3000 MW(e) Bruce Generating Station being built by Ontario Hydro; the 
800 t/ a heavy water production plant being built by Atomic Energy of 
Canada Limited (AECL); an auxiliary steam plant; and the 208 MW(e) 
Douglas Point Nuclear Power Station. 

The reactor vessels in the Douglas Point and the Pickering stations 
were represented by two cutaway engineering models, and a large model 
showed in considerable detail the reactor and turbine building of the first 
unit in the Pickering station, which has been producing electricity since 
May and operated at a capacity factor of 89o/o during July. Nuclear power 
development in Canada entered the commercial stage in 1964 with the 
commitment to build Pickering, which is expected to produce power at a 
cost slightly lower than that from conventional coal-fired units in the Ontario 
Hydro system. The on-power fuelling system in Pickering was shown by 
diagrams and photographs displayed behind a cutaway of an actual Pickering 
end fitting and sectioned portion of a fuel channel. 

Another large model presented details of the 250 MW(e) Gentilly Nuclear 
Power Station, whose single reactor was brought into service in November 
1970 and produced its first electricity in April 1971. The Gentilly station, 
known as a CANDU-BLW (Canada Deuterium Uranium - Boiling Light 
Water), is the first station with a reactor fuelled with natural uranium and 
cooled by light water. The moderator is heavy water. The station was built 
by AECL with the co-operation of Hydro-Quebec which operates it. 

An engineering model depicted TRIUMF, a major nuclear physics 
research facility centred around a cyclotron. TRIUMF is a co-operative 
project of four Western Canadian universities; the University of Alberta, 
Simon Fraser University, the University of Victoria, and the University 
of British Columbia. 

The cyclotron is designed to accelerate negative ions (H-) to an energy 
of 500 MeV. Proton beams will be extracted from the machine; initially 
two of six planned proton beams will be extracted, one to be directed into 
a proton experiment area and one to be directed onto a succession of 
pi-meson production targets. The proton beam current and the secondary 
meson beams will be about 1000 times as intense as those now in existence. 
After passing through the meson targets, the proton beam will be dumped 
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in a neutron target to generate neutron fluxes comparable to those produced 
in a nuclear reactor. These neutrons will be used to study the structure 
and vibrations of matter, to produce radioisotopes, and for the analysis 
of metallurgical and other specimens for industry and research. 

A Radiotherapy and Radiobiology Annex will be part of the TRIUMF 
complex. Negative mesons are of great interest for radiotherapy. Their 
advantage over X-rays and cobalt-60 gamma rays lies in the fact that a 
very large fraction of their energy is deposited near the end of their range, 
making possible the destruction of malignant tissue with relatively little 
damage to skin and surrounding tissue. 

Another exhibit item showing the results of nuclear research was a 
full-scale model of the SLOWPOKE reactor designed by the Chalk River 
Nuclear Laboratories and the Commercial Products group of AECL. A 
prototype of this 5 kW, pool-type, research reactor is now in operation 
at the University of Toronto. A low-cost reactor which can be operated 
for long periods of time without skilled operators, SLOWPOKE will produce 
radioisotopes and perform analyses useful to university, hospital and in
dustrial laboratories. The reactor core is 22 em in diameter and 22 em 
high and is enclosed in a beryllium reflector. The fuel elements are small 
rods of enriched uranium-aluminium alloy with a thin aluminium sheath. 

A graphic display illustrated the use of stable isotopes, radioisotopes 
and radiation in soil-plant nutrition and plant physiological investigations 
in the Matador Project, an ecosystem study of productivity of natural grass
lands, and comparative cultivated systems, in the prairie region of Western 
Canada. The project was established in 1967 by the Canadian Committee 
for the International Biological Programme and is being carried out by the 
Department of Soil Science, University of Saskatchewan. Shown in the ex
hibit were the carbon, nitrogen, phosphorus and sulphur ion cycles, photo
synthesis, respiration, and water budget assessments. 

The applications of radiation in entomological research by the Chalk 
River Nuclear Laboratories were shown by enlarged colour photographs of 
eye mutations in insects, developed during the study and evaluation of 
genetic risks of radiation. Other illustrations showed the use of radio
isotopes as tags in the study of the field ecology of insects. These proce
dures have been used with blood-sucking carriers of trypanosomes causing 
Chagas disease in South America, and with black flies in Ontario. 

Canada was one of the first countries to enter the world market with 
cobalt-60. The Commercial Products group of AECL designed and manu
factured the world's first commercial cobalt-60 cancer therapy unit, which 
began giving treatments in 1951. An AECL cancer therapy unit dominated 
the Canadian exhibit outside the main conference room at the first Geneva 
Conference in 1955. 

By the fourth Conference, as the exhibit indicated, 900 Canadian cancer 
therapy units were in service in 62 countries and 279 irradiators were in 
use in 38 countries. In addition to illustrations of industrial-scale irradiation 
plants, Canada showed a model of a medical products sterilization plant. A 
full-scale animated model of a Gammabeam 650 was demonstrated to show 
how it could be used for both panoramic irradiation and production of high 
dose rates on its central platform. Visitors to the exhibit were shown how 
different dose rates could be obtained by altering the number of radioactive 
sources in the assembly of tubes above the shielded storage region at the 
bottom of the unit, or by changing the configuration of the tubes. 
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Canada has long had a program of international co-operation. Under 
the Colombo Plan it helped to provide India with the CIRUS reactor, a 
modified version of the NRX reactor at Chalk River. The exhibit listed 
Canadian co-operative agreements and showed the training of staff from 
India and other countries at Chalk River and at Power Projects; the 
Rajasthan Atomic Power Project being built by the Indian Department 
of Atomic Energy with AECL providing the nuclear design; and the Karachi 
Nuclear Power Project built for the Pakistan Atomic Energy Commission 
by Canadian General Electric Company Limited. 

A scale model showed details of the Taiwan Research Reactor. In 
September 1969 the Atomic Energy Council of Taiwan signed an agreement 
with AECL for the purchase of a 40 MW(th} research reactor which is now 
in an advanced state of construction at Huaitzupu, about 20 miles south-west 
of Taipei, and will come into operation in 1973. Engineering responsibility 
for this NRX-type reactor is entrusted to the Canatom consortium and 
AECL has provided training for the Taiwanese staff that will operate the 
reactor. The reactor vessel, or calandria, is the first in the world to be 
fabricated entirely of Zircaloy. 

The exhibit vividly portrayed the enormous growth of Canada's nuclear 
program since the 1955 exposition in which research reactors, laboratory
scale irradiators and cancer therapy units were the main topics in the small 
Canadian exhibit in a hallway of the Palais des Nations. In addition to new 
research facilities at universities and the growth of annual sales of isotopes 
and related equipment to about $10 million, Canadian utilities, engineering 
consultants and AECL are now engaged in a nuclear program involving the 
operation, design or construction of nuclear power stations representing 
an investment of nearly $2000 million. 

DE BENELUX 

Stand 6 

The Debenelux stand displayed the joint activities of the Federal Republic 
of Germany, Belgium, The Netherlands and Luxembourg. Since 1967 these 
four countries have merged their efforts on the development of fast breeder 
reactors. Governments, national research centres, industries and utilities 
of the Federal Republic of Germany, Belgium, the Netherlands and 
Luxembourg all co-operate in a Common Fast Breeder Project. Its first 
objective is the construction of a prototype sodium-cooled fast breeder 
reactor with an electrical output of 300 MW. Construction of this prototype 
reactor is planned to start in the spring of 1972. 

After this first phase, the four countries will continue their joint project 
in order to develop large commercially competitive fast breeder reactors. 
The costs of this development are estimated to be so high that co-operation 
with more countries is sought. 

THE SNR 300 REACTOR 

A model (scale 1 : 50) of this prototype reactor was the high-light of 
the Debenelux exhibit. This reactor is fuelled with prismatic-type fuel 
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DEBENELUX COMMON FAST BREEDER PROJECT, 300 MW(e) SNR 
LEFT: Instrumented capsule for in-pile measurement of fuel creep. 
TOP CENTRE: Model of 5000 m3 /h sodium pump. 
TOP RIGHT: Evaporator of the 50 MW prototype steam generator. 
BOTTOM: Bottom part of fuel assembly. 

DEBENELUX 
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elements each of which contains 163 fuel pins of 6 mm diameter. A sec
tioned model (scale 1: 1) showed the structure of the hexagonal fuel element. 
The fuel pins are filled with sintered pellets of mixed Pu-U oxide. A dummy 
fuel assembly and dummy blanket assembly were displayed. Another exhibit 
in this group gave information relating to the fabrication of fuel pins and 
spacers. 

The core of this reactor is designed to produce 770 MW thermal and 
a detailed drawing of the core was displayed. Cooling of the core is by 
means of three primary loops which transfer their heat to secondary loops. 
A further (tertiary) loop is used to produce steam, which drives a turbo
generator of 300 MW(e) output. Reactor containment is by means of a 
prismatic building equipped with a steel liner. 

One unique feature of the SNR reactor is the shut-down process. The 
reactor has, in fact, two independent shut-down systems. The functions, 
and construction of the SNR primary and secondary shut-down systems were 
explained on an illustrated panel. 

Another working model displayed the techniques used for measuring 
the flow and level of liquid sodium in the SNR reactor and also gave details 
relating to fuel positioning. A further illustrated panel described the hot
cells currently being built in Luxembourg for the inspection and examination 
of irradiated fuel assemblies. 

SUPPORTING RESEARCH AND DEVELOPMENT 

Panels and diagrams gave an account of the research and development 
work being carried out in the four countries for the fast breeder reactor 
program. Much of the work is devoted to the development of specific 
components for the SNR 300 reactor. The construction of components for 
the SNR 300 reactor was also described. 

One exhibit in this group was devoted to a description of work relating 
to the development of fuel elements. The work being undertaken varies in 
scale and complexity from small sized basic investigations up to the 
irradiation testing of whole bundles of fuel pins under power reactor condi
tions. A panel described the irradiation of one fuel bundle to a burn-up 
of more than 50 000 MWd/t. This particular fuel bundle was irradiated 
in the Dounreay Fast Reactor, Scotland. Within the joint project itself, 
irradiation facilities at Mol (BR 2) and Karlsruhe (FR 2) are available for 
parameter tests on fuels and cladding materials, and the study of the interaction 
of cladding materials with fuels. A number of panels with actual test cap
sules were on display, and sectioned, coloured drawings gave information 
on irradiation loops. Other panels gave examples of the data obtained from 
the irradiation experiments. A dummy fuel bundle, which is identical to the 
actual bundle currently being irradiated in Rapsodie Fortissimo, was 
exhibited. 

REACTOR PHYSICS 

Related work in the field of reactor physics was described. Theoretical 
studies are supported by experiments carried out in the large fast critical 
facility (SNEAK) at Karlsruhe and the fast thermal facility (STEK) at Petten. 
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View of Debenelux Stand showing, left to right, the impeller of the 5000 m3 /h sodium pump, the liquid 
sodium demonstration and the model of the 300 MW(e) SNR prototype. 

The Pres1dent of the Conference, Mr. Glenn T. Seaberg, lookmg at the hquid sodium demonstratwn dunng 
the tour of the exhib1ts. 
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Panels described this work. The SNEAK facility is used primarily for 
measuring the Doppler and sodium void coefficients and the spectra of fast 
reactors using plutonium (fissionable material) and 238U (fertile material). 
The exhibit showed the cross-section of the two fuel arrangements. The 
STEK facility is used primarily to measure the neutron cross-sections of 
radioactive fission products. The exhibit described the testing methods 
used. A further panel gave details of the Belgian standard spectrum facility. 

SODIUM TECHNOLOGY 

A significant fraction of the exhibit was devoted to sodium technology. 
Pictures gave details of corrosion, wear and mass transport in sodium 
loops. Details were given of both smaller experimental facilities and the 
following large test rigs which are either under construction or in operation: 

(a) The 50 MW(th) sodium facility built at Hengelo for testing SNR compo
nents under normal reactor conditions. This facility was illustrated by 
means of a model. As part of this exhibit, other models gave details of 
the steam generator and sodium heat exchanger also being tested at Hengelo; 

(b) The sodium pump test facility and the SNR vessel with rotating top 
shield at Bensberg. These were illustrated by means of photographs. 
Also on display was a pump impeller which had been tested at the Bensberg 
facility for 1750 h. The sodium pumps to be used with the SNR reactor 
have a single impeller of the centrifugal type with a diameter of 880 mm 
and have a capacity of 5000 m 3 /h for a speed of approx. 950 rev/ min and 
a head of 85 m; 

(c) The 20 MW(th) sodium cooled reactor KNK at Karlsruhe. An aerial 
photograph gave a view of this reactor, which will be equipped with a fast 
breeder core as the second fuel charge. 

(d) The 5 MW sodium test loop at Bensberg. This loop, which is used 
for component testing, was shown by means of a photo. Other photos of 
the Bensberg installations showed the facilities for testing control rods 
and fuel elements. These components are tested with sodium flowing 
around them under conditions similar to those experienced during reactor 
service. 

SAFETY EXPERIMENTS 

Several exhibits dealt with the subject of reactor safety. Information 
was given relating to the loss of coolant tests which are being undertaken 
on fuel element pins as well as a photo of the test facility for safety experi
ments on sodium heated generators at Bensberg. 

Other work on local and gross boiling tests on sodium were described. 
These tests are conducted in out-of-pile loops at Karlsruhe and Petten. 
Three panels gave details of the super prompt critical transient tests which 
were successfully carried out at the 20 MW SEFOR reactor project in the 
USA in August 1971. This reactor has contributions from the Debenelux 
countries. The main task of this reactor is to determine the Doppler coef
ficient of reactivity up to melt-down temperatures. 
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LIQUID SODIUM DEMONSTRATION 

A special feature of the stand was a demonstration of the properties 
of liquid sodium in a vessel equipped with sight glasses. On pressing a 
button about 10 litres of liquid sodium were pumped into the demonstration 
vessel which was equipped with three windows. Behind each of these windows 
a different property of sodium was demonstrated: The compatibility of 
ferrous metals with sodium was shown by means of a "sodium wheel"; 
the high heat transfer coefficient of sodium was demonstrated by allowing 
the liquid metal to cool electrically heated wires; and the low specific 
gravity of sodium (less than that of aluminium) was shown by means of 
scales. 

CONTRIBUTORS TO THE DEBENELUX STAND 

Gesellschaft fiir Kernforschung, Karlsruhe, Federal Republic of Germany; 

Centre d'Etude Nuc!E~aires, Mol, Belgmm: 

Reactor centrum Nederland, Petten, The Netherlands; 

Organisane voor Toegepast Natuurwetenschappehjk Onderzoek, The Hague, The Netherlands; 

lnteratom, Bensberg, Federal Republic of Germany: 

Belgonucleaire, Brussels, Belgium; 

Neratoom, The Hague, The Netherlands; 

Luxatom, Luxembourg: 

Alkem, Wolfgang/Hanau, Federal Republic of Germany. 

FRANCE 

Stand 14 

The French exhibit was essentially oriented along two lines: (a) the 
nuclear fuel cycle, and (b) fast reactors. The section of the exhibit dealing 
with the fuel cycle consisted of displays relating to the apparatus and tech
niques used in ore prospecting, equipment for the extraction and enrich
ment of uranium, chemical reprocessing of nuclear fuels and the manu
facture of nuclear fuels. 

ORE: PROSPECTING, MINING, CONCENTRATION 

The first portion of this section was related to the techniques used 
for ore prospecting including foot, car-borne and aerial surveys, geo
physics, etc. Many of the techniques applied are based on the detection 
of radioactivity and involve the use of Geiger-Muller counters or scintilla
tion detectors, whose principles of operation are well known, 

A range of electronic instruments and equipment is used, each one 
tailored to its own particular task. French industry, in collaboration with 
the Commissariat a l'emergie atomique (CEA) and working from prototypes 
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developed and proven by the CEA, produces reliable, sensitive equipment 
particularly suitable for arduous field use. On display were a radiation 
meter, a portable scintillation counter and a prospecting probe equipped 
with a semiconductor Ge(Li) detector. 

The French nuclear fuel cycle industry is composed of private companies 
which co-operate closely with the CEA. Each of the companies specializes 
in one or more aspects of the fuel cycle. Information was given relating 
to French mining activities both within France and abroad. The fuel cycle 
organization has access to approximately 10% of the world's known reserves 
of uranium and possesses facilities for the conversion of fissile materials 
and fuel element production. Details were given of all of these activities 
together with accounts of current activities. On display were several samples 
of uranium ores and products derived therefrom. 

The exhibit as a whole was notable for its display of several massive 
pieces of equipment which immediately attracted the attention of a visitor. 
This particular section featured a large size transport container for the 
shipment of uranium hexafluoride. 

THE PRODUCTION OF ENRICHED URANIUM 

This portion of the French exhibit reflected the current interest in 
the topic and supplemented the French papers presented at the Conference. 
Traditionally, enriched uranium for military purposes was prepared in 
France by gaseous diffusion in the Pierrelatte isotope separation complex. 
Slightly enriched uranium (2 to 3. 5o/o) for power reactors is imported, in 
keeping with the practice followed by other nations in continental Europe. 

In view of increasing demand for slightly enriched uranium, it is 
estimated that by 1980-1990 a total capacity of approx. 40 million separa
tive work units will be necessary to satisfy the requirements of the Western 
world. This implies that decisions regarding the means to be provided 
to meet European demands will have to be taken by about 1973. 

In view of this, the CEA and French industry are studying a major 
civil isotope separation project based on experience already acquired in 
the gaseous diffusion process. Simultaneously research and development 
work is being continued on other processes, particularly the ultra centrifuge 
process. 

Several exhibits in this section demonstrated the developmental work in 
progress. Gasket testing equipment was on display. This equipment will 
accommodate gaskets of up to 3600 mm in diameter. Also included was an 
impressive display of valves designed for use with uranium hexafluoride. 
These valves ranged in diameter from 10 to 700 mm. 

Several large compressors for uranium hexafluoride are being developed 
in France and a large compressor stator (type UFE-G) was on display. This 
particular compressor stator uses a light-alloy casting. In recent years, 
two loops of about 800 kW rating have been developed in France. These 
loops have been equipped with compressors of distinctive aerodynamic designs. 
Tests using these loops have confirmed the assumptions used as a basis for 
calculation and larger 3000 kW pilot systems are scheduled for commission
ing before the end of 1971. Also shown in this section of the exhibit were 
two spirals of leak-proof volumetric pumps (600m3/hand 60 m 3 /h capacity, 
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respectively) and a model of "the PP 300 11
, a pilot plant designed for the 

testing of high power process stages which might be used in any large-scale 
gaseous diffusion isotope separation plant. 

FUEL REPROCESSING 

A general view was given of French capability in the area of fuel repro
cessing. Wet processes are currently employed at Marcoule and La Hague. 
The uranium and plutonium are extracted with tributylphosphate and, at 
La Hague, the plutonium is purified by extraction with trilauryl-amine. 
Information was given relating to the dry process for fuel reprocessing 
developed jointly by the CEA and French industry that has now reached 
the pilot-plant stage. This process promises to be equally applicable to 
both metallic and ceramic fuels of high burn-up and short-cooling time. 

The main emphasis of this section of the exhibit was on instrumentation 
suitable for use in fuel reprocessing plants. On display were several 
interesting examples of analytical instruments including an apparatus for 
the automatic measurement of the uranium and free acid content of solutions, 
and a computer-coupled nuclear spectrometer system. 

The sequential solution analyser developed by the CEA uses physico
chemical analysis methods and modular concepts. The modules may be 
either hydraulic, electrical, optical or electronic and may be assembled 
according to requirements. The design described is particularly flexible 
and it is claimed that with the same instrumentation it is possible to 
determine: 

(a) U(VI) in the concentration range 1 mg/1 to 10 g/1; 
(b) U(IV) in the concentration range 20 mg/1 to 1 g/1; 
(c) HN02 above the 5 mg/llevel in solutions containing uranium and 

plutonium; 
(d) hydrazine, iron, molybdenum, fluoride and phosphorus. 

The nuclear spectrometer displayed was based on the well known 
CAMAC system (see Euratom report EUR 4100e ). The complete system 
comprised a CAMAC chassis, instrumentation units including CAMAC 
controllers and branch drivers, special interface units, visualization units 
and a data processer. As signal detector, a 40 cm 3 Ge(Li) detector was 
used coupled to a low-noise charge sensitive pre-amplifier. For the 
1. 33 MeV 6°Co line, 2. 5 keV FWHM resolution was obtained and a peak-to
Compton ratio of about 25. The efficiency obtained was about So/o (measured 
for a point source of 6° Co (1. 33 MeV line) as compared with Nai(Tl) 
3 in diam. X3 in (7.5 em diam. X 7.5 em) detector and a common source-detector 
distance of 25 em. The data storage-processing unit was provided with 
an SK 19-bit store and programmed input/output and interrupt selectors. 
Data acquisition and processing programs provided for: Acquisition of 
data; determination of experimental parameters; testing and calibration; 
computing, e. g. peak abscissa (represented by brightened points in display), 
resolution, and peak activity with background subtraction; and data output 
to display (permanent spectrum display and to the printer computed results, 
tabulation or curve plotting). 

Two related pieces of instrumentation were an instrument for measuring 
on-line the concentration of solutions containing fissile materials and a two 
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Model of the sodium-cooled fast-neutron prototype reactor Phenix, designed for 250 MW(e) output at 
563 MW(th) rating. 
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wave length differential photometric analyser. The on-line concentration 
meter utilizes a semi-conductor detector to measure the alpha emission 
from the sample which flows continuously through a sample cell. One wall 
of the cell is a thin, alpha-transparent window. The measuring head has 
the general form of a cylinder {70 mm diam. X 65 mm) and the chamber 
volume is about 1 em 3. The detector has an effective life of more than 
2 years and is suitable for operation in corrosive environments. The 
instrument is claimed to have a sensitivity of around 1 cycle/ sec per 
mg( 239Pu)/l and produces a signal suitable for monitoring the concentration 
of 241Am- 239pu in effluents. Both the on-line content meter and the differential 
photometer were developed by the CEA. 

FUEL ASSEMBLIES 

An interesting account was given of fuel assemblies. A model was 
shown of the Phenix reactor fuel assembly. This fuel element assembly 
has a "foot" for engagement with the sodium distributor plenum and a notched 
head to facilitate introduction and removal by the fuel handling grab. The 
fuel is comprised of 217 pins, consisting of a stack of sintered oxide pellets 
(U02 -Pu02 mixture, diameter 5. 5 mm) in stainless steel cladding. The 
pins are assembled in clusters in a stainless steel outer shell of hexagonal 
cross-section which also contains the upper and lower fertile blanket pins 
(of depleted uranium oxide) and the upper neutron shield {the reader is re
ferred to the paper by Dupouy et al. in Vol. 4, page 343 of these Proceedings). 

Pictures and graphical displays were given for other research and 
power reactor fuel elements. These included St. Laurent-des Eaux II, 
Bugey, EL 4, Tihange and Siloe. Several excellent fuel element models 
were displayed. The exhibit gave a comprehensive picture of the production 
of fuel elements in France, which embraces a wide variety of types. More 
than 3 million fuel elements have been produced to date. 

The production of fuel elements requires adequate quality control and 
on display was an exhibit for the non-destructive inspection of stainless 
steel cladding tubes. This machine provided a permanent record of the 
tests conducted on the fuel cans and automatically sorted the cans into 
various grades. 

CHEMICAL AND VACUUM TECHNOLOGY 

A display showed a range of interchangeable valves and fittings for use 
in chemical and vacuum technology. The valves and fittings are constructed 
of polytrifluoromonochloroethylene and are designed to ensure that the 
working fluid is in contact solely with the resistant polymer. All the 
components are vacuum tight (leak rate < 10- 5 lusec) at normal operating 
temperature (room temperature) but may be operated at temperatures of 
up to 70°C subject to an accepted reduction in leak tightness. The range 
of components displayed included - straight and 90° valves; containers of 
various capacities; elbow, T and 4-way fittings; and flexible pipes. The 
components are particularly suitable for use with such materials as chlorine, 
fluorine, hydrogen fluoride and chlorine trifluoride. 
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RIGHT: A special feature of the exhibit was the 14th 
Century woodcarving of the Virgin with child which had 
been preserved by impregnation with monomer followed 
by radiation-induced polymerization. 
BELOW: The largest single item exhibited at Geneva
the Phenix primary sodium pump (1 MW rating). 
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FAST NEUTRON REACTORS 

The other major section of the French exhibit dealt with fast reactors. 
Once again several massive pieces of hardware were featured. 

THE PHENIX REACTOR 

This reactor was described by means of a well constructed working 
model. Phenix is a sodium cooled fast neutron prototype reactor scheduled 
for service in 1973. The reactor is being built adjacent to the Marcoule 
establishment of the CEA about 30 km from Avignon. Mention has already 
been made in this narrative of the exhibits of the fuel element assemblies 
for this reactor. The exhibit described the reactor, its construction and 
purpose. 

The Phenix reactor represents a logical development of the first fast 
neutron reactor experiment in France - Rapsodie. Rapsodie, of 40 MW 
thermal power, is essentially a testing facility for fast reactor fuel. 
Phenix represents the transition to electrical power production and has 
a designed output of 250 MW(e) for a rating of 563 MW(th). It is intended 
to provide the experience required for further development of 1000 MW (e) 
fast reactors. 

PHENIX PRIMARY SODIUM PUMP 

This item was the largest single item in the whole of the exhibition. 
The three primary circuit circulating pumps are variable speed units 
( 150 to 970 rev/min) and deliver about 950 kg/ s at 825 rev/min - their 
normal service speed. The sodium coolant enters the reactor core at 
about 400°C and leaves at about 560°C to six heat exchangers which are 
associated in pairs in three independent secondary circuits. Each primary 
sodium pump absorbs approximately 1 MW. 

Also shown was an apparatus developed by the CEA for inspecting 
fillet welds. The welds are inspected ultrasonically and the apparatus is 
equipped with recording facilities. 

NUCLEAR INSTRUMENTATION FOR THE PHENIX REACTOR 

Several pieces of nuclear instrumentation for this reactor were on 
display. Included was an apparatus for the continuous measurement of 
the level of liquid sodium. The apparatus displayed is based on the varia
tion of the mutual inductance of two coils when they are immersed in a 
conducting fluid such as sodium. The primary coil is excited by means of 
an amplitude and frequency stabilized a. c. supply. The voltage induced in 
the secondary coil is a linear function of the sodium level. By proper choice 
of excitation frequency, it is possible to compensate for variations in sodium 
temperature. The level probe is mounted in a pocket of stainless steel and 
is designed to withstand a sodium temperature of 600°C. The accuracy 
claimed for the gauge is ± 2o/o of full scale deflection. 
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A related display showed equipment (VISUS) for checking the position 
of a fuel assembly head. This apparatus provides a visual display of ob
jects in a reactor vessel. It is designed to operate in liquid sodium and in 
the presence of intense neutron and gamma fluxes, and employs ultrasonic 
obstacle detection. 

Ultrasonic wave trains are transmitted to a vertical waveguide which is 
filled with an auxiliary liquid possessing acoustic properties similar to those 
of sodium. At the lower end of the wave guide, the beam is deflected through 
90° and passes out of the wave guide through an acoustic window. Echoes 
reflected by obstacles encountered in the scanned area are captured by an 
identical waveguide system which is terminated by a transducer connected 
to a receiver. 

Movement of the scanning system is controlled and, from a knowledge 
of the position of the scanning unit, the intensity of the reflected signal and 
the time taken by the waves in transmission and reflection, the co-ordinates 
and shape of any obstacle encountered may be calculated, Visual display 
of the height and bearing of an object was provided by means of a cathode 
ray oscilloscope. The device displayed had a range of from 500 to 3500 mm, 
a vertical motion of 200 mm and a distance measuring sensitivity of± 10 mm. 
Visualization is used whilst the fuel is being handled (i.e. with sodium at 
250°C) but the system may remain in the Phenix reactor during normal 
operation of the latter. 

Other instruments displayed in this section included flux measurement 
detectors, gamma chromatography equipment and a fast neutron spectro
meter with a recoil proton proportional counter. The latter instrument 
is intended for spectral analysis of the fast neutrons in a reactor core with 
energies in the band 10 keV to 1. 4 MeV. It is suitable for plutonium fast 
neutron multiplying media and sub-critical assemblies possessing a multi
plication coefficient of up to 0, 99. The method of data processing adopted 
makes it possible to attain counting rates as high as 15 000 counts/ sec 
within the limit set by counter noise effects. 

IRRADIATION FACILITIES 

A large proportion of the facilities provided for research and develop
ment of fast reactors is located at the Cadarache Nuclear Research Centre. 
The major test facility at this centre is the fast reactor Rapsodie and this 
section of the French exhibit dealt with the irradiation facilities which have 
developed simultaneously with the use of Rapsodie. 

A standard fuel assembly for Rapsodie was displayed. Rapsodie uses 
a mixed uranium-plutonium oxide fuel (70o/o U02 -30o/o Pu0 2 ), the uranium be
ing enriched to the extent of 85o/o. Currently, the power level of Rapsodie 
is approximately 40 MW(th), the reactor core comprising three types of 
hexagonal fuel sub-assemblies, each of which has identical outer dimensions. 
A core sub-assembly is situated in the centre of the reactor and has a cen
tral region consisting of a bundle of 61 pins (length = 53, 1 em, diameter 
5. 1 mm) each pin containing a stack of 32 mixed-oxide pellets in a stainless 
steel sheath. The upper, neutron reflector region is simply a stainless 
steel rod and is provided with an axial coolant channel. The lower fertile 
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region consists of seven pins (of 14. 5 mm diam. ) of natural uranium dioxide 
pellets in a stainless steel sheath. The full Rapsodie core comprises fuel, 
reflector and radial blanket sub-assemblies. 

The essential tasks assigned to Rapsodie are to provide information 
relating to the behaviour of its own fuel and to provide a facility for the 
irradiation of experimental fuel pins in special irradiation assemblies. A 
display showed details of the main types of special irradiation facilities 
developed for use in Rapsodie and elsewhere. 

Of the many irradiation rigs displayed, two were particularly interesting, 
namely the rigs "Esther" and "Banjo". "Esther" is an irradiation facility 
designed for conducting test irradiations of fast reactor fuel. "Banjo" is 
the name given to a sodium loop designed for the irradiation of fast reactor 
fuel elements in the Osiris research reactor. The "Banjo" loop is relatively 
conventional and includes a pump, heat exchanger, flow rate meter, the 
fuel pin, and a reduction vessel with its gas blanket. The loop will accept 
fuel pins of 5 to 10 mm external diameter, and the fissile length can be 
up to 600 mm and the total length as much as 1200 mm. This makes it 
possible, as an example, to study venting without reducing the "fuel" section 
of the pin. A total power dissipation of approximately 70 kW is possible. 

An interesting model gave details of the Osiris neutron radiography 
system which is used for non-destructive studies of fuel irradiation capsules. 
The system installed in the Osiris pool type reactor has been in operation 
for three years. Details were given of the collimator used and the method 
used to exclude water from the zone subject to radiography. 

A description was also given of a thermopump loop of novel design. 
Like the "Banjo" loop referred to above, this loop uses sodium as coolant 
but a conventional electromagnetic pump is not utilized. The normal electro
magnetic pump is replaced by a so-called thermal pump operating on the 
following principles: Electrical current is generated by a copper-constantan 
thermocouple, the hot source being the liquid sodium and the cold source 
being the coolant. The field is supplied by means of permanent magnets 
on either side of the sodium circuit and a driving force is produced by the 
interaction of field and current. The system requires no external power 
supply and is self-stabilizing for, as the sodium temperature rises, the 
pumping speed increases and the couple is more intensively cooled. The 
rig is claimed to have a power dissipation of from 60-70 kW. The test 
section is 20 mm in diameter and 1400 mm long. Sodium temperatures 
between 300 and 700°C can be handled and flow rates of from 2 to 6 m/ sec 
achieved. 

Two examples were given of continuous in-pile measurement technology. 
The first example described the continuous measurement in-pile of creep 
in samples subJected to either compressive or tensile stress. In this 
device, the specimen is surrounded by NaK and stress is provided by means 
of a push-tube and bellows. A highly accurate extensometer (a resonant 
cavity) is used which has a wide range of measurement and is capable of 
accommodating the displacement which occurs when load and heating are 
supplied. It also utilizes two independent methods of measurement thus 
offering the possibility of cross checks. It is claimed that this apparatus 
will work in a fast flux of 5 X 10 14 n/ cm2 ·sec (E > 1 MeV) and over the 
temperature range from 200 to 800°C. 

The second example of "in-pile" measurement capability was a device 
for measuring continuously the variation in diameter of an object undergoing 
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irradiation. Measurement of diameter variations is also made by means 
of a resonant cavity and wave guide. 

The testing of reactor fuel for use in reactors usually involves the use 
of simulators to represent the fission heating of fuel pins. Such simulators 
are electrically heated and a description was given of high flux heating ele
ments developed for use in this work. Electrically insulated wires are strung 
through the fuel pins and heated with single phase current. A heat flux of 
300 W•cm-2 has been obtained and a maximum coolant temperature of l000°C. 

DIVERSE EXHIBITS 

A further section of the French exhibit showed diverse examples of 
research and development activities. These included an implantable nuclear 
powered cardiac pacemaker. The pacemaker displayed utilizes 238 Pu as a 
heat source and is enclosed in a multi-layer capsule which, it is claimed, 
reduces radiation to insignificant levels. The power source and pacemaker 
are expected to have a useful life of at least 10 years and have already been 
implanted in humans. A related exhibit gave details of a heat source de
signed for undersea use. 

The application of ionization radiation to produce wood-polymer compo
sites was demonstrated in an unusual way. Displayed in this portion of 
the exhibit was a 14th century Madonna which had been preserved by im
pregnation with monomer followed by radiation polymerization. Though the 
technique leads to a significant weight increase, it is claimed that the 
colours remain unchanged. Other examples of the preservation of objects 
of art using this technique were described as well as other more conven
tional applications, e. g. fibre-resin composite production. An information 
office gave comprehensive information relating to radioisotopes and their 
production. 

The remainder of this section of the French exhibit contained some 
excellent models of a sea-water desalination plant, models of the Bugey 
and Fessenheim nuclear power stations and the test loop at Les Renardieres. 
The reactor at Fessenheim is of PWR type and is the first in the new French 
program based on light water reactors. 

FRENCH-GERMAN HIGH FLUX REACTOR 

The final area of the exhibit was devoted to the joint French-German 
project, the high flux reactor. Appropriately, this area of the exhibit 
linked the two national exhibits and a visitor could enter the German exhibit 
from the French exhibit (and vice versa) via this section. 

The joint reactor project has been referred to elsewhere in the narra
tive. On display was a model of the core element which in fact comprises 
the whole core of the reactor. It comprises 9. 2 kg of 93o/o enriched uranium 
deployed in the form of 280 curved plates arranged as an involuted circle. 
Two boron platelets are incorporated in each fuel plate and act as a burnable 
poison. Fuel canning material is an aluminium-iron-nickel-magnesium 
alloy. The 280 fuel plates are slid into parallel slots contained in two 
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concentric tubes and comprise the whole annular fuel assembly which is 
finished by electron beam welding. Other features of the reactor were 
described. 

Descriptions and exhibits displayed equipment to be used in conjunction 
with the high flux reactor. These included neutron guide tubes, a tritium 
removal system, new thermal neutron diffraction detectors (multidetectors) 
a hot source, a "multichopper" spectrometer and a "dancefloor" spectro
meter. This latter instrument was constructed as a prototype and has been 
in use since July 1970. The multidetectors referred to above permit of the 
simultaneous analysis of neutron diffraction and inelastic scattering patterns 
and of better exploitation of available neutron beams. 

CONTRIBUTORS TO THE FRENCH STAND 

ALGA TEL, Paris VIII; 

ALSTHOM, Paris XVI; 

Atellers et Chantiers de Bretagne, 44 - Nantes; 

BASTIAN 0. H. C. ; 

CEFILA C, Paris VIII; 

CERCA, Pam VIII; 

C. I. T. , Pans VIII; 

Compagnie de Construcnon Mecanique - procectes SULZER, Paris Vll; 

COMSIP SUREST, 78-Montesson; 

COMURHEX, Paris VIII; 

Electromque Appliquee, 92-Montrouge; 

FORGEAL, Pans; 

Groupement Atomique Alsacienne (G. A. A.A.), 92-Le Plessis-Robinson; 

Groupement d' Etudes et de Realisation des Compresseurs Speciaux (GERCOS), 92-Bois-Colombes; 

Intertechnique, 78- Plaisir; 

Jouan-Quenn, Paris; 

L. M. T. , 92-Boulogne- Billancourt; 

MEDTRONIC; 

Merlin-Germ, 38-Grenoble; 

SNECMA, Division Hispano- Suiza, 92- Bois- Colombes; 

Societe Bernn, 78-Plaisir; 

Societe de Recherches et d' Applications Techniques (SRA T), Paris; 

societe des Engins MATRA, 78 - Velizy; 

Societe d • Etudes Industrielles de Villejuif (S, E. I. V.), 94 - Villejuif; 

Societe d'Etudes Techniques et d'Entreprises General~s (SODETEG), 92-Le Plessis-Robinson; 

Societe Europeenne de Propulsion (S.E.P.), Puteaux; 

Societe F. w., 92-Nanterre; 

Societe Industrielle de Combustible Nucleaire (S.I.C.N.), Paris; 
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Soc1ete L. Bergeron, Paris; 

Societe Normande d'Etudes et d'Explmtatwn (NORMETEX), 27-Pont-Audemer; 

Soclete pour l'Usme de Separation Isotop1que (USSI), 92-Le Plessis-Robinson; 

Societe SAPHYMO- SRA T, 94- Gent11l y; 

Soc1ete SERSEG, Paris VIII; 

Societe Tranement de I' Informatwn et Techmques Nouvelles (T. I. T. N. ), 94-Fresnes; 

Societe VIENNOT, 92- Issy-les- Moul!neaux; 

TELEMECANIQUE, 92 - Nanterre. 

NON-FRENCH GROUPS 

Franke und Heydrich KG, Aalen, Federal Republic of Germany; 

Gesellschaft fiir Kernforschung, Karlsruhe, Federal Republ!c of Germany; 

Heraeus, Hanau, Federal Repubhc of Germany; 

Jenaer Glaswerk Schott und Gen. (Mamz), Federal Republlc of Germany; 

M.A.N. Werk, Augsburg, Federal Republ!c of Germany; 

NUKEM GmbH, Wolfgang/Hanau, Federal Republlc of Germany. 

FEDERAL REPUBLIC OF GERMANY 

Stand 13 

The exhibit of the Federal Republic of Germany was designed to 
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illustrate how nuclear energy was employed for peaceful purposes within 
the country. The activities shown not only dealt with the construction of 
large nuclear power stations using light-water reactors, the development 
of high-temperature reactors, fast breeders and thermonuclear reactors, 
but also the development of components and the entire fuel cycle. It was 
apparent that considerable work is being done on the development of measuring 
instruments for in-core instrumentation and radiation protection, and the 
uses of radiation sources in science, engineering and medicine were also 
outlined. 

In addition, the exhibit drew attention to the international projects in 
which the Federal Republic of Germany is engaged and the visitor was re
ferred to the work on the development of a fast breeder reactor as shown 
on the joint Debenelux stand. The United Kingdom, the Federal Republic 
of Germany and the Netherlands are participating in the development of the 
gas centrifuge for the enrichment of uranium. Exhibits concerning the 
gas centrifuge are mentioned elsewhere in this report on the scientific 
exhibition. The Federal Republic of Germany and France have jomtly 
constructed the very high flux reactor at Grenoble and this bilateral co
operation was illustrated by means of a joint exhibit. 
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The exhibit of the Federal Republic of Germany had three main themes: 

1. A report of current nuclear research and nuclear technology in the 
Federal Republic; 

2. The trends in the development of nuclear research and nuclear technology 
in the Federal Republic; 

3. The principles underlying German assistance to other nations in the 
nuclear field. 

Approximately fifty items were on display. 

NUCLEAR POWER STATIONS 

The first group of exhibits was concerned with nuclear power stations 
and showed that, by 1976, 20 nuclear power stations will be operating in the 
Federal Republic of Germany. They will generate 10 600 MW(e), i.e. 
about 15% of the electricity needed in the country. Conservative estimates 
suggest that, by 1980, the share of power generated from nuclear sources 
will increase to about 33% of the total. At the turn of the century, 1200 TWh 
will be generated annually, being 76% of the total power, i.e. conventional 
primary sources of power will then only have a share amounting to approxi
mately 24% of the total. 

The items shown in this group were: 

(a) A panel showing availability diagrams for German nuclear power stations; 
(b) A plan showing the development of power generation in the country; 
(c) A sectioned model of the Biblis Nuclear Power Station which is designed 

for a power output of 1150 MW(e) and will be equipped with a pressurized 
water reactor; 

(d) A display which showed the 52 cruises made by N. S. Otto Hahn, the 
Federal Republic's first nuclear ship. A fuel element of its second 
core was on display, and data pertaining to the 1st and 2nd cores were 
compared; 

(e) A full-scale model of a reactor coolant circulating pump to be used at 
the Biblis nuclear power station. Four such pumps are used each with 
a throughput of approximately 24 000 m 3 /h of coolant water at an 
operating temperature of 284°C and a system pressure of 145 kg/ cm 2

• 

(f) A model of the Brunsbiittel Nuclear Power Station. This nuclear power 
station is designed for a power output of 805 MW(e) and will be equipped 
with a boiling water reactor. 

(g) A liquid scintillation test rack. This device serves for the automatic 
measurement of liquid scintillator samples which contain low-energy 
beta-emitters and alpha- or gamma-radioactive nuclides. 

(h) A test stand for the simulation of pressure discharge in water-cooled 
reactors. The exhibit showed the test structure and the filmed pressure 
discharge. 

(i) An exhibit showing the reactor pressure vessel with internal structures 
for the nuclear power station at Obrigheim. The pressure vessel for 
this reactor weighs approximately 218t,has an outer diameter of 3. 8 m 
and a total height of approximately 9. 8 m. Construction took about two 
years. 
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URANIUM PROSPECTING AND THE FUEL CYCLE 

The second group of exhibits dealt with the nuclear fuel cycle. 
In the Federal Republic of Germany no uranium deposits have so far 

been found that would offer profitable mining and hence all is imported. 
The total demand for uranium in the Federal Republic up to 1980 will amount 
to some 40 000 short tons of U30 8• A map of the world was used to indicate 
where the Federal Republic is participating in prospecting in other countries. 
A portable radon monitor, used for long-term measurements of the con
centration of 222 Rn decay products in the air of uranium and fluorspar mines, 
was on display. 

Work on the separation nozzle method of 235U -enrichment was described. 
By means of figures and diagrams descriptions were given of: a tube-shaped 
separation nozzle element for the enrichment of uranium-235; a technical 
separation nozzle stage used during performance tests on compressors; 
a ten-stage pilot plant to study the operation and control of separation nozzle 
cascades. 

The Federal Republic of Germany has actively pursued work designed 
to use the plutonium produced in thermal reactors which contain both 238U 
and fissile 235U. The plutonium can be stockpiled until it is needed for the 
fast breeders. There is, however, a disadvantage in stockpiling: during 
storage, fairly large quantities of americium are built up, which have then 
to be isolated by a very costly process. In addition, storage over a prolonged 
period requires expensive safety precautions. 

The second alternative is to recycle the plutonium into thermal reactors. 
By irradiating prototype elements, it was proved that such elements have a 
burn-up behaviour very similar to that of uranium fuel elements. Highly 
mechanized fabrication will therefore make it possible in the future for fuel 
elements containing plutonium to be profitably used in light-water reactors. 
The first exhibit in this group showed a number of fuel rod dummies which 
have proved their suitability for use in the reactor. Fuel rods of this kind 
are used, in particular, in the Kahl Experimental Nuclear Power Station and 
have displayed excellent operating behaviour. The plutonium rods for thermal 
reactors do not differ externally from uranium rods. 

The next exhibit consisted of 11 pictures illustrating the fabrication of 
fuel elements. 

An eddy current testing device was shown which is designed as a stan
dardized 19-inch module. A time-base oscilloscope was used for visual 
presentation of the results. 

An ultrasonic rotation testing system was shown. This system is 
designed for testing pipes with an outside diameter in the range 5 to 35 mm. 

RADIOACTIVE WASTE TREATMENT AND DISPOSAL 

The development of nuclear technology is inseparably linked to the prob
lems of treatment and removal of the radioactive wastes that are generated 
in practically every operation involving the processing of radioactive 
materials. Radioactive wastes in the Federal Republic of Germany are 
collected at the places of origin, concentrated in special plants, and con
verted into a form allowing of safe storage of the residues. 
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ABOVE: A view of the 
Federal Republic's exhib1t 
showing the display 
describing the production 
of the coated particles 
and mouldmg powder, and 
the fuel element spheres 
for the THTR reactor. 
LEFT: The "SPINNE", 
the toroidal theta pinch 
plasma device which 
operated throughout the 
period of the exhibition. 
Four operational configu
rations, e -pinch, hex a
pole, screwpinch, and 
hexapole + screwpinch, 
were demonstrated, and 
the stability problems 
were explained to visitors 
by means of texts and 
photographs of the quality 
of the plasma confine
ment. 
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The first exhibit in this group showed the methods of treatment and 
removal of the main categories of radioactive waste. Also shown was a 
model of a test facility already under construction for the solidification 
of highly active waste (VERA). 
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A further interesting exhibit was a model of the Asse salt mine which 
will accommodate all the radioactive residues generated in the Federal 
Republic. The techniques of storage take into account the requirements 
of the different categories of waste. 

SEPARATION OF URANIUM AND PLUTONIUM 

Work on the continuous separation of U/Pu by means of counter
current ionic migration was depicted by means of a diagram of the sepa
ration apparatus. The electrolytical separation column, which is divided 
into chambers by nylon-gauze diaphragms, is separated from the cathode 
and divided into two compartments by means of a diaphragm. This dia
phragm permits the electric transport of ions, but no liquid flow to occur. 
By suitable arrangement of the flow rates of weak acid, the complexing 
agent solution and the U / Pu mixture to be separated, the uranyl ions 
travelling into the separation column are prevented from reaching the 
cathode. By the proper choice of the electrolysis conditions, a steady 
state is soon established in which the uranium and the plutonium can be 
produced continuously at separate points along the column and in a pure 
state. The exhibit showed the qualitative distribution of the components 
in the steady state. 

The process described also lends itself to the separation of Am/Pu 
mixtures, so that a simple separation of 241Am formed by radioactive 
decay of 241Pu can be achieved. Optimal throughput is claimed to be ob
tained with a column with 50 W /em 3 of cooling capacity and a 1000 cm2 

cross-section, with an output of approximately 1 mole per hour in the 
migration direction. The exhibit simulated the separation of uranium and 
plutonium by means of a mixture of Ni(II) and Fe(III). With the aid of 
these coloured ions, the electrolytical extraction process was clearly 
demonstrated. 

DEVELOPMENT OF REACTOR FUELS 

Work on the development of fuel for high temperature gas-cooled reac
tors was also shown. The fuel is composed of fissile and fertile material 
in the form of coated particles, which include a spherical uranium/thorium 
or a uranium nucleus in the form of the carbide or oxide. 

The first exhibit of this group showed a wet chemical method for the 
production of nuclear fuel particles which is based on the solidification of 
spherical droplets from a heavy-metal solution. Solidification is accomplished 
by a chemical reaction in the interior of the droplet, which is brought about 
by increasing the temperature. The heavy metal is either in the form of 
an aqueous colloidal suspension of uranium dioxide or a highly concentrated 
solution of complex stabilized uranyl nitrate. The aqueous heavy-metal 
suspension is dispersed by means of cooled paraffin oil which flows through 
a double nozzle into hot paraffin oil. The particles which solidify in the 
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FEDERAL REPUBLIC 
OF GERMANY 

Model of the prestressed 
concrete pressure vessel 
of the THTR power 
plant. 

1. Shutdown rod 
2. Prestressed concrete 

vessel 
3. Hoop reinforcement 
4. Steam generator 
5. Blowers 
6. Thermal insulation 
7. Thermal shield 
8. Side reflector 
9. Core 

10. Sphere removal tube 

The fuel element spheres of the THTR 
must move freely m a state of Ideal 
disorder like the particles of a fluid. 
Alignments of spheres that correspond 
to "crystallizing" are dangerous since 
they inhibit free circulation. The 
right-hand segment of the model core 
shows such a situation. In order to 
preserve "disorder", various patterns 
of grooves, cut into the wall, were 
tested. 
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column are washed, dried and sintered. This process permits of the pro
duction of fuel particles with a variety of densities, porosities and diameters 
(in the range 100 to 1000 J-Im), The subsequent coating uses materials which 
are deposited from the gaseous phase onto the particles in fluidized beds 
at temperatures between 1200 and 2100°C by pyrolytic decomposition of 
different hydrocarbons or chloromethyl silanes. Since such coating proce
dures are carried out at very high temperatures and the movement of phases 
in the fluidized bed cannot be observed directly, the operations and different 
stages in the hot fluidized bed are simulated by means of transparent models. 

Another model exhibited demonstrated the production of fuel elements 
for the thorium high temperature reactor. 

A scavenging control circuit for HTR irradiation tests was demonstrated 
in a special exhibit. Its essential components are: 

(a) A gas purification system using charcoal traps cooled by liquid nitrogen, 
and separation of helium and neon; 

(b) A gas mixture regulation system controlled by the fuel temperature, 
the total throughput remaining constant; 

(c) A continuous activity measuring point equipped with a Ge(Li) detector 
by which the activity of a particular isotope is checked; 

(d) A fission gas measuring device with a Ge(Li) detector for the sporadic 
measurement of the fission gas spectrum. This measuring station is 
connected to a computer, which automatically controls the measuring 
operation and prints out R/B-values; 

(e) A gas analysis unit to determine impurities in the gas of the scavenging 
system in the front and at the rear of the rig; 

(f) A gas purification section for activity control before the gas is passed 
to the exhaust. 

In the mock-up (1/6 scale) of the THTR-core shown, the loads to be 
considered in designing the core are directly measured. The parameters 
relevant for the degree of loading are varied by selecting various prototype 
spherical elements. Similar investigations on core models of different 
size will permit of extrapolation to reactor conditions. 

Another exhibit showed a process diagram and flow chart for reprocessing 
high temperature gas-cooled reactor fuel and comprised the following steps: 
burning of the graphite matrix and off-gas treatment; dissolution (using 
fluoride catalyst) of the oxide residue in nitric acid; feed adjustment with 
acid recycling; and TBP solvent extraction. 

SAFEGUARDS 

The growth of the use of nuclear energy requires that more importance 
be attached to the control of fissile materials. The availability of large 
quantities of fissile material will enhance the risk of their diversion for 
non-peaceful purposes. In 1967, a research and development program 
was started in the Federal Republic to lay the foundation for an instrumented 
nuclear safeguards system. The exhibits in this group demonstrated the 
principles of instrumented nuclear safeguards. 

A first exhibit depicted the fuel cycle. A second exhibit showed the 
floor plan of a reprocessing plant. A further exhibit showed an automatic 
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ABOVE (from left to right): 1. The inert gas experimental MHD duct from the ARGAS test loop at the 
JUlich Nuclear Research Centre. It was the largest closed -cycle MHD system in operation, and enabled MHD 
power generation parameters to be studied under realistic conditions; 2. Rare-gas MHD test-rig used for 
studies at the Max-Planck Institute for Plasma Physics at Garching. One side wall was replaced by a ground
glass screen onto which an image of a typical discharge was projected; 3. Large model of a tormdal 
6 GW(e) fusion reactor as it is at present envisaged. The plasma is confined by means of a variation of the 
stellarator principle termed the 'Torsatron', proposed by French physicists. 

LEFT: The nuclear-reactor powered ship, the NS Otto Hahn.-------------------
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X-ray fluorescence spectrometer with programmed sample preparation 
for nuclear safeguards purposes. The automatic system consists of an 
automatic sample preparation stage, an automatic spectrometer, and a 
computer for data processing. 

The last exhibit of this group was the "Gamma-lock". This device 
is intended to demonstrate that an unauthorized withdrawal of fissile material 
from reactor plants can effectively be prevented. 

PLASMA PHYSICS 

A further group of exhibits was devoted to an account of German work 
on plasmas. 

The first exhibit of this group was the SPINNE toroidal theta pinch 
which was in operation throughout the period of the exhibition. This ex
perimental device aims to confine a hot plasma in a torus by means of 
magnetic fields. Corresponding experiments have shown that the confine
ment time in linear geometries is limited by end losses, so that a fusion 
reactor would have to have a length of 1 km or more to achieve a suitable 
confinement time. A torus, though not subject to end losses, entails other 
problems that are no less serious. In a pure, smooth torus the plasma 
is not in equilibrium, but drifts to the outer wall in a very short time. 
This is due to the necessarily non-uniform magnetic field in such a torus. 
Theoretically, there are various possible ways of eliminating the "torus 
drift", e.g. by means of the so-called'M-and-S configuration', 'screw 
pinch' or 'stellarator' principles. The aim of the M-and-S configuration 
is to make the magnetic field lines in the torus of about the same length 
everywhere by appropriately shaping the torus surface in order to equalize 
the magnetic field strength, thus eliminating torus drift. The screw pinch 
principle utilizes the fact that opposite currents repel one another, and 
maintains the plasma in equilibrium by inducing electric currents in the 
plasma all the way round the torus. Finally, the stellarator uses currents 
in supplementary wires wound around the torus or a suitably shaped coil 
surface to vary the torus' magnetic field in such a way as to produce an 
equilibrium configuration. THE SPINNE device has previously been used 
to conduct studies of the said magnetic field configurations, but so far no 
geometry has been found which would clearly permit the construction of a 
fusion reactor. At present the SPINNE can be operated in the following 
configurations: a toroidal theta pinch without any supplementary fields -
the plasma is not in equilibrium, but drifts to the outer wall in about 1 J.!Sec; 
a toroidal theta pinch with superposed, non-helical hexapole field - the 
plasma is in equilibrium, but can reach the wall of the vessel along the 
magnetic field lines in a relatively short time; a screw pinch (= toroidal 
theta pinch+ toroidal Z-pinch) - the plasma is in equilibrium, but becomes 
unstable after a time, and reaches the vessel wall; a screw pinch with a 
superposed non-helical hexapole field - the plasma is in equilibrium, 
and the screw pinch instabilities are suppressed by the hexapole field. 

The next exhibit of this group showed a vacuum -tank and the coil 
system of an experiment which had been set up to study the equilibrium and 
stability properties of axially symmetric toroidal plasmas at high 
temperatures. 
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Another exhibit showed the MHD test rig at Garching full-size. A 
portion of the picture containing the generator duct had been replaced by 
the original duct and a side wall was removed to expose the interior of 
the duct, which had been provided with a ground-glass screen onto which 
a film of the discharge in an MHD duct could be projected. 

A small exhibit showed an experiment on dynamic stabilization. High 
frequencies are used to prevent liquid with a given viscosity from escaping 
from an inverted beaker. 

A large model of a fusion reactor was displayed in the next exhibit. 
The model shown represented a toroidal fusion reactor of a design realizable 
at the present time. 

The last exhibit of this group was the original ARGAS MHD generator 
channel. It consists of 98 pairs of molybdenum electrodes and insulators 
made from ultrapure and temperature- shock-proof alumina. The inner 
cross-section of 8 em X 8 em is designed for an energy flux of 4 MW. 

NUCLEAR MEDICINE 

The first exhibit of a group devoted to nuclear medicine showed a 
spongiograph. The early diagnosis of osteoporosis and other diseases 
of the skeleton is still a matter of great difficulty: both radiological 
methods and other techniques of measuring radiation absorption in the 
extremities have proved unsatisfactory. An advance in this direction 
is a profile scanner, using a 125 Sb radiation source, for measuring the 
radiation absorbed by a finger bone; the device, which includes a new 
method of evaluation, was shown. 

The next exhibit of this group dealt with the determination of blood 
volume. Examinations using radionuclides have already become an integral 
part of routine clinical treatment. The exhibit showed an apparatus for 
the semi-automatic determination of blood volume. This can be carried 
out either with erythrocytes labelled with 51 Cr or with human albumin 
labelled with 131 I. The apparatus, with 'peripheral' computer, can also 
be used for other measurements in nuclear medicine, as for example 
the T3 test, the T4 test, the Schilling test, and the determination of the 
liver function and the life-time of erythrocytes. 

A 14co2 exhalation measuring instrument was shown which continuously 
analyses 14co2. It is suitable for respiration studies in human and veteri
nary medicine and for biological research. 

The last exhibit of this group demonstrated equipment for radiation 
protection measurements and showed various designs of large-area pro
portional counters. 

FOOD AND AGRICULTURE 

The majority of the world's population draw two-thirds or more of their 
protein supply from plant sources. However, these food plants have a low 
protein content and lack certain essential amino acids, a deficiency which 
make them unsuitable as the main source of nutrition. The aims of raising 
the content of protein and improving its quality in useful plants are, there
fore, of the greatest importance, particularly for developing countries. 
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The induction of new gene combinations through treatment with ionizing 
radiation or chemical mutagens has proved an excellent method of im
proving the quality, and increasing the quantity, of protein in useful plants 
(e. g. corn, rice, millet, wheat, soya beans). The first exhibit of this 
group showed work on barley. Both untreated plants and irradiated plants 
were shown. It was clear that, as a result of irradiation, one characteristic 
(the shape of the ears) has been visibly modified. 

The next exhibit of this group showed apparatus for the determination 
of soil humidity. It combines a classical technique with a nuclear method. 

Another exhibit showed a model food irradiation plant on board ship 
intended to preserve a catch of fish. A radiation dose of 100 krad used 
directly after the catch will preserve fish kept on ice in perfect condition 
for 10 to 15 days longer than was previously possible. 

TRANSPORT PROCESSES IN OCEANS AND LAKES 

An interesting group of exhibits dealt with the subject of environmental 
pollution. 

One exhibit showed a method for examining transport processes based 
on tritium and 14 C. In addition, measuring instruments were displayed 
which can be used for demonstrations. 

Another exhibit showed the principle of determining mean depth, a 
parameter important in sand migration studies. With a multichannel 
analyser, the spectrum of undisturbed activity (plane source) is recorded 
and plotted, followed by the spectrum of disturbed activity. At the same 
time, the counting rate in both areas is ascertained using digital counting. 
By means of a calibration plot the thickness of a buried layer of sand can 
be ascertained. 

INTERNATIONAL COOPERATION 

Assistance by the Federal Republic of Germany to other countries 
interested in developing some aspect of nuclear technology was shown in 
a special exhibit. This aimed to present an idea of the time that elapses 
from the first contacts between two countries to the point at which 
industrial projects amenable to collaborative solution are put in hand. 

In general, first contacts are established directly between scientists 
at conferences or by visiting delegates. This is followed by an exchange 
of guest scientists and the granting of fellowships. In those cases requiring 
a specific state of knowledge in the partner country, official contacts at 
government level may be established and a basic agreement on collaboration 
in research and development may be concluded in addition to any exchange 
of knowledge and personnel. Such agreements have already been signed 
with Argentina, Chile, and Spain. Negotiations with other countries are 
being pursued. 

These basic agreements constitute the foundation of individual agreements 
concluded in the field of nuclear research between the German nuclear re
search centres and the atomic energy commission in the partner country. 
The individual agreements cover not only the exchange of personnel and 
information but also the execution of joint projects, which have the purpose 
of promoting basic research in and industrial application of nuclear technology. 
On the basis of such individual agreements a number of joint projects have 
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been embarked upon, e. g. a large multi-purpose sodium loop, the irradiation 
of test fuel elements and the development of structural materials for advanced 
reactors. 

The long-term objective of this collaboration is not only to gain the 
ability to participate in large-scale international projects, but also to 
establish an independent nuclear industry. This will benefit both countries 
in the long-term by helping to raise the standards of living. 

BASIC RESEARCH 

The first exhibit of this group showed a cold neutron source with various 
arrangements for scattering-experiments. The exhibit showed the end of 
a beam tube where the cold source, one-litre of liquid hydrogen, is mounted. 
The cold source is cooled by helium at l4°K, where, due to nuclear heating 
and line losses, a cooling capacity of 1 kW is required. 

A view of cold neutron source, refrigerator and neutron beam tunnell-
ing through guide tubes, together with the installed spectrometers (1/50 scale), 
was shown. All experiments can be carried out simultaneously. For two 
experiments, a time-of-flight spectrometry and the high-velocity Doppler 
drive system, transit time dispersion is used for neutron energy analysis. 
The underlying principles of their functions were demonstrated with an 
optical analog read-out. The energy resolution of the individual instruments 
is very different. Maximum resolution is obtained with a back-scattering 
spectrometer with 4 X 10-4 me V. Silicon crystals with a Bragg angle 
of 90° are used as analysers. The high-speed Doppler drive exhibited 
(having a maximum speed of 15m/sec) operates equally well with backward 
reflection. The special design ensures, over the entire crystal, an equal 
instantaneous velocity each time. 

The second exhibit of this group simulated an experiment in which the 
reactor beam is no longer pulsed periodically, as has been the custom 
hitherto, but modulated pseudostatically with the aid of a neutron chopper. 
This technique makes it possible to raise the utilization time to 50o/o. The 
pseudo statistic time -of -flight method shown for scattering experiments 
with slow neutrons made it possible, in some instances, to reduce the 
measuring time by a factor of more than 20 as compared with the conventional 
time -of -flight method. 

PUBLIC INFORMATION 

In addition to the exhibits a large-scale proJection system gave 
visitors a cross-section of all activities in the field of nuclear research 
and technology in the Federal Republic of Germany. A special section within 
the stand showed all publications relating to nuclear research and technology 
published in the Federal Republic of Germany within the last five years. 

Two books were published especially for the 4th International Conference 
on the Peaceful Uses of Atomic Energy, viz. Nuclear Power Today and 
Tomorrow by Robert Gerwin (dva Stuttgart), and Nuclear Education and 
Training in the Federal Republic of Germany, compiled by Alfred Rottler 
and Kurt Hogrebe (Federal Ministry for Education and Science). 

The first book (available in English, French and German) covers aspects 
of nuclear technology of interest in developing countries. 
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INDIA 

Stand 8 

The problem of mounting a representative exhibit in a far-distant 
countrywas solved by India in an attractive, imaginative but inexpensive 
way. On a built-in screen 21 m long and 3 m wide, an audio-visual display 
was presented. The presentation showed how "Shiva and Shakti" - know
ledge and power - are synthesized by atomic energy in India. A battery 
of projectors linked to music and commentary colourfully brought to the 
screen the dance of creation; the twelfth century idol of Lord Nataraja 
used is from the National Museum at New Delhi. On the same multi
image screen appeared juxtaposed several pictures of research and power 
reactors, applications of atomic energy in different fields, and views of 
the Bhabha Atomic Research Centre and other places in India where research 
and developmental work are being pursued. The visitor was kept entranced 
for some five minutes by this synthesis of mythology and modern technology. 

In addition, four main themes of interest for India were additionally 
represented: Atoms for Power, Atoms for Health, Atoms for Food and 
Atoms for Industry. 

A TOMS FOR POWER 

This section illustrated the role of power, more specifically of nuclear 
power, in India's development. A 20ft (6 m) high photo-sculpture laid 
stress on the fact that production of more power would create more jobs, 
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ABOVE: Interior of the Indian pavilion 
RIGHT: One of the interesting graphic displays 
showing applications of atomic energy. 
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increase productivity and thereby stimulate national prosperity. A graph 
linking per capita national income with per capita energy consumption 
emphasized the fact that energy is the sine qua non of development. The 
anticipated growth of power in India during the three decades up to 2000 AD 
was shown on a chart which illustrated how nuclear power was expected to 
play an increasing role in India's power development program. An animated 
panel demonstrated the comparative costs of power production between 
coal-fired and nuclear power stations. In particular in India, large regions 
of the country are more than 500 km away from coal fields. These regions 
constitute 35o/o of the country by area and 30o/o by population. With the ex
ception of the eastern zone, they include the principal communities engaged 
in activities needing energy in rapidly increasing quantities for industry 
and agriculture. The transport of coal to these areas involves major invest
ments in the transport system. Pictures of the already operational Tarapur 
Atomic Power Station and the power stations under construction at Rajasthan 
and Madras were displayed. 

The program for the utilization of thorium in future power stations 
and the setting up of a Fast Breeder Test Reactor and a Reactor Research 
Centre were explained with the aid of charts and texts. 

A TOMS FOR HEALTH 

The impact of nuclear medicine in the diagnosis and the treatment 
of different diseases, on which work is now being carried out by the Radiation 
Medicine Centre of the Department of Atomic Energy in Bombay, was 
demonstrated by giving details of typical diseased organs with the cor
responding data-scans appearing on an adjoining screen. Samples of 
radiopharmaceuticals manufactured by the Isotope Division of the Bhabha 
Atomic Research Centre were displayed. 

A TOMS FOR FOOD 

In this section, the development of promising radiation preservation 
procedures for perishable foods tuffs was illustrated by means of samples 
of irradiated and unirradiated fresh foods. Disinfestation of wheat by irra
diation and the development of new mutants of the groundnut evolved at the 
Bhabha Atomic Research Centre were on display. These, together with 
slides, underscored the mammoth problem of nourishing a population already 
over 550 million. 

A good example of the role that nuclear power can play is related to a 
study that has been carried out on the feasibility of setting up an agro
industrial complex in the western Uttar Pradesh region of northern India, 
which has a population of 24 million. The studies revealed that a return 
of 54o/o can be achieved on an incremental investment of approximately 
110 million Rupees with 1200 MW(e) of nuclear power supplying energy for 
25 800 additional tubewells, and simultaneously producing phosphate fertilizers 
using an electrolytic process. The program would generate year-round 
direct employment on farms for 1. 4 million persons, resulting in an addi
tional agricultural production of 9. 4 million tonnes of food grains, 1. 8 million 
tonnes of potatoes and 11. 2 million tonnes of sugar-cane. An artist's im
pression of the proposed complex was displayed. 
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ATOMS FOR INDUSTRY 

The infra-structure of industrial growth in the self-supporting program 
of atomic energy in India was represented by a selection of nuclear elec
tronic instruments produced and marketed by the Electronic Corporation of 
India, a public sector undertaking of the Government of India. Pictures 
showed the control consoles manufactured by the corporation for power 
plants. 

A panel on the outer wall of the pavilion showed a cross-section of the 
facilities set up during the last two decades and the programs envisaged 
for the future. 

The keynote of the pavilion was on the relevance of the development 
of atomic energy for peaceful applications in India and the major programs 
and activities that are currently under way. Broadly these are: construction 
of nuclear power stations of a total of 2700 MW(e) during the current decade; 
design and construction of advanced thermal reactors of about 500 MW(e) 
unit size; completion of a fast breeder test reactor; increased heavy water 
production to about 400 t per year to back up the program for the use of 
natural uranium in Indian power reactors; design and construction of a 
large 500 MW(e) prototype fast breeder test reactor; development of gas 
centrifuge technology for 235U isotope enrichment; development of the 
Narwapahar Uranium Mines; completion and development of the Nuclear 
Fuel Complex at Hyderabad; creation of adequate facilities for reprocessing 
of irradiated fuel and recovery of essential by-products; and a more wide
spread application of isotopes in industrial processing, food preservation, 
medicine, research and the sterilization of medical products. 

ITALY 
Stand 9 

The exhibit summarized the recent major nuclear activities carried out 
in Italy by the Government's Comitato Nazionale per l'Energia Nucleare 
(CNEN) and by the main Italian industries operating in the field. 

The exhibit showed clearly that Italy is expanding its activities in 
research and development, and in the industrial production of nuclear 
energy. It was laid out in such a way as to present to the visitor, in turn, 
the various sectors into which activities in the nuclear field may be divided. 
It high-lighted the nation's effort and the achievements in: prospecting 
for uranium; uranium enrichment; construction of established reactors; 
research and development on advanced-type reactors; special purpose 
reactors; irradiated fuel reprocessing; development of instrumentation 
and special technologies; and basic research. 

The material was exhibited in such a way as to form a kind of "frozen 
picture" to a visitor passing through the exhibit along a route indicated by 
four raised platforms. Visitors had a number of subsidiary routes available 
to them where they could stop and look at individual exhibits and examine 
them in detail. 
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ITALY 
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The Italian pavilion showing some of the impressive models 
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THE EXHIBIT 

In the field of uranium prospecting, which formed the first section 
of the stand, prospecting already carried out had shown that it was un
realistic to expect to find a sufficient amount of uranium in Italy to cover 
its needs. These activities have, therefore, been developed outside Italy 
as well. Searches for deposits within the country continue, with the aim 
of meeting part of the demand and of locating resources for special situations. 
Activities outside the country were illustrated on a planisphere, whilst a 
geological map showed the main deposits identified in Italy. These were 
also represented by models of the areas and by samples of the ores. 

Work on uranium enrichment is coordinated by an organization in
volving all the industries concerned, together with the CNEN. Research 
is carried out on both the gaseous diffusion and the ultracentrifuge processes. 
Some of the more interesting components employed were exhibited in the 
Pavilion. The exhibits of barrier materials and glass-fibre reinforced 
centrifuge rotors attracted considerable attention. 

For several years now Italy has had three power reactors in operation. 
These are of the gas-cooled graphite-moderated, pressurized water and 
boiling water types and have a total rating of 615 MW(e). A fourth plant 
was ordered in 1969 (BWR/ 800 MW(e)) to be built by Italian industry. This 
plant was illustrated by means of a model and large detailed diagrams. 

Illustrations of the activities involving the production of fuels for the 
three nuclear power plants already in operation were given. An important 
part of the information displayed in the exhibit was related to the design 
and construction of power stations. their components and the fuel elements 
used. One particular section was devoted to the production of special 
steels needed in nuclear plant construction. Two other sections concerned 
the construction of pressure vessels for power stations and internal mecha
nical components, fields in which Italian industry has achieved a marked 
success in foreign as well as local markets. 

Also displayed were research and development activities on advanced 
converter reactors (heavy water and high-temperature gas- cooled) and fast 
reactors. Activities in the heavy water reactor field are co-ordinated under 
a special program (CIRENE ), a joint enterprise carried out by the CNEN 
and the Ente Nazionale per l'Energia Elettrica (ENEN), with the partner
ship of the Italian nuclear industries. Research on fluid dynamics, neu
tronics, fuel element development and the development of various other 
components was illustrated. 

High temperature gas-cooled reactor development is being pursued within 
a framework of international collaboration, 

As far as fast reactors are concerned, the most important aspect is 
the construction of a fuel element testing (PEC) reactor. For that purpose, 
an industrial consortium has been formed, with the participation of Italian 
public industries. Models of the PEC reactor and of its fuel elements 
were exhibited. The apparatus, installations and instrumentation developed 
in the course of research on fast reactors were presented. 

Illustrations were also given of research and construction work in the 
marine propulsion sector for the Italian nuclear ship "Enrico Fermi". 
A bundle of fuel elements for a reactor to be used for naval propulsion 
was shown and reactor control structures could also be seen in an illustration. 
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An industrial consortium formed in Italy is now engaged on the ROVI 
project, a water desalting project. A ROVI reactor has been designed to 
drive a sea-water distillation plant. The organic-moderated reactor 
illustrated was developed under this project. 

Italian activities in the field of reprocessing of irradiated fuels com
prise research and the operation of two pilot plants, EUREX-1 and ITREC, 
and an industrial plant, EUREX-2, which is at the design stage. The pilot 
plants were illustrated, as were also the major achievements of the research 
conducted to date. In particular, plant control and the use of new solvents 
developed by the CNEN were displayed. 

Progress in the use of the atom for development calls for corresponding 
progress in instrumentation and other advanced technologies likely to find 
important applications outside as well as within the nuclear field. Certain 
examples of these were shown: a servomanipulator named MASCOT-III for 
operations in enclosures inaccessible to man (e. g. hot cells); the develop
ment, from nuclear instrumentation, of a small-sized computer with re
lated control apparatus for hospital use; semi-conductors; microwelding; 
advanced ceramic techniques; atomic absorption analysis; systems engi
neering (statistical processing of random signals); a gel precipitation method 
for the production of dense ceramic elements; and a method of control for 
steel pressing. 

Finally a description was given of Italy's major achievements in the 
field of basic research. A 1500 MeV accelerator (ADONE) designed by 
Italian physicists and built by Italian industry was illustrated, together 
with interesting examples of special applications emerging from this 
fundamental research, which may be useful in many conventional industrial 
sectors. Thus, mention was made of a highly compact electron accelerator 
(MICROTRONE) developed in Italy, an apparatus for neutronic event record
ing, research on superconduction, the application of explosives to the plastic 
deformation of metals, and studies of high-intensity magnetic fields 
used in the plasma research program. 

CONTRIBUTORS TO THE ITALIAN STAND 

Breda Termomeccamca, Milan; 

Comltato Nazwnale pet I'Energia Nucleare (CNEN), Rome: 

COGNE, Turin: 

Ente Nazwnale per I' Energia Elettrica (ENEL), Rome: 

Ente Nazionale Idrocarburi (EN!), Rome: 

FIAT, Turm; 

IRI-FINMECCANICA, Rome; 

Montecanni-Edlson Elettron!Ca, Milan; 

SNIA V!Scosa, Milan; 

TERN!, Tetm and Rome. 
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The NS Mutsu. 
TOP: The hull under trial propelled by an auxiliary boiler. 
CENTRE: Position of the reactor room in the hull. 
LEFT: The steam-generating nuclear reactor and the reac
tor room. 
1. Reactor core; 2. Pressure vessel; 
3. Upper shield; 4. Intermediate shield; 
5. Secondary shield (concrete); 6. Secondary shield (lead); 
7. Sec. shield (polyethylene); 8. Steam generators; 
9. Main coolant pumps; 10. Pressurizers; 

11. Medium level waste tank 
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JAPAN 

Stand 15 

The Japanese exhibit was arranged so as to present an overall view 
of the development of nuclear science and technology in Japan. The stand 
was divided into five main sections and, in view of the distance between 
Japan and Geneva, relied heavily on photographs. On entering the exhibit 
visitors received a small brochure which indicated a logical inspection order 
and directed them to the first section of the exhibit. A Japanese atmosphere 
was given by the decor and the background of Koto music. 

The first section, which served as an introduction to the whole exhibit, 
showed how Japan was fast becoming an urbanized society requiring, in 
consequence, large quantities of industrial power. Attractive panels showed 
pictures of the five newly completed nuclear power plants and underlined 
the necessity for further nuclear development. Further panels displayed 
the seven nuclear power plants under construction and drew attention to 
the way in which the safety of these plants is ensured and the quality of the 
environment preserved. Excluding some aspects of the production of nuclear 
fuels, more than 90o/o of the nuclear equipment of the power stations under 
construction is being supplied by domestic industry. Of particular interest 
was the description of the new PNC process for the production of uranium 
tetrafluoride directly from concentrate, thus eliminating the necessity to 
make yellow cake. 

The second section of the exhibit gave a view of power reactors and 
nuclear fuels in Japan. After a description of the basic policy and develop
ment program, a further panel showed the developmental facilities. Pic
tures gave a good view of the Japan Materials Testing Reactor and the Fast 
Critical Assembly. A further series of photographs showed the work on 
sodium and described the sodium-flow test facility, the sodium component 
test facility and sodium technology test facility. At all of these facilities, 
extensive research and development work in connection with fast reactors 
is under way. Also displayed were the modern hot cells which have been 
constructed to enable post-irradiation examination of components and fuels 
to be made. 

An interesting feature of this second section was a description of the 
experimental fast reactor "JOYO", and an account of the names used for 
new types of reactors. An artist's impression was given of the prototype 
heavy water reactor "FUGEN". 

Further evidence of the scale of engineering development in Japan was 
provided in a series of photographs showing the full-scale safety experi
mental facility which was described in a paper presented at Conference, 
the component test loop, the heat transfer test loop and the deuterium 
critical assembly. 

Other panels gave an account of Japanese work on nuclear fusion, 
nuclear fuels manufacture, inspection analysis, the development of plu
tonium fuels, fuel assembly and fuel reprocessing. 

Among the prominent features of the second section of the exhibit 
was the "JOYO" experimental fast reactor which has developed from a 
preliminary design study carried out in 1964 and 1965. It utilizes liquid 
sodium as coolant and mixed oxide as fuel. As refined and developed, 
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Vertical cross-section of 
JOYO reactor building. 
Experience needed for 
constructing the 
Prototype Fast Reactor 
MONJU will be obtained 
on the JOYO sodium
cooled fast reactor. It 
is rated initial! y at 
50 MW(th). 

JOYO under constructiOn on the 
site of the 0-arai Engineering 
Centre in Ibaraki-ken. 

JAPAN 
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this reactor will develop, initially, 50 MW(th) (ultimately 100 MW(th)) 
and has a blanket fuel region using depleted uranium surrounding the inner 
core, the reflector region and the six boron carbide control rods. The 
reactor is designed to be as simple and rigid as possible. The sodium 
outlet temperature will be 435°C for 50 MW(th) output. The prototype 
reactor features a double rotating plug system for fuel handling, a loop 
for the reactor proper: it can also be used as a fuel test facility. 

Also of considerable interest was the account of the prototype fast 
breeder reactor "MONJU". This reactor is intended to demonstrate 
through the processes of design, manufacture and operation that, in Japan, 
the performance, reliability, safety and economics of a large fast breeder 
reactor would be competitive with those of more conventional power plants. 
The design is based on existing technology plus research and development 
that will be completed in time for construction to commence in 1974. The 
core of this reactor will be divided into two radial regions with respect 
to plutonium content, the cladding material will be stainless steel and the 
Pu/U mixed-oxide fuel will have the low density of 85o/o theoretical. The 
sodium reactivity void coefficient allowed will be partially positive whilst 
the overall void reactivity coefficient will be negative. The reactor structure 
features a core supported from a hanging device riding on the upper part of 
the coolant vessel. This design feature is claimed to result in smaller 
vessel size and ample space for fuel handling. 

The third section of the Japanese exhibit highlighted the development 
of nuclear powered ships in Japan. The main feature of this section was 
a large model of the nuclear ship "Mutsu" (gross registered tonnage 8350tons, 
speed 16. 5 knots) which is scheduled to be completed by the beginning of 
1973. The general arrangement of the N. S. Mutsu was shown by means of 
photographs and diagrams and a detailed account was given of its layout, 
design philosophy and construction. This ship, with built-in protection 
against stranding and collision, will be powered by a reactor with a thermal 
output of 36 MW. The reactor core comprises 32 fuel bundles, 20 of which 
have uranium enriched to 3. 24 wto/o, the remainder being enriched to 4. 4 wto/o. 
Each fuel bundle consists of 121 rods arranged in a square (11 rods per 
side) with each bundle containing nine rods of boron silicate as burnable 
poison. Cladding is stainless steel and each fuel rod contains 53 dished 
pellets of sintered uranium dioxide. Control rods are of cruciform type 
(silver, indium, cadmium alloy) with a follower of Zircaloy. 

Burn-up will be 5500 MWd/t corresponding to a core life of approxi
mately 2 years (60o/o load factor) without fuel shuffling. The main engine is 
a cross-compound saturated steam turbine equipped with double reduction 
gears. Power output is 10 000 h. p. under continuous rating. As a constant 
average primary water temperature system is adopted, steam pressure 
varies between 62. 5 kgf/ em 2 (no-load) and 3 9. 5 kgf/ em 2 (full-load). Stand
by power is by means of an auxiliary boiler. 

Illustrated panels gave details of development work being conducted 
for the ship's reactor core and a full size bundle was exhibited. 

The fourth section of the exhibit gave an account of developments 
in the applications of radiation and radioisotopes in Japan and complemented 
work presented at the Conference. Extensive work in radiation chemistry 
is being carried out in Japan and this was illustrated by means of photo
graphs. Other panels described work on neutron activation analysis for 
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Uranium-a. 2o/o vanadium alloy under photoemiss10n electron microscope Metroskop KE-3 (original 
magnification was XlOOO). 

LIECHTENSTEIN 

Secondary-ion mass spectrometer for chemical 
analysis of surfaces using argon ion bombardment. 
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the control of steel production, research and development on food irradiation 
and applications of radiation in nuclear medicine. 

The final section of the Japanese exhibit gave a wide ranging view of 
the technical competence of the national industry. The panels covered such 
diverse subjects as turbine generators, containment vessels, pressurized 
water reactor evaporators and scientific instruments. A steel plate from 
a containment vessel was exhibited, as was a large diameter stainless steel 
pipe. An interesting model of a moisture separator was also on display, 
together with nuclear turbine blades and a thermoluminescent dosimeter. 
A much studied exhibit from this section showed a remote-controlled in
service inspection technique based on a resistance probe method. 

CONTRIBUTORS TO THE JAPANESE STAND 

Atom1c Energy Comm1sswn of Japan, Tokyo; 

Japan AtomiC Energy Research Institute, Tokyo; 

Power Reactor& Nuclear Fuel Development Corp., 
Tokyo: 

Japan Nuclear Ship Development Agency, Tokyo; 

MitsublShi Atomic Power Industry Group, Tokyo, 
comprising: 

Mitsub1shl Atom1c Power Industries, Inc. 
M1tsubJshl Electric Corp. 
MltsUbJshl Heavy Industnes Co. Ltd. 
M1tsub1shi Shoj1 Ka1sha Ltd. 

NanonallnstituteofRadiolog1cal Scwnces, Chiba City; N1ppon Atom1c Industry Group, Tokyo, compnsmg: 
Ishlkawaj1ma- Hallma Heavy Industries Ltd. 

Federatwn of Electric Power Compames, Tokyo; MitsUI & co. Ltd. 

Electric Power Development Company, Tokyo; 

Japan Atom1c Power Company, Tokyo; 

Japan Iron & Steel Federation, Tokyo; 

Japan Federation of Construction Contractors Inc. 
Tokyo; 

First Atomic Power Industry Group, Tokyo, comprising: 
Ebara Manufacturing Co. Ltd. , Tokyo, 
Fuji Denk1 Se1zo K. K., Tokyo, 
Furukawa Electric Co. Ltd., Tokyo, 
Kawasaki Heavy Industfles Co. Ltd,, 

Kobe City; 

MltsUJ Sh1pbmldmg & Engmeenng Co. Ltd. 
Nippon Atom1c Industry Group Co. Ltd. 
Tokyo Sh1baura Electnc Co. Ltd. 
Toray Industries, Inc. 

Sumltomo Atomic Energy Industr1es Ltd. , Osaka; 

Tokyo Atomic Industrial Conscrtium, Tokyo, comprising: 
Hitachi Co. Ltd., Tokyo, 
Hitachi Shipbuilding& Engineering Co. Ltd., Osaka, 
Maruberu-!lda Co. Ltd., Osaka, 
Show a Denko K. K. , Tokyo; 

Japan Atom1c Industrial Forum, Tokyo, 

UECHTENSTEIN 

Stand 2 

The Principality of Liechtenstein has contributed to the development 
of the peaceful uses of atomic energy mainly through its development of 
specialized scientific equipment. 

The exhibit showed scientific apparatus suitable for materials research, 
isotope separation, surface studies and radiation research on biological 
systems. A particularly interesting exhibit was a photo-emission electron 
microscope for the structural examination of reactor materials over the 
temperature range 20 to 2000°C. This instrument can produce magnifica
tions of up to X 50 000. Also on display were secondary ion mass spectro
meters and Auger electron spectrometers which may be used for micro
studies of surfaces. Devices such as these give a deeper insight into the 
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processes occurring at solid-liquid and solid-gas interfaces both before 
and after irradiation. 

A considerable portion of the exhibit was devoted to equipment suitable 
for producing and studying nuclear materials. Included were vacuum metal
lurgicalfurnaces and automatic analysers for the rapid determination of 
gases such as oxygen, nitrogen and hydrogen in metals, e. g. in uranium, 
zirconium or stainless steel. 

High vacuum components and measuring equipment were also displayed, 
as were high vacuum pumps of a wide range of types. A related display 
gave details of preparation techniques suitable for electron microscope 
studies of tissue. These techniques use a vacuum-freeze/ etch process 
and permit an unobstructed view into cells, thus disclosing alterations due 
to radiation damage. 

CONTRIBUTORS TO THE LIECHTENSTEIN STAND 

Balzers Ltd., Liechtenstein. 

THE NETHERLANDS 

Stand 5 

The Netherlands' stand gave an overall survey of national research and 
industrial activities in the nuclear field. These activities are aimed at the 
development of several types of nuclear reactor and are carried out partly 
in collaboration with foreign research institutes and/ or industrial 
organizations. 

The Netherlands stand theme was 'Atoms for Development'. 
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NETHERLANDS 

RIGHT: In natural recirculating steam generators, 
as commonly used on PWRs, the first stage of the 
separation of steam from water is a mechanical 
device such as a cyclone type or a swirl or ra<hal 
vane separator. The OMEGA separator is 
inherently simpler and uses a flow -field rotatmg about 
a vertical axis to obtain separation. 

BELOW: The 'Pilot-plant for Food Irradiation 
Association' is a non-profit making group that aims 
at carrying out research on and collecting data for 
commercial application of the radiation process 
to food preservation. Shown is the y-irradiation 
plant, near Wageningen, which uses a 180 kCi 6°Co 
source and has a throughput of about 1. 5 t/h for a 
dose of 250 krad. 

807 
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A visitor to this stand was referred to the Debenelux stand where work 
on the fast breeder reactor was displayed. Essential work in the Netherlands 
is concerned with the fast breeder reactor which is planned for construction 
in the near future. A working model of the fast-thermal coupled facility 
(STEK) was on display. This facility is designed to provide integral data on 
fission products and the model showed clearly the operation of the facility. 

Work on the development of fuel elements for water cooled reactors 
was shown and covered the complete field of the design and manufacture of 
reliable and guaranteed fuel elements. Also on display was a prototype fuel 
element for the N. S. Otto Hahn and a fuel element loaded with vibro
compacted fuel which will be tested in the Dodewaard nuclear power station. 

For some years work in the Netherlands has been carried out on graphite 
irradiations in connection with the high temperature reactor project 'Dragon'. 
A dilatometer, capable of examining six graphite specimens simultaneously, 
was on display. This dilatometer measures the residual strain in graphite 
creep specimens. 

Thermal breeders are actively under consideration by Dutch electricity 
producers because of the anticipated increase in the cost of uranium and 
problems which might possibly arise in the development of fast reactors. 
An experimental facility for work on thermal breeder reactors was completed 
in 1971 and was illustrated by means of a model. 

A special section of the Dutch exhibit provided a glimpse of work on 
uranium enrichment by means of ultracentrifuges. This work, as part 
of a co-operative project with the United Kingdom and the Federal Republic 
of Germany, was illustrated by models of the pilot plants in the various 
countries and some interior photographs at these plants. Also exhibited 
was a stylized centrifuge model. Although not particularly revealing, this 
section of the Dutch exhibit attracted much attention. 

In keeping with the large amount of work performed in the Netherlands, 
food preservation occupied a prominent part of the exhibit. Potatoes, la
boratory animal food and special food for hospital clean room patients were 
on display. A further exhibit described work in the Netherlands on environ
mental pollution. Details were given of environmental studies by means of 
activation analysis. A map displayed results of the determination of heavy 
metal pollution of water, silt and grain throughout the Netherlands. As in 
other countries, attention has been paid to the problem of mercury pollution. 

One interesting exhibit featured a model of a fully instrumented (BWR) 
pressure vessel used for stress analysis. This vessel (l/4 scale) was 
used for determining the stress at critical points prior to design and manu
facture of the vessel supplied for the Dodewaard reactor. Other scale models 
of reactor pressure vessels were shown. 

Several interesting industrial exhibits were also present in the Nether
lands stand. These included a weld thermal cycle simulator, a sealed tube 
neutron generator, visdo seals for free-surface sodium pumps and ultra
sonic scanning and testing of butt welds and brazed joints. Noteworthy 
was a display showing the radiographic examination of small defects 
(< 0. 5 mm) by means of a specially constructed microfocus X-ray tube 
equipped with a long rod anode. 

Other interesting exhibits included a model of a steam/ water separator, 
a radiation monitor and width monitor and a Perspex model of an aqueous 
suspension thermal breeder reactor. Irradiation facilities were also shown, 
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in particular the various facilities at the High Flux Reactor. One particu
larly interesting facility consists of a camera for neutron radiography which 
is permanently installed in the reactor pool. 

CONTRIBUTORS TO THE NETHERLANDS EXHIBIT 

Reactor Centrum Nederland, Petten; 

N. V. Kema, Arnhem; 

Interumversity Reactor Institute, Delft; 

Royal Engmeermg Works Stork N. V., Hengelo, Overysel; 

Metal Research Institute TNO, Delft; 

Proefbednjf Voedselbestrahng N. V., Wagemngen; 

Tbe Rotterdam Dockyard Company, Rotterdam; 

RadwbwlogJCal lnstttute TNO, Ryswyle, Zmd Holland; 

Pluhps Research Laboratones, Emdhoven; 

Smit NIJmegen Electrotechmsche Fabneken N. V., Nymegen; 

Institute TNO for Mechamcal ConstructiOns, Delft; 

!TAL, Wagemngen; 

Rontgen Techmsche Dienst N. v., Rotterdam; 

Central Laboratory TNO, Delft; 

Ultra-Centrifuge Netherlands Ltd,, den Haag; 

Institute for Plasma Physics (FOM), Utrecht. 

THE NORDIC COUNTRIES 

Stand 16 

The long standing tradition of co-operation which exists between the 
Nordic Countries was further exemplified by the joint exhibit of Denmark, 
Finland, Norway and Sweden which was entitled "Nuclear Scandinavia". The 
exhibit was but one of the tasks of a special co-ordination committee which 
has been created by the nuclear research centres in Denmark, Finland, 
Norway and Sweden to take the initiative in joint ventures. A visitor to 
"Nuclear Scandinavia" rapidly became aware that,within a common frame
work, ample room had been created for both joint undertakings and national 
exhibits. 

The front entrance to the combined stand was dominated by a large map 
of the four Nordic countries. This map showed the interconnected electrici
ty grids of the countries and the nuclear power plants both planned and under 
construction. By 1980 it is envisaged that 10 000 MW(e) of nuclear plant will 
be installed, 7000 MW(e) of which will be sited in Sweden. The optimization 
of the combined electricity supply systems is accomplished by means of a 
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The entry to the NordicCountnes 'stand, whose theme was Scandinavian ccoperation. 

planning committee of Nordel, an advisory body comprised of leading 
members from the power utilities in the four countries. This planning 
committee also recommends additional links between the countries. The 
day-to -day exchange of power is handled through an operational committee. 

The second joint exhibit displayed the industrial irradiation plants 
used for the sterilization of medical supplies, and other irradiation plants 
in the Nordic countries. Information was given about the major applications, 
capacity and design of each plant. Close co-operation exists between the 
Scandinavian countries for the development of bacteriological control systems. 
Danish and Swedish test pieces used for the control of the efficiency of 
radiation sterilization plants were on display. 

A further joint exhibit dealt with the development of a prestressed 
concrete vessel which has been constructed and tested as a Joint project at 
Studsvik. A model of this pressure vessel was on display. The experiments 
on this concrete vessel have been jointly planned and financed and represent 
an important step in the development of prestressed concrete reactor vessels 
for light water reactors. The model clearly showed a section through the 
vessel and gave details of the removable lid and the removable steel 
insulation. 

The last joint stand dealt with the production of isotopes and their 
application in medicine. The Nordic countries have a long tradition in the 
production of radioisotopes and their medical applications. The exhibit 
comprised stationary and portable blood irradiators, a novel bone density 
meter and other specialized equipment, as well as samples of isotopes and 
labelled compounds for diagnostic use. 
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DENMARK 

Work done at Ris9l on fuel examination. The 
autoradiographs are from the same transverse 
section of an irradiated fuel pin which 
contained 2% Pu02 in natural U02• The left
hand one uses a-autoradiography to show 
plutonium distribution, the right-hand one 
B ¥-autoradiography to show migration of 
B r-emitting fission products. 

~~~~----~--5 
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~ mobile gamma therapy unit for extra
corporeal irradiation of blood: 1 - irradiation 
channels; 2 - flexible insert with blood tube; 
3 - extra-corporeal shunt; 4 - top shield; 
5 - 137Cs source; 6 - steel encased main lead 
shield. 

The Danish display was designed to demonstrate the achievements in 
the nuclear field of the Danish Atomic Energy Commission both alone and 
in collaboration with Danish industry and other Danish organizations. 

Danish work in the field of reactor irradiation and post-irradiation 
examination was displayed. Complete reactor irradiation programs in 
such diverse fields as materials testing, physics experiments, isotope 
production etc., can be carried out in Denmark. Information was pre
sented which described the high flux research reactor DR- 3 and the major 
rig installations at Risi:i, near Copenhagen. Post irradiation examinations 
are performed on a contract basis for foreign institutes utilizing the alpha, 
beta and gamma-hot cell facilities installed at Riso. Examples were given 
of the different types of examination which can be undertaken, together with 
a survey of past work and experience in this field. 
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In view of the current interest in the subject of environmental pollution, 
the exhibit describing Danish work on the rational location of sewer outfalls 
was particularly topical. The model on display complemented the work 
described during the Conference. Studies of the type described have been 
carried out at many locations throughout the world, the experimental work 
being conducted by a non-profit-making organization founded by the Danish 
Academy of Technical Sciences. 

Since 1968 extra-corporeal irradiation of blood has been used in Denmark 
for pre-transplantation, immuno-suppressive treatment. By March 1971, a 
total of 78 patients had been treated. The irradiation equipment shown was 
developed as a result of a collaborative effort and consisted of both high 
intensity, mobile gamma irradiation units (maximum dose being 20 krad/24 h 
per 5 litres of blood) and prototype, portable beta irradiation units. The 
portable beta units are intended for clinical research on the effects of 
prolonged low-dose therapy. 

Denmark has for some years devoted much effort to the development of 
irradiation facilities of all types. Amongst the many developments, a 
versatile high-intensity gamma cell was described. This cell can 
conveniently be located in existing laboratories and requires no additional 
shielding, access restrictions or special training. The cell features a 
rotating source - an arrangement which ensures a high degree of gamma
field homogeneity even when a limited number of source capsules of different 
strengths are used. The maximum dose rate at the centre of the irradiation 
chamber is 0. 3 Mrad/h for a source loading of 3 kCi of 60Co. 

Work on mutation breeding in plants was displayed. Ionizing radiation 
has long been used to induce mutations suitable for plant breeding, and 
Danish work in this field, e. g. on barley seeds and carnation cuttings, was 
described. Plants whose properties have been usefully altered, for example 
for disease resistance, increased growth rate or new, attractive flowers, 
are being utilized by plant breeders to create new varieties. 

One section of the Danish stand was devoted to a display of scientific 
equipment. An interesting item comprised two combined density/moisture 
probes which may be used for subsurface and surface measurements. The 
necessary power supply for these probes and for data logging is provided 
by means of a portable scaler which permits printing out of the results. 
These moisture/ density gauges are manufactured in Denmark. 

A useful contribution to the determination of the ages of archaeological 
artefacts was displayed. The property of thermoluminescence - the emission 
of light obtained on heating certain materials - is known to be excited in 
certain substances if they are initially exposed to ionizing radiation. 
The exhibit demonstrated this phenomenon and described its application 
to the dating of ceramic specimens of archaeological interest. 

Work on the prospecting for uranium was also described. For some 
years, an extensive body of uraniferous rock from the alkaline massif of 
Illimaussaq in the Southwest of Greenland has been the subject of intensive 
investigation. The recovery of uranium from this rock is rather difficult 
and highlights of the program were displayed. 

FINLAND 

The Finnish section of "Nuclear Scandinavia" was organized on behalf 
of the Finnish Government by Finnatom, a company founded and owned by 
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A model of the full-size test loop being developed by Finnatom, with governmental support. 1t1smtendedfor 
testing primary pumps and other primary-circuit components; the "negative" photomontage on the left is a 
pump for the Loviisa PWR. 

eight leading Finnish engineering industries. Finnatom co-ordinates the 
research and development work and quality assurance programs of its 
associated parent companies. It is also responsible for the marketing and 
sales of nuclear station components and sub-systems. 

The first exhibit in the Finnish stand dealt with a multi-channel analyser. 
This analyser has up to 800 channels and is a computer-type instrument 
designed for three principal modes of operation, viz. pulse height analysis, 
multi-scaler and time analysis. Its design makes it suitable for both field 
and laboratory use. The number of channels employed may be 100, 200, 
400 or 800 and the instrument is provided with a built-in high voltage supply 
and tape recorder. 

An interesting model of the hot test loop facility at Karhula for the 
examination of primary circuit components was on display. The test loop is 
now under construction and is, in particular, intended for testing the pumps 
for the Loviisa 440 MW( e) pressurized water reactor under full reactor 
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FINLAND 

The Valmet fuel handling machine developed for 
the Loviisa 440 MW(e) PWR. In addition to fuel 
charging and re-charging, a number of other 
functions can be performed. 

operating conditions. A background photograph gave a view of one of the 
pumps for this power station. 

A machine currently under construction for handling the fuel for the 
Loviisa power station was described by means of a drawing. Although 
designed primarily for fuel charging and discharging, the machine can 
perform various other tasks. It is positioned, with an accuracy of 2 to 
3 mm, by means of closed-circuit TV. 

The Governmental Research Institutes in Finland combined to produce 
several interesting exhibits. A neutron double monochromator was shown 
which produces a monoenergetic beam of neutrons in a constant direction 
but with a variable energy (wavelength). The precision instrument is 
provided with ball nuts so as to obtain play-free, accurate linear movement. 
The instrument is designed in such a way as to utilize the full area of the 
crystal monochromators at all wavelengths. This requires the provision of 
simultaneous axial and angular motion and accounts for the complexity of 
the monochromator. The actual instrument uses pyrolytic graphite mono
chromators which, for the purposes of the exhibition, were replaced by 
mirrors. 

A related exhibit featured a neutron guide tube. These are internally 
polished tubes of iron, nickel or copper along which neutrons are guided 
by means of total reflection from the walls. The tube on display was 
initially polished electrolytically and then further mechanically polished 
using special techniques developed in Finland. The neutron guide tubes 
produced in this way still have macroscopic waves, but for the reflection 
of low energy neutrons a good microscopic smoothness is more important. 
Surface profiles at various stages in the manufacturing procedure were given 
for the tube exhibited (final Ra "' 0. 07 J.lm). 

Wood/plastic composites have also been developed in Finland. High 
quality products have been obtained with vinyl monomers which are easily 
polymerized by means of gamma radiation. The composites developed are 
based on the indigenous wood species, i.e. birch, alder and aspen, and 
polyester-based resins. A method of lining the bottom of skis with 
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wood/plastic composites has been developed and a gamma polymerized 
wood/plastic ski was exhibited. 
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The properties of wood/plastic composites are such as to attract 
decorators and sculptors. The Finnish sculptor Kauko Rasanen is noted 
for his sculptures in wood/plastic composites, which still keep the natural 
beauty of wood. One of his works entitled "Suikala" was displayed. 

In a related exhibit, work on the electron-beam curing of polymer 
coatings on fibre boards and plywoods was described. Paints, based on 
polyesters and polyacrylates, have been developed for this purpose. A 
thin layer of wet paint, free of volatile solvents, is continuously hardened 
in a few seconds by irradiation with 0. 4 MeV electrons. No heat is required 
and it is claimed that the electron curing process produces less residual 
stress in the coatings and no peroxide residues, thus resulting in better 
weather resistance as there is less after-curing than occurs with con
ventional curing with chemical catalysts. 

The final exhibit in the Finnish stand was concerned with the con
struction of the Loviisa power station referred to previously. The station 
will consist of two Novovoronesh-type 440 MW( e) pressurized water reactors 
to be provided by V /C Technopromexport (TPE). TPE will deliver mainly 
mechanical components for the plant, the remainder being designed and 
delivered by suppliers in Finland and elsewhere. A pictorial display 
described the reactors and the work of the Finnish utility which acts as its 
own architect engineer and employs outside consultants to assist with 
specialized tasks. 

NORWAY 

The Norwegian exhibit concentrated on showing national achievements 
in the fields of fuel technology, instrumentation and computer control. 
These are the fields in which the Institutt for Atomenergie, the Norwegian 
Centre for applied nuclear research has undertaken extensive research and 
development activities in close collaboration with Norwegian industry. This 
selectivity was admirably suited to the purposes of the scientific exhibition 
and made the provision of "hardware" for the stand relatively easy. 

The main feature of the exhibition was a control desk operated by a 
Norwegian made minicomputer which utilized standard colour TV sets for 
the graphic and alpha-numeric display of parameters, flow-sheets, etc. 
Another process computer was shown being used for data collection and the 
processing of data derived from various instruments distributed around the 
exhibition. The interface for the unit is also of Norwegian origin. 

Also exhibited was a compact computer for on-line applications such 
as multimachine configuration, data net, process control and data terminal. 
This computer uses stored programs and is one of several designed to be 
fast, reliable and economic computers with emphasis on real-time, on-line 
applications. A density meter, which can be used for fluids as well as 
for solids, and a gamma level-control gauge were also displayed in this 
section. 

Instruments for measurements of force, strain and deformation in pre
stressed reactor concrete vessels were displayed. The instruments 
exhibited were connected to the process computer and the measurements 
were displayed on the TV units referred to previously. 
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Studies on the effect of fuel pellet shape on fuel-rod elongation behaviour during start-up made on the 
irradlab.on rig IFA-118 attheHaldenreactor. The left-hand dl.agram shows the effect of pellet length and 
the right-hand diagram the effect of pellet end-shape on fuel rod elongation. 

NORWAY 

Assembling an instrumented 
fuel element. In-core 
mstruments for use in power 
reactors are designed, 
developed and tested at the 
Halden Project. 

On the fuel technology side, a full-scale model of an instrumented fuel 
assembly with the instruments developed for the OECD Halden project was 
shown. The assembly is equipped with instruments for measurement of 
channel power, moderator and fuel temperature, voidage, fission gas 
pressure, inlet and outlet flow in fuel channels, fuel elongation, etc. 

In the Halden reactor in Norway, a rig, which allows of measuring the 
actual diameter of a fuel pin undergoing reactor irradiation, has been in 



NARRATIVE OF THE EXHIBITS 817 

successful operation for about one year. A full-scale working model of 
the equipment and facility was demonstrated. The measurements are 
displayed on an X-Y recorder as well as on TV sets via the process computer 
referred to earlier. 

The Zircaloy cladding tubes manufactured in Norway were also shown. 
Manufacture of Zircaloy tube is based on more than 10 years experience in 
fuel fabrication and testing, and includes post irradiation examination at the 
Institutt for Atomenergie. In the Halden reactor, a series of irradiation 
experiments have been carried out with instrumented fuel assemblies for 
a study of the interaction between the Zircaloy cladding and U~ pellets in a 
highly-rated fuel. This study is aimed at defining the criteria to be used 
for selecting cladding dimensions and properties. 

The exhibition showed a collection of anodized Zircaloy cladding tubes 
and demonstrated the tube specifications relating to texture, hydride 
orientation and physical properties. 

SWEDEN 

The Swedish display reflects the country's nuclear program, which was 
begun in 1947 with the aim of creating the capacity within the country to 
manufacture power reactor systems, major reactor components and reactor 
fuels, without recourse to foreign licences. An extensive research and 
development program, focussed on AB Atomenergi's nuclear research 
establishment at Studsvik forms the basis of Swedish work in the field of 
nuclear energy. 

The first Swedish commercial nuclear power plant, Oskarshamn 
(440 MW(e)), was connected to the grid in August 1971. The Swedish nuclear 
power program provides for the installation of a further six reactors, which 
are planned to come into operation before 1980. By this date, Sweden will 
have 7000 MW(e) of nuclear generating capacity on line, producing more 
than 30o/o of the nation's electrical power. 

As the main partner in the government-financed nuclear energy work, 
Studsvik has enabled Swedish industry to reach a commercial position in the 
field of power reactors, nuclear fuel and reactor components. 

The research and development program at Studsvik also includes 
isotopes and equipment (chiefly for use in nuclear medicine), irradiation 
services and post-irradiation investigations. 

In addition to AB Atomenergi, the main Swedish industries active in 
the nuclear field were described by means of an extensive photographic 
display. The exhibit was divided into several sections which included: 
irradiation testing; high temperature pressurized critical facility; nuclear 
instrumentation; heat engineering investigations; nuclear medicine; and 
power reactors, components and services. 

The section on irradiation testing described the irradiation facilities 
available at AB Atomenergi, Studsvik. Studsvik's main facility is the 
50 MW research reactor R 2. The reactor is of the pool type, cooled and 
moderated with light water and uses 90-93o/o enriched fuel. The relatively 
large core size (10 X 10 lattice) allows test equipment to be placed in 
positions between the fuel elements thus making optimum use of the high 
neutron flux available in the reactor. The associated hot cell laboratories 
are capable of performing all types of post irradiation examinations. The 



818 NARRATIVE OF THE EXHIBITS 

The R2 research and materials testing reactor at the Swedish nuclear centre of Studsvik with a 
power of 50 MW(th) is one of the largest of its kind in Europe. 

laboratories are provided with a full range of physical, chemical and 
metallurgical testing equipment. 

A second photo-montage featured the KRITZ reactor at Studsvik, which 
is a flexible facility built for reactor physics experiments with water
moderated reactor cores. It can operate up to a maximum temperature of 
245°C at a maximum reactor power of 100 W. The free height ( 4 m) inside 
the tank is large enough to permit installation of full size power-reactor 
fuel assemblies. 

In the field of nuclear instrumentation, Studsvik's manufacturing 
program includes equipment for nuclear reactor control, radiation protection, 
on-line data processing and for physics research. Studsvik's specialists 
are prepared to undertake measuring-problem analysis, experimental 
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SWEDEN 

Bone Scanner 7102 was developed at Studsvik to fill 
the need for an automatic bone-mineral test system 
for clinical and research use. The multiple scanning 
principle employed ensures accuracy and rep rod uci
bility. There is a choice between manual or auto
matic scanning with one or two isotopes, 12':! and 
244 Am. The radiation dosage is very low. It is 
intended to measure the lower arm (ulna and radius) 
or heal (calcaneus). The measuring set-up and source 
holder are shown here. The limbs are measured m 
water in a plastic tank; if immersion is not accep
table, water-filled pads can be used. 

studies of measuring methods, instrumentation system design or reliability 
assessments. A detailed description of this capability was presented. 

The section of the exhibit on heat engineering investigations explained 
performance tests on fuel rods during boiling. These tests are performed 
by placing an electrically heated 9 -rod bundle (with as symmetric power 
distribution) in a Plexiglass loop. Visual studies can be made during 
boiling of the water. Vibrations which are induced in the bundle as a result 
of hydrodynamic forces, arising from the two-phase flow, are detected 
by strategically-placed differential transformer sensors. 

Studsvik's capability in the field of nuclear medicine was also described. 
An integrated service (including instrumentation) is available for handling 
special problems and developing singular systems adapted for individual 
users. The program includes the more commonly used radionuclides as 
well as specially labelled compounds. Radioactive sources of different 
activities and isotopes are made as standard types, but can also be tailor
made for special applications. Studsvik has developed different types of 
applicators for medical use, such as strontium-90 surface applicators and 
applicators for pituitary irradiation. A bone-mineral analyser, based on 
the principle that absorption of gamma rays is dependent on the mineral 
content of the bone, was described. Several versions of an extra-corporeal 
blood irradiator for therapy or suppression of immunological reactions in 
connection with transplantations have been designed. 

The objective of manufacturing power reactors without recourse to 
foreign licences was mentioned earlier. This was amplified in a special 
section of the exhibit which was devoted to describing the capability of 
Swedish industry in power reactor engineering and allied components and 
services. One company specializes in the development, manufacture and 
marketing of nuclear reactors, fuel and reactor components, and is 
organized to carry out major nuclear power projects and provide efficient 
solutions to nuclear engineering problems. This company's boiling water 
reactors (BWR 1s) have conventional design principles but are supplemented 
(as appropriate) with special improvements in areas such as fuel and 
reactor containment design, main circulation and power control systems, 
etc. The Oskarshamn I plant, which is a turnkey proJect, came into 
operation in autumn of 19 71 and was depicted. Three additional BWR 's 
are on order. 
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Another Swedish organization offers services such as project
administration, architect-engineering, procurement of components and 
erection, supervision of installation, and testing and commissioning of 
nuclear, as well as fossil-fuelled,power plant projects. This particular 
organization has overseas affiliates and has experience of pressurized 
water reactors (PWRs) and provides specialized know-how in the field of 
radioactive waste treatment. It is comprised of a group of progressive 
Swedish industries and has available much technical knowledge and 
production capacity for investment in nuclear and other advanced markets. 

A section of the exhibit dealt with the ability to provide such items as 
pressure vessels, Zircaloy tubes, special alloys etc. A fully integrated 
speciality-line exists for making cladding material and tubes for nuclear 
engineering. Zirconium alloys in the form of seamless canning tubes for 
fuel elements in nuclear reactors and pressure tubes are also made in 
Sweden, as are stainless steels and nickel-base alloys (suitable for fuel 
element canning), steam-generator tubing, composite tubing for control rod 
inlets in pressure vessels, and strip and wire for cladding. Several 
examples of tubing were on display. 

The facilities for manufacturing BWR and PWR pressure vessels of 
up to 1500 MW( e) output were described. In 19 69 a joint venture between 
Swedish industry, an overseas company and the Swedish Government was 
established in order to further develop the vessel fabricating facilities 
previously available in Sweden. The fabrication program also comprises 
reactor vessel internals, steam generators, pressurizers, heavy pressure 
vessels, primary piping components and steel containments. 

A new high-capacity plate heat exchanger was described. This heat 
exchanger has an effective heating-exchange surface of 640 m2, The 
standard plate material is titanium, and a new manufacturing technique 
has made it possible to press large plates in this difficult-to-work metal 
of a thickness of only 0. 6 mm. It is capable of withstanding test pressures 
of up to 10 atm. 

The work of an international company, specializing in nuclear safety, 
was depicted. This company is a non-profit-making organization and is 
involved in work for ensuring the safe operation of nuclear power plants. 
The company plays a dominating role in the testing and inspection work for 
nuclear reactor plants in Sweden, and has experience of such work in many 
other countries. 

A novel feature of the exhibit concerned new ideas for the use of surplus 
heat from thermal power plants. Approximately two-thirds of the energy 
liberated in a nuclear power plant is wasted; for fossil-fuel plants the figure 
is a little lower. At present this surplus heat can only be used for heating 
purposes. In order to stimulate new and unconventional ideas of how the 
surplus heat might be utilized, the Swedish Association of Engineers and 
Architects, supported by the Swedish power producers, held a worldwide 
brain-storming-contest. The three first-prize-winning ideas were presented 
at the exhibition. 
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CONTRIBUTORS TO THE NORDIC COUNTRIES' STAND 

DENMARK NORWAY 

Danish Atomic Energy Commission, Copenhagen; 

Danish Isotope Centre, Copenhagen; 

Inshtutt for Atomenergie, KJeller and Halden; 

A/S Norsk Data -Elektromkk, Oslo; 

Damsh Academy of Technical Sciences, Copenhagen; 

Umversity Hospital, Copenhagen; 

NEA, Nordisk Elektrisk Apparatfabnk, Ballerup; 

Nunc A/S, Kamstrup, Roskilde; 

Radest A/S, Formervangen, Glostrup. 

FINLAND 

Fmmsh Atomic Energy Commission, Helsinki; 

OY Fmnatom AB, Helsinki; 

State Institute for Techmcal Research, 
Otaniemi Reactor Laboratory, Otaniemi; 

Department of Radiochemistry, Univemty of Helsinki; 

Imatran V01ma Osakeyhtw, Helsmki; 

OY Nokia AB Electromcs, Helsinki; 

H. Raty and Co,, VIherkumpu (Vantaa) 

Valmef RautpohJa, Jyvasky!a; 

A. Ahlstrom Osakeyhtw, Karhula Laboratories, Karhula. 

A/S Kongsberg Vapenfabrikk, Kongsberg; 

Noratom-Norcontrol A/S, Oslo; 

Tandberg Radiofabnkk A/S, Oslo; 

Geonor A/S, Oslo. 

SWEDEN 

AB Atomenergi, Studsvik; 

Alfa-Laval AB, Lund; 

AB Asea-Atom, Vasteras; 

AB Monitor, Goteborg; 

Sandvikens )ernverks AB, SandVIken; 

Tetmska Rontgencentralen AB, Stockholm; 

Uddcomb Sweden AB, Degerfors; 

Vattenbyggnadsbyran AB, Stockholm. 

ROMANIA 
Stand 4 

The exhibit of the Socialist Republic of Romania was devoted to a 
display of nuclear instrumentation and research in agriculture, industry 
and medicine. Also featured in the exhibit were components for reactors 
and other nuclear installations, 

Several items were on display, one of the main items being a model 
of a fuel element based on a silicon-ceramic material (U~ - SiOz). 
Centrifugal filters for the collection of radioactive aerosols were dis
played together with the associated control apparatus. 

Radiation equipment exhibited included a portable gamma radiography 
source using 192Ir, density and level gauges and gamma switches. Of 
particular interest was a small, easily transportable 15 MeV betatron 
suitable for the non-destructive testing of thick wall vessels. This device 
is produced in Romania on a reasonably large scale. 

Several interesting examples of nuclear electronics and radiation 
detectors were on display. These included a portable ratemeter suitable 
for use with scintillation probes and which may be used either in the field 
or in the laboratory, a vibrating reed electrometer suitable for use with 
ionization chambers, and radiation detectors based on gas counters which 
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ROMANIA/ROUMANIE 

A small, easily trans
portable 15 MeV beta
tron suitable for non
destructive testing of 
thick-walled vessels. 

Petit betatron facile
men! transportable de 
15 MeV pour le cent
role non-destructif des 
pieces a parois epaisses. 

Portable y -radiography 
source using 192Ir. 

Appareil portatif pour !a 
gammagraphie au 
moyen d' une source a 
I9'Ir. 

Milliroentgenmeter 
equipped with gas 
counters for making 
radiation field measure
ments. 

Milliroentgenmetre a 
compteurs a gaz pour le 
contr51e des champs de 
radiations sur le terrain, 
surtout pour les appli
cations des radio
elements. 
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are suitable for both field and laboratory use. Also on display were a 
paramagnetic resonance spectrometer used in laboratory studies. Examples 
were given of its application in chemistry, biology and medicine. This 
section also included a thermal neutron polarization analysis system. 

Each of the items displayed was accompanied by a graphic presentation, 
comprised of photographs, transparencies, diagrams, etc., and illustrated 
well the possible applications in science and nuclear technology. The 
exhibit conveyed a clear picture of the progress and capability of Romanian 
industry in developing nuclear instrumentation. 

The Romanian exhibit was organized by the State Committee for Atomic 
Energy. 

ROUMANIE 

(An English translation precedes this text) 

Le stand de la Republique Socialiste de Roumanie etait consacre au 
developpement des composants pour reacteurs et autres installations 
nucleaires, des appareils pour les applications des rayonnements et des 
radioeli~ments dans l'industrie et l'agriculture, des appareils electroniques 
de mesures nucleaires et des appareils de recherche dans le domaine de 
la physique atomique et nucleaire. 

Parmi les principaux objets presentes figuraient un echantillon de barre 
de combustible nucleaire a base de materiaux vitroceramiques UOz - SiOz 
et des filtres spiralises pour la retention des aerosols radioactifs avec 
l'appareillage pour le controle des proprietes de ces filtres. 

Le materiel expose comprenait un appareil portatif pour gammagraphie 
utilisant une source a 192Ir, un appareil a rayons gamma pour la mesure 
des densites des liquides, une jauge de niveau et des relais a rayons gamma 
pour le controle des processus industriels. Autre dispositif particulierement 
interessant: un betatron transportable de 15 MeV pour le controle non 
destructif des pieces a parois epaisses. La Roumanie le fabrique a une 
assez grande echelle. 

Plusieurs exemples interessants d 1appareils electroniques de mesures 
nucleaires et de detecteurs de rayonnements etaient exposes. 11 y avait 
notamment un compteur d 1impulsions portatif a sonde a scintillation pour 
les applications des radioelements au laboratoire et sur le terrain, un 
electrometre a condensateur vibrant pour utilisation avec des chambres 
d'ionisation et un milliroentgenmetre a compteurs a gaz pour le controle 
des champs de rayonnements sur le terrain. Un spectrographe de resonance 
paramagnetique electronique pour des etudes en laboratoire etait egalement 
expose; des exemples de ses applications en chimie, biologie et medecine 
etaient donnes. Cette section comprenait aussi un systeme d 1analyse de la 
polarisation des neutrons thermiques. 

Une presentation graphique etait associee aux appareils exposes, 
comprenant des photos, diapositives, etc., avec des aspects des realisations 
roumaines dans les domaines de la recherche et des applications des 
sciences et techniques nucleaires. 

Le stand roumain avait ete organise par le Comite d'Etat pour l'!mergie 
nucleaire. 
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SWITZERLAND 

Nuclear engineering 
labor a tory of the Swiss 
Federal Institute of 
Technology, Lausanne; 
the CACTUS sub
critical assembly. 

The theme of the exhibit was "Switzerland", a small, highly industrialized 
country, its traditions, its high-class products and its world-wide contacts. 
The stand was divided into three sections. 

The first section dealt with the utilization of nuclear energy. By means 
of panels a detailed picture was given of the nuclear plants in service or 
being commissioned. This section also gave statistics of power demand, 
both past and projected, as well as the means of satisfying the demand. A 
map of Switzerland showed proposed locations for projected nuclear plants. 

The second section had as its theme participation in research and 
development, and gave details of the Swiss institutes, universities and 
technical schools where training in nuclear science and technology is avail
able. In the field of nuclear engineering the following were described: 
Project studies on reactor types including fast breeder reactors and high
temperature reactors; research in the physics of fast and thermal reactors 
using the zero-energy reactor PROTEUS; experiments on research reactors; 
out-of core thermodynamic studies; and research on nuclear fuels. 

Applications of isotopes and radiation were described including the 
production of radioisotopes, radiobiology, nuclear medicine, radioisotope 
batteries, industrial developments, irradiation installations and food 
preservation by irradiation. One particularly interesting panel showed an 
industrial electron accelerator incorporated into a paint curing facility. 

Descriptions were also given of advanced applications including research 
in magnetohydrodynamics and plasma physics. 

The third section of the Swiss exhibit gave an account of Swiss industrial 
activities and world-wide relations. Included were panels describing the 
fabrication of reactor components of all sizes ranging from containment 
vessels over turbo-sets to circulators. A feature of this section was the 
varied range of consulting activities covering planning, technical studies 
and studies with regard to the realization of projects for nuclear power 
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The refuelling machine 
for the 306 MW(e) BWR 
of Mllhleberg Power 
Station of the Bernische 
Kraftwerke AG. 

plants. These were described through typical examples. Noteworthy was 
the portion dealing with studies on the thermal effects of heated cooling 
water on the river water and a model for cooling water studies. 

The Swiss exhibit was concluded with a map of Switzerland indicating 
the principal centres of activity in the field of nuclear energy together with 
a map of the whole world showing where industrial firms or consulting 
engineering organizations have their main branches. 

CONTRIBUTORS TO THE SWISS STAND 

RESEARCH INSTITUTES 

Arboricultural, Viticultural and Horticultural 
Research Station, W1idenswill; 

Atomic Engineering Laboratory, 
Institute of Technology, Lausanne; 

Battelle Institute, Geneva; 

Centre for Plasma Physics Research, Lausanne; 

Federal Institute for Reactor Research, Wurenlingen; 

POWER COMPANIES, INDUSTRY, CONSULTING ENGINEERS 

Aare-Tessin AG fUr Elektnzitlit, Olten; 

Ateliers de Charmilles, Geneva; 

Baumgartner Fn~res, Grenchen; 

Bernische Kraftwerke AG, Berne; 

Bannard & Garde!, Consultmg Engineers, Lausanne; 

Brown. Boveri & Co., Baden; 

Consultmg Engineers Suiselectra, Emch & Berger, Basle; 

Inshtute of Radiobiology, Zunch Umversity; 

Radium Institute, Berne; 

School of PhySics, Basle Umversity; 

School of Physics, Geneva University; 

Umversity Medical Clinic, Lausanne; 

Electro-Watt Engineenng Services, ZUrich; 

Energ1e de 1' Ouest-Suisse, Lausanne; 

Haefeiy & Cie., Basle; 

Motor-Columbus, Consultmg Engmeers, Baden; 

Nordostschweizerische Kraftwerke AG, Baden; 

Societe Generate pour 1' lndustrie, Geneva; 

Sulzer Bros., Winterthur. 
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UNION OF SOVIET SOCIALIST REPUBLICS 

Stand 11 

The Soviet section of the Governmental Scientific Exhibition comple
mented in visual form the papers presented at the Fourth International 
Conference on the Peaceful Uses of Atomic Energy and reflected the 
achievements of Soviet scientists and engineers in nuclear science and 
technology. Fourteen new scientific and technical films were shown in a 
cinema with a seating capacity of 70; in addition, a number of automatic 
film projection units were in constant operation. The Soviet section also 
included a display of books on topics relating to atomic energy published 
during recent years in the Soviet Union. 

The exhibits and their arrangement were fully in keeping with the motto 
of the Conference - "A toms for Development". 

Considerable space was devoted to illustrating the development of nuclear 
power generation in the Soviet Union. The Soviet Union is a country blessed 
with ample natural energy resources. Because of their uneven geo-
graphical distribution, however, industry in the European part of the USSR 
and in the Ural region - while possessing the necessary infrastructure, 
labour and raw materials - is faced with a growing shortage of energy 
available on economically reasonable terms. Accordingly, in the next 
five years it is planned to provide a significant expansion of nuclear power 
generation through the construction of large electric power stations based 
on reactors with unit capacities of 1000 MW(e) or more. By 1975, nuclear 
power stations with a total generating capacity of 6000 to 8000 MW(e) will 
be in operation, and by 1980 the total generating capacity of nuclear power 
stations in the Soviet Union will be 30 000 MW( e). 

Models of reactors and nuclear power stations under construction and 
in operation in the Soviet Union were shown at the Exhibition. Among the 
most thoroughly proven reactor types are the pressure-vessel reactors 
already in operation at the Novo-Voronezh Nuclear Power Station (the first 
and second units) and at Melekess; further reactors of this type are under 
construction at Novo-Voronezh (the third and fourth units), at the Kola 
Nuclear Power Station and elsewhere. They were represented at the 
Exhibition by a reactor model and a diorama of the 440 MW Kola Nuclear 
Power Station. 

The first nuclear power station, which was commissioned in the 
Soviet Union in 1954, was a channel-type reactor with graphite moderator. 
It was followed in 1958 by the Siberian Nuclear Power Station at Troitsk with 
a capacity of 100 MW( e) (its total capacity was increased in later years to 
600 MW(e) by adding additional units), and in 1964 and 1967 by the first and 
second units of Kurchatov Nuclear Power Station at Beloyarsk, with a total 
capacity of 300 MW( e); all these reactors are of the channel type. The 
reactors at the Beloyarsk Nuclear Power Station have an excellent radiation 
safety and reliability record and have demonstrated the feasibility of nuclear 
steam superheating on an industrial scale. At the Exhibition, a model of 
the second unit of the Beloyarsk Nuclear Power Station and a diorama 
illustrated the design of such reactors. 

The channel principle of reactor design proved to be so attractive that 
it was decided to develop reactors of the channel type with capacities up to 
2000 MW( e). A nuclear power station with two channel-type reactors having 
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a total capacity of 2000 MW( e) is under construction near Leningrad, Its 
design permits of fuel-cycle optimization and the use of high-quality core 
components mass-produced at low cost, A model of one of the reactors 
being built near Leningrad and a diorama of the station were displayed. 

Fast reactors are a means of making the most effective use of nuclear 
source materials, permitting the introduction of uranium-238 and thorium 
into the fuel cycle. Intensive work is being done in the USSR on fast 
reactors. Following a series of experimental fast reactors of low thermal 
capacity (BR-1, BR-2, BR-3, BR-5, BFS), the 60 MW(th) research 
reactor BOR-60 was commissioned in 1970. Nearing completion at 
Shevchenko is a nuclear power station with a fast reactor (BN-350) that 
will have an equivalent output of 350 MW(e) and which is coupled to a 
desalting plant. In addition, construction work has begun on the third unit 
of the Beloyarsk Nuclear Power Station, which will be powered by a 
600 MW(e) fast reactor (BN-600). The operation of these three fast 
reactors, models of which were shown at the Exhibition, will provide the 
experience necessary for a major program of fast-reactor power station 
construction, this being the general trend in the development of nuclear 
power. 

Also shown at the Exhibition were actual fuel assemblies of a number 
of research and power reactors, including assemblies from the second 
unit of the Beloyarsk Nuclear Power Station used for steam generation 
and superheating to over 500°C, assemblies from the Leningrad Nuclear 
Power Station, the fabrication of which is based on recent advances in the 
production of heat-resistant zirconium alloys for the pressure tubes and 
cladding of the uranium oxide fuel rods, an assembly from the second unit 
of the Novo-Voronezh Nuclear Power Station, and several fast-reactor 
fuel assemblies. 

The economics of nuclear power depend to a great extent on the 
technology of nuclear fuel reprocessing. With any reprocessing system, 
the chemical apparatus used must be extremely reliable and must lend 
itself to remote handling. These requirements are met by the extractors, 
filter-thickeners, pumps, chemical reaction vessels and other pulsation 
equipment produced in the Soviet Union, which are highly efficient and 
have no moving parts. These various forms of pulsation equipment 
subject reagents to low-frequency reciprocating motion, which in turn is 
converted into motion of the required kind (translational, rotary, spiral, 
etc.) by means of stationary deflectors of different designs. 

Another Soviet exhibit was an industrial pneumatic pulsator capable 
of long-term maintenance-free operation and designed for flexible control 
of the pulsation intensity. A multi-chamber extractor of the mixer
settler type on display at the Exhibition is particularly suited for work in 
hot cells. It has 17 stages, each of which is equipped with a pulsation 
mixer and a pump. All operate from one pulsator, which is connected 
with the extractor by a tubular collector. 

A pulsation pump, made of clear plastic, was shown operating with 
a closed fluid circuit. A filter-thickener with pulsed current regeneration 
was shown together with a pulsator. The principle of operation was 
demonstrated by the separation, in a closed-circuit system, of a suspension 
into a filtrate and a thickened pulp. 

High-efficiency packing material, developed for 76, 200, 600 and 
900 mm pulsation columns and possessing a permeability 2. 5 times that 
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A model of Tokamak-6, the 
latest of this series of thermo
nuclear devices. 

MaKeT HoaeH:meH MO,D;eJIH 

ToKaMaK-6 H3 cepHH Tep
MOH.n;epHbiX ycTaHOBOK, 

USSR/CCCP 

Model of OGRA-3 device. 

Mo,neJib ycTaHOBKH 
orPA-3. 
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of the materials normally used, was also shown. The efficiency of all the 
columns, from 76 mm to 900 mm, was the same, this being the main 
advantage of the packing material in question. 

A method of power generation which holds great promise for the 
future is nuclear fusion - the utilization of the energy released in the 
fusion of light elements. Fusion, a thermonuclear reaction, can occur 
only when the nuclear fuel (light elements) is heated to very high 
temperatures - some hundreds of millions of degrees. Almost all methods 
for producing and confining hot plasmas are based on the principle of providing 
thermal insulation by means of a magnetic field. 

Soviet scientists are engaged in an extensive program of thermonuclear 
fusion investigations, and the exhibits reflected the three main lines of 
research: 

1. Closed magnetic traps; 
2. Open magnetic traps; 
3. Devices of the "plasma focus" type. 

The first type was represented by a model of the latest Tokamak device 
Tokamak-6. This device is distinguished from its predecessors by the 
absence of a diaphragm limiting the diameter of the plasma column and by 
the arrangement of the copper stabilizing sheath. Tokamak-6 is being used 
for the verification of theoretical deductions. 

A model of LIN -5 demonstrated the operating principle of the devices 
used in the second line of research. LIN-5 is a device of the Ogra or 
PR-6 type, differing from them in that it has superconducting windings. 
In LIN-5, the magnetic trap is filled by injecting a beam of neutral atoms 
with an equivalent current of 0. 5 A. 

The third line of research was represented at the Exhibition by the 
working experimental device termed "Belka" (Squirrel). In this device, the 
plasma is produced by a capacitor bank discharge between two specially 
shaped electrodes in a deuterium gas atmosphere. The discharge proceeds 
in such a way that the plasma accumulates in a small volume of 0. 1 cm3 

(plasma focus). The density and temperature of the plasma at the focus 
are very high, which gives rise to thermonuclear reactions and neutron 
emission. The plasma in the "Belka" device can be observed through 
special windows. 

The large thermonuclear research program has stimulated intensive 
work in several allied fields of science and technology. Considerable 
success has been achieved, especially in high-current pulse technology 
and in the physics and engineering of powerful pulsed magnetic fields. The 
prerequisites now exist for using the technological knowledge gained in 
thermonuclear experiments to solve practical problems in other fields. 

A further Soviet exhibit was a magnetic-pulse device (MIS-5) designed 
for hermetically sealing reactor fuel element cans. The end of the tubular 
can material is introduced into a single-turn coil in which a strong pulsed 
magnetic field is induced. The magnetic pressure causes radial 
compression of the tube end, forming a "solid" rod. This process 
occurs without melting the metal, gives rise to virtually no welding seam 
and ensures 100% hermetic sealing of fuel elements. 

MIS-5 consists of a magnetic section (a pulsed, multiplex-operation 
solenoid) fed by a pulsed-current generator of the capacitance type. The 
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main characteristics of MIS-5 are: magnetic field strength 600 kOe; operating 
frequency 150 kHz; capacitor energy 40 kJ; and power consumption of 5 kW. 
The MIS-5 device, which is provided with a system for introducing the end 
of the tubular material into the coil for sealing, can operate automatically, 
performing up to 100 operations in an hour. 

Working installations, models, photographs and charts gave a graphic 
picture of Soviet achievements in the field of controlled fusion and 
illustrated some of the applications of thermonuclear technology. 

Five main branches of radiation technology were represented at the 
Exhibition: 

1. Radioisotopic power generation; 
2. Large irradiation devices; 
3. Apparatus for the elemental analysis of materials; 
4. Flaw detection; 
5. Therapeutic equipment. 

From the wide range of radioisotopic thermoelectric generators 
developed in the USSR, the Exhibition featured generators of the "Beta-S" 
and "Penguin" types, with strontium-90 sources, and a thermal energy 
generator which has a polonium-210 source; the latter is of the same type 
as that of the automatic lunar laboratory Lunokhod-1. The performance 
of these generators is impressive: The operating life of a "Beta-S" 
generator, which is widely used for powering automatic radiometeorological 
stations and other terrestrial installations, is 10 years; "Penguin" 
generators supply energy to stations measuring variations in the Earth's 
magnetic field; the polonium-210 generator supplying thermal energy to 
the thermostat system of Lunokhod-1 has been functioning for about a year. 

In the field of radiation chemistry, several commercial processes 
have been developed in the Soviet Union either for making the existing 
technology more efficient or for obtaining substances with valuable new 
properties. 

Among the processes belonging to the former category is the radiation
induced sulphochlorination of paraffin hydrocarbons, which was achieved 
in the Soviet Union on an industrial scale in 1966. The monosulphochloride 
resulting from the reaction is an intermediate in the production of highly 
efficient biodegradable emulsifiers and detergents. The radiation 
sulphochlorinator, a model of which was shown at the Exhibition, does not 
have the disadvantages inherent in existing photochemical sulphochlorinators 
and its productivity is approximately 20 times as high. Its compactness, 
its simplicity and virtually absolute safety of operation, its efficient 
( ~ 70o/o) utilization of radiation and its high economic efficiency indicate that 
the process has a great future in large-scale sulphochlorination. 

Also shown at the Exhibition was a flow diagram display illustrating 
equipment for the radiation-induced telomerization of ethylene. The 
equipment consists of two main parts - a telomerization section and a 
rectification section. The telomerization section has two radiation 
chemistry reaction vessels with a radiation utilization factor of 38o/o. Another 
type of equipment was represented by a functional diagram demonstrating 
the irradiation of polyethylene insulation of electric cables. An electron 
accelerator of the transformer type, ELT-1. 5, is used as ionizing 
radiation source. By means of a conveyor system, designed so as actually 
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to delimit the irradiation zone, the cables are passed repeatedly through 
the electron beam zone (beam scanning area 200 cm2). To allow for the 
screening effect of the cable core, the cable is turned through 180° 
(irradiation from two sides) or 90° (irradiation from four sides) after each 
traversal. 

By passing through the irradiation zone several times, the cables 
accumulate the required dose during "active" cycles which alternate with 
"idle" cycles. This system of "fractional" irradiation solves the problem 
of heat removal. The coefficient of radiation utilization in the polymer 
material is 70-85% when two conveyor systems are operated together. 
Models were also shown of various pilot-scale irradiation facilities: the 
"Issledovatel" ("Investigator"), UGU -200 and others. 

Various nuclear physics methods are being used successfully by 
Soviet scientists for analysing the composition of matter; of these, 
activation analysis and X-ray radiometry are the most widely used. The 
development of activation techniques has been helped by the wide use of 
different types of radiation sources, including new types developed in 
recent years especially for fundamental analysis. They include: nuclear 
reactors of the RG-1M and liN types; fast neutron generators of the 
NGI-1, NGI-4, NGI-5, NG-160A and NG-1501 types, with accelerator tubes 
evacuated and then sealed by welding; betatrons; microtrons; and 
neutron sources based on transuranium isotopes. 

Reactors of the RG-1M and liN types serve as a basis for the design 
and construction of standard activation analysis laboratories. 

A model of an activation analysis laboratory based on an liN solution
type reactor illustrated the techniques used for activation and measuring 
the activity of samples. 

Sub-critical assemblies (neutron multipliers) are also used for 
activation analysis, and a moving display illustrated the cycle of measure
ments performed with a neutron multiplier - a facility which enables one 
to obtain a flux of 1. 3 X 107 n/ cm2 · sec. The neutron multiplier illustrated 
at the Exhibition has one horizontal and three vertical channels equipped 
with pneumatic rabbit systems and a system for measuring induced 
activity. 

From the wide range of generators developed in the Soviet Union, the 
Exhibition featured a neutron generator of the NG-1501 type, which yields 
2 X 1011 n/ sec and is remarkably compact and reliable. 

Illustrating the industrial, automated activation analysis facilities 
which have been developed in the Soviet Union, a model was shown of the 
"Kislorod" ("Oxygen") system. Electronic systems for automating the 
analytical processes provide for programmed control of the facility and 
computation of the percentage concentration of the element of interest from 
induced-activity data. 

X-ray radiometric apparatus was represented by two instruments: 
"KTN-1", for determining tantalum and niobium in solutions, and "AZhR-1", 
for determining iron in powder samples. The sensitivity threshold is in 
the range 1 o-3 to 1 o-1%, while a determination takes up to 10 min. 

Radiographic methods are widely used in the Soviet Union for quality 
control. The flaw detectors which have been developed enable radiographic 
examinations to be made under almost any conditions. They are remark
ably compact and reliable, and can be reloaded without interruption of the 
production process. The "Gazprom" flaw detector is designed mainly for 
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ABOVE: The impressive display modelling the 
70 GeV proton accelerator at Serpukhov that 
formed a central feature of the USSR stand. 
RIGHT: The actual Serpukhov installation giving 
a clear picture of the diameter of the toroidal path. 

HABEPXY: Mo,lleJib CepnyxoscKoro npo
TOHHoro ycKOpHTeJill Ha :HieprHIO 70 r3B B 
u;eHrpallbHOH qaCTH coaercKoro pa3,n;ena 
BbiCTaBKH. 

CITPABA: 06111HH BH.ll CepnyxoscKoro npo
TOHHoro ycKOpHTellSI C H306pa)KeHHeM ,lUia

MeTpa TOpOH)];allbHOrO nyTH. 
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the examination of gas pipes; the "RID-11" is for use under factory conditions; 
the "Stapel" flaw detector is designed for use in shipyards. 

Optimization methods and techniques for automating irradiation 
procedures are widely used in radiotherapy. One of the Soviet exhibits was 
"Agat-V", a facility for irradiating malignant tumours in natural cavities 
of the human body. 

Recent advances in electronics are applied extensively in the Soviet 
Union in the manufacture of nuclear instruments. The use of semiconductor 
elements, and especially integral circuit elements, has lead to the develop
ment and routine production of instruments based on third-generation 
circuitry of increased stability, reliability and compactness. 

A large selection of nuclear instruments for dosimetry, concentration 
determination and spectrometry was shown in the Soviet section of the 
Exhibition. It included a full range of spectrometry instruments for 
detecting (by scintillation and solid-state techniques), amplifying, converting 
and recording signals associated with nuclear particles. 

One standardized set of detection units covers the entire energy range, 
with a caesium-137 gamma line resolution of 8. 5 to 12. 5 keV. It includes 
scintillators ranging in size from 25 mm diam. X 25 mm to 150 mm 
diam. X 100 mm, appropriate photomultipliers and a standardized electronic 
unit. A set of silicon and germanium solid-state detectors giving an 
improved resolution of 3 to 5 keV, with a minimum threshold of 0. 5 keV, 
has been developed to the stage of routine production. 

The "Langur" gamma spectrometer, developed for use with semi
conductor detectors, measures the spectra of X-ray and gamma photons with 
energies ranging from a few keV to 1 MeV. 

Recording instruments were represented by the AIMA-106_M and 
AI-256-6 analysers. 

The million-channel analyser AIMA-1d'-M enables one to measure an 
energy distribution represented in the form of pulse amplitudes, time inter
vals or sensor co-ordinates. With it one can, in addition, carry out pre
liminary processing of the input data which can also be displayed visually 
and transferred to external units. 

An important feature of the AlMA-106 -M analyser is the combination of 
a periodic memory in the form of a rapidly moving magnetic drum - used 
as the main memory unit - with an auxiliary memory for the intermediate 
storage of information. 

The multichannel analyser AI-256-6 is designed for use with scintil
lation and semiconductor detectors under laboratory and field conditions; 
it can accordingly be powered either from the mains or by accumulators. 

A highly original solution to the problem of building the memory unit 
of the AI-256-6 analyser made it possible to reduce substantially the cost 
of components while maintaining the storage capacity. The analyser has 
256 channels, each with a capacity of 216_1 (65535). 

The system for pulse amplitude conversion to digital form gives a 
differential non-linearity of± 2o/o over 9 8o/o of the scale. 

The cassiterite analyser MAK-1, based on the Moss bauer effect, may 
be regarded as an example of instruments for determining the composition of 
different substances. The analyser is designed for the rapid determination 
of the concentration by weight of tin oxide in powder samples, a technique 
employed in geology for evaluating deposits. In analyses of powder deposits, 
the range of tin concentrations which can be covered by the cassiterite analyser 
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is 0. 05o/o to 4o/o. The minimum sample amount is 1 to 3 g, while the mean 
time for a measurement is 10 to 15 min. 

Various types of accelerator, for both research and industrial use, 
were represented at the Exhibition. Among them was the 70 GeV proton 
synchrotron of the Institute of High-Energy Physics at Serpukhov. The 
maximum proton energy obtained with it so far is 76 GeV, while the 
maximum intensity achieved is 1. 5 X 1012 protons in a pulse; the latter is 
to be increased by the addition of a special booster. 

Scientists from all over the world - from the socialist countries, France, 
the United States of America, and from international organizations such as 
the Joint Institute for Nuclear Research at Dubna and CERN at Geneva - are 
taking part in various research programs. New transuranium elements 
with the atomic numbers 104 and 105 in Mendeleev's Periodic Table have 
been obtained by a group under Academician G. N. Flerov working with a 
multi charge ion accelerator (a 310 centimetre cyclotron) at JINR. The 
search for new transuranium elements using this machine is continuing. 

At the Exhibition, a model representing the "collective acceleration of 
charged particles" demonstrated the possibility of devising new particle 
acceleration methods based on the use of collective interactions. With 
collective methods, the accelerating field is produced by a group (bunch) of 
charges. The field strength is proportional to the number of charges in the 
bunch. The ions trapped by the electron bunch will be accelerated by the 
bunch's own field; the electron bunch itself may in turn be accelerated by 
external fields of moderate strength. The model showed the injector (a 
linear induction accelerator withE = 3 MeV and In= 2000 A per pulse), 
the ion trapping device (a.n;re3aTop) and the acceleration system with 
superconducting resonators. 

The linear electron accelerator LUE-15-10 is designed for use in 
radiation chemistry. Accelerator parameters were chosen such that it is 
possible to establish different irradiation regimes depending on the materials 
in question; the energy can be varied between 5 MeV and 15 MeV, while the 
electron beam power can be as high as 10 kW. The accelerator has a 
system for bending the beam through an angle of 90° and one for scanning an 
area of 500 em X 25 em. A further linear electron accelerator, LUE-8-5, 
is designed for industrial use - mainly for sterilizing medical instruments 
and blood transfusion systems as they pass on a conveyor. 

The energy of the accelerated electrons is 8 MeV, while the electron 
beam power is 5 kW. The accelerator also has a system for scanning 
an area of 500 em X 25 em. 

Soviet scientists and engineers at the Institute of Theoretical and 
Experimental Physics are working on equipment for the irradiation of small 
intracranial targets with a proton beam. A 7 GeV synchrotron is being 
used for this purpose. The accelerator is adapted so as to permit work 
with a 200 MeV proton beam, which is used for medical treatment 
during intervals between the main acceleration cycles. This work was 
described in the exhibit. 

A model representing stereotactic equipment for the irradiation of intra
cranial targets was shown at the Exhibition. 

The Soviet exhibits attracted the attention both of specialists attending 
the Conference and of the general public. Together with the Soviet papers 
presented at the Conference, they reflected the achievements of Soviet 
scientists in controlling the forces and discovering the secrets of Nature. 
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USSR/CCCP 

ABOVE: Third and fourth PWR units 
under construc\ion at the Novo
Voronezh Nuclear Power Station 
(August 1970). 

LEFT: Remote-control manipulator 
in the reactor hall of the Kurchatov 
Nuclear Power Station at Beloyarsk. 

HABEPXY: CrpoHTellbCTBO rpe
T hero H qeraeproro 6JIOKOB 
Hoao-Bopot-Ie;KcKoH aTOMHOH 

sneKrpocraHQHH (a Bryer 1970r.). 
CJIEBA: MaHHnynllrop c ,llHc
TaHQHOHHbiM yrrpaBJ1eHHeM B pe

aKTOpHOM 3ane Eenol!pCKOH 
8TOMHO:i1 3JieKTpOcTaHLU·Hf 

HM. 11.B.Kyp'laTOBa. 
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COI03 COBETCKMX COUMAJIMCTMl.JECKMX PECTIYEJIMK 

(An English translation precedes this text) 

ITpe.ncTaBJieHHbie B COBeTCKOM pa3.nene Hay<mo-TeXHii'leCKOH BbiCTaBK!i 

3KcnoHaTbi HBJIHJIHCb HarJIH.liHOi1 liJIJIIOCTpaQHei1 K MaTepHaJiaM IV )KeHeBcKoi1 

KOH~epeHQiil1 no M11pHOMY 11CnOJib30BaHHIO aTOMHOH 3Hepr!il1 li OTpaJKaJII1 .no

CT11lKeH11H COBeTCKiiX y'leHbiX 11 11HJKeHepOB B pa3BI1TI111 aTOMHOH HayKI1 11 Tex

HiiKii. B KliH03aJie Ha 70 MeCT .neMOHCTp!ipOBaJII1Cb 14 HOBbiX Hay'lHO-TeXH11-

'JeCK11X ~11JibMOB. HenpepbiBHO pa6oTano HeCKOJibKO aBTOMaTI1'leCKI1X KHHo

ycTaHOBOK. Ha BbiCTaBKe 6b!JI opraHI130BaH noKa3 KH!ir no aTOMHOH TeMaTI1-

Ke, 113.naHHbiX 3a nocne.nHI1e ro.noi B CoBeTCKOM Coro3e. 

,ILeMOHCTpaQI1H 3KCnOHaTOB 11 O~OpMJieHI1e BbiCTaBKI1 B MaKCHMaJibHOH 

Mepe OTBe'laJIH .neBH3Y KOH~epeHQiili - "aToM Ha cnyJK6e nporpecca". 

EOJibiiiOH pa3.neJI Bb!CTaBKii 6biJI nocBHII\eH pa3BiiTii!O aTOMHOH 3HepreTH

Kii B CoBeTCKOM Coro3e. CoBeTCKHH Coro3 oTHOCHTCH K 'lliCJiy cTpaH, xopo

IIIo o6ecne'leHHbiX npHpo.nHoiMH 3HepreTH'leCKHMH pecypcaMH. O.nHaKo, H3-

3a HX HepaBHOMepHoro pacnpe.neneHHH no Tepp!iTOp!i11 cTpaHbi, npoMbiiiiJieH

HOCTb EBponei1cKoi1 'JaCTI1 CCCP H Ypana, o6ecne'leHHa51 MaTepl1aJibHO-Tex

HH'lecKoi1 6a30H li CblpbeM, liCnbiTbiBaeT B03pacTaiOII\IiH .ne~lillliT 3KOHOMH'l

Hb!X TOnJIHB0-3HepreTH'leCKiiX pecypcOB, IT 03TOMY B 6JIHJKai1IIIee nHTHJieTHe 

npe.nyCMOTpeHO 3Ha'lHTeJibHOe pa3BiiTiie aTOMHOH 3HepreTHK!i nyTeM CTpoH

TeJibCTBa KpynHbiX 3JieKTpOCTaHQI1H C ycTaHOBKOH peaKTOpOB e.nHHii'lHOH MOII\

HOCTbiO 1 MJIH. KBT 1i Bbiiiie. K 1975 r . .liOJllKHbl 6biTb BBe.neHbl B .nei1CTB!ie 

aTOMHble 3JieKTpOCTaHQiili (A3 C) MOII\HOCTbiO 6-8 MJIH. KBT, a K 1980 r. o6-

II\a51 MOII\HOCT b A3 C COCTaBI1T 30 MJIH. KBT. 

Ha BbiCTaBKe 6oiJIH npe.ncTaBJieHbi MaKeTbi peaKTOpoB H aTOMHbiX sneK
TpocTaHQHi1, coopyJKaeMbiX H 3KcnnyaTHpyeMbiX B CoBeTCKOM Coro3e. K 'lHc

ny Ha!i60Jiee OCBOeHHbiX TlinOB peaKTOpOB OTHOC51TC51 peaKTOpbl KOpnyCHOrO 

THna, .nei1cTBYIOII\He Ha nepBOM H BTopoM 6noKax HoBo-BopoHeJKcKoi1 A3C H 

B MeneKecce, a TaKJKe ycTaHaBJIHBaeMbie Ha TpeTbeM H 'leTBepToM 6noKax 

HoBo-BopoHeJKcKoi1 A3C, Ha KonbcKoi1 A3C H .np. 3ToT Tlin peaKTopoB npe.n

cTaBJieH Ha BbiCTaBKe MaKeToM peaKTopa H .nHapaMoi1 KoJibCKoi1 A3C sneK
TpH'lecKoi1 MOII\HOCTbiO 440 MBT. 

IT epBaH aTOMHaH sneKTpocTaHUI151, nyll\eHHa51 B CoBeTCKOM Coro3e B 

1954 r., HMeeT peaKTop KaHaJibHoro THna c rpa~HTOBbiM 3aMe.nJIHTeJieM. 

3aTeM 6biJIIi nOCTpOeHbl 1i BBe.neHbl B 3KCnJiyaTaUHIO: B 1958 r.- C!i6Hp

CKa51 A3C B TpoHQKe - 100 MBT (sn), MOII\HOCTb KOTopoi1 Bnocne.ncTBiili 6LI

na .noBe.neHa .no 600 MBT (sn) nyTeM cTpoHTeJibCTBa .nonoJIHHTeJibHI>IX 6no

KoB; B 1964 r.- nepBLii1 H B 1967 r.- BTopoi1 6noKH Eeno51pcKoi1 A3C 

liM .11. B. Kyp'laToBa o611\ei1 MOII\HOCTbiO 300 MBT (sn) c peaKTopaMH TaKoro 

JKe THna. 3KcnnyaTaUHH peaKTopoB EeJio51pcKoi1 A3C npo.neMOHCTp!ipOBaJia 

liX BI>ICOKYIO pa.nHaQHOHHYIO 6e3onaCHOCTb li Ha.neJKHOCTb li .110Ka3aJia B03MOJK

HOCTb OCyll\eCTBJieHH51 H.llepHOrO neperpeBa napa B npOMI>IIIIJieHHbiX MaCIIITa6ax. 

YcTaHOBJieHHI>Ii1 Ha Bb!CTaBKe MaKeT BToporo 6noKa EenoHpcKoi1 A3C c .nHa

paMoi1 CTaHUiili .naeT npe.ncTaBJieHHe 0 KOHCTpyKQiili TaKHX peaKTOpOB. 

KaHaJibHhii1 npHHUHn KOHCTPYKUHH oKa3aJIC51 HacTOJibKO nepcneKTHB

HI>IM 1 'JTO 6b!JIO np!iH51TO peiiieHHe 0 pa3pa60TKe peaKTOpOB TaKOrO Tlina 

MOII\HOCTbiO .no 2000 MBT (sn). ATOMHa51 sneKTpocTaHUHH TaKoro Tlina c 

.ZIBYMH peaKTopaMH o611\ei1 MOII\HOCTbiO 2000 MBT (sn), coopyJKaeMaH cei1yac 

no.n JleHHHrpa.liOM 1 o6ecne'lliBaeT B03MOJKHOCTb OTITiiMii3aUiili TOTIJIIiBHOrO 
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1..111KJia 11 KOMnJieKTa'-11111 aKTHBHOH 30Hbl 113)\eJIHHMH, llp0113BO)IHil\HMHeH Kpyn

HOeepHHHO, 'ITO o6eene'IHBaeT HX BbleOKOe Ka'-!eeTBO npH HI13KOH eTOHMOeTH. 

MaKeT peaKTopa 11 )IHapaMa JleHHHrpa)leKoH: A3C )leMoHeTpHposanHeb Ha 

BbleTaBKe. 

EbieTpb!e peaKTOpbl n03BOJIHIOT HaH60Jiee 3ppeKTHBHO HenOJib30BaTb He

XO)IHOe H)lepHOe roproqee, npHMeHHH B TOnJIHBHOM I..IHKJie TaKJKe ypaH-238 11 

TOpHH:. B CCCP se)lyTeH HHTeHeHBHbre pa6oTbi no 6bieTpbiM peaKTopaM. 

Bene.11 3a eep11ei1: 3KenepHMeHTaJibHbiX 6hreTpbrx peaKTOpos He6oJibiiiOH Tenno
soH: MOil\HOeTH (EP-1, EP-2, EP-3, EP-5, E<I>C) B 1970 r. 6biJI sse)leH B 

eTpoH: onbiTHbiH: peaK Top EOP-60 TennosoH: MOil\HOeTbro 60 MBT. 3aKaH'-!H

saeTeH eTpOHTeJibeTBO A3C e peaKTopoM EH-350 e 3KBHBaJieHTHoi1: MOil\

HOeTbro 350 MBT (3JI) B r. IlleB'-!eHKO, eOBMeil\eHHOH e onpeeHHTeJibHOH yeT a

HOBKoH:. Ha'-!aTo eTpOHTeJibeTso TpeTbero 6noKa EenoHpeKoH: A3C MOil\

HOeTbro 600 MBT (:=~n) c peaKTopoM EH -600. 3KcnnyaTai..IHH 3THX Tpex peaK

Topos Ha 6biCTpb!X Heil:TpOHaX, MaKeTbl KOTOpb!X 6b!JIH npe)leTaBJieHbl Ha Bbie

TaBKe, )laeT B03MOJKHOCTb noJiy'IHTb He06XO)II1Mb!H On biT )IJIH IIIHpOKOrO CTpO

HTeJibCTBa MOil\Hb!X A3C C peaKTOpaMH TaKoro THna, 'ITO HBJIHeTCH reHepaJib

HOH JIHHHeH: pa3BHTHH aTOMHOH: ::~HepreTHKH. 

Ha BbiCTasKe 6biJIH TaKJKe npe)lcTasJieHbi HaTypHbie TennoBbi)IeJIHIOil\He 

C60pKH pH)Ia HCCJie)IOBaTeJibCKHX 11 3HepreTH'-!eCKHX peaKTOpOB. B '-!aCTHOC

TH, )leMOHCTpHpOBaJIHCb HCnapHTeJibHaH 11 naponeperpeBaTeJibHaH TOnJIHBHbie 

c6opKH BToporo 6noKa EeJioHpcKoH: A3C, c noMOil\bro KOTOpbiX ocyil\eCTBJIHeT

CH H)lepHb!H neperpeB napa (Bbiiiie 500°C), TenJIOBb!)leJIHIOil\He c6opKH JleHHH

rpa)ICKOH aTOMHOH 3JieKTpOCTaH1..1HH, npH 113rOTOBJieHHI1 KOTOpb!X HenOJib3yiOT

CH COBpeMeHHb!e )IOCTHJKeHHH H)lepHOH TeXHOJIOrHH JKaponpO'-!HblX '-IHPKOHHe

BbiX CnJiaBOB )IJIH Tpy6 )laBJieHHH 11 060JIO'-!eK CTepJKHeBb!X TenJIOBbi)IeJIHIOil\HX 

3JieMeHTOB C cep)le'-!HHKaMH 113 OKHCH ypaHa, KaCCeTa BTOporo 6JIOKa Hoso

BopoHeJKCKOH A3C, a TaKJKe HecKOJibKO KacceT .IIJIH peaKTopos Ha 6biCTpbiX 

HeHTpOHaX. 

3KOHOMHKa aTOMHOH 3HepreTHKH B 3Ha'-!HTeJibHOH Mepe 3aBHCHT OT Tex

HOJIOrHH nepepa6oTKH H)lepHoro roproqero. Ilp11 nro6oM cnoeo6e nepepa6oTKH 

K XHMH'-!eCKOH annapaType npe)l'bHBJIHIOTCH nOBbiiiieHHble Tpe6osaHHH B OTHOIIIe

HHH Ha)leJKHOCTHj 06H3aTeJibHOH HBJIHeTCH B03MOJKHOCTb )IHCTaHI..IHOHHOrO o6-

CJIYJKHBaHHH. TaKHM Tpe6osaHHHM oTseqaeT pa3pa6aTbiBaeMoe B CCCP nynb
cai..IHOHHoe o6opy.I\OBaHHe. Pa3pa6oTaHbl 3KeTpaKTOpbr, pHJibTpbr-crycTHTe

nH, Haeoebi, XHMH'-!eeKHe peaKTOpbl pa3JII1'-!HOro Ha3Ha'-!eHHH 11 T .n. IJynbca

I..IHOHHOe o6opy)IOBaHHe xapaKTepH3yeTCH Bb!COKOH 3ppeKTHBHOeTbiO 11 llOJI

HblM OTeyTeTBHeM .I\BHJKyil\HXeH 'laeTeil:. B 3THX annapaTaX pa60'-!He peareH

Tbl llO)IBepraiOTeH HI13KO'-!aeTOTHb!M B03BpaTHo-noeTynaTeJibHb!M KOJie6aHHHM, 

KOTOpb!e, B eBOIO 0'-!epe)lb, npeo6pa3yroTeH B )IBHJKeHHe He06XO)IHMOH pOpMbl 

(noeTynaTeJibHoe, spail\aTeJibHOe, enHpanbHoe 11 T • .11.) e noMOI!lbro Heno)IBHJK

Hb!X HanpaBJIHIOil\HX annapaTOB pa3JIH'IHOH KOHeTpyK'-11111. 

Ha BbieTaBKe 6biJI npe)leTasneH npoMbiiiiJieHHbiH nHeBMaTH'-!eeKHH nynb

eaTop. Ero KOHeTpYKI..IHH npe)lyeMaTpHBaeT )IJIHTenbHyro 3KennyaTai..IHIO 6e3 

peMOHTa 11 rH6Koe perynHposaHHe HHTeHeHBHOeTH nynbea'-11111. Oeo6eHHO 

Y.II06eH )IJIH pa60Tbl B ropH'IHX KaMepax na6opaTOpHb!H MHOrOKaMepHblH 3Ke

TpaKTOp THna eMeeHTeJib-OTeTOHHHK, npe)leTaBJieHHbiH Ha BbleTaBKe. An

napaT HMeeT 17 eTyneHeil:, KaJK)IaH 113 KOTOpb!X eHa6JKeHa nynbeai..IHOHHOH 

MeiiiaJIKOH 11 HaeoeOM. Bee 3TH yeTpoil:eTBa pa60TaiOT OT O)IHOrO nyJibeaTO

pa, eOe)IHHeHHOrO e 3KeTpaKTOpOM Tpy6'-!aTb!M KOJIJieKTOpOM. 

Ha BbieTasKe )leMoHeTpHposaneH )leil:eTBYIOil\HH nynbeai..IHOHHbiH Haeoe, 

eHa6JKeHHb!H 3aMKHyTb!M JKH)IKOeTHb!M KOHTypoM. Haeoe BblllOJIHeH 113 Op-
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raHHqeCKOro CTeKJia. <PHJibTp-crycTHTeJib C nyJibCaQHOHHOH TOKOBOH pere

HepauHeii: 6:E>IJI ycTaHOBJieH Ha cTeH,lle BMecTe c nynbcaTopoM. Ha cycneH-

3HH B 3aMKHYT:biX KOHTypax no qlliJibTpy H cryJIIeHHOH nyJibne ,lleMOHCTpHpo

BaJICH npHHI.IHII ,lleii:CTBHH ycTaHOBKH. 

El>IJI npe,liCTaBJieH TaK)Ke Ha6op naKeTHOH 3KCTpaKI.IHOHHOH HaCa,liKH ,liJIH 

nyJibCai.IHOHHDIX KOJIOHH ,liHaMeTpOM 76, 200, 600 li 900 MM. 3Ta HaCa,liKa 

o6na.11aeT no cpaBHeHHIO c H3BeCTH:E>IMH Haca,liKaMH B 2,5 pa3a 6onbmeii: npo

nycKHoii: cnoco6HOCTbiO li Bl>ICOKOH 3qlqleKTHBHOCTbiO. 3q}q}eKTHBHOCTb BCeX 

KOJIOHH OT 76 ,liO 900 MM O,liHHaKOBa, li 3TO HBJIHeTCH OCHOBH:b!M npeHMyJIIecT

BOM nO,li06Hoii: HaCa,liKH • 

.ll:JIH 3HepreTHKH 6y.lly111ero BeCbMa nepcneKTHBH:biM npe,llcTaBJIHeTCH HC

nOJib30BaHHe peaKuHii: cHHTe3a JierKHX 3JieMeHTOB. TepMOH,llepHaH peaKQHH 

MO)KeT npoTeKaTb JIHmb B cnyqae, KOr.lla H,llepHoe roproqee HarpeTo .110 oqeHb 

Bl>ICOKOH TeMnepaTyp:E>I - COTeH MHJIJIHOHOB rpa,llyCOB. B OCHOBY MHOrHX Me

TO,liOB y,llep)KaHHH ropH'Ieii: nJia3M:bl noJIO)KeH npHHQHn ee TepMOH30JIHQHH C 

nOMOJIIbiO MarHHTHOrO nOJIH. 

B CoBeTCKOM Coro3e npoBO.li.HTCH o6mHpH:ble HCCJie,ztoBaHHH no nporpaM

Me TepMOH,llepHOro CHHTe3a. IJpe,liCTaBJieHHl>Ie Ha B:biCTaBKe 3KCnOHaT:bl OT

pa)KaiOT ,liOCTH)KeHHH CoBeTcKoro Coro3a no TpeM ocHOBH:biM HanpaBJieHHHM 

TepMOH,llepHOH nporpaMM:bi: 

1 • 3aMKHYTDie MarHHTH:ble JIOBYIIIKH. 

2. 0TKp:biT:bie MarHHTH:E>Ie JIOBymKH. 

3. YcTpoii:cTBa THna "IJJia3MeHH:E>Iii: q)oKyc". 

IJepBOe H3 nepe'IHCJieHH:biX HanpaBJieHHH npe,liCTaBJieHO MaKeTOM HOBeii:

meii: MO,lleJIH ToKaMaKOB- ToKaMaKa-6. 3Ta ycTaHOBKa oTJIHqaeTCH oT npe

.lll>I,IJ;yJIIHX OTCYTCTBHeM ,liHaq}parM:b1 1 orpaHH'IHBaiOJIIeH ,liHaMeTp nJia3MeHHOrO 

mHypa, H 6JIH3KHM pacnOJIO)KeHHeM Me,liHOrO CTa6HJIH3HpyroJIIero KO)KyXa. Ha 

ycTaHOBKe ToKaMaK -6 npoBO,IJ;SITCH HCCJie,lloBaHHH no npoBepKe Bl>IBO.!IOB TeopHH. 

MaKeT ycTaHoBKH JIHH-5 ,lleMOHCTpHpyeT ycTpoii:cTBO H npHHI.IHn .zteii:cT

BHH ycTaHOBOK BTOporo HanpaBJieHHH. JIHH-5 - ycTaHOBKa THna Orp:bl HJIH 

IJP-6, OTJIH'IaiOJIIaSICH O,liHaKO OT HHX HaJIH'IHeM CBepxnpoBO,liHIIIHX 06MOTOK. 

3anOJIHeHHe MarHHTHOH JIOBymKH nJia3MOH OCyJIIeCTBJI.IIeTCH B JIHH-5 HH)KeK

I.IHeii: nyqKa Heii:TpaJibH:biX aTOMOB C 3KBHBaJieHTH:biM TOKOM 0,5 A. 
TpeTbe HanpaBJieHHe npe,liCTaBJieHo Ha Bl>ICTaBKe ,lleii:cTBYIOJIIeii: 3KcnepH

MeHTaJibHOii: ycTaHOBKOH "EeJIKa 11
, IJJia3Ma B 3TOH ycTaHOBKe C03,ztaeTCH npH 

pa3pS!,lle KOH,lleHCaTOpHOH 6aTapeH Me)K,lly .!IBYMH 3JieKTpO,llaMH cneQHaJibHOH 

q)opM:bi B ,lleii:TepHeBOM ra3e. Ilpol.lecc pa3pH,lla npoTeKaeT TaK, 'ITO nJia3Ma 

CTHrHBaeTCH B MaJI:biH 06':beM -0,1 CM 3 (nJia3MeHH:biH qlOKyc). KOHI.IeHTpa

J.IHH H TeMnepaTypa nJia3M:bl B qlOKyce ,liOCTHraiOT Bl>ICOKHX 3Ha'leHHii:, 'ITO 

npHBO,liHT K TepMOH,ztepH:biM peaKI.IHHM H nOHBJieHHIO Heii:TpOHOB. IJJia3MY B 

ycTaHOBKe 11 EeJIKa 11 MO)KHO 6:E>IJIO Ha6JIIO,IlaTb qepe3 cnei.IHaJibH:ble OKHa. 

OcyJIIecTBJieHHe mHpoKoii: nporpaMM:E>I pa6oT no npo6neMe TepMOH.llep

Horo CHHTe3a CTHMyJIHpOBaJIO HHTeHCHBHOe pa3BHTHe p.H,lla CMelKH:biX 06Jiac

Teii: HayKH H TeXHHKH. EOJibmHe ycneXH 1 B 'laCTHOCTH, 6l>IJIH ,llOCTHrHyT:bl B 

o6JiaCTH CHJibHOTO'IHOH HMnyJibCHOH TeXHHKH, a TaK)Ke B 06JiaCTH qlH3HKH 

H TeXHHKH CHJibH:biX HMnyJibCH:biX MarHHTH:blX noneii:. El>IJIH C03,ztaH:bl npe,zt

nOC:biJIKH ,liJIH HCnOJib30BaHHH ,llOCTHJKeHHH TeXHHKH TepMOH,IlepHOrO 3KCnepH

MeHTa ,llJIH pemeHHH npHKJia,liH:biX 3a,lla'l. 

Ha Bl>ICTaBKe 6:E>IJia npe,llcTaBJieHa ,lleii:cTByrollla.H MarHHTHo-HMnynbcHaH 

ycTaHOBKa MHC-5, npe.ZIHa3Ha'leHHaH .ZIJIH repMeTH3ai.IHH 3aJIIHTH:E>IX o6ono
'leK TenJIOB:bi,lleJIHIOJIIHX 3JieMeHTOB (TB3JI) aTOMH:biX peaKTOpOB • .ll:JIH OCyJIIeCT

BJieHHH npol.leCCa repMeTH3a1.1HH KOHeQ 3aJIIHTHOH 060JIO'IKH BBO,IlHTCH BHyTpb 
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An exact replica of the Lunokhod-1, the Soviet remote-controlled exploratory vehicle on the moon, was a 
particular feature of the exhib1t. The moon vehicle uses a polonium-210 powered thermal energy generator 
to operate the vehicle's thermostat system. 

Mo,lleJib COBeTCKOft 8BTOMaTH1.JeCKOft CT8HUHH "JiyHOXO.z:t-1" .ztJIH HCCJie,ll;OBaHHH llYI-IHOH: flOBepx

HOCTH 6biJI8 HaH60Jiee npHMettaTeJibi-IbiM 3KCflOH8TOM BbiCT8BKH. reHepaTOp TeOJIOBOft 3HeprHH 

Ha nOJIOHHH-210 o6ecnel.UiB8eT TepMOCT8THpyrDIQyiO CHCTeMy 3TOtf CTaHUHH. 

The "'Rokus"' 4000 Ci 6°Co a-therapy device (2 em diam. beam). 

raMMa-repaneBTIP-IeCKaH ycTaHOBKa 11 POKyc" C HCTOYHHKOM 6°CQ MOll{HOCTbiO 4 QQQ KH (.ztHaMeTp 

ny«Ka nyqa-2 eM}. 
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O,liHOBI1TKOBOrO COneHOI1,lla, B KOTOpOM B036yJK,naeTCH Cl1nbHOe 11MnynbCHOe 

MarHI1THOe none. IJo,n ,neifCTBI1eM MarHI1THOrO ,naBneH11H Tip011CXO,lii1T pa,nl1-

anbHOe CJKaTI1e KOHLI a Tpy6KI1, 3aBepmaiOmeeCH o6pa30BaHI1eM MOHOni1THOrO 

CTepJKHH. IJpOl.leCC np011CXO,lii1T 6e3 pacnnaBneHI1H MeTanna, a CBapHOH illOB 

npaKTI1"!eCK11 OTCyTCTByeT. 3TO o6ecne"!I1BaeT 100o/o-IO rapaHTI110 repMe

TI1"1HOCTI1 TB3nOB. 

YcTaHOBKa MllC-5 COCTOI1T 113 MarHI1THOrO 11HCTpyMeHTa - 11MTiynbCHO

ro coneHOI1,na MHoroKpaTHoro ,neiicTBI1H 11 n11Ta10mero ero reHepaTopa 11M

nynbCHoro TOKa eMKOCTHOrO Tl1na. 0CHOBHble xapaKTep11CTI1K11 ycTaHOBKI1 

MHC-5: 
AMnni1TY,llbl MarHI1THOro nonH - ,110 600 K3 

Pa6o"!aH "'acToTa - ,no 150 rKLI 

3anac 3Hepr1111 B 6aTapee - ,no 40 K,nJK 

IJ OTpe6nHeMaH MOillHOCTb - 5 KBT. 

YcTaHOBKa MHC-5, yKoMnneKTOBaHHaH ycTpoiicTBOM ,nnH no,na"'l1 repMeTI1311-

pyeMbiX 113,llenl1ii B 11H,llyKTOp, MOJKeT pa6oTaTb B aBTOMaTI1"!eCKOM peJKI1Me C 

np0113BO,lii1TenbHOCTbiO ,110 100 onepa1.111ii B "'aC. 

,lleiiCTBYIOilll1e ycTaHOBK11 1 MaKeTbl 1 !poTorpaq>HI1 11 Ta6nl1l.lb! 1 npe,ncTaB

neHHble Ha BbiCTaBKe, ,na!OT HarnH,nHoe npe,ncTaBneHI1e o ,nocTI1JKeHI1HX CCCP 

B o6naCTI1 ynpaBnHeMoro CI1HTe3a 11 HeKOTOpbiX TeXHOnOrl1"!eCKI1X np11MeHe

HI1H TeXHI1KI1 TepMOH,llepHoro 3KCnep11MeHTa. 

Pa,nl1al.II10HHaH TeXHI1Ka 6bina npe,ncTaBneHa Ha BbiCTaBKe TIHTbiO OCHOB-

Hb!MI1 HanpaBneHI1HM11: 

1) pa,lii101130TOTIHaH 3HepreT11Ka, 

2) MOillHble pa,ll11al.II10HHble ycTaHOBKI1 1 

3) annapaTypa 3neMeHTHoro aHanl13a cocTaBa BemecTBa, 

4) ,ne!peKTOCKOTII1H, 

5) TepaneBTI1"!ecKaH annapaTypa. 

113 ill11pOKOrO Knacca pa,lii101130TOTIHbiX TepM03neKTp11"!eCK11X reHepaTO

poB, pa3pa6oTaHHbiX B CCCP, Ha BbiCTaBKe 6binl1 npe,ncTaBneHbi reHepaTo

pbi Ha CTp0Hl.ll111-90 Tl1na "EeTa-C" 11 11 Ili1HrBI1H 11
, a TaKJKe reHepaTOp Tenno

BOM 3Hepr1111 Ha nonoHI111-210, ycTaHOBneHHbiM Ha aBTOMaTI1"!eCKOM nyHHOM 

na6opaTOp1111 "JlyHOXO,ll-1 11
• reHepaTOpbl o6na,naiOT Bb!COK11M11 3KCTinyaTa

l.II10HHbiMI1 xapaKTep11CTI1KaMI1; TaK, CpOK cnyJK6bi reHepaTopa 11 EeTa-C 11 

COCTaBnHeT 10 neT, OH ill11pOKO 11CTIOnb3yeTCH ,llnH TII1TaHI1H aBTOMaTI1"!eCKI1X 

pa,ni10MeTeoponorl1qecKI1X CTaHl.II1H 11 ,npyri1X yCTpOHCTB Ha3eMHOrO Ha3Ha"!e

H11H. reHepaTop 11 Ili1HrBI1H 11 11CTIOnb3yeTCH ,llnH TII1TaHI1H MarHI1THbiX Bap11a

l.II10HHbiX CTaH1.111H. reHepaTOp Ha TIOnOHI111-210 OKOnO ro,na o6ecne"!I1BaeT 

TennoBOH 3Hepr11eii TepMOCTaTI1PYIOillYIO CI1CTeMy 11 JlyHOXO,lla -1" • 

B CoBeTcKoM Co103e ocymecTBneHbi B npOMbimneHHOM MacmTa6e He

CKOnbKO pa,nl1al.II10HHO-XI1MI1"!eCKI1X npOl.leCCOB C 1.1enb10 3!p!peKTI1BHOrO yco

BepmeHCTBOBaHI1H cymeCTBYIOilleH TeXHOnOrl111 1 a TaKJKe nony"!eH11H BemeCTB 

C HOBbiMI1 l.leHHbiMI1 CBOHCTBaMI1. 

K "!11cny pa,nl1al.II10HHo-xi1MI1"!ecKI1X npo1.1eccoB, np11BO,l1Hml1x K ycoBep

meHCTBOBaHI1IO cymeCTBYIOilleM TeXHOnOrl111 1 OTHOCI1TCH pa,n11a1.1110HHOe cynb

!poxnOp11pOBaHI1e napa!pi1HOBbiX yrneBo,nopo,noB, ocymecTBneHHoe B CCCP B 

npOMblillneHHOM MacmTa6e B 1966 r. IJony"!aiOmi1MCH B pe3ynbTaTe peaKl.ll111 

MOHOcynb!pOXnOp11,!1 HBnHeTCH nonynpo,nyKTOM B np0113BO,liCTBe Bb!COK03!p

!peKTI1BHbiX 611opa3naraeMbiX 3MynbraTOpOB 11 ,neTepreHTOB. IJpe,liCTaBneH

HbiH B Bl1,lle MaKeTa pa,n11a1.1110HHbiH cynb!pOXJIOpaTop Tl1na 3PC-10 n11meH He

,liOCTaTKOB, np11cym11X cymeCTBYIOilli1M !pOTOXI1M11"!eCK11M cynb!poxnopaTOpaM. 

IJp0113BO,lii1TenbHOCTb pa,nl1al.II10HHOro cynb!poxnopaTopa 3PC-10 np11MepHO 

B 20 pa3 Bblille np0113BO,lii1TenbHOCTI1 !pOTOXI1MI1"!eCKOrO. 
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KoMrraKTHocT:o ycTaHOBKH, rrpocToTa ee rrpaKTHtiecKoro HcrroJI:03oBaHHH, 

BblCOKaH CTerreH:O 3<P<PeKTHBHOCTH HCI10Jib30BaHHSI H3JiytieHHSI (-70o/o), rrpaK

TH'IeCKH a6COJIIOTHaH 6e30IIaCHOCT:O o6cJiy)J(HBaHHSI, a TaK)J(e Bb!COKHe 3KOHO

MHtieCKHe IIOKa3aTeJIH ,ljeJiaiOT ycTaHOBKy BeC:OMa rrepcrreKTHBHOH ,ljJISI HCIIOJI:0-

30BaHHSI B KpyrrHoMacniTa6HoM rrpoH3BO,l1CTBe. Ha BbicTaBKe 6J>rna rrpe,llcTaB

JieHa TaK)J(e TeXHOJIOrHqecKaSI CXeMa pa,11Hai..IHOHHOH TeJIOMepH3a1..1HH 3THJieHa. 

TeXHOJIOrH'IeCKaSI CXeMa COCTOHT H3 ,11BYX OCHOBHb!X qacTeif: OT,ljeJieHHSI 

TeJIOMepH3ai..IHH H OT,lleJieHHSI peKTHi>HKai..IHH. 0T,11eJieHHe TeJIOMepH3ai..IHH 

HMeeT ,11Ba pa,liHai..IHOHHO-XHMH'IeCKHX peaKTOpa C K03i>i>H'-IHeHTOM HCIIOJI:0-

30BaHHSI H3JiyqeHHSI 38o/o. BTOpOH THII ycTaHOBOK rrpe,liCTaBJieH KHHeMaTH'IeC

KOH CXeMOH 06JiytieHHSI IIOJIH3THJieHOBOH 3JieKTpH'IeCKOH H30JISI1..1HH Ka6eJI:OH:OIX 

H3,11eJIHH. B Ka'IeCTBe HCTO'IHHKa HOHH3HpyiOII1ero H3Jiy'IeHHSI HCI10Jio3yeTCSI 

ycKopHTeJI:o 3JieKTpOHOB TpaHc<PopMaTopHoro THrra 3JIT-1 ,5. KoHBeifepHoe 

ycTpOHCTBO, i>OpMHPYIOII1ee co6cTBeHHO 30HY o6JiytieHHSI 1 I103BOJIS!eT rrporryc

KaT:O Ka6eJI:OHbie H3,11eJIH5! B 30He 3JieKTpOHHOrO rryqKa (I11IOII1a,l1o pa3BepTKH 

IIY'IKa 200 CM2 ) MHOrOKpaTHO C IIOBOpOTOM Ha 180° IlOCJie Ka)J(,liOrO IIpOXO,lla 

,11115! ycTpaHeHH5! 3KpaHHpyiOII1ero 3<P<PeKTa )J(HJibl (.l1BYCTOpOHHee 06JiytieHHe) 

HJIH C IIOBOpOTOM Ha 90° (tieTbipeXCTOpOHHee 06JiytieHHe), 

MHoroKpaTHoe rrporrycKaHHe Ka6en:oHoro H3,11eJIH5! qepe3 30HY o6JiytieHH5! 

I103BOJISieT Ha6paT:O Tpe6yeMyiO ,1103Y OT,ljeJI:OHblMH 1..1HKJiaMH 1 qepe,11yiOII1HMHCSI 

C Hepa60'IHMH I..IHKJiaMH. TaKa5! CHCTeMa 11 ,11p06Horo 11 o6JiytieHHSI pemaeT rrpo6-

JieMy TeiiJIOOTBO,lja, Ko3<P i>HI..IHeHT HCIIOJI:030BaHHSI H3JiytieHHSI B IlOJIHMepHOM 

MaTepHaJie IIpH COBMell1eHHbiX .l1BYX KOHBeifepHbiX CHCTeMaX COCTaBnHeT 70 + 85o/o. 

EbiJIH rrpe,llcTaBJieHbi TaK)J(e MaKeTbi pa3JIH'IHbiX o6nytiaTeJI:OHbiX ycTaHOBOK 

HCCJie,liOBaTeJI:OCKOrO H IlOJiyiipOMblillJieHHOrO THIIa: 11 11CCJie,l10BaTeJI:011 
1 

YrY-200 H ,11p. 

B CCCP ycrremHo Hcrron:o3yiOTcH pa3JIH'IHbre H,11epHo-<PH3HtiecKHe MeTO,llbi 

aHaJIH3a COCTaBa Bell1eCTBa, H3 KOTOpbiX HaH60JI:OIDee IlpaKTH'IeCKOe IIpHMe

HeHHe HaXO,liHT aKTHBai..IHOHHbiH H peHTreHopa,liHOMeTpH'IeCKHH. Y CIIeillHOMy 

pa3BHTHIO aKTHBai..IHOHHbiX MeTO,liOB CITOC06CTBOBaJIO illHpOKOe HCIIOJI:030BaHHe 

pa3H006pa3Hb!X HCTO'IHHKOB H3JiytieHHH, B TOM 'IHCJie HOBbiX 1 C03,11aHHbiX B 

TetieHHe rrocne,liHHX neT crre'-IHaJI:oHo ,liJIH 1..1eJieif 3JieMeHTHoro aHaJIH3a. K 

HHM, B tiaCTHOCTH 1 OTHOC5!TCSI aTOMHbie peaKTOpbl THrra Pr-1 M H 1111H, re

HepaTOpbl 6biCTpbiX HeHTpOHOB C OTKa'IHbiMH H 3aiTaHHHblMH YCKOpHTeJI:OHbi

MH Tpy6KaMH THrra Hrl1-1, Hrl1-4, Hrl1-5, Hr-160A, Hr-15011, 6eTaTpo

H~>r, MHKpOTpOHbi, a TaK)J(e TpaHcypaHOBble H30TOI1Hble HCTO'IHHKH HeHTpO

HOB. 

Ha 6a3e peaKTopoB Pr-1 M H 1111H co3,11aHbi THIIOBJ>re rrpoeKTbi na6opaTo

pHif aKTHBai..IHOHHOrO aHaJIH3a. 

MaKeT na6opaTOpHH aKTHBai..IHOHHOro aHaJIH3a Ha 6a3e peaKTopa pacT

BOpHoro THIIa 11I1H IIOKa3biBaeT TeXHOJIOrHIO IlpOBe,lleHHSI aKTHBai..IHH H H3Me

peHHSI aKTHBHOCTH o6pa31..10B. 

,Il;JISI '-leJieH aKTHBai..IHOHHOrO aHaJIH3a HCI10JI:03YIOTCSI TaK)J(e I10,11KpHTHtiec

KHe C60pKH (HeHTpOHHble pa3MHO)J(HTeJIH); Ha KHHeMaTH'IeCKOH CXeMe 6hiJI 

IlOKa3aH I..IHKJI H3MepeHHH, IIpOBO,ljHMbiX C HCIIOJI:030BaHHeM HeHTpOHHOrO pa3-

MHO)J(HTeJISI. HeifTpOHHbiH pa3MH0)J(HTeJI:O I103BOJIS!eT IIOJIY'IHT:O IIOTOK 

1 ,3·10
7 

HeifTp/cM
2 

• CeK. B ycTaHOBKe HMeeTCSI TpH BepTHKaJI:OHb!X H O,ljHH 

ropH30HTaJI:OHbiH KaHaJI, CHa6)J(eHHb!e IIHeBMOIIO'ITOH H CHCTeMOH H3MepeHHSI 

HaBe,lleHHOH aKTHBHOCTH. 

113 mHpoKoro KJiacca pa3pa6oTaHHb!X reHepaTopoB Ha BhiCTaBKe 61>IJI 

rrpe,liCTaBJieH HeifTpOHHbiH reHepaTop THIIa Hr-150 11, ,11aiOII1HH Bb!XO,ll 

2 •10
11 

HeHTp/ ceK H OTJIH'IaiOII1HHCSI Bb!COKOH KOMIIaKTHOCT:OIO H Ha,lle)J(HOCT:OIO. 
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ll3 pa3pa6oTaHHb!X npOMblillJieHHb!X aBTOMaTH3HpOBaHHb!X ycTaHOBOK 

Ha Bb!CTaBKe 6b!Jl npe,llCTaBJieH MaKeT CHCTeMbl 11 KHCJIOpO,Il 11
, 3JieKTpOHHb!e 

ycTpoi:fcTBa aBTOMaTH3al.IHH npo1.1ecca aHaJIH3a o6ecne-qHBaiOT nporpaMMHOe 

ynpaBJieHHe ycTaHOBKOH H Bb!"qliCJieHHe npOI.IeHTHOro CO,IlepJKaHH~ onpe,lleJI~e

MOrO 3JieMeHTa no ,llaHHb!M 0 HaBe,lleHHOH aKTHBHOCTH. 

PeHTreHopa,llHOMeTpH-qecKa~ annapaTypa npe,llCTaBJieHa B BH,Ile .llBYX 

npH6opoB: "KTH-1", npe,llHa3Ha-qeHHoro ,llJI~ onpe,lleJieHH~ TaHTana H HH0-

6H~ B pacTBOpax, H "A)l(P-1", cnyJKamero ,llJI~ onpe,lleJieHH~ JKeJie3a B no

pomKOBbiX npo6ax. IT opor -qyBcTBHTeJibHOCTH ne JKHT B npe,llenax 

10"3 + 1 o·l o/o' ,llJIHTeJibHOCTb onpe,lleJieHH~ - ,llO 10 MHHYT. 

B CCCP mHpOKo HcnoJII>3yiOTc~ pa,llHorpaqm-qecKHe MeTO.Ilbi onpe,lleJieHH~ 

Ka-qecTBa npO.IlYKLIHH. Pa3pa6oTaHHbie ,lle!peKTOCKOnbi no3BOJI~IOT npOBO.IlHTb 

pa,llHorpa!pHro npaKTH-qecKH B nro6biX ycJIOBH~x. AnnapaTbi OTJIH"qaJOTc~ KOM

naKTHOCTbiO, Ha,lleJKHOCTb!O H n03BOJl~IOT npOH3BO,IlHTb nepe3ap~.llKY ,lle!peKTO

CKOnOB B npOH3BO,IlCTBeHHb!X yCJIOBH~X. ,Ue!peKTOCKOn THTia "ra3llpOM 11 npe,ll

Ha3Ha-qeH B OCHOBHOM ,llJl~ ,lle!peKTOCKOnHH Tpy6 Ha ra30llpOBO,IlaX, "Pll,U -11 11 
-

,llJI~ npHMeHeHH~ B 3aBO,IlCKHX ycJIOBH~X H "CTaneJib 11 
- ,llJI~ KOpa6JieCTpOH-

TeJibHb!X 3aBO,IlOB. 

E npaKTHKe Jiy-qeBOH TepanHH illHpOKO HCnOJib3YIOTC~ MeTO,Ilbl OTITHMH3a-

1.1HH npo1.1eccoB o6ny-qeHH~ H HX aBTOMaTH3al.IH~. Ha BbiCTaBKe 6b!Jl npe,llcTaB

neH, B -qacTHOCTH 1 annapaT 11 AraT-B 11
, npe,llHa3Ha-qeHHbiH ,llJl~ o6ny-qeHH~ 3JIO

Ka-qeCTBeHHb!X HOB006pa30BaHHH, JIOKaJIH30BaHHb!X B nOJIOCT~X TeJia -qeJIOBe

Ka. 

B COBeTCKOM ~,llepHOM npH60pOCTpOeHHH illHpOKO HCnOJib3YIOTC~ ,llOCTH

JKeHH~ COBpeMeHHOH 3JieKTpOHHKH. IlpHMeHeHHe nonynpOBO,IlHHKOBb!X H, B 

nepByiO o-qepe,llb 1 HHTerpaJibHb!X 3JieMeHTOB n03BOJIHJIO pa3pa6oTaTb H OCBO

HTb cepHHHbiH BI>InyCK npH6opOB C HCnOJib30BaHHeM CXeM TpeTbero llOKOJie

HH~, 06Jia,llaiOU1HX nOBb!illeHHb!MH XapaKTepHCTHKaMH no CTa6HJibHOCTH, Ha

,lleJKHOCTH H KOMnaKTHOCTH. 

B pa3,1leJie ~.llepHoro npH6opocTpoeHH~ 6b!JI npe,llcTaBJieH mHpOKHH Kpyr 

npH60pOB ,llJl~ ,ll03HMeTpHH, onpe,lleJieHH~ CO,IlepJKaHH~ BemeCTB H cneKTpO

MeTpHH. TaK, B pa3,1lene cneKTpoMeTpHH npe,llcTaBJieHa BC~ raMMa npH6o

poB, o6ecne-qHBaiOmHX ,lleTeKTHpOBaHHe (Cl.IHHTHJIJl~l.IHOHHOe H nonynpoBO,IlHH

KOBOe), YCHJieHHe, npeo6pa30BaHHe H perHCTpal.IHIO ~,llepHb!X -qaCTHI.I. 

YHHi±JHLIHPOBaHH:biH p~.ll 6noKoB ,lleTeKTHpOBaHH~ oxBaTbiBaeT Becb 3Hep

reTH-qecKHi:f ,llHana30H C pa3pemeHHeM no raMMa-JIHHHH l.le3H~-137 OT 8,5K3E 

,llO 12,5 K3E. B Ha6op BXO,Il~T Cl.IHHTHJIJI~TOpb! pa3MepoM OT ¢25X25 MM ,llO 

¢150 X 100 MM, a TaKJKe COOTBeTCTBYIOmHe !pOTOYMHOJKHTeJIH H yHHi±JHLIHPO

BaHH:b!H 3JieKTpOHHb!H 6JIOK. C 1.1eJib!O yBeJIH-qeHH~ pa3pemeHH~ pa3pa6oTaH H 

cepHHHO OCBOeH Ha6op noJiynpoBO,IlHHKOBbiX KpeMHHeB:b!X H repMaHHeBb!X ,lle

TeKTOpOB, KOTOpble o6ecne-qHBa!OT pa3pemeHHe OT 3 ,llO 5 K3E npH MHHHMaJib

HOM nopore 0,5 K3B. 

,UJI~ pa60T:bl C llOJiynpOBO,IlHHKOBb!MH ,lleTeKTOpaMH npe,llCTaBJieH raMMa

cneKTpOMeTp "JiaHryp", KOTOpb!H n03BOJI~eT H3Mep~Tb cneKTpbl peHTreHOB

CKOrO H raMMa-H3Jiy-qeHHH B ,llHana30He 3HeprHi:f perHCTpHpyeMb!X KBaHTOB 

OT HeCKOJlbKHX KHJ103JieKTpOHBOJibT ,llO Mera3JieKTpOHBOJlbT. 

B Ka-qecTBe perHcTpHpyromHx npH6opoB 6:biJIH npe,llcTaBJieH:bi aHaJIH3aTo

p:bi AllMA-106 -M H All-256-6. 

MHJIJIHOHKaHaJibHbiH aHaJIH3aTop AllMA-106 -M n03BOJI~eT H3Mep~Tb pac

npe,lleJieHHe 3HeprHi:f, npe,llCTaBJieHHOe B BH,Ile aMnJIHTY.Il HMTIYJlbCOB, HHTepBa

JIOB BpeMeHH, KOOp,llHHaT ,llaT"qliKOB. 
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KpoMe Toro, aHaJIH3aTop IT03BOJI5IeT rrpoBo,n;HTh rrpe,n;BapHTeJihHYIO o6pa-

60TKY Ha6paHHOH HH~OpMaQHH 1 a TaKJKe ee BH3yaJihHOe Ha6JIIO,n;eHHe H Bb!BO,ll; 

Ha BHeiJIHHe ycTpOHCTBa. 

Cyll1eCTBeHHOH oco6eHHOCThiO aHaJIH3aTopa A11MA-106 -M HBJIHeTcH co

-qeTaHHe rrepHO,n;H-qecKoro 3arroMHHa10111ero ycTpoiicTBa (3. Y.) Ha 6blcTpo

,n;eiicTBYIOII1eM MarHHTHOM 6apa6aHe 1 HCITOJih3yeMOM B Ka-qeCTBe OCHOBHOrO 

3af!OMHHa10111ero ycTpOHCTBa, H aCCOQHaTHBHOrO 3. Y. ,ll;JI51 ripOMelKyTO'-IHOrO 

XpaHeHH51 HH~OpMaQHH. 

MHoroKaHaJihHhii1 aHaJIH3aTop A11-256-6 rrpe,n;Ha3Ha-qeH ,n;JIH pa6oThi co 

CQHHTHJIJI51QHOHHblMH H f!OJiyripOBO,ll;HHKOBbiMH ,n;eTeKTOpaMH B Jia6opaTOpHb!X 

H f!OJieBb!X YCJIOBH51X 1 ,ll;JI51 -qero OH o6ecrre-qeH B03MOlKHOCThiO f!HTaHH51 KaK 

OT rrpOMb!IJIJieHHOH ceTH 1 TaK H OT aKKyMyJIHTOpHbiX 6aTapei1. 

B aHaJIH3aTope opHrHHaJihHO peiiieHa rrpo6JieMa rrocTpoeHHH 3arroMHHaro-

111ero ycTpOHCTBa, -qTO ,n;aJIO B03MOlKHOCTh pe3KO COKpaTHTh 3aTpaTbl 3JieMeH

TOB rrpH COXpaHeHHH MeTpH-qecKHX xapaKTepHCTHK. AHaJIH3aTop HMeeT 256 

KaHaJIOB rrpH eMKOCTH KaJK,n;oro KaHaJia 2 16 -1 (65535). 

IJpeo6pa30BaTeJib aMITJIHTy,n; HMITYJihCOB B l.IH~pOBOH KO,ll; o6ecrre-qHBaeT 

,ll;H~~epeHQHaJihHYIO HeJIHHeHHOCTh ± 2o/o Ha 98o/o IJIKaJibl. 

B Ka-qecTBe ripHMepa rrpH6opOB ,liJI51 orrpe,neJieHH51 COCTaBa Bell1eCTBa MO

lKeT 6biTh paccMoTpeH Mecc6ay3pOBCKHi1 aHaJIH3aTop KaccepHTa MAK-1. 

AHaJIH3aTop rrpe,n;Ha3Ha-qeH ,n;JIH 3KCTpeHHoro orrpe,n;eJieHHH BecoBoro co,n;ep

JKaHHH OKHCJia OJIOBa B ITOpOIJIKOBb!X rrpo6aX 1 qTO HaXO,liHT ripHMeHeHHe B re

OJIOrHH rrpH rro,n;CqeTe 3af!aCOB MeCTOpOJK,n;eHHH. ,UHarra30H H3Mep51eMh!X KOH

QeHTpa!.IHH OJIOBa 1 BXO,D;51111ero B KaccepHT rrpH aHaJIH3e riOpOIIIKOBb!X rrpo6, 

0 ,05o/o 7 4%. Heo6xo,n;HMa51 HaBecKa 1 7 3 rpaMMa. Cpe,n;Hee BpeMH o,nHoro 

H3MepeHH51 10-15 MHH. 

Ha BhiCTaBKe 6biJIH rrpe,n;cTaBJieHbi pa3JIHqHbie THIThi ycKopHTeJiei1, rrpe,n;

Ha3HaqeHHbie KaK ,ll;JI51 ripOBe,n;eHH51 HayqHbiX HCCJie,noBaHHH 1 TaK H ,llll51 rrpHMe

HeHH51 B Hapo,nHOM X0351HCTBe CTpaHbl. Cpe,n;H HHX - ripOTOHHb!H CHHXpOTpOH 

Ha 3HeprHIO 70 r3B 11HCTHTyTa ~H3HKH Bb!COKHX 3HeprHi1 B CeprryxoBe. 

MaKCHMaJihHaH 3HeprHH rrpoToHoB, rroJiyqeHHaH Ha 3TOM ycKopHTeJie B Ha

CTOHI11ee BpeM51 1 COCTaBJI51eT 76 r3B 1 a MaKCHMaJibHa51 HHTeHCHBHOCTh -

1 ,5·1 o12 
rrpoTOHOB B HMITYJihCe. Be,n;yTC51 pa60Tbl rro yBeJIHqeHHIO HHTeHCHB

HOCTH YCKOpHTeJI51 rryTeM ycTaHOBKH Cf!eQHaJihHOrO 6ycTepa. 

B BhlfiOJIHeHHH HayqHo-HccJie,noBaTeJihCKoi1 rrporpaMMhi Ha ycKopHTeJie 

rrpHHHMaiOT yqacTHe yqeHbie <PpaHQHH H CiliA, a TaKJKe MeJK,n;yHapo,n;HbiX opra

HH3aQHi1 - 0115!11 H UEPHa. 

B 06'be,liHHeHHOM HHCTHTyTe H,n;epHb!X HCCJie,liOBaHHH (r. ,Uy6Ha) Ha yCKO

pHTeJie MHOro3ap51,liHb!X HOHOB (M311) - 310-caHTHMeTpOBOM J.IHKJIOTpOHe -

rpyrrrroi1 rro.n PYKOBO,ll;CTBOM aKa,n;eMHKa r. H . <PJiepoBa rroJiyqeHbl HOBbie TpaHc

ypaHOBhie 3JieMeHTbl 1 KOTOpb!e B Ta6JIHQe MeH,n;eJieeBa 3aHHMaiOT HOMepa 104 

H 105. Pa60Tbl Ha ,naHHOH ycTaHOBKe ITO ITOHCKy HOBb!X TpaHCypaHOBbiX 3Jie

MeHTOB ripO,liOJilKaiOTC51. 

IJpe,n;cTaBJieHHb!H Ha BbiCTaBKe MaKeT 11 KOJIJieKTHBHOrO ycKOpHTeJI51 3a

p51lKeHHbiX qacTH!.1 11 HJIJIIOCTpHpyeT B03MOlKHOCTH OCyll1eCTBJieHH51 HOBb!X Me

XaHH3MOB ycKOpeHH51 C HCITOJih30BaHHeM KOJIJieKTHBHb!X B3aHMO,lleHCTBHH. B 

KOJIJieKTHBHb!X MeTO,ZI;aX ycKOp51IOII1ee f!OJie C03,naeTC51 HeKOTOpOi:f rpyriiTOH 

( crycTKOM) 3apH,n;OB. HarrpHlKeHHOCTh rroJIH rrporropQHOHaJibHa qHcJiy 3apH

,n;oB B crycTKe. 11oHbi, 3aXBaqeHHbie 3JieKTpOHHbiM crycTKoM, ycKOp5110TC51 

rrpH HeKOTOpb!X yCJIOBH51X ero C06CTBeHHb!M f!OJieM; B CBOIO oqepe,n;h 1 CaM 

3JieKTpOHHbiH cryCTOK MOlKeT 6b!Th YCKOpeH BHeiJIHHMH f!OJI51MH yMepeHHOH 

HarrpHlKeHHOCTH. Ha MaKeTe ycTaHOBKH rrpe,ncTaBJieHhi: HHJKeKTop-JIHHeHHhiH 
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11H.LIYK1.1110HHbifi ycKOp11TeJib (E == 3 M3B, In== 2000 A B 11Mnynbce), a,llre3aTop 

11 ycKOp51IOII\aH CI1CTeMa CO CBepxnpOBO,!IHII\I1M11 pe30HaTOpaM11. 
Jli1HefiHb!H YCKOp11TeJib 3JieKTpOHOB JIY3 -15-10 npe,!1Ha3Ha'!eH ,!IJIH ocy

Il\eCTBJieHI1H pa,!111al.II10HHO-XI1MI1'leCKI1X npOI.IeCCOB C 11CTIOJib30BaHI1eM ny'!Ka 

ycKopeHHb!X 3JieKTpOHOB. IJapaMeTpbl ero Bbi6paHbl TaKI1M o6pa30M 1 'lT06bi 
11MeTb B03MOJKHOCTb ycTaHaBJII1BaTb pa3JII1'!Hb!e peJKI1Mbl 06Jiy'leHI1H B 3aBI1-

CI1MOCTI1 OT Tip11MeH51eMblX ,!IJIH 06Jiy'leHI1H MaTep11aJIOB: npe,lleJibl H3MeHeH11H 
3Hepr1111 oT 5 .LIO 15 M3B, MOII\HOCTb B ny'!Ke 3JieKTpOHOB .LIO 10 KBT. YcKo
p11TeJib CHa6JKeH CI1CTeMOH llOBOpOTa ny'!Ka Ha 90° 11 CI1CTeMOH pa3BepTKI1 
nyqKa B nonocy ( 500 X 25) cM2 . 

.IJ:pyrofi JII1HefiHb!H ycKOp11TeJib 3JieKTpOHOB JIY3 -8-5 TaKJKe npe,!1Ha3Ha
'leH ,!IJIH 11CTIOJib30BaHI1H B HapO,!IHOM X0351HCTBe. 0CHOBHOe ero Ha3Ha'!eHI1e -

CTep11JII13a1.111H Me,lii11.111HCKI1X 11HCTpyMeHTOB 11 CI1CTeM ,!IJIH nepeJII1BaHI1H Kp0BI1 
Ha KOHBefiepe npOMbliJIJieHHOrO npe,!1Tip11HT11H. 

3Hepr11H ycKopeHHbiX 3JieKTpOHOB - 8 M3B, MOII\HOCTb B nyqKe 3JieKTpo
HOB - 5 KBT. Y CKOp11TeJib TaKJKe CHa6JKeH CI1CTeMOH pa3BepTKI1 ny'!Ka B 

nonocy (500 X25) cM2 . 
B CoaeTCKOM COI03e B I1HCTI1TyTe TeopeTI1'lecKofi 11 3Kcnep11MeHTaJibHOfi 

ifli1311KI1 npOBO,!IHTCH 11CCJie,!IOBaTeJibCKI1e pa60Tbl 11 11,lleT TIO,llrOTOBKa o6opy.LIO
BaH11H1 npe,!1Ha3Ha'leHHOrO ,!IJIH 06Jiy'leHI1H MaJibiX BHyTp11'lepellHbiX MI1IJieHefi 
TipOTOHHb!M ny'lKOM. ,UJIH 3TOH 1.1eJI11 11CTIOJib3yeTCH CI1HXpOTpOH C 3Hepr11efi 
7 r3B. Y CKOp11TeJib nepeo6opy,!IOBaH TaK11M o6pa30M 1 'lT06bi C03,llaJiaCb B03-

MOJKHOCTb npoBO.zli1Tb pa6oTbi c npoTOHHbiM ny'lKOM 3Hepr11efi 200 M3B, Ko

TOpbifi 11CTIOJib3yeTCH ,!IJIH Me,lii11.111HCKI1X l.leJiefi B npoMeJKyTKe MeJK,lly OCHOB

Hb!M11 1.111KJiaMI1 ycKopeHI151. 
Ha BblCTaBKe 6biJI npe,!ICTaBJieH MaKeT KOMTIJieKCa CTepeOTaKC11'leCKOrO 

o6opy.LIOBaHI1H, npe,!1Ha3Ha'leHHoro ,!IJIH o6nyqeHI1H BHYTPI1'lepenHbiX MI1IJieHefi. 
BMeCTe C ,!IOKJia,llaMI1 COBeTCK11X yqeHbiX Ha KOHiflepeH1.11111 BblCTaBKa OT

paJKaeT ,!IOCTI1JKeHI1H COBeTCK11X CTie1.111aJII1CTOB B o6y3,llaHI111 CI1JI np11p0,!1bl 11 B 

TI03HaHI111 ee TafiH. BbiCTaBKa HBI1JiaCb ,!1eMOHCTpa1.111efi ,!IOCTI1JKeHI1H COBeT

CKOrO Hapo,lla, nocTaBI1BIJiero "aTOM Ha cnyJK6y nporpecca". 

UNITED KINGDOM 

Stand 10 

Over 50 British Government organizations and private companies con
tributed the equipment, material and information incorporated in the United 
Kingdom exhibit. The stand was designed to provide a representative cross
section of the practical applications of atomic energy, with examples drawn 
from a wide range of British sources. Organizations participating in the 
composition of the exhibit included the electricity generating boards, a 
number of Government research laboratories, the United Kingdom Atomic 
Energy Authority and more than 40 industrial and commercial firms. 

The exhibit was divided into five main sections: Power Reactors; 
Components and Instrumentation; Nuclear Fuels; Radioisotope Applications; 

Research and Development. 
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The Umted Kingdom exh1bit at Geneva. 

Mr. D.E.H. Peirson, General Manager 
of CENTEC, discusses with 
H. E. Mr. E. A. Midgley, British 
Ambassador to Switzerland (centre), 
and Sir John Hill, Chairman of the 
UKAEA (right), the collaboration of 
the Federal Republic of Germany, 
The Netherlands and the UK in the 
development and exploitation of the 
gas centrifuge process for producing 
enriched uranium; two tri-partite 
companies are involved, CENTEC 
and URENCO. The model is that of 
the Ultra -centrifuge Netherlands Ltd. 
ennchment plant. 
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Centrepiece of the UK exhibit was the model of the 250 MW(e) Prototype Fast Reactor (PFR) at Dounreay. 
It had three cutaway sections and was animated to show the mode of operation. 
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POWER REACTORS 

The Power Reactors section signalized the fact that by the year 2000 
Britain will generate more than 75o/o of her electricity from nuclear power 
and that half of her nuclear generating capacity at that date will consist 
of fast breeder reactors. 

Britain's nuclear power strategy was first formulated at Harwell 
twenty-one years ago, when it was already envisaged that there should be 
a program of uranium-fuelled thermal reactors which would produce not 
only electricity but also plutonium that could be utilized in a series of fast 
breeder reactors. 

This section of the exhibit drew attention to the fact that by the mid-
1970s, Britain would have 13 000 MW(e) of thermal nuclear stations 
operating and would be placing her first orders for commercial fast 
breeders. 

This aspect of British nuclear power development was emphasized by 
the prominence on the stand of a large working model - more than 2 m 
high and 1 t m in diameter - of the Prototype Fast Reactor, under 
construction at Dounreay in Scotland and due for completion in 1972. The 
model had three cutaway sections and was animated to illustrate the 
reactor's system of operation. Also shown was a model of a commercial 
fast reactor design. 

A large part of the power reactor section was devoted to the develop
ment of gas -cooled reactors. Britain's first nuclear power program was 
based on the natural uranium graphite-moderated design (Magnox) of the 
Calder Hall reactors which went on power as long ago as 1956. The second 
phase of the program uses the more sophisticated Advanced Gas -Cooled 
Reactor, which has slightly enriched uranium oxide fuel. A natural develop
ment in the Magnox - AGR series is the High Temperature Gas -Cooled 
Reactor, which uses helium instead of carbon dioxide as a coolant and, 
because it works at a higher temperature, can achieve higher thermal 
efficiencies. Two British companies had, prior to the exhibition, each 
submitted a detailed and priced design of a commercial HTR station to 
the Central Electricity Generating Board and the exhibit included models of 
these. 

Also in the display were models, illustrations and data on a 500 MW 
Steam Generating Heavy Water Reactor, which the same two companies had 
also designed. A panel was included illustrating the easy refuelling of the 
SGHWR. 

COMPONENTS AND INSTRUMENTATION 

The Components and Instrumentation section was designed to demon
strate the way in which a nuclear power program stimulates the growth of 
industrial skills and capacity to meet the exacting requirements of a new 
technology, drawing illustrative examples from the United Kingdom, where 
a large-scale reactor development program embracing gas -cooled, water
cooled and sodium-cooled (fast) reactors had necessarily given rise to a 
considerable versatility in the provision of components and instrumentation 
for a wide variety of reactor systems. Noteworthy among the exhibits here 
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UNITED KINGDOM 

LEFT: The 250 MW(e) PFR under 
construction at Dounreay. In the 
photograph, the reactor jacket is 
situated beside the reactor void. 
BELOW: The first large-scale pilot 
plant for the manufacture of 
pluto mum -ennched fuels has been 
built at Windscale. It will produce 
fuel for the PFR and other reactors. 
The plant is extensively automated 
and remotely controlled, particu
larly in the ceramic stages. Plant 
operation is based on fully continuous 
processing equipment. The photo
graph shows the fully continuous, 
remotely operated press feed 
manufacture and pressing of mixed
oxide reactor fuel. The control
panel operator can be seen outside 
the fully sealed operating face. 
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were instruments associated with sodium technology, an area in which 
Britain had made significant advances in the context of fast reactor 
development. 

NUCLEAR FUELS 

851 

The Nuclear Fuels section provided an historical survey of the growth 
of this new British industry from its early beginnings in 1948 up to 1971, 
when it achieved an annual output of a quarter of a million fuel elements. 
Dominating this section was a display of twenty different types of fuel 
element now in production and details were given of nuclear fuel manufacture, 
hexafluoride production, reprocessing, and the transportation of irradiated 
fuel. A sub-section of particular interest was that concerned with plutonium 
fuels, where details were given of a new plant at Windscale where 
30 000 fuel pins containing 4~ million Pu02/UOz pellets were being made for 
the Prototype Fast Reactor. 

The same section of the exhibit described aerial survey techniques used 
by prospectors for uranium and other minerals. 

RADIOISOTOPE APPLICATIONS 

For many countries the first practical applications of nuclear energy 
to be brought into wide and general use are those connected with radio
isotopes and a special section of the exhibit was therefore devoted to a 
representative selection of such applications, including environmental 
applications, medical applications, radioisotope power supplies, applications 
in mining and agriculture. 

Environmental Applications 

In the display on the sea-bed tracing of china clay wastes, a series of 
charts showed how the movement of micaceous residues deposited ex
perimentally on the sea-bed was followed by tracer techniques, and a plan 
for large-scale sea-bed deposition of residues at that point shown to be 
unsuitable. 

A new model for rainwater percolation in chalk had been determined 
using radioisotope tracing methods. The method had shown that water 
moves downward through chalk principally by slow percolation and not, as 
was previously thought, by rapid fissure flow. (This is important in the 
exploitation of water resources in areas overlaying chalk and similar 
aquifers.) 

Tritiated water has been used to investigate the water movements from 
a disused mine-working to test the possibility of using the mine as an 
additional water-supply for a steel works. The display showed how water 
samples taken in the neighbourhood of the mine established that it contri
buted water to a river at certain points, but not to certain drinking-water 
supplies. 
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Medical Applications 

Portable equipment was illustrated for extracorporeal blood irradiation. 
Ithada strontium-90 irradiation source for use in portable and transportable 
irradiators for the treatment of leukaemia. 

To provide scanning agents for use in medical diagnosis, a most rapidly 
developing section of nuclear medicine, sterile generators have been intro
duced as a convenient source of short-lived radioisotopes. 

Power 

A battery using a plutonium-238 heat source and a thermopile has been 
developed at Harwell. Power outputs of from 400 J..!W(e) to 10 mW(e) can 
be obtained by varying the fuel content. This exhibit included miniature 
batteries and a model of the implantable heart pacemaker that uses the 
Harwell battery. 

Mining 

A portable mineral analyser was shown that was based on non
dispersive X-ray fluorescence spectrometry, using a radioisotope source. 
A borehole logger which uses a radioisotope X-ray fluorescence probe was 
also shown. It will operate in dry boreholes up to 33 m deep and will 
measure tin concentrations of 0. 1 o/o or more in situ, with a measuring time 
of about 20 seconds. There was a mineral slurry analyser designed for 
the continuous automatic analysis of 0. 01 o/o or more of copper in the tailings 
of a mineral processing plant. 

Of particular interest was a radon survey meter designed to measure the 
radon content of sub-soil air. It is used to locate and assess uranium 
deposits too deeply buried for direct measurement of their gamma radiation. 

Agriculture 

One display in this section described how radioisotopes are being used 
by the Agricultural Research Council to investigate the effects of reduced 
cultivation on the performance of cereal crops and to examine the root 
systems of semi-dwarf wheat varieties. 

Soil density measurement by gamma-ray transmission was possible with 
equipment developed by the Scottish Station of the National Institute for 
Agricultural Engineering. This technique has the advantages that it is 
sensitive to narrow layers of differing density, is rapid, and causes little 
disturbance. 

Miscellaneous 

A soil moisture probe system was shown that uses neutrons to measure 
the moisture content of soil and that could also be used to measure water 
contents of constructional materials, slag, etc. 

Techniques using radioisotopes for the accurate measurement of fluid 
flow in pipes, ducts and hydraulic machinery were presented: these have 
been used in power-station cooling water systems, hydro-electric power 
plants, dockyard installations and gas supply systems in a number of 
countries. 
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RESEARCH AND DEVELOPMENT 

The introduction to the Research and Development section pointed out 
that, although the nuclear industry envisaged at the first "Atoms for Peace" 
Conference in Geneva in 19 55 was now a reality, the technology on which it 
was based was still developing; existing techniques were being improved 
and, even more important, new ideas that offered the prospect of major 
advances in the future were being studied. 

A representative sample was shown of the wide-ranging research and 
development which is carried on in the United Kingdom Atomic Energy 
Authority, the Central Electricity Generating Board, in private industry 
and in universities. 

The UKAEA, at its Culham Laboratory, is already investigating ways 
and means for using what is likely to be the major energy source of the 21st 
Century - power from fusion. 

Examples of the other UKAEA research and development in support 
of fast reactors included: the study of irradiation damage in experimental 
fuels -using the Dounreay Fast Reactor as an irradiation facility, together 
with post-irradiation examination techniques; a description of fast reactor 
fuel development and experimental work on advanced fuel; manufacturing, 
quality control, inspection and evaluation techniques associated with the 
production of core and breeder fuel-elements of the Prototype Fast Reactor. 
Also described was a major program concerned with examining the 
behaviour of reactor fuel, cladding and structural materials and reactor 
components operating in liquid sodium, and with acquiring information on 
the behaviour of liquid metal coolant. 

Sodium technology for fast reactors was illustrated by the following 
exhibits: study of reactor materials in liquid sodium in small test loops; 
testing and endorsement of major reactor components in large rigs which 
use liquid sodium as a working fluid; primary circuit hydraulics; heat 
transfer; detection of small leaks in secondary heat exchangers; fluid 
dynamics; sodium circuit instrumentation. 

The main research at the Culham Laboratory of the UKAEA is directed 
towards the development of a power-producing fusion reactor and the 
exhibit included a three-dimensional model giving a simple indication of the 
progress towards a fusion reactor achieved in laboratory experiments on 
high-temperature plasmas. Also illustrated were some aspects of the 
technology developed at Culham in support of its fusion experiments, e. g. 
high-voltage pulse techniques, superconductors, and laser applications. 

Work at Harwell associated with reactor physics was illustrated. It 
included: the determination of several key nuclear cross-sections to a 
high degree of precision, making use of the 45 MeV linear electron 
accelerator; the creation and study of void formation using the 1 MeV 
electron microscope; an autoradiographic technique for the analysis of 
boron in solids; an eddy current technique for testing sodium-bonded fuel; 
the study of the behaviour of ceramic fuels subjected to irradiation in a 
materials testing reactor; fissile material analytical techniques; and a 
display of post-irradiation examination facilities. 

One of the main features of this section - a recent Harwell develop-
ment - was a working demonstration of a stereoscan for examining irradiated 
fuel elements. 
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High-8 Toro1dal Experiment at Culham nearing completion. Part of the UK effort in fusion research, the 
copper ring which simulates the plasma during initial electrical testing can be seen. 

ABOVE: AERE Harwell variable energy cyclotron. 
Designed, constructed and commissioned for the 
UKAEA by the Rutherford High Energy Laboratory, the 
cyclotron will be one of the most versatile in the 
world. Quadrupole magnets and scintillator boxes on 
the beam tubes are shown m the photograph. 
RIGHT: The first commercial million-volt electron 
microscope to be built in Europe installed at Harwell. 
The instrument is intended for studies on neutron 
irradiation damage in reactor materials and for the 
non-nuclear program. The high voltage makes it 
possible to obtain sharp images with thick specimens. 
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The CEGB (which today operates eight nuclear power stations providing 
a designed output capacity of 4486 MW( e)) has the largest nuclear research 
facility of any utility in the world. The work is associated with the United 
Kingdom's extensive commercial nuclear power station program. Carried 
out at the Berkeley Nuclear Laboratories, their program is one of objective 
basic research, directed to solving at laboratory level the technological 
problems occurring in the design of reactor systems. The CEGB 1s contri
butions to the exhibit included: fuel management - the minimization of fuel 
costs in a commercial Advanced Gas-Cooled Reactor; fast reactor 
safety - assessment of possible accident sequences involving coolant boiling 
and fuel-coolant interactions; studies, using a 1 MeV electron microscope, 
of irradiation damage; radiological calibration (assessment of the accuracy 
of instruments); an inertial dust collector (device which removes dust from 
high-velocity gas streams); and tribology in nuclear reactors (surface 
engineering). 

A display presented by the Rutherford High Energy Laboratory of the 
Science Research Council showed work in connection with a proposal to 
transfer energy of about 108 Joules reliably and economically to the magnet 
systems of a proton synchrotron, using a system of three concentric super
conducting coils. 

FILMS 

Film-loops were screened, showing a number of short research films 
covering a wide range of interests. Among those shown were: Transient 
tube burst tests; void formation in copper; fast reactor safety studies; hot
stage microscopy; non-destructive testing; thermoluminescent dosimetry; 
high-resolution radiography, mass transfer tests as an aid to heat transfer 
studies; silicon carbide manufacture; portable neutron radiography; 
computer-controlled welding processes; on-line computers for reactor 
physics research; Gleeble thermo/tensile test; modelling of heat transfer 
processes; flash evaporation; fluidized- bed coated particles; experimental 
techniques for reactor physics research; etc. 

Included in the stand was a cinema. A number of the films were provided 
with "simultaneous interpretation" so that the viewer might, at choice, 
hear the commentary in English, French, German or Spanish. The program 
included: 

FAST REACTORS, UK: A complete survey of fast reactor development in the United Kmgdom up to 
the summer of 1971. 

NUCLEAR KNOW-HOW: An up-to-date report on UKAEA experimental facilities and services for 
reactor and fuel development. 

(Both of the above films were g1ven their fust public showmg at the 1971 Geneva Conference.) 

GOOD NEIGHBOURS: A description of the various stages of planning, consultation, geolog1cal surveying 
andnegotiationofway-leaves which take place prior to Government consent to the construction of a power 
station m the UK. 

NEW NEIGHBOURS: The impact of a nuclear power station prOJeCt on the neighbourhood of its s1te and 
its acceptance as an mtegral part of the commumty. 
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RADIOISOTOPES IN MEDICAL DIAGNOSIS AND INVESTIGATION: Made for the med1cal profess10n, 
tills film shows the uses of radioisotopes in such techniques as dilution analysis, tracing shldies, scanning 

and renography. 

CRITICALITY: An up-dated version of the popular 1957 fllm explaming the basic pnnciples of criticality 

and describing the precautions which have to be taken when dealing with fissile materials. 

ON THE SAFE SIDE: Describing the precautwns necessary for workers in a h1gh·vo1tage research 

estabhshment. 

THIS IS BNFL: A comprehensive descnption of the manufacture and reprocessing of nuclear fuels, 

WATER FOR LIFE: Desalination: including discussion of dual-purpose plants to generate electricity 
from a nuclear reactor and at the same t1me to produce desalted water. 

WHAT PRICE wATER?: A sequel to the precedmg film, discussmg the economiCs of desalination and 

descnbmg research and development des1gned to improve them. 

LORD RUTHERFORD: A few days before the 1971 conference began - on 30th August, to be exact - there 
fell the centenary of the b1rth of Lord Rutherford, the pwneer of nuclear physics. 

A novel feature of the United Kingdom stand was a TV monitor for the 
showing of video-tapes made especially for conference delegates. One of 
these -entitled "Yesterday, Today and Tomorrow" - surveyed nuclear 
power in the United Kingdom from its earliest beginnings up to 9171, and 
it included a rare sound-film (made in 1935) of Lord Rutherford discussing 
his discoveries and what their future significance might be. The tape also 
included an interview with the late Sir John Cockcroft; recollections by 
Mr. R. V. Moore (now a Member of the UKAEA) of the famous Harwell 
meeting of 1950 at which Calder Hall and the whole of Britain's nuclear 
power program was first foreshadowed; and a live interview with Lord 
Hinton, giving his impressions of the First Geneva Conference in 1955. 

Another tape - "Environment and the Atom" - comprised an interview 
with Mr. H. J. Dunster, of the National Radiological Protection Board. 

An information desk for the assistance of visitors to the stand was 
staffed by representatives of the United Kingdom Atomic Energy Authority 
and the British Nuclear Forum, with the assistance of other participating 
organizations. 

CONTRIBUTORS TO THE UNITED KINGDOM STAND 

A.E.I. Scient1f1c Apparatus Ltd., Urmston, 
Manchester; 

Anglo Great Lakes Corporation Ltd., Newburn Haugh, 

Newcastle-upon- Tyne; 

Applied Research Laboratories, Luton, Bedfordsh1re; 

Babcock & Wilcox (Operations) Ltd., London; 

British Insulated Callenders Cables Ltd., 
Warrington, Lanes.; 

Bntish Nuclear Design & Construction Ltd., 
Leicester; 

British Nuclear Fuels Ltd., Warrington, Lanes.; 

Cambndge Scientific Instruments Ltd., Cambridge; 

C. F. Casella & Co. Ltd., London; 

Central Electricity Generating Board, Berkeley, Glos.; 

China Clay Association, St. Austell, Cornwall; 

Clarke-Chapman-John Thompson Ltd., Gateshead, 
Durham; 

E.K. Cole & Ekco Instruments Ltd., 
Southend-on-Sea, Essex; 

DeviCes Implants Ltd., Welwyn Garden Cl!y, Herts.; 

Dunlop Ltd,, Manchester; 
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Elcomatic Ltd. (English China Clays Ltd.), 
Neilston, Glasgow; 

Fairey Nuclear Ltd. , Hounslow, Middx; 

Fairey Surveys Ltd., Maidenhead, Berks.; 

C. W. Fletcher&. Sons Ltd., Sheffield; 

Flextube Ltd., Heme! Hempstead, Hens.; 

Flight Refuellmg Ltd., Wimborne, Dorset; 

G.E.C. - English•Electric Reactor Equipment Ltd., 

Leicester; 

G. E. C. - Elliott Process Instruments Ltd. , London; 

Graviner Manufacturing Co. Ltd., Gosport, Hants.; 

Hayward Tyler & Co. Ltd., Luton, Beds.; 

Head Wrightson & Co. Ltd., Stockton-on-Tees, 

Co. Durham; 

H.M. Hobson Ltd., Fordhouses, Wolverhampton; 

Honeywell Information Systems Ltd., Brentford, 
Middx; 

Hunting Aero Surveys and Hunting Geology & Geo
physics Ltd., Borehamwood, Herts.; 

Imperial Metal Industries Ltd., Wmon, Birmingham; 

Instnute of Electrical Engineers, London; 

Institute of Geological Sctences (NERC), London; 

Institute of Hydrology (NERC), Wallingford, Berks.; 

Letcomb Laboratory (ARC), Wantage, Berks.; 

Lint ott Engineering Ltd., Horsham, Sussex; 

Lucas Gas Turb1nes Ltd., Burningham; 

Sir Robert McAlpine & Sons Ltd., London; 

Mining & Chemical Products Ltd., London; 

National Institute of Agricultural Engineenng, 
(Scottish Station) (ARC), Penicuik, Mtdlothian; 

National Physics Laboratory, Teddington, Middx; 

Nuclear Engineering International, London; 

Nuclear Enterpnses Ltd., Edinburgh, Scotland; 

Oxford Instrument Co. Ltd., Oxford; 

D. A. Pnman Ltd., Weybridge, Surrey; 

The Plessey Co. Ltd., Poole, Dorset; 

Rank Precision Industries Ltd., London; 

Reyrolle Parsons Ltd., Heyburn, Co. Durham; 

Science Research Council (Daresbury &Rutherford 
Laboratories), Nr. Warrington, Lanes; 

South of Scotland Electricity Board, Glasgow; 

R.A. Stephen & Co. Ltd., Mitcham, Surrey; 

Strachan & Henshaw Ltd., Ashton, Bnstol; 

Taylor Woodrow & Co. Ltd,, Southall, Mtddx; 

Telsec, Lmlemore, Oxford; 

The Bntish Nuclear Forum, London; 

The Nuclear Power Group Ltd., Knutsford, Cheshire; 

The Radwchemical Centre Ltd., Amersham, Bucks.; 

Tube Investments Ltd., Birmingham; 

Twentieth Century Electronics Ltd., Croydon, 
Surrey; 

United Kingdom Atomic Energy Authority, London; 

University of Birmingham, Dept. of Electron 
Physics and Space Research, Birmmgham; 

Vtckers Ltd., Swindon, Wilts.; 

Warren Spring Laboratory, Stevenage, Hens.; 

Whessoe Ltd., London; 

George Wimpey, London. 

UNITED STATES OF AMERICA 

Stand 12 

The United States exhibit- Nuclear USA - depicted nuclear techniques 
developed in response to such world needs as pollution control, electrical 
power production, release of trapped geological resources and heart-assist 
devices. 

A multiple-image photographic interpretation of the nation was pre
sented continuously in the Reception Area of the exhibit. The purpose was 
to convey a sense of the sort of nation- geography and natural resources, 
peoples and life-styles, schools and teachers, technological outlook and 
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puter tenninal that 
could be used by visi
tors to the exhibition 
to obtain lists of docu
ments in response to a 
technical query from 
a USAEC science data 
bank at Oak Ridge, 
Tennessee, or from the 
ESRO data bank at 
Darmstadt. 
LEFT: Project Rullson. 
The 40 kt nuclear
explosive canister 
being hoisted before 
lowering for emplace
ment at a depth 2570 
metres underground. 
The detonation served 
to raise the permeabi
lity in the natural gas 
reservoir and, hence. 
increase the gas output. 

UNITED STATES 
OF AMERICA 



NARRATIVE OF THE EXHIBITS 859 

industrial know-how, sports and hobbies, scientists and technicians, philo
sophies and aspirations - that could attain excellence in the peaceful uses 
of atomic energy. 

The primary purpose of "Nuclear USA" was to present recent ac
complishments of both Governmental and industrial groups in the USA in 
applying nuclear science and technology to many of the problems that face 
society. Covering a dozen different topics, the display was designed by 
the United States Atomic Energy Commission and incorporated equipment 
on loan from United States industry. 

Displayed in the "Plowshare" section of the exhibit was a full-size 
replica of the canister that had contained the 40-kiloton nuclear explosive 
set off underground near Grand Valley, Colorado, in 196 9 to release 
natural gas entrapped in rock formations. Other potential applications of 
peaceful nuclear explosions were also shown. 

Implantable radioisotope-powered heart-pacer and heart-pump devices 
were displayed together with a simple artificial-kidney cartridge which is 
also under development. 

The National Aeronautics and Space Administration provided a demons
tration of how nuclear techniques may be employed to provide ultra-rapid 
analysis of various kinds of samples, such as environmental materials 
and drugs, by remote access to a computer. NASA is one of a dozen 
federal agencies which contributed to the USAEC Exhibit. 

An elaborate display of power reactors manufactured in the USA in
cluded representative models of reactors currently in production. Looking 
to the near future there was also an area devoted to advanced breeder 
reactors. The various approaches and recent successes in the United 
States research program on nuclear fusion were depicted. 

"Nuclear USA" received live signals from nuclear-powered instruments 
on the moon, relayed to Geneva from NASA's Goddard Space Flight Center 
from a world-wide network of tracking stations. It also showed a lunar 
rock sample, a SNAP-27 generator* of the type which is powering the 
instruments on the moon, and a SNAP -19, the type providing supplementary 
power for the NIMBUS-III weather spacecraft experiment launched in 1969 
and still sending data. 

An overseas computer link-up joining the exhibit with a science data 
bank at a USAEC facility at Oak Ridge, Tennessee, gave exhibit visitors 
an almost instant list of pertinent documents in response to technical 
questions. A similar service was provided at various times in co-operation 
with the European Space Research Organization (ESRO) using the ESRO 
data bank in Darmstadt where International Aerospace Abstracts, Scientific 
and Technical Aerospace Reports, and the ESRO electronic components 
data bank can be searched remotely. A comprehensive technical informa
tion section containing printed materials for display and distribution was 
also part of the exhibit. 

Thirteen USAEC motion pictures on recent United States nuclear 
science and technology developments were shown for the first time in 
Geneva, both at the exhibit's 30-seat theatre and at other Conference 
theatres. 

The central lounge around which the "Nuclear USA" exhibits were 
grouped provided a place to meet and discuss a particular subject with a 

':' SNAP· Systems for Nuclear Auxiliary Power. 
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knowledgeable United States technical representative. At one end of this 
lounge was a special viewing area from which the Conference proceedings 
could be watched together with special programs televised in colour 
from the Palais des Nations. 

The exhibit was divided into several parts as described below. 

POWER NEEDS AND THE ENVIRONMENT 

This part gave a photographic representation of increasing power 
demands and methods of supply for these demands. Photographs illustrated 
the reason for the public's ever increasing concern with environmental 
problems. 

The environment area was divided into four sections: meteorological, 
radiological, ecological and thermal. 

The first section was concerned with meteorology, where a complete 
automatic meteorological monitoring system was operating. A film de
scribing meteorological research programs being conducted at the Calvert 
Cliffs Nuclear Power site in Maryland was also shown. 

In the radiological section several pieces of equipment were on display. 
These included remote radiation monitors, a tritium monitor and a display 
of aircraft-mounted monitoring equipment. A film described the radio
logical monitoring program now being conducted at the site of the Brown's 
Ferry Nuclear Power Station in Alabama. 

The ecological section was high-lighted by displays and photos of 
studies regarding the effects on food chains of effluent releases from nuclear 
stations. Another film in this section described the shad tagging program 
on the Connecticut River. There are several nuclear power stations now 
operating on this river. 

In the thermal section, two pieces of equipment were displayed. These 
were a buoy which is used for monitoring temperature gradients in the 
Crystal River in Florida and a camera which takes infra-red pictures of 
the thermal plumes coming from the discharged cooling water of nuclear 
power stations. A film described the modelling of complete watershed 
systems to study, properly scaled, thermal effects from nuclear power 
stations. 

BIOMEDICAL 

The biomedical applications of radiation and radioisotopes were dis
played. A feature in this part was a camera for organ imaging. The use 
of short-lived isotopes in conjunction with this improved instrument has 
greatly increased the value and versatility of this diagnostic technique for 
detecting and locating tumors and other organ abnormalities. 

On the wall to the left of the entryway was a large 9 ft X 9 ft trans
parency of a medical cyclotron. This "CS-30" cyclotron is to be installed 
at the Mount Sinai Hospital, in Miami Beach, Florida. The cyclotron can 
be used to produce a variety of short-lived isotopes for medical use by 
bombarding suitable targets with 26 MeV protons, 15 MeV deuterons and 
3 8 MeV helium ions. Eight medical cyclotrons are now operational in the 
United States of America. Also displayed was a small model of a complete 
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medical cyclotron facility. Another display showed an alternative method 
for the production of short-lived isotopes. In this case, a parent nuclide 
decays into a daughter nuclide (the short-lived isotope) and it is possible to 
separate and remove the daughter nuclide by elution. At the right of this 
'isotope cow' was a mirror wall in which were reflected 16 mm motion 
pictures featuring the use of the medical cyclotron and a scanning camera 
at a hospital in New York, plus a brief presentation on the "Autofluoroscope" 
installed at Hahnemann Hospital in Philadelphia. A further picture wall 
contained transparencies of the "Autofluoroscope" and "Pho-Gamma" 
radioisotope cameras plus a scanning instrument for measuring bone size, 
density and mineral content. Colour photos displayed on the picture wall 
illustrated the use of radioisotopic cameras for organ imaging and other 
diagnostic procedures. 

Near the rear section of the Biomedical area was a display featuring 
a head phantom useful in tumor diagnostic studies and several specialized 
miniature and microminiature probes which are used for specific diagnostic 
and therapeutic procedures. The probes utilize semiconductor detectors 
and microminiature electronic circuitry. 

Proceeding through a passageway one saw a reflected image of the 
Los Alamos Meson Physics Facility (LAMPF) model, Around the corner 
to the left was the model itself, together with a large accompanying graph 
showing the predicted effectiveness of pi-mesons as compared with other 
types of radiation used for cancer therapy. The pi-meson's greater effec
tiveness is due to its penetrating power, its localization, and its charac
teristic combination with atoms of the tissue being bombarded with resultant 
"star burst" of nuclear fragments which in turn destroy the tumor tissue. 
While the LAMPF will be used for many types of physical experiments its 
emphasis here is for tumor therapy. Starting with the Cockcroft- Walton 
accelerator in the injector building, the "red" beam line could be followed 
along the length of the linear accelerator to the target and switching area 
where pi-mesons are produced. The pi-meson beam will then be diverted 
to the Radiobiology and Therapy Research building for experimental work 
in tumor therapy. 

The following section comprised a display of californium- 252 medical 
sources which are currently being evaluated for use as brachytherapy devices 
for destruction of tumor tissue. The display also contained artwork 
illustrating insertion of the sources into tumor areas. 

The last area of the Biomedical exhibit comprised several displays 
featuring biomedical "spin-off" of nuclear research. The right wall showed 
a series of illustrative displays covering a micro-fluorimeter which uses 
fluorescent dyes and laser instrumentation to provide a quantitative deter
mination of the DNA content of cells. Also in the top bank of the wall were 
photos dealing with Albert Crewe's transmission-scanning electron micro
scope with the first pictures of individual atoms. The second tier consisted 
of displays of nuclear-powered pacemakers for the heart. First shown 
was a device which represented a conventional type nuclear pacemaker, 
and then the "Intra-cardiac" pacemaker- an entirely new concept in pace
maker design. 

Also shown was a display illustrating the new type of haemodialyser 
unit developed by Argonne National Laboratory. When the unit is produced 
commercially, it is expected to be of great benefit and convenience to 
patients who must regularly undergo renal dialysis. Nearby was a display 
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Description of the USAEC' s Liquid Metal Engineering Center (1m e c) and the model of the sodium component 
test installation. 

Studies of cerebral 
blood flow made 
using a radioisotope 
tracer (Tc -99m). The 
computer-generated 
image is displayed on 
a CRT screen, and 
the light pen can be 
used to ' flag' regions 
of interest. Simul
taneous viewing of 
computer-generated 
quantitative data and 
original images taken 
at various time inter
vals enhance <hag
nosis (see Vol. 13 of 
these Proceedings, 
page 19 et seq.). 
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pertaining to the zonal ultracentrifuge which is proving to be of great use 
in medicine and in biological research since it makes possible the prepara
tion of purified vaccines and viruses in large quantities. At the far right 
was another instrument developed at the Oak Ridge National Laboratories 
and now in commercial production. This is the GEMSAC automated testing 
machine which greatly increases a medical laboratory's capacity for per
forming analyses of blood samples and permits analyses to be made at a 
fraction of the cost of the usual manual analytical techniques. 

On the end wall of this area was a display of photos and a short film 
clip which dramatically demonstrated the effectiveness of L-dopamine 
therapy for patients with Parkinson's syndrome. This treatment was 
developed at the Brookhaven National Laboratories. 

INDUSTRIAL AND ENGINEERING APPLICATIONS OF RADIATION 
AND RADIOISOTOPES 

In this part of the exhibit was a display of radiation processed material 
including: (1) radiation treated sewage- brown before irradiation and clear 
after irradiation; (2) radiation sterilized prepackaged medical supplies; 
(3) radiation-cured coatings for automobile parts; (4) plastic shrink-fit 
packaging materials; (5) plastic shrink-fit electrical insulation; (6) wood/ 
plastic and concrete/plastic materials made possible by in situ radiation 
polymerization of plastic monomers; (7) a 1024 bit memory unit produced 
by ion implantation techniques using accelerators; (8) graft polymerization 
of plastic to fabric to increase crease and soil resistance; (9) radiation 
treatment of potatoes to retard sprouting; and (10) self-luminous signs 
using radioisotopes and phosphorus. 

Opposite the display of radiation processed materials was a display 
featuring the two types of irradiation facilities, a 60Co gamma irradiator 
and an electron beam irradiator. 

The nuclear instrumentation display section included a section of 
irradiated pinewood-plastic flooring that had already been walked on by 
8 million people during the New York World's Fair. 

The instrumentation section had a display of four representative 
examples of instrumentation using radioisotopes: a moisture-density gauge, 
an X-ray fluorescence spectrometer, a fill-level control system, and 
solid-state detection equipment. Featured in the instrumentation area were 
two demonstrations of neutron activation analysis. The first was a simple 
demonstration in which samples of single elements were activated by 
neutrons with the necessary electronics and display equipment to show 
characteristic single-element gamma spectra. The second demonstration 
illustrated remote semi-automatic computer analysis of complex materials 
using prompt or radiative capture gamma analysis spectra resulting from 
neutron bombardment of the material. In both demonstrations the isotope 
californium-252 was used as a neutron source. 

The instrumentation area led into the radioisotope production area 
which displayed the Triga reactors, the HFIR reactor and a fuel element 
of the Savannah River production reactor. Also included in this area was 
a display on cobalt-60 production. A graphic display featured the use of 
the Triga reactor for radioisotope production, neutron activation analysis 
and neutron radiography. Photographic transparencies on the walls 
related to Governmental and industrial production of radioisotopes. 
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Display of power reactor models from maJor United States reactor manufacturers. 

VTE/MSF (vertical tube evaporator/multi-stage flash) desalting module having four effects of an ultimately 
16 effect plant giving 12.5 million gallons per day of desalted water. 
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REACTORS NOW 

The "Reactors Now" part of the exhibit was devoted primarily to the 
five reactor manufacturers in the United States of America. Each of these 
manufacturers had prepared an exhibit showing their competence in the 
supply of central station nuclear power plants. The items shown were: 

1. A model of a four-loop pressurized water nuclear power station. 
Used in this exhibit were transparencies showing the numerous capabilities 
which exist to design and construct central nuclear power stations. 

2. A model of the latest boiling water reactor design was displayed 
which emphasized concrete containment and reactor vessel construction. 

3. The next exhibit centred on the new facility at Lynchburg, Virginia, 
which has been installed to completely train central nuclear station operat
ing personnel. The viewer could see films of the training capabilities and 
also slides and other graphic displays showing the training complex. In 
addition, a pressurized water reactor plant model was shown together with 
models of import ant reactor components. 

4. This exhibit comprised three items: a model of a 3-loop 1500 MW(e) 
plant, a large model of the reactor internals starting at the pressure vessel, 
and a model of advanced water reactor fuel bundles. 

5. American high-temperature gas-cooled reactor capability was 
shown. This included two models of HTGRs, a model of a fuel bundle, and 
two examples of reactor instrumentation which has been developed. 

Additional displays in this part included: two large transparencies 
showing operating experience from Dresden I and II and from Yankee Rowe; 
a digital counter adding nuclear megawatts (electrical) now being generated 
in the United States of America; a computer read-out of actual fuel cycle 
costs for thermal power reactors; and enlarged photographs showing 
various stages of reactor component construction, reactor installation, 
reactor start-up, etc. 

FUEL CYCLE 

In this display were shown the major steps of the fuel cycle, high
lighted by photographs. Mining, milling, UFs conversion, enrichment, 
conversion to uo2' fuel fabrication, nuclear power generation, reprocessing 
and nuclear waste management were referred to. 

The exhibit showed a computer print-out illustrating the use of com
puters for analysis of ore deposits initiated by the USAEC in the early 1960s. 

A chart provided an extensive picture of existing and planned fuel 
cycle services of United States companies. 

In the exhibit was a fuel module for a boiling water reactor, as well 
as a model of one of the four assemblies comprising the module. This 
assembly was fabricated of stainless steel, Zircaloyandinconel. Photos 
showed several of the more important steps in the fabrication of fuel for 
reactors. A short film summarized all significant steps. Fuel reprocessing 
has been available in the USA since 1966. 

A film gave a quick idea of the significance of research and develop
ment efforts in the transportation of nuclear materials. 

Photographs of the interior of a gaseous diffusion plant at Oak Ridge, 
Tennessee, were shown. 
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ABOVE: Model of the Zero-Power Plutonium Reactor, belund 
which is a photograph of the reactor face. 
LEFT: Floor plan of the large MONAL trailer which can be used 
for passive and active physical assays needed in implementation 
of Safeguards programs. 

1. Electronics 
2. Control conscle and data aquisition 
3. Sample preparation 
4. Sliding doors 
5. Electronic workbench 
6. Rotating door 
7. Experimental cavity with crane 
8. Gamma port 
9. Neutron generator 

10. Equipment room 

UNITED STATES OF AMERICA 
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The treatment and disposal of waste materials in solid form can be 
accomplished using four processes: (1) the phosphate glass solidification 
process; (2) the spray solidification process; (3) the pot solidification 
process; and (4) the spray-in-pot melting process. Wastes can be stored 
in mined-out areas such as the one located in Lyons, Kansas. 

A head frame of a uranium mine was shown. Approximately 243 such 
mines are operating in the USA. 

SAFEGUARDS 

This part of the exhibit was concerned with the management and 
accountability of special nuclear materials. Special programs and instru
mentation are being designed in the USA to ensure that nuclear materials 
designated for peaceful applications are not diverted to military or other 
unauthorized use. 

A variety of displays dealt with Safeguards instrumentation, including 
a tread-actuated, gamma-ray-and-neutron-sensitive, doorway-type, 
personnel Safeguards monitor which uses passive detectors and associated 
electronic circuitry to detect the unauthorized removal of nuclear materials. 
The doorway was designed for and is used at the USAEC Rocky Flats 
facility. 

The main portion of the Safeguards exhibit contained displays of 
physical, non-destructive assay devices as follows: 

1. Sealed-tube neutron interrogation equipment which uses a small 
accelerator to produce 14 MeV neutrons which are, in turn, used to inter
rogate the materials being assayed. Suitable detectors and electronic 
circuitry are used to provide assay data. 

2. A mobile neutron-coincidence detector which permits passive 
assay measurements to be made by detection of coincidence neutrons that 
result from spontaneous fission. 

3. A fuel-rod assay instrument based on prompt neutron detection. 
This instrument uses neutrons spontaneously emitted from a californium- 25 2 
source to initiate fission events in the materials being analysed. 

4. A low-level liquid-stream monitor to detect small amounts of 
nuclear materials in effluents and other liquid streams. 

5. A small portable nuclear-materials assay system developed at 
Brookhaven National Laboratory for physical non-destructive assay based 
on the neutron coincidence characteristic of spontaneous fission. 

6. An isotopic source assay system for bulk sample assay of materials 
containing uranium or plutonium. Using californium-252 as a spontaneous 
source of neutrons for interrogation, quantitative determinations of nuclear 
material contained in heterogeneous samples may be performed non
destructively with an accuracy as high as 99%. 

7. An overhead display of photographs indicated the various stages in 
the fuel cycle at which Safeguards checks and assays are applied. 

8. A display of tamper-proof seals used in the protection of nuclear 
materials was mounted on the sloping roof of the structure that led into 
the Safeguards exhibit. These seals are used as a means of ensuring that 
any unauthorized removal of nuclear materials may be easily detected. 
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The Safeguards graphic wall contained photographs illustrating two 
types of mobile non-destructive assay systems developed for use in the 
Safeguards program. These were the large MONAL':' trailer, used for 
both passive and active physical assays, and the small van, used for passive 
assay only. Also included were photographs depicting some of the work 
involved in collecting, processing and reporting nuclear materials 
information. 

The Safeguards slide-show featured a brief introduction to the Inter
national Safeguards Personnel Training program conducted by the USAEC 
at Argonne National Laboratory, and a brief survey of the chemical assay 
laboratory work conducted at the USAEC's New Brunswick Laboratory. 

BREEDER REACTORS 

The Breeder Reactor part of the exhibit showed, primarily, the effort 
in the USA to develop a Liquid Metal Fast Breeder Reactor (LMFBR). 
The first portion introduced the American program in breeder development 
and showed why breeders are necessary in the United States of America. 
Technology programs were discussed, including the high-temperature 
gas-cooled breeder, the molten salt breeder and the light water breeder 
program. 

This section was laid out to simulate a PERT chart (Programme Evalua
tion and Review Technique), the small area within the Breeder Exhibit 
representing significant milestones in ultimately building a 1000 MW(e) 
LMFBR. 

The first section was devoted to the Experimental Breeder Reactor 
Facility. The exhibits included: 

1. An animated model of the xenon tagging technique developed to 
locate failed fuel-elements in the reactor. 

2. Reactor fuel rods and assemblies containing many specimens which 
are now being tested in the Experimental Breeder Reactor. 

3. In-core test assemblies which show instruments for testing 
materials and reactor instruments being tested. 

4. A model of the Fuel Evaluation Facility which is a part of the 
Experimental Breeder Reactor complex. 

5. A film of actual hot-cell operations which take place in the Fuel 
Evaluation Facility. 

The next section was the Zero Power Reactor area, and the primary 
exhibit here involved the large Zero Power Plutonium Reactor. One panel 
in this area simulated a portion of a face of the Zero Power Plutonium 
Reactor. There was also a model of this reactor and transparencies showing 
the overall facility. 

The next section was the Liquid Metal Engineering Centre where 
components for LMFBR 1s are tested. A model of the Sodium Component 
Test Installation was shown and photographs mounted on panels described 
other test facilities. 

··· MObile Non-destructive Assay Laboratory. 
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The next section was devoted to the Fast Flux Test Facility. The 
three primary exhibits in this area included: 

1. A model of the Fast Flux Test Facility. 
2. Fuel assemblies which have been developed for the Fast Flux Test 

Reactor. These fuel assemblies were the subject of a film describing 
their development. 

3. An actual, operating, control-rod-drive mechanism which is a 
prototype of the unit to be used in the Fast Flux Test Facility. There was 
a film describing the test program for developing this mechanism. 

The final two areas comprised photographic displays of Demonstration 
Reactor plants and the 1000 MW( e) plants which either are to be constructed 
in the future or which have been studied in the USA. 

NUCLEAR ENERGY IN SPACE 

The USAEC and the National Aeronautics and Space Administration 
have worked in close partnership since the creation of NASA in 1958. The 
exhibit showed a photo mosaic of the lunar crater Tycho, taken from the 
Jet Propulsion Laboratory Surveyor spacecraft. 

A photograph of Surveyor was displayed, as was a photograph of the 
nuclear-equipped alpha scatter instrument which was carried on three 
Surveyors. Its purpose was to analyse the top surface of the lunar soil, 
which was successfully achieved. 

An engineering model of the alpha scatter instrument showed how the 
device was lowered onto the moon's surface. 

To date the most dramatic use of United States nuclear technology on 
the moon has been the powering of the Apollo Lunar Scientific Experiments 
Package (ALSEP), shown in a large transparency, together with the 
SNAP- 27 radioisotope-fuelled thermoelectric generator displayed in a 
full-scale cutaway model. Three ALSEP 1s and three SNAP-27s are now 
functioning on the moon. To Geneva, through space networks and equip
ment supplied by NASA, were brought live signals from the Apollo 15 
ALSEP, placed on the moon in July of this year, as well as from Apollos 12 
and 14. 

In addition to radioisotope electrical supplies, reactor-powered elec
tric systems, such as the SNAP lOA which was successfully tested in space 
orbit for 1000 h in 1961, are being developed. 

One of the actual moon rocks was displayed. Powerful nuclear tech
niques have been put to work to analyse these rocks. They include neutron 
activation analysis, as shown in a brief film, and gamma ray spectrometry 
as depicted in photographs. 

A nuclear reactor will provide the propulsion heat for the NERVA 
nuclear rocket, displayed in an animated model. A film gave details of 
the NERVA testing sequence at the Nevada test site. Next to it was a 
full-scale replica of one of the 1900 fuel elements used in the NERVA 
reactor. This reactor is more powerful and three times hotter than any 
earthbound commercial electric reactor in the USA. 

Electrical power supplies for future use in space will generate large 
amounts of power. The thermionic reactor system has an output of 
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Animated model of the 2 x- II device. From left to right are the plasma gun (1), the guide field magnets 
(2), the gate magnet (3), the Yin Yang magnet (4) and the barrier magnet (5). Above is a photo of the full 
size installation. 

Seining for juvenile shad at Windsor Locks, Conn. , on the Connecticut River in experiments to determine 
the effects of thermal discharges on these fish. These studies were started in 1965, as several nuclear power 
stations use this river water for cooling. This fish species was chosen as it is the single most valuable fishery 
resource in the Connecticut River, with an annual capitalized value of $21. 5 million. It is an anadromous 
species with a highly developed homing instinct and, after several years of extensive migration in the sea, it 
returns to spawn once more in its parent stream. Thus a blockage, due to thermal or other effects, could 
even obliterate the entire run within a decade. (See also MERRIMAN, D. , in Environmental Aspects of 
Nuclear Power Stations (Proc. Conf. New York, 1970), IAEA, Vienna (1971) page 507 et seq.) 
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millions of watts. The uranium-zirconium hydride system will yield from 
10 000 to 100 000 W. Either system could be used for powering the large 
manned space station shown in a transparency. 

One very useful idea which has come into focus in the development of 
American space nuclear equipment is the 1tele-operator 1, where man and 
machine are joined to perform useful work under difficult or dangerous 
conditions. 

Between 1972 and 1975 the USA will explore Mars with the unmanned 
Viking spacecraft and the giant planet Jupiter with the unmanned Pioneer. 
These space-craft will receive all of their electricity from the 35 W 
SNAP-19 isotopic power supply, shown in the exhibit, which is capable of 
years of continuous operation. 

Plans are now under way for the Grand Tour exploration of the outer 
planets, as delineated in a large transparency. This venture may mark 
the beginning of a new era of nuclear rocketry, using a gaseous-core 
reactor system now in the early stages of development and depicted in 
photographs. It promises to be about 10 times more efficient than the 
NERVA rocket which uses a solid core. 

DESALINATION 

Additional fresh water and new energy resources are rapidly needed 
to meet growing demands throughout the world. By developing the tech
nology of desalting sea-water, it will be possible to use the oceans to meet 
the demand for fresh water. The combination of desalination technology 
and nuclear power from large dual-purpose plants should lead to the 
cleaner production of electrical energy and abundant energy for desalting 
sea-water. 

The heat transfer tubes displayed in the exhibit were developed in the 
USA. The shorter lengths have the same heat transfer capacity as the 
long tubes thus making major savings possible. The tubes shown are 
being used in a distillation process called VTE/MSF (Vertical Tube Eva
porator/Multi-Stage Flash). This plant will produce 3 000 000 gallons 
(11 355 000 litres) of water per day. 

The exhibit showed the scaling up process from a 3 MGD (million 
gallons/ day) to a 200 MGD plant, which would utilize a dual purpose nuclear 
reactor. 

Agricultural-industrial centres may become possible by using the 
very low cost heat from large dual-purpose plants. Two studies have been 
made for such centres, one for Puerto Rico and the other for the Gulf of 
California. Examples were given of commercial desalting facilities, the 
largest being the one at Rosarito, Mexico. A chart showed sea-water 
desalting costs for different plant sizes. Photos of research and develop
ment installations at San Diego, California and a chart gave an idea of the 
growth of desalting plant capacity in the world. A film gave two examples 
of research being done at the USAEC 1s Oak Ridge National Laboratory. 

FUSION 

This part of the exhibit displayed, in a specially designed enclosure, 
the imost recent advances in the United States attempts to achieve controlled 
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thermonuclear reactions. The exhibit enclosure had been designed to 
simulate the high-vacuum requirements of controlled thermonuclear 
research and the importance of reflecting plasma particles with magnetic 
fields. The exhibits in this area were: 

1. An introduction describing the three parameters involved in 
classical confinement of the thermonuclear plasma. These parameters 
are temperature, density and confinement time, and they were represented 
in an animated film which was inside an unusual geometric shape which 
resembled that of a minimum B-field for confining plasmas. 

2. Two transparencies showed recent advances in the Stellarator 
program and the spherator program. Also demonstrated was ring
levitation. 

3. A transparency of the Ormak device and a cut-away model of a hot 
ion injector used with Ormak. 

4. A transparency of a multiple machine and an actual multiple 
machine (Doublet I- which had been cut away to reveal its interior), were 
on display. 

5. The Lawrence Radiation Laboratory showed an animated film show
ing the characteristics of the Astron machine. 

6. The Los Alamos Scientific Laboratory showed a model of Scylla c. 
7. The Lawrence Radiation Laboratory displayed an animated model 

of the 2X- II device. 
8. Another model demonstrated direct energy conversion with the 

particles coming from a mirror-type fusion reactor. 
9. The end of the exhibit comprised a 3 -dimensional schematic model 

of a fusion reactor which uses indirect conversion techniques for producing 
electricity. 

On the side of the exhibit enclosure were large, backlit transparencies 
of the four most advanced fusion devices in the United States of America. 

An important characteristic of the fusion exhibit was that, for all 
controlled thermonuclear reaction machines that were described in the 
exhibit, a bar graph was displayed directly on the exhibit item showing the 
achievement in the three basic parameters involved in classical confinement 
of a thermonuclear plasma. 

TECHNICAL INFORMATION CENTRE 

The Technical Information Centre contained three main sections: 
a RECON information retrieval demonstration, an exhibition of recent tech
nical books in the field of science and technology, and a section for the 
distribution of selected nuclear publications. Also available was a small 
collection of scientific reference works. 

The RECON demonstration included a 1TV 1 type computer terminal 
with a printing device and two additional TV monitors. The terminal 
permitted visitors to query in a "conversational" manner a data base 
stored in a computer at Oak Ridge, Tennessee. Most visitors needed only 
a very brief orientation before using the system. 

The display of technical books included some 350 titles selected by 
a panel of experts. 

Publications available in the distribution area included "Understanding 
the Atom" booklets in four languages, a special issue of Nuclear News, 
and various other publications of interest to Conference participants. 
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CLOSED-CIRCUIT TV SYSTEM AND FILMS 

A closed-circuit television system operated during the Fourth Inter
national Conference on the Peaceful Uses of Atomic Energy. 

The Television system enhanced the possibility for delegates to 
participate more broadly in the Conference and provided a record of 
selected material for use at later scientific discussions. 

The use of television at the Conference marked the first time that a 
technical conference of this size has had full broadcast-type coverage, and 
the first time that a laser system was used to transmit a television signal 
on a continuous, routine basis through the atmosphere without other aids 
or protection. 

The Conference coverage included several special programs as well 
as presentations of general and technical sessions. These special programs 
included a daily "Nuclear Forum", during which journalists from several 
nations had an opportunity to interview distinguished scientists attending the 
Conference. Another feature of the coverage was a "Nuclear Round-table". 
This daily broadcast included a host scientist and two or three other 
leaders in the field of nuclear science who engaged in an informal dis-
cuss ion on a topic of current interest to the Conference participants. 

Included in the stand was a cinema, at which the following films, 
specially commissioned by the USAEC for the Conference, were shown: 

NUCLEAR POWER IN THE UNITED STATES: The energy philosophy of the United States nuclear power 
industry expressed m terms of its thermal reactors, its plutonium recycle programs, ns Liquid Metal 
Fast Breeder Reactor program and other advanced reactor concepts. 
THE BITTER AND THE SWEET: Large-scale desalting technology and large-scale nuclear power plants 
bemg combined to mfluence rhe future economics of large-scale freshwater supplies to be won from the sea. 

TO IMITATE THE SUN: Two decades of controlled thermonuclear research have produced a senes 
of both open and closed systems, as well as the experiments m internal ring machines. The philosophy 
behind TWO-X-TWO, Scylla-IV and Scyllac, Astron, Stellarators and Tokamaks are indicated. 

SPACE AND THE ATOM· Nuclear energy in space- from pioneering radioisotopiC generators on Apollo 
missions through to the advanced generator systems for Mars, Jupiter and 'Grand Tour• misswns and 
the development of the 7 5 000 lbf (34 000 kgf) thrust Nuclear Rocket Engine. 

DOORWAY TO DIAGNOSIS: Revolutionary advancements in biomedical instrumentation- seml
conductor detectors, 1mage Intensifiers, 1mproved X-ray conversion, and improved resolution and 
performance of the tomographic scanner and the Mark III bram scanner. 
SHORT-LIVED RADIOISOTOPES IN NUCLEAR MEDICINE: The revolutionary mfluence of new short
lived radioisotopes and improved scanning techruques in nuclear medicme. Parent-daughter genera
tors, medical cyclotrons, h1gh flux reactors, and attributes of the tomographic scanner and the 
computerized Mark III brain scanner. 

THE RADIOISOTOPE-POWERED CARDIAC PACEMAKER: The JOint three-year program of the U.S. Atomic 
Energy Commission and the National Institutes of Health to develop a radioactive-isotope-powered 
cardiac pacemaker. 

THE ZONAL CENTRIFUGE: One of the most powerful tools of the molecular biologist is the zonal 
ultracentrifuge. Improved separation capabilmes permit important fracnonation of cell constituents 
and purifications of vaccines. 

RADIA T!ON PROCESSING: A NEW INDUSTRY: Uses of radiation for mdustrial processing in the 
United States of America have increased rap1dly during recent years. Examples of radiation steriliza
tion and chemiCal processing are shown. Electron-beam treatment of durable-press fabncs 1s depleted 
public! y for the first time. 

NUCLEAR INNOVATIONS IN PROCESS CONTROL: Nuclear methods that are available for control of 
industrial processes and non-destructive testing are used in deter.nimng moisture content, alloy 
composition, highway road-bed density, defects in turbine blades, etc. 
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ISOTOPES IN ENVIRONMENTAL CONTROL: Radioactive atoms are being used to help man safeguard 
his environment. Included in this film are techniques used to trace oil spills, to determine absorption 
of oxygen by flowing water, drifting of sand on the ocean floor, and to study air pollution, 

TO DEVELOP PEACEFUL APPLICATIONS FOR NUCLEAR EXPLOSIVES: Emphasizes research procedures 
which support, and the stringent requirements which govern, all nuclear explosive engineering experi
ments in the United States Plowshare Program. Voices of program participants describe work related 
to recent experiments in nuclear stimulation of natural gas fields. 

DECISION FOR TOMORROW: This around-the-world film shows nuclear power has • come-of-age• as 
a means of meeting power needs of developing nations. Explains the extensive United States nuclear 
services available to international customers. 

CONTRIBUTORS TO THE UNITED STATES OF AMERICA STAND 

FEDERAL AGENCIES 

U.S. Public Health Service; 

U.S. Weather Bureau; 

U.S. Coast and Geodetic Survey; 

United States Information Agency; 

U.S. Geological Survey; 

USA Satellite Communications Agency; 

USAEC FACILITIES 

Argonne National Laboratory; 

Brookhaven National Laboratory; 

Lawrence Radiation Laboratory; 

Los Alamos Scientific Laboratory; 

New Brunswick Laboratory; 

INDUSTRY, SUPPLY, AND SERVICES 

Alden Research Laboratory, Holden, Mass.; 

Alderson Research Laboratories, Inc. , Stamford, 
Conn.i 

All American Engineering Co., Wilmington, Del.: 

Allied Chemical Nuclear Products, Inc., 
Florham Park, N.J.: 

American Atomics Corporation, Tucson, Ariz.: 

American Gas Association, Inc,, Arlington, Va.; 

The American Novawood Corporation, 
Lynchburg, Va.; 

Anaconda American Brass Company, Waterbury, 
Conn.: 

Aqua-Chem Inc., Milwaukee, Wis.; 

Arizona Highway Department, Phoenix, Ariz.; 

Atlantic Richfield Hanford Co., Richland, Wash.; 

Atomics International, Canoga Park, Calif.; 

U.S, Office of Saline Water, 
Department of the Interior; 

National Aeronautics and Space Administration; 

Tennessee Valley Authority; 

U.S. Army Natick Laboratories; 

U.S. Air Force. 

Oak Ridge Associated Universities; 

Oak Ridge National Laboratory; 

Sandia Laboratories; 

Savannah River Plant. 

Austral Oil Co,, Inc., Houston, Tex.; 

Babcock & Wilcox, Lynchburg, Va.; 

Baird Atomic, Inc., Bedford, Mass.; 

Baldwin-Lima-Hamilton Corp., Philadelphia, Pa.; 

Baltimore Gas and Electric, Baltimore, Md.; 

Sara Photographics, Hyattsville, Md.: 

Batelle Northwest Laboratory, Richland, Wash.; 

Beech Aircraft Corp., Washington, D.C.: 

Bendex Aerospace, Ann Arbor, Mich.; 

Burns and Roe, Inc., Hempstead, N.Y.; 

Case Western Reserve University 

CER Geonuclear Corporation, Las Vegas, Nev.; 

Chicago Bridge & Iron Co., Oak Brook, Ill.; 

Combustion Engineering, Inc., Windsor, Conn.: 



NARRATIVE OF THE EXHIBITS 875 

Commonwealth Edison, Chicago, Ill.; 

Computer Communications Incorporated, 
Annandale, Va.; 

Cone Mills Corporation, Greensboro, N.C.; 

Connecticut Yankee Atomic Power, Hartford, Conn.; 

Consumers Power Company, Jackson, Mich.; 

Cox Heart Instirute, Kettering, Ohio; 

Cyclotron Corporation, Berkeley, Calif.; 

Donald W. Douglas Laboratories, Richland, Wash.; 

Dunlop Photo Laboratory, Washington, D.C.; 

E.I. duPont de Nemours Company, Aiken, S.C.; 

Eberllne Instrument Company, Santa Fe, N.Mex.; 

Edgerton, Germeshausen & Grier, Inc., 
Las Vegas, Nev. ; 

Electro-Nucleonics Corporation, Fairfield, N.J.; 

El Paso Narural Gas, El Paso, Tex.; 

Enrico Fermi Institute, University of Chicago, 
Chicago, Ill.; 

Envirogenics Co., El Monte, Calif.; 

Ethicon, Inc., Sommerville, N.J.; 

Florida Power and Light Co., Miami, Fla.; 

Florida Power Corp., St. Petersburg, Fla.; 

Ford Motor Company, Dearborn, Mich. ; 

Foster-Wheeler 

Gamma Industries, Baton Rouge, La.; 

General Electric Company, New York, N.Y.; 

W.R. Grace and Company, Duncan, S.C.; 

Gulf Energy & Environmental Systems, 
San Diego, Calif.; 

Hahnemann Hospital, Philadelphia, Pa.; 

Industrial Nucleonics Corporation, Columbus, Ohio; 

International Harvester (Solar Division), 
San Diego, Calif.; 

Ionics Inc., Watenown, Mass.; 

Jersey Nuclear Co., Bellevue, Wash.; 

Jet Propulsion Laboratory, Pasadena, Calif.; 

Kerr-McGee Corp., Oklahoma City, Okla.; 

Lockheed-Georgia Corporation, Marietta, Ga.; 

Lunar & Planetary Laboratory, University of Arizona, 
Tucson, Ariz.; 

Mallinckrodt Nuclear, St. Louis, Mo.; 

Martin Marietta, Denver, Colo.; 

Monsanto Research Corporation, Miamisburg, Ohio; 

National Geographic Society, Washington, D.C.; 

National Nuclear Corp., Palo Alto, Calif.; 

Neutron Products, Inc., Dickerson, Md.; 

Norland Associates, Inc., Fott Atkinson, Wis.; 

North American Rockwell, Canoga Park, Calif.; 

Nuclear Chicago Corporation, Des Plaines, Ill.; 

Nuclear Fuel Services, Inc., Rockville, Md.; 

Nuclear Materials and Equipment Corporation, 
Apollo, Pa.; 

Ohio Nuclear, Incorporated, Cleveland, Ohio; 

Olin Industries, New Haven, Conn.; 

Panametrics, Waltham, Mass.; 

Phelps Dodge Copper Products Corp., Dayton, N.J.; 

Picker Corporation, North Haven, Conn.; 

POWER Magazine, New York, N.Y.; 

Princeton University, Plasma Physics Laboratory ,&c., 
Princeton, N.J. ; 

Raychem Corporation, Menlo Park, Calif.; 

Reynolds Metals Co., Richmond, Va.; 

Sloan-Kettering Memorial Hospital, New York, N.Y.; 

Solid State Radiation, Inc., Los Angeles, Calif.; 

E. R. Squibb & Sons, New Brunswick, N.J.; 

Stearns-Roger Corporation, Denver, Colo.; 

Teledyne Isotopes, Timonium, Md.; 

The Dow Chemical Company, Golden, Colo.; 

Tim Evans Design, Washington, D.C.; 

Todd Shipyards, Galveston, Tex.; 

Troxler Electronic Laboratories, Inc., Raleigh, N.C.; 

Union Carbide Corporation, Tuxedo, N.Y. ; 

Union Carbide (Linde Division), Tonawanda, N.Y.; 

United Nuclear Corporation, Elmsford, N.Y.; 

University of California 

University of Oregon, Eugene, Oreg.; 

University of Texas, M.D.Andeaon Hospital & 
Tumor Instirute, Houston, Tex.; 

U.S. Radium Corporation, Blumsburg, Pa.; 

Victoreen Instrument Company, Cleveland, Ohio; 

WADCO Corporation, Richland, Wash.; 

Westinghouse Electric Corporation, Pittsburgh, Pa.; 

Yankee Atomic Electric Company, Westboro, Mass. 
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IAEA EXHIBIT 

As mentioned previously, the Agency had, as part of the Governmental 
Scientific Exhibition, prepared an exhibit which was located in the Salle des 
Pas Perdus behind the Assembly Hall. Because of its favourable location, 
this exhibit was well attended and aroused much interest and comment. 

The display consisted of a number of panels depicting, by means of 
diagrams, statistics, photographs and text, vanous branches of the 
Agency's work. The overall purpose was to show the organizational struc
ture of the Agency and its main activities. Also included was a display of 
Agency publications, which added a splash of colour to the Salle des 
Pas Perdus. 

Illustrated panels described some work on medical applications of 
nuclear science, and included accounts of scintigraphic techniques, radio
immunoassay, and iron nutrition studies. The displays gave a general 
account of the principles involved and details were given of the projects 
being carried out in various parts of the world both by the Agency and the World 
Health Organization. 

The work of the Nuclear Data Section was briefly described. With the 
co-operation of Member States, four nuclear data centres have been 
established which collect and exchange important nuclear data. 

The work of the Agency's Laboratories at Seibersdorf and Monaco, 
and the International Centre for Theoretical Physics at Trieste (which is 
partly financed by the Agency) was also reviewed. Brief details were 
given of the programs of research being undertaken both at Seibersdorf 
and Monaco. 

The work of the Agency on Safeguards was depicted. Under the terms 
of the Treaty on the Non-Proliferation of Nuclear Weapons (NPT), the Agency 
is required to safeguard nuclear facilities in Member States party to the 
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Some of the many panels depicting Agency actiVIties. 

treaty. Panels illustrated how this is accomplished by means of contain
ment, surveillance systems and by a system of accountability. 

Nuclear techniques play an important role in the production and pre
servation of food. Panels described how crop yields and crop protein 
may be improved by means of nuclear techniques. A further exhibit showed 
how food wastage can be reduced by using ionizing radiation to preserve 
foods. Also featured was a general survey which showed the irradiated 
food products which have been cleared for general consumption. 

Technical Assistance is one of the Agency's major activities. Panels 
described how the Agency's Technical Assistance program is implemented 
through the provision of experts, supply of equipment and award of Fellow
ships for individual study, scientific visits, study tours and short-term 
training. 

In the contexts of nuclear power, uranium exploration, mining and 
production, reactor physics and nuclear desalination, the Agency has con
tinued to promote the peaceful uses of atomic energy and has paid special 
attention to the needs of developing countries. Panels illustrated the pro
jected growth of nuclear power, the application of nuclear power to desalt
ing water and the Agency's activities in uranium exploration, mining and 
production. Details were given of UNDP Special Fund Projects in mineral 
prospecting carried out in conjunction with the Agency's Technical 
Assistance program. A selection of uranium ores was displayed as part 
of the exhibit. Agency activities in the field of research reactor utilization 
include fourteen Regional Study Group Meetings on Research Reactor Utili
zation which have been held since 1962. 

Of considerable importance to developing countries is the process of 
information exchange. Information exchange is facilitated by the Agency's 
International Nuclear Information System (INIS), which was described as 
part of the exhibit. 




