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FOREWORD 

When the General Assembly approved the convening of the Third International 
Conference on the Peaceful Uses of Atomic Energy (resolution 1770 (XVII) of 
29 November 1962), it stipulated that the Conference should be "considerably more 
limited in size and cost than those held in 1955 and 1958 and at a minimum expense 
to the United Nations". The agenda was consequently more concentrated and more 
specific, embracing various technical and economic aspects of atomic energy as a 
source of power capable of making a major contribution to world development. This 
circumscription of the theme of the Conference brought its own advantage; it enabled 
highly topical issues to be probed in depth, not only by the scientists and technologists 
who had hitherto had the field virtually to themselves, but also by power engineers, 
economists and administrators. 

These volumes containing the Proceedings of the Third International Conference 
on the Peaceful Uses of Atomic Energy will, I believe, prove to be of great practical 
value to all those called upon to plan, develop and watch over the use of atomic 
energy as a factor of growing significance in the power balance-sheet of their respec
tive countries. As such a working tool, these Proceedings continue to reflect the generos
ity and good will of Governments, their willingness to share vital information and 
their readiness to co-operate in its application for the common good that marked the 
two earlier Conferences. 

I would like to record my appreciation of the generous and effective co-operation 
received throughout the preparations for and during the Conference from Dr. Sigvard 
Eklund, Director General of the International Atomic Energy Agency, who himself 
contributes the Preface to these Proceedings, and from the Scientific Secretariat, drawn 
largely from his staff. The pattern of collaboration between members of the United 
Nations family thus established provides an example which might with benefit be 
followed in the future in similar projects. 

I would like also to express my thanks to the members of the United Nations 
Scientific Advisory Committee for their invaluable assistance and wise counsel, without 
which the intricate preparations for the Conference could not have been brought to 
a successful conclusion, and through them to their respective Governments for their 
contribution to the staffing of the Scientific Secretariat. 

y 

UTHANT 

Secretary-General of the United Nations 



PREFACE 

The Third International Conference on the Peaceful Uses of Atomic Energy, of 
which these Proceedings constitute the scientific record, was an important milestone 
in the development of atomic energy, since it recognized that this is no longer a scien
tific novelty but a world economic reality. Consequently, attention was focused not so 
much on whether or not atomic energy can help to meet national and world power 
requirements, but rather on how and when it will be able to do so within the frame
work of conventional power requirements. The Conference did much to remove the 
barrier, arbitrarily erected, between nuclear and other power, suggesting that the former 
will soon be regarded in the same light as power derived from conventional sources. 
It was apparent from the papers and discussions that nuclear energy will come into 
use at an increasing pace, and at costs which will compare more and more favour
ably with the costs of conventional power. It was equally clear that the economics of 
nuclear power depend both on local conditions and on the size of plant units, and that 
what might appear uneconomic for larger industrialized countries might well be eco
nomic, in given circumstances, in less developed countries; for it has been wisely 
said, with reference to developing countries, that "there is no power so expensive as 
no power". It became evident in this context, however, that in weighing different 
concepts of power reactors, each design must be viewed against the background of 
the local conditions under which it will operate, if its potential in any specific location 
is to be evaluated properly. 

The papers on power reactors showed that several current types can already be 
regarded as standard; and operating experience has established that their safety and 
availability records, as well as their capital and fuel costs, are such as to make them 
competitive with conventional power generating stations, particularly where units are 
large. Major research on the development of a variety of systems offering better fuel 
utilization enhances the prospect of their speedy introduction, thereby helping, inci
dentally, to conserve the world's limited resources of fossil fuels. It is generally 
recognized that the development of breeder reactors should not only improve the utili
zation of the world's resources of nuclear materials, but should also lower the inci
dence of the fuel component in power generating costs, and thus make it possible 
to mine low-grade uranium ores economically. Special attention was devoted to the 
prospects for supply and demand of nuclear raw materials, and to the possibility of 
recovering uranium from sea water on an economic basis. Operating results obtained 
with experimental breeder reactors in certain countries strongly support the view that 
their use on an industrial scale is solely a matter of time, target dates for such a 
development ranging from the middle 1970s to the middle 1980s. 

The Conference also brought out the excellent safety record of the nuclear power 
industry; this is due to the high factors of safety already used in design, in the testing 
of materials and in construction controls, etc. Experience acquired in reactor opera
tion, which has enabled standard procedures to be established, has minimized the risk 
of accidents and their consequences. As regards plant equipment, interesting infor-
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mation was presented about reactor containment, in particular on the use of pre
stressed concrete pressure vessels and the development of materials capable of retain
ing adequate stability under conditions of high temperature, pressure and radiation. 
At the same time, it became evident that further work is needed in this field. Impor
tant information was submitted on heat transfer problems, particularly when approach
ing critical heat flux conditions, and on the use of superheated steam as a 
coolant. Significant progress, too, was reported in the improvement of fuel-element 
heat transfer through the development of more complex heat transfer surfaces. Better 
methods of disposing of radio-active waste were described, including its incorporation 
in glass and its disposal in suitable underground formations, salt formations in 
particular being regarded as eminently suitable for this purpose. 

So far as controlled nuclear fusion is concerned, developments have mainly been 
confined to research into and knowledge of plasma physics; these developments have 
given an indication of the technical difficulties that have still to be overcome. The 
Conference learned of some interesting developments in direct methods of converting 
nuclear into electrical energy, the present objectives of which are to increase conver
sion efficiency and to produce compact, reliable and long-lasting power supplies for 
use in special conditions. The papers on such small-scale devices as "ROMASHKA" 
(USSR) and "SNAP" (USA) were among the practical examples of this which excited 
considerable interest. 

A special application of nuclear energy which aroused considerable interest at 
the Conference is its use for the dual purpose of producing electricity and process 
heat which, where base-load demand exists for both water and power, could be used 
for the desalination of salt and brackish waters. While it is recognized that with the 
present stage of technology such dual-purpose plants would have to be of large size 
and capacity to be an economic proposition, the increasing world shortage of fresh 
water and continual improvements in technology justify the work being done to har
ness the great potential of nuclear power to this end. Encouraging papers were also 
presented describing experience gained in the use of nuclear explosives for mining and 
civil engineering which demonstrated the great possibilities of their use in the building 
of harbours, canals, water-storage ponds, etc., at costs which might become competi
tive with conventional explosives, depending upon the nature, location and magnitude 
of each project. 

The Conference also brought out the substantial progress made in international and 
regional co-operation in the development and use of nuclear energy. Although the 
use of isotopes received only passing attention, the survey papers presented on this 
subject showed the steady progress which has been made in this field, and the virtually 
routine use of isotopes in important areas in medicine, agriculture and industry. 

The theme of the Conference-reactors and nuclear power-was a reflection of 
the advance of nuclear power from the laboratory study to commercial application. 
Consequently, it was not surprising to find that commercial interests w·ere well 
represented among those attending the Conference. But it was gratifying to note that 
the veil of secrecy with which these aspects of nuclear power are usually shrouded did 
not obscure a liberal and frank exchange of views on reactor concepts, types and sys
tems which should have beneficial effects on the growth of atomic energy as a source 
of electricity. 

Director General, International Atomic Energy Agency 
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AVANT-PROPOS 

Lorsque 1' Assemblee generale a approuve la convocation de Ia troisieme Confe
rence intemationale sur !'utilisation de l'energie atomique a des fins pacifiques [reso
lution 1770 (XVII) du 29 novembre 1962], elle a precise que cette conference devait 
etre « d'une importance beaucoup plus limitee que celles de 1955 et 1958 et organisee 
de fa~:<on a n'imposer aux Nations Unies qu'un minimum de frais ». En consequence, 
un ordre du jour moins ambitieux mais plus concret prevoyait l'etude, sous divers 
aspects techniques et economiques, de l'energie atomique consideree comme source 
d'energie pouvant contribuer puissamment au developpement mondial. Cette limitation 
du theme de la Conference a eu son avantage; il a ete possible ainsi de faire etudier 
en profondeur des problemes de grande actualite, non seulement par les savants et les 
techniciens qui s'en etaient occupes pratiquement seuls jusqu'alors, mais encore par 
des ingenieurs specialistes de l'energie, des economistes et des administrateurs. 

Ces volumes qui contiennent les Actes de la troisieme Conference intemationale 
sur !'utilisation de l'energie atomique a des fins pacifiques seront, j'en ai la conviction, 
d'une grande valeur pratique pour tous ceux qui sont appeles a prevoir, mettre au 
point et surveiller !'utilisation de l'energie atomique en tant qu'element d'importance 
croissante du bilan energetique de leur pays. Instrument de travail pratique, les Actes 
de la troisieme Conference temoignent de la generosite, de la bonne volonte, de l'em
pressement a mettre en commun des connaissances d'importance capitale et du bon 
vouloir a collaborer a leur application pour le plus grand bien de tous - dont les gou
vemements avaient deja fait preuve lors des deux premieres conferences. 

J e tiens a ex primer officiellement rna gratitude a M. Sigvard Eklund, Directeur 
general de l'Agence intemationale de l'energie atomique, qui a redige la preface des 
Actes de la Conference, et au Secretariat scientifique, compose en majeure partie de 
membres de son personnel, pour le concours genereux et efficace qu'ils m'ont accorde 
pendant toute la duree des travaux preparatoires et pendant la Conference elle-meme. 
Ce type de collaboration qui s'est instaure entre les organes de Ia famille des Nations 
Unies est un exemple dont on pourrait utilement s'inspirer dans I'avenir pour des 
taches similaires. 

Je tiens a remercier aussi les membres du Comite consultatif scientifique des Na
tions Unies de leur aide precieuse et de leurs conseils judicieux, sans lesquels il eut 
ete impossible de mener a bonne fin les travaux si complexes de preparation de laCon
ference, et, par leur truchement, je remercie les gouvemements interesses d'avoir bien 
voulu detacher du personnel au Secretariat scientifique de la Conference. 

U TRANT 

Secretaire general de l'Organisation des Nations Unies 
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PREFACE 

La troisieme Conference internationale sur !'utilisation de l'energie atomique a des 
fins pacifiques, dont les Actes ci-apres constituent le bilan scientifique, a marque une 
etape importante du developpement de l'energie atomique puisqu'il y a ete reconnu 
que l'energie nucleaire ne represente plus une nouveaute scientifique mais une realite 
economique mondiale. Le centre d'interet s'est done deplace et l'on ne cherche plus 
tant a savoir si l'energie atomique peut ou non aider a faire face aux besoins nationaux 
et mondiaux d'energie, mais plutot quand et comment elle pourra le faire dans le 
cadre des besoins d'energie classique. La Conference a beaucoup contribue a abolir 
la distinction arbitraire entre l'energie d'origine nucleaire et les autres formes d'energie 
et l'on peut penser que l'energie d'origine nucleaire sera bientot consideree sous le 
meme angle que les autres sources d'energie. Les memoires et les debats ont fait 
ressortir clairement que !'utilisation de l'energie d'origine nucleaire va se generaliser 
rapidement et que son prix de revient pourra se comparer de plus en plus favorable
ment a celui de l'energie classique. ll est apparu tout aussi clairement que la renta
bilite de l'energie d'origine nucleaire est fonction a la fois des conditions locales et de 
la taille des unites de production et que telle installation qui risquerait de ne pas 
etre consideree comme rentable dans de grands pays industriels pourrait fort bien etre 
economiquement viable, dans des conditions donnees, dans les pays moins deve
loppes; car on a fort bien dit qu' « il n'existe pas d'energie qui soit aussi couteuse 
que !'absence d'energie ». II est devenu evident a cet egard que, lorsqu'on veut juger 
les differents types de reacteurs de puissance, il faut pour evaluer convenablement leurs 
possibilites en un lieu donne considerer chacun d'eux en tenant compte des conditions 
locales dans lesquelles il fonctionnerait. 

11 ressort des memoires presentes sur les reacteurs de puissance que plusieurs des 
modeles actuels peuvent desormais etre consideres comme des reacteurs types, et !'ex
perience pratique a montre que du point de vue de Ia securite et de Ia continuite du 
fonctionnement, ainsi que des immobilisations et des depenses de combustible, ces 
reacteurs peuvent soutenir Ia concurrence des centrales electriques classiques, surtout 
s'il s'agit de grosses unites. L'effort de recherche considerable poursuivi pour mettre 
au point toute une gamme de systemes assurant une meilleure utilisation du combus
tible augmente encore les chances de leur mise en service prochaine, ce qui, incidem
ment, permettrait de menager les ressources mondiales en combustibles fossiles, qui sont 
limitees. On s'accorde generalement a reconnaitre que la mise au point de reacteurs 
surgenerateurs devrait permettre non seulement d'ameliorer !'utilisation des ressources 
mondiales en matieres nucleaires, mais encore de reduire le poste « combustible » dans 
le cout de production de l'electricite et de rendre ainsi rentable !'extraction de minerais 
a faible teneur en uranium. On s'est particulierement preoccupe des perspectives de 
l'offre et de Ia demande de matieres premieres nucleaires et de la possibilite d'extraire 
de fa<;on rentable !'uranium de l'eau de mer. Les resultats obtenus dans certains pays 
avec des reacteurs surgenerateurs experimentaux sont tels que l'on peut considerer 
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que leur utilisation a l'echelle industrielle n'est qu'une question de temps, les dates 
avancees se situant entre 1975 et 1985 environ. 

La Conference a montre aussi les excellentes conditions de securite dans les
quelles travaille l'industrie energetique nucleaire en raison des normes de securite ele
vees que l'on applique dans la conception des reacteurs, les essais des materiaux, le 
controle en cours de construction, etc. Grace a !'experience acquise dans le fonction
nement des reacteurs, on a pu mettre au point des regles types et minimiser les ris
ques d'accident et leurs consequences. En matiere d'equipement des reacteurs, des 
renseignements interessants ont ete fournis sur l'enveloppe de securite, en particulier 
sur !'utilisation de caissons etanches en beton precontraint et sur Ia mise au point de 
materiaux capables de conserver Ia stabilite voulue dans des conditions de tempera
ture, de pression et d'irradiation elevees. II est cependant apparu a !'evidence qu'il faut 
poursuivre les travaux dans ce domaine. Des renseignements importants ont ete pre
sentes sur les problemes de transfert de chaleur, notamment au voisinage de conditions 
de flux thermique critiques, et sur l'emploi de vapeur surchauffee comme fluide calo
porteur. On a egalement signale que de grands progres avaient ete realises dans !'ame
lioration du transfert de chaleur des elements de combustible grace a la mise au point 
de surfaces de transfert de chaleur de forme plus complexe. On a traite aussi du perfec
tionnement des methodes d'elimination des dechets radioactifs, notamment de celle qui 
consiste a les incorporer dans du verre et a les enfouir dans certaines formations sou
terraines, Ies formations salines en particulier se pretant parfaitement, estime-t-on, a 
cet usage. 

Quant au domaine de la fusion nucleaire controlee, on peut y mentionner surtout 
les recherches visant a elargir les connaissances en matiere de physique des plasmas; 
ces recherches ont donne des indications sur les difficultes techniques qui restent a 
surmonter. La Conference a entendu des exposes sur d'interessants travaux concer
nant des methodes de conversion directe de l'energie nucleaire en energie electrique; 
les objectifs actuels de ces travaux sont d'ameliorer le rendement de Ia conversion et 
de fabriquer des generateurs d'electricite qui soient de faible encombrement, de fonc
tionnement sur et de longue duree, pouvant etre utilises dans des conditions speciales. 
Parmi Ies realisations pratiques qui ont ete citees a la Conference, il convient de men
tionner les communications sur Ies appareils de taille reduite « ROMASHKA » 
(URSS) et « SNAP » (Etats-Unis), qui ont eveille un interet considerable. 

L'une des applications de l'energie nucleaire qui ont suscite Ie plus d'interet a la 
Conference est celle qui permet de combiner la production d'electricite et celle de 
chaleur; la ou il existe une demande constante d'eau aussi bien que d'electricite, une 
installation con~ue a cette fin peut etre utilisee pour le dessalement de l'eau de mer et 
des eaux saumatres. Certes, dans l'etat actuel de la technique, ces installations a double 
fin doivent pour etre rentables avoir une taille et une capacite de production consi
derables, mais la penurie croissante d'eau douce dans le monde et les progres inces
sants de la technique justifient les efforts entrepris pour exploiter les possibilites im
menses que l'energie nucleaire offre dans ce domaine. Des communications interessantes 
ont ete faites aussi sur !'utilisation d'explosifs nucleaires dans !'extraction miniere et 
le genie civil; elles temoignent des vastes possibilites qu'offrent ces procedes pour la 
construction de ports, le creusement de canaux, l'amenagement de bassins d'accumu
lation d'eau, etc., moyennant un cout qui pourrait arriver a soutenir la concurrence 
de celui des explosifs classiques, compte tenu de Ia nature, de !'emplacement et de 
l'ampleur des travaux a realiser. 

La Conference a mis en relief l'etendue des progres accomplis dans la coope
ration internationale et regionale pour l'etude et l'emploi de l'energie nucleaire. Si l'uti-

X 



lisation des radioelements n'a retenu que brievement !'attention, il ressort des rap
ports d'ensemble presentes a ce sujet que des progres constants sont realises dans 
ces applications et que les radioelements sont d'un usage presque classique dans d'im
portants domaines de Ia medecine, de !'agriculture et de l'industrie. 

Le theme meme de la Conference -les reacteurs et l'energie d'origine nu
cleaire- illustre les progres accomplis en matiere d'electricite nucleaire, laquelle est 
passee du stade de 1\~tude en laboratoire a celui des applications commerciales. 11 n'y 
avait done pas lieu d'etre surpris que les interets commerciaux fussent bien repre
sentes a Ia Conference. Mais il a ete agreable de constater que le secret qui entoure 
habituellement ces aspects de l'energie d'origine nucleaire n'a nullement empeche de 
larges et francs echanges de vues sur les projets, les types et les systemes de reac
teurs propres a accroitre le role de l'energie atomique en tant que source d'electricite. 

Directeur general de l' Age nee internationale de l' energie atomique 
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BBE,II;EHHE 

Kor.zi:a feHepaJibHaH AccaM6JieH o.n:o6pHJia C03hiB TpeTbeH: Me)f{.n:yHapo.n:

HOH KOHcpepeHIJ,HH no HCnOJib30BaHIHO aTOMHOH 3HeprHH B MHpHbiX IJ,eJIHX 

(pe30JIJOIJ,HH 1770 (XVII) OT 29 HOH6pH 1962 r.), OHa npe.n:ycMaTpHBaJia, '-ITO 3Ta 

KoHcpepeHIUiH .ll:OJI}I{Ha 6biTb «3Ha4HTeJibHO 6oJiee orpaHH'-IeHHOH no csoHM 

MaCIIITa6aM H paCXOJI,aM, '-!eM KOHcpepeHUHH, COCTOHBIIJlieCH B 1955 ro.n:y H 

1958 ro.n:y, npH MHHHMaJibHhiX pacxo.n:ax JI,JIH OpraHH3ai..J.HH 06be.ll:HHeHHhiX Ha

I..J.HH». 0oBeCTKa JI,HH KoHcpepeHli,HH 6hiJia, COOTBeTCTBeHHO, 6oJiee KOHll,eH

TpHpOBaHHOH H KOHKpeTHOH, OXBaTbiBaJOIIJ,eH pa3JIH'-1Hb!e TeXHH'-!eCKHe lf 31{0-

HOMH'-!eCKHe acneKTbl aTOMHOH 3HeprHH, KaK HCTO'-IHHKa 3HeprHH, CnOC06Horo 

BHeCTH Ba.}I{HbiH BKJiaJI, B MHpOBOe pa3BHTHe. 3TO orpaHH'-!eHHe TeMbi Koacpe

peHli,Hli HMeJIO CBOH npeHMyiiJ,eCTBa; OHO no3BOJIHJIO OCyiiJ,eCTBHTb rJiy60KOe 

paCCMOTpeHHe B BbiCIIIeH CTeneHH aKTyaJibHbiX BOnpOCOB He TOJibKO y'-!eHbiMH H 

TeXHH'-IeCKHMli cneli,HaJIHCTaMH, KOTOpbie JI,O cero BpeMeHH cpaKTH'-IeCKH nOJib· 

30BaJIHCb CBOero po.n:a MOHOTIOJIHeif B 3TOH 06JiaCTH, HO TaK)I{e HH)I{eHepaMH-

3HepreTHKaMH, 3KOHOMHCTaMH H npe.n:CTaBHTeJIHMli aJI,MHHHCTpaTHBHbiX opraHOB. 

3TH TOMa, co.n:ep}KaiiJ,He Tpy.n:hr TpeTbeii: Me)f{.n:yHapo.n:Hoif KoH¢epeHU.HH no 

HCTIOJib30BaHHJO aTOMHOH 3HeprHH B MlipHbiX ll,eJIHX, 6y.n:yT, KaK H noJiaraJO, 

HMeTb 60JibiiiYJ0 npaKTH'-!eCKYJO ll,eHHOCTb JI,JIH BCeX TeX, KTO npH3BaH 3aHH

MaTbCH TIJiaHHpOBaHHeM H pa3BHTHeM aTOMHOH 3HeprHH, a TaK}Ke Ha6JIIOJI,eHHeM 

3a ee HCnOJib30BaHHeM, nOCKOJibKY aTOMHaH 3HeprHH CTaHOBHTCH ace 6oJiee 

Ba)I{HbiM ¢aKTOpOM B aHepreTH'-IeCKHx 6aJiaHcax HX cTpaH. Ey.n:y'-IH TaKoro po.n:a 

opy.n:HeM, 3TH Tpy.n:hr npoJI,OJI)I{aJOT HBJIHT bCH oTpa)f{eHHeM 6ecKopbiCTHH H 

JI,06poif BOJIH npaBHTeJibCTB, HX rOTOBHOCTH JI,eJIHTbCH Ba)I{HOH HHcpOpMali,HeH, 

a TaK)I{e Hx roTOBHOCTH K coTpy.n:HH'-IeCTBY B .n:eJie ee HcnOJib30BaHHH .ll:JIH o6-

mero 6Jiara, '-ITO HBJIHJIOCb xapaKTepHbiM H JI,JIH .ll:BYX npeJI,bl.lJ:YIIJ,HX KOHcpepeHll,liH. 

Pa3peiiiHTe MHe Bbipa3HTb MOJO 6Jiaro.n:apHOCTb feHepaJibHOMY .n:HpeKTopy 

Me)l{.n:yHapo.n:aoro areHTCTBa no aTOMHOH aHeprHH .n:-py (Hraap.n:y 3KJIYH.ll:Y 3a 

IIIHpoKyJO H a¢¢eKTHBHYJO no.n:.n:ep}I{Ky, KOTopyJO OH OKa3biBaJI B xo.n:e no.n:ro

TOBKH H npOBeJI,eHHH 3TOH KoHcpepeHli,Hli, npH'-!eM OH caM nOJI,fOTOBHJI npeJI,H

CJIOBHe K HaCTOHIII.HM Tpy.n:aM, a TaK)I{e Y'-!eHOMy ceKpeTapHaTy, c¢opMHpo

saHHOMY B OCHOBHOM H3 '-!JieHOB ero nepcoHaJia. HaJia}KeHHOe TaKHM o6pa30M 

coTpy.n:HH'-IeCTBO Me)f{.n:y '-!JieHaMH CHCTeMbi OpraHH3aU.HH 06beJI,HHeHHbiX Hau.Hii: 

npe.n:CTaBJil'IeT co6oii: npHMep, KOTOpOMY MO)I{HO 6biJIO 6bi C nOJib30H CJieJI,O

BaTb B 6y.n:yiiJ,eM npH npoBeJI,eHHli aHaJIOrH'-!HbiX MeponpHHTHH. 

MHe xoTeJIOCb 6bi TaK)I{e Bbipa3HTb MOJO npH3HaTeJibHOCTb '-IJieHaM Hay'-1-

Horo KOHCYJibTaTHBHoro KOMHTeTa OOH 3a HX aeou.eHHMYJO noMoiiJ,b H MY.ll:Pbie 

coBeTbi, 6e3 KOTOpbiX cJIO}I{HaH pa6oTa no no.n:roToBKe .n:aHHoii: KoH¢epeHli,HH 

He MOrJia 6bi yaeH'-!aTbCH ycnexoM; '-!epe3 HHX 5I XOTeJI 6bi TaK)I{e Bbipa3HTb 

MOJO 6Jiaro.n:apHoCTb Hx npaBHTeJibCTBaM 3a cOTPY.ll:HH'-IeCTBO B .n:eJie yKOMIIJieK

TOBaHHH Y'-!eHoro ceKpeTapHaTa. 

~-
y TAH 

TeHepallbHbzu CeKpemapb OpcaHU3a!fUU 06aeouHeHHblX Ha!fUU 
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IIPE,IJ;HC.JIOBHE 

TpeTbH Me}l{.zr.yHapo.zr.HaH KOHcpepeHI.J:HH no nenoJih30BaHHIO aTOMHOM ::mep

rHH B MHpHbiX ll,eJIHX, HayqHbiM OTqeTOM 0 pa60Te KOTOpOM HaeTDHili,He Tpy,ll.hl 

HBJIHIOTeH, 6hiJia Ba}I{HOM BeXOM B pa3BHTHH aTOMHOM 3HeprHH, noeKOJihKY OHa 

npH3HaJia, qTO aTOMHaH 3HeprHH y}l{e 6oJiee He HBJIHeTeH HayqHbiM HOBliieeTBOM, 

a CTaJia peaJihHOeThiO MHposoii 3KOHOMHKH. CooTBeTeTBeHHO BHHMaHHe 6hiJio 

eoepe.zr.oToqeHO He eTOJibKO Ha TOM, MO}I{eT JIH aTOMHaH 3HeprHH HrpaTh pOJib B 

.zr.eJie Y.ll.OBJieTBopeHHH llOTpe6HOCTeM B 3HeprUH KaK B Hali,HOHaJibHOM, TaK H B 

Me}l{,li.yHapO,li.HOM MaernTa6e, eKOJibKO Ha TOM, KaK H KOr,li.a 3TO MO}I{HO oeyme

eTBHTb B paMKax noTpe6HoeTeii B 3HeprHH H3 o6hJqHbiX HeToqHHKOB. KoHcpe

peHli,HH npo.zr.eJiaJia 60JihliiYIO pa6oTy B nJiaHe yeTpaHeHI:IH npOH3BOJibHoro no 

eBOeMy xapaKTepy 6apbepa Me}l{.zr.y H,li.epHOM 3HepmeM H .zr.pyrHMH HeToqHHKaMH 

3HeprHH H Bbl,li.BHHyJia npe.zr.noJIO}I{eHHe, qTO B 6JIH}I{aMrnee BpeMf! H,li.epHaH 3Hep

fHH 6y.zr.eT paeeMaTpHBaTbeH B KaqeeTBe TaJ<OfO }l{e HeTOqHHKa, KaK H 06bJqHbie 

HeTOqHHKH. Ha OeHOBaHHH ,li.OKJia)I,OB H ,li.HeKyeeHM eTaJIO oqeBH,li.HbiM, qTO f!,li.ep

HaH 3HeprHH 6y.zr.eT HenOJib30BaTbeH BO Bee B03paeTalOili,HX MaernTa6ax, npHqeM 

!IO CBOeM ee6eeTOHMOeTH OHa 6y,lleT Bee 6oJiee H 6oJiee KOHKypeHTOenoeo6Hoi'J 

no OTHOrneHHIO K 3HeprHH H3 o6hiqHhiX neToqHHKOB. CTaJio TaK}I{e oqeBH.ll.HhiM, 

qTO 3KOHOMHKa f!,li.epHOM 3HeprHH eBH3aHa KaK C MeeTHbiMH yeJIOBHHMH, TaK H 

C pa3MepaMH arperaTOB H 06oeKTbi, KOTOpbie MO}I{HO 6hiJIO 6hi paceMaTpHBaTb 

KaK HepeHTa6eJibHbie ,ll.JIH 6oJiee KpynHbiX npOMblliiJieHHbiX CTpaH, BnOJIHe MO· 

ryT OKa3aTbef! peHTa6eJihHbiMH npH Onpe.zr.eJieHHbiX yeJIOBHHX B MeHee pa3BHTbiX 

eTpaHax; KaK 6hiJIO npaBHJibHO eKa3aHO B OTHOliieHHH pa3BHBalOili,HXeH eTpaH, 

«HeT TaKoii .zr.oporoeToHmeii 3HeprHH, KaK oTeyTeTBHe 3HeprHH». O.zr.HaKo B 3TOM 

eBH3H CTaJIO oqeBH,li.HbiM, qTO npH Oll,eHKe pa3JIHqHbiX THnOB 3HepreTHqeeKHX 

peaKTopos Ka}l{.zr.yro KOHeTpyKli,HIO peaKTOpa cJie.zr.yeT paeeMaTpHBaTb e yqeTOM 

npeo6Jia)J,alOili,HX MeeTHhiX yeJIOBHM, B KOTOpbiX OH 6y.zr.eT pa6oTaTb, e TeM qT0-

6hi npaBHJibHO O'll,eHHTb ero llOTeHli,HaJI B Ka}l{,ll.OM OT,li.eJibHOM eJiyqae • 

.[{OKJia,li.bl OTHOeHTeJibHO 3HepreTHqeeKHX peaKTOpOB noKa3aJIH, qTO He

eKOJibKO eylll,eCTBYlOili,HX B HaeTOHill,ee BpeMH THnOB peaKTOpOB MOfYT y}l{e pae

eMaTpHBaTbef! KaK CTaH.zr.apTHbie MO,li.eJIH; OnhiT HX 3KenJiyaTali,HH fleHO nOKa3hi

BaeT, qTO HX CTeneHb 6esonaeHOeTH H Ha,li.e}I{HOeTH, KanHTaJibHhie paeXO,li.bl H 

paeXO,li.bl Ha TOnJIHBO TaKOBhi, qTo 3TH peaKTOpbi eTaHOBHTeH KOHKypeHTOCnO

eo6HhiMH no OTHOliieHHlO K 06bJqHbiM 3JieKTpOCTaHli,HHM, Oeo6eHHO KOr.zr.a peqb 

H.zr.eT o 6oJihliiHX arperaTax. KpynHhie HeeJie.zr.osaTeJihCKHe pa6oThi no eos.zr.a

HHIO pH.zr.a eHCTeM, o6eeneqHBalOili,HX Jiyqrnee HCnOJib30BaHHe TOnJIHBa, npH-

6JIH}I{alOT nepcneKTHBY HX 6hiCTporo BHe.zr.peHHH, a 3TO B KOHeqHQM cqeTe eJiy

}I{HT ,li.eJiy eoxpaHeHHH OrpaHHqeHHbiX MHpOBbiX sanaeOB HeKonaeMOfO TOnJIH· 

Ba. Ceiiqae npHsHaHo seeMH, qTo pasBHTHe peaKTopos-pasMHO}I{HTeJieii ,ll.OJI}I{HO 

He TOJibKO ycoBeprneHeTBOBaTb HC.!IOJib30BaHHe MHpOBbiX sanaCOB H,li.epHOfO TO· 

llJIHBa, HO ,ll.OJI}I{HO TaK}I{e nOHH3HTb y.zr.eJibHbiM Bee TOnJIHBa B ce6eeTOHMOCTH 

npOH3BO,li.eTBa 3HeprHH, a 3TO e.zr.eJiaeT peHTa6eJibHbiM ,li.06bJqy HH3KOCOpTHbiX 

ypaHOBhiX py.zr.. Oeo6oe BHHMaHHe 6brJio y.zr.eJieHo nepeneKTHBaM enpoea H npe.zr.

JIO}I{eHHH H,li.epHbiX ehipbeBbiX MaTepHaJIOB, a TaK}I{e B03MO}I{HOeTH peHTa6eJib

HOM .zr.o6brqH ypaHa H3 MopeKoii BO.ll.hl. PesyJihTaTbi 3KenJiyaTali,HH 3KcnepHMeH-
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TaJibHbiX peaKTOpOB-pa3MHO.>KHTeJieH B HeKOTOpbiX CTpaHaX HeCOMHeHHO no,n:

TBep.>K.LI.aiOT, LIT'O HX HCnOJih30BaHHe B npOMbllllJieHHOM MaClllTa6e HBJIHeTCH 

JIHlllb BOnpOCOM BpeMeHH, npHLieM OpHeHTHpOBOLIHhie CpOKH KOJie6JIIOTCH OT 

cepe,ZJ.HHbl CeMH,ZJ.eCHThiX rO,ZJ.OB ,ZJ.O cepe,ZJ.HHhl BOChMH,ZJ.eCHThiX rO,ZJ.OB. 

KoucpepeHIJ,HH BhiHBHJia TaK.>Ke BhiCOKYIO cTeneub 6e3onacuocTH ua npe.n.

npHHTHHX H.LI.epHOH npOMbllllJieHHOCTH, LITO o6yCJIOBJieHO BhiCOKHMH K03cpcpH

IJ,HeHTaMH 6e3onaCHOCTH, npHMeHHeMbiMH y.>Ke npH npOeKTHpOBaHHH, npH HC

llhiTaHHH MaTepHaJIOB H npH KOHTpOJIHpOBaHHH B XO.LI.e CTpOHTeJibCTBa H T • .LI.. 

OnbiT, npHo6peTeHHhlH B xo.n.e aKcnJiyaTaU.HH peaKTopos, KOTOphiH .n.aJI B03-

MO.>KHOCTh YCTaHOBHTb CTaH.n.apTHbie npoll,eCChl, CBeJI K MHHHMYMY onaCHOCTb 

HeCLiaCTHbiX CJiyLiaeB H HX nOCJie.LI.CTBHH. 4TO KacaeTCH npOH3BO.LI.CtBeHHOrO 060-

PY.Ll.OBaHHH, TO 6hiJia noJiyLieHa HHTepecHaH HHcpOpMaiJ,HH OTHOCHTeJibHO repMe

TH3aiJ,HH peaKTOpOB, OC06eHHO OTHOCHTeJibHO HCnOJih30BaHHH COCY.Ll.O'B BhiCO

KOrO ,ZJ.aBJieHHH H3 npe.zr.sapHTeJibHO HanpH.>KeHHOrO 6eTOHa H C03.LI.aHHH MaTepH

aJIOB, CnOC06HbiX COXpaHHTb .LI.OCTaTOLIHYIO CTa6HJihHOCTh B YCJIOBHHX BbiCOKOH 

TeMnepaTyphi, BhiCOKoro .n.asJieHHH H BhlCOKOH pa.n.HaU.HH. O.n.uospeMeHHO cTa

JIO OLieBH.Ll.HhiM, LITO Cylll,eCTByeT He06XO.LI.HMOCTh npOBO.LI.HTb .LI.aJibHeHlllHe pa-

60Tbl B 3TOH o6JiaCTH. DhiJia npe.n.cTaBJieHa Ba.>KHaH HHcpOpMaiJ,HH OTHOCHTeJib

HO npo6JieM nepe.zr.aLIH TenJia, oco6euuo npH npHt6JIH.>KeHHH K KPHTHLiecKoMy 

ypOBHIO TenJIOBOrO nOTOKa, a TaKiKe OTHOCHTeJibHO HCnOJib30BaHHH neperpeTO

ro napa B KaLieCTBe oxJia.LI.HTeJIH. DhiJIO coo611J,eHo TaK.>Ke o 3HaLIHTeJibHhiX yc

nexax, .Ll.OCTHrHyThiX B .n.eJie ycosepllleHCTBOBaHHH nepe.n.aLIH TenJia TOnJIHBHbiMH 

aJieMeHTaMH nyTeM KOHCTpyHposaHHH 6oJiee CJIO.>KHhiX nosepxuocTeii .LI.JIH ero 

nepe.zr.aLIH. PaccMaTpHBaJIHCh ycosepllleHcTBOBaHHbie MeTO.LI.hi y.n.aJieHHH pa.zr.Ho

aKTHBHhiX OTXO.Ll.OB, BKJIIOLiaH noMelll,eHHe HX B CTeKJIO H B nO.LI.3eMHhie cpopMa

ll,HH; B LiaCTHOCTH, CLIHTaiOT, LITO COJIHHbie cpopMall,HH HBJIHIOTC,H OC06eHHO npH

rO.LI.HhiMH .LI.JIH 3TOH IJ,eJIH. 

Pa3pa60'TKa ynpaBJIHeMoro n.n.epHoro CHHTe3a ocylll,eCTBJIHJiacb rJiaBHhlM 

o6pa30M no JIHHHH HCCJie.LI.OBaHHH 3aKOHOMepHOCTeH cpH3WKH nJia3Mhi, a 3TO 

BhiHBHJIO TeXHHLieCKHe TPY.Ll.HOCTH, KOTOphie see elll,e npe.n.cToHT npeo.n.oJieTb. 

YLiaCTHHKH KoucpepeHU.HH 3acJiylllaJIH coo6Ill,eHHH O'THOCHTeJibHO ueKOTophiX HH

TepecHhix C.Ll.BHrOB B 06JiaCTH Henocpe.LI.CTBeHHbiX MeTO.Ll.OB npespalll,eHHH H.LI.ep

HOH 3HeprHH B 3JieKTpHLieCKy10; npH 3TOM B HaCTOHill,ee BpeMH CTaBHTCH IJ,eJIH 

nOBbiCHTb acpcpeKTHBHOCTb TaKOrO npespalll,eHHH H o6ecneLIHTb HenpephiBHOe, 

Ha.n.e.>KHOe H .LI.JIHTeJibHOe 3HeprOCHa6.>KeHHe .Ll.JIH HCnOJib30BaHHH B cneiJ,HaJibHhiX 

ycJIOBHHX. B .LI.OKJia.n.ax o TaKHX arperaTax ue6o.J.IblllHX pa3Mepos, KaK «POMA

lliKA» (CCCP) H «CHAn» (CiliA), npHBO.LI.HJIHCb npaKTHLieCKHe npHMephi B 

9TOM nJiaHe, LITO Bh13BaJIO 3HaLIHTeJibHbiH HHTepec. 

Cneu.HaJihHhiM BH.Ll.OM npHMeueuHH H.n.epuoii aueprHH, Bhi3BaBlllHM ua Kou

cpepeHU.HH 3HaLIHTeJibHbiH HHTepec, HBHJIOCb HCnOJib30BaHHe ee .LI.JIH npOH3BO.Ll.

CTBa KaK 3JieKTpHLieCTBa, TaK H TeXHOJIOrHLieCKOrO TenJia, KOTOpoe B TeX CJIY

LiaHX, Kor.n.a B CBH3H C OCHOBHOH Harpy3K0If Cylll,eCTBYeT nOTpe6HOCTb KaK B 

BO.LI.e, TaK H B 3HeprHH, MO.>KeT 6hiTb HCnOJib30BaHO .LI.JIH onpeCHeHHH COJieHbiX 

H COJIOHO.SaThiX BO,ZJ.. XOTH H npH3HaeTCH, LITO npH HhiHelllHeM ypoBHe TeXHO

JIOrHH 3KOHOMHLIHOCTb TaKHX ycTaHOBOK ,ZJ.BOHHOrO Ha3HaLieHHH Tpe6yeT, LIT0-

6bl OHH 6biJIH KpynHbiMH H MOill,HbiMH, 803 paCTaiOill,aH HeXBaTKa npeCHOH BO

.Ll.bl BO BCeM MHpe H HenpepbiBHOe yCOBepllleHCTBOBaHHe TeXHOJIOrHH OnpaB.LI.bi

BaiOT pa6oTy, KOTOpaH npOBO,ZJ.HTCH C TeM, LIT06bl BbiCB060.LI.HTb 60JiblllOH no

TeHIJ,HaJI H.zr.epuoii aueprHH .LI.JIH 3TOH u.eJIH. obiJIH npe.n.cTaBJieHhi onTHMHCTH· 

LieCKHe .LI.OKJia.LI.bi OTHOCHTeJibHO OnbiTa B 06JiaCTH HCnOJib30BaHHH H.LI.epHbiX 

B3pbiBLiaTbiX Belll,eCTB B ropHOM ,ZJ:eJie H B rpa.>K.LI.aHCKOM CTpOHTeJibCTBe, LITO 

BbiHBHJIO orpOMHbie B03MO.>KHOCTH HX npHMeHeHHH .LI.JIH CTpOHTeJibCTBa rasa

HeM, KaHaJIOB, BO.LI.OXpaHHJIHill, H T • .LI.. no ce6eCTOHMOCTH, .n.onycKaiOill,eH KOHKY

peHTOCnOC06HOCTb B cpaBHeHHH C 06biLIHbiMH B3pbiBLiaTbiMH Belll,eCTBaMH, KO-
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HeqHO B 3aBHCHMOCTH OT xapaKTepa, MeCTopacnOJIO}I{eHHH H 06'beMa Ka}I{,ZJ.Oro 

o6oeKTa. 

KoH<pepeHU:HH BhHIBHJia TaK}I{e 3HaqHTeJibHbiH nporpecc, ,n:OCTHrHyThiH B 

paMKaX Me}l{.n:yHapO,ZI.HOrO H perHOHaJibHOro COTpy,ZI.HHqeCTBa B ,n:eJie pa3BHTHH 

H HcnoJih30BaHHH H,n:epHoH: aHeprHH. XoTH aonpocy·o6 HCnOJib30BaHHH H30TO· 

noB 6biJio y,n:eJieHo JIHlllb He3HaqHTeJibHOe BHHMaHHe, npe,n:cTaB.lieHHbie no ,n:aH

HOMY BOnpocy ,ZJ.OKJia,ZJ.bi BbiHBHJIH HeyKJIOHHbiH nporpecc B 9TOH 06JiaCTH H no

qTH nOBCeMeCTHOe HCnOJib30BaHHe H30TOnOB B Ba}I{HbiX OTpaCJIHX Me,ZJ.HU:HHbi, 

CeJibCKOrO X03HHCTBa H npOMbilliJieHHOCTH. 

CaMa TeMa KoHcpepeHU:HH, a HMeHHO peaKTOpbi H H,n:epHaH aHeprHH, HBH

l.IaCh npH3HaHHeM nepexo,n:a H,ZI.epHOM 9HeprHH H3 CTa,ZJ.HH Jia6opaTOpHbiX HC

CJie,ZJ.OBaHHH B CTa,n:mo HcnoJib30BaHHH B npoH3BO,ZJ.CTBeHHhiX ycJIOBHHX. CooT

BeTCTBeHHO He Bbi3BaJI y,n:HBJieHHH TOT cpaKT, qTo Ha KoHcpepeHU:H'H 6hiJIH lliH

poKo npe,n:cTaBJieHbi Toproso-npoMbilliJieHHbie KpyrH. O,n:HaKo 6hiJIO npHHTHO 

OTMeTHTb, qTo 3aBeca ceKpeTOB npOH3BO,ZJ.CTBa, 06b!qHO CKpbiBaiOUlaH 9TH ac

neKTbi H,n:epHOH 9HeprHH, He noMelllal.Ia CB060,ZJ.HOMy H OTKpOBeHHOMY 06MeHy 

MHeHHHMH B OTHOllleHHH npHHU:HnOB KOHCTpyKU:HH, THnOB H C.HCTeM peaKTOpOB, 

KOTOpbie ,ZJ.OJI}I{Hbi OKa3aTb 6JiaronpHHTHOe BJIHHHHe Ha pacnpOCTpaHeHHe HC

nOJib30BaHHH aTOMHOH 3HeprHH B Kat:reCTBe HCTOqHHKa 3JieKTp03HeprHH. 

~~ 
Te~tepaAb1lblU oupeKmop, Me:»eoy~tapoOHOZO aze~tmcmea no amOMHOU 31lepzuu 
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INTRODUCCION 

AI autorizar la celebracion de la tercera Conferencia lnternacional sobre la Uti
lizacion de la Energia Atomica con Fines Pacificos (resolucion 1770 (XVII) del 29 
de noviembre de 1962), la Asamblea General dispuso que la Conferencia fuera "de 
magnitud y gastos mucho mas limitados que las de 1955 y 1958, de modo que entra
fiase un costo minimo para las Naciones Unidas". En consecuencia, su programa fue 
mas concentrado y concreto, abarcando diversos aspectos tecnicos y economicos de la 
energia atomica como fuente energetica capaz de aportar una contribucion fund?.men
tal al desarrollo del mundo. El hecho de haberse circunscrito asi el tema de la Confe
rencia result6 ventajoso, pues permiti6 que problemas de gran actualidad fueran exa
minados a fondo no solo por los hombres de ciencia y los tecnicos, que hasta entonces 
eran virtualmente los unicos que los habian estudiado, sino tambien por ingenieros espe
cializados en cuestiones de energia, economistas y administradores. 

Estimo que estos volumenes en que figuran las Aetas de la tercera Conferencia 
Internacional sobre la Utilizacion de la Energia Atomica con Fines Pacfficos seran de 
gran utilidad practica para todos cuantos estan llamados a planear, desarrollar o ins
peccionar la utilizaci6n de la energia at6mica como factor de una significaci6n cada 
vez mayor en el balance energetico de sus respectivos pafses. En dicha calidad de ins
trumento de trabajo, estas Aetas continuan reflejando la generosidad y la buena volun
tad de los gobiernos, su deseo de compartir informacion vital y de cooperar en su apli
cacion para el bien comun, que caracterizo a las dos Conferencias anteriores. 

Deseo hacer constar cuanto aprecio la generosa y eficaz cooperaci6n prestada 
tanto durante la preparaci6n de la Conferencia como en el curso de la misma, por 
el Dr. Sigvard Eklund, Director General del Organismo Internacional de Energia 
Atomica, que ha redactado tambien el prefacio a estas Aetas, y por la Secretaria 
Cientffica, constituida en gran parte por colaboradores de aquel. El tipo de coope
racion que asi se ha establecido entre los organismos de las Naciones Unidas pro
porciona un ejemplo que puede ser beneficioso seguir en lo sucesivo en proyectos 
analogos. 

Deseo asimismo expresar mi reconocimiento a los miembros del Comite Cienti
fico Consultivo de las Naciones Unidas por su valiosfsima asistencia y acertado aseso
ramiento, sin los cuales los complicados preparativos de Ia Conferencia no podrian 
haberse llevado tan felizmente a termino, y, por conducto de ellos, a sus respectivos 
gobiernos por la contribucion que han aportado al proporcionar personal para la 
Secretaria Cientffica. 

a. -<A~_ 
~--~.-:-

U THANT 

Secretario General de las Naciones Unidas 
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PRE FACIO 

La tercera Conferencia Intemacional sabre la Utilizaci6n de la Energia At6mica 
con Fines Pacfficos, cuya labor cientffica se recoge en estas aetas, represent6 un hito 
importante en Ia evoluci6n de Ia energia at6mica ya que reconoci6 que esta ya no 
es una novedad cientifica, sino una realidad en Ia economia mundial. Par consi
guiente, la atenci6n no se concentr6 tanto en la cuesti6n de saber si la energia at6-
mica puede o no contribuir a la satisfacci6n de las necesidades nacionales y mun
diales de energia, sino mas bien en la de determinar como y cuando puede lograr esto 
dentro del marco de las necesidades actuales en materia de energia de tipo corriente. 
La Conferencia ayudo mucho a eliminar la barrera levantada arbitrariamente entre 
la energia nuclear y la de otra naturaleza, poniendo de manifiesto que la primera sera 
pronto considerada de manera identica que la procedente de otras fuentes. Se infirio 
claramente de las memorias y de las deliberaciones que la energia nuclear se utili
zara en medida cada vez mayor y que su costa llegara a ser tan ventajoso como el 
de Ia energfa convencional. Quedo demostrado que los aspectos economicos de la 
produccion de energia atomica dependen tanto de las condiciones locales como de 
las dimensiones de las centrales atomicas y que lo que pudiera considerarse como 
antieconomico para los pafses industriales mas grandes, podda, en determinadas 
circunstancias, ser perfectamente economico en los paises menos desarrollados. 
Como se ha dicho con razon, refiriendose a los paises en vias de desarrollo, "No 
hay energia tan cara como la falta de energia". Pero se advirti6 a este respecto 
que, al analizar los diferentes sistemas de reactores de potencia, cada modelo 
debe considerarse teniendo en cuenta las condiciones locales en que habra de 
funcionar para poder evaluar de un modo adecuado su potencial en un emplaza
miento dado. 

Las memorias relativas a los reactores de potencia mostraron que varias de las 
actuales clases de reactores pueden ya considerarse como modelos tipo, y su fun
cionamiento ha permitido observar que su seguridad y disponibilidad y los costas 
de instalacion y de combustible los hacen competitivos con las centrales electricas 
de tipo corriente, sabre todo cuando se trata de grandes unidades. Las importantes 
investigaciones realizadas para crear una variedad de sistemas que permitan una 
mejor utilizaci6n del combustible, aumentan las perspectivas de una aplicaci6n ra
pida de dichos sistemas, lo que incidentalmente contribuira a conservar los limitados 
recursos mundiales en combustibles fosiles. Se reconoce en general que la fabricaci6n 
de reactores reproductores no solo debe permitir una mejor utilizacion de los recur
sos mundiales en materiales nucleares, sino que tambien debe disminuir el peso del 
combustible en los costas de producci6n de energia hacienda asi economica Ia extrac
cion de los minerales de urania de baja calidad. Se presto una atencion especial a las 
perspectivas de la oferta y la demanda de materias primas nucleares y a la posibilidad 
de extraer en forma econ6mica el uranio procedente del agua del mar. Los resul
tados obtenidos en determinados paises con los reactores reproductores experimen
tales corroboran la opinion de que su utilizaci6n en una escala industrial es solo cues-
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tion de tiempo, estimandose que podran emplearse industrialmente entre mediados 
del decenio de 1970 y mediados del decenio de 1980. 

La Conferencia destaco el excelente nivel de seguridad alcanzado en Ia produc
cion de energfa nuclear, debido al alto factor de seguridad introducido ya en el mo
delo, en el ensayo de materiales y en Ia fiscalizacion de Ia construccion, etc. La 
experiencia adquirida en el funcionamiento de reactores y el establecimiento de pro
cedimientos uniformes, ha permitido reducir a un minimo el riesgo de accidentes y 
sus consecuencias. En lo relativo al equipo de las centrales, se proporciono informacion 
interesante acerca del confinamiento de los reactores, en particular sobre la utilizacion 
de recipientes de alta presion construidos en hormigon pretensado y la elaboracion 
de materiales que conserven una estabilidad adecuada en condiciones de tempera
tura y presion elevadas y radiacion intensa. AI propio tiempo, se comprobo que es pre
ciso continuar la labor en este campo. Se presento importante informacion acerca de 
los problemas de transmision de calor, en particular al aproximarse a las condiciones 
criticas del flujo termico y acerca de Ia utilizacion de un vapor sobrecalentado como 
refrigerante. Tambien se inform6 de que se habian logrado progresos considerables 
en el mejoramiento de la extraccion de calor de los elementos combustibles mediante 
la creacion de superficies transmisoras de calor mas complejas. Se describieron 
metodos perfeccionados de eliminacion de desechos radiativos, incluida su in
corporacion en vidrio y su evacuacwn en formaciones subterraneas adecua
das, considerandose en particular las formaciones salinas como muy adecuadas 
a dicho efecto. 

Por lo que respecta a Ia fusion nuclear controlada, las actividades en esta esfera 
se han limitado casi por entero al estudio de la fisica del plasma, lo que ha permi
tido observar las dificultades tecnicas que aun quedan por veneer. La Conferencia 
escucho algunas exposiciones interesantes relativas a metodos directos para convertir 
la energia nuclear en energia electrica, consistiendo los objetivos actuales en aumentar 
la eficiencia de la conversion y producir generadores de energia compactos, seguros 
y de larga duracion para utilizarlos en condiciones especiales. Los trabajos acerca de 
pequeiios convertidores tales como el "ROMASHKA" (URSS) y el "SNAP" (Estados 
Unidos) constituyeron ejemplos practicos de esto y suscitaron interes considerable. 

Una aplicacion especial de la energia nuclear que despert6 considerable interes 
en la Conferencia fue su utilizacion con la doble finalidad de producir e]ectricidad y 
calor, que puede emplearse para la desalinizacion de agua salada y salobre en los 
casos en que existe demanda permanente tanto de agua como de energia. Aunque 
en el estado actual de la tecnologia se reconoce que, para que dichas centrales con 
esta doble finalidad tengan una aplicaci6n econ6mica, han de ser de gran tamaiio y 
capacidad, Ia escasez mundial cada vez mayor de agua dulce y el mejoramiento con
tinuo de Ia tecnologfa justifican Ia labor que se viene realizando para poder apro
vechar las grandes posibilidades de la energfa nuclear para' este fin. Se presentaron 
informes alentadores relativos a Ia experiencia adquirida en la utilizacion de explo
sivos nucleares para la mineria y la ingenieria civil que demostraban las grandes 
posibilidades de aplicarlos a Ia construcci6n de puertos, canales, embalses, etc., a un 
costo que puede llegar a ser tan ventajoso como el de los explosivos convencionales, 
dependiendo de la naturaleza, el emplazamiento y Ia magnitud del proyecto. 

La Conferencia puso de relieve tambien los importantes progresos efectuados 
en la cooperacion internacional y regional para Ia produccion y el empleo de la energia 
nuclear. Aunque solo se presto a la utilizaci6n de radioelementos una atencion pasa
jera, los documentos acerca de los estudios realizados sobre esta materia que se presen
taron indicaban los progresos constantes que se han venido efectuando en este campo, 
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y la utilizaci6n casi corriente de los radioelementos en sectores importantes de la me
dicina, la agricultura y la industria. 

El tema de la Conferencia (reactores y energfa nuclear) reflejaba el hecho de que 
la energia nuclear ha salido de la fase de los estudios de laboratorio para entrar en 
la de la aplicaci6n comercial. Por consiguiente, no sorprendi6 que los intereses 
comerciales estuvieran bien representados entre los participantes en la Conferencia. 
Pero fue alentador observar que el secreto de que suelen rodearse estos aspectos de 
la energfa nuclear no impidi6 un intercambio franco y liberal de puntos de vista acerca 
de los conceptos, tipos y sistemas relacionados con los reactores, lo que debe favo
recer la madurez de la energetica at6mica. 

Director General del Organismo lnternacional de Energia At6mica 

)(iX 



EXPLANATORY NOTE 

The Proceedings of the Third International Con
ference on the Peaceful Uses of Atomic Energy 
comprise a single, multilingual publication of sixteen 
volumes. This form was prescribed by the General 
Assembly of the United Nations in approving the 
Conference budget. 

Papers accepted for consideration at the Con
ference are accordingly printed herein only in the 
original language of submission, each being followed 
by its abstract in the other three languages of the 
Conference.* 

The budgetary arrangements for the Conference 
required also that Governments provide abstracts 
and papers in two of the Conference languages. One 
of the three abstracts following each paper is, there
fore, in a translation provided by the Government 
concerned. The abstracts were translated into the 
other two languages either by the Division of 
Language Services, International Atomic Energy 
Agency (IAEA) in Vienna, or, with its assistance, 
through the intermediary of the national atomic 
energy authorities in London, Paris, Moscow and 
Madrid. 

The Foreword by the Secretary-General of the 
United Nations, the Preface by the Director General 
of IAEA, and this Explanatory Note, together with 
the records of discussion at each of the six scientific 
general sessions and thirty-six technical sessions of 
the Conference, are published in all four languages. 
All other material, which is largely of a formal 
nature and is confined to Volumes 1 and 16, is 
published in the language of submission or delivery, 
followed in the case of French, Russian and Spanish 
originals by the English translation. 

Governments whose national tongue is not one of 
the four Conference languages were consulted as 
to their preference for the language in which their 
papers should appear in these Proceedings. 

The Table of Contents in each volume gives the 
titles of papers in the original language, or language 
of choice, followed in the case of French, Russian 
and Spanish titles by the English translation. 

Starting from the 992 abstracts submitted by 
Governments, specialized agencies and IAEA, the 
Scientific Secretariat, working under the guidance 

* The languages of the Conference were English, French, 
Russian and Spanish. 
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of the United Nations Scientific Advisory Com
mittee, finally chose 7 4 7 papers for inclusion in the 
Programme of the Conference; of these, 358 were 
selected for oral presentation at the 42 working 
sessions. 

In arranging the programme, the Scientific Secre
tariat aimed at achieving a balanced schedule, 
providing for the oral presentation of as many papers 
as possible at each session while still leaving ade
quate time for discussion of the material presented. 
Two afternoons were left entirely free, to enable 
informal groups to discuss matters arising out of 
discussions at the formal sessions of the Conference. 
No records were taken of such informal meetings. 

Wherever possible, the author, or authors, of 
papers were consulted during the Conference by 
members of the Scientific Secretariat, who acted as 
secretaries of session, or by the team of editors made 
available for the purpose by IAEA, * * to ensure 
maximum accuracy. 

The records of discussion at the various sessions, 
based on notes taken in the meetings by IAEA 
records officers,** and checked where necessary 
against the sound recordings made of all sessions, 
were prepared by the Division of Language Services 
of IAEA in English, and subsequently translated 
into French, Russian and Spanish through the inter
mediary of the atomic energy authorities in the 
three countries concerned (see third paragraph of 
the present note). 

The editing of the English, French and Spanish 
papers was carried out at the United Nations Office 
at Geneva under United Nations supervision by a 
team of editors, whose services, also, were made 
available by the atomic energy authorities of their 
respective countries, with some help from outside 
consultants. The editing of the Russian papers was 
done in Moscow in similar circumstances. The 
following served as editors: Mr. A. de Calmes, 
Dr. C. E. Granados, Mr. D. H. Hill, Mr. V. F. 
Kalinin, Cand. Tech. Sc., Dr. R. Lapage, Mr. E. T. 
Maries, Dr. J. D. C. Mole, Mr. C. Segot, Mr. J. J. 
Stobbs, Mr. C. R. Symons and Mr. J. Williamson. 

The task of printing this large collection of scien
tific information has been shared by printers in 

** The names of the scientific secretaries, editors and 
records officers will be found in the list of the Conference 
Secretariat in Annex 1, Volume 1, of this series. 



Belgium, Canada, France, Switzerland, the Union 
of Soviet Socialist Republics and the United 
Kingdom. 

Volume 
No. 

Full titles of the sixteen volumes of these Pro
ceedings, together with the sessions covered by each 
volume, are as follows: 

Sessions included 

Progress in Atomic Energy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A, B, 1.6, C, H 

2 

3 

4 

Reactor Physics 

Reactor Studies and Performance 

Reactor Control 

3.1 

3.2, 3.3 

3.4, 3.5 

5 Nuclear Reactors - I. Gas-cooled and Water-cooled Reactors . . . . . . . . . . . . . . . 1.1, 1.2, 1.3 

6 Nuclear Reactors- II. Fast Reactors and Advanced Concepts. . . . . . . . . . . . . . . 1.4, 1.5, 1.7 

7 Research and Testing Reactors. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D, 1.9, 1.8 

8 Reactor Engineering and Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.1 0, 1.11, 3.7 

9 Reactor Materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.8, 2.9, 2.4 

10 Nuclear Fuels -I. Fabrication and Reprocessing . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.3, 2.6, 2.7 

11 Nuclear Fuels- II. Types and Economics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.5, 2.1, 2.2 

12 Nuclear Fuels -Ill. Raw Materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.11, 2.12, 2.10 

13 Nuclear Safety . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.9, 3.8 3.6 

14 Environmental Aspects of Atomic Energy and Waste Management . . . . . . . . . . 3.1 0, 3.11 

15 Special Aspects of Nuclear Energy and Isotope Applications . . . . . . . . . . . . . . E, 4.1, F, G, 4.2 

16 List of Papers and Indexes 
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NOTE EXPLICATIVE 

Les Actes de Ia troisieme Conference interna
tionale sur !'utilisation de l'energie atomique a des 
fins pacifiques sont publies ici sous Ia forme d'une 
edition unique, multilingue, en seize volumes. Cette 
presentation a ete decidee par I'Assemblee generale 
lorsqu'elle a approuve le budget de Ia Conference. 

En consequence, Ies memoires qui ont ete acceptes 
pour Ia Conference sont reproduits ici dans la langue 
originale dans Iaquelle ils ont ete soumis et sont 
suivis d'un resume dans les trois autres Iangues de 
Ia Conference *. 

Aux termes des dispositions budgetaires prises 
en vue de la Conference, les gouvernements devaient 
fournir les resumes et les memoires dans deux des 
Iangues de Ia Conference. Ainsi, sur les trois resumes 
qui suivent chaque memoire, un est une traduction 
fournie par le gouvernement interesse. La traduction 
des resumes dans les deux autres Iangues a ete faite 
soit par Ia Division des services linguistiques de 
l'Agence internationale de l'energie atomique 
(AIEA), a Vienne, soit avec son concours, par les 
soins des organismes nationaux competents en ma
tiere d'energie atomique a Londres, Paris, Moscou 
et Madrid. 

L'avant-propos du Secretaire general de !'Orga
nisation des Nations Unies, Ia preface du Directeur 
general de l'AIEA et la presente note explicative, 
ainsi que les comptes rendus de chacune des six 
seances scientifiques generales et des trente-six 
seances techniques de la Conference, sont publies 
dans les quatre langues. Tous les autres textes, qui 
pour la plupart sont d'un caractere non technique et 
figurent dans les volumes 1 et 16, sont publies dans 
la langue dans laquelle ils ont ete presentes par 
ecrit ou oralement et sont suivis, lorsque cette langue 
est l'espagnol, le fran~ais ou le russe, d'une tra
duction en anglais. 

Les gouvernements des pays dont la langue offi
cielle n'est pas l'une des quatre langues utilisees a 
la Conference ont ete consultes pour savoir dans 
queUe langue ils preferaient voir paraitre leurs 
memoires. 

La table des matieres de chaque volume donne 
les titres des memoires dans la langue originale ou 
dans la langue choisie; ces indications sont suivies, 

* Les langues de Ia Conference etaient I'anglais, l'espa
gnol, le fran~ais et le russe. 
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pour les titres en espagnol, en fran~ais et en russe, 
de la traduction en anglais. 

Sur les 992 resumes presentes par les gouverne
ments, les institutions specialisees et 1' AIEA, le 
Secretariat scientifique, travaillant sous la direction 
du Comite consultatif scientifique des Nations Unies, 
en a finalement retenu 7 4 7 pour les inscrire au 
programme de la Conference; sur ce nombre, 358 
ont ete presentes oralement aux 42 seances de 
travail. 

En etablissant le programme de la Conference, 
le Secretariat scientifique a cherche a realiser un 
equilibre: il s'est efforce de menager un temps suffi
sant pour la presentation du plus grand nombre 
possible de memoires tout en laissant du temps pour 
leur discussion. Deux apres-midi avaient ete laisses 
entierement libres afin de permettre aux participants 
d'organiser des reunions non officielles et de dis
cuter en petits groupes des questions qui se posaient 
a la suite des seances officielles de la Conference. 
Ces reunions n'ont pas fait !'objet de comptes 
rendus. 

Toutes les fois que cela a ete possible, l'auteur 
ou les auteurs des memoires ont ete consultes pen
dant la Conference par les membres du Secretariat 
scientifique, qui ont assure le secretariat des seances, 
ou par l'equipe d' « editeurs » que l'AIEA ** avait 
mis a cet effet a la disposition de la Conference, 
afin d'assurer !'exactitude la plus grande. 

Les comptes rendus des discussions aux reunions, 
etablis d'apres les notes prises en seance par les 
redacteurs de comptes rend us de I' AIEA * * et com
pares toutes les fois qu'il le fallait avec les enregis
trements sonores, ont ete rediges en anglais par la 
Division des services linguistiques de I' AIEA, puis 
traduits en espagnol, en fran~ais et en russe par les 
soins des organismes competents en matiere d'ener
gie atomique des trois pays interesses (voir le troi
sieme alinea de la presente note). 

Les memoires rediges en anglais, en espagnol et 
en fran~ais ont ete mis au point pour !'impression 
a l'Office europeen des Nations Unies a Geneve, 
sous le controle de l'ONU, par une equipe de redac-

** On trouvera les noms des secretaires scientifiques, des 
« editeurs » et des redacteurs de comptes rendus dans Ia 
liste des membres du secretariat de Ia Conference a l'an
nexe 1 du volume 1. 



teurs mis a la disposition de la Conference par les 
organismes competents en matiere d'energie ato
miques des pays interesses, avec l'aide de quelques 
consultants exterieurs. La mise au point definitive 
des memoires rediges en russe a ete faite a Moscou 
dans les memes conditions. Voici les noms des 
redacteurs qui ont assure la mise au point des 
memoires: M. A. de Calmes, M. C. E. Granados, 
M. D. H. Hill, M. V. F. Kalinin, Mile R. Lapage, 
M. E. T. Maries, Mile J. D. C. Mole, M. C. Segot, 

Numero 
du volume 

M. J. J. Stobbs, M. C. R. Symons et M. J. 
Williamson. 

Des entreprises de Belgique, du Canada, de 
France, du Royaume-Uni, de Suisse et de l'Union 
des Republiques socialistes sovietiques se sont par
tage la tache que representait !'impression de cette 
masse importante de documents scientifiques. 

Les titres complets des seize volumes des Actes 
de Ia Conference, ainsi que Ies numeros des seances 
sur lesquelles porte chaque volume, figurent ci-apres: 

Seonees 

Progres accomplis dans le domaine atomique . . . . . . . . . . . . . . . . . . . . . . . . . . . A, B, 1.6, C, H 

2 Physique des reacteurs 3.1 

3 Etude des reseaux et performance des reacteurs . . . . . . . . . . . . . . . . . . . . . . . . . . 3.2, 3.3 

4 Controle des reacteurs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.4, 3.5 

5 Reacteurs nucleaires- I. Reacteurs refroidis par un gaz et reacteurs refroidis a 
l'eau ............................................................... 1.1, 1.2, 1.3 

6 Reacteurs nucleaires- II. Reacteurs a neutrons rapides et reacteurs d'avant-
garde . . . . . . . . . . . . . . . . . . . . . . . 1.4, 1.5, 1.7 

7 Reacteurs de recherche et reacteurs d'essai de materiaux. . . . . . . . . . . . . . . . . . D, 1.9, 1.8 

8 Technologie et equipement des reacteurs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.1 0, 1.11, 3.7 

9 Materiaux pour reacteurs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.8, 2.9, 2.4 

10 Combustibles nucleaires- I. Fabrication et retraitement . . . . . . . . . . . . . . . . . . . 2.3, 2.6, 2.7 

11 Combustibles nucleaires- II. Caracteristiques et aspects economiques . . . . . . . 2.5, 2.1, 2.2 

12 Combustibles nucleaires- Ill. Matieres premieres . . . . . . . . . . . . . . . . . . . . . . . . 2.11, 2.12, 2.10 

13 Surete nucleaire . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.9, 3.8, 3.6 

14 Influence sur le milieu de l'emploi de l'energie nucleaire. Traitement et elimi-
nation des dechets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.10, 3.11 

15 Aspects particuliers de l'energie nucleaire et applications des radioelements.. E, 4.1, F, G, 4.2 

16 Liste des memoires et index 
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IIORCHMTEJibHAR 3AIIMCKA 

Tpy,n;hi TpeTbeH: Me1K,n;yHapo,n;Hoif KoH<Pe

peHU.HH no HCnOJib30BaHHIO aTOMHOH :meprHH 

B MHpHbiX U.eJIHX npe,n;cTaBJIHIOT C060H e,n;HHOe 

MHOfOH3bl'-IHOe H3JJ;aHHe H3 llleCTHa,n;u.aTH TO

MOB. TaKaH <PopMa 6biJia npe,n;ycMOTpeHa feHe

paJibHOH AccaM6JieeH: OpraHH3aU.HH 06oe,n;H

HeHHbiX Hau.Hif npH o,n;o6peHHH e10 6JO,n;1KeTa 

KoH<PepeHU.HH. 

DpHHHTbie K paccMoTpeHHIO KoH<PepeHu.Heif 

,ll;OKJia,ll;bi COOTBeTCTBeHHO ony6JIHKOBaHbi 3JJ;eCb 

JIHillb Ha H3biKe OpHrHHaJia; npH 3TOM KalKJJ;biH 

,ll;OKJia,n; COnpOBOlKJJ;aeTCH aHHOTaU.HeH Ha ,n;py

rHX Tpex H3hiKax KoH<PepeHU.HH*. 

DIOJJ;lKeTHbie nOCTaHOBJieHHH B OTHOllleHHH 

npose.n;eHHH KoH<PepeHU.HH TaKlKe npe,n;ycMaTpH
saJIH, LITO npaBHTeJibCTBa npe,n;CTaBHT aHHOTaU.HI1 

H AOKJia,ll;bi Ha ABYX H3biKax KoH<t>epeHU.HH. no-

3TOMY OAHa H3 Tpex aHHOTaU.HH, conpOBOlKAa

IOIIJ.HX KalKAbiH AOKJiaA, HBJIHeTCH nepeBOAOM, 

npe,n;CTaBJieHHbiM COOTBeTCTBYIOIIJ.HM npaBH· 

TeJibCTBOM. AHHOTaU.HH 6hiJIH nepese,n;eHbi Ha 

,l(pyrHe ABa H3biKa JIH60 0TAeJIOM nepeBOAOB 

Me1K,n;yHapo,n;Horo areHTCTBa no aToMHOH aHep

rHH (MAfAT3) B BeHe, JIH6o C era nOMOll~biO 
npH COTpy,n;HHL!eCTBe HaU.HOHaJibHbiX opraHOB, 

se,l(aiOIIJ.HX BOnpoCaMH aTOMHOH 3HeprHH, B 

JlOH,l(OHe, napH1Ke, MoCKBe H Ma.npH,n;e. 

Bse,n;eHHe H npe,n;HCJIOBHe feHepaJihHOro 

CeKpeTapH OpraHH3aU.HH 06oeAHHeHHbiX Ha

U.HH H feHepaJibHOro AHpeKTopa MAf AT3, co
OTBeTCTBeHHO, H HaCTOHIIJ.aH nOHCHHTeJibHaH 

sanHCKa, HapHAY C npOTOKOJiaMH KalK,l(OrO H3 
rnecTH Hay'-IHbiX nJieHapHbiX sace,n;aHHH H TPHA· 

u.aTH rnecTH ceKU.HOHHbiX sace,n;aHHH KoH<PepeH

U.HH, ny6JIHKYIOTCH Ha BCeX L!eTbipex H3biKaX. 

Bee .npyrHe MaTepHaJibi, KOTOpbie no CBOeMy 

xapaKTepy B OCHOBHOM OTHOCHTCH K '-IHCJIY 

o<PHU.HaJibHbiX H CO,l(ep1KaTCH B TOMaX 1 H 16, 
ny6JIHKYIOTCH Ha H3biKe OpHrHHaJia; H KOf,l(a 

pe'-Ib H,l(eT 0 <t>paHU.Y3CKHX, pyCCKHX H HCnaH

CKHX OpHrHHaJiaX, TO K HHM npHJIO)I{eH aHrJIHH· 

CKHH nepeso,n;. 

( npaBHTeJibCTBaMH CTpaH, H3biK KOTOpbiX 

He OTHOCHTCH K '-IHCJIY qeTbipex H3biKOB KoH<Pe-

* Jl3h!KaMH KonopPpeuqun l!BJIJIJIHCI>: anfJIHiicrmii, rppan
~yscKnii, pyCCRHH H HCll8HCKHH. 
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peHU.HH, 6biJIH npose,n;eHhi KOHCYJihTaU.HH no 

nOBOJJ;y TOrO, Ha KaKOM H3biKe 6biJIO 6bi 1Ke· 

JiaTeJibHO, no HX MHeHHIO, ony6JIHKOBaTb B Ha
CTOHIIJ.HX Tpy,n;ax npe,n;CTaBJieHHbie HMH AO

KJia,l(bi. 

B co,n;ep1KaHHH Ka1K.noro TOMa yKasaHbi 

3arJiaBHH AOKJia,ll;OB Ha H3biKe opHrHHaJia JIH60 

Ha ,n;pyrOM H36paHHOM H3biKe, H B TOM CJiyqae, 

KOr,n;a peL!b H,l(eT 0 <t>paHU.Y3CKHX, pyCCKHX H 
HCnaHCKHX sarJiaBHHX, HX COnpOB01K,n;aeT aHr· 

JIHHCKHH nepeso,n;. 

113 992 aHHOTaU.HH, npe,n;cTaBJieHHbiX npa

BHTeJibCTBaMH, cneu.HaJIH3HpOBaHHbiMH yqpe1K

,n;eHHHMH, a TaK1Ke MAfAT3, YLieHbiH ceKpeTa

pHaT, pa6oTaH no.n pyKoso.ncTBOM HayqHoro 

KOHCYJibTaTHBHoro KOMHTeTa OpraHH3aU.HH 06o· 

e,n;HHeHHbiX Hau.Hif, B HTore oTo6paJI 747 .no

KJia.nos AJIH BKJIJOL!eHHH HX B nporpaMMY KoH

<PepeHU.HH; H3 HHX 358 6biJIH OT06paHbl AJIH 

npe,n;CTaBJieHHH B yCTHOH <t>opMe Ha 42 pa60'-IHX 

sace.naHHHX. 

DpH cocTaBJieHHH nporpaMMbi YLieHbiH ceK

peTapHaT CTaBHJI U.eJibiO JJ;06HTbCH c6aJiaHCH· 

posaHHoro pacnHcaHHH , KOTOpoe ,n;aJio 6br 

B03M01KHOCTb npe,n;CTaBHTh B ycTHOH <PopMe 

MaKCHMaJibHOe KOJIHL!eCTBO AOKJiaAOB Ha KalK
,l(OM sace,n;aHHH npH o6ecneqeHHH ,l(OCTaTO'-I· 

Horo speMeHH AJIH npose,n;eHHH AHCKYCCHH no 

noso,n;y npe.nCTaBJieHHoro MaTepHaJia. B ,n;syx 

CJiy'-IaHX HMeJOru.eecH BO BTOpOH nOJIOBHHe AHH 

speMH OCTaBHJIH Hepacnpe,n;eJieHHbiM, C TeM 

'-IT06bi AaTb B03M01KHOCTb HeO<t>HIJ.HaJibHbiM 
rpynnaM 06CyAHTb BOnpOCbi, B03HHKlliHe B 

XOAe AHCKyCCHH Ha o<PHU.HaJibHbiX 3ace,n;aHHHX 

KoH<PepeHU.HH. Ha TaKHx Heo<PHU.HaJibHbiX sa

ce.naHHHX npOTOKOJibi He COCTaBJIHJIHCb. 

Do Mepe B03M01KHOCTH, C aBTOpOM HJIH 

aBTOpaMH AOKJiaAOB KOHCYJibTHpOBaJIHCb B XOAe 

KoH<PepeHU.HH qJieHhi YLieHoro ceKpeTapHaTa, 

KOTOpbie Bbii10JIHHJIH <i>YHKU.HH CeKpeTapeif 3a

ce,l(aHHH, JIH6o TaKHe KOHCYJihTaU.HH nposo

AHJIHCh rpynnoif pe,n;aKTOpOB, KOTOpbie 6hiJIH 
Bhr,l(eJieHhi MAr A T3** AJIH 3TOH u.eJIH, c TeM 

'-IT06bl o6ecne'-IHTb MaKCHMaJibHYIO TO'-IHOCTb. 

* * <l>aMHJIHH yqeHbiX CeKpeTapeii, pe)laKTOpOB H llpOTOKOJIH
CTOB npnBe)leHh! B nepeqne corpy)IHHKOB ceKperapnara Kon
if>epenqun B npHliOlKeHHH }-OM K TOMY l·MY naCTO!Ill\eii cepHi!. 



fipOTOKOJibi ,l(HCKyCCHH Ha pa3JIH4HbiX 3a
ce,n:aHHHX, COCTaBJieHHbie Ha OCHOBe 3anHCeH, 
C,l(eJiaHHbiX B xo,n:e aace,n:aHHH npOTOKOJIHCTaMH 
MAr A T3*, H npoBepeHHhre, no Mepe Heo6xo
,l(HMOCTH, nyTeM cpaBHemHI CO 3BYKOBOH 3a
nHCbiO, KOTOpaH BeJiaCb Ha BCeX aace,n:aHHHX, 
6brJIH no.n:roTOBJieHhi OT,n:eJIOM nepeBo,n:oB MA
r AT3 Ha aHrJIHHCKOM H3biKe H BnOCJie,l(CTBHH 
nepeBe,n:eHhl Ha cppaHU.Y3CKHH, pycCKHH H HC
naHCKHH H3biKH npH COTpy,n:HH4eCTBe HaU.HO
HaJihHbiX opraHOB, Be,n:aiOII.J.HX BOnpocaMH aTOM
HOM aHeprHH, B Tpex aaHHTepecoBaHHhiX cTpa
Hax ( CMOTpH TpeTHH a63aU. nOSICHHTeJihHOH 
3anHCKH). 

Pa6oTa no pe,n:aKTHpoBaHHIO ,n:oKyMeHTOB 
Ha aHrJIHHCKOM, cppaHU.Y3CKOM H HCnaHCKOM 
H3biKax 6hiJia npoBe,n:eHa B EBponeiicKoM oT,n:e
JieHHH OpraHH3aU.HH 06be,n:HHeHHhrx Hau.m1, 
B }KeHeBe, no.n: pyKoBo,n:cTBOM OpraHH3aU.HH 
06be,n:HHeHHhiX Hau.Hii rpynnoii pe,n:aKTopoB, 

* <l>aMnJIIIII yqenhiX ceKpetapeif, pe)\aKTopoB n npoToKuJn
cToB npnBe)\eHhl B rrepeqne COTIJYI\HIIROB ceKpeTapnaTa Ron
tflepen~n B IIpHJIOllieHHII 1-0M K TOMY 1-My HaCTO!IIIJ;eif cepi!H. 
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riporpecc B pa6oTax no aTOMHOii 3HeprHH 

<l>H3HKa peaKTOpOB 

HayqeHHe peaKTopoB H Hx xapaKTepHCTHKH 

PeryJIHpoBaHHe peaKTOpOB • 

ycJiyrH KOTOpbiX 6biJIH Tal(}l{e npe,n:OCTaBJieHhl 
no JIHHHH opraHoB, Be,n:aiOru.Hx BonpocaMH 
aTOMHOH 3HeprHH B COOTBeTCTBYIOII.J.HX CTpa
Hax, C HCnOJib30BaHHeM B HeKOTOpOH CTeneHH 
nOMOII.J.H npHrJiallieHHbiX CO CTOpOHbl KOHCYJib
TaHTOB. PyccKHe .n:oKyMeHThi pe,n:aKTHposaJIHCb 
B MocKBe B TaKHx }l{e ycJIOBHHx. HH}I{ecJie,n:yiD
ru.He JIHI.J.a ocyru.eCTBJISIJIH pa60TY B Ka4eCTBe 
pe,n:aKTOpOB: ,n:-p K. 3. rpaHa,l(OC, KaH,n:H,n:aT TeX
HH4eCKHX HayK B. <l>. KaJIHHHH, r-H A. ,n:e KaJih
M3C, .n:-p P. Jieneii,l(}l{, r-H 3. T. MapJI3, .n:-p ,ll.}l{. 
,ll. K. MoyJI, r-H l.J. P. CaiiMoHc, r-H ,ll}l{. ,ll}l{. 
CTo6a, r-H lll. Caro, r-H ,ll}l{. YHJihSIMCOH, 
r-H ,ll. X. XHJIJI. 

B BhinOJIHeHHH aa,n:aqH no neqaTaHHIO aTOM 
o6rnHpHOH Hay4HOH HHcpOpMaU.HH npHHHMaJIH 
yqacTHe THnorpacpHH B J3eJihfHH, KaHa,n:e, Coe
,n:HHeHHOM KopoJieBCTBe, Cowae CoseTcKHX Co
U.HaJIHCTH4eCKHX Pecny6JIHK, <l>paHU.HH H lllseii
u.apHH. 

HH}I{e npHBO,n:SITCSI nOJIHhre aarJiaBHH rnecT
Ha,n:u.aTH TOMOB HaCTOHII.J.HX Tpy,n:OB, a Tal(}l{e 
yKa3biBaeTCSI, KaKHe ceCCHH OXBaTbiBaiOTCH Ka}l{
,l(biM TOMOM: 
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NOT A EXPLICATIVA 

Las Aetas de la tercera Conferencia Internacional 
sobre la Utilizacion de la Energia Atomica con Fines 
Pacificos estan constituidas por una publicacion 
unica y plurilingtie compuesta de dieciseis volu
menes, en conformidad con lo dispuesto por la 
Asamblea General de las Naciones Unidas al apro
bar el presupuesto de la Conferencia. 

Por consiguiente, las memorias aceptadas para 
ser examinadas en la Conferencia solo figuran impre
sas en el idioma original en que se presentaron, y 
cada una de elias va seguida de un resumen de la 
misma en los otros tres idiomas de la Conferencia *. 

En los arreglos presupuestarios para la Confe
rencia se dispuso tambien que los gobiernos tenian 
asimismo que presentar resumenes y memorias en 
dos de los idiomas de la Conferencia. En conse
cuencia, uno de los tres resumenes que siguen a 
cada memoria es una traduccion facilitada por el 
gobierno interesado. Los resumenes fueron tradu
cidos a los otros dos idiomas, ya por la Division de 
ldiomas del Organismo Internacional de Energia 
Atomica (OlEA) de Viena, o, con su asistencia, por 
conducto de las autoridades nacionales de energfa 
atomica de Londres, Paris, Moscu y Madrid. 

La introduccion del Secretario General de las 
Naciones Unidas, el prefacio del Director General 
del OlEA y la presente nota explicativa, junto con 
las aetas de los debates celebrados en cada una de 
las seis sesiones cientificas generales y las treinta y 
seis sesiones tecnicas de la Conferencia, se publican 
en los cuatro idiomas. El resto del material, que 
reviste en su mayoria un caracter oficial y esta con
tenido exclusivamente en los volumenes 1 y 16, se 
publica en el idioma en que fue presentado o entre
gado, seguido para los originales en espanol, frances 
y ruso, de la traducci6n en ingles. 

Se consulto a los gobiernos cuyo idioma nacional 
no es uno de los cuatro idiomas de la Conferencia 
para saber en cual de ellos preferian que se publi
caran sus memorias en estas Aetas. 

El indice de cada volumen contiene los titulos 
de las memorias en el idioma original, o en el idioma 
elegido, seguidos, cuando se trata de titulos en 
espanol, frances y ruso, de la traducci6n en ingles. 

De los 992 resumenes presentados por gobiernos, 
organismos especializados y el OlEA, la Secretaria 

* Los idiomas de Ia Conferencia fueron el espaiiol, el 
frances, el ingles y el ruso. 
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Cientifica, bajo la direccion del Comite Cientifico 
Consultivo de las Naciones Unidas, escogi6 por 
ultimo 747 memorias que debian ser incluidas en 
el programa de la Conferencia; de estas, 358 fueron 
seleccionadas para ser presentadas oralmente en las 
42 sesiones de trabajo. 

AI preparar el programa de actividades, la Secre
tarfa Cientffica trat6 de conseguir un justo equilibrio, 
y asi se previo la presentacion oral del niayor numero 
posible de memorias en cada sesi6n, pero dejando 
todavia tiempo suficiente para examinar la informa
cion presentada. Se dejaron dos tardes totalmente 
libres, a fin de que los grupos oficiosos pudieran 
examinar las cuestiones que surgieran en las sesiones 
oficiales de la Conferencia. No se levanto acta de 
tales reuniones. 

Siempre que fue posible, el autor, o los autores, 
de las memorias fueron consultados en el curso de 
Ia Conferencia por miembros de la Secretaria Cien
tifica, que actuaron de secretarios de sesion, o por 
un grupo de editores facilitado a dicho efecto por 
el OlEA**, a fin de asegurar la maxima exactitud. 

Las aetas de los debates celebrados en las diversas 
sesiones, basadas en notas tomadas en las reuniones 
por redactores de aetas del OlEA**, y verificadas 
siempre que fue necesario mediante las grabaciones 
efectuadas en todas las sesiones, fueron preparadas 
por la Division de Idiomas del Organismo Interna
cional de Energia At6mica (OlEA) en ingles, y 
traducidas despues al espanol, el frances y el ruso 
por conducto de las. autoridades de energia at6mica 
de los tres paises interesados (vease el tercer pa
rrafo de la presente nota). 

La preparaci6n para la publicaci6n del texto de 
los documentos en espanol, frances e ingles se 
efectu6 en la Oficina de Ginebra de las N aciones 
Unidas, bajo Ia fiscalizacion de las Naciones Unidas, 
por un equipo de editores cuyos servicios fueron 
tambien proporcionados por las autoridades de ener
gia at6mica de sus respectivos paises, con alguna 
ayuda de consultores del exterior. La preparaci6n 
para la publicaci6n de los documentos en ruso se 
efectu6 en Moscu en circunstancias analogas. 
Actuaron de editores las personas siguientes: Sr. A. 
de Calmes, Dr. C. E. Granados, Sr. D. H. Hill, 

** Los nombres de los secretarios cientificos, editores y 
redactores de aetas figuran en Ia lista de Ia Secretarfa de 
Ia Conferencia, en el anexo 1, volumen 1, de esta serie. 



Sr. V. F. Kalinin, Dra. R. Lapage, Sr. E. T. Maries, 
Dra. J. D. C. Mole, Sr. C. Segot, Sr. J. J. Stobbs, 
Sr. C. R. Symons y Sr. J. Williamson. 

de Belgica, el Canada, Francia, el Reino Unido, 
Suiza y la Union de Republicas Socialistas Sovieticas. 

En. la impresi6n de esta gran recopilaci6n de 
informacion cientifica han participado impresores 

Los titulos completos de los dieciseis volumenes 
de estas Aetas, junto con las sesiones comprendidas 
en cada volumen, son los siguientes: 

Numero 
del volumen Sesiones 

Progresos realizados en el dominic at6mico . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A, B, 1.6, C, H 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Fisica de los reactores ................................................ . 

Estudios sobre reticulados. Funcionamiento de reactores .................. . 

Control de los reactores .............................................. . 

Reactores nucleares -I. Reactores refrigerados por gas y por agua ........ . 

Reactores nucleares- II. Reactores rapidos y conceptos mas avanzados ...... . 

Reactores de investigaci6n y de ensayo ................................ . 

Tecnologia y equipo de los reactores ................................. . 

Materiales de los reactores ........................................... . 

Combustibles nucleares- I. Fabricaci6n y tratamiento 

Combustibles nucleares- II. Caracteristicas y estudios econ6micos .......... . 

Combustibles nucleares- Ill. Primeras materias ......................... . 

Seguridad nuclear .................................................. . 

Jnfluencia del empleo de Ia energia nuclear sobre el ambiente. Evacuaci6n de 
residues ........................................................... . 

Aspectos especiales de Ia energia nuclear y empleo de los radioelementos ... . 

16 lista de documentos e indices 
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Programme of the Conference 

The programme shown here is that prepared by the Conference Secretariat. In some cases, sub
sequent last minute changes were necessary, but by and large the Conference proceeded as planned. 
The various records of session in the respective volumes show the proceedings as they actually took place. 

GENERAL SESSIONS 

(Sessions A-H ) 

Session A: 31 August, 10.30 (Vol. 1) 

OPENING OF THE CONFERENCE 

President: V. S. Emelyanov (USSR) 

Call to order by the President of the Conference 

Address of welcome by the President of the Swiss Con
federation, Mr. Ludwig voN Moos 

Address by U TRANT, Secretary-General of the United 
Nations, Chairman of the United Nations Scientific 
Advisory Committee 

Address by the President of the Conference, Professor V. 
S. EMELYANOV 

Address by the Director General, International Atomic 
Energy Agency, Mr. Sigvard A. EKLUND 

Presentation of messages from Heads of State or Govern
ment of the countries represented on the United Nations 
Scientific Advisory Committee 

Session B: 31 August, 15.00 (Vol. 1) 

NEW ECONOMIC DATA. ENERGY NEEDS IN COMING 
YEARS AND THE ROLE OF NUCLEAR POWER IN 
MEETING THESE NEEDS 

Chairman: H. J. Bhabha (India) 

Scientific Secretaries: J. E. Shallcross (UK}, R. Krymm (IAEA) 

Chairman's remarks 

P/741 (India) 
World energy requirements and the economics of 

nuclear power with special reference to under-
developed countries H. J. Bhabha, M. Dayal 

P/715 (Argentina) 
The contribution of nuclear energy to solving the 

Argentine energy problem J. L. Alegria et a/. 

P/559 (UK) 
Nuclear power in the United Kingdom 

Sir William Penney 
P/31 (France) 

France's nuclear power programme 
J. Cabanius, J. Horowitz 

P/192 (USA) 
Future energy needs and the role of nuclear power 

G. F. Tape et a/. 
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P /294 (USSR) 
Trends in atomic power development in the USSR 

N. M. Sinev et a/. 

P /1 (Canada) 
Electricity supply in Canada and the role of nuclear 

power W. B. Lewis, T. G. Church 
P/577 (Japan) 

Needs of nuclear power generation and the related 
programme in Japan Japan Atomic Energy Commission 

Panel discussion 
The role of nuclear power in meeting energy needs 

in other countries 
Members of the Panel : Austria, Brazil, Czechoslo

vakia, Denmark, Pakistan, United Arab Republic 

Session C: 9 September, 15.00 (Vol. 1) 

INTERNATIONAL COLLABORATION IN NUCLEAR 
REACTOR PROJECTS, INCLUDING DEVELOPMENTS 
OF MAJOR CO-OPERATIVE INSTALLATIONS 

Chairman: F. Perrin (France) 

Scientific Secretaries: J. E. Shallcross (UK}, R. Krymm (IAEA) 

Chairman's remarks 

P/193 (USA) 
International cooperation on nuclear power 

H. D. Smyth 
P/295 (USSR) 

International co-operation in the field of atomic 
energy I. D. Morokhov et a/. 

P/121 (UK) 
The DRAGON Project C. A. Rennie et a/. 

P/596 (Norway) 
The NPY Project, a co-operative research programme 

in reactor physics between Norway, Poland, 
Yugoslavia and IAEA- V. 0. Eriksen et a/. 

P/533 (Federal Republic of Germany) 
The SEFOR reactor-aspects of international co-

operation W. Schnurr, J. R. Welsh 
P/515 (Belgium) 

The VULCAIN core power experiment J. Storrer, S. Rigg 
P/840 (UAR) 

Investigations on site selection for the first UAR 
nuclear power station M. A. El-Guebeily et a/. 

P/122 (UK) 
Review of research and development work for the 

DRAGON Project L. R. Shepherd et a/. 
P/549 (Italy) 

Review of engineering work for the DRAGON Pro-
ject G. Franco et a/. 

Discussion 
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Session D: 2 September, 9.30 (Vol. 7) 

RESEARCH REACTORS 

Chairman: W. B. Lewis (Canada) 

Scientific Secretaries: C. B. Bigham (Canada), R. Skjaldebrand (IAEA) 

Chairman's remarks 
P/296 (USSR) 

Review of research reactor activities in the USSR 
V. V. Goncharov 

P/194 (USA) 
The uses and potentialities of research reactors . H. Kouts 

P/33 (France) 
Use and evolution of tlie research reactors of the 

CEA. . . . . C. Chauvez, F. Rossillon 
P /34 (France) 

A survey of experimental 
flux measurement used 
tors ....... 

P/118 (Brazil) 

facilities and means for 
in CEA research reac-
. . F. Rossillon, C. Chauvez 

Objectives, organizational aspects and utilization of 
the INEA-RI research reactor. 

A. C. Penteado Filho et al. 
P/189 (Romania) 

Research work done with the VVR-S experimental 
reactor of the Atomic Physics Institute in Bu-
charest . . . . . . . . . . . . . . H. Hulubei 

P/481 (China) 
Research reactor and its utilization in the Republic 

of China . . . . . . . . . . . . ... C. Cheng 
P/747 (Turkey) 

The programmes for utilization of the research reac-
tor TR1 at the CEKMECE nuclear centre. S. Akpinar 

P /2 (Canada) 
Utilization of Canadian research reactors 

D. G. Hurst et al. 
P/744 (India) 

Utilization of research reactors at Trombay . 
R. Rarnanna 

P/123 (UK) 
Experience of operation and use of the UK high-

flux research reactors . . .. R. F. Jackson 
Discussion 

Session E: 3 September, 9.30 (Vol. 15) 

CONTROLLED NUCLEAR FUSION 

Chairman: Sir William Penney (UK) 

Scientific Secretaries: S. D. Fanshenka (USSR), 
D. de Lacerda Coutinho (Brazil) 

Chairman's remarks 
P/297 (USSR) 

Controlled nuclear fusion and high-temperature 
plasma physics research in the USSR L. A. Artsimovich 

P/195 (USA) 
Controlled fusion research in the USA . A. H. Snell et al. 

P/882 (Germany, Fed. Rep. of) 
Controlled nuclear fusion in Western Europe A. SchlUter 

P/881 (Australia) 
Progress in controlled fusion and plasma physics in 

countries in the rest of the world (outside Europe, 
North America and the USSR) C. N. Watson Munro 

Discussion 

Panel Meeting 
Panel Members : Australia, France, Germany (Fed. 

Rep. of), Japan, UK, USA, USSR 

Session F: 4 September, 9.30 (Vol. 15) 

APPLICATIONS OF ISOTOPES AND RADIATION 
SOURCES IN THE PHYSICAL SCIENCES 

Chairman: I. I. Rabi (United States of .America) 

Scientific Secretaries: A. Sanielevici (IAEA), J. Mehl (IAEA) 

Chairman's remarks 
P/196 (USA) 

Advances in radioisotope production and utilization 
in science and industry . . . . . P. C. Aebersold 

P/298 (USSR) 
Use of isotopes and radiation sources in research in 

physical and chemical sciences P. L. Gruzin 
P/875 (IAEA) 

The role of radioisotope techniques in hydro-
logy . . . . . . . . . . . . . . . . B. R. Payne et al. 

Discussion 

Session G: 7 September, 9.30 (Vol. 15) 

APPLICATIONS OF ISOTOPES AND RADIATION 
SOURCES IN THE LIFE SCIENCES 

Chairman: L. Cintra do Prado (Brazil) 

Scientific Secretaries: C. Christenson (IAEA), A. Sanielevici (IAEA) 

Chairman's remarks 
P/874 (Brazil) 

Tracers in biology. . . . . C. Chagas 
P/876 (IAEA/FAO) 

Advances in the use of isotopes and radiation 
sources in agriculture and food science 

H. Broeshart et al. 
P/880 (IAEA/WHO) 

Advances in the use of isotopes and radiation 
sources in medicine. . . H. Vetter et al. 

Discussion 

Session H: 9 September, 16.30 (Vol. 1) 

CLOSING OF THE CONFERENCE 

President: V. S. Emelyanov (USSR) 

Address by the President 
Address by the Director General, International Atomic 

Energy Agency, Mr. Sigvard A. EKLUND 
Address by the Director of the European Office of the 

United Nations, Mr. P. P. SPINELLI 
Closing by the President 

TECHNICAL SESSIONS 

I. REACTOR APPLICATIONS 

1.1 - 1.5 Power reactors 

Session 1.1: 1 September, 15.00 (Vol. 5) 

GAS-COOLED, GRAPHITE-MODERATED REACTORS 

Chairman: T. Mukaibo (Japan) 

Scientific Secretaries: C. B. Bigham (Canada), J. M. Harrer (USA) 

Chairman's remarks 
P /578 (Japan) 

Construction experience on Tokai atomic power 
station . . . . . . . . . . . . . . . . . . T. lpponmatsu et al. 
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P/865 (Italy) 
Latina nuclear power station-commissioning and 

initial operating experience A. Bertini et al. 
P/213 (USA) 

High-temperature gas-cooled reactors .. 
F. de Hoffman, C. L. Rickard 

P /38 (France) 
Nuclear power stations EDF2, EDF3 and EDF4 

C. Bienvenu et a/. 
P /36 (France) 

The development of natural uranium, graphite re-
actors J. Bourgeois, B. Saitcevsky 

P/37 (France) 
Economic outlook on natural uranium-graphite-gas 

nuclear reactors-present conditions and trend of 
costs in France. . J. Gaussens et a/. 

P/128 (UK) 
Early operation of the CEGB nuclear power sta-

tions. . D. R. R. Fair, R. L. Rutter 
P/125 (UK) 

The contribution of the Windscale advanced gas
cooled reactor to the development of a commer-
cial power system. K. Saddington et a/. 

P/124 (UK) 
The trend to higher ratings in the Magnox reactor 

D. R. Smith et al. 
Discussion 

Session 1.2: 2 September, 15.00 (Vol. 5) 

LIGHT WATER REACTORS 

Chairman: G. Randers (Norway) 

Scientific Secretaries: C. B. Bigham (Canada), J. M. Harrer (USA) 

Chairman's remarks 
P/550 (Italy) 

Nuclear power stations in Italy .. A. M. Angelini 
P/202 (USA) 

Operational experience with pressurized-water sys-
tems R. J. Coe, W. C. Beattie 

P/204 (USA) 
Operating experience with boiling-water reactors 

V. L. Stone 
P/305 (USSR) 

Start-up and adjustment of reactor VVER of Novo-
voronezh atomic power station G. L. Lunin et al. 

P/745 (India) 
Tarapur atomic power station 

M. N. Chakravarti, M. R. Srinivasan 
P/203 (USA) 

Developments in pressurized-water reactors. 
J. C. Rengel, W. E. Johnson 

P/205 (USA) 
Developments in boiling-water reactors . . . G. White 

P/304 (USSR) 
Trends in water-moderated water-cooled power re-

actor development ......... A. Y. Kramerov et al. 
Discussion 

Session 1.3: 4 September, 15.00 (Vol. 5) 

HEAVY WATER, AND ORGANIC REACTORS 

Chairman: M. J. Horowitz (France) 

Scientific Secretaries: J. M. Harrer (USA), J. D. McCullen (IAEA) 

Chairman's remarks 
P /8 (Canada) 

Performance and problems of NPD 
L. W. Woodhead, W. M. Brown 

P /9 (Canada) 
NPD start-up, reactivity balance and fuel manage-

ment J. W. Hilborn et al. 
P/679 (Sweden) 

Experience from the commissioning, the criticality 
experiments and the power operation of the 
Agesta nuclear power plant . N. Rydell et al. 

P/6 (Canada) 
Studies of Candu-type reactors in the 500-MW(e) 

range I. L. Wilson et a/. 

P /10 (Canada) 
Prospective heavy-water moderated power reactors 

G. A. Pon et al. 
P/209 (USA) 

Heavy-water power reactors and organic-cooled 
power reactors W. H. Zinn, C. A. Trilling 

P /307 (USSR) 
The ARBUS organic-cooled and moderated nuclear 

power station K. K. Polushkin et al. 
P/601 (Spain) 

The DON project F. Pascual et al. 
P/39 (France) 

Heavy-water moderated gas-cooled reactors 
B. Bailly du Bois et al. 

P/40 (France) 
EL4 features and construction problems R. Carle et al. 

P/129 (UK) 
General design of the steam generating heavy-water 

reactor S. Fawcett et a/. 

Discussion 

Session 1.4: 5 September, 9.30 (Vol. 6) 

FAST REACTOR PHYSICS AND BREEDERS 

Chairman: R. V. Moore (United Kingdom) 

Scientific Secretaries: J. D. McCullen (IAEA), 
V. G. Shevchenko (IAEA) 

Chairman's remarks 
Physics 

P/510 (Israel) 
Nuclear cross sections for fast reactors 

S. Yiftah, M. Sieger 
P /511 (Israel) 

Inelastic scattering of high-energy neutrons in fast 
reactors G. Szwarcbaum et al. 

P/166 (UK) 
Fast reactor physics, including results from UK 

zero-power reactors. . . . . . R. D. Smith et al. 
P/265 (USA) 

Fast critical experiments and their analysis 
F. w. Thalgott et al. 

P/368 (USSR) 
Experimental studies on fast-neutron reactor physics 

A. I. Leipunsky et al. 
Engineering 

P/311 (USSR) 
Sodium-cooled fast reactors. . ... A. I. Leipunsky et al. 

P/312 (USSR) 
Five years' operating experience on reactor BR5 .. 

A. I. Leipunsky et al. 

P/207 (USA) 
Sodium-cooled fast breeder reactors L. J. Koch et al. 

P/130 (UK) 
Performance and operation of the Dounreay fast 

reactor . . . . R. R. Matthews et al. 
P/41 (France) 

The fast neutron reactor series in France . G. Vendryes 
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P/42 (France) 
RAPSODIE G. Vendryes et al. 

P/539 (Federal Republic of Germany) 
The Karlsruhe fast breeder project W. Haefele et a/. 

P/694 (Switzland) 
Gas cooling for fast reactors P. Fortescue et a/. 

Discussion 

Session 1.5: 9 September, 9.30 (Vol. 6) 

SUPERHEATING AND ADVANCED CONCEPTS 

Chairman: C. Williams (USA) 

Scientific Secretaries: J. M. Harrer (USA), Munir A. Khan (IAEA) 

Chairman's remarks 
P /536 (Federal Republic of Germany) 

Development project of a pebble bed power reactor 
C. B. von-der-Decken et a/. 

P/206 (USA) 
Sodium-cooled thermal reactors C. Starr, S. Siegel 

P /603 (Sweden) 
The design of the Marviken boiling heavy-water 

reactor with nuclear superheat P. H. Margen et al. 
P/210 (USA) 

Developments in spectral-shift reactors M. C. Edlund 
P/215 (USA) 

Developments in nuclear superheat M. Novick et al. 
P/306 (USSR) 

Experimental pressure vessel reactor for studies in 
boiling and steam superheating I. N. Sokolov et al. 

P/309 (USSR) 
Development of superheating power reactors of the 

Beloyarsk nuclear power station type 
N. A. Dollezhal et al. 

P/208 (USA) 
Seed and blanket reactors 

A. Radkowsky et al. 
P/212 (USA) 

The US program for the development of advanced 
reactor concepts N. F. Sievering 

Discwsion 

1.6- 1.7 

Session 1.6: 5 September, 15.00 (Vol. 1) 

TECHNICAL AND ECONOMIC ASPECTS OF THE USE 
OF NUCLEAR POWER 

Chairman: I. H. Usmoni (Pakistan) 

Scientific Secretaries: J. E. Shallcross (UK), R. Krymm (IAEA) 

Chairman's remarks 
P/746 (India) 

Integration of nuclear power stations in power net
works with special reference to the developing 
countries M. Dayal 

P/43 (France) 
Integrating nuclear power into France's electricity 

network R. I anin 
P/216 (USA) 

Integration of nuclear reactors and power networks 
in the United States : economic and technical 
aspects L. H. Roddis Jr., E. Jones 

P/597 (Pakistan) 
Introduction of Rooppur nuclear power plant in 

EPWAPDA grid M. Yusuf 
P/598 (Portugal) 

Prospects of integrating nuclear plants within the 
Portuguese power system A. Leite Garcia et al. 

P/561 (UK) 
Planning for nuclear power in the Central Electricity 

Generating Board's system P. W. Cash, F. Faux 
P/ll (Canada) 

Analysis of capital costs for nuclear power plants 
P. H. G. Spray et al. 

P/316 (USSR) 
Development of electric power in the USSR and 

atomic power plants 
A. M. Nekrasov, G. S. Zelevinsky 

Discussion 

Session 1.7: 7 September, 15.00 (Vol. 6) 

REACTORS OF SPECIAL APPLICATIONS. 
FUTURE DEVELOPMENTS 

Chairman: M. Ristic (Yugoslavia) 

Scientific Secretaries: J. M. Harrer (USA), Munir A. Khan (IAEA) 

Chairman's remarks 
Use of reactors for desalination 

P/220 (USA) 
Nuclear reactors applied to water desalting 

J. T. Ramey et a/. 
P /824 (Tunisia) 

Nuclear plants for power and saline water conver-
sion Tunisia Atomic Energy Commission 

P /548 (Israel) 
Feasibility of nuclear reactors for sea-water dis-

tillation in Israel F. S. Aschner et al. 

Process heat utilization 

P/319 (USSR) 
Use of nuclear reactors for district heating and heat 

supply A. C. Gorshkov et al. 
P/46 (France) 

Economic aspects of electricity and industrial heat 
generating nuclear plants J. Gaussens et al. 

P/546 (Hungary) 
Effects of peak load factor on the economy of 

nuclear heat-producing power plants. Possible 
means of improving the load factor 

I. Halzl, M. Torma 

Portable reactors 

P/211 (USA) 
Portable reactor power plants M. A. Rosen et al. 

P /588 (Netherlands) 
The NERO reactor for ship propulsion 

N. Bogaardt, M. Muysken 
P/313 (USSR) 

Operating experience of the atomic power plant on 
the icebreaker Lenin I. I. Afrikantov et al. 

Discussion 

1.8 - 1.9 High flux reactors 

Session 1.8: 7 September, 15.00 (Vol. 7) 

VERY HIGH FLUX REACTORS, CONSTRUCTION 
AND USES 

Chairman: A. M. Weinberg (USA) 

Scientific Secretaries: C. B. Bigham (Canada), B. Semenov (IAEA) 

Chairman's remarks 
Uses for very high neutron fluxes 

P /13 (Canada) 
Studies of the fission process induced by thermal 

neutrons J. S. Fraser, J. C. D. Milton 
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P/488 (Poland) 
The time-of-flight method for neutron crystal struc

ture investigations and its possibilities in con-
nexion with very high flux reactors . B. Buras et al. 

P/12 (Canada) 
Research with inelastic neutron scattering at the 

NRU reactor . B. N. Brockhouse et a/. 

P/324 (USSR) 
Operating experience with IBR reactor, its use for 

neutron investigations and its characteristics on 
neutron injection from a microton B. N. Bunun et al. 

Very high flux reactors and their potentialities 

P/221 (USA) 
The Oak Ridge High Flux Isotope Reactor 

J. A. Swartout et al. 

P/320 (USSR) 
Physical and operational characteristics of reactor 

SM-2 . . . . . . . . S. M. Feinberg et al. 

P/222 (USA) 
The Brookhaven High Flux Beam Research Re-

actor . . . . . . . . . . . . . . . . . . . . . . J. M. Hendrie 

P/322a (USSR) 
Pulse reactor potentialities-lOR pulse graphite re-

actor, Part II. . . . . . . . . . . . I. V. Kurchatov et a/. 

Discussion 

Session 1.9: 8 September, 9.30 (Vol. 7) 

HIGH FLUX REACTORS FOR MATERIAL TESTING 

Chairman: A. P. Alexandrov (USSR) 

Scientific Secretaries: B. Semenov (IAEA), 
R. Skjoldebrand (IAEA) 

Chairman's remarks 

P/47 (France)' 
SILOE and OSIRIS .J. Chatoux et al. 

P/48 (France) 
PEGASE fuel testing reactor. R. Dautray et a/. 

P/321 (USSR) 
Specific problems of designing research reactors with 

test loops (loop-type reactors). The MIR loop-type 
reactor A. P. Bovin et al. 

P/223 (USA) 
The NRTS advanced test reactor. 

D. R. deBoisblanc et a/. 

P (323 (USSR) 
The MR research reactor for testing fuel elements 

and materials V. V. Goncharov et al. 

P/14 (Canada) 
The installation, operation and maintenance of ex-

perimental loops in reactors J. C. Horsman et al. 

P/134 (UK) 
Experimental equipment associated with the United 

Kingdom high flux research reactors V. S. Crocker 

P/441 (Belgium) 
In-pile experimental equipment for BR2 J. Planquart 

P/116 (Denmark) 
Operation and experimental utilization of the high 

flux research reactor DR3 S. Mehlsen et al. 

Discussion 

1.10-1.11 Basic power reactor engineering 

Session 1.1 0 : 2 September, 9.30 (Vol. 8) 

HEAT TRANSFER 

Chairman: P. J. Nowaski (Poland) 

Scientific Secretaries: Munir A. Khan (IAEA), B. Semenov (IAEA) 

Chairman's remarks 

P/580 (Japan) 
Boiling heat transfer and burn-out mechanism in 

boiling-water cooled reactors K. Torikai et al. 

P/326 (USSR) 
Some problems of heat-transfer in 

reactors 
liquid-cooled 
V. S. Osmachkin 

P/16 (Canada) 
Thermal and irradiation performance of experimen

tal fuels operating in steam-water mixtures 
A. D. Lane, J. G. Collier 

P/53 (France) 
Technological studies on organic cooling fluids 

P. Leveque et al. 

P/93 (France) 
Heat transfer by organic liquids F. Lanza et al. 

P/328 (USSR) 
Heat removal from reactor fuel elements cooled by 

liquid metals V. I. Subbotin et al. 

P/225 (USA) 
Liquid-metal heat transfer 0. E. Dwyer, R. N. Lyon 

P/135 (UK) 
Heat transfer ·and pressure drop performance of 

herringbone and helical fin fuel elements for 
uraniumjMagnox reactors C. Cunningham et al. 

P j719 ( B yelorussian SSR) 
Simulation methods of transient thermal processes in 

gas-cooled reactors on analogue computers 
V. B. Nesterenko, V. M. Shadsky 

P /552 (Italy) 
A method for the calculation of three-dimensional 

flux and temperature distributions in a Magnox 
reactor and comparison with experimental mea
surements taken at Latina power station 

R. Negrini et al. 
Discussion 

Session 1.11 (Half Session): 1 September, 9.30 (Vol. 8) 

HYDRAULIC PROBLEMS OF REACTOR ENGINEERING 

Chairman: N. A. Dollezhal (USSR) 

Scientific Secretaries: Munir A. Khan (IAEA), R. Skjoldebrand {IAEA) 

Chairman's remarks 

P/230 (USA) 
Fluid dynamics, stability and vapor-liquid slip in 

boiling reactor systems P. A. Lottes et al. 

P /327a (USSR) 
Burn-out heat fluxes under forced water flow 

G. V. Alekseev et al. 
P/50 (France) 

Aerodynamic and thermal studies of canning for 
gas-cooled fuel elements P. Gelin, J.-P. Milliat 

P (524 (Czechoslovakia) 
The influence of an electric field on the heat transfer 

to C02 coolant at high and low pressure in a 
nuclear reactor F. Berger and L. Derian 
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P/232 (USA) 
Critical flow phenomena in two-phase mixtures and 

their relationships to nuclear safety H. S. Isbin et al. 
Discussion 

II. FUEL AND MATERIAL PROBLEMS 

2.1 - 2.3 Fuel fabrication and properties 

Session 2.1: 1 September, 9.30 (Vol. 11} 

METALLIC AND VARIOUS FUELS 

Chairman: A. A. Bochvar (USSR) 
Scientific Secretaries: J. M. Pheline (France), J. G. Boyle (IAEA) 

Chairman's remarks 
P /62 (France) 

Behaviour of uranium under irradiation Y. Adda et al. 
P/97 (France) 

The effect of neutron irradiation on certain fuels 
used in gas-graphite type reactors . M. Englander 

P/735 (Italy) 
Irradiation experiments on uranium-rich alloys 

G. Colabianchi et al. 
P/145 (UK) 

The irradiation behaviour of uranium and uranium 
alloy fuels . R. S. Barnes et a/. 

P/239 (USA) 
Irradiation behaviour of metallic fuels J. H. Kittel et al. 

P/338a (USSR) 
Theory of fissile materials swelling 

V. M. Agranovich et al. 
P /526 (Czechoslovakia) 

Diffusion bonding of uranium with 
means of intermediate layers 

P/241 (USA) 
Irradiation behaviour of fluid fuels 

P/702 (Yugoslavia) 
On the uranium-hydrazine system 

Discussion 

magnesium by 
.V. Kraus 

W. R. Grimes et al. 

B. S. Brchic et al. 

Session 2.2: 1 September, 15.00 (Vol. 11) 

CERAMIC FUELS 

Chairman: M. Salesse (France) 
Scientific Secretaries: J. G. Bayle (IAEA), 0. Vojtech (IAEA) 

Chairman's remarks 
P/543 (Australia) 

The development of beryllia-based fuels for HTGC 
reactor systems R. Smith 

P/832 (Federal Republic of Germany) 
Fabrication of fused U02, UC feed material and cast 

UC rods . P. Himmelstein et al. 
P /634 (Netherlands) 

Preparation of U02 and Th02 powders in the sub-
sieve range M. E. A. Hermans, H. S. G. Slooten 

P /703 (Yugoslavia) 
Uranium dioxide production. A survey of electro

chemical reduction and precipitation from car-
bonate solutions V. Pravdic et al. 

P/155 (UK) 
The behaviour of U02 and of (U, Pu) 0 2 fuel 

materials under irradiation L. E. J. Roberts et al. 
P/233 (USA) 

Oxide fuel fabrication and performance 
S. Naymark, C. N. Spalaris 

P/240 (USA) 
Irradiation behaviour of ceremic fuels T. J. Pashos et al. 

P/338 (USSR) 
Behaviour of nuclear fuel under irradiation-in

vestigation of these layers of irradiated uranium 
dioxide .. V. M. Golyanov; N. F. Pravdyuk 

P/17 (Canada) 
uo2 performance-the importance of temperature 

distribution . J. A. L. Robertson et al. 
P/19 (Canada) 

Fission-gas behaviour in U02 fuel .... W. B. Lewis et al. 
Discussion 

Session 2.3: 2 September, 9.30 (Vol. 10} 

FUEL ELEMENT FABRICATION AND EXPERIENCE 

Chairman: S. Lawroski (United States of America) 

Scientific Secretaries: J. M. Pheline (France), J. C. Delaney (IAEA) 

Chairman's remarks 
Pool-type reactors 

P/485 (Brazil) 
Developments in fuel fabrication for research re-

actors in Brazil T. D. de Souza-Santos et al. 
P/486 (Brazil) 

Experimental studies on the fabrication of thin fuel 
plates with U30 8-Al cermets 

T. D. de Souza-Santos et al. 
Light and heavy water-cooled reactors 

P/442 (Belgium) 
Design and fabrication of PWR fuel elements in 

Belgium . M. Huberlant et al. 
P/443 (Belgium) 

Irradiation of plutonium-enriched ceramic fuel rods 
in the BR3 power reactor .... J. M. Leblanc 

P/608 (Sweden) 
Fuel development for Swedish heavy-water reactors 

H. Mogard et al. 
P/18 (Canada) 

Engineering and performance of U02 fuel assemblies 
R. D. Page et al. 

Gas-cooled reactors 

P /60 (France) 
Recent developments concerning French fuel 

elements for natural uranium-graphite-C02 reac-
tors M. Salesse et al. 

P/147 (UK) 
The development and evaluation of uranium Magnox 

fuel elements. J. W. Hughes et al. 
P/560 (UK) 

Review of progress of development, manufacture, 
and performance of Magnox fuel elements in the 
United Kingdom J. C. C. Stewart et al. 

P/148 (UK) 
Post irradiation examination of CEGB fuel elements 

G. W. Greenwood, B. F. Sharpe 
P/149 (UK) 

Progress towards the design of AGR fuel elements 
for power reactors G. B. Greenough et al. 

Fast reactors 

P/238 (USA) 
Fabrication of solid fuels for fast reactors 

R. E. Macherey et al. 
P/58 (France) 

Study and manufacture of plutonium fuels 
P. Bussy, et al. 

Discussion 
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2.4-2.7 

Session 2.4: 7 September, 9.30 (Vol. 9) 

CORROSION STUDIES. NON-DESTRUCTIVE TESTING 

Chairman: H. Brynielsson (Sweden) 

Scientific Secretaries: J. C. Delaney (IAEA), A. Pushkov (IAEA) 

Chairman's remarks 

Aqueous corrosion 

P/243 (USA) 
Corrosion in aqueous systems J. E. Draley et al. 

P/341 (USSR) 
Corrosion resistance of zirconium and its alloys in 

water and steam at high temperatures 
V. S. Emelyanov et al. 

P/342 (USSR) 
Influence of some factors upon hydriding and varia

tion of properties of zirconium alloy with 1 % Nb 
used for fuel element cladding in water-moderated, 
water-cooled power reactors A. D. Amaev et al. 

P/158 (UK) 
The properties of zirconium alloys for use in water-

cooled reactors J. K. Dawson et al. 

Gas corrosion 

P /63 (France) 
Compatibility of cladding materials with carbon-

dioxide at high temperatures R. Darras, H. Loriers 
P/566 (UK) 

Factors controlling reaction between graphite and 
radiolysed carbon-dioxide R. Lind, J. Wright 

P /340 (USSR) 
Development of heat-resistant fuel elements with 

magnesium-beryllium canning V. E. Ivanov et al. 

Liquid-metals corrosion 

P/343 (USSR) 
Corrosion resistance of constructional materials in 

alkaline metals B. A. Nevzorov et al. 

Non-destructive testing 

P/399 (Austria) 
Burn-up determination of nuclear fuel by high-reso-

lution gamma-spectroscopy M. J. Higatsberger et al. 
P/245 (USA) 

Non-destructive testing of nuclear reactor com-
ponents W. J. McGonnagle 

Discussion 

Session 2.5: 4 September, 9.30 (Vol. 11) 

ECONOMICS OF THE FUEL CYCLE 

Chairman: A. F. Fritzsche (Switzerland) 

Scientific Secretaries: J. C. Delaney (IAEA), R. Krymm (IAEA) 

Chairman's remarks 
P/247 (USA) 

Fuel cycle economics of uranium fueled thermal 
reactors J. M. Vallance 

P/159 (UK) 
Fuel cycle costs for a large nuclear power programme 

N. L. Franklin et al. 
P/57 (France) 

The manufacture of fuel elements in France 
R. Boussard et al. 

P/570 (Italy) 
Fuel cycle costs in nuclear power stations 

G. B. Scuricini et al. 
P/246 (USA) 

Plutonium value analysis E. A. Eschbach 
P/417 (Sweden) 

Fuel cycle physics and economics for heavy-water 
reactors L. Zettergren, B. Pershagen 

P/248 (USA) 
Fuel cycle economics of fast reactors L. E. Link et al. 

P /64 (France) 
Irradiated fuel transport costs and maintenance costs 

in chemical reprocessing plant Y. Sousselier 
Discussion 

Session 2.6: 4 September, 15.00 (Vol. 10) 

FUEL REPROCESSING (PART I) 

Chairman: H. Piatier (France) 

Scientific Secretaries: J. G. Boyle (IAEA), A. Pushkov (IAEA) 

Chairman's remarks 
P/786 (India) 

Fuel reprocessing plant at Trombay 
H. N. Sethna, N. Srinivasan 

P/787 (India) 
Chemistry of separation of plutonium from irradiated 

fuel A. S. Ghosh-Mazumdar et al. 
P/773 (Belgium) 

Some development work done at EUROCHEMIC 
E. Detilleux et al. 

P/160 (UK) 
The development of the new separation plant, 

Windscale B. F. Warner et al. 
P/161 (UK) 

The new separation plant, Windscale-design of plant 
and plant control methods H. Corns et al. 

P /67 (France) 
Six years' working experience of the Marcoule re-

processing plant C. Jouannaud 
P/346 (USSR) 

Extraction processes and their mathematical descrip-
tion A. M. Rozen et al. 

P /65 (France) 
The processing of irradiated fuels, improvement and 

extension of the solvent process 
P. Faugeras, A. Chesne 

P /7 60 (Czechoslovakia) 
Czechoslovak laboratory-level research in spent fuel 

reprocessing S. Havelka, M. Kyrsh 
P/249 (USA) 

Advances in aqueous processing of power reactor 
fuels F. L. Culler, R. E. Blanco 

Discussion 

Session 2.7: 5 September, 9.30 (Vol. 10) 

FUEL REPROCESSING (PART II) 

Chairman: K. D. Johnson (UK) 

Scientific Secretaries: A. Pushkov (IAEA), 0. Vojtech (IAEA) 

Chairman's remarks 
P/798 (Japan) 

Chlorination distillation processing of irradiated 
uranium-dioxide and uranium-dicarbide 

T. Ishihara, K. Hirano 
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P/250 (USA) 
Fluoride volatility processes for the recovery of 

fissionable material from irradiated reactor fuels 
R. C. Vogel et at. 

P/251 (USA) 
Pyrometallurgical and pyrochemical fuel processing 

L. Burris et al. 
P/609 (Sweden) 

Processes for the recovery and purification of fission 
products from irradiated uranium . 

S. Ahrland, K. E. Holmberg 
P/348 (USSR) 

Methods of recovery and some chemical properties 
of transplutonium elements .. E. S. Gureev et a/. 

P/819 (Israel) 
The chemistry of the trivalent actinides in aqueous 

solutions and their recovery . Y. Marcus et al. 
P/252 (USA) 

Large-scale fission-product recovery 
R. E. Tomlinson et al. 

Discussion 

2.8-2.9 Reactor materials 

Session 2.8: 2 September, 15.00 (Vol. 9) 

STRUCTURAL MATERIALS 

Chairman: A. Boetcher (Federal Republic af Germany) 
Scientific Secretaries: J. M. Pheline (France), J. C. Delaney (IAEA) 

Chairman's remarks 
General problems 

P/255 (USA) 
Cladding materials for nuclear fuels 

W. P. Chernock et al. 
P/460 (Switzerland) 

On the long-term mechanical properties of metals 
used at elevated temperatures and subjected to 
neutron irradiation W. Siegfried, S. Zimering 

P/431 (Japan) 
On the thermal fatigue behaviour of fuel sheath 

material subjected to constrained deformation 
caused by core material M. Kawasaki, M. Sasagawa 

P/419 (Sweden) 
Aspects of Swedish studies of cladding materials for 

water-cooled reactors G. Ostberg, H. P. Myers 
P/156 (UK) 

Long-term studies of materials problems in gas-
cooled reactors .. A. T. Churchman et al. 

P/69 (France) 
Core structures of the heavy-water, gas reactor EL4 

J. L. Bernard et a/. 

P/242 (USA) 
Radiation-induced changes in the properties of non-

fuel reactor materials J. C. Tobin et al. 

Zirconium and aluminium allays 

P/733 (Italy) 
Contributions to the study of the technology of the 

composites Al-Al20 3 in the view of nuclear 
applications D. Gualandi, P. Jehenson 

P /21 (Canada) 
Irradiation experience with Zircaloy-2 

W. R. Thomas et al. 
P/22 (Canada) 

Development of zirconium-niobium alloys 
C. E. Ells et a/. 

Magnesium alloys 

P/146 (UK) 
Development of magnesium alloys for fuel elements 

in the United Kingdom . P. Greenfield et al. 
Discussion 

Session 2.9: 3 September, 9.30 (Vol. 9) 

STRUCTURAL AND CONTROL MATERIALS 
AND MODERATORS 

Chairman: J. M. Otero (Spain) 
Scientific Secretaries: J. M. Pheline (France), J. C. Delaney (IAEA) 

Chairman's remarks 
Steel 

P/339 (USSR) 
Study of tendency to brittleness of ferrite pearlite 

steels for reactor vessels under neutron irradiation 
A. D. Amaev et al. 

P/162 (UK) 
Irradiation behaviour of steel as a structural and 

cladding material. . . . . . . . . . . . D. R. Marries et al. 
P/339a (USSR) 

Effect of reactor irradiation on stress-rupture strength 
of austenitic steels and heat-resistant materials 
based on iron and nickel . . . E. V. Gusev et al. 

Beryllium and beryllium oxide 

P/101 (France) 
The use of beryllium as a canning material-the 

problems arising from the brittleness of the metal, 
and their present solutions .... M. Weisz, J. Mallen 

P/351 (USSR) 
The technology of fabrication of reactor components 

of beryllium metal and its oxide. B. G. Ignatiev et al. 

Heavy water, graphite and other moderators 

P /20 (Canada) 
Experience with the chemistry of water in moderator 

and coolant systems H. K. Rae et al. 
P/163 (UK) 

The irradiation behaviour of graphite . . . . . . . . .. 
J. H. W. Simmons et al. 

P/254 (USA) 
Developments in solid moderator materials 

Control materials 

P/253 (USA) 
Control rod materials 

Discussion 

R. E. Nightingale et al. 

A. N. Holden et al. 

2.10 

Session 2.10: 9 September, 9.30 (Vol. 12) 

ISOTOPE SEPARATION 

Chairman: M. Benedict (USA) 
Scientific Secretaries: J. G. Boyle (IAEA), 0. Vojtech (IAEA) 

Chairman's remarks 
Uranium-235 

P/440 (Japan) 
Isotope separation by concurrent gas centrifuge . 

A. Kanawaga et al. 
P/89 (France) 

Deductions based on studies of uranium isotope 
separation and French achievements in this field 

C. Frejacques, R. Galley 



PROGRAMME OF THE CONFERENCE 11 

Heavy water 

P/29 (Canada) 
The management of heavy water for research and 

power reactors J. A. Morrison et al. 
P/290 (USA) 

Production of heavy water in the USA 
W. P. Bebbington et al. 

P /753 (India) 
Technical and economic considerations for produc

ing 200 Tjyear of heavy water in India 
P. G. Deshpande et al. 

P/754 (India) 
Analysis of operating experience of a hydrogen dis-

tillation plant D. C. Gami, A. S. Rapial 
P/91 (France) 

Study of the production of heavy water in France 
B. Lefran<;ois et al. 

Other isotopes 

P /388 (USSR) 
Experimental production of stable isotopes 

I. G. Gverdtsiteli et al. 
P /639 (Netherlands) 

Separation by countercurrent exchange--electrolysis 
applied to lithium isotopes G. J. Arkenbout 

Discussion 

2.11 - 2.12 Uranium and thorium reserves re
lated to requirements. Future development and 

exploration 

Session 2.11: 7 September, 15.00 (Vol. 12) 

URANIUM AND THORIUM RESOURCES AND 
REQUIREMENTS 

Chairman: 0. A. Quihillalt (Argentina} 

Scientific Secretaries: J. M. Pheline (France), 0. Vojtech (IAEA) 

Chairman's remarks 
P /72 (France) 

Why exploration for uranium must go on 
J. Mabile, A. Gangloff 

P/883 (Gabon) 
The Gabon Mounana deposit 

Direction des mines du Gabon 
P/636 (Netherlands) 

The development of nuclear energy in relation to 
the resources of nuclear materials 

J. C. van Staverer, J. J. Went 
P/494 (Spain) 

Uranium in Spain -present situation and future 
prospects V. Membrillera et al. 

P/752 (India) 
A review of uranium and thorium deposits in India 

K. L. Bhola et al. 
P/256 (USA) 

Fuel resourcas and availability for civilian nuclear 
power, 1964-2000 R. L. Faulkner, W. H. McVey 

P /24 (Canada) 
Canadian resources of uranium and thorium 

J. W. Griffith, S. M. Roscoe 
PI 405 (Argentina) 

Known and estimated uranium reserves in Argentina 
C. T. Friz et al. 

P /483 (Brazil) 
Nuclear fuel supply. Programme and results in 

Brazil E. Tavora et al. 
Discussion 

Session 2.12: 8 September, 9.30 (Vol. 12) 

PROSPECTING TECHNIQUES AND RECOVERY FROM 
ORES 

Chairman: J. Neuman (Czechoslovakia) 

Scientific Secretaries: A. Pushkov (IAEA), 0. Vojtech (IAEA) 

Chairman's remarks 
P /521 (Australia) 

A new technique for upgrading Australian thorium 
resources A. W. Wylie, E. S. Pilkington 

P/844 (Japan) 
Uranium resources and recovery process in Japan 

Japan Atomic Fuel Corporation 
P/414 (Yugoslavia) 

Industrial application of catalytic precipitation of 
uranium B. Bunji et al. 

P/478 (Federal Republic of Germany) 
Prospecting for and dressing of uranium ore in the 

Federal Republic of Germany. Progress in meth-
odology and new results H. Closs 

P /503 (Portugal) 
Chemical treatment of uranium ores at the mines, 

in a semi-mobile plant . J. Freire de Andrade et al. 

P/353 (USSR) 
Heterogeneous oxidation of UOo and uranium leaching 

processes in acid solutions - E. A. Kanevsky et a/. 

P/257 (USA) 
Application of geologic concepts to future uranium 

exploration R. D. Nininger et al. 

P /450 (Hungary) 
Recent results in the processing of Hungarian ura-

nium ores E. Szabo et a/. 

P/464 (South Africa) 
The production of uranium tetrafluoride by thermal 

decomposition of ammonium uranous fluoride in 
a fluidized bed R. E. Robinson et a/. 

Discussion 

Ill. REACTOR PHYSICS AND CONTROL 

Session 3.1: 2 September, 15.00 (Vol. 2) 

NEW DEVELOPMENTS IN REACTOR PHYSICS 

Chairman: J. A. Goedkoop (Netherlands) 

Scientific Secretaries: G. Donvez (IAEA), V. G. Shevchenko (IAEA) 

Chairman's remarks 
P/261 (USA) 

Developments in neutron transport theory 
G. I. Bell et a/. 

P /498 (Poland) 
Eigenfunction expansion method in neutron trans-

port theory . R. Zelazny 

P/263 (USA) 
Advancements in analytical methods and machine 

computations in reactor physics design 
E. L. Wachspress et a!. 

P /717 (IAEA) 
Survey of nuclear data for reactor calculations 

C. H. Westcott et a/. 
P/73 (France) 

Neutron thermalization and spectra. M. Cadilhac et a/. 

P /705 (Yugoslavia) 
An analytical method for neutron thermalization 

calculations in heterogeneous reactors J. Pop-Jordanov 
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P/367 (USSR) 
Experimental studies of neutron thermalization 

V. I. Mostovoy et al. 
P/858 (Yugoslavia) 

Neutron measurements inside reactors with semi-
conductor counters . . V. Ajdacic et al. 

Discussion 

Session 3.2: 4 September, 15.00 (Vol. 3) 

LATTICE STUDIES AND CRITICAL EXPERIMENTS 

Chairman: R. Ramanna (India) 

Sci£>ntific Secretaries: D. de Lacerda Coutinho (Brazil), 

S. D. Fanshenko (USSR) 

Chairman's remarks 
Light water, heavy water, mixed heavy and light water 

P j666 (Israel) 
Neutron flux measurements in a pool type light

water moderated research reactor . . . B. Arad et a/. 

P /25 (Canada) 
Lattice studies at Chalk River and their interpre-

tation R. E. Green et a/. 

P /691 (Switzerland) 
Natural and slightly enriched uranium lattice studies 

of voided metal rod clusters in D20 H. R. Lutz et a/. 

P/669 (Norway) 
Experimental and theoretical studies of uranium 

oxide lattices moderated by mixtures of light and 
heavy water E. Andersen et a/. 

P/264 (USA) 
Lattice studies in light-water moderated systems 

G. A. Price et a/. 

Other moderators 

P/75 (France) 
Graphite reactor physics P. Bacher et a/. 

P/361 (USSR) 
Neutron physics studies of a system with zirconium-

hydride moderator N. N. Ponomarev-Stepnoy et a/. 

P/171 (UK) 
Experience in relating the observed thermal perform

ance of civil Magnox-uranium power reactors to 
design predictions and operating criteria 

P. R. J. French eta/. 
Discussion 

Session 3.3: 4 September, 9.30 (Vol. 3) 

REACTOR PERFORMANCE 

Chairman: F. Juul (Denmark) 

Scientific Secretaries: D. de Lacerda Coutinho (Brazil), 

S. D. Fanshenko (USSR) 

Chairman's remarks 
P /26 (Canada) 

Fuel burn-up and reactivity changes M. F. Duret et al. 
P /77 (France) 

Burn-up physics ...... 0. Tretiakotf 
P/676 (Romania) 

Fuel burn-up in the VVR-S reactor of the Institute 
for Atomic Physics, Bucharest I. Udrea et al. 

P/266 (USA) 
Calculation of criticality, power distribution and 

fuel burn-up in thermal power reactors 
G. H. Minton, H. W. Graves, Jr. 

P/269 (USA) 
Fission-product build-up and long-term reactivity 

effects ......................... R. G. Nisle et al. 

P/709 (Yugoslavia) 
Determination of the tritium build-up in a heavy

water moderated reactor Z. Matic-Vukmirovic et al. 
P/625 (Italy) 

The physics of a steam water mixture cooled heavy 
water power reactor 

F. Accinni et a/. 

P /682 (Sweden) 
Reactor physics studies and comparisons between 

reactor physics data from calculations and J.IIOCk
up studies and from measurements in the Agesta 
nuclear power plant G. Apelqvist et a/. 

P/585 (USSR) 
Physics studies of Novovoronezh atomic power sta-

tion reactor (VVER) . L. V. Komissarov et al. 
Discussion 

Session 3.4: 5 September, 9.30 (Vol. 4) 

REACTOR KINETICS 

Chairman: S. H. Yiftah (Israel) 
Scientific Secretaries: D. de Lacerda Coutinho (Brazil), 

G. Donvez (IAEA) 

Chairman's remarks 
Point and spatial kinetics 

P /648 (Greece) 
Determinaiton of left and {Jeff in a critical reactor 

by the pulsed neutron technique 
C. Stassis, C. Mitsonias 

P /687 (Switzerland) 
On the stability of steam-cooled fast reactors with 

ceramic fuel . P. Schmid 
P/842 (Finland) 

Generalized potential theory for multigroup diffusion 
in a general multiregion reactor H. Koskinen 

P/271 (USA) 
Space-time reactor dynamics S. Kaplan et al. 

Kinetic studies of particular reactors 

P/664 (Japan) 
Some engineering studies on the analysis of kinetics 

and control of Tokai atomic power station 

P /859 (Norway) 
In-core instrument 

programme .... 
P/860 (Norway) 

J. Miida et al. 

development in the HBWR 
. . B. Aarset et al. 

Dynamics of boiling heavy-water reactors based on 
the HBWR research programme . . . . . . . . .. 

H. Ager-Hanssen et al. 
P/79 (France) 

Predicted dynamic behaviour of RAPSODIE .. 
R. Abdon, M. Chaigne 

Discussion 

Session 3.5: 5 September, 15.00 (Vol. 4) 

REACTOR CONTROL AND SHIELDING 

Chairman: E. P. Blizard (USA) 
Scientific Secretaries: G. Donvez (IAEA), V. G. Shevchenko (IAEA) 

Chairman's remarks 
Instrumentation and control 

P/631 (Czechoslovakia) 
Reactor control systems with moving detectors and 

their perspectives. . . . ....... P. Kovanic, K. Wagner 
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P ;so (France) 
Some special aspects of control in nuclear power 

reactors J. Furet, J. Pupponi 

P/647 (Federal Republic of Germany) 
Automatic control of the average core flux by 

measuring N16 coolant activity at the FRM 
Munich research reactor M. Sommer 

P /375 (USSR) 
Experimental study of some methods of compen

sating excess reactivity in intermediate reactors 
V. A. Kuznetsov et al. 

P/179 (UK) 
Control, stability and protection of a gas-cooled 

graphite-moderated reactor J. Brown et al. 
Shielding 

P/657 (Japan) 
Use of response matrix method for multilayer 

shield design . . I. Kataoka 
P/684 (Sweden) 

A new shield design method and some attenuation 
studies in laminated biological shields E. Aalto et al. 

P/260 (USA) 
Recent advances in reactor shielding in the United 

States E. P. Blizard, P. S. Mittelman 

Discussion 

Session 3.6: 8 September, 9.30 (Vol. 13) 

REACTOR SAFETY; lOCATION AND CONTAINMENT; 
REACTOR TESTS 

Chairman: G. C. Laurence (Canada) 

Scientific Secretaries: S. D. Soman (India), J. D. McCullen (IAEA) 

Chairman's remarks 

National practices in reador safety and siting 

P/611 (Sweden) 
Factors of economy, safety and hygiene in locating 

different types of large thermal power stations in 
Sweden S. 0. W. Bergstroem, C.-E. Holmquist 

P /82 (France) 
The concept of nuclear safety in France -the in

fluence of safety requirements on reactor design 
F. de Vathaire et al. 

P/182 (UK) 
Reactor safety analysis as related to reactor siting 

F. R. Farmer 
P /380 (USSR) 

Nuclear safety regulations for power reactors in the 
USSR G. A. Gladkov et al. 

P/28 (Canada) 
Reactor safety practice and experience in Canada 

G. C. Laurence et al. 
P/275 (USA) 

US reactor experience and power reactor siting 

Safety problems 

P/714 (WMO) 

C. K. Beck 

Recent developments in the application of meteor-
ology to reactor safety D. H. Pack et al. 

P/793 (India) 
Primary cooling water system characteristics under 

transient conditions-Canada India Reactor 
V. Surya-Rao et al. 

P /378 (USSR) 
Atomic ships safety problems V. I. Neganov et al. 

Discussion 

Session 3.7: 3 September, 9.30 (Vol. 8) 

REACTOR PlANT EQUIPMENT 

Chairman: G. Stiennon (Belgium) 

Scientific Secretaries: B. Semenov (IAEA), R. Skjoldebrand (IAEA) 

Chairman's remarks 
P /330 (USSR) 

A reactor control system I. Y. Emelyanov et al. 

P/52 (France) 
The prestressed concrete pressure vessels for French 

natural uranium-graphite-C02 gas type reactors 
G. Lamiral et al. 

P/140 (UK) 
The design and construction of prestressed concrete 

pressure vessels with particular reference to Old
bury nuclear power station 

A. Houghton Brown et al. 

P /810 (Sweden) 
Design and manufacture of the reactor pressure 

vessels for the Agesta and Marviken power sta-
tions and some future developments 0. Hellstrom 

P /522 (Czechoslovakia) 
Pressure vessel for the first Czechoslovak nuclear 

power station J. Hauer et al. 

P/227 (USA) 
Problems in the design and construction of large 

reactor vessels A. L. Gaines and L. Porse 

P/138 (UK) 
Gas circulators and their drives for large gas-cooled 

power reactors H. Bateman et al. 

P/139 (UK) 
EiX,perience with Bradwell and 

handling equipment and its 
designs 

Discussion 

Latina on-load fuel 
influence on future 

J. 0. Joss et al. 

Session 3.8: 1 September, 15.00 (Vol. 13) 

CHEMICAl PROCESSING-PlANT SAFETY; FUEl TRANS
PORT 

Chairman: H. N. Sethna (India) 
Scientific Secretaries: S. D. Soman (India}, J. D. McCullen (IAEA) 

Chairman's remarks 
Chemical processing-plant safety 

P /508 (Israel) 
Guide for the hazards evaluation of a chemi-

nuclear installation J. Tadmor, H. Galron 

P/278 (USA) 
Safety aspects of US fuel reprocessing 

J. A. McBride et al. 
P/280 (USA) 

Safety aspects of the EBR-11 reprocessing facility 
M. Levenson et al. 

Criticality studies 

P /84 (France) 
Criticality studies D. Breton et al. 

P/381 (USSR) 
The critical parameters of aqueous solutions of 

U02 (N03 ) 2 and nuclear safety 
B. G. Dubovsky et al. 

Transport of irradiated fuel 

P /422 (Denmark) 
Transport of irradiated nuclear fuel on the Euro-

pean continent . . . . F. R. Marcus, J. Asyee 
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P/184 (UK) 
Experience in the transport of irradiated fuel 

N. F. C. Bishop et a/. 

P/448 (Belgium) 
Shipping casks for the BR2 and HFR research 

reactors A. de Streel et a/. 
Discussion 

Session 3.9: 7 September, 9.30 (Vol. 13) 

NUCLEAR SAFETY RESEARCH 

Chairman: F. R. Farmer (UK) 

Scientific Secretaries: S. D. Saman (India), J. D. McCullen (IAEA) 

Chairman's remarks 
Reactor dynamics and transient studies 

P/282 (USA) 
The nuclear safety research and development pro-

gramme in the USA J. A. Lieberman et al. 
P /382 (USSR) 

Dynamics of water-moderated water cooled reactors 
with accidental drop in coolant circulation 

G. N. Poletayev 
P/283 (USA) 

Reactor excusion behaviour W. E. Nyer et a/. 

P/525 (Czechoslovakia) 
Some dynamic properties of a power station with a 

heavy-water gas-cooled reactor 
P. Stirsk~, ·J .. Hulovec 

Fault detection and analysis 

P /436 (Japan) 
Evaluation of post-incident cooling systems of light-

water power reactors H. Uchida et al. 
P/517 (Belgium) 

Experimental study of flow inversion in the Belgian 
engineering test reactor BR2. . G. Stiennon et al. 

P/142 (UK) 
The development of burst cartridge detection systems 

with particular reference to Sizewell nuclear power 
station B. Holmes, A. D. Boothroyd 

Discussion 

Session 3.10: 5 September, 15.00 (Vol. 14) 

ENVIRONMENTAL ASPECTS OF LARGE-SCALE USE OF 
ATOMIC ENERGY- MEASUREMENT AND LIMIT A
TION OF EXPOSURE IN RADIATION EMERGENCIES 

Chairman: K. A. Mahmoud (UAR) 

Scientific Secretaries: J. Mehl (IAEA). C. W. Christenson (IAEA) 

Chairman's remarks 
P/87 (France) 

Radioprotection problems in the face of the develop
ment and industrial use of nuclear energy 

F. Duhamel, A. Menoux 
P /788 (India) 

Health and safety practice and management in 
atomic energy operations in India A. S. Rao et a/. 

P/379 (USSR) 
Solution in the USSR of the problem of protecting 

the environment from radioactive contamination 
F. G. Krotkov et al. 

P/547 (ILO) 
Limitation of exposure to workers in radiation emer-

gencies ILO 

P /541 (Federal Republic of Germany) 
Krypton-85 in the atmosphere D. Ehhalt et a/. 

P /384 (USSR) 
Contamination of oceans by long-lived radionuclides 

according to the results of USSR investigations 
V. I. Baranov et a/. 

P /766 (Ukranian SSR) 
Determination of intensity of radioactive contam

ination in the ocean, based on the new data of 
exchange process V. I. Belyaev et al. 

P/287 (USA) 
North-American experience in the release of low-

level waste to rivers and lakes H. M. Parker et al. 
P /385 (USSR) 

Some regularities of distribution and migration of 
radioactive elements in soil covering ... 

V. I. Baranov et al. 
Discussion 

Session 3.11: 9 September, 9.30 (Vol. 14) 

RADIOACTIVE WASTE MANAGEMENT 

Chairman: C. A. Mawson (Canada) 

Scientific Secretaries: C. Christenson (IAEA), J. Mehl (IAEA) 

Chairman's remarks 
P/869 (USA) 

US operational 
management. 

experience in radioactive waste 
W. G. Belter 

P/794 (India) 
Management of radioactive wastes at Trombay 

R. V. Amalray et al. 
P /77 5 (Czechoslovakia) 

A review of research work on radioactive waste 
treatment carried out at the Nuclear Research 
Institute of the Czechoslovak Academy of Sciences 

L. Benik et a/. 

P/86 (France) 
Improvements in the treatment of radioactive residues 

G. Wormser et al. 
P /88 (France) 

New industrial facilities of the Commissariat a 
l'energie atomique for the processing of liquid 
and solid radioactive wastes P. Cerre et al. 

P/587 (USSR) 
The thermic method of 

active pulps and the 
vitreous preparations 

P/188 (UK) 

vitrification of the radio
safe disposal problem of 

N. I. Bogdanov et a/. 

Work in the UK on fixation of highly radioactive 
wastes in glass 

P/811 (UAR) 
K. D. B. Johnson et a/. 

An experimental study of strontium-90 contained in 
marine animals following possible release of radio-
active waste in sea water H. A. F. Gohar et a/. 

P/813 (UAR) 
Review of studies undertaken in the UAR for 

eventual disposal of low activity wastes of stron
tium, ruthenium, cesium and cerium into the 
ground M. A. El-Guebeily et a/. 

P/814 (UAR) 
On the physico-chemical laws governing the disposal 

of the some heavy radioelements into the ground 
M. A. El-Guebeily, N. Z. Misak 

P/868 (USA) 
Advances in radioactive waste management techno

logy- its effect on the future US nuclear power 
industry W. G. Belter 

Discussion 
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IV. SPECIAL TOPICS 

Session 4.1 (Half Session): 1 September, 9.30 (Vol. 15) 

DIRECT CONVERSION OF HEAT TO ELECTRICITY 

Chairman: I. G. Gverdtsiteli (USSR) 

Scientific Secretaries: S. D. Fanshenko (USSR), G. Donvez (IAEA) 

Chairman's remarks 
P/45 (France) 

Preliminary study of MHD converters operating in 
thermodynamic non-equilibrium .. P. Ricateau 

P/132 (UK) 
Fission heated thermionic diodes P. D. Dunn, J. Adam 

P/218 (USA) 
Reactor direct-conversion units H. M. Dieckamp et a/. 

P/873 (USSR) 
High-temperature 

mashka 
Discussion 

direct conversion reactor Ro-
M. D. Millionshchikov et a/. 

Session 4.2: 1 September, 9.30 (Vol. 15) 

MISCELLANEOUS APPLICATIONS OF ATOMIC ENERGY 

Chairman: H. Hulubei (Romania) 

Scientific Secretaries: C. B. Bigham (Canada), A. Sanielevici (IAEA) 

Chairman's remarks 
Chemical applications 

P /542 (Federal Republic of Germany) 
The use of power reactors as large-scale radiation 

sources for radiation chemical production 
F. Herre et al. 

P/389 (USSR) 
Radiation-thermal cracking of crude oil stocks and 

hydrocarbon gases L. S. Polak 

P/112 (Poland) 
Continuous methods of tracing chemical changes in 

fluids under gamma irradiation S. Mine et a/. 

P/197 (USA) 
Advances in neutron activation analysis V. P. Guinn 

P/829 (UAR) 
Determination of certain trace impurities in pure 

lead and aluminium by neutron activation analysis 
H. K. El-Shamy et a/. 

Applications in industry, engineering and physics 

P/92 (France) 
A new ordered structure created by neutron irradi-

ation. . . . . L. Neel 

P/291 (USA) 
Engineering applications of nuclear explosives Pro-

ject Plowshare .. G. W. Johnson, G. H. Higgins 

Methods, instrumentation and miscellaneous applications 

P /828 (Netherlands) 
Choice of most suitable radiation characteristics for 

any given gauging problem P. Platzek, A. C. Meyer 

P/862 (Austria) 
Two radioactive sources used in an unconventional 

way. Part A-Radiography with specious sources 
of radioactive liquids or gases T. Cless-Bernert eta/. 

P/879 (Bulgaria) 
General review of scientific work on the peaceful 

uses of atomic energy in the People's Republic 
of Bulgaria G. Nadjakov 

Discussion 
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Reviewing the agenda for a day's work. Seen here 
discussing Conference documents are four members 

of the Czechoslovak delegation 

A general view of the press conference held 
on 4 September 1964 by Mr. Gaston Palewski, 

French Minister of State 

At the presiding table. From left to right. Front row: United Notions Secretary· 
General U Than!; Professor V. S. Emelyanov (USSR), President of the Conference; 
Dr. S. Eklund, Director General, International Atomic Energy Agency; Mr. P. P. 
Spinelli, Director, United Nations Office at Geneva. Second row: Mr. J. C. Webb, 
Special Assistant to the Director General of IAEA; Mr. G. Palthey, Deputy Director, 

United Nations Office at Geneva 



Record of Session A 

Opening of the Conference 

President: V. S. Emelyanov (USSR) 

Allocution de bienvenue de M. Ludwig von Moos, President de la Confederation suisse 
Address of welcome by Mr. Ludwig von Moos, President of the Swiss Confederation 

Address by U Thant, Secretary-General of the United Nations, Chairman of the United Nations Scientific 
Advisory Committee 

llPHBETCTBKE llPE.[lCE)\ATEJIH HOH«<»EPEHI.\HH fiPO<DECCOPA B. C. EMEJihHHOBA 

Address by Mr. V. S. Emelyanov, President of the Conference 

Address by Mr. Sigvard Eklund, Director General of the International Atomic Energy Agency 

Messages from Heads of State or Government of the countries represented on the United Nations 
Scientific Advisory Committee 

Messages from Heads of State or Government of other countries 

ALLOCUTION DE BIENVENUE DE M. LUDWIG VON 
Moos, PRESIDENT DE LA CoNFEDERATION suiSSE 

Monsieur le President, Monsieur le Secretaire gene
ral, Mesdames, Messieurs, 
Pour Ia troisieme fois en dix ans, la Suisse et 

Geneve ont l'honneur d'avoir ete choisis comme lieu 
de rencontre des savants et experts voues aux pro
blemes de !'utilisation de l'energie atomique a des 
fins pacifiques. Cette rencontre a ete faite sous le 
patronage des Nations Unies pour permettre a ses 
participants de pr.oceder a un echange concluant 
d'opinions et d'experiences. 

Laissez-moi, en evoquant les deux premieres con
ferences analogues qui se sont tenues a Geneve en 
1955 et 1958 et les resultats positifs qui se sont 
ensuivis, vous exprimer le plaisir que j'ai a me 
trouver ici pour l'ouverture d'une nouvelle manifes
tation de meme genre. Laissez-moi vous apporter le 
salut et les vceux du Gouvernement suisse. 

Si les conferences de 1955 et 1958 sont apparues 
a !'opinion publique mondiale comme des normes 
meilleures sur la voie de !'utilisation des puissances 
nouvelles d'energie qui emanent de l'eclatement et 
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de la fusion de l'atome, elles ont ete, d'autre part, 
pour les experts !'occasion de recueillir une pre
cieuse moisson de connaissances et d'experiences. 
Cela leur a permis de verifier le resultat de leur 
propre chef et leur a epargne maints efforts penibles 
et couteux. Grace a !'abandon de la politique qui 
preconisait Ie secret absolu de Ia matiere de deve
Ioppement de reacteurs civils et dans le domaine 
du controle de Ia fusion thermonucleaire, toutes les 
nations scientifiquement et techniquement avancees 
ont pu participer a ce developpement si riche en 
perspectives, et ceci a donne Ie depart a une seconde 
collaboration internationale. Nous en eprouvons une 
vive satisfaction au regard de Ia grandeur des pro
blemes dont la solution presuppose que l'energie 
atomique peut etre utilisee avec succes a des fins 
pacifiques. 

La Suisse partage cette satisfaction. Nous recon
naissons avec gratitude Ies impulsions donnees par 
Ies deux precedentes conferences de Geneve pour 
!'utilisation pacifique de l'energie atomique. 

Precisement, dans Ies annees 1955 et 1958, notre 
pays a pu faire quelques progres importants sur la 
voie de sa participation a cet effort sur une base 
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bilaterale, regionale et internationale. Le pont qu'il 
est possible de jeter grace a un echange aussi positif 
d'idees et d'experiences rapproche les hommes des 
differents pays. L'humanite attend de taus ceux a 
qui incombe une responsabilite qu'ils s'emploient a 
creer et a maintenir une veritable paix entre les 
peuples. Le respect et la comprehension accordes 
dans un dialogue a un partenaire originaire d'un 
autre pays et parlant une autre langue sont le com
mencement d'une entente reelle entre les nations. 
Les tenants de la science atomique ont particuliere
ment bien compris ce sens de la rencontre inter
nationale. Ainsi, les contacts amicaux qui se nouent 
entre savants et experts des divers pays sont infini
ment precieux, non seulement du point de vue tech
nique, mais aussi dans Ia mesure ou ils servent Ia 
cause d'un veritable et mutuel accord entre les 
peuples. 

Attendre de tels contacts qu'ils puissent porter 
leurs fruits suppose bien entendu que des reunions 
de caractere scientifique ou technique ne seront pas 
utilisees pour confronter et etaler des opinions poli
tiques divergentes. 

La troisieme Conference de Geneve sur !'utili
sation de l'energie atomique a des fins pacifiques, 
qui s'ouvre aujourd'hui, devra en consequence satis
faire a des criteres exigeants si elle veut etre digne 
des precedentes. 

La situation a toutefois change sur un point. 
Une revue complete de tout ce qui se rapporte a 
l'energie atomique n'entrerait plus dans le cadre 
d'une telle conference. La technique du reacteur 
a fait entre-temps de tels progres que le passage de 
l'energie atomique de Ia phase de la recherche et 
du developpement a celui de la realisation scienti
fique sur une grande echelle est depassee. Si, au vu 
de ce developpement, et tenant compte de la neces
site de se concentrer sur l'objet de la presente Con
ference, une place preponderante revient a la tech
nique du reacteur et si, ce faisant, un pas a ete 
accompli dans le sens de la specialisation, ce n'est 
peut-etre pas sans un certain regret que nous en 
prenons acte. Le cadre plus large des deux prece
dentes conferences avait permis a des experts des 
differentes disciplines, a des chercheurs des hautes 
ecoles et a des ingenieurs engages dans l'industrie 
de se rencontrer. 11 semble d'autant plus indique, 
contraints comme nous le sommes de faire une part 
croissante a la specialisation, de souligner !'impor
tance de collaborer en toute bonne entente et de ne 
pas perdre de vue l'ensemble. 

Un probleme se pose a cet egard qui, si nous ne 
le considerons pas plus a fond, embrasse aussi Ia 
question des rapports entre hommes de science et 
ingenieurs, d'une part, et laiques, d'autre part. Nos 
efforts doivent aussi tendre a faire comprendre au 
public !'importance de nouvelles decouvertes et 
inventions. 11 sera un jour en mesure de se rendre 
maitre de ces nouvelles motions. 11 aura aussi a 
prendre position directement ou par l'intermediaire 

du Parlement au sujet de problemes scientifiques ou 
techniques dans le domaine de l'energie atomique. 

Pour que son jugement se forme, il est necessaire 
de prevoir de larges et utiles contacts entre tech
niciens et la"iques. 11 appartient aux techniciens d'etre 
aupres des laiques des interpretes comprehensifs des 
developpements scientifiques et techniques. C'est 
pourquoi nous formons a l'ouverture de cette con
ference le vceu que, d'une part, elle soit pour ces 
experts une occasion d'echanger de precieuses idees 
et connaissances, mais qu'elle permette aussi, d'autre 
part, au public de mieux connaitre les perspectives 
de plus en plus impressionnantes qui s'ouvrent dans 
le domaine de !'utilisation pacifique de l'energie 
atomique. Les forces enfouies dans la nature par le 
Createur sont destinees au bien et au bonheur de 
l'humanite. La noble tache et la haute responsabilite 
de faire en sorte qu'elle se developpe dans ce sens 
et puisse etre utilisee appartient a tous ceux qui 
s'en occupent et qui echangent des idees a ce sujet. 

Je remercie l'Organisatioll des Nations Unies 
d'avoir a nouveau designe Geneve comme lieu de 
reunion pour cette importante conference. Au nom 
du Conseil federal, je souhaite Ia bienvenue a ses 
dirigeants et a tous ses participants. Je vous trans
mets le salut du peuple suisse et notre vceu que la 
troisieme Conference de Geneve sur !'utilisation de 
l'energie atomique a des fins pacifiques puisse 
apporter une precieuse et significative contribution 
au developpement du bien-etre de taus les peuples. 

Translation 

ADDRESS OF WELCOME BY MR. LUDWIG VON Moos, 

PRESIDENT OF THE SWISS CONFEDERATION 

Mr. President, Mr. Secretary-General, Ladies and 
Gentlemen, 
For the third time in ten years Switzerland and 

Geneva have the honour of being chosen as the 
place of meeting of scientists and experts engaged 
on the problems of the peaceful uses of atomic 
energy. This meeting has been arranged under the 
auspices of the United Nations in order to enable 
participants to exchange opinions and experience. 

Allow me, in calling to mind the first two similar 
conferences held at Geneva in 1955 and 1958, and 
the positive results achieved, to express to you the 
pleasure I feel in being here for the opening meeting 
of a new demonstration of the same type. Allow me 
to offer you the greetings and best wishes of the 
Swiss Government. 

While the conferences of 1955 and 1958 appeared 
to world public opinion as landmarks on the road 
to the use of the new sources of energy from atomic 
fission and fusion, they offered experts, on the other 
hand, an opportunhy to gather a valuable harvest 
of knowledge and experience. That enabled them 
to verify the results of their own work and has 
spared them arduous and costly efforts. Thanks to 
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the abandoning of a policy which advocated absolute 
secrecy regarding the development of civil reactors 
and thermo-nuclear fusion, all scientifically and tech
nically advanced nations have been able to take 
part in that development so rich in prospects and 
this has given rise to further international colla
boration. We feel great satisfaction in view of the 
magnitude of the problems, the solution of which 
will permit the successful use of atomic energy for 
peaceful purposes. 

Switzerland shares that satisfaction. We recognize 
with gratitude the impetus given by the two previous 
conferences on the Peaceful Uses of Atomic Energy 
held at Geneva. 

As it happens, in 1955 and 1958 our country 
was able to make some important progress as regards 
participation in that effort on a bilateral, regional 
and international basis. The bridge which it has 
been possible to build, thanks to such a positive 
exchange of ideas and experience, will bring men of 
different countries yet nearer. Mankind expects that 
all those who bear this responsibility will use it to 
build and maintain true peace among nations. The 
respect and understanding shown during a discus
sion to a partner from another country, speaking 
another language, are the beginning of a real entente 
between nations. Those who are engaged in atomic 
science are particularly well placed to understand 
the significance attaching to an international 
gathering. Friendly contacts thus made between 
scientists and experts of various countries are of 
infinite value, not only from the technical point of 
view but also because they serve the true cause of 
a real and mutual agreement among nations. 

To expect that such contacts should bear fruit 
means of course that meetings of a scientific or tech
nical nature will not be used to confront and display 
divergent political opinions. 

The Third International Conference on the Peace
ful Uses of Atomic Energy to be held at Geneva, 
which opens today, must therefore pass exacting 
tests if it wishes to be worthy of the previous 
Conferences. 

However the situation has changed in one 
respect. A complete review of everything connected 
with atomic energy no longer comes within the scope 
of such a conference. Reactor technique has in the 
meantime made such progress that the transition of 
atomic energy from the research and development 
stage to scientific realization on a wide scale has 
already taken place. If, in view of that development, 
and bearing in mind the need for concentration on 
the purpose of the present Conference, a leading 
place is given to reactor technique and if, in so 
doing, a step has been taken on the road to spe
cialization, it is not perhaps without some regret 
that we note this fact. The wider scope of the two 
previous conferences enabled experts in various 
branches, high ranking research workers and indus
trial engineers to meet. It appears all the more 

obvious, compelled as we are to allocate an in
creasingly important part to specialization, that 
emphasis should be placed on the importance of 
collaboration in good faith and the fact that the 
subject as a whole must be kept in view. 

A problem arises in that connexion which, if we 
consider it thoroughly, includes also the question 
of the relations between scientists and engineers on 
the one hand, and laymen on the other. Our efforts 
must also be directed towards making the public 
understand the importance of new discoveries and 
inventions. It will one day be able to make itself 
master of these new ideas. It will also take a position 
directly or through parliament as regards the scien
tific and technical problems of atomic energy. To 
enable the public to form its opinion there must be 
wide and useful contacts between technicians and 
laymen. Technicians must act as interpreters of 
scientific and technical developments so far as the 
layman is concerned. Therefore at this opening 
meeting of the Conference we express the wish that 
it will be an occasion for experts to exchange 
valuable ideas and knowledge and, at the same time, 
enable the public to gain a better understanding of 
the increasingly impressive prospects offered by the 
peaceful use of atomic energy. The forces hidden in 
nature by the Creator are destined for the welfare 
and happiness of mankind. Those who are engaged 
in this noble task and have come to exchange their 
ideas will bear this great responsibility for the 
development and utilization of those forces. 

I thank the United Nations for having again 
chosen Geneva as the place of meeting of this 
important Conference. On behalf of the Federal 
Council, I welcome the delegates and all taking part 
in this Conference. I bring you greetings of the 
Swiss people and our wish that the Third Inter
national Conference on the Peaceful Uses of Atomic 
Energy at Geneva may make a worthy and signi
ficant contribution to the advancement of the 
welfare of all peoples. 

AnDRESS BY U THANT, SECRETARY-GENERAL OF 

THE UNITED NATIONS 

Mr. President, Ladies and Gentlemen, 
For the third time in less than a decade you, 

whom my predecessor once called from this rostrum 
the "master builders of nuclear science and nuclear 
engineering", have assembled under the auspices of 
the United Nations to give an account to the scien
tific community particularly and to the world com
munity at large of the progress that has been 
achieved since the last such conference in 1958 in 
harnessing the atom for the promotion of peaceful 
human progress. 

It is altogether fitting for you to turn from 
laboratory and office to the rostrum of a world 
organization which has been established for the 
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purpose of saving succeeding generations from the 
scourge of war. For if science provided men with 
the most destructive of weapons, it also opened the 
door to incalculable possibilities for helping mankind 
in the solution of a wide range of problems. Since 
the time that the first atom bombs were produced, 
the cruel senselessness of war and the realization of 
the holocaust which a nuclear conflict would bring 
in its wake, has come to be increasingly recognized 
and, while disarmament is still far from reality, 
important steps have been taken by those principally 
concerned to reduce hostility and suspicion, to 
promote co-operation, and to reduce the dangers of 
an all-out war. Statesmanship and science have 
moved toward closing ranks, thus helping to ensure 
that the power which, in war, could threaten the 
very existence of life on this planet, should hence
forth, in peace, serve man's common needs and 
aspirations for a life of greater well-being and larger 
freedom. 

This accounts for the abiding interest of the 
United Nations in the peaceful uses of the atom. 
It is not a newly discovered interest. Indeed, the 
very first resolution adopted by the General As
sembly at its first session, Resolution 1 (I) of 
24 January 1 946, established the Atomic Energy 
Commission to which was assigned the task of 
making proposals: for extending between all nations 
the exchange of basic scientific information for 
peaceful ends; for control of atomic energy to the 
extent necessary to ensure its use only for peaceful 
purposes; for the elimination from national arma
ments of atomic weapons; and for effective safe
guards by way of inspection and other means to 
protect complying States against the hazards of 
violations and evasions. 

Eleven years later the International Atomic 
Energy Agency was established as the principal 
instrument of international co-operation in the field 
of peaceful uses of atomic energy. That agency is 
now headed by Dr. Sigvard Eklund, the Secretary
General of the 1958 Geneva conference, under 
whose leadership IAEA has carried the responsi
bility for the scientific organization of the present 
conference. I wish to pay tribute to him and to the 
IAEA, which has been working in close harmony 
with the United Nations on this and many other 
projects. Indeed, this Conference in itself is a shining 
example of inter-organization co-operation. 

I wish also to mention the valuable role played 
in the preparation of this Conference by the United 
Nations Scientific Advisory Committee, which coun
sels me on a continuing basis on action which may 
be required of the UN in this vital field. 

Statesmanship and science join hands in the 
United Nations not only in seeking to prevent war 
and in re-directing human energies toward peaceful 
pursuits in general. They must, and do, join too in 
the positive task of building a world in which the 
growing needs of all countries may be met through 

constructive and co-operative endeavours. States
manship and science under the auspices of the 
United Nations thus unite in the vast adventure of 
collaboration for economic and social development 
to which so many of the most challenging efforts of 
the UN family of organizations are now devoted. 
This is the concerted effort against poverty, against 
hunger and disease, against illiteracy and want. This 
is the struggle that should absorb the energies of the 
world in a relentless quest toward the achievement 
of social decency and justice for all. 

A historic step, of particular interest to parti
cipants in this Conference, was taken just over a 
year ago. I refer to the treaty banning nuclear 
weapons tests in the atmosphere, in outer space and 
under water, that was signed in Moscow at a 
ceremony I was privileged to attend. The unlimited 
potential significance of diverting efforts and re
sources from weapons testing to the peaceful 
applications of atomic energy is the very foundation 
of your presence and your work here. 

As the half-way mark in the United Nations 
Development Decade is approached, this Organiza
tion seeks to assist and promote ways of transferring 
and adapting advanced science and technology to 
the vast requirements of the developing countries. 
It may be anticipated in this connexion that the 
association of the UN with the scientific world will 
develop along significant and perhaps unexpectedly 
fruitful avenues. 

Eighteen months ago, in this hall, the United 
Nations sponsored a conference on the Application 
of Science and Technology for the Benefit of the 
Less Developed Areas. In many important ways the 
present Conference carries the same approach to 
the field of atomic energy. It is, of course, much 
more restricted in the range of its subject matter 
than UNCSA T or, for that matter, than either of 
the two earlier atomic conferences. 

The main theme of the present Conference is 
nuclear power and this is a key issue for the long
term development of over half the world. If per 
capita consumption of electricity in the developing 
areas in one day is to compare with that now found 
in the major industrialized nations, the amount of 
additional power required will be so vast as to dwarf 
even the earth's immense reserves of fossil fuels and 
hydro-electric power. Surely, in the long run it is, 
as far as we can see today, only nuclear power 
-including perhaps power developed from fusion
that can fill these immense requirements. 

In this realm, you have indeed come a long way, 
and I am confident that a fuller understanding of 
the problems involved will emerge from this Con
ference. When the first conference on the Peaceful 
Uses of the Atom gathered here in 1955, the world's 
first nuclear power station had been operating for 
only a year. Owing to fears of an impending fossil 
fuel shortage, a forced development of nuclear power 
was anticipated. The second conference in 1958 was 
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more fully aware of the vast technical and economic 
difficulties involved in translating this dream to 
reality. That conference, moreover, coincided with 
the discovery of additional conventional fuel re
sources, which in a sense mitigated the urgency of 
the problem by eliminating, for the time being, the 
fear of immediate serious shortages. 

In the long run, however, the problem of sources 
of energy remains as basic for economic develop
ment as ever, and over the past six years the 
advances achieved by you and your colleagues to 
solve it have been steady. These advances did not 
take the form of a break-through; rather, there has 
been a succession of solid accomplishments which 
entitles us to say that the problem is fully in hand 
technologically and is on the verge of coming under 
control economically. 

Among the many possible uses of nuclear power, 
I should mention in particular the work being done 
in assessing its potential use for water desalination. 
This is a subject of particular interest for the United 
Nations, and, indeed, it is unnecessary to emphasize 
the benefits of a cheap desalination process for the 
developing countries, many of which contain exten
sive arid zones, and suffer from a chronic and 
growing shortage of fresh water. The UN Secretariat 
has just published a major study of this question, 
which the Economic and Social Council earlier this 
month asked me to bring to your attention. 

I have underlined strongly that t9is Conference 
can and must-even if only in the long run-benefit 
the developing countries. Yet few of these countries 
as yet have nuclear scientists, and it is not sur
prising that the representatives of developing coun
tries here today are by no means as numerous as 
we should have liked to see them. The key to this 
problem is, of course, training, and I can only 
repeat what I said in the statement delivered on 
my behalf at the opening session of UNCSAT: "In 
my view, development of certain scientific institu
tions and the training of at least a small number of 
scientists in some of the advanced disciplines is by 
no means a luxury for any of the new nations." 
Among these disciplines I should, of course, like to 
see nuclear science. The specific problem of training 
is not on the agenda of the Conference, but I hope 
you will all ponder it, both here and when you 
return to your homelands. 

As your distinguished President, Professor 
Emelyanov, has pointed out, today no one doubts 
any more that an atomic power station or an atomic
powered ship can be built. He had said, moreover, 
that the next 15 to 20 years will surely witness 
such important developments that nuclear energy 
will come to play a major role in the over-all energy 
supply of many countries. 

It is noteworthy, of course, that nuclear power 
reactors become economically practical when they 
are built on a large scale. Accordingly, it is the 
highly industrialized countries which have so far 

derived the most benefit from the atomic sources of 
power. If the smaller and less developed countries 
are to share in this advance, as indeed they must 
if they are to solve their development problems, they 
must combine their resources-human, economic, 
and technical. Here, as in so many other cases, 
effective forms of international co-operation are no 
luxury but an imperative necessity. 

I may add that, like the peaceful exploration of 
outer space, the peaceful uses of the atom will 
eventually, albeit gradually, come to be regarded 
as the work of all of mankind rather than the 
exclusive preserve of particular nations. 

Indeed, the exclusive approach was tried and 
failed. Before the first atomic conference in Geneva, 
your science had been developing on a national 
basis and in such secrecy that the various restric
tions noticeably impeded its further progress. The 
first two Geneva conferences cracked many barriers 
of secrecy and exclusiveness and, incidentally, 
revealed the utter futility of trying to trying to hide 
science behind an insurmountable wall. These con
ferences revealed that the only result of these 
restraints had been to force scientists of various 
nations to make the same discovery independently 
over and over again, often simultaneously. Since 
that time, the channels of scientific communication 
and co-operation have been opened wider and 
wider. We can now say with some justification that 
the quest for a controlled thermo-nuclear reaction 
has become virtually the common endeavour of 
the scientific community of many nations. 

Thus, as the Third International Conference on 
the Peaceful Uses of Atomic Energy begins its 
proceedings, it no longer deals with an esoteric 
discipline wrapped in secrecy and suspicion, yet 
somehow expected by the people miraculously to 
move mountains, swiftly to change human life and 
magically to solve all problems. But the harnessing 
of the atom remains a vastly exciting adventure, 
all the more so as it has passed its initial stages and 
now tackles complex problems soberly and realis
tically-yet with vastly enhanced effectiveness. The 
earlier promise has given way to solid accomplish
ment and more, vastly more, is yet to come. 

Before concluding, I wish to thank the President 
of the Swiss Confederation for his participation in 
this inaugural meeting of the Third International 
Conference on the Peaceful Uses of Atomic Energy. 
Through him I should like, at the same time, to 
convey our thanks to the federal, cantonal and city 
authorities for the valuable assistance they have 
rendered in the preparation of the Conference, and 
more particularly for the Governmental Scientific 
Exhibition that is housed in the Palais des 
Expositions. 

Ladies and Gentlemen, for the next few days the 
European Headquarters of the United Nations is 
your house, and you are very welcome here. I know 
your deliberations will be free and fruitful. 
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DPMBETCTBME ll PE,ll;CE,ll;ATEJJH HOHCI>EPEH.qMM 
TIPOtl>ECCOPA B. C. E MEJJhHHOBA 

rociiO)J.HH llpe)J.CC)J.BTCJih Illseiiu;apcRoii Kou-

cpe)J.epau;uu, 

rocrrO)J.UH feHepaJibHhlii CeRpeTapb, 

foCIIO)J.UH feHepaJibHblH ,[(upeRTOp, 

rocrro)J.a Buu;e-ceRperapH, 

1 ocrro)J.a ,[(eJieraThl! 

B aToM ro)J.y ucrroJIHHJIOCh )J.Ba)J.u;aTL rrHTL JieT, 

KOf)J.a MHp 6hiJI OIIOBeiu;eH 0 TOM, 'iTO H,ll.pO ypaHa 

paa)J.eJieHo. 3HaqeHue aToro co6hiTHH TPYAHO ne

peou;eHHTh. Tpy)J. He6oJILmux rpynn yqeHhlX, pa-

6oTasmux B pa3JIUl{HhlX CTpaHax MHpa U IIOCBJI

TUBIUHX CBOH 3H8HHJI U aHepfHIO l{UCTO HayqHhlM 

HCCJie,II.OB8HUJIM, 6hiJI CHHTe3HpOBaH H rrpHBeJI K 

pe3yJibT8T8M, KOTOphle II03BOJIJIIOT H83B8Th Harne 

BpCMJI BeROM 8TOMHOH aHeprHH. 

B 6y)J.yiu;eM ro)J.y HCIIOJIHHeTCH )J.Ba)J.u;aTnJieTue 

C TOfO )J.HH, R8R 8TOMH8JI :meprHH 6LIJI8 rrpaRTH

qeCKH Bhl)J.CJJeHa H pa3pbiBaMH 8TOMHblX 60MO 

R03BeCTHJia 0 HaCTYIIJieHHH HOBOH 3IIOXH B HCTO

pHH qeJioseqecrsa. BoeHHoe ncrroJIL30BaHne aTOM

HOM aHeprnH H8JIO/RHJIO OTIIeqaTOR Ha ace )1.8Jib

Heiimue npou;ecchl B Hayt>e, TCXHHKe, 3ROHOMHRe, 

nOJIHTUKe. 

Pa6oTLI Ha)J. a)J.epHhlM opymneM n ace nccJie

)J.OBaHliH, )J.ame ROCBCHHO CBJI38HHhie C ero C03)1.8-

HUCM, IIpOBOP,HJIUCh B CTpOrOH CeRpeTHOCTII, 'iTO 

He TOJihRO 38Tpy,n.HHJIO HayqHLie CBJ13H yqeHhiX, 

HO BO MHOfHX 06JI8CTHX HayKH H TCXHHKH C)J.CJia

JIO HX HCB03MOIRHbiMH. 

TaRHM o6paaoM, rrepno)J. pa3o6xu;ennocTn y•Ie

HhlX IIpO,ll.OJI/RaJICJI ,lJ.JIHTCJihHOC BpeMH. 

,[(esHTh JieT TOMY Ha3a)J. no nHHIJ;llaTHBe Opra

HH3au;un 06'he,n.uneHHhiX Hau;nii 6LIJia C03Bana 

llepaan Mem,n.ynapo)J.naa Koncpepenu;na no Mnp

noMy HCnOJib30B8HHIO BTOMHOi'J anepniH. 

3a ro)J. )J.o coaLIBa llepsoit Roncpepenu;uu 6LIJia 

IIBe)J.eHa B CTpoii JICpBaH aJieRTpOCTBHIIHH, npOH3-

BO,ll.HIIJ;8H anepru10, ncnOJih3YH H)J.epnbiH npou;ecc 

l~eJICHIIH, 'lTO npaRTHl{CCI<II IIOK838JIO B03MO/RHO

CTH JfHOfO, He BOCHHOfO 1fCIIOJib30B8HHJI .fl,ll.epHbiX 

rrpou;eccos. B reKyn~eM ro,n.y 6Lmo OTMeqeno )J.e

eHTnJieTne ycnernnoii pa6oTbl rrepaoii aTOMHoii 

aJieKTpocranu;nn. 

Ha llepaoit RomJwpenu;nn B 1955 ro,n.y 6LIJIH 

BOCCT8HOBJICHLI napyiiiCHHLie BTopoii MUpOBOii 

BOHHOii H nocJieAYIOliJ;HM 38TCM CTpornM pemu

MOM ceKpernocru HayqHhre cnnan. Ha noii l\on

tJ>epenu;nn CO BCeii HpKOCTblO 11 y6eAIITCJibHOCThiO 

6hlJIU npO)J.CMOHCTp11pOB8Hbl 6JICCTHIIJ;He nepcneR

THBLI, OTKpbiB8101IJ;lH'CH nepe)J. 'leJioBeqeCTBOM, 

CCJIH aTOM IIOCTaBIITh Ha CJiym6y MHpy H npo

rpeccy. 

flpe,ACCAaTCJJb flcpsoii Mem)J.yHapO)J.IIOii: ROHcpe

pCHIWH IIO MHpHOMY UCJIOJih30BaHHIO aTOMHOii 

:meprnn AORTop XoMn Ba6a IIoi<a3aJJ, I<aRoe or

poMnoe 3Ha'lCHIIC 3T8 :meprnH 6yACT IIMCTb )J.JJH 

scex cTpan Mnp8 n oco6emw AJIH rex, IWTophiC' 

yme HCnbiTbiB810T He)J.OCT8TOI{ B :mepreTHl{eCRliX 

pecypc8x. On oTMeTHJI T8Kme 3H8qenne p86or 

no HOBOMY Hanp8BJICHHIO, TOf)J.8 exu;e He npe)J.

CT8BJICHHOMY H8 H'oncpepenu;nn,- npou;ecc8:M 

HAepnoro CJJHTe38 n Bb1CK838JI npe)J.noJJomenne o 

nepcneRTHB8X ero p83BJJTIIH. 

llpe)J.cep;areJib BTopou MemAYH8POAHOii Kon<!Je

penu;nn npocpeccop <l>p8Hcnc lleppen, nop;Bop;n 

HTOfH TpCXJieTHeMy nepHOAY Memp,y )J.BYMH ROR

cpepeHIIHHMH, o6p8THJI oco6oe BHHlllaHHe na or

poMnoe 3H8qenne ,AJIH pa3BHTHH H8yKn II8yqnx,Ix 

eBHaeii n COTPYAHnqecTBa yqenbiX. 

Ha Bropoii RoHcpepeHu;nn ObiJIO npeACT8BJJeHo 

MHOfO HOBblX IICCJJe,AOB8IIHH, K8C8101IJ;HXCfl HC 

TOJILRO H8yqJibiX acneKTOB 8TOMHOH npo6JieMbl, 

no 38Tp8rHBaiOxu;nx TaRme n np8RTnqecKne Bo

npochi p83JIHl{HbiX o6JI8CTeH HCnOJib30B8HHH :mep

fHH H)J.epHOl'O )J.eJieHHH. 

H8 BTopou menescRon Ron<!Jepen~nn 6MJJa no

KaaaH8 npaRTHqeCI\811 B03MO/RHOCTb HCIIOJIL30B8-

HHH 8TOMHOH aHeprHH He TOJJbRO B 60JibiiiOtl 

:mepreTHRe, HO T8Rme H AJIH IIpHBeAeHHH B ABII

~KeHJie CY!l;OB B CTpOHTeJJhCTBe MHpHbiX ROp86-

JJeH. Ha Bropou Koncpepeuu;nn 6hlJJO npe)J.CTaB

Jieno 60JJhlllOe ROJIHqeCTBO HCCJIC)J.OB8HHi( 0 p83-

JIHl{HbiX IIYTHX OCyiiJ;eCTBJieHHH HOBOfO HCTOl{HH

K8 aneprnn - ynpanJineMoro np;epnoro cunre-

38 - npou;eCC8, B CHJIY ROTOporo H3JIHB8eT Ha 

3eMJIIO CoJIHIJ,e remro csonx Jiyqeii n cneTnT ~~a
JJeRnc 3Be3)J.hi. 

flpolllJIO exu;e IUeCTb JieT, II BOT Mbl co6paJIIfCh 

llHOBh, 'l.T06LI o6CYAHTb pe.3yJJhT8Tbl MHOro~IHC
JieHHhiX HCCJieAOB8HHH II H3hiCKaHHlf, ou;eHHTh 

CJIO/RHBIUHHCH 38 8TH fO)J.bi OnhiT 110 np8KTnqe

CROMY HCIIOJih30B8IIHIO C)J.eJJ8IIHOf0 'l.eTnepTb ne-

1\8 TOMY H838A OTKphiTHJI II HaMC'TUTb H8Y'IHbiC 

uporno3hi na 6yp;yiiJ;ee. 

38 npome)J.rnee mecrnJJerne c)J.eJJano Mnoro. 

aTH fO,ll.bl 6hiJIH fO)J.8MH HHTeHCHBHLIX H8yqHbiX 

HCCJie)J.OBaHHH. <l>II3HqeCK8,1I H8YK8 H aTOMH8H 

TeXHHI\8 OTMeTHJJJI 3TO BpeMH BeX8MH 3H8'lJITCJib

HblX )J.OCTH/ReHHll BO DCCX OCHOBHbiX H8IIp8BJJe

HHHX H)J.epnoii i{JII3HKH - B o6JJaCTH cpH3HKH HH3-

KHX aneprnu, cpnanKn nJJa3Mhi n cpnanKH nLrco

KHX aneprnii. 

B o6JI8CTH <Jln3lllot HU3Knx :cmeprnii: n H8CTOH

Iu;ee BpeMH 3H8l{HTeJJLHOe MeCTO 38HIIM810T paoo

Tbl no npaRTnqeciWMY MCIIOJJh30B8HHIO peal\IIHII 

11eJiennn aroMHLIX H,n;ep. B H8yqno-nccneu,os8-

renLcKnx Jl86opaTopnJix H3hiCKHB8IOTcn nynr no

BLIIIIennn K03qJcpnu;neHTa IIOJJe3HOfO )J.eiicTBHH 

COopyiR8CMbiX YCTaHOBOK, YTOqHfllOTCH OT)J.eJJb

HhiC )J.8HHhie, He06XO)J.HMhie )J.JJH HH/ReHepHblX 

p8cqeTOB, H3hiCimBaiOTCH CpC)J.CTBa KOHTpOJJH 3a 

pa,l].H08KTHBHOCTbiO, C03HaiOTCH HOBI>I(' cpe,UC.TBa 

38Iu;HTbi OT p8,AH08RTHBHhiX lf3JJyqeHnii, JI3biCIHl

BaiOTCH HOBble M8TepM8Jihi, CTOHRlle B IIOJIHX 

pa)J.nau;nn. BoJJblllHHCTBO nccJJe)J.OB8TeJJbCKIIX pa-

6or no)J.qnneno np8RTnqecKHM I~eJIHM, H6o ua pr

aKu;nnx ,AeJJCHHH C03)J.8CTCH 8TOM118H :mepreTI!

Ha - crponTCH 8TOMHLie aJJeRrpocTanu;Im. B na

croHxu;ee BpeMH yme HHKTO He COMHeBae;rCH B 
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TOM, 'ITO aTOMHbie peai<TOpbi MOiRHO IIDai<TH'IeCI<If 

IICIIOJib30BaTh i'J;JIH rrpoH3BOII;CTBa :mei<Tp03HeprHII. 

B Te'IeHHe pHp;a rrocJiep;HHX JieT B pa3JIH'IHI>Ix 

CTpaHaX MHpa paooTaiOT 3Jiei<TpOCTaH~Hll MO~
HOCThiO OT /],eCHTI<OB ,[1;0 COTeH TbiCH'l I<UJIOBaTT, 

OHH rrpOH3BO,li;HT 3Jiei<Tp03HeprHIO H CJiymaT IIII\0-

.JIOH ,[I;.JIH IIOP,fOTOBI<H cne~Ha.JIUCTOB B :noii HOBOll 

ooJiaCTH, rroanoJIHH Tai<me Hai<an.rrHBaTh orrhiT n 

COBeprueHCTBOBaTh I<OHCTpyKIJ;HH, anrrapaThi K 

rrpHoopbi pery.rrnponaHHH npo~eccaMn H,ll;epHoro 

p;eJieHHH. B pHp;e cTpaH nep,eTcH cTpoHTeJihCTBo 

RpyrrHbiX 3Jiei<TpocTaH~Hii, B APYrHx cTpaHax cc 

CTaBJIHIOTCH rrpoei<Tbi HX COopymeHUH: 

Borrpoc B HaCTOH~ee BpeMH aai<.JIIO'laeTcH nc B 

TOM, 'ITOOhl CIIOpHTL, MOiRHO JIJIH HCT paCCMaTpH

BaTb H)J,epHoe ,a;eJieHu:e nai\ UpaHTH'leCI<Hii JICTO'I

HHI\ 3Heprnu. HeT! 8ToT Bonpoc perueii. Ha no

necTI<e P,HH CTOHT APYri!C' norrpochl - Hai< nanJie

naTh 3TY 3Heprnro HaH6oJiee p,emenhiM nyTeM u 

IIOBhiCHTh ee aHaTienne n o61~eM :mepreTH'IeCHo~I 
6a.rraHce. 

He Bhl3hiBaiOT HHHaJHIX coMnennii: Tai<me n 

nepCIIei<TliBbl IIpaRTli'ICCKOro HCTIO;:Ib30B3HHH 

aToMHoH: 3HeprHn n cy,[l;oCTpoeHHn. 

AToMHLiii: Jiep,oKOJI <<.!'IeHUH>), na'Ianumii nJiana

HHe e~e IIHTh JieT TOMY Haaa,IJ;, ycnernno aanep

maeT D 3TOM ro.n.y cnoro HHTYIO nannra~HIO. OH 

6JieCTH~e nporueJI BCe UCIIhiTaHIIH B cypoBhiX yc

:TOBHHX Cenepuoro .Tie.n.onnToro oReana n noKa

aaJI HeocnopHMhH~ npeuMy~ecTna aToMHhiX cy)];on 

:.JTOfO TUlia nepe,a; cyp;aMU, JICIIOJih3YIO~HMU opra

HH'IeCI<Oe TOIIJIHBO - yrOJih HJUI uelf>n,. 

Mhi MomeM oTMeTHTh TaKme ycuemuoe rrJiana

HHe Tonapo-rraccamHpci<oro cy,[J;Ha <<CanaHHa», 

I<OTopoe ouo conepmaeT B TeKy~eM ro)l,y, rrpofiAH 

AJIHHHhiii rryn OT oeperon CiliA AO rropTOB En

porrhl. 

H rJiy6oRo y6emp;eH B TOM, 'ITO aToMHaH anep

rJIH Hall:p;eT nyTn TaHme If B03,1J;YlllHOMY Tp3HC-

110pTy,- CJIIUIII<OM BeJIHKU ee npeHMy~eCTBa, 

'IToohl He ohiTb onTnMIICTOM. 

Hai<onJieuuLiii npaKTII'Iecimii. onhiT npoei<TH

ponaHnH, CTpOIITCJihCTBa U :mcnJiyaTa~IIU aTOM

HJ,JX 3JICKTpOCTaHIJ;Uii iJ.<WT OCHOBaHIUI paCC'IHTLJ

B3Th Ha TO, 'ITO B 6mrmaiimne 15-20 JICT aTOM

Hhle :mei<TpoCTaH~IIH, OCHOBaHHhle Ha peaK~UU 

~CJICHUH - JICIIOJib30BUHIIU B Ka'ICCTBC TOIJJIUBa 

ypaHa H IIJIYTOHUH, UOJIY'IUT 3HU'lHTCJihHOe pa3-

BUTIIC H UTOMHaH :mepreTUKU 6yp;eT nrpaTb cy

~CCTBCHHYIO pOJih B o6~eM :meprCTII'lCC.l<OM 6a

JJance MHor11x cTpaH Mllpa. 

3To o6'hHCJUieTCH pHp;oM coo6pameuuii, na I<o

TOpLIX HaiiOOJICP BaiRHhiMU HBJIHIOTCH p;ua: 

- BO-IICpBbiX, yme B HaCTOH~ee BIJCMH pacqe

Tbl liOKU3hiB3IOT, 'ITO aTOMHhle CT3HIJ;UH MO~HO

CTbiO 500 ThiC. I<HJIOBUTT II BblliiC MoryT I<Ol'IJ\ypu

pOBUTb C TCIIJIOBhiMH 3JICRTpOCTaH~IIHMII; 

- BTOpoe COOOpaiRCHJIC HBJIHCTCH He MCHee 

namHhiM. Hame npeMH oTMC'H'HO ana'lnTeJihHhlMII 

ycrrexaMu B o6JiaCTII xHMnn u oco6enHo opraHH

qeci<oH: xnMnn. XHMH'lCCHaH npoMbiiiiJieHHOCTh 

B3HJia Ha CCOH lPYHI<~HII, I<OTOphle paHbiiie 3Ta 

OTpaCJih TeXHHI\11 He BhiiiOJIHHJia. 

XHMIIH no cy~eCTBY BhiTeCHIIJia 113 rrpo113BOA

CTBa HaTypaJihHhlii IIIeJIH II 3aMCHHJia ero HCKYC
CTBCHHhiM. 

AIIMIIH BhiTCCHHeT ll3 TCI<CTllJihHOH IIpOMhiiD

JieliHOCTll XJIOnOI< H IIIepCTb, a ll3 o6yBHOii npo

MhilllJJCHHOCTH - I<OiRy. 

XuMnH nocTaBJIHeT aHa'lnTeJII>Hoe I<OJIU'ICCTBO 

caMhiX paanoo6pa3HhiX MaTepllaJiou AJIH cTpon

TCJihCTBa, MalJJUHOCTpOCHHH, TipUOOpOCTpOCHUH. 

CoipheM )J,JIH xnMII'Ieci<oil npoMhiiiiJieHnocTII, 

f.IJIH U3rOTOBJICHHH llJiaCTII'leCI<UX MaTepnaJIOB, 

TKaHeil, UCI<YCCTBCHHOH HOiKH U HpO'I. HBJIHIOTCH 

npnpop;nhle raahl, Helf>Th n yroJih. OpraHn'lecxoe 

TOnJIHBO HBJIHeTCH CblpheM )J,JIH XIIMH'lCCKOii npo

MbiJUJieHHOCTH. ECJJH IIOTpe6JIHTh HClPTb B TaKHX 

me TeMnax, I<aR aTo npoucxo,a;nT )J,O HacToH~ero 

npeMenn, To Helf>Th ci<opo 6yp;eT commeua n XH

MHH JIUlllUTCH BaiRHeHlllHX UCTO'IHHI<OB ChlpbH. 

Cb!pbeM )J,JIH rrpouauo,IJ,CTBa aTOMHOH aneprnu B 

HaCTOH~ce upeMH HBJIHeTCH ypaH. lJoi<a He Bhl

HBJieHO )J,pyrux RpyiiHhlX IIOTpCOUTeJieH ypaHa, 

RpoMe BOCHHOii npOMhllllJICHHOCTU f.IJIH 1IpOU3BOi'J;

CTBa HiJ.epuoro opymnH n anepreTnKn )J,JIJI nony

'leHUH 3JieKTpU'ICCI<oii II TeiiJIOBOH 3HeprHH, 

a Tai<me TpaHcrropTa - npemp,e ncero P,JIH npu

ne~J;eHIIH u p;nnmeHue cyp;ou. Haci<OJihi<O Mhi Mo

meM cyp;UTh, ypau MOiReT OblTb uanooJiee paayM

no ucrroJihaouau n auepreTnKe n )J,JIH TpancnopT

Hhix p;nHraTeJieii. Paauep;aHHI>Ie aanachl ypana 

ooecne'IaT 'lCJIOBC'IeCTBO 3HeproCHUOII\CHHCM Ha 

HCCI<OJihKO JieT. 

PaayM no)J,CKaahiBaeT, 'ITO Heo6xo~J;nMo 6epe'lh 

opraHU'ICCI<Oe TOTIJIHBO, nepecTaTb paCCMaTpHBUTh 

ero TOJibl\0 KaK TOllJIHBO, a Blli'J;CTh B HeM npemp;e 

BCero Chlphe IJ;JIH XHMU'ICCI<OH npOMhiiiiJieHHOCTU. 

BMecTe c TeM neooxo~J;HMo paaunuaTh pa6oThl 

IIO BCCCTOpOHHeMy HCIIOJib30BaHHIO ypana H rrpo

ll.YI<TOB ero pacnap;a. HaK no xoporuo nauecTHo 

uceM yqacTnnKaM HoHif>epen~nu, B peayJihTaTe 

peai<~nil Hp;epnoro p;eJieuHH o6paayroTcH pap;no

aKTHBHhie naoTonhi u noaHni<aeT naJiyqeHne. Hao

TOnhl u uaJiy'IeHHH Haxop;HT uce ooJiee mHpmwe 

npnMeHeHne u caMhiX paaJIU'lHhiX ooJiaCTHX ACH

TeJII>HOCTU 'IeJioBei<a, u TPYAHO nall:Tn Tai<yiO o6-

JiaCTh, r)J,e obi ouR n nacTOH~ee upeMR: c ycrrexoM 

Ue UCIIOJih30BaJIHCh, a 31\0HOMH'ICCKHH alf>lf>eKT OT 

nx npnMeHeHHH B p.Rp;e cTpan naMepHeTCH ana

tJHTeJihHhiMn CYMM3MH. 

Pa)J,naiJ;HOHHhle nany'lennH rrpoHJia,!J;LIBaiOT ny

TH K npaHTU'leCI<OMy npHMeHeHHIO HX B XHMH'Ie

CKOH npoMhiiiiJiennocTH, noanoJIHH couepruenHo 

JIO-HOBOMY npOBOAIITh MHOrne npo~eCChl, D OCO

oeHHOCTH B OOJiaCTH opraHH'IeCKoro CHHTe3a. 3To 

HanpaBJieHHe no HCTIOJih30BaHHIO HIJ;epHhiX H3JIY

'IeHHH, no BCeH BHf.IUMOCTH, IIOJIY'IHT B 6JIH>Kaii:

IIIUe rop;hl 3Ha'IUTeJibHOe pa3BHTHe, H He HCKJIIO

'ICHO, 'ITo Hei<oTophle Kpyuuhle peaKTopbl 6YAYT 

BhmoJIHHTh He TOJihi<O pom. 3HepreTn'leci<oii ycTa· 

HOBI<JI, HO TaK>Ke Y'lUCTBOBUTb B llpOBCIJ;eHHH XH

MH'ICCKUX npo~eccou. HHTepec K npaKTH'ICCI<OMY 
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HCnOJib30BaHlUO H30TOllOB H H,t~;epHbiX H3JiyTieHHH 

B HaCTOHID;ee BpeMH HaCTOJibRO Bhlpoc, 'ITO 6hiJIO 

npone,o;eHo MHoro 6oJII.ITIHX RoHtf>epeHn;Hii, RaR 

Mem,o;yHapo,t~;HbiX, TaR H HaD;HOHaJibHhiX, Ha ROTO

JlhlX 6hlJIH paCCMOTpeHhl COTHH ,rJ;ORJia,rJ;OB, noCBH

meHHbiX OT,t~;eJibHbiM HCCJie,rJ;OBaHHHM H npa:KTHRe 

HX HCnOJib30BaHHH. 

8THM o6'hHCHHeTcH, no'IeMY Ha Hameii: HoHtf>e

peHn;Im pa6oThl no H3oTonaM cne,o;eHLI R o6aop

HbiM ,o;oRJia,t~;aM. He noToMy, TITo a.uecb HeTiero 

Cl\a3aTb, a nOTOMy, 'ITO CJIHDIROM MHOfO MOlliHO 

6biJIO 61.1 em;e CRa3aTb R TOMY, 'ITO yme BbiCRa-

3aHO. Pa~noaRTHBHble H30TOnhl - aTo aoJIOThle 

JlOCCidnH, ROTOJlbie HaTiaJIH C ycnexoM paapa6aTbi

BaTbCH BO MHOfHX CTpaHaX MHpa. 

BTopaH npo6JieMa - npo6JieMa paaBHTHH pa60'r 

DO tPH3Hl\e DJI33Mbl - OTRJlhiBaeT p;aJibHeHITIHe 

CTpaHHD;bi B o6JiaCTH aHepreTHKH. Y cnernHoe pe

meHHe ::noii 33,rJ;3TIH ll03BOJIHT Bl\JIIOTIHTb B HC

noJib30B3HHe :mepropecypcbl MHponoro oReana II 

CHHTb C o6cym,o;eHHH yrpoay HCTOID;CHHH ,t~;pyrnx 
HCTOTIHHRoB aaeprHH. He Bhl3hiBaeT HHRaRoro co

MHeHHH II TO, 'ITO 3Ta npo6JieMa TaRme 6y,t~;eT 
paaperneHa. ll,JIH ee perneHHH aeo6xo,o;nMa ynop

HaH pa6oTa yTieHbiX, llOHCIHI nyTeH 1\ ocym;eCTB

JieHHIO ynpaBJIHeMbiX TCJlMOH,t~;epHbiX npOD;CCCOB, 
1\0TOJlbie ,t~;a,t~;yT B03MOlliHOCTb npaRTHTieCI\U HC
noJib30BaTb peaRn;nu H,t~;epuoro CHHTeaa. 

Pa6oThl B o6JiaCTH tf>uanRu BhiCORHX :mepruii 

npoRJia,t~;hiBaiOT nyTJI K ,o;aJihHeiirneMy noaHaHHIO 

TaiiH CTpoeHHH MaTepnn. 3a nocJie,t~;Hne ro;:J;bi tf>.n-
3HRa BbiCOI\UX aHeprHH C):(eJiaJia MHOfO OTRpbiTHlf. 

Bee 3TH OTRphiTIIH noRa TITo JIBJIJIIOTCH RHpnnTIH

Ra:Mn ):(Jifl nOCTpoeHHJI HOBbiX TeOpHH, ROTOpble 

):(OJilliHhl p;aTb 6oJiee llOJIHYIO RapTIIHY CTpoeHHH 

aTOMHbiX JI):(ep, H3YTIHTh npnpop;y CHJI, ,rJ;eHCTByiO

lqHX Memp;y OT):(eJibHbiMH TiaCTHD;aMH, ,UaTb CTpoii

HYIO CHCTeMy 3THX TiaCTHD; H CBJI3aTb BOe;:J;IIIIO BCe 
TO, 'ITO HaM H3BCCTHO 06 aTOMe. 

<l>nanRa BhlCORHX aueprnii HaRanmmaeT MaTe

puaJII.I H 1\ HOBhiM npon;eccaM nOJIYTICHHH 3HCp

fHH, npon;eccaM aHHHfHJIHD;HH, TO eCTb R Tal\HM 

peaRD;IIHM, B 1\0TOJlbiX npaRTHTieCI\H BCJI MaCCa 

rrepeXO):(HT B :meprHIO H3JiyTieHHJI. l:J,ame ROpOT

HHH nepeTieHI. npo6JieM, CTOHID;HX B nonecTRe p;HH 

COBpeMeHHOH HayRH 06 aTOMe, llORa3I.IBaeT, RaROll 

paaMax npnHnMaiOT pa6oTI.I no uayTieHHIO Ma

JieHLRoii: TiaCTHIJ;bl paHee Hep;eJIUMOf6 aToMa. 

PerneHHH o coKpam;eHHH nponanop;CTBa pac
m;enJJHIOJD;HXCH MaTepHaJIOB ,rJ;JJH BOCHHLIX D;eJieii:, 

npHHJIThie npannTeJibCTBaMH CiliA, ConeTcRoro 

Coroaa n Coep;nneHHoro HoponeBCTBa, ynyTirnaro·T 

rrepcneKTUBbl 3HaTIHTeJII.HOfO pa3BHTHJI pa6oT no 

MHJlHOMY HCnOJib30BaHHIO 3TIIX MaTepHaJIOB. 

B aaHBJieHHn llpe.o;ce,o;aTeJIJI ConeTa MnnncT

pon CCCP H. C. Xpym;ena npHMO yRaaaHo Ha 

perneHne CoBeTCKoro npaBBTCJILCTBa «HanpaBJIHTL 

60JILllle pacm;enJI.IIIOID;BXCJI MaTCpllaJIOB ):(JIJI HC

IIOJih30BaHHH B MHpHbiX D;CJIHX - B aTOMHhlX 

3JICRTpOCTaHD;BJIX, B npOMLIUIJieHHOCTH, B CCJIL

CKOM X03HHCTBC, B MC,rJ;BD;BHe, B OCYJD;CCTBJJCHHH 

KpynHhiX HayTIHO-TCXHHTICCRHX npoeRTOB, B TOM 

TIHCJie B o6JiaCTII onpeCHCHIIJI MOJlCKOH BO,tl;bi». 
Ilpo6JJeMa o6ecneTieHHH HaceJJeHIIH npecHoii 

BO):(OH CTaHOBHTCH BCe 6oJiee OCTpoii: no Mepe yBe

JIIPICHliJI HaceJieHHJI, OCBOeHUJI HOBhiX 3eMCJib, 

pocTa ropop;on n paamnnJI oTpacJieii npoMhiDIJieH

HOCTH, noTpe6miiOID;IIX B CBOeM npoH3BO):(CTBC 

anaTinTeJibHOe ROJili'IecTBO BO):(hi. Bea BO,t~;hl HeT 

mnann. Ilpo6JieMy o6ecneTieHnJI nop;oii: neo6xop;u

Mo pernaTh ):(JIJI MHornx cTpaH MHpa. HacTaJio 

BpeMJI HanpaBHTb CliJihl, 3HaHliH II OnhiT Cnen;Ha

JIHCTOB, aaHJIThlX B aTOMHOII o6JiaCTH, TaKme II 

Ha perneHHe 3TOH O,rJ;HOH H3 BeJIHTiaHDIHX npo6-

JICM - npeBpaiD;eHHe COJICHbiX BO,tl; B IIpCCHhiC. 

Heo6xo,o;nMo HanpaBHTI. BCIO aHeprHIO, uaKon

JieHHYIO Ha BOCHHhiX CRJiap;ax B tf>opMe H,t~;epHOfO 
opylliHH, Ha TO, TIT06hl CTpOHTb MOJD;Hhle aTOMHble 

peaRTopLI, RoTophle 6y,o;yT p;aBaTb p;ernesyro :mep

rnro n onpeCH.IITh Bop;y. Coap;aHne MOID;HhiX onpec

HHTeJibHhlX ycTaHOBOR - aTO paayMHhiH nyTb HC

IJOJIL30BaHHH aTOMHOH aHeprHH. 

fpaH):(H03HOCTb OTRphlBaiOID;eHCH nepcneRTHBhl 

B o6JiaCTH HayRH 06 aTOMe H CJIOlliHOCTh CTOJIID;HX 

nepep; HayRoii: aap;aq Tpe6yeT coTpyp;HH<JeCTBa, 

o6'he,rJ;HHCHHH CHJI yTieHbiX. 3a HCTeRUTHe IIleCTb 

JJeT B Hay'IHOH )RH3HH npOH30lliJIO MHOfO C06hl

THH, HanpaBJICHHhiX Ha pa3BHTHC HayqH.biX CBH-

3eH H yRpen~eHHe HX. 

Ha<JaJio paannnaTh cnoro p;eJITCJJhHOCTh Mem.o;y

Hapop;Hoe areHTCTBO no aTOMHoii aHeprHH. 0Ho 

npoBe~O pH):( BalliHhlX Hay<JHhiX tf>opyMOB, Ha RO

TOpbiX 6hiJIH nop;po6HO paCCMOTpeHhl MHOrHe BO
npOChl no aToMnoii npo6JieMe. BbiJJH opraHnaona

Hhl RoHtf>epeHn;un, cnMnoanyMhl, ceMnHaphl, 

JJeTHHe lliROJihl, Ha ROTOpbiX paCCMOTpeHhl H o6cy

mp;eHbl MHorne Bonpochi no npnMeHeHHIO pap;no

aRTIIBHhiX li30TOnOB H H3JJy'leHHH, no ynpaBJIJie

MOMY H~epHOMY CHHTeay, 110 yp;aJieHHIO pap;noaR
THBHhlX OTXO,ti;OB H pH):( p;pyrux. 

Bee 3To aHaTIHTe~LHO yRpenJJHeT nayqHLie CBH-

3H. BoJII.rnoii: nepnon Memp;y ABYMH RoHtf>epeH· 

IJHJIMH - BTopoii: 11 TpeTI.ei1: - 6bl~ Hano~Heii 
HHTeHCHBHOH p;eHTeJibHOCTbiO MHpOBOH Hay'IHOH 

o6m;ecTBeHHOCTH, pa6oTaiOm;eii: Hap; npo6JieMoii 

aToMnoii: aHeprnn. ll nee me nee nponep;eHHhle 

B Te'leHne nocJJep;Hnx rnecTH JieT RoHtf>epeHn;nn, 

COBem;aHHJI H CHMn03HYMhl He MOfYT 3aMeHHTb 

co6oii: Memp;yHapop;HhlX RoHtf>epenn;nii:, co3p;anae
MhlX OpraHnaan;neii: 06'hep;nHeHHhlx Han;nii:, n6o 

OHH, 3TH RoHtf>epeHn;un, c oco6oii: cnJioii: n y6ep;n

Te~hHOCThiO IJORa3LIBaiOT, KaR Baa<HO llOBepHyTb 

aTOMHYIO :meprn10 c Tponhl, nep;ym;eii: R Boii:He, 

n nanpaBHTL ee na p;eJio MHpa n nporpecca. 

TeRym;uii: ro.o; acTpotf>naHRH HaaBa~n rop;oM 

CnOROHHOfO CO~Hn;a. 8TOT fO):( MOlliHO Ha3BaTb 

TaRme rop;oM Hap;emp;hl Ha To, 'ITO pasyM BOCTop

mecTByeT, 6JiaropaayMHe O):(OJieeT CHJJLI, CTp~MJI
~HeCH OCTaHOBIITb nporpecc TieJIOBeTICCTBa H 

BBeprHyTb MHp B DYlJHHY BOHHLI. 

R TpeTI.eii: Mem,o;yHapop;Hoii: KoH«fJepeHIJHH MLI 

npurn~n He TO~LRO c peay~I.TaTaMH no aanep

meHHLIM Ba»rHLIM H HHTepeCHLIM HCCJie,rJ;OBaHHHM, 
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no u c paAyamoii: nepcneKTuno:H IIJIOAOTnopnoro 
COTPYAHH•IecTna. ,lJ;JIH paanuTHH COTPYAHH'IecTBa 
HMeiOTCH nee OCHonaHHH: nepeA HapoAaMH MHpa 
CTOHT MHOfO HepeiiieHHhlX IIpOOJieM - IIO~HHTHC 
31\0HOMHKH paanunaiO~HXCH CTpaH, aaMeHa THiKe
JIOfO qJHauqecKoro TPYAa pa6oToft MexanuaMon, 
ocymenue 6oJIOT u TpHCHH, npenpa~enue nyc
ThlHL n n;neTy~ue caALI. Bee no Momno CAeJiaTL, 
ecJIH npHJIOiKHTL TPYA u anepruro. IIpo6JieM MHo
ro, 11 onu neJIHKH. Hx paayMno pemaTL TOJILKO 
nyTeM COTPYAHH'IecTna. MLI AOJiiKHLI o6'heAHHHTL 
HaiiiH YCHJIHH H HaiipanHTb HX K TOMy, 'ITOOhl 
ncnoJILaonaTL Moryque CHJILI npupoALI AJIH AaJIL
ne:Hmero paaBHTHH n;unuJiuaan;uu. 

Hay'laH IIPHPOAY MaTepun, conepmencTnyR 
HaiiiH 3HaHHH 00 aTOMe H HAepHLIX CHJiaX, Mbl 
,lJ,OJiiKHbl Hay'lHTbCH iKHTb n MHpe, H aa~aqa yqe
HblX H, n 'laCTHOCTH, co6paniiiHXCH 3,J;eCb, COCTOHT 
He TOJILKO B TOM, 'ITOObl pacKpblnaTL SaKOHbl IIpH
pOAhl, HO H IIOMO'lb yTnCpAHTh aaKOHbl 0 TOM, KaK 
HaM iKHTb n MHpe - OTBpaTHTb HancerAa yrpoay 
BoHHhl. He AOIIYCKaTL Toro, 'IT06hl ncKpbiTble Ha
MH CHJihl BHyTpHaTOMHOH ~meprHH npenpaTHJIH n 
pyuHbl To, 'ITO coaAaHo 'leJioneqecTnoM, u He no
rpe6JIH 6LI IIOA o6JioMKaMu nc'leaHynme:H IJ.HBHJIH
sau_nll II TeX, KTO COAeHCTnonaJI II yqacTnonaJI B 
pacKpeno~eHHH Moryqeft CHJihl aToMa. 

CoTPYAHH'lecTno AOJiiKHO u 6yAeT pasnnnaTLCH, 
unaqe He MomeT 6hlTL. Ho AJIH Toro 'IT06bl pas
nunaJioCL COTPYAHH'leCTBo, neo6xoAHMo ycTpa
HHTL rJmnHhle noMexu, )IemaiOIIJ.He aToMy. Hy
men Mup. Heo6xoAuMo ycTpaHIITL yrpoay noiiHLI, 
C03AaTL MHp 6ea opyiKHH. 

MocKoBCKIIH Aorouop o npeKpa~eHnH ucnblTa
Hnft HAepnoro opymuH n aTMoc<flepe, B KOCMH'le
CKOM DpOCTpaHCTBe H IIOA BOAOii <moMoraeT npu-
6JIH3HTLCH K TCM py6emaM, C KOTOphiX Jierqe 
npuHHTLCH aa pemeHue namneii:meii: npo6JieMhl 
Hamero npeMeHHl> - uceo6~ero u noJIHoro paso
pymeHHH. 

lloA AOfOBOpOM IIOCTaBHJIH cnou IIOAIIHCH 6o
Jiee CTa CTpaH. 

B aToM MecHu_e ucnoJIHHJICH roA co AHH IIOAIIH
caHHJI AOfOBopa 0 npeKpaiiJ.eHHH HCIILITaHHii 
HAepnoro opymuH B Tpex cpeAax. 

CCCP, CiliA u C-oeAHHCHHoe Hopo.rrencTBo u 
COBMeCTHOM saHBJieHHH o6'bHBHJIH 0 CBOeM HaMC
peHHH «AeJiaTL BCe BOSMOiKHOe AJIJI yperyJiupo
BaHHJI, nyTeM neperouopou, nepemeHHhlX Mem,lJ,y
napoAHhiX IIpOOJieM, C TeM 'ITOOLI ynpO'IHTL BCe
OOIIJ.HH Mup, 6JiaraMH KOToporo IIOJILsoBaJIHCL 6LI 
nee rocyAapcTBa - 6oJILmue u :MaJible, nee na
POAhl». 

MocKoBcKuii AOrouop OTKpLIBaeT nyTu K usaH
MonoHHManuro H pemeHHIO MeiKAYHapOAHLIX npo
OJieM nyTe:M neperouopou. 

Bcne,D, sa aanpeiiJ.eHHeM JIJ{epHLIX HCIILI'I'aHuii u 
Tpex cpeJ{ax YAanocL aaKpLITL AOCTyn JI,D,epHoMy 
opyacHIO B KOCMOC H HeCKOJILKO YMCHLIIIHTL flO
TOR paCIIJ.CllJIJIIOIIJ.HXCJI MaTepHaJIOB, BJIHBaiOIIJ.HX
CJI B JIAepnLie apcenanLI. Ho aTo JIHIIIL neDBLie 
marK. Heooxo,D,HMo npHKna,D,LIBaTL ]laJILHeimHe 

YCHJIHH, C TCM 'lTOObl OCBOOO]lHTb Mup OT ymaca 
noiin u ocyiiJ.eCTBHTL Me'ITY qeJione'leCTBa - cos
AaTL MHp 6es opymuJI, Mup 6es noiin. 

B 6opL6y sa Mup BKJIIO'laiOTCJI nee nporpeccun
HLie JIIOAH seMJIH. Mup Ha seMJie 6y~eT yTnep
iKAeH. 

,lJ;oCTHiKeHliH aTOMHOH HayKH H TCXHHKH He Hn
JIHIOTCH peayJILTaToM TPYAa yqenoro-OAHHO'IKJf. 
B coKpoBHIIJ.HHUY nay:Ku o6 aToMe c,D,eJiaJIH BHJia~ 
npe]lCTaBHTeJin MHornx CTpan n napoAon. HeRo
TOphlx 113 HliX yme HeT cpeAH HaC. 3a BpeMH 
MemAY ABYMH Hon<flepenn;uHMn - BTopoii: u 
TpeTLeii - <fluanqecRaH nayKa nonecJia nenoanpa
THMLie IIOTepu. 

He CTaJio HuJILca Bopa, HOTOpLiii e~e na BTo
poii KOH<flepeHD;HII paAOBaJI HaC CBOHM nbiCTYIIJie
HHeM, paanepTbiBaJI rranopaMy HOBhiX aa]la'l, CTOJI
~nx rrepeA Mnpono:H <flnau'lecKoii nayKoii:. 

He CTaJio HropH Bacn.rrLenuqa J\yp'laTona, 6.'le
CTHIIJ.ero yqenoro, MHoro C,le.rranmero AJIH uoana
HHJI TaiiH aTOMa II paanHTIIH Hay:KH 0 HOM. 

HeT Jleo Cn;uJIJiapAa, c]leJianmero ana'lnTeJIL
HLii'I nKJiaA B <flnan'leCKYIO HayKy H IIOCBHTllniile
ro nocJie,D,nue ro,D,hl cnoeii muann 6opL6e aa aa
npe~enue JI,D,epnoro opymnR. 

H ,D,yMaro, 'ITO nee y'laCTHHKn Kontl>epenn;nn 
paa,D,eJIHIOT CKop6b IIOHeceHHoii yTpaTbl. 

H npomy IIO'lTIITL nx caeT.'IYIO rraMHTb ncTa
nanneM. 

Mne ocTaeTCH TerrepL TOJILKO nLipaaHTL na,D,e
m,D,y, 'ITO nama Ron<Pepenn;uH 6y,D,eT IIJio,D,oTnop
no paOOTaTL lf aKTHnHOCTb Hay'lHOii ,!l,HCKYCCUJI 
,D,orroJIHHT rrpe,D,CTaBJieHHLie Ha Ron<Pepenu_uiO nn
TepecHble u co,D,epmaTeJILHhle ,D,OKJia,lJ,LI. 

PaapemuTe nomeJiaTL ycnexa nceM yqacTHH
naM Tpeneii Kon<Pepenn;nn OOH no MnpHoMy 
IICIIOJILSOnaHniO aTOMHOH anepnm. 

Translation 

ADDRESS BY MR. V. S. EMELYANOV, PRESIDENT 

OF THE CoNFERENCE 

Excellencies, Ladies and Gentlemen, 
Twenty-five years have now passed since the 

world heard the news that the uranium atom had 
been split. It is difficult to exaggerate the importance 
of that event. The work of a small group of scien
tists, working in different countries of the world and 
devoting their knowledge and energies to pure 
scientific research, was finally synthesized, leading 
to results which justify us in calling our times the 
century of atomic energy. 

Next year will mark the twentieth anniversary 
of the date on which atomic energy was released on 
a practical scale, and the explosions of atomic bombs 
announced the advent of a new epoch in the history 
of mankind. The military use of atomic energy left 
its mark on all future developments in science, 
technology, economics and politics. 

Work on atomic armaments and all related 
research, even that connected only indirectly with 
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the development of such weapons, was carried out 
in the strictest secrecy, which made professional 
contacts between scientists not merely difficult but 
actually impossible in many fields of science and 
technology. 

This isolation of scientists was of long duration. 
Nine years ago, on the initiative of the United 

Nations, the First International Conference on the 
Peaceful Uses of Atomic Energy was convened. 

A year before this first conference was convened, 
the first power station to produce electricity by 
nuclear fission went into service, thus giving a 
practical demonstration of the possibility of another, 
non-military application of nuclear processes. This 
year, the first atomic power plant completed ten 
years of successful operation. 

The first conference in 1955 saw the restoration 
of the scientific contacts that had been interrupted 
by the Second World War and the conditions of 
strict secrecy that followed it. This conference 
provided striking and convincing evidence of the 
brilliant prospects that would be opened up to 
mankind if the atom was placed at the service of 
peace and progress. 

Dr. Homi Bhabha, the President of the First 
International Conference on the Peaceful Uses of 
Atomic Energy, showed how important such energy 
would become for all the countries of the world and 
especially for those that were already suffering from 
a shortage of energy resources. He also drew atten
tion to the importance of work in a new direction, 
of which nothing had previously been said at the 
conference, namely, that of nuclear fusion, and 
expressed certain assumptions about the prospects 
of its development. 

Professor Francis Perrin, the President of the 
Second International Conference, summarized de
velopments during the three-year period between 
the two conferences, laying particular stress on the 
importance of scientific contacts and co-operation 
between scientists for the development of science. 

At the second conference many new studies 
were described, relating not only to the scientific 
aspects of the atomic problem, but also to practical 
questions relating to the various fields of application 
of the energy released by nuclear fission. 

At this second Geneva conference, evidence was 
given of the practical possibilities of using atomic 
energy not only in large power plants, but also for 
ship propulsion-in the construction of non-military 
vessels. A large number of papers were presented at 
this conference, describing various means of 
creating a new potential source of power--controlled 
nuclear fusion-the process through which the sun 
bathes the earth in the warmth of its rays and 
distant stars light up the heavens. 

Another six years have passed and we are 
gathered together here again to discuss the results 
of much investigation and research, to assess the 
experience acquired in the course of those six years 

in the practical application of the discovery made 
a quarter of a century ago and to hazard a scientific 
forecast of future developments. 

Much has been done during the past six years. 
They have been years of intensive scientific research. 
During this period, physics and atomic technology 
have recorded substantial advances in all the funda
mental disciplines of nuclear physics-in the fields 
of low-energy physics, plasma physics and high
energy physics. 

In the field of low-energy physics, considerable 
attention is currently being given to work on the 
practical application of the nuclear fission reaction. 
In research laboratories, ways of increasing the 
efficiency of plant and equipment are being studied, 
the accuracy of specific data indispensable for 
engineering and design calculations is being im
proved, means of controlling radio-activity are being 
sought, new means of protection against radio-active 
radiations are being developed, and research is in 
progress into new materials, resistant in radiation 
fields. The bulk of this research is directed towards 
practical ends, because the fission reaction serves as 
the basis for atomic power engineering, for the 
construction of atomic power plants. Today, there 
is no longer any doubt that atomic reactors can be 
put to practical use to generate electricity. 

For several years now, electric power stations 
with capacities ranging from tens to hundreds of 
thousands of kilowatts have been operating in 
different countries of the world. They produce elec
tric power and serve as a school for training spe
cialists in this new field; they also make it possible 
to accumulate experience and to perfect designs, 
equipment and devices for controlling the fission 
process. Large power plants are being built in a 
number of countries and the construction of such 
plants is being planned in other countries. 

The question today is not whether or not nuclear 
fission can be regarded as a practical source of 
power. No, indeed! That question has been ans
wered. Other questions have appeared on the 
agenda: how to extract that energy as cheaply as 
possible and increase its importance in the general 
energy balance sheet. 

Neither is there any doubt today about the out
look for the practical use of atomic energy in ship
building. 

The atomic ice-breaker Lenin, which went into 
service five years ago, is this year successfully com
pleting its fifth cruise. It has passed all tests brilliant
ly in the severe conditions of the Arctic Ocean, and 
has shown the indisputable superiority of atomic 
ships of this type over vessels using organic fuels 
such as coal or oil. 

We may also mention the successful voyage of 
the cargo-passenger ship Savannah, which it is com
pleting this year after making the long crossing from 
the shores of the United States to European ports. 
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I am firmly convinced that atomic power will 
find its way into air transport too; its advantages 
are too great to leave room for anything but opti
mism on this score. 

The practical experience acquired in the designing, 
construction and operation of atomic power stations 
justifies the belief that, within the next fifteen to 
twenty years, such plants, based on the fission 
reaction and using uranium and plutonium as fuel, 
will be very substantially developed so that atomic 
power will play a vital part in the over-all energy 
balance of many countries. 

This is due to a number of factors, of which I will 
mention the two most important. 

First, even today calculations show that atomic 
power stations with a capacity of 500 000 kilo
watts and upwards can compete with thermal plants. 

The second factor is no less important. Our times 
have seen significant advances in chemistry, and 
especially in organic chemistry. The chemical in
dustry has assumed functions which it has never 
before fulfilled. 

It has virtually ousted the manufacture of natural 
silk and replaced it by the production of artificial 
silk. 

It is ousting cotton and wool from the textile 
industry and leather from the boot-and-shoe 
industry. 

It is providing considerable quantities of the most 
varied materials for building, engineering and instru
ment-making. 

The raw materials for the chemical industry, for 
the manufacture of plastics, fabrics, artificial leather 
and similar products are natural gas, oil and coal. 
Organic fuels provide the chemical industry with its 
primary materials. If we go on using oil at the 
present rate, all our oil will soon be burnt up, and 
the chemical industry will be deprived of a most 
important source of raw material. 

At the present time, the raw material for the 
production of atomic power is uranium. So far, no 
other large users of uranium have appeared on the 
scene except the war industries, which use it for the 
production of atomic weapons, and the power indus
try, which uses it for the generation of electricity 
and heat; we must also include transport, which 
uses it mainly for ship propulsion. So far as we can 
judge, uranium can be most rationally used in the 
power industry and for motive power. The proved 
reserves of uranium are sufficient to meet mankind's 
power requirements for several hundred years. 

Reason suggests that we must husband our organic 
fuels, that we must stop treating them purely as 
fuels and view them primarily as raw materials for 
the chemical industry. 

We must at the same time develop work on the 
all-round utilization of uranium and its disintegration 
products. As everyone present at this Conference 
knows very well, the nuclear fission reaction is 

accompanied by the formation of radio-active iso
topes and the emission of radiation. Both isotopes 
and radiation are finding increasingly wide applica
tion in the most varied fields of human activity, and 
it would be difficult to find an area where they are 
not at present being successfully used while, in a 
number of countries, the economic impact of their 
use, measured in financial terms, represents a 
substantial sum. 

New ground is being broken in the practical 
application of radiation in the chemical industry, 
bringing about revolutionary changes in certain 
processes, especially in the field of organic synthesis. 
In all probability, this new trend in the use of 
nuclear radiation will make considerable headway 
in the years to come, and it is not impossible that 
some large reactors will not merely serve as sources 
of energy, but will also be used for process purposes 
in the chemical industry. Interest in the practical 
use of isotopes and nuclear radiation has currently 
increased to such an extent that many large con
ferences, both international and national, have 
already been held on the subject, at which hundreds 
of papers dealing with research and with the prac
tical application of radiation have been considered. 

This explains why, at our own Conference, con
sideration of work on isotopes has been confined to 
survey papers. This has been done, not because 
there is nothing to say on this subject, but because 
there is too much that might be added to what has 
already been said. Radio-active isotopes might be 
described as a gold field which· has .. begun to be 
successfully worked in many countries. 

A second problem is the development of plasma 
physics, which is turning over a new page in the 
history of energetics. The successful solution of this 
problem will make it possible to harness the energy 
of the world's oceans and to banish the threat of 
the exhaustion of other sources of energy. There 
can be no doubt that this problem, too, will be 
solved. Its solution calls for a sustained effort on 
the part of scientists to find methods of carrying 
out controlled thermo-nuclear processes which will 
make it possible to put the nuclear fusion reaction 
to practical use. 

Work in the field of high energy physics is paving 
the way to a fuller knowledge of the secrets of the 
structure of matter. High energy physics has many 
discoveries to its credit during the past few years. 
For the time being, all these discoveries constitute 
bricks with which we can build up new theories 
that will give us a more complete picture of the 
structure of atomic nuclei, that will enable us to 
study the nature of the forces acting between 
individual particles, that will reveal the logical 
arrangement of these particles and make it possible 
to combine all that we know about the atom into 
a single whole. 

High energy physics is also building up a body 
of material relating to new processes for obtaining 



30 RECORD OF SESSION A 

energy, the annihilation processes, that is, reactions 
in which for all practical purposes the entire mass 
of the material is converted into energy in the form 
of radiation. Even a short list of the problems of 
current concern to atomic science shows the extent 
to which work has proceeded on the study of small 
particles of the hitherto indivisible atom. 

The decision to limit the production of fissionable 
materials for military purposes, taken by the 
Governments of the United States of America, the 
Soviet Union and the United Kingdom, has improved 
the prospects for a substantial development of work 
on the peaceful uses of such materials. 

In the announcement made by Mr. N. S. 
Khrushchev, Chairman of the Council of Ministers 
of the USSR, there is a direct reference to the 
decision of the Soviet Government to channel more 
fissionable material into peaceful uses in atomic 
power stations, industry, agriculture, medicine, and 
the realization of major scientific and technological 
projects, including the desalination of sea water. 

The problem of supplying the population with 
fresh water is becoming more and more critical as 
the population of the world increases, new lands 
are brought into cultivation, cities grow in size and 
those branches of industry requiring large quantities 
of process water are further developed. There is no 
life without water. This problem of water supply 
calls for solution in many countries. The time has 
come to direct the efforts, knowledge and experience 
of atomic specialists towards the solution of this 
most important problem-the conversion of salt 
water into fresh water. 

It is essential to channel all the energy stored up 
in military stockpiles in the shape of nuclear 
weapons into the construction of powerful atomic 
reactors which will produce cheap power and also 
desalinate water. The construction of large de
salination plants is a rational method of using atomic 
energy. 

In the light of the magnificent prospects before us 
in the field of atomic science and of the complexity 
of the problems which that science has to solve, 
it is essential for scientists to collaborate and to 
unite their forces. During the past six years, there 
have been many events in scientific life that have 
made for the development and strengthening of 
scientific ties. 

The International Atomic Energy Agency has 
begun to expand its activities. It has convened a 
series of important scientific meetings at which many 
atomic problems have been discussed in detail. Con
ferences, symposia, seminars, and summer schools 
have been organized for the consideration and dis
cussion of many questions relating to the use of 
radio-active isotopes and radiation, controlled nu
clear fusion, the disposal of radio-active waste, etc. 

All this has greatly strengthened scientific ties. 
The long interval between the Second and Third 
International Conferences has been filled with in-

tensive activity in world scientific circles working 
on the problems of atomic energy. But all the 
conferences, meetings and symposia held during the 
past six years cannot replace international con
ferences convened by the United Nations, because 
the latter provide particularly striking and con
vincing evidence of the importance of diverting 
atomic energy from the path leading to war into 
the path of peace and progress. 

The astro-physicists have called this year the 
Year of the Quiet Sun. It might also be called the 
year of hope that reason will prevail, that good 
sense will overcome the forces working to impede 
human progress and to plunge the world into the 
abyss of war. 

We have come to this Third International Con
ference not only with the results of the important 
and interesting studies we have been making, but 
also with a happy prospect of fruitful collaboration. 
All the prerequisites for the development of colla
boration are present: the peoples of the world are 
faced with many unsolved problems-the develop
ment of the economies of the developing countries, 
the replacement of heavy physical labour by 
mechanical devices, the reclamation of marshes and 
bogs, the conversion of deserts into flowering 
gardens. All this can be done if we apply the neces
sary labour and energy. The problems are many 
and great. They can be rationally solved only 
through collaboration. We must unite our forces 
and apply them to the utilization of the powerful 
forces of nature for the further development of 
civilization. 

As we study the nature of matter and perfect our 
knowledge of the atom and of nuclear forces, we 
must learn to live in peace, and the tasks of 
scientists, and especially of those assembled here 
today, is not merely to attempt to uncover the laws 
of nature, but also to help to affirm the laws that 
should govern our life in this world, in particular, 
to avert the threat of war for once and for all. We 
must not allow our discoveries of the forces of 
intra-atomic energy to ruin what mankind has 
created, nor must we allow those who assisted and 
collaborated in releasing the mighty power of the 
atom to be buried under the fragments of a 
vanishing civilization. 

Collaboration must and will be developed. It 
cannot be otherwise. But, if such development is 
to take place, we must remove the main obstacles 
standing in its way. We must have peace. It is 
essential to remove the threat of war, to create a 
world without armaments. 

The Moscow treaty banning nuclear weapon tests 
in the atmosphere, in outer space and under water 
helps to bring us closer to positions from which 
it will be easier to grapple with the solution of the 
most important problem of our time-general and 
complete disarmament. 
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More than a hundred countries have already 
signed the treaty. 

This month sees the first anniversary of the 
signature of the treaty banning nuclear weapon tests 
in these three environments. 

The USSR, the United States and the United 
Kingdom, in a joint statement, declared their inten
tion "to do everything possible for the solution 
through negotiations of unresolved international 
problems in order to strengthen general peace, the 
benefits of which would be enjoyed by all States, 
big and small, and by all people". 

The Moscow treaty opens up the way to mutual 
understanding and to the solution of international 
problems through negotiations. 

As a result of the ban on nuclear tests in the 
three environments, it has proved possible to prevent 
the penetration of atomic weapons into outer space 
and thereby to decrease to some extent the flow of 
fissionable material into nuclear arsenals. But these 
are only the first steps. We must make further efforts 
with a view to delivering the world from the horrors 
of war and to realizing man's dream of creating 
a world without weapons, a world without war. 

All progressive men and women in the world are 
taking part in the battle for peace. Peace will be 
established on earth. 

The achievements of atomic science and tech
nology are not the result of the work of individuals. 
The representatives of many countries and peoples 
have contributed to the store of atomic knowledge. 
Some of them are no longer among us. During the 
period that has elapsed between the second and 
third conferences, the physical sciences have 
suffered irreparable losses. 

Niels Bohr, who made such an enjoyable address 
at the second conference, in which he reviewed the 
new tasks with which the world physical scientists 
are confronted, is no more. 

Igor Vassilevitch Kurchatov, the brilliant scientist 
who did so much to unveil the secrets of the atom 
and to develop atomic science, is no more. 

Leo Szilard, who made a considerable con
tribution to the physical sciences and who devoted 
the closing years of his life to the struggle for a 
ban on nuclear weapons, is no longer with us. 

I am sure that their death is a source of grief 
to all participants in the Conference. 

I would ask you to honour their memory by 
rising. 

All that remains for me now is to express the 
hope that our Conference will do fruitful work, 
and that the interesting and important papers sub
mitted will be supplemented by active scientific 
discussion. 

I wish success to all participants in the Third 
International Conference on the Peaceful Uses of 
Atomic Energy. 

ADDRESS BY MR. SIGVARD EKLUND, DIRECTOR 

GENERAL OF THE INTERNATIONAL ATOMIC 

ENERGY AGENCY 

The statement made once by an outstanding 
power expert that nuclear power is aiming at a 
moving target set by prices of conventional power 
has proved right throughout many years. It may not 
be inappropriate to recall the time when it was said 
with reference to theoretical studies of nuclear power 
costs which resulted in predictions close to conven
tional power prices, that the best way of decreasing 
the cost of nuclear power would be to reduce the 
price of energy units produced in the conventional 
way. Even recently an author referred somewhat 
ironically to the habit of atomic energy commissions 
to state in their annual reports that nuclear power 
is just around the corner of becoming competitive. 
Without anticipating the results of this Conference 
which has just been opened it is obvious that within 
the last year the competition has entered a new 
phase. Renewed interest in nuclear power shown 
by public utilities has given nuclear power such 
a strong position that it has probably exerted a 
certain influence on the price of coal, i.e., an action 
reversing the one I have just mentioned. It has 
taken some time but the specialist who at the first 
Geneva conference in 1955 predicted that a certain 
nuclear reactor system would be able to produce 
power at 4 mills per kWh and then was considered 
rather irresponsible has now proved to be right. 
During the forthcoming sessions we will have ample 
opportunity to get up-to-date information about 
different reactor concepts which should be helpful 
for utilities or power boards in making policy 
decisions regarding the route to follow in their future 
programmes. The requirement of nuclear fuel for 
the next few years or decades, to mention one aspect 
only, is so different for various systems that 
ultimately a policy decision will have to be taken. 
The problem of choosing between reactor systems 
may be analogous to judging the relative merits of 
an apple and an orange. 

Progress made in the practical utilization of 
atomic energy, especially for production of power, 
will undoubtedly also be reflected in the organiza
tions set up to foster atomic energy. I refer speci
fically to the fact that industry has taken over, 
earlier than was assumed in many quarters, part of 
the development work which was previously the 
sole responsibility of national commissions. Under 
such circumstances national organizations should be 
able to shift emphasis or undertake new duties 
provided that Governments are not too restrictive 
with regard to financial provisions. It is reasonable 
to expect that in many cases Governments will ques
tion the necessity of supporting to the same degree 
as before certain development work by their atomic 
energy commissions by referring to the availability 
on the commercial market of reactor types which 
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have proved to be competitive or almost com
petitive with conventional systems. This has led to 
a trend to re-evaluate the role of national organiza
tions in the field of atomic energy and such a 
re-evaluation will have implications also on coun
tries' participation in schemes of international 
collaboration. 

Let us remember that even though we are in a 
new phase in the utilization of nuclear power, 
several important questions remain to be resolved 
before we can make use of the larger part of the 
energy stored in the uranium reserves in the world; 
I am thinking above all of the necessity of achieving 
high burn-up in thermal systems or breeding. These 
pose tremendous tasks which can only be solved by 
very massive and concentrated efforts. 

The economy drive by Governments will certainly 
foster regional and international co-operation. It is 
interesting to note that several bilateral agreements 
have been signed between countries working on 
similar problems whereby costly experimental faci
lities are better utilized in joint programmes for 
research and development work. Although these 
agreements are useful in demonstrating that through 
active co-operation duplication of work and invest
ment are avoided, they cannot be compared in 
importance with multilateral agreements leading to 
regional projects in the form so successfully launched 
in Europe. I express the hope that wisdom will 
prevail so that in the future support will be given 
increasingly to true regional projects for the benefit 
of a number of countries. It is not difficult to define 
several such projects but I shall confine myself to 
mentioning only two. In areas where the use of 
nuclear power may grow considerably within a 
decade or two, agreements aimed either at using 
existing reprocessing plants for the reactors in the 
region, or the construction of a plant to be jointly 
used for the treatment of certain standardised fuel, 
may lead to considerable savings both with regard 
to operational and capital costs. For basic research 
the construction of high-energy accelerators for 
energies above 300 CeV on a regional or interna
tional basis should also not be forgotten. In the 
presence of representatives from so many countries 
I would again express my firm belief in the regional 
approach and recommend that wherever possible 
steps be taken to establish such collaboration. 

How does the present day situation of national 
and regional organizations affect a world-wide 
organization, such as the International Atomic 
Energy Agency? What are the main tasks facing 
this seven-year-old organization in this new phase 
when nuclear power is becoming increasingly com
petitive? It is necessary to remember here that the 
Agency has certain functions from which all Member 
States benefit whereas other activities are mainly 
aimed at providing help for developing countries. 
I would like to refer first to the type of tasks of 
interest to all Member States. 

No application of atomic energy will have the 
same economic impact as its use in nuclear power, 
whether it be for electricity production or for process 
heat, for example in water desalination. Several 
reasons could be advanced as to why the Agency 
has not fulfilled its role of broker for nuclear fuel, 
as envisaged at its foundation, but I would draw 
your attention to the fact that producers of enriched 
material and especially the United States have 
pledged a quantity of no less than approximately 
5 000 kg of uranium-235 at the disposal of the 
Agency for use in nuclear reactors for peaceful 
purposes. Only minute quantities have yet been 
requested by Member States of the Agency, one 
reason being the slow increase in nuclear power 
reactors in the past, a second the fact that many 
Member States were supplied with enriched material 
through bilateral agreements and a third probably 
the obligation for a country receiving such enriched 
material to accept the safeguards system which the 
Agency has established to ensure that the material 
is used only for peaceful purposes. With the revision 
of the Agency's safeguards system which is now well 
under way, and with the transfer of safeguards 
responsibilities from bilateral arrangements to the 
Agency, I hope that in the future use will be made 
of this enriched material which, according to 
promises given, can be increased if necessary. 

Time permits me to make only passing reference 
to the assistance which the Agency can give a 
Member State in estimating the role of nuclear 
power under the special situation prevailing in that 
country, in studying the siting problems and in 
evaluating reactor bids from manufacturers. This 
will constitute a major task for the Agency. Several 
different organs in the United Nations family deal 
with power questions and it is necessary to effect 
close collaboration between them in order to avoid 
unnecessary duplication and overlapping because a 
country embarking on a new power programme 
must consider the atomic energy alternative along
side the conventional means--coal, oil or hydro 
power. The great capital cost and foreign exchange 
component of power installations, especially nuclear 
power stations, makes it imperative for a country 
to examine such alternatives carefully and thus have 
an over-all view of its power problem and its most 
economical solution. 

May I instead emphasise the important tasks 
which the Agency has to fulfil in the regulatory 
field, in working out international agreements on 
such questions as liability for nuclear damage, etc., 
which may be less familiar to you. With the rapidly 
growing number of power reactors it is very essen
tial to find a solution for these problems and I take 
this opportunity to draw your attention to the 
importance of ratifying the Vienna Convention on 
Civil Liability for Nuclear Damage of May 1963. 
By channelling all liability to the operator of a 
nuclear installation and placing a ceiling on his 
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liability, this Convention makes it possible to avoid 
a cumulation of insurance. It thereby contributes to 
reducing the costs for nuclear energy and of trans
port of nuclear materials. At the same time the 
Convention accords adequate protection to possible 
victims by offering them substantive and procedural 
advantages which they do not have under existing 
law. 

At the present Conference we shall hear reports 
on the operational experience from the Soviet ice
breaker Lenin. Recently, the United States nuclear 
ship Savannah has made visits to European ports. 
In this connection authorities in the countries visited 
have made extensive safety evaluations and it is 
probably true to say that no reactor including 
auxiliaries has been scrutinised by so many in
dependent experts as that of the Savannah. It may 
not be unreasonable to expect that the Agency, in 
co-operation with the Intergovernmental Maritime 
Consultative Organization (IMCO) will be asked to 
perform evaluations of this type in the future. 
Similarly, it was necessary to conclude special agree
ments with the countries to be visited by Savannah 
providing for liability for any damage which might 
be caused. It is conceivable that the conclusion of 
special agreements in the countries to be visited by 
nuclear ships could be dealt with on an international 
basis when the Brussels Convention on Liability of 
Operators of Nuclear Ships established by the 
Agency and the Belgian Government enters into 
force. 

International regulations are important also in 
respect of the safe transport of nuclear materials. 
The Agency's Regulations for the Safe Transport 
of Nuclear Materials, approved in 1960, were revised 
in June of this year, and the uniform application of 
these Regulations in all countries and to all means 
of transport is of great importance, for example, in 
order to avoid the need of packaging and labelling 
the same consignment of nuclear materials in 
different ways to satisfy different sets of regulations. 

With an increasing number of large power reactors 
coming into operation, regulations covering the 
disposal of radio-active waste become increasingly 
important. Considerable effort has been devoted to 
this problem especially the disposal of waste into 
the sea. It has not yet been possible to find an 
acceptable formula for this but the problem is under 
constant study and a possible first step towards a 
general agreement would be the opening of an inter
national regtstry by the Agency by which Member 
States would indicate the amount and location of 
their deposits. 

It would not be proper for me to leave the 
regulatory field without referring to the importance 
of establishing and having accepted an international 
safeguard system now when the number of power 
reactors is still small. The Agency's statutory activity 
in this field has gained considerable momentum in 
the past year, as the Agency has assumed rightfully 

the responsibilites formerly covered under bilateral 
arrangements. 

Fostering the use of isotopes in different branches 
of science and technology has always been prominent 
on the Agency's programme. The development which 
has taken place as reflected in the survey lectures 
at this Conference, whereby isotopes have become 
a common tool in medicine and agriculture, just 
to mention two fields, require organizational steps 
to meet the developing situation. One such step is 
the proper establishment of a joint division between 
the Food and Agriculture Organization (F AO) and 
the Agency. Through this division, to be located in 
Vienna with access to the Agency's laboratory, it is 
hoped to increase the efficiency of the services of 
the two organizations to their Member States, 
particularly in those fields of radioisotope applica
tions in which they have a common interest. 

I shall not refer to the technical assistance 
activities of the Agency other than to mention that 
the Agency has an explicit statutory obligation to 
provide assistance to developing countries. In a 
number of such countries research reactors exist, 
surrounded by fine experimental facilities and in 
other countries installations are under construction. 
The importance of maintaining this momentum 
towards creation of scientific and technological 
centres is obvious and the Agency is trying to assist 
as much as its means allow. In this too, a regional 
approach is favoured by the Agency. 

In this brief survey, Mr. President, I have tried 
to show how the present situation may affect espe
cially the work of the International Atomic Energy 
Agency in the future. Some of you will agree with 
me, I hope, that satisfactory progress in several of 
these tasks of common importance is essential for a 
sound development in the fields to which the first, 
second and third Geneva conferences have been 
devoted. Progress however can only be achieved by 
a sustained, wholehearted support by the Member 
States of the Agency which are represented at this 
Conference. 

Messages from Heads of State or Government of the 
countries represented on the United Nations Scientific 
Advisory Committee 

MESSAGE DE M. HUMBERTO DE ALENCAR CASTELLO 

BRANCO, PRESIDENT DE LA REPUBLIQUE DES 

ETATS-UNIS DU BRESIL 

Dans l'intervalle des six annees qui se sont ecou
Iees entre la deuxieme Conference atomique de 
1958 et celle qui s'ouvre aujourd'hui, d'importants 
developpements dans le domaine de Ia science et de 
Ia technologie nucleaires ont ete accomplis, en par
ticulier en ce qui concerne Ia reduction du prix de 
revient des centrales nucleaires. 

C'est done dans un climat d'optimisme, qui rap
pelle !'atmosphere de la premiere Conference de 
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1955, que les representants des pays du monde 
entier se retrouvent a Geneve, unis dans le meme 
esprit de cooperation, en vue d'echanger des infor
mations tendant a faire disparaitre les inegalites 
dans le developpement des differentes regions du 
globe. 

I1 faut esperer que, de cette rencontre interna
tionale, naitront de nouvelles initiatives fondees sur 
les experiences vecues au cours de ces dernieres 
annees. Le Gouvernement bresilien, porte-parole 
d'un pays encore jeune, qui peut tant esperer de 
l'energie nucleaire, veut exprimer sa certitude que 
les resultats obtenus a cette conference marqueront 
une etape decisive dans la voie du progres scien
tifique et technologique, en vue d'accroitre toujours 
davantage le bien-etre de tous les peuples. 

Translation 

MESSAGE FROM MR. HUMBERTO DE ALENCAR 

CASTELLO BRANCO, PRESIDENT OF THE REPUBLIC 

OF THE UNITED STATES OF BRAZIL 

The six-year interval, between the second con
ference in 1958 and this one which is being inau
gurated today, gave place to important developments 
in nuclear science and technology, particularly 
with regard to decreasing the cost of atomic power 
plants. 

Consequently, it is in a climate of optimism, 
which recalls the atmosphere of the first conference 
in 1955, that the representatives of all nations in the 
world meet again in Geneva, united by the same 
spirit of cooperation, with the objective of ex
changing information towards diminishing the de
velopment gap between different regions of the earth. 

We do hope that from this international gathering 
new initiatives will spring, based upon effective 
experience during the last years. On behalf of a 
country still young, having so much to expect from 
nuclear power, the Brazilian Government expresses 
its confidence that the results achieved in this Con
ference will mark a decisive phase in the history 
of scientific and technological progress towards the 
goal of achieving a constant rise in the well-being 
of all peoples. 

MESSAGE FROM THE RT. HON. LESTER B. PEARSON, 

PRIME MINISTER OF CANADA 

In the name of Canada I send this message of 
greetings and goodwill to accompany the technical 
contributions my country's delegation will make to 
the Third International Conference of the United 
Nations on the Peaceful Uses of Atomic Energy. 
It is fitting that this Conference should be convened 
at a time when the world has recognized not only 
the terrible destructiveness of nuclear energy in war, 
but also its value as a source of power for the 
peaceful, economic and industrial development of 
nations. 

The world remembers the enthusiasm that sprang 
from the great sharing of scientific knowledge which 
took place at the First International Conference on 
the Peaceful Uses of Atomic Energy, and the 
exchanges in depth that marked the second con
ference. Now that the hopes there raised are gaining 
in strength and engineering substance, we look to 
this third conference for an open exchange of that 
growing knowledge on which the engineers of all 
nations can build, for what they build can hasten 
the prosperity so greatly desired by so many. 

For its part Canada will present to the Conference 
the knowledge gained from the experience and 
studies that have enabled Canadian companies to 
embark with confidence on the construction of giant 
nuclear-electric power stations to be built and 
operated under normal commercial conditions. 

We hope that we will be able to measure up to 
the challenge issued by the late Dag Hammarskjold, 
when he described the gathering nine years ago in 
Geneva as the conference of master builders of 
nuclear science and nuclear engineering. 

MESSAGE DU GENERAL CHARLES DE GAULLE, 

PRESIDENT DE LA REPUBLIQUE FRAN<;AISE 

La fission de l'atome, desormais exploitee a 
l'echelle industrielle, peut contribuer de plus en plus 
au progres et au bien des hommes. De la la grande 
importance de la troisieme Conference interna
tionale organisee par les Nations Unies pour l'etude 
de !'utilisation de l'energie atomique a des fins 
pacifiques. La France y participe avec confiance. 

J' adresse a to us les delegues des nations repre
sentees a ces assises internationales de l'energie 
atomique mes vreux les plus sinceres pour le plein 
succes de leurs travaux. 

Translation 

MESSAGE FROM GENERAL CHARLES DE GAULLE, 

PRESIDENT OF THE FRENCH REPUBLIC 

Nuclear fission, which is to be used in future for 
industrial purposes, can contribute increasingly to 
the progress and welfare of mankind. The Third 
International Conference on the Peaceful Uses of 
Atomic Energy, organized by the United Nations, 
is therefore of great importance. France participates 
in the Conference with full confidence. 

I send to the representatives of all the nations 
attending this international gathering for the study 
of atomic energy my sincere wishes for the com
plete success of their work. 

MESSAGE FROM SHRI LAL BAHADUR SHASTRI, 

PRIME MINISTER OF INDIA 

The first conference on the Peaceful Uses of 
Atomic Energy, organized by the United Nations 
in 1955, was the most important and historic scien
tific conference ever held. Never before was such 
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a vast and significant amount of scientific knowledge, 
developed separately by a few nations in the strictest 
secrecy, thrown suddenly open to all for the benefit 
of mankind. This conference engendered great 
optimism about the peaceful uses of atomic energy, 
in particular, for the generation of electrical power. 

The second conference, organized by the United 
Nations in 1958, was even larger, as a result of the 
great impetus given by the first conference to the 
development of atomic energy in many countries. 

The work of the third conference is likely to be 
of immense importance for power development in 
the world. As a result of the vast scientific effort 
put in by many countries, atomic power will be a 
boon to all power and water hung--y areas in the 
world. 

India believes today, as it has always believed, 
that atomic energy should only be used for peaceful 
purposes and for the welfare of humanity and has 
resolved to use it only in this manner as far as its 
own efforts are concerned. I wish the Conference 
great success and hope that it will give a further 
impetus to the peaceful uses of atomic energy for 
the welfare of mankind. 

fl.OCJIAHHE H. C. XPYIIl,EBA, IIPE,!J.CEAATEJIH 
COBETA MHHHCTPOB COI03A COBETCiniX· 
COQHAJIHCTHqECHHX PECDYEJIHH 

Mne JJ.OCTaBJI.ReT 6onhmoe YJI.OBOJihCTBHe oT 
JIMeHH ConeTCRoro npaBHTeJihCTBa u oT ce6n JIU'l
no ropnqo npuneTCTBoBaTh yqacTHUROB TpeTheil 
MemAynapoAHoii: Rontf>epem~uu OOH no Mnpno
My UCnOJih30BaHUIO aTOMHOii ;mepruu. 
~Be npeAhiAY~ne Rontf>epemwn 1955 n 

1958 rr. npoJ~,eMoHcTpnponaJiu namnocTh o6Mena 
H,!J;eHMH, 3HaHH11Mll H onhiTOM Me>K.QY yqeJibiMJI 
H cne~HaJIUCTaMU pa3JIU'lHhiX CTpaH Mnpa B o6-
JlaCTll MHpHoro UCnOJih30BaHHH a TOMHOii :mepruu. 
llpone.Qenue TaRHX RoHtf>epem~uH: cTaJio xopomeii: 
TpaAH~Hei't. 

IloaBOJihTe BhlpaaiiTh naJ).e>KJJ.Y, 'ITO TpeThH llie
nencRan Rontf>epen~un BHeceT HOBhiii 6oJihmoii 
BRJiaJ). B J).eJIO Meli\J~,yHapOJJ.HOrO Hay'IHO-TeXHII'Ie
CROrO COTPYAHH'leCTBa. TaRoe COTPYJI.HH'leCTBO 
TeM 6oJiee He06XOJI.HMO, 'ITO IDHpllTCH tf>poHT IIC
IIOJih30BaHH11 aTOMHOii ::meprnH, ROTOpoe CTaJIO 
B03MO>KHhiM H npaRTH'leCRH ~eJieCoo6pa3HhiM BO 
MHornx oTpacnnx aRonoMIIRH n nayRn. AToMnan 
aneprun AOJI>KHa naii:Tu mupoRoe npnMeHeHue B 
CaMhiX pa3JIH'lHhiX 06JiaCTHX - B npOMhiiDJil'HIIO
CTH, CeJibCKOM X0311HCTBe, Ha TpaHCUOpTe, B MeJ~,H
~HIIe. Oco6enno nepcneRTHBHhiM B 6numaiimue 
rOJ).hi CTaHeT HCnOJih30BRHHe 'IYJJ.OlJ;eii:cTBeiiHbiX 
CBOHCTB HJ).epHoro ropiO'Iero B IIpOH3BOJI.CTBe 3JieR
Tp03HeprHH, a TaRi.l\e B CTpOHTeJibCTBe aTOMHhiX 
CYJJ.OB Tuna JieJ).oKoJia «Jlennn>>. AToMnan ::mep
,run upuanana pemHTh cpeJJ.H MHorux JJ.pyrux npo-
6JieM H upo6JieMy HeXBaTRU upeCHOM BOJ).hi, KOTO
paH cerOlJ;HH CTOHT uepel!; MHOrlfMlf CTpaHaMH, B 

TOM 'IIICJie If uepeJ). pa3BIIThllllll npoMhlillJieHHhiMII 
rocyJ~,a pcTBaMu. 

B ConeTcKoM Coroae npoBOJI.HTcn 6onLmne pa-
6oThl no MHpHOMY liCnOJih30BaHIIIO aTOMHOM ::mep
rHH. ConeTcKne y'leHhie na rop;a B roll; pacmupniOT 
COTPYl!;HU'leCTBO c yqenhiMn APYrHx CTpaH. Mhl 
npHBeTCTByeM TaKoe COTPYJJ.HU'IeCTBO n 6yp;eM 
nceMepno paaBnBaTh ero J).aJihme. 

fonopn o pacmHpemm o6nacTeii n MacmTa6on 
HCnOJih30BaHH11 aTOMIIOii: :meprnu B MHpHbiX ~e
JIHX, Mhi He Mo>KeM aaKphiBaTb rJia3a Ha TO, 'ITO 
MemaeT aToMy. BoeHHhiii: aToM npennTCTByeT non
HoKpoBHoMy paaBHTHIO aToMa MHpHoro. BoT no
'IeMy Damno pememw npo6JieMhi nceo6~ero H 
llOJIHOrO paaopymeHHH H OTKa3 OT JII06biX maroB, 
IWTOphle BeJIII 6hi K pacnOJI3aiiiiiO HJ).epiiOrO opy
;J<IfH no nameii nnaHeTe. 

BhlcTynan aa cKopeii:rnee pernenHe npo6JieMhl 
nceo6~ero H nonnom paaopymenHn, ConeTCKHii 
Coroa JJ.06HnaeTcn, 'ITo6hi aTOMHan :meprHH HC
noJih30BaJiaCh IICI\JIIO'lHTeJibHO B ~eJIHX J).aJihHeii:
IJlero TexHH'lecR<,ro rrporpecca n IIOJJ.'heMa 6naro
cocToHHIIH BCeX HapOJJ.OB H CTpaH. 

llienaro yqeJihiM u cne~uaJIHCTaM, co6panmnM
cn na TpeTLIO llienencKyiO Kontf>epen~nro, 6oJib
mHx ycnexon B pa6oTe. 

Translation 

MESSAGE FROM MR. N. S. KHRUSHCHEV, CHAIRMAN 

OF THE COUNCIL OF MINISTERS OF THE UNION 

OF SOVIET SOCIALIST REPUBLICS 

It gives me great pleasure, on behalf of the Soviet 
Government and on my own behalf, to send warm 
greetings to the participants in the Third Inter
national Conference on the Peaceful Uses of Atomic 
Energy. 

The two preceding conferences, held in 1955 and 
1958, have shown the importance of an exchange 
of ideas, knowledge and experience with regard to 
the peaceful uses of atomic energy among scientists 
and experts from the various countries of the world. 
The convening of such conferences has become a 
praiseworthy tradition. 

I should like to express the hope that the third 
Geneva conference will make a new and con
siderable contribution to the cause of international 
scientific and technical co-operation. Such co-opera
tion has been made particularly necessary by the 
widening of the scope of the utilization of atomic 
energy which has become possible and practically 
feasible in many branches of economy and science. 
Atomic energy is destined for extensive use in a 
wide variety of sectors-in industry, agriculture, 
transport and medicine. Particularly favourable 
prospects are offered in the near future for the 
utilization of the miraculous properties of nuclear 
fuel in electric power production and in the con
struction of atomic vessels of the type of the ice
breaker Lenin. Among the many other problems 
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that can be solved by atomic energy, there is the 
problem of the shortage of fresh water, which con
fronts many countries, including developed indus
trialized States. 

The Soviet Union is conducting extensive work 
on the peaceful uses of atomic energy. Soviet scien
tists are annually expanding their co-operation with 
the scientists of other countries. We welcome this 
co-operation and intend to develop it further in 
every possible way. 

In speaking of the expansion of the sectors and 
scope of the peaceful uses of atomic energy, we 
cannot ignore the factors hampering this expansion. 
The military uses of the atom represent an obstacle 
to the full development of its peaceful uses. Hence 
the importance of solving the problem of general 
and complete disarmament and refraining from any 
measures which might lead to the dissemination of 
nuclear weapons on our planet. 

In championing the rapid solution of the problem 
of general and complete disarmament, the Soviet 
Union is endeavouring to ensure that atomic energy 
should be used exclusively for further technical 
progress and for promoting the well-being of all 
peoples and nations. 

I wish the scientists and experts attending the 
third Geneva conference the greatest success in 
their work. 
Kremlin, Moscow, 31 August 1964 (transmitted by 

telegram) 

MESSAGE FROM THE RT. HoN. SIR ALEC DOUGLAS

HOME, PRIME MINISTER OF THE UNITED KINGDOM 

It gives me great pleasure to send the warm 
greetings and good wishes of Her Majesty's Govern
ment in the United Kingdom to the Third Geneva 
Conference on the Peaceful Uses of Atomic 
Energy. 

The theme of the Conference is progress in 
nuclear power. This is particularly appropriate at 
a time when scientists and engineers in the leading 
countries have built up an industry equipped to 
utilise economically the tremendous forces of the 
atom, in competition with older forms of power 
generation. 

The enthusiasm which greeted the conclusion of 
the nuclear test ban treat} a year ago showed how 
widespread is the desire to avoid the horrors of a 
nuclear war. Her Majesty's Government hope that 
the Conference will, like its predecessors, effectively 
demonstrate that scientists of all nations can co
operate to share their knowledge of the peaceful 
uses of nuclear energy for the advantage of all. 

MEssAGE FROM THE HoN. LYNDON B. JoHNSON, 

PRESIDENT OF THE UNITED STATES OF AMERICA 

I would like to extend my best wishes to all the 
delegates at this Third International Conference on 

the Peaceful Uses of Atomic Energy. A great 
challenge confronts you. You can hasten the 
day when the atom will be harnessed to hard 
labour for man's welfare. You can reduce the 
risk that the atom will be used for man's 
destruction. 

We stand at the threshold of the age of nuclear 
power. But whether nuclear power will meet our 
needs tomorrow depends on our work and our 
wisdom today. 

In the United States we have been working and 
learning. We have now learned how to build large
scale reactors whose electric power will be econo
mically competitive in many parts of our country 
and the world. Our utility companies now aim 
to build or purchase reactors producing elec
tricity at between four and six mills per kilowatt
hour. 

This achievement has come from fifteen years of 
concentrated research and development. The US 
Government has spent more than 1.6 billion dollars 
on this effort. American private enterprise has spent 
an additional half billion dollars. 

These expenditures are an investment by our 
people in the future of all mankind. Through our 
Government and through private enterprise, we are 
prepared to use this vast new technology to help 
other countries to meet their energy needs. 

At present, the large-scale reactor offers the best 
hope of economic production of electricity. Not 
every country and not every community can use 
this large size. But our rapid rate of progress should 
soon lead to economic production in smaller 
reactors too. 

A further application of nuclear energy will be 
large-scale desalting of water. The time is coming 
when a single desalting plant, powered by nuclear 
energy, will produce hundreds of millions of gallons 
of fresh water-and large amounts of electricity
every day. 

Our Government is proceeding with an aggressive 
program of nuclear desalting. What we learn in this 
program will be shared with other nations. Already 
we have begun cooperative exchanges with Mexico, 
with Israel, and with the Soviet Union. Today 
I invite all of you to join with us in this 
enterprise. 

As we move ahead, we look to the International 
Atomic Energy Agency to play an ever larger role 
in these peaceful efforts. Already it has set standards 
for the care and keeping of nuclear materials. This 
achievement has raised our hopes for a workable 
system of world law on nuclear energy. 

For almost twenty years, we have known the 
atom's terror as a weapon of war. Today, we begin 
to know its hope as a powerhouse of peace. Today, 
at last, we have good reason for belief that the 
atom can be made the servant, not the scourge, of 
mankind. 
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Messages from Heads of State or Government of other 
countries 

MESSAGE FROM MR. LUDWIG ERHARD, CHANCELLOR 
OF THE FEDERAL REPUBLIC OF GERMANY 

The United Nations are holding the Third Inter
national Conference on the Peaceful Uses of Atomic 
Energy at a significant time. The efforts of science 
and technology have led to the threshold of the 
economical use of this source of energy. The Con
ference will be focused on the development of 
power reactors, and scientists and engineers from 
all over the world will again be communicating 
their knowledge to each other and exchanging views 
on the best way to achieve further progress. The 
Federal Republic of Germany, too, will co-operate 
as best it can towards the realization of this objec
tive. May also this Third International Conference 
on the Peaceful Uses of Atomic Energy emit a 
strong impulse for international co-operation, for 
the solution of scientific and technological problems, 
and thereby for the prosperity and peace of 
nations. 

MESSAGE FROM FIELD MARSHAL MOHAMMED 
AYUB KHAN, N.Pk., H.J., PRESIDENT OF PAKISTAN 

Never before and not since has a scientific dis
covery so profoundly affected the course of human 
history and international relationship as the dis
covery of atomic energy. Its potential for the pro
motion of human welfare is immense. Its power to 
destroy mankind and civilization is equally great. 
To balance its use is one of the key problems of 
our age. It is tragic that nations which pioneered 
the discovery of atomic energy and development of 
nuclear technology have ploughed their resources 
of men and money on a massive scale to build a 
huge stockpile of atomic bombs and weapons. What 
is more tragic is the fact that countries which are 
now acquiring or which have since acquired the 
know-how, think of diverting the fissionable ma
terials for military purposes. Let us hope that sanity 
will dawn upon us all and there will be not only 
international agreement to ban the testing of nuclear 
weapons but an agreement not to produce them 
at all. 

As time goes on, the benefits of peaceful uses of 
atomic energy will be reaped by an ever-growing 
number of nations and nuclear power reactors will 
become as common as thermal stations fired by coal, 
oil or gas. It is, therefore, of utmost importance to 
bring all such reactors under a workable system of 
safeguards, international inspection and control. 

It is heartening to note that the United Nations 
attach the highest importance to exchange of 
information on the development of peaceful uses 
of atomic energy and periodically bring leading 
scientists and experts from different parts of the 
world together to review the progress made. I am 

sure that the scope of the application of radio
isotopes and radiation sources in the fields of agri
culture, medicine and industry will receive a great 
impetus as a result of this Conference. I wish it 
every success. 

MESSAGE ADRESSE PAR M. HABIB BOURGUIBA, 
PRESIDENT DE LA REPUBLIQUE TUNISIENNE 

Nous adressons nos chaleureuses salutations a 
tous les savants et techniciens reunis a !'occasion 
de Ia troisieme Conference internationale sur !'uti
lisation de l'energie atomique a des fins pacifiques. 
Dans l'intervalle de neuf ans, trois conferences de 
cette nature se sont tenues. Nous accordons la plus 
grande attention a vos travaux, dont les resultats 
contribueront a l'avenement de l'energie atomique 
dans les pays en voie de developpement. Un des 
sujets que vous etudierez preoccupe tout particu
lierement Ia Tunisie. II s'agit de la desalinisation de 
l'eau de mer par l'energie atomique. 

La Tunisie a fait des etudes assez avancees dans 
ce domaine. Il resulte des calculs effectues que dans 
certaines regions de la Tunisie l'energie atomique 
peut economiquement produire de l'electricite et de 
l'eau douce qui contribueront a leur developpement 
economique et social. La collaboration internationale 
dans ce domaine est de nature a concretiser de tels 
projets. Nous adressons tous nos vreux de pleins 
succes a vos travaux en formulant le souhait le plus 
ardent pour que vos discussions puissent aboutir a 
des conclusions fructueuses, realisant ainsi les 
objectifs de cette importante conference. 

Translation 

MESSAGE FROM MR. HABIB BOURGUIBA, PRESIDENT 
OF THE REPUBLIC OF TUNISIA 

We send our warmest greetings to all scientists 
and experts meeting on the occasion of the Third 
International Conference on the Peaceful Uses of 
Atomic Energy. This is the third conference in 
nine years. We shall follow your work with the 
greatest interest, for it will help to bring atomic 
energy to the developing countries. One of the sub
jects that you will be studying-the desalination of 
sea-water by atomic energy-is of special importance 
to Tunisia, which has made some advanced studies 
in that field. The surveys show that in certain areas 
of Tunisia electricity and fresh water can be cheaply 
produced by atomic energy thus contributing to the 
economic and social development of those regions. 
International co-operation in this sphere would give 
practical effect to such projects. 

We send our wishes for the complete success of 
your work and express the fervent hope that your 
discussions may lead to useful conclusions and 
fully achieve the purposes of this important Con
ference. 
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MESSAGE FROM PRESIDENT GAMAL ABDEL NASSER, 
PRESIDENT OF THE UNITED ARAB REPUBLIC 

On the occasion of the meeting of the Third 
International Conference on the Peaceful Uses of 
Atomic Energy I wish to convey my greetings and 
sincere sentiments to all the scientists participating 
in this Conference, on which the whole world is 
focusing its attention. 

In the domain of science, the UAR has always 
sought the great promise of a better tomorrow for 
its people among all the peoples of the world. What 
mankind anticipates is not merely the provision of 
the necessities to sustain life but rather the realiza
tion of what can be truly termed an "age of plenty 
and abundance". To this end we are always ready 
to bear our full share of the responsibility in co
operation with all scientists of all nations, and to 
the limit of our capacity. 

This basic concept of the "internationalization of 
science" which underlies the whole of our thoughts 
and actions, derives from our firm belief and deep 
conviction that science owes its obligations equally 

to each and every member of the family of man 
regardless of race, colour or creed. 

There is no doubt in my mind that the vast poten
tialities inherent in atomic energy, when entirely 
directed towards peaceful ends, would furnish un
limited opportunities for the constructive co-opera
tion of the scientists of the world to be manifested 
in achievements surpassing our farthest dreams. 

The Moscow treaty for the limited banning of 
nuclear tests concluded last year, and which the 
UAR was one of the first nations to ratify, has 
revived the hope in their complete banning. This 
is our goal and we shall spare no effort until all 
forms of nuclear weapons are totally abolished. 

Only then will humanity witness the full scale 
miracles that atomic energy can do, and also then 
will atomic energy on earth be synonymous with 
prosperity, and in the truest sense. 

May I, on behalf of the people and the Govern
ment of the UAR, thank you for your continuous 
and generous contributions to the cause of humanity, 
and wish you all success. 
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World energy requirements and the economics of nuclear power 
with special reference to underdeveloped countries 

By H. J. Bhabha and M. Dayal 

The energy resources and energy requirements of 
the world were reviewed in the 19 55 and 19 58 
Geneva Conferences on the Peaceful Uses of Atomic 
Energy and separate attention was also devoted to 
the needs of atomic energy in the underdeveloped 
areas [ 1] . This paper brings these reviews up to date 
and studies likely demands for nuclear power in 
relation to present economics. Special attention is 
again devoted to the energy resources and require
ments of the underdeveloped areas, and their need 
for atomic energy. The same approach is followed 
as in the previous work, namely, to consider the 
population and energy resources of certain large 
regions into which the world can be divided naturally, 
either for geographical or for other pertinent reasons. 

To estimate the energy demand and supply posi
tion on a global basis, it is convenient to divide the 
world into nine regions as follows [ 2] : 

(a) North America, comprising essentially the 
United States and Canada; 

(b) Latin America including Mexico and coun-
tries south of it; 

(c) Western and Eastern Europe; 
(d) USSR; 
(e) Africa excluding Egypt; 
(f) The Middle East, including Iran, Turkey, 

Egypt and other Arab countries; 
(g) South Asia and the Far East (SAFE), in

cluding all countries of Asia excepting the Middle 
East and China; 

(h) China; 
(i) Oceania, consisting of Australasia and the 

Pacific Ocean islands. 
Some of the latest United Nations statistics [ 3], 

on the population in these areas, the installed elec
trical capacity, electricity production and total energy 
consumption from commercial sources as well as the 
per capita value for each of these three items, are 
given in Table 1. The annual energy consumption 
per capita for North America is about 8 tons of 
coal equivalent, and that for Europe, Oceania and 
the USSR is about 3 tons. In general these areas 
contain the industrially advanced countries of the 
world. On the other hand, Latin America, Africa, 
SAFE, the Middle East and China, which comprise 
areas that may be termed underdeveloped, have a 
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per capita consumption of less than 0. 7 ton coal 
equivalent per annum. The table also shows the 
c.orrelation between electricity production and total 
energy consumption. The underdeveloped regions of 
the world contain the bulk of the world's population, 
i.e., 2 200 million out of a total of 3 069 million, 
or 71.8%, but consume only 20.6% of the energy 
and produce only 14.8% of the world's electricity. 

GROWTH OF DEMAND 

There can be no certainty in the projection of 
future demands, but orders of magnitude can be 
arrived at based on general considerations. The total 
consumption of commercial sources of energy in the 
world was over 4 200 million tons of coal equivalent 
in 1960. Table 2 indicates the manner in which the 
consumption of energy has increased in the various 
areas of the world during the period 1957 to 1960. 
World consumption increased on average at about 
6% per annum in this period, while it rose in the 
underdeveloped areas of SAFE and the Middle East 
at about 8 to 9% per annum, i.e., considerably 
faster than the world average. Energy consumption 
in Africa increased at about 3% per annum only, 
but with the changing economic conditions this rate 
may go up. As the total energy consumption of the 
underdeveloped areas becomes greater, their higher 
growth rate will push up the world average rate 
of rise of demand. Another factor of great impor
tance is the rapid growth in population, the impact 
of which is most pronounced in the underdeveloped 
areas of the world, which contain over 70% of the 
world's population. Thus the average rate of increase 
in total energy consumption for the world as a whole 
is not likely to fall below 5% for many years and 
may indeed be higher. On the assumption of a 5% 
per annum increase, the total consumption of com
mercial sources of energy in the world, which was 
4 200 million tons per annum in 1960, will rise 
to about 30 000 million tons per annum in the 
year 2000. 

The world demand in the year 2000 can also be 
estimated by assessing the growth in demand for 
each region. Table 3 indicates the position based on 
present trends according to UN statistics for both 
population increase and increase in consumption 
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per capita*· According t6 this, the demand from 
the developed regions of the world will be about 
13 500 million tons by the year 2000. This agrees 
closely with other estimates arrived at from more 
detailed considerations [ 4] [ 5]. 

At the rate of increase which prevailed between 
1957 and 1960, the energy consumption per capita 
of the underdeveloped regions in the year 2000 
will be about 3 tons per annum or more on the 
average. Multiplying this by the expected population 
at that time, the total demand in these regions will 
be about 16 000 million tons, thus bringing the 
total world demand to about 30 000 million tons 
which checks with the overall estimates given above. 
Other estimates have placed the consumption of the 
underdeveloped regions at about 8 000 million tons 
with a per capita annual consumption of only 1.5 
tons by 2000 A.D. [4] rs]. When we consider that 
the value for per capita consumption in Europe 
today is about 3 tons (see Table 1), it becomes clear 
that for the underdeveloped countries we should at 
least aim to arrive at such a target by the year 2000, 
particularly since this will be achieved by following 
or slightly increasing the present rates of growth in 
these areas. It should also be pointed out that now 
much of the energy consumption in the under
developed regions comes from non-commercial 
sources such as bagasse, dung, wood, etc., the pro
portion for India in 1960 being over 60%. As 
development proceeds, the swing will be more 
towards commercial sources and the demand for 
such sources will increase sharply. 

WORLD ENERGY RESOURCES 

Hydro-power 

It has been estimated that, if all the sites of the 
world which have been surveyed are utilized, it will 
be possible to generate 5 million million kWh of 
electricity per annum [ 6] . This potential is equi
valent to roughly 625 million tons of coal equivalent 
per annum-based on the conversion factor used 
for the UN statistics-which is a small portion of 
the present total world energy consumption and 
less than 3% of the likely consumption 30 to 40 
years hence. The economically exploitable hydro
resources will be even less. The total water power 
resources cannot therefore make a substantial con
tribution to the overall long-term energy picture. 

Fossil fuel 

Perhaps the most authoritative recent estimation 
of fossil fuel reserves is that by the World Power 
Conference Survey of Energy Resources [ 6]. Ac
cording to this, the total reserves of fossil fuel in 
the world that could be recovered economically are 

* The total world population of 6 600 million in the 
year 2000, arrived at in the Table 3 projection, agrees 
with most other projections. 
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about 3 7S million million tons of coal equivalent. 
If the rate of world consumption continues to rise 
beyond 2000 A.D., also at 5% per annum, these 
resources would be exhausted in about 75 years. 
Even if the rate of growth tends to slow down some
what, it is clear that all the economically exploitable 
resources would be exhausted within a limited, fore
seeable time. The figure of 3 7S million million tons 
of economically exploitable reserves is based on the 
assumption that one third of all the estimated 
resources including indicated and inferred reserves 
could be recovered economically. The World Power 
Conference survey points out that the measured 
reserves are considerably less and, assuming that 
half can be recovered economically, the total amount 
available will be about 400 000 million tons. If in 
fact this turns out to be correct, the fossil fuel 
reserves that are economically recoverable will be 
exhausted in about 30 years. 

Nuclear energy 

Nuclear energy has been developed and now can 
supply power in several areas of the world more 
economically than conventional sources, and since 
the latter cannot meet total world demands an 
increasing contribution will be called for from 
nuclear energy. Even if it contributes electric power 
equivalent to 1 000 million tons of coal in the year 
2000, i.e., less than 5% of the total, it will require 
the generation of 8 X I 012 kWh and an installed 
capacity of the order of 1 600 million kW, that is 
2.8 times the present installed capacity in the world. 
In fact, in the USA alone a nuclear capacity of 
734 000 MW and electricity generation of 4.5 X 
1012 kWh will be required in 2000 A.D. [7]. If the 
same relation exists between world figures and US 
figures in the year 2000, as in 1961, world require
ments will be of the order of 2 160 million kW 
nuclear capacity and 12.6 X 1012 kWh of electricity 
generation. 

Another general factor which will increase the 
utilisation of nuclear energy is the insensitiveness of 
nuclear fuel costs to the effect of transportation. 
Over the past three decades, the relative importance 
of solid and liquid fuels has changed markedly, the 
latter's share of the total world consumption in
creasing from about 15% in 1929 to about 31% 
in 1960. The proportion of solid fuels declined from 
80% to about 52%. Mainly this swing occurs 
because oil can be transported over long distances 
more cheaply than coal [ 4]. This factor applies 
even more to nuclear fuel, since the cost of trans
portation is an extremely small fraction of total fuel 
costs in nuclear power stations. 

REGIONAL DISTRIBUTION OF ENERGY RESOURCES 

Table 4 gives the total reserves of conventional 
resources, both measured and inferred, for different 
regions of the world [ 5]. A striking fact is that the 
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Table 1. Total and per capita installed capacity, electricity production and consumption of commercial energy 
in various regions of the world in 1961 a 

Commercial energy Commercial 
consumption energy 

Population Total Total 
consumption 

Total Installed Electricity per 
installed electricity (10' tons % capacity production capita 

%of capac tty production coal equi- world per cap~ta per capita (tons coal 
Region Millions total 106 kW 10• kWh valent") total kW kWh equivalent) 

North America 204 6.64 236 992 981 1 581 36.55 1.16 4 870 7.824 
Oceania . . ... ' ..... 17 0.56 8.5 34 765 47.8 1.105 0.5 2 050 3.024 
Western and 

Eastern Europe .. .. 430 14.01 186 734 313 1171.36 27.04 0.431 1705 2.72 
USSR .............. 218 7.1 74.1 327 611 636.84 14.72 0.34 1 501 2.921 
Latin America . 218 7.1 19.42 73 360 148.25 3.42 0.0894 337 0.679 
Africa .. . . 196 6.38 8.77 37 512 61.2 1.41 0.0447 191 0.310 
SAFE ...... . . . 942 30.67 34.4 183 113 237 5.47 0.0365 194 0.262 
Middle East . . . . . .. 146 4.76 3.522 12 537 38.27 0.885 0.0242 86.0 0.272 
China ... . . . . . . . . . . 698 c 22.78 58 500 tl 407.31 9.4 84 0.528 

World 3 069 100.00 570.712 2 454 692 4 328.42 100.00 0.186 800 1.40 

NOTE. - The convers10n factor for electricity does not make any allowance for thermodynamic efficiency in the conversion of heat to 
electricity. 

a Source: UN Statistical Yearbook, 1962. 
h The conversion factors have been taken, according to present UN practice, as· 1 tonne of brown coal and lignite = 0.5 tonne of coal; 

1 tonne of peat = 0.445 tonne of coal; 1 000 m• of natural gas ~ 1.33 tonne of coal; 8 000 kWh = 1 tonne of coal; 1 tonne crude petroleum 
and shale oil = 1.3 tonnes coal. 

c Semi official estimate. 
d 1960. 

Table 2. Growth of energy consumption a 

Total consumption of commercial sources in million tons coal equivalent 

Annual % increase 
between 1957 

Region 1957 1958 1959 1960 and 1960 

North America 1 428.06 1 424.32 1 486.09 1 549.31 2.8 
Oceania 39.26 40.65 42.98 45.62 5.2 
Western and Eastern Europe 1 043.99 1 033.67 1 048.75 1 134.14 2.8 
USSR 514.40 550.55 583.74 610.61 5.8 
Latin America 116.00 122.46 129.85 139.37 6.3 
Africa 54.33 56.86 57.52 59.35 3 
SAFE 169.75 169.79 185.68 213.51 8 
Middle East 28.75 30.32 33.27 36.91 8.7 
Chinab 141.36 286.20 369.64 446.83 46.8 

World. 3 535.90 3 714.82 3 937.52 4 235.65 6.25 

a Source: UN Statistical Yearbook, 1961. 
b The figures for China are subject to verification. 

Table 3. Projection of energy consumption in 2000 A.D. 

Per capita 
consumption of 

energy in Population in 
2000 A.D. at 2000 A.D. at 
pre~ent rate of present rate Total energy consumption 

1ncrease of increase in 2000 A.D. 
Region (tons coal equivalent) JO• (106 tons coal equivalent) 

North America 11.62 407 4 740 
Eastern and Western 

Europe 5.81 609 3 540 
USSR 14.4 332 4 780 
Oceania 9.18 55.6 511 13 571 
Latin America 

} 
541.9 

} Africa 530.0 
SAFE 3.0 2 140 15 626.7 
Middle East 312 
China 1 685 

World 4.42 6 612.5 29 197.7 
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Table 4. Absolute and per capita reserves of coal, brown coal, lignite, peat, petroleum, shale oil, natural gas 
and water power a 

Fuel quantities in million tons of coal equivalent 

Water power 

Total solid, Population in Per capita 
Per cap£ta/yr 

Total solid Total liquid Total gaseous liquid and 2000 A.D. (tons coal Tons coal 
Country or region fuel fuel b fuel gaseous fuel (millions) equivalent) 106 MWh/yr MWh equivalent 

North America .... 1 380 720 285 000 50 000 1 715 720 407 4 200 999.30 2.45 0.306 
Oceania .......... 62 036 42 4 62 082 55.6 1 120 29.24 0.526 0.066 
Western and 

Eastern Europe .. 618 213 1 760 488 620 461 609 1020 601.05 0.99 0.124 
USSR .. . . . . . . . . 5 375 265 4 290 31 550 5 411 105 332 16 300 2 100.00 6.3 0.79 
Latin America 20916 7 600 2 330 30 846 541.9 56.8 453.60 0.839 0.105 
Africa . . . . ...... 75 9@6 1740 660 78 306 530 148 450.62 0.850 0.106 
SAFE ..... . . . . . 82 046 1 660 1 620 85 326 2140 40 476.01 0.223 0.028 
Middle East ...... 1 739 30 600 950 33 289 312 106 61.33 0.196 0.024 
China .......... 1 011 350 91 1 011 441 1 685 600 

World 8 628 191 332 783 87 602 9 048 576 6 612.5 1 363 5171.15 0.78 0.098 

NoTE.- UN conversion factors have been used (as given in Table 1) for converting to coal equivalents. 
a Source: World Power Conference Survey of Energy Resources 1962. 
b There may be additional amounts of shale oil in various countries which have not been estimated or reported to the World Power 

Conference. 

underdeveloped areas are also those which possess 
the least resources per capita of conventional energy. 
With a consumption of 3 tons coal equivalent per 
capita and the estimated population which will be 
reached by the turn of the century, the entire con
ventional fuel resources of Latin America would be 
exhausted in about 19 years, of the Middle East in 
35 years, of SAFE in 13 years, and of Africa in 
49 years. The economically recoverable reserves 
would be much less. The table shows that the water 
power resources of the underdeveloped regions are 
insignificant compared with other reserves, and 
cannot, by themselves, provide for the energy needs 
of the regions even to-day. Also if energy has to be 
imported it is cheaper to do this as nuclear rather 
than as conventional fuels. It is clear, therefore, that 
the underdeveloped areas will have to turn to nuclear 
power to develop and maintain standards of living 
comparable with those in the industrially advanced 
countries today. 

Table 4 also shows that the area which is worst 
served with conventional resources is SAFE. This 
region with a present population of over 940 million 
will therefore require to use nuclear energy at the 
earliest date. Even at the present increase in the 
rate of energy consumption, the cumulative con
sumption between now and the year 2000 will be 
61 500 million tons, which amounts to 72.5% of 
the entire fossil fuel reserves of this region, and 
means that probably all the economically exploitable 
reserves will be exhausted before the turn of the 
century. For this region, therefore, one can foresee 
that within the next three decades a situation will 
arise when all additional power capacity may well 
have to be from nuclear power stations. 

Of the population of 940 million in the SAFE 
region, Japan, which is already an industrialised 

country, accounts for 95 million. Of the balance, 
India alone accounts for about 450 million, i.e., 
more than half. We shall, therefore, discuss India's 
energy requirements in greater detail. 

INDIA'S POWER REQUIREMENTS 

At the present rate of growth, India's population 
will reach something of the order of 700 million by 
1986. The hydro-power potential in the country is 
only about 225 000 million kWh, which for a 
population of 700 million would amount to 325 kWh 
per capita or 0.04 tons of coal equivalent per capita. 
This potential cannot, therefore, make any appre
ciable impact on the long term energy requirements. 
As regards oil, India has to import large quantities 
even today, and any increase for power production 
purposes is not desirable because of the difficult 
foreign exchange situation. India's largest resource is 
coal, but this too will be inadequate to support the 
development needed to achieve and sustain the levels 
that prevail today in the industrially advanced coun
tries [ 8] t1 0) . It is accepted, therefore, that nuclear 
energy must play a part in the future. 

Nuclear power is immediately attractive in certain 
areas of the country because coal resources are 
concentrated only in certain regions. Figure 1 shows 
the distribution of coal reserves. For several areas 
such as the west coast, southern and northern 
regions, coal has to be hauled from collieries over 
distances of 500 to 1 400 miles. This increases the 
price of coal and also puts a heavy load on the 
transportation system, which is already burdened 
with the needs of a rapidly developing economy [8]. 
The problem is further accentuated by the acute 
shortage of better grades of coal which are required 
for steel and other industries, leaving only the poorer 
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grades (calorific value 9 000 Btu/lb or less) for 
power purposes. The railway budget for 1964 has 
introduced another increase in the freight rates for 
coal. Coal prices, effective from 1st April 1964, 
for power generation in areas far from coalfields are 
given in Table 5. They range from about Rs.2.4 to 
Rs.4.5 (51 to 94 US cents) per million Btu, and the 
fuelling cost ranges from 2.4 nP (5 mills) to about 
9 nP (19 mills) per kWh. In comparison, the fuelling 
cost for nuclear power stations of the CANDU type 
now being set up in Rajasthan will be about 0.65 nP 

(1.36 mills) per kWh. The minimum cost of power 
from a thermal station using coal delivered to these 
areas from the nearest collieries therefore works out 
as indicated in Table 6. 

Pit-head generation plus EHV transmission 

Recently attention has also been given to the 
possibility of supplying power to regions remote 
from coalfields by having pit-head stations and using 
high voltage transmission. In working out the cost 
of power delivered by such means, we have to take 

Table 5. Cost of conventional fuels in certain regions of India 

Cost per million Btu Fuelling cost per kWh 
sent out (net efficiency 35%) 

1. Bengal-Bihar coal ex-colliery 
2. M.P. coal ex-colliery 
3. Singareni coal ex-colliery 
4. M.P. coal at Bombay transported by rail 
5. Bengal-Bihar coal at Bombay transported by 

rail 
6. Bengal-Bihar coal at Bombay transported by 

rail-cum-sea route 
7. Singareni coal at Madras transported by rail 
8. Bengal-Bihar coal at South Indian ports 

transported by rail-cum-sea route 
9. Bengal-Bihar coal at Delhi transported by 

rail 
10. M.P. coal at Delhi transported by rail 
11. M.P. coal at Kotah transported by rail . 
12. Bengal-Bihar coal at Kotah transported by 

rail 
13. Furnace oil in Bombay area without duty 
14. Furnace oil in Bombay area with duty 

Cost 
Rs/ton 

20.14 
23.58 
29.73 
56.59 

62.96 

88.66 
52.30 

77.11 

53.22 
52.56 

48.23 
56.47 
80-90 

140-150 

Rs 

1.02 
1.19 
1.5 
2.86 

3.18 

4.47 
2.64 

3.9 

2.69 
2.66 

2.44 
2.85 
2.03 to 2.27 
3.55 to 3.8 

us 
cents 

21.4 
25.0 
31.5 
60.1 

66.7 

94.0 
55.5 

81.9 

56.5 
55.9 

51.2 
59.9 
42.5 to 47.6 
74.5 to 79.5 

ni' 

0.99 
1.16 
1.46 
2.79 

3.10 

4.36 
2.58 

3.8 

2.62 
2.59 

2.38 
2.78 
1.97 to 2.22 
3.44 to 3.69 

mills 

2.08 
2.44 
3.06 
5.86 

6.51 

9.05 
5.42 

7.97 

5.5 
5.44 

5.0 
5.84 
4.13 to 4.66 
7.21 to 7.75 

NoTE.- Conversion factor of Rs.1 = 21 US cents is assumed; Items 1-12 refer to grade III A coal of calonfic value 9 000 Btu 
per lb.; items 13-14 refer to furnace oil of calorific value 18 000 Btu per lb. 

Table 6. Cost of power from coal burning station in Bombay-Gujarat, Madras and 
Delhi-Punjab-Rajasthan regions a 

Cost of power nP /kWh b 

Interest rate 5% Interest rate 10% 

Capital charges 0.97 0.97 0.97 1.51 1.51 1.51 

Fuelling costs: 
(a) Minimum in Bombay-Gujarat 2.79 2.79 
(b) Minimum in Madras 
(c) Minimum in Delhi . 

Operation and maintenance 

Interest during construction c 

a Assumpttons made are: Capital cost 
Life 
Load factor 

0.20 

3.96 

0.09 

4.05 

Net thermal efficiency 
Calorific value of coal 

2.58 

0.20 

3.75 

0.09 

3.84 

2.58 
2.59 

0.20 0.20 0.20 

3.76 4.50 4.29 

0.09 0.27 0.27 

3.85 4.77 4.56 

Rs 900/kW* sent out ($189/kW) 
25 years 
75% 
35% 
9 000 Btu/lb 

2.59 

0.20 

4.30 

0.27 

4.57 

• Even if this is reduced to Rs 800/kW, the reduction in power 
costs will be about 0.12 nP/kWh for 5% interest and 0.2 nP/kWh 
for 10o/0 interest. 

b To convert from nP to mtlls multiply by 2.1. 
c 9% of capital charges for 5% mter~st rate and 18% of capital charges for 10% interest rate. 
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into account costs of generation at the pit-head, of 
the transmission losses and the additional installed 
capacity required to meet these losses, and the costs 
involved in installing and operating the transmission 
system terminal equipment, etc. 

The cost of power per kWh delivered in this 
manner at Madras, Bombay, Delhi and Rajasthan 
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Oil-fired station 

Table 8 gives the cost of power from an oil-fired 
station located near a port. For a location inland 
such as Rajasthan, costs will be much higher. 

Nuclear power 

has been estimated, based on a careful assessment Tables 9 and 10 give the cost of power from 
of the general design of the lines and of the terminal nuclear power stations of 400 MW (2 X 200 MW) 
equipment required at each end for satisfactory capacity which are actually being set up now in the 
transmission. The results for the minimum trans- Bombay-Gujarat and Rajasthan regions respectively. 
mission distance involved in any of the cases con- The relative costs of power have been summarised 
cerned are given in Table 7. The capital investment in Table 11. At the prevailing interest rate for public 
in the pit-he~d station plus transmission facilities plants, which is less than 5%, nuclear power is 
for delivering 400 MW to the areas examined considerably cheaper than all the conventional alter-
amounts to about Rs.1 350/kW. While it may be natives. Even with a hypothetical interest rate as 
argued that high tension transmission lines would high as 1 0%, nuclear power is competitive. The 
have to be installed in any case in order to inter- tables show that for the regions considered, pit-head 
connect regional grids, this is not the same as generation and EHV transmission will produce 
installing lines and terminal equipment specifically cheaper power than local coal stations using coal 
for bulk transmission of power in one direction only, transported by rail, but nuclear power is cheaper still. 
and if large amounts of power have to be so trans- As previously stated, imports of large quantities 
mitted unidirectionally then clearly the capital invest- of oil for an oil-fired station will involve an un-
ment on the lines and terminal equipment will in desirable foreign exchange drain. In view of the 
general increase with the power to be transmitted. availability of natural uranium in India as well as 

Table 7. Costs of transmitting power from pit-head thermal stations (nP /kWh) over 350 miles a, b 

5% interest rate 10% interest rate 

400 MW 400 MW 
500 MW 1 000 MW 500 MW 1 000 MW 

220 kV 380 kV 380 kV 380 kV 220 kV 380 kV 380 kV 380 kV 

Generating station 
( 1) Fixed cost including effect 

of interest during construe-
tion .... . . . . . . . . . . . 1.06 1.06 1.06 1.06 1.78 1.78 1.78 1.78 

(2) Fuel cost. . . . . . .. 1.38 1.38 1.38 1.38 1.38 1.38 1.38 1.38 
(3) 0 and M . . . . . . . . . . . . . . 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 

Total cost of pit-head 
generation .. ......... 2.64 2.64 2.64 2.64 3.36 3.36 3.36 3.36 

Transmission 
(1 ) Fixed cost .. 0.382 0.660 0.525 0.298 0.676 1.16 0.93 0.503 
(2) 0 and M 0.053 0.091 0.073 0.039 0.053 0.091 0.073 0.039 

Total ... ... . . . . . . . 0.435 0.751 0.598 0.337 0.729 1.251 1.003 0.542 

Transmission losses 
( 1) Fixed 0.11 0.046 0.054 0.107 0.180 0.077 0.091 0.181 
(2) Fuel cost 0.129 0.054 0.065 0.130 0.129 0.054 0.065 0.130 

Total cost of transmission 
losses 0.239 0.100 0.119 0.237 0.309 0.131 0.156 0.311 

Total transmission costs 0.674 0.85 0.717 0.574 1.038 1.382 1.159 0.853 

ToTAL cost of power delivered 3.31 3.49 3.36 3.21 4.4 4.74 4.52 4.21 

• This Wtll apply for transmission from the nearest collieries to i\Iadras and Kotah (Rajasthan). Cost of transmtttmg power to Delhi 
will be higher (nearest colliery dtstance is about 450 mtles) and to Bombay htgher sttll (nearest colliery distance = 500 miles) ; this 
however is compensated by the present lower fuel costs at the collieries supplymg power to these areas, as compared wtth those ~upplying Madras. 
Coals costs are however rising. 

b The following assumptions were made: 
(1) Cost of coal/ton = Rs.28/ = ($5.90); 
(2) Life of switchgear, transformers, transmission lines etc., according to the schedule prescribed in the Indian Electricity Supply 

Act (1948); 
(3) Annual loss factor = 70%; 
( 4) Annual operation and maintenance charges for transmission = 1% of capital cost of transmission system; 
(5) Cost of 380 kV line = Rs.3 lakhs ($63 000) per mile/ctrcUtt; 

Cost of 220 kV D.C. line = Rs.2.2 lakhs ($46 200) per mile; 
(6) Other assumptions as in Table 6. 
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Table 8. Cost of power from oil burning station a 

Capital cost- Rs.850 ($179) per kW sent out 

Cost of power nP /kWh 

10% interest 
5% interest rate rate 

Capital charges 0.92 0.92 1.43 1.43 

Fuelling cost: b 

(a) Including duty and taxes 3.46 3.46 
(b) Excluding duty and taxes 1.98 1.98 

Operation and maintenance . 0.2 0.2 0.2 0.2 

4.58 3.10 5.09 3.61 

Interest during construction c . 0.08 0.08 0.26 0.26 

ToTAL 4.66 3.18 5.35 3.87 

a Assumptions made are: 
Load factor .... 7 5 % 
Life . . . . . . 2 5 years 
Net thermal efficiency 35% 
Calorific value of oil 18 000 Btu/lb. 

b This applies to the west coast region with present prices of 
furnace oil about Rs.140/tonne including, and about Rs.80/tonne, 
excluding duties; the price in Madras is about Rs.15/tonne higher 
and in Delhi about Rs.35/tonne higher. 

• 9% of capital charges for 5% interest and 18% for 10% interest 
rate. 

coal, the choice for meeting thermal power needs 
during the next few years will, by and large, lie * 
between nuclear stations based on natural uranium 
and coal-based stations. 

It can be calculated that the nuclear stations will 
give cheaper power for meeting base load (7 5% 
load factor) requirements than conventional thermal 
power in all areas where coal costs are about 
Rs.40/ton or more; in areas where coal costs are 
higher, they will be competitive even at lower plant 
utilization. It is a feature of the three regions far 
from collieries discussed above that a certain amount 
of hydroelectric capacity can be installed to operate 
at low plant utilization for the next few decades in 
order to meet the requirements of the system. Thus, 
for future growth in these regions beyond the end of 
the Fourth Five Year Plan (1970-1971), an attractive 
scheme of development is to increase utilisation of 
hydroelectric energy designed for low plant utilization 
operation to meet the variations and peaks of the 
system, with the base load supplied in the main by 
increasing the capacity of nuclear stations supple
mented by some pit-head generation together with 
EHV transmission. 

Tables 9 and 10 are based on 200 MW reactor 
units. In time, larger sized reactor units can be 
installed. This is also true of conventional stations; 
however, the capital costs of nuclear stations fall 
much more sharply with increasing size than con
ventional stations. Nuclear power costs are also 
falling rapidly with advances in technology. 

In the light of this situation, the likely growth 

*A certain amount of oil-fired capacity based on 
residual oil from refineries could also be installed. 
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Table 9. Cost of power from Tarapur Nuclear Power 
Station a, b 

Cost of power nP /kWh sent out 

5% interest rate 10% interest rate 

Capital charges ... . . . . . . . . 1.38 2.14 
Fuelling costs 1.20 1.41 
Operation and maintenance 0.25 0.25 

2.83 3.80 

Interest during construction c . 0.19 0.56 

TOTAL 3.02 4.36 

NOTE. -The same untt costs for fabrication and reprocessing in 
India have been used as in the USA. Actual costs in India are 
expected to be considerably lower. It is expected that on this acconnt 
alone the actual power cost will be about 0.2 nP /kWh less than 
that given above. 

• This is a boiling water reactor station using slightly enriched 
uranium oxide fuel. The capacity will be 380 000 kW (net) supplied 
from two reactors of equal capacity. 

b Assumptions made are:-
Capital cost . . . . . . . . . Rs.1 271 ($267) per kW 

sent out 
Load factor 
Life of plant 

........ . 75% 

Equilibrium fuel burn-up 
Enriched uranium prices 

Plutonium value . 
c At 13% of capital charges for 

10% rate. 

. 25 years 

. 16 500/tonne 
According to present 

USAEC schedule 
$9.50/g of metal 

5% interest rate and 26% for 

Table 10. Cost of power from 400 MW (2 X 200 MW) 
CANDU type station a, b 

Cost of power nP /kWh 

5% interest rate 10% interest rate 

Capital charges: 
On plant 1.33 2.06 
On D20 0.20 0.40 

Fuelling costs 0.64 0.70 
Operation and maintenance 0.26 0.26 

2.43 3.42 

Interest during construction c 0.21 0.69 

TOTAL 2.64 4.11 

NOTES. - (1) Interest during construction is based on a con
servative six-year construction schedule. This could be compressed, 
effecting significant reductions in the power costs. 

(2) In the second case, a 10% interest rate is assumed to apply 
both during constructiOn and thereafter. If 10% is the total return 
on capital, with interest during construction at 5%, total power 
costs would be reduced by 0.35 nP/kWh to 3.76 nP/kWh. 

(3) No credit has been taken for plutonium in calculating the 
fuel costs. 

a Plant cost: Rs.1 235/kW; D20 inventory cost: Rs.265/kW; total: 
Rs.1 500/kW. 

h Assumptwns: 
Load factor 
Life of plant 
Burn-up 

. . . 75% 

Cost of fabricated fuel 
D

2
0 bears interest charges only. 

Half initial fuel charge is capitalised. 

25 years 
9 000 MW d/tonne 
Rs.137/lb 

c 14% of capital charges at 5% interest rate, 28% at 10% interest 
rate. 

rates in electrical energy demand and the potential 
requirements for nuclear power during the next 
decades may be estimated. The growth of electrical 
energy production according to the recently com
pleted First Annual Power Survey of India [9] is 
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given in Table 12. It will be seen that production 
increased by about 100% during the Second Five 
Year Plan and is expected to increase by almost 
17 5% during the Third Plan and about 112% 
during the Fourth Plan, reaching a figure of about 
95 TWh (1 TWh = 109 kWh) by 1970-1971. Since 
electricity is one of the basic commodities for indus
trialisation, its rate of growth has to be maintained 
at a high level and indeed it would be desirable for 
it to remain at approximately the same level as in 
the Fourth Plan during several future Five Year 
Plans. Then, the electrical energy requirements in 
1986 will exceed 750 TWh. With a population of 
700 million, this will mean a per capita production 
of 1 070 kWh. A comparison with Table 1 shows 
that India will still be far below the present levels 
in industrially advanced countries. Even if we con
sider that the average rate of increase over each of 
the three Five Year Plan periods after 1971 is 
reduced to 7 5%, the electrical energy requirements 
in 1986 will reach over 500 TWh. 

As mentioned above, the entire hydroelectric 
energy potential in the country is around 225 TWh 
per annum. Moreover, of the total potential of 
43 million kW at 60% load factor, 7.5 million can 
be exploited best in Nepal and about 13.3 million 
lie in the extreme eastern and north-eastern parts 
of India, for example, NEFA, Assam, etc., which, 
for a considerable time to come, will consume not 
more than a small fraction of this potential. Of the 
balance, a fair proportion is again situated right on 
or close to the coal belts where exploitation for 
power generation will be slow unless it forms part 
of some multipurpose scheme for both irrigation 
and power. For these reasons, it is unlikely that 
more than 150 TWh of hydro-power will become 
available by 1986. There is thus a balance of at 
least 350 TWh on Estimate 1 and 500 TWh on 
Estimate 2 which would have to be met from either 
conventional thermal sources or nuclear fuels. 

Because of this position on coal and oil and the 
present favourable economics of nuclear power in 
some of the industrial and rapidly developing regions, 
it is probable that at least 120 TWh on Estimate 1 
and 200 TWh on Estimate 2 would be most 
economically supplied by nuclear fuels. Even as
suming that most of this will be base load power 
operating at 7 5 % annual plant utilization, the 
potential demand for nuclear capacity in 1986 will 
be of the order of 20 million kW on Estimate 1 and 
over 30 million kW on Estimate 2. 

The likely growth rates can also be checked from 
a regional analysis. A detailed analysis has been 
carried out for the west coast region (States of 
Maharashtra and Gujarat) and southern zone (States 
of Madras, Andhra, Mysore and Kerala). In these 
regions the estimated increase in energy and capacity 
requirements will be met economically by following 
the scheme suggested earlier. On this basis the 
potential demand for nuclear power in these two 
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regions alone will amount to about 3 million kW in 
1975-1976, about 8-10 million kW in 1980-1981 
and about 20 million kW in 1986. 

The latest estimate of the growth of total installed 
capacity for India as a whole, together with the 
contribution expected from nuclear power is as 
follows: 

1966 
1971 
1976 
1981 
1986 

Nuclear power 
(10• kW) 

1.2 
3 

8-10 
18-20 

Total installed capacity 
oo• kW) 

12& 
24 
38 
60 

about 90 

• 380 MW at Tarapur, Maharashtra State; 400 MW at Rana 
Pratap Sagar, Rajasthan State; 400 MW at Kalpakkam, Madras 
State. 

The increasing nuclear power programme does 
not in any way reduce the need also for a rapid 
expansion in conventional power capacity; for the 
country as a whole, the major share of power 
capacity up to 1986 will still come from conventional 
sources, and a considerable effort will be required, 
both in the hydroelectric and conventional thermal 
fields, to meet India's targets. The total installed 
hydro-power capacity in 1966 will be about 5 
million kW, and the total thermal capacity about 
7 million kW only. 

AVAILABILITY OF NUCLEAR FUELS IN INDIA 

Recent investigations have established considerable 
new reserves of uranium. These could support the 
entire capacity of nuclear power expected in 
197 5-197 6, even based on natural uranium stations. 
However, in order to meet the needs of the pro
gramme beyond 1975-1976, it is essential to develop 
methods of extracting energy from India's vast 
thorium reserves. This will be possible with the help 
of the plutonium produced in the initial stages of 
the programme and one way of doing so has been 
discussed earlier [10] [11]. However, there are a 
number of alternatives which can be followed and 
the final choice will depend on technological develop
ments. Of the 1.2 million kW nuclear power to be 
installed by 1970-1971, 800 MW will be of the 
natural uranium type using heavy water as moderator 
and coolant. Plutonium from these reactors and the 
additional reactors built between 1971 and 197 6 
can be used either in plutonium-uranium or in 
plutonium-thorium reactors. A discussion of the 
various alternatives is not relevant to this paper. 

SUMMARY 

Analysis shows that world energy consumption 
will probably reach about 30 000 million tons of 
coal equivalent per annum by 2000 A.D., and the 
contribution of nuclear power is expected to be over 
2 000 million kW by that date. The under-developed 
countries have the lowest reserves per capita of 
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Table 11. Comparative costs of delivering power (400 MW) to Bombay, Delhi, Kotah (Rajasthan) and Madras 
(nP/kWh) 

5% interest 10% interest 

Bombay Delhi Kotah Madras Bombay Delhi Kotah Madras 

Local coal based station using coal trans-
ported by rail 4.1 3.9 3.6 3.8 4.8 4.6 4.4 4.6 

Pit-head coal station + EHV transmission 3.3 3.3 3.1 3.3 4.8 4.5 4.2 4.4 

Local oil station: 
(a) Including present duty and taxes 4.7 5.5 5.4 5.0 5.4 6.2 6.1 5.7 
(b) Excluding duty and taxes .. 3.2 4.0 3.9 3.5 3.9 4.7 4.6 4.2 

Nuclear (CANDU) 2.6 2.6 2.6 2.6 4.1 4.1 4.1 4.1 

Table 12. All India electrical energy requirements (TWh = 1()9 kWh) a 

1955/56 1960/61 1965/66 1970/71 1975/76 1980/81 1985/86 

8.27 16.38 44.92 95.15 170 300 510 Estimate 1 b 

% rise 
Estimate 2 c 

98 175 112 79 77 70 
8.27 16.38 44.92 95.15 190.39 380.6 761.18 

• F1gures from 1955/61 to 1970/71 according to First Annual Electnc Power Survey, 
b Estimate I: % rise after 1970/71 reduced to an average of 75% for each five-year plan period. 
c Estimate 2: rise after 1970/71 continued at 100% for each five-year period, 

conventional fuels and will require nuclear energy 
even to reach and maintain the same living standards 
as the developed countries now have. The region of 
South Asia and the Far East will have exhausted its 
economically exploitable reserves by the end of the 
century even at the present rate of increase of energy 
consumption. 

It appears that in three widely separated and 
important regions of India, which are more than 
350 miles from the coal fields, nuclear power is 
likely to be competitive with thermal power produced 
by coal transported by rail, by pit-head generation 
with high voltage transmission, or by oil, even with 
an assumed interest rate of 10%. An expanding 

programme of nuclear power is envisaged, nsmg 
from 1.2 million kW by 1971 to about 3 million kW 
by 1976, 10 million kW by 1981 and about 20 
million kW by 1986. Apart from economics, basic 
factors in embarking now on the programme are the 
need to build up experience and produce plutonium 
to meet future nuclear power needs. The situation 
in India has been studied in some detail as it consti
tutes a large under-developed area. It highlights the 
need for similar studies in other under-developed 
countries. Only general conclusions can be made on 
long term expectations, and the immediate scope for 
nuclear power will depend on the specific situation 
in each country. 
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A/741 lnde 

Les besoins du monde en energie et l'economie 
de 11energetique nucleaire en ce qui concerne 
plus particulierement les pays sous-developpes 

par H. J. Bhabha et M. Dayal 

Le memoire examine des donnees recentes tau
chant l'accroissement de la demande d'energie dans 
le monde, et les ressources en combustibles tradi
tionnels et combustibles nucleaires. De cette analyse 
on peut retenir que les programmes devront etre 
elabores en tenant compte du fait que les ressources 
traditionnelles dont !'exploitation est rentable ne 
pourront satisfaire les besoins d'energie au-dela de 
l'avenir previsible, et qu'il faudra recourir, dans 
une large mesure, a l'energie nucleaire. Le memoire 
donne aussi des evaluations quantitatives. 11 contient 
une etude des diverses parties du monde et montre 
que dans les regions dites sous-developpees les be
soins specifiques en energie d'origine nucleaire seront 
encore plus grands que dans les autres regions, car 
la penurie relative de combustibles classiques y est 
plus marquee par rapport a la demande potentielle. 
Le memoire fournit aussi de nouvelles donnees 
economiques sur les diverses categories de centrales 
nucleaires et de centrales de type classique. 

11 examine enfin en detailles plus recents elements 
de la situation de l'Inde en matiere d'energie tradi
tionnelle et d'energie d'origine nucleaire, et il traite 
des prix de revient comparatifs dans les diverses 
regions du pays, ainsi que de revolution de la 
demande de force motrice et d'energie dans ce pays. 
11 fournit des donnees sur les prix de revient a la 
centrale atomique de Tarapour, ainsi qu'une ven
tilation des frais de production et du c01it de l'energie 
a la centrale atomique du Rajasthan et en d'autres 
centrales equipees de reacteurs a eau lourde qui 
doivent etre construites en Inde et qui constitueront, 
pour l'essentiel, la premiere tranche du programme 
d'equipement energetique nucleaire. Le memoire 
traite aussi de !'evolution possible du cout de ces 
reacteurs. 11 apparait qu'a l'heure actuelle l'electri
cite nucleaire est nettement plus rentable dans cer
taines regions du pays que l'energie thermique de 
type classique, produite soit a partir du fuel, soit a 
partir du charbon achemine par rail ou transforme 
a la mine en energie electrique qu'il faut transporter 
sous haute tension. 11 est prevu que la puissance 
installee nucleaire passera de 1, 2 million de kilo
watts a la fin du quatrieme plan (1970-1971) a 
10 millions de kilowatts a la fin du sixieme plan 
(1980-1981) et a quelque 20 millions de kilowatts 
en 1986 pour augmenter encore par la suite. [Le 
rythme d'equipement nucleaire serait de pres de 
400 MW par an pendant la periode du cinquieme 
plan (1971-1976) et approcherait un million de 

kilowatts par an entre 1976 et 1981.] Le memoire 
examine les moyens necessaires a cet effet ainsi que 
l'approvisionnement en combustibles nucleaires en 
Inde, et aussi la mise sur pied des installations 
connexes voulues. 

A/741 HHAHR 

MHpOBble norpe6HOCTH 3HeprHH H pOllb 
aTOMHOH 3HeprHH B CJ1a6opa3BHTbiX 
crpaHax 

X. ,lJ,H<. oa6a H M. ,D,ai1all 

B .IJ;OKJia.IJ;e .IJ;aeTCH aHaJIH3 HeKoTophlx noc.rre.IJ;

HHX ,!1;8HHbiX, KaCaiO~HXCH pocTa noTpe6HOCTeii 

B aJieKTpoaHeprHH BO BCeM MHpe B ~eJIOM H pe

cypCOB o6hi'IHoro H H.IJ;epHoro TOnJIHBa. YcTaHoB

.rreHo, 'ITO nJiaHHpOB8HHe B 3TOH o6JiaCTH CJie.IJ;yeT 

npOBO,Il;HTh HCXO,Il;H H3 TOI'O, 'ITO 3KOHOMH'IeCKil 

Bhli'O,Il;Hhle ,Il;JIJI paapa6oTKH aanaChl o6hl'IHOI'O TOn

JIHBa He B COCTOHHHH 6y,Il;yT o6ecne'IHTh noTpe6-

HOCTH B aHeprHH B He.IJ;aJieKOM 6y,Il;y~eM H 'ITO 

noTpe6yeTCH 60JibliiOe KOJIH'IeCTBO aTOMHOH :mep

I'HH. llpHBO,Il;HTCH Hei<OTOpbie I<OJJH'IeCTBeHHhle 

o~eHim. 3aTeM .IJ;aeTCH perHoHaJihHhiH aHaJIH3 no 

pa3JIH'IHhiM '18CTHM MHpa H ycTaHaBJIHBaeTCJI, 

'ITO Tal< H83hiBaeMhle CJia6opa3BHThle paHOHhl 6y

.IJ;YT HCnhlThlB8Th .IJ;ame 60JihliiYIO He06XO,Il;HMOCTb 

B HCnOJih30B8HHH aTOMHOH :meprHH no cpaBHeHHIO 

c ,I~;pyrHMH paiioHaMH Ha-aa OTHOCHTeJibHoro 

He,Il;OCT8TKa 06hl'IHOI'O BH,Il;a TOITJIHBa C TO'IKH ape

HHH noTeH~HaJihHhlx noTpe6HocTeii. AHaJIHaHpy

IOTCH HOBble 3I<OHOMH'IeCKHe ,Il;811Hhle, I<aCaiO~IIe

CH pa3JIH'IHhlX THITOB aTOMHhiX H 06bi'IHhiX 3Jiei'

TpOCT8H~HH. 

M HaKoHel\, .IJ;aeTCJI .IJ;eTaJihHhlii: aHaJIH3 no.rro

meHHH Ha cerO,Il;HH B liH.IJ;HH B OTHOllieHHH HC

nOJih30B8HHH o6hl'IHOH H aTOMHOH 3Jiei<Tp03Hep

rHH, CpaBHHTBJihHhlX CTOHMOCTHhlX O~BHOI< o6hlq

HOH H aToMHoii a.rreKTpoaHeprHH n paaJIH'IHhiX 

paii:oHax H pocTa noTpe6HocTeii: B a.rreKTpoanep

rHH B MH.IJ;HH. B .IJ;OKJia,I~;e npHBO,Il;RTCR CTOHMOCT

Hhle ,I~;aHHMe .IJ;JIJI TapanypcKoii: aTOMHoii: a.rreKTpo

CTaH~HH, a TaKme CTaTbH paCXO,Il;OB H 3Ha'IBHHJl 

CTOHMOCTH aJieKTpoaHeprHH ,Il;JIH Pa.IJ;macTaHcKoii 

8TOMHOH 3JieKTpOCTaH{\HH H .IJ;pyrHX CT8H{\HH, OC

HOBaHHhiX Ha THlliBJIOBO,Il;HhlX peaKTOpax, Ko

TOphle n.rraunpyiOTCJI nocTpOHTh n MHAHH H 

1\0TOpble YAOBJIBTBOpHIOT OCHOBHhle ITOTpe6HOCTil 

·cTpaHhl, npeJJ;ycMoTpeHHhle nepnoii CTaJJ;Heii: npo

rpaMMhl pa3BHTHH aTOMHOH 3HepreTHKH lfn,I~;HH. 
06cym,I~;aiOTCJI Tai<me nepcnei<THBhi paaBHTUH cro

nMocTeii peaKTopoB aToro THna. B .IJ;OKJiaAe noKa

aauo, 'ITo B HeKoTophlx paiiouax MHAHH 3JI£'KTpo

aueprHJI, npOH3BO,Il;HMaJI 8TOMHhlMJI 3JICKTpOCT8H

~HJIMH, HBCOMHeHHO, 6onee 3KOHOMH'IH8, '10M 
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:-~neKTpoaueprmr, npouaBOAHMaJI B peaym.TaTe 

cmurauuJI ue<f!Tu Jf yrnR, TpaucnopTupyeMLIX ua 

:mcKTpocTaH~lfH no meneanoii Aopore, HJIH ueno

cpeACTaenuoro CTpOHTCJihCTBa CTaH~JfH B6JIH3H 

lllUXT C IIOCJICAYIOI~eif nepeAa'leif :lJICKTpoaueprHH 

118 6oJJbtUHe paCCTOJIHHJI 110 BhJCOKOBOJJbTHblM JIH

HHJJM. flonaraiOT, 'ITO AOJIJI 8TOMIIbiX aJieKTpO

CTUH~HH IIOBbiCJfTCJI C 1,2 MJIH. 1£8T YCTUHOBJICHHOH 

MO~HOCTH, IIJIUIIHpyeMOH K KOJI~y 'ICTBCpToro 

nnana (1970-1971 rol~hi), AO 10 MJIH. 1£BT, aaJJJia

HHpoaauuLIX cornacuo 6YAY~HM noTpc6uocTHM K 

1\0H~Y llleCTOrO UJiaHa ( 1980-1981 roALI), AO· 

CTJfrHCT 11pH6JIJf3JfTCJihHO 20 MJIH. 1£8T K 1986 rOAY 

H 6yAeT 38TCM HenpepbiBHO YBCJIH'IHBUThCJI. flo· 

JiaraiOT, 'ITO CKOpOCTh pa3BHTHJI aTOMHoii :mcpre· 

THKH 6yAeT panna npH6JIHaHTeJILHo 400 Mer ll 

roA B Te'leHHe miToro nnaua (1971-1976 roAM) 

Jf AOCTHrHeT 1 MJIJI. 1£8T B roA B nepHOA C 1976 110 

1981 roA. 06cymAaiOTCJI nyTH YAOBJieTaopenHJi 

3THX 110Tpe6HOCTCU, AOCTYUHOCTh JIACpHoro TOll· 

JIHBa B lfHAHH, a TaKme paapa6oTKa BCUOMOr&· 

TCJihHOrO o6opyAOBaHHJI, 

A/741 India 

Demanda mundial de energia y estudio econo
mico de Ia energia nuclear aplicado especial
mente a paises subdesarrollados 

por H. J. Bhabha y M. Dayal 

Se examinan algunos de los datos mas recientes 
sobre el aumento de la demanda de energia en todo 
el mundo y sobre los recursos de combustibles clasi
cos y nucleares. Se estima que la planificaci6n en 
esta materia habra de basarse en el supuesto de que 
los recursos clasicos econ6micamente explotables no 
puedan satisfacer la demanda mas tiempo de lo que 
en la actualidad se preve y de que se necesitaran 
grandes cantidades de energia de origen nuclear. 
Se formulan algunas previsiones de tipo cuantitativo 
y se hace un analisis regional de las diferentes partes 

del mundo, llegandose a la conclusion de que en las 
denominadas regiones insuficientemente desarrolla
das la necesidad especifica de energia nuclear sera 
mayor que en otras regiones debido a la escasez 
relativa de combustibles clasicos en comparaci6n con 
la demanda potencial. Se examinan los nuevos datos 
econ6micos de diferentes tipos de centrales nucleares 
y clasicas. 

Por ultimo, se hace un estudio detallado de la 
situaci6n actual en la India en lo que respecta a la 
energia de origen clasico y nuclear, a sus costes 
relativos en las diferentes regiones del pais y al 
aumento de la demanda y de la potencia instalada. 
Se facilita informacion sobre el coste de la central 
nucleoelectrica de Tarapur y se detallan los costos 
de instalacion y de producci6n de la central nuclear 
de Rajasthan y de otras centrales de reactores de 
agua pesada que se construiran en la India y que 
completaran, practicamente, la primera fase del 
programa de energia nucleoelectrica. Se examina 
tambien la posible evoluci6n del coste de estos reac
tores y se demuestra que la energia de origen nuclear 
es ya sensiblemente mas econ6mica en ciertas re
giones del pais que la energia termoelectrica clasica 
a base de fuel-oil o carbon transportado por ferro
carril, o que la generada a bocamina pero con largas 
Hneas de transporte a muy alta tension. Se preve que 
la energia nucleoelectrica pasara de 1 ,2 millones de 
kilovatios de potencia instalada a fines del cuarto 
plan (1970-1971), a una demanda de 10 millones 
de kilovatios para fines del sexto plan (1980-1981), 
y a unos 20 millones de kilovatios en 1986 para 
alcanzar despues una cifra superior (se preve que el 
ritmo de instalaci6n de potencia nuclear sera de 
unos 400 MW anuales durante el quinto plan (1971-
197 6) y se aproximara al mi116n de kilovatios anuales 
entre 1976 y 1981). Se estudia Ia manera de satis
facer estas necesidades desde el punto de vista de 
la disponibilidad de combustibles nucleares en la 
India, asi como el desarrollo de las instalaciones 
auxiliares. 



P/1 Canada 

Electricity supply in Canada and the role of nuclear power 

By W. B. Lewis and T. G. Church* 

To discuss the future role of nuclear power in 
Canada implies that we have evaluated both the 
reactors we have and the development program for 
their further improvement. These evaluations are, 
in fact, presented to this Conference in a series of 
papers. Together they cover most aspects of a 
program based on reactors moderated by heavy 
water and fuelled with natural uranium in pressure 
tubes. Our belief in this type of reactor has been 
verified by the operation of the 20MW NPD 
station [ 1, 2 1, and the technical [ 31 and financial [ 41 
aspects of the construction of the 200MW Douglas 
Point station. It is supported by extensive testing in 
in-reactor loops [51. Conference papers report on 
safety studies [ 61 , supporting physics data [ 7, 8], 
irradiation of important materials [9, 10, 11, 12, 
13 1 , fuel engineering [ 14], experience with heavy 
water [ 15] , alternative coolants [ 16, 17, 18] and 
plans for improved reactors [ 19, 20]. These 
evaluations bear out the technical assumptions 
presented at the 19 58 Conference which were based 
on the much more limited data available at that time. 

It is of interest to compare in some detail the 
electrical energy situation in Canada, as it exists 
today and as it will probably develop in the short 
term, with forecasts made at previous conferences. 
This is done in the next three sections of this paper. 

In the fourth section long-range trends in electrical 
demand and supply are indicated and the role 
nuclear power will play in meeting Canada's require
ments is estimated. The world-wide trends most 
likely for the economic long-term development of 
nuclear power are discussed in the last Section. 
It should be noted that all costs are in 1964 
Canadian dollars and that 1 mill = 0.1¢ = $0.001. 

ELECTRICAL ENERGY DEMAND, 1955-1980 

In 19 55 [ 21 ] past trends indicated an annual rate 
of growth of 6% . At that time the forecast was for 
a decreasing growth rate of 5.5% per year during 
1956-60 falling to 4% per year by 1980. Recent 
estimates are considerably higher. Now records 
show that actual firm demand for electrical energy 
increased at an average annual rate of some 6.7% 
from 1926 to 62 (6.1% for 1952-62). A pre-

*Chalk River Nuclear Laboratories, Atomic Energy of 
Canada Limited, Chalk River, Ontario. 
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liminary forecast to 1980 reflects an average annual 
growth rate of some 6.4% . Data for the years 1962 
and 1980 are shown by province in Table 1. 

ELECTRICAL ENERGY SUPPLY, 1955-1980 

Table 1 also shows that the fraction of energy 
supplied by non-hydroelectric sources is expected 
to increase from 12% in 1962 to 28% in 1980. 
Even now the increase in conventional thermal plant 
capacity is greater than forecast in 1955 as shown 
in Table 2. This table compares the growth of 
electrical capacity as forecast then [21] with actual· 
growth and our forecast today. 

In recent years there have been significant 
developments which affect the economics and poten
tial supply of all three types of electrical generating 
stations as follows: 

Hydro-electric supply 

It is now realized that many earlier forecasts of 
undeveloped available water power in Canada, based 
on incomplete preliminary data, tended to be too 
low. As power surveys are extended, detailed 
information on new sites will become available and, 
undoubtedly, substantial additions to present figures 
of available power will result. Estimates of available 
power have been based upon existing river flows 
and do not take into account the benefits of stream
flow regulation that would result from the develop
ment of storage potential. In addition, it should be 
pointed out that the figures of available power do 
not include the power potential of major river 
diversions that have been investigated but not 
developed [22]. With this proviso, today's best 
estimate of undeveloped water power in Canada 
shows at ordinary six-month flow** about 41 000 
MW of available continuous power. 

In addition to increased potential hydro-supply, 
the competitive position of large remote hydro
generating stations (which make up a large fraction 
of undeveloped resources) is now greatly improved 
by the successful development of extra-high-voltage 
transmission lines of 800 to 1 100 km in length. 

** "Ordinary six-month flow" represents continued opera
tion which can be assured during six months of the year 
on the assumption that the deficiency in power during the 
remainder of the year can be profitably provided from 
storage or other means. 
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Table l. Firm electrical energy demand and supply -Canada by province 

Energy 1962 (actual) Energy 1980 (estimate) 

Supply Present 
annual load 

Supply 

Demand Hydro Thermal• factor, Demand Hydro Thermal• 
106 kWh 106 kWh 

Newfoundland 1473 1 363 
Other Atlantic 3 978 1723 
Quebec . 40 389 40059 
Ontario 39 631 35 244 
Manitoba .... ............ 5 003 4 871 
Saskatchewan ....... 2 064 86 
Alberta 4 121 975 
British Columbia 14 222 13 293 

(incl. Yukon and N.W.T.) (162) (134) 
Canada .. ....... 111 043 97 748 
Per cent of total 88 

• Thermal = conventional-fuelled and nuclear-fuelled. 

Plans are now under way to install 500 or 
735 kV a.c. transmission lines from three areas of 
Canada. The design of one of these lines indicates 
that, at 60% load factor, a 735 kV circuit carrying 
1 900 MW over a distance of up to 960 km will 
transmit power at a cost of 1.4 millsjkWh [23]. 
It appears that large blocks of power can be 
delivered over these distances to load centres for 
a total cost of about 4 mills/kWh (based on 
provincial government financing) if capital costs at 
the power generation site are in the $200-225 jkW 
range [24]. This condition may exist at several 
additional very large hydro-power sites in Canada. 

Coal-fired thermal plant supply 

Significant changes since 1958 are: 
(a) Coal prices are showing no tendency to 

increase. Southern Ontario prices for large long
term supplies from the United States seem to have 
fluctuated from 3 3¢ to 31 ¢ per million kj over the 
past few years. Because of changing foreign-exchange 
rates, this represents a reduction in revenue to the 
supplier of about 10%. 

(b) Much larger steam-raising and generating 
units are being used. These tend to reduce capital 

106 kWh per cent 106 kWh 106 kWh 106 kWh 

110 65 3 700 3 000 700 
2255 61 13 300 4 500 8 800 

330 69 125 000 124 500 500 
4 387 66 115 000 48 000 67000 

132 65 12000 11 800 200 
1978 51 8 000 4000 4000 
3 146 53 18 000 5 500 12500 

929 69 47 000 46000 1000 
(28) 

13 295 66 342 000 247 300 94700 
12 72 28 

and operating costs to the low side of the ranges 
quoted for 200 MW stations in 1955 [21]. Estimates 
for multi-unit generating stations, using 300 MW 
units, being constructed in southern Ontario, where 
nuclear power is likely to be competitive first, 
showed in 1962 [25]: 

Capital cost of coal-fired plant, $110 jkW installed. 
Unit energy cost at 80% capacity factor and 

5.9% for interest plus depreciation: 

Fixed charges 1.0 
Operating and maintenance 0.3 
Fuel 3.1 

Total . 4.4 mills/kWh 

The expectation is that future plants with 500 MW 
units will deliver power at about 4.0 mills/kWh. 

(c) The use of other thermal plants designed 
primarily to operate during periods of low supply 
from hydroelectric plants is becoming widespread 
and tends to result in more flexible and adaptable 
generating systems. 

Natural gas 

Large efficient natural-gas distribution systems 
have now been built up. Although generally con
sidered a premium fuel, gas could be made available 

Table 2. Comparison of estimates of installed capacity made in 1955 and 1964 

(Millions of kilowatts) 

Total Hydro Coal, oil, gas Nuclear 

Date 1955 1964 1955 1964 1955 1964 1955 1964 

1951 11.1 10.0 1.1 Nil 
1956 16.0 14.0 2.0 Nil 
1961 22.5 24.911 20.0 20.011 2.4-2.3 4.911 0.1-0.2 
1966 28.0 24.5 3.7-2.9 0.2-1.0 0.2211 

1971 34.0 27.4 30.5 6.0-4.9 0.6-1.7 0.7-1.2 
1976 41. 30.2 8.8-7.5 2.0-3.3 2. -3. 
1981 48. 70-SOb 33. 50-58 11. -8. 15-17 4. -7. 5. -7. 

a These figures represent actual capacity. 
b Subject to major corrections resulting from possible power exports and system interconnexions. 
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for less than 28¢ per million kj to almost any 
location in western Canada having a large sustained 
demand. Costs for an efficient generating station 
made up of 150 MW units have been published (26]. 
Of course much of this area also has cheap coal 
available, so the usage of natural gas, except perhaps 
for supplying peaking power, should not develop. 
However its presence does put a ceiling on allowable 
fuel costs over a wide area. 

Nuclear contribution 

The 1955 prediction was slightly modified when, 
in 1957, the new and highly promising CANDU 
design of reactor was adopted. The change set back 
the first 200 MW(e) reactor to 1965. In August 
1964 however the decision was made to construct 
two 500 MW(e) reactors as a first installment in a 
projected 2 000 MW(e) nuclear plant for the Ontario 
system. There is therefore no need to revise the 
1955 projection for nuclear power unless possibly 
upwards in the late seventies. 

General 

One important change has occurred that affects 
forecasting. For the last thirty or forty years industry 
was facing the prospect of an ever rising cost of 
electric power. Now this is reversed. Thermal-electric 
stations whether conventional or nuclear now 
promise lower cost power the greater the demand. 
Uses for electricity previously thought extravagant 
are appearing, such as heating of houses and 
buildings and driveway deicing in winter, balanced 
by air conditioning in summer. We may still see 
wider applications of temperature control in cities. 
From these and other new uses may come an 
upswing in the demand for electricity. On the other 
hand, there is new competition from natural gas now 
piped across the country as a convenient source of 
heat. We cannot tell what balance will emerge, but 
so far the demand for electricity is still rising. 

NUCLEAR POWER 

Most of Canada's electrical energy is now 
generated and supplied by provincial government 
organizations. In recent years some large privately 
owned power systems in British Columbia and 
Quebec have been absorbed and most new con
struction has been by provincial agencies. The 
resulting trend towards larger systems and lower 
over-all financing costs favours plants with relatively 
high capital and low operating costs as providing 
lowest total energy cost, i.e., large nuclear or hydro
generating stations. In addition, the Canadian 
Government's new policy of allowing the export of 
power to the USA makes practical the efficient 
utilization of the very large blocks of power now 
visualized from these stations. 

In the past few years interest rates on new 
financing for government utilities have risen signi-

ficantly but it is not known if this will make a major 
change in the long-term interest rate. The owner 
for a specific plant under consideration will use his 
own methods of estimating and meeting capital cost 
charges. However, we have changed our assump
tions for evaluating the capital portion of nuclear 
plant generating costs as follows: 

1955·58 1964 

Life-time interest rate 
Plant or capacity factor 
Initial fuel loading 
Reactor life-for depreciation 
Other structures-depreciation 
D20 inventory--depreciation 
Resulting annual-charge rate 

against capital 

4%% 
80% 
Interest only 
15 years 
30 years 
40 years 

6.35% 

5%% 
80% 
% depreciated 
30 years 
30 years 
30 years 

6.88% 

There now appears to be good reason for fol
lowing conventional thermal power-station depre
ciation practice. A lifetime plant factor of 80% 
might be bettered. In any case, though actual 
operating practice will not be determined for many 
years, continuing supplies of nuclear fuel at or below 
initial costs should result in an increase in the actual 
lifetime load factor to the advantage of nuclear 
plants. 

Other significant changes since 1958 indicate that 
nuclear power is more than holding its own with 
the competition. Much larger reactors and generating 
units are now envisaged. This scale factor is the 
largest single reason for the reduction of capital 
and operating costs below the ranges previously 
quoted. 500 MW(e) output from a single reactor is 
considered the norm for use in the early seventies; 
larger units may predominate after that time. 

Reduction in 020 cost 

In 1955-58 D20 was estimated at $62/kg. First 
Canadian production in 1966 will cost $45.20/kg 
and is estimated to fall below $41/kg by 1970 or 
soon after. These reductions represent a decrease in 
capital outlay per reactor of roughly 5% . Larger
scale production after that time should result in 
costs of less than $37 /kg of D20. 

Reduction in fuel costs 

The total cost for fabricated CANDU fuel quoted 
in 1958 [27] is now considered to be much too high. 
At that time an estimate of $80/kg uranium was 
made; the 1964 actual cost for first production is 
$73.20/kg uranium, and the 1970 estimate is 
$50.00/kg uranium with $32.00 of this for uo2 
pellets. Further reductions in 1958 CANDU fuelling 
cost data are now evident from the latest estimates 
of increased net thermal efficiency of 29.1% (25.2% 
previously) and burn-up of 8 800 MWd/tonne 
uranium (8 100 previously). 

Here is a summary of comparative energy cost 
estimates in mills/kWh which shows the trend of 
fuel costs. 
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200 MW(e) 203 MW(e) 457 MW(e) 
CANDU [27] CANDU [28] D20 Cooled [20] 

Date of estimate 1958 1963 1964 

Fixed charges 3.18 3.56 2.50 
Fuel costs 1.85 0.9 0.60 
Operation, maintenance 

and supplies 0.75 1.0 0.73 

Total (mills/kWh) 5.78 5.46 3.83 

Regional variations 

It will be noted from Table 2 that our forecasts 
of nuclear capacity installed up to 1980 lie within 
the ranges given in 19 55 [ 21 ] . Essentially all this 
capacity represents plants for southern Ontario to be 
built in competition with imported coal-burning 
stations of large size. (Ontario uses 35% of Canada's 
power output.) There is no clear requirement for 
nuclear-electric generating stations to be in operation 
elsewhere much before 1980 unless the province of 
Quebec (which uses 38% of Canada's power output) 
is unable to develop all the large remote hydro
electric sites available to it at costs resulting in 
delivered power at load centres competitive with 
nuclear power. If engineering studies on the develop
ment of watersheds draining into the east side of 
James Bay are available in a few years, this situation 
can then be properly evaluated. 

The Maritime Provinces are a high-cost power 
area by Canadian standards. However, system inter
connexion plus the resulting development of large 
(for the local area) hydroelectric sites and con
struction of thermal plants using local coal and the 
fact that for many years the size of the annual load 
growth will be too small to accommodate efficiently 
large nuclear-electric units, all lead to the conclusion 
that not much more than a prototype nuclear plant 
will be in operation before 1980. 

The possibility of nuclear-electric plus steam 
plants in the Canadian North has intrigued many 
people. Such occurrences will be so rare that they 
are not considered in this paper. 

THE CANADIAN SCENE AFTER 1980 

Electricity demand 

Due to the increasingly extreme competition 
between types of energy in Canada and also rapidly 
changing technologies, forecasts beyond 1980 are 
extremely difficult to make. A projected increase of 
6% per year may be valid for a few years. 

Electricity supply 

Developments show that nuclear generating 
stations can be called upon to meet demands other 
than a base load at 80% capacity factor. It is there
fore assumed that, in the next 15 years, the fraction 
of generating capacity in a system which can be 
made nuclear to advantage will grow and be in 
excess of this base-load requirement. 

After 1980 most of the new plants being con-

structed in Ontario should be nuclear, i.e., up to 
1 200 MW(e) per year. The same situation should 
exist in Quebec. New plants in the Maritime 
Provinces should also be nuclear, the annual capacity 
required being about 300 MW(e). In western Canada 
the first nuclear generating station will probably be 
under construction in the Province of Manitoba. 
Therefore the total Canadian annual requirement 
for new nuclear plants in operation in the early 
1980's should be about 2 000 to 2 500 MW(e). 

Multi-unit CANDU-type stations 

When the costs we forecast for large multi-unit 
CANDU-type generating stations have been realized, 
further development of remote hydroelectric sites 
will be uneconomic. Estimates from preliminary 
evaluation studies are about 3.5 mills/kWh for a 
station consisting of four 457 MW(e) reactors and 
about 3.0 mills/kWh for two 750 MW(e) reactors 
[28, 20]. These forecasts are based on the annual
charge rate against capital quoted above, on condi
tions in southern Ontario, and on a natural uranium 
fuel cost estimate which allows $17.60/kg of U30 8 

as yellow cake. 
There has been much discussion of, and interest 

in, the wisdom of basing a long-term power program 
on known "reserves" of uranium. Estimates of 
uranium required for large-scale utilization of the 
CANDU-type reactor were made in 1958 [29]. 
These are still valid, although conservative for 
today's more efficient designs. 

Until a large and expanding international com
mercial market has existed on a normal industrial 
base for a considerable number of years, no mean
ingful long-term estimates of mineral reserves are 
feasible. The uranium mining industry should be in 
this position in the mid-1980s. The long-term view 
of the spectacular rise and fall of this industry in 
Canada is to conclude that, as a result of only six 
years of prospecting by normal techniques, we have 
now developed reserves [30] which will provide 
uranium at reasonable prices to meet foreseeable 
demands for decades. 

THE WORLD SCENE IN THE LONG TERM 

The future of economic nuclear power will involve 
changes of practice dictated by changes of prices and 
costs. In particular, the following changes of cir
cumstances are expected: 

(a) Rapid and extensive growth of nuclear power 
will demand an inventory of the fissile uranium-235 
that exceeds the known reserves of low-cost uranium 
ores, so the cost of uranium will rise. 

(b) Discovery of further uranium ores, if exten
sive, would at least check the rate of rise in the 
cost of uranium. 

(c) Technically improved processes will reduce 
the cost of extracting uranium from the lower-grade 
ores. 
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(d) As the application of nuclear power extends, 
the unit costs of reprocessing and refabricating fuel 
will fall because of the increased scale of such 
operations. 

(e) Although to a considerable degree subject 
to government control, the value of the artificial 
fissile materials 0 233 and plutonium will follow the 
cost of 0 235 as it rises. 

(f) The availability of separated 0 233 and pluto
nium from fuel reprocessing will lead to the economic 
utilization of thorium for nuclear power. (Even if 
thorium becomes the major source of nuclear power, 
the price of thorium will not rise proportionally 
with the price of uranium.) 

(g) Provision of the large inventories required for 
any extensive introduction of fast breeders would 
cause a large demand for fissile material extending 
over several times the doubling time of the breeders. 
Afterwards the demand for uranium would be much 
less than in the absence of the breeder reactors. 

(h) A ceiling will be set to the value of uranium 
by the development of processes for the production 
of neutrons or of nuclear power by physical tech
niques other than the fission chain reactions. The 
two independent techniques already foreseen are 
(i) high-energy excitation of heavy nuclei and 
(ii) thermonuclear fusion of deuterium. The first 
produces neutrons and the second both neutrons 
and power (unless the neutrons have to be consumed 
in the intermediate step of producing tritium). 

At intervals, over periods of ten years or more, 
major changes of practice are likely to result from 
these changes of circumstances that will succeed 
one another in a manner and at times that cannot be 
determined long in advance. 

Several forecasts of the future of nuclear power 
have been published and there is a risk that action 
may be taken on the conclusions without regard 
to the restrictive assumptions that were necessary 
in order to allow for possible changes of cir
cumstances. 

Although the future possibilities are many and 
varied, there are some close relations between cir
cumstances and economic practice that may be 
recognized. 

Assuming the yield of 0 235 from an isotope 
separation plant is 4.74 g/kg U (i.e., 2/3 of the 
content in the natural-uranium feed), the recent low 
market price of $13/kg U would contribute $3.64/g 
0 235 • Processing and separative work in large plants 
adds about $6/g 0 235

• 

The residual plutonium in spent fuel from natural 
uranium at 10 000 MWd/tonne uranium burn-up 
in CANDO reactors is about 2.75 g fissile pluto
nium/kg U. When the scale of reprocessing is suffi
ciently great to bring the cost down to $20/kg U, 
this would contribute $7.3/g to the cost of pluto
nium, and provided fuel fabrication costs are not 
much higher than for separated 0 235 , such pluto
nium would compete with separated 0 235 as a seed 

or spike fuel in thermal reactors in which the neutron 
spectrum is cool enough to preserve a high fission 
neutron yield (7J) from plutonium. 

It has been shown [ 31 , 3 2] that 0 235 + thorium 
fuel cycles are close to competing with natural 
uranium fuel at the present time and even a doubling 
of the cost of natural uranium ore could change the 
balance in favour of 0 235 + Th with or without 
recycling. The position cannot be stated more 
definitely because it depends on relative costs of 
fuel fabrication and reprocessing methods that are 
not yet established on an adequate scale to have 
reached any economic balance. 

In several nuclear power systems of widely 
different types the contribution to the cost of power 
attributable to the cost of the uranium ore con
centrates is now very low. For example, at the 
present low market price of $13 /kg U the con
tribution may be less than 0.2 mill/kWh, and details 
of fuel financing methods are not very important. 
A price rise by a factor of, say, four would make 
the contribution significant and the financing details 
important. Typical relevant costs for three widely 
different fuel cycles are given in Table 3. It will be 
noted that for the CANDO system of natural
uranium fuelling without reprocessing the inventory 
charges are almost negligible. In systems obtaining 
a higher energy yield by recycling the inventory 
charges are larger and are likely to predominate. 

Since it appears from this table that even the high 
suggested price of $250/kg U would not contribute 
a crippling component to the cost of power using 
a well chosen fuel cycle, it is necessary to consider 
the time when such high costs may prevail. Here 
there is extreme uncertainty. Uranium is abundant 
in the earth's crust at 4 parts per million and the 
amount within 1.6 km of the surface of the land 
mass is 2.5 X 1012 tonnes. There is also 4.5 X 109 

tonnes of uranium in the oceans. 
For a world population of 14 000 million supplied 

at 1 kW per capita (or 7 000 million at 2 kW 
per capita) and 50 000 MWd/tonne burn-up at 35% 
efficiency, the demand is only 24 million tonnes per 
century. At present the world enjoys low-cost ura
nium separated by geochemical processes into rela
tively rich ores. Their extent is largely unknown. 
It is conceivable that techniques could be developed 
to process rocks averaging 4 ppm recoverable 
uranium for $1/tonne and thereby contribute only 
$250/kg U, but the incentive for developing such 
techniques has not yet arisen. It seems likely that 
the demand for many centuries can be met from 
somewhat higher grade deposits for less than $250/ 
kg U. When the price rises, a ceiling may be set by 
the development of other nuclear processes for the 
generation of neutrons that can produce 0 233 and 
plutonium from the abundant isotopes of thorium 
and uranium. 

In summary it appears that the economic optimum 
fuel cycle will change as nuclear power extends; 
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Table 3. Examples of contribution of uranium cost to power cost 

Power Contribution of Annual Contribution of uranium cost at $P /kg U to 
rating of uranium cost at charge power cost 
total fuel $P /kg U to power rate on 

in inventory Burn-up cost• inventory p = 13 p = 42 p = 250 
r B Efficiency c a c c c c 

kW(th)/kg U MWd/kgU mill/kWh %/year mill/kWh mill/kWh mill/kWh mill/kWh 

CANDU 
(natural uranium P[1 a*] 7 0.0151? 0.195 0.63 3.75 
no reprocessing) 15 10 0.3 0.3 .240 + 10 500 10 0.0155P 0.20 0.65 3.9 

CANDU 
(with plutonium P [ 1 a* J 7 0.0073? 0.095 0.31 1.83 
recycle) . ' .... 15 25 0.3 0.3 600 + 10 500 10 0.0081? 0.105 0.34 2.02 

U235.Th-U233 
(with exhiiUstive P [ 1 a J 7 0.0071P 0.093 0.30 1.78 
recycle) 6 50 0.35 0.35 1 200 + 4 200 10 0.0092P 0.119 0.385 2.29 

Fast breeder 
plutonium cycle for 
20-year inventory 
doubling time 
(i.e. 3.53%/year P [ 1 a-3.53 J 7 0.0058? O.Q75 0.24 1.45 
increase) 2.2 700 0.4 0.4 T6 8oo + T540 10 0.0107P 0.138 0.45 2.66 

• c = Make-up contribution + inventory contribution = ~ (
2

:
8 

+ 70~,) . For CANDU without reprocessing the effective inventory 

is halved, so a * = O.Sa; with plutonium recycle the inventory is reduced, so a * ~ O.Sa. 

at present fuel reprocessing does not necessarily 
confer any advantage. When the demand for the 
inventory of fissile material becomes so large that 
the cost rises and at the same time the cost of 
reprocessing falls because of the increased scale of 
operations, economics will favour reprocessing. Still 
later it will become important to keep inventories 
to a minimum, and eventually bum-up may be 

sacrificed when a ceiling value is set on fissile 
material by the artificial production of U233 or 
plutonium. The changes of economic balance are 
likely to be quite significant, and it will not pay 
at any time to employ the process that was optimum 
ten years ago or will be optimum ten years or more 
later. The same applies to the working of uranium 
ores. 
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ABSTRACT- RESUME- AHHOTALIJI1SI- RESUMEN 

A/1 Canada 

l'approvisionnement en electricite au Canada 
et Ia place des centrales nucleaires 

par W. B. Lewis et T. G. Church 

La mise au point, la construction et !'exploitation 
des centrales nucleaires utilisant !'uranium nature} 
comme combustible et l'eau lourde comme mode
rateur et comme caloporteur ont ete poursuivies 
avec succes, conformement aux plans indiques lors 
de la Conference de 1958. Le prix de revient nou
vellement calcule, de meme que les details de Ia 
construction des generatrices du type CANDU ont 
fait !'objet de memoires qui seront presentes a cette 
Conference. La pratique ainsi que les resultats des 
calculs les plus recents ont done fourni les bases de 
ce memoire. 

11 est interessant de rappeler les previsions d'offre 
et de demande faites lors des conferences anterieures 
en ce qui concerne l'electricite au Canada et de les 
comparer aux dernieres previsions etablies en fonc
tion des nouvelles conditions economiques. La capa
cite installee est superieure aux previsions et d'im
portants changements se sont produits dans les 
differents systemes de production de l'electricite 
(hydroelectriques, combustibles fossiliferes et nu
cleaires), changements qui ont fortement modifie les 
facteurs economiques de chaque systeme. 

Les techniques modernes de l'amenagement hydro
electrique des COUTS d'eau ont permis d'augmenter 
le potentiel des projets individuels. Par ailleurs, les 
lignes de transmission a longue distance etant moins 
couteuses, i1 est possible d'implanter, dans des 
emplacements appropries et lointains, des centrales 
hydroelectriques geantes qui desserviront les grands 
centres a des prix concurrentiels, c'est-a-dire a raison 
de 4 milliemes de dollar par kilowattheure, avec les 
methodes de financements accordees aux gouverne
ments provinciaux. 

Le combustible fossile destine aux centrales ther
miques est maintenant moins couteux et on peut se 
le procurer plus facilement dans la plupart des 

regions canadiennes. Des systemes de production de 
vapeur plus grands et plus efficaces rendent aussi 
possible la production d'une electricite d'origine 
fossile a un cout d'environ 4 mills/kWh. 

Notre programme d'implantation de centrales 
nucleaires a, lui aussi, fait des progres en ce qui 
concerne le prix de revient du kilowattheure. Nous 
prevoyons que la construction et !'exploitation de 
tres grandes centrales permettront des economies; 
celles-ci, ajoutees aux diminutions des prix du com
bustible et des materiaux speciaux, donnent lieu de 
croire qu'il sera possible de produire de l'electricite 
a raison de moins de 4 mills/kWh. L'implantation 
des grandes centrales nucleaires canadiennes se 
realisera, comme prevu, au COUTS des annees 70. 

Plusieurs raisons permettent de croire que vers 
1980 la proportion des centrales nucleaires par rap
port aux autres types de centrales electriques aug
mentera tres rapidement. 

Les previsions revelent que les besoins en elec
tricite s'intensifieront de plus en plus dans le futur 
et que vers 1980 toutes les regions canadiennes 
verront leurs besoins accrus d'annee en annee. 

Vers 1980, la mise en valeur des ressources hy
drauliques les plus accessibles aura atteint son point 
culminant. De plus, les centres importants sont 
eloignes des sources de combustibles fossiles bon 
marche. 

Par contre, la reduction du prix des materiaux et 
des frais d'exploitation permettra aux grandes cen
trales nucleaires de produire de l'electricite a meilleur 
compte que prevu originellement, et le cout des nou
velles centrales continuera a diminuer. Les prix des 
materiaux speciaux seront inferieurs et le cou.t du 
combustible restera a la fois modique et stable 
pendant tres longtemps apres 1980. 

II ne sera pas possible d'etablir des previsions 
pourvues de sens, quant a !'obtention du combus
tible a un bas prix, tant qu'une demande vraiment 
commerciale n'aura pas ete etablie et n'aura pas ete 
satisfaite pendant au moins quelques annees (c'est
a-dire apres 1980). Le prix de !'uranium, cependant, 
ne represente qu'une petite fraction du cout total 
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de Ia production de l'electricite dans une centrale 
ayant un reacteur du type CANDU. De plus, si ce 
prix augmentait au point de multiplier par deux les 
chiffres prevus pour les annees 80 il serait avan
tageux de recourir au recyclage du combustible et 
a des convertisseurs uranium-thorium pour stabiliser 
le cm1t de l'electricite produite dans ces centrales 
nucleaires. De cette fa<;on le cm1t total ne serait 
guere plus eleve que celui prevu pour !'uranium 
naturel non recycle. 

A/1 KaHaAa 

8HeprOCHa6meHHe H pOllb aTOMHOH 
3HepreTHKH B KaHaAe 

Y. 5. J110Mc, T. ,lJ.>K. 4ep~ 

Ycnemuo npo,1.1omKaiOTCH (s Tex MacniTa-

6ax, 0 1\0TOpbiX C006IQaJIOCb Ha 11\eneBCI\OH 1\0H

«ffepeHD;HH 1958 ro,1.1a) paapa6oT«a, CTponTeJihCTBI• 

M 31\CDJiyaTaD;H.H TH>KeJIOBO,I.IHbiX 3HepreTH'leCI\KX 

peai\TOpOB Ha IlpHpO,I.IHOM ypaHe, B 1\0TOpbiX B Ka

'leCTBe 3aMe,I.IJIHTeJI.H H TeiTJIOHOCHTeJIH HCITOJih

ayeTCH TH>KenaH BOJ.Ia. B ,1.1pyrux ,I.IO«Jia,l.lax, rrpe,IJ.

cTasneuublx aa ,l.laHHYIO «ou«ffepeun;niO, rrpuso

J.IHTCH llOCJie,IJ.HHe OD;eHIUf IIO CTOHMOCTH 3Jiei\Tpo-

3HeprHU H llO,ll.pOOHble ,IJ.aHHLle 0 CTpOHT('JihCTBe 

pea«Topos Tuna CANDU. B ,l.laHHOM ,IJ.O«Jia,IJ.e oc

lleiQaiOTCH B OCHOBHOM IIp06JieMbl :H\CITJiyaTaD;HH 

11 CTpOUTeJihCTBa B CBeTe yrrOMHHYThlX on;eHOK H 

11pHMeHnTeJJbHO K BhlrueyKa33HHOH JWHCTpyKI.l;KII 

peaKTOpOB. 

HuTepecuo cpaBHHTb nporuoahl s oTHorne

HHH IIOTpe6HOCTeif B 3Jiei\Tp03Hepruu ll npOH3BO,I.I

CTBa 3Jie«Tpo3Hepruu B Kaaa,1.1e ua nepno,IJ. 1955-

1980 rr., C,IJ.eJJaHHblX Ha rrpe,IJ.bl,IJ.yiQHX 11\eueBCI\KX 

NOH«ffepeun;HHX, C llOCJie,IJ.HHMH aHaJIOfii'IHbiMlt 

on;eHK3MU U nepeCMOTpeHHblMH 31\0HOMII'leCI\HMH 

,!1.3HHblMH. Y CT3HOBJieHHa.H MOIQHOCTb OK333JI3Cb 

Bhlrne npe,l.lc«aaLlsaeMoii; aHa'IHTeJihHble ycnexu 

oblJIH ,I.IOCTnruyThl B ncrronbaosaunu ni,IJ.po3uep

ruH, lfCI\OllaeMblX BH,li.OB TOIIJIHBa H 3TOMHOM 3Hep

I'HH, 'ITO Ol\33blB3eT 60JibiUOe BJIHHHHe Ha 31\0HO

MIIRY R3>KJ{OH CHCTeMhl. 

CospeMeHHhlii Texnuqec«nii no,1.1xo,IJ. K Rac
Ra,IJ.y rH~p03JieRTpOCT3HD;HH yseJIH'IHJI IIOTeHD;H

aJJhHble B03MO>KHOCTH OT,r(eJihHblX rH,r(po:mepreTH

l.J.eCRHX CHCTeM, H B03MO>KHOCTh HCDOJ1h30B3HHH 

R H3CTOHIQee BpeMH 31\0HOMH'IHhiX ~3JibHHX JIH

HHH BhlCOKOBOJihTHhlX nepe,IJ.al.J. noaBOJIHeT paapa-

6aThiBaTh O'leHh RpyiTHhle 6JIOKH rH,IJ.p03JieKTpo

CT3HD;Hii AJIH OT,IJ.aJieHHLIX paiiOHOB C HCIIOJih30-

RaHHeM Bhlpa6aTblBaeMoi HMR 3JieRTpoaueprnu B 

O,eHTpax C 60JibiDHMH IIOTpe6HOCTHMR B 3JieKTp0-

3HeprHH IIO KOHKypeHTHOH CTOHMOCTH, HaiipHMep 

- 0,4 !fenr/~>er · 'l II.tJH ycJioBRH o6ecrre'leHHR «ffu

uaucnposaan.H CO CTOpOHhl rrpaBHT('JJbCTBeHHbiX 

opranos ua MecTax. 

B nacToHin;ee speMH HCKonaeMhle RH,IJ.hi To

HJIRBa ,llJIH TeUJIOBhiX 3JieRTpOCT3HD;HU ,l.leiDeBJie If 

oonee ,IJ.OCTYIIHhl B 6oJibiDHHCTBe paiioHOB Kaua

.:\Ll, 'leM panLme. llo3TOMY 6onee Rpyrrnhle " 3«ff-

¢eKTHBHhie rraporenepaTopHhie ycTaHoBKn TatoKe 

6yp,yT nponaBOi:UITh :meKTpo3Hepnno no nmnw
CTH nopH;J,Ka 0,4 lfenr/~er · 'l. 

Pa6oTbl B Kaaa,IJ.e B o6nacTH paapa6oTRH 

H,IJ.epHbiX 3HepreTH'leCKHX peaRTOpOB rrpO,li.OJI>Ka

IOT ycrreiiiHO pa3BHB3ThCH. CuumeHHe CTOHHOCTII 

H,IJ.epnoro TOIIJIHBa H Cl1e~H3JlhHbiX MaTepHaJIOB 

H COl.J.eTaHHH C rrpe,IJ.IIOJiaraeMOH 3KOHOMHeH, o6y

CJIOBJieHHOU CTpOHTeJihCTBOM H 3KCIIJJyaTan;ueii 

O'leHh KpyllHblX aTOMHhiX 3JieKTpOCT3HJJ:HU, ,IJ.aeT 

B03MOa<HOCTh ,IJ.06HTLCH UpOH3BO,li.CTBa 3TOM-

HOH 3JieKTp03HeprHH ITO CTOHMOCTH HH>Ke 

0,4 !fenr/~er. • 'l. B 70-e ro,IJ.hl coopymeuHe aTOM

HhlX 3JieKTpOCT3HJJ:HH ,li.OJI>KHO rrpo,IJ.OJI>K3TbCR Co

TJI3CHO panee paapa6oTaHHbiM IIJiaHaM. 

ITo HeKoTopbiM rrpH'IHHaM rrpu6nnauTeJihHO 

N 1980 ro,IJ.y rrpe,IJ.CT3BJI.HeTCH BepoHTHbiM O'leHL 

6hiCTpOe yBeJIH'IeHHe ,IJ.OJJH 3TOMHhiX 3JieRTpOCTaH

l~Hii B 06IQeM 'IHCJJe CTpOHIQRXCH 3JJeRTpOCT3H~HK 
~~pyrHX THIIOB. 

IIepcneKTHBHble on;euRH CBHAeTeJJhCTBYIOT o6 

yBeJIH'leHHH B 6y,IJ.yiQeM IIOTpe6HOCTeH B 3Jie

J\Tp03HeprHH, H K TOMy BpeMeHH emero,IJ.HOe yse

JJH'leHHe aTHX rroTpe6aocTeii so Bcex paiionax 

CTpaHbl 6y,IJ.eT 3H3'IHTeJibHbiM. 

Ocsoeuue ocaoBHhlX uasecTHhlX HCTO'IHHKOB 

rH,IJ.p03Repruu 6y,IJ.eT no cyiQeCTBY aasepmeao. 

Bamahle paiioHbl cTpauhl pacrronomeHbl ,naneKo 

OT HCTO'IHHKOB ,IJ.ellleBoro HCROIIaeMOrO TOITJIHB3. 

C ;:~,pyroii CTOpOHbl, CHH>KeHHe 3KCIIJIYaT3D;H

OHHhiX paCXO,li.OB H CTOHMOCTH MaTepH3JIOB IIpHBe

;(eT R ToMy, 'ITO Kpyrrable aTOMHhle 3JieKTpocTaH

n;uu 6y,IJ.yT npouaBO,IJ.HTh 6onee ,IJ.ernesyiO aneRTpo-

3HeprHIO, 'leM IJJI3HHpOB3JIOCh rrepBOH3'l3JlhHO, H 

CTOHMOCTh 3JieKTp03HeprHH, UpOH3BOlJ.HMOH HOBLI

MH cTaHn;HHMH, 6y,IJ.eT rrpo,IJ.OJI>KaTh rra,IJ.aTh. Cau-

3HTCH CTOHMOCTh CIIeD;H3JibHblX MaTepuaJJOB, H B 

Te'lenue aHa'IHTeJILHoro rrepnoAa speMeHn nocne 

1980 ro)J.a ,IJ.OJJ>KHa CTa6RJIH3HpOB3ThCH H CT3Tb 

6onee HH3ROH CTOHMOCTb H;J,epHOrO TOITJIHBa. 

~3Th nepcneRTHBBble OIJ;eHRH OTHOCHTeJih-

HO 6y;J,yin;HX IIOCT3BOR H,IJ.epHoro TOITJIHBa llO Ta

liHM HH3KHM O,eHaM 6y,IJ.eT HeB03MO)KHO ,!1.0 TeX 

nop, noKa ae 6YAYT ycTaHOBJJeHhl u nposepeHLI 

n Te'lenue no Kpaiiaeii Mepe uecROJibRHX neT ua

npuMep, nocne 1980 ro,IJ.a AeiicTBHTeJJhHhle KOM

MepqecKne l10Tpe6ROCTH B HlJ.epHOM TOHJIHBe. 0,1.1-

HaRO ypaH o6paayeT JJHIIIh He6oJihiiiYIO COCTaBJIH

IOII.J:YIO 061n;eii CTOHMOCTH 3JieKTp03HeprHH, npo

H3BO,li.HMOH peaRTOpHOH 3HepreTH'leCROH CHCTeMOH 

CANDU. Bonee Toro, ecnu CToHMOCTb ypana soa

pacTeT BlJ.Boe no cpasneHHJO c n;u«ffpaMH, rrpe,L~cKa-
3blBaeMblMH Ha 1980 ro,IJ., TO K 3TOMY BpeMeHH CTa

HeT ROHKypeHTOCIIOC06HhiM HCDOJlb30B3HHe 110-

BTOpHoro TOllJJHBHOrO JJ:HRJia H ypaH-TOpHeBhiX 

veaKTopoB-KOHBepTepOB, 'ITO IIpHBelJ.eT K CTa6n

JJH3HpOB3HHIO CTOHMOCTH :JJJeRTp03HeprHH, IIpo

Jf3BO,li.HMOU 3THMH 3TOMHbiMH 3HepreTH'IeCKHMH 

ycTaHoBKaMH, na yposue, ue rrpenhlmaiOIQeM ana

•mTeJJhHo ypoBHH, rrpelJ.CKa3LIBaeMoro ,nnH D;HKJia 

Ha IIpHpO)J.HOM ypaae 6ea llOBTOpHOH rrepepa6oTKH 

TOllJIHBa. 
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A/1 Canad6 

Suministro de energia electrica en Canada 
y mision de Ia energia nuclear 

por W. B. Lewis y T. G. Church 

El desarrollo, la construcci6n y la explotaci6n de 
los reactores de potencia de uranio natural modera
dos y refrigerados por agua pesada han continuado 
con exito, de acuerdo con las Hneas ya indicadas 
en la Conferencia de Ginebra de 1958. En otros 
informes presentados a esta Conferencia de 1964 se 
da cuenta de las ultimas estimaciones de costes de 
la energia y de los detalles de construcci6n de esta 
familia de reactores del tipo CANDU. La experiencia 
de funcionamiento y de construcci6n, juntamente 
con las estimaciones y proyectos, proporcionan las 
bases para esta memoria. 

Es interesante comparar los pron6sticos de de
manda y producci6n de energia electrica en Canada 
que se hicieron en las Conferencias anteriores para 
e1 periodo 1955-1980 con las ultimas estimaciones 
y datos econ6micos revisados. La potencia instalada 
esta por encima de las previsiones y ha habido 
progresos importantes en la producci6n de energia, 
tanto hidroelectrica como termica de combustible 
f6sil y nuclear, que tienen un gran efecto sobre la 
economia de cada sistema. 

El moderno enfoque tecnico de los sistemas tlu
viales ha incrementado el potencial de los sistemas 
hidroelectricos individuales, y el uso, ahora posible, 
de Hneas de transmisi6n econ6micas a larga dis
tancia, ha asegurado el aprovechamiento de grandes 
cantidades de energfa hidroelectrica de localizaci6n 
muy remota, para su uso en los centros de consumo 
a precios de competencia, del orden, por ejemplo, 
de 4 milesimas de d6Iar por kWh, con financiaci6n 
por los gobiernos provinciales. 

El combustible f6sil para centrales termicas es 
ahora mas barato y mas facilmente asequible que 
antes en una gran parte del Canada. Por este motivo, 
con unidades mas grandes y con mayor rendimiento 
en la generaci6n de vapor se producin1 energia 
electrica a precios del orden de las 4 milesimas 
por kWh. 

Nuestro desarrollo en reactores nucleares de 
potencia ha continuado a ritmo creciente. Los 
precios mas bajos del combustible y de los materiales 
especiales, unidos a las economias que se espera 
resulten de la construcci6n y explotaci6n de cen
trales de gran capacidad, prometen una producci6n 
de energfa a precios inferiores a 4 milesimas por 
kWh. Es de esperar que, durante el decenio 1970-
1980, la instalaci6n de centrales nucleares de poten
cia prosiga de acuerdo con los pron6sticos previos. 
Parece probable, por varias razones, que bacia 1980 
el numero de centrales nucleares aumente muy 
nipidamente con respecto al de centrales de otros 
tipos que se construyan. 

Los pron6sticos muestran demandas crecientes de 
energia electrica y, para entonces, los incrementos 
anuales en cada una de las regiones del pais habr{m 
de ser considerables. El aprovechamiento de los 
recursos hidroelectricos naturales mas importantes 
estara practicamente terminado y habra aun impor
tantes regiones alejadas de las fuentes de combus
tible f6sil a bajo precio. Por otro lado, la reducci6n 
en los costes de los materiales y en los de explota
ci6n permitira que las grandes centrales nucleares 
produzcan energia mas barata que lo que se pens6 
al principio y el coste de las nuevas centrales aun 
bajara mas. Los costes de los materiales especiales 
seran mas bajos y los precios del combustible habran 
de ser bajos y estables durante un periodo con
siderable de tiempo, despues de 1980. 

No sera posible hacer pron6sticos sensatos con 
respecto a los suministros de combustible nuclear 
a tales bajos precios basta que se haya creado y 
puesto en pnktica una verdadera demanda comer
cia! durante algunos aiios por lo menos (esto es, 
despues de 1980). El uranio, sin embargo, repre
senta solamente una pequeiia fracci6n del coste total 
de Ia producci6n de energia electrica en una central 
tipo CANDU. Ademas, si su coste duplica las cifras 
previstas para los aiios posteriores a 1980, el reci
clado del combustible y los reactores convertidores 
de uranio-torio se hanin competitivos y estabilizaran 
el coste de la energia producida en esas centrales 
nucleares a un nivel que no sera muy superior al 
estimado para el ciclo de urania natural sin recu
peraci6n. 



P/31 France 

Le programme nucleaire fran~ais 

par J. Cabanius* et J. Horowitz** 

Le programme nucleaire fran~ais est conditionne 
par des donnees permanentes qui, au-deUt des aleas 
de la conjoncture, determinent la politique energe
tique a long terme. Ce sont: !'augmentation regu
liere de Ia consommation d'energie electrique, la 
limitation des possibilites hydroelectriques et Ia 
limitation des ressources du sol national en charbon, 
lignite, petrole et gaz nature!. 

Des 1955, il etait evident que !'augmentation 
ineluctable et relativement tres rapide des besoins 
en calories pour la production d'energie electrique 
imposerait a tres court terme des importations regu
lierement croissantes. A Ia meme epoque, i1 etait 
possible d'envisager la construction de centrales 
electro-nucleaires a partir des realisations indus
trielles du Commissariat a 1' energie atomique: mise 
en service en 1952 du premier reacteur experi
mental refroidi au gaz sous pression, EL2 et cons
truction des reacteurs plutonigenes de Marcoule, 
refroidis au gaz et moderes au graphite, G1, G2, G3, 
a laquelle Electricite de France fut associee pour 
Ies installations de production d'electricite. 

Electricite de France prit alors position sur un 
programme nucleaire de 850 MW(e) (y compris G2 
et G3) dont l'achevement etait envisage pour 1966-
1967 et qui etait susceptible de fournir a cette date 
environ 5% de la production nationale totale. Cette 
fraction etait suffisamment importante pour que 
!'experience acquise puisse etre consideree comme 
significative; elle n'etait pas trap elevee pour eviter 
une augmentation notable du volume des investisse
ments annuels et une degradation trap sensible du 
compte d'exploitation, compte tenu des couts de 
premier etablissement et des prix de revient finaux 
que l'on pouvait evaluer alors. 

D<!s decisions ulterieures, prises notamment a 
!'occasion du quatrieme Plan de modernisation, 
porterent a 7,5% ou 8% en 1970-1971 Ia part 
de l'energie nucleaire dans la production nationale, 
le but essentiel du programme restant celui qui avait 
ete defini des l'origine et rappele par MM. Ailleret 
et Taranger a la Conference de Geneve de 1955, 
a savoir la mise au point aussi rapide que possible 
d'un modele de centrale nucleaire competitif avec 
les centrales thermiques classiques, tout en con
servant Ia preference initiale vers les reacteurs a 

* Electricite de France, Direction de l'equipement. 
**Commissariat a l'energie atomique, Direction des piles 

atomiques. 
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uranium naturel. Le developpement des etudes n'a 
fait que confirmer !'interet de !'utilisation de !'ura
nium nature!, du non seulement a Ia multiplicite 
des sources d'approvisionnement et aux avantages 
qui en resultent, mais aussi a la simplicite de son 
cycle de combustible qui n'exige que des investisse
ments moderes, des installations peu complexes et 
dont l'economie ne comporte que tres peu de fac
teurs d'incertitude. 

L'objet du present memoire est d'abord de rap
peler les previsions de consommation d'electricite 
en France dans les vingt prochaines annees, de faire 
ensuite le point sur l'etat d'avancement actuel du 
programme fran~ais de centrales nucleaires et d'in
diquer enfin ses perspectives de developpement a 
court et moyen terme. 

EvOLUTION DE LA CONSOMMATION D'ELECTRICITE 

EN FRANCE 

Le bilan ci-dessous a ete etabli a partir des hypo
theses de travail de base considerees dans les etudes 
preliminaires de la Commission de l'energie du 
Commissariat au Plan: 

L'augmentation de Ia consommation totale d'e
nergie electrique serait de 7,2% par an, en tenant 
compte de !'evolution probable de la population et 
de celle de Ia production interieure brute. 

Le developpement de l'hydraulique se poursuivrait 
au rythme actuel jusqu'a epuisement a peu pres total 
des sites actuellement consideres comme rentables. 

Le thermique "fatal" correspond a la production 
des charbonnages de France, de Ia siderurgie et des 
tiers, et a la production d'Electricite de France a 
partir des combustibles pauvres - lignite, gaz de 
hauts fourneaux - et du gaz de Lacq. 

L' "autre thermique" correspond a la production 
a partir de combustibles riches - charbon mar
chand, fuel ou gaz nature! importe - et au nucleaire 
(voir tableau 1). 

En ce qui concerne Ia puissance installee, le bilan 
est mains simple a etablir. Le tableau precedent 
correspond sensiblement a un accroissement de 
Ia puissance mise en service en thermique de 
6 900 MW entre 1965 et 1970, 10 000 MW entre 
1970 et 1975 et de 35 000 MW entre 1975 et 1985. 
11 est rappele que les decisions concernant ces equipe
ments sont generalement prises cinq ans a l'avance. 

Le tableau 2 resume la comparaison des besoins 
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Tableau 1. Previsions d'evolution de Ia consommation 

TWh 

Consommations (pertes comprises) 
Importations nettes 
Hydraulique 

Thermique 
Thermique "fatal" 

"Autre thermique" 

en energie et des ressources nationales, sans tenir 
compte du nucleaire. 

Il resulte des tendances indiquees dans ce tableau, 
d'une part, qu'il s'ouvre un champ tres vaste aux 
centrales nucleaires en raison du developpement 
probable de Ia demande d'electricite et des possibi
lites limitees de l'hydraulique et, d'autre part, que !'in
troduction de l'energie nucleaire pourrait avoir une 
influence tres importante sur le taux de couverture 
des besoins en energie par les ressources nationales. 

LE DEVELOPPEMENT DES CENTRALES NUCLEAIRES 
EN FRANCE 

Rappel du programme en cours 

Les realisations actuellement en service ou en 
construction sont repartees dans le tableau 3. 

La filiere uranium naturel-graphite-gaz carbonique 

Le programme fran<rais est essentiellement axe 
sur le developpement en priorite des reacteurs a 
uranium naturel moderes au graphite et refroidis au 
gaz carbonique. Avec les reacteurs G2 et G3, res
pectivement en service depuis avril 1959 et avril 
1960, Ia France dispose d'une experience precieuse 
du fonctionnement de reacteurs de ce type. Cette 
experience peut etre consideree comme extremement 
satisfaisante, apres quelques difficultes initiales de 
mise au point, tant pour Ia disponibilite generale de 
Ia centrale et le comportement du combustible que 
pour le fonctionnement des equipements dont cer
tains etaient mis en reuvre pour Ia premiere fois au 
monde : caisson en beton precontraint, installations 

Tableau 2. Evaluation 

1965 1970 1975 1985 

103 150 205 410 
2 2 1 0 

43,5 51 59 70 

57,5 97 145 340 
26,1 28,4 29 30 

31,4 68,6 116 310 

de chargement-dechargement du combustible fonc
tionnant reacteur en marche. 

Le programme d'Electricite de France, qui bene
fide de la collaboration technique du CEA, com
prend actuellement la realisation des trois tranches 
de la centrale de Chinon et de la premiere tranche 
de la centrale de Saint-Laurent-des-Eaux. Ces 
quatre reacteurs representent un montant total de 
depenses de 1 900 millions de francs, formant 
l'essentiel du programme nucleaire d'EDF. 

D'un reacteur au suivant, le developpement 
general a ete dans le sens de l'economie, de la 
simplification et de Ia securite. Cependant dans le 
meme temps on a voulu, dans la mesure du possible, 
explorer des solutions techniques differentes; en 
particulier en ce qui concerne le caisson, une solu
tion "acier" a ete adoptee pour EDFl et EDF2 et 
a d'ailleurs conduit, apres quelques difficultes, a des 
realisations qui comptent parmi les plus remar
quables dans ce domaine. 02, 03, EDF3 et EDF4 
ont au contraire des caissons en beton precontraint, 
solution qui presente plus de possibilites d'adaptation. 

Mais Ia caracteristique essentielle dans !'evolution 
des projets est incontestablement !'augmentation des 
puissances unitaires, qui s'est effectuee en un nombre 
minimum d'etapes qui ont egalement permis un 
alignement sur les puissances normalisees des cen
trales classiques. C'est ainsi qu'apres EDFl 
(70 MW(e) net avec un groupe de 83 MW), EDF2 
a ete equipe de 2 groupes turbo-alternateurs de 
125 MW et EDF3 et EDF4 soot equipes de 
2 groupes de 250 MW. Il est apparu que Ia dimi
nution du prix par kW installe est importante lors-

des besoins nouveaux 

(Tonnes d'equivalent charbon) 

1960 1965 1970 1985 

A. Consommation totale d'energie 130 160 190 330 

B. Ressources nationales 
Charbon a 58,2 55,3 50 30-40 (?) 
Petrole 2,8 4,0 } 17 } 25-40 (?) Gaz naturel 4,2 7,8 
Hydraulique 16,1 17,4 20,5 30 

Total B 81,3 84,5 87,5 85-llO 

Rapport B/A 62,5% 53% 46% 26 a 33% 

a Y compris lignite EDF. 
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Tableau 3. Reacteurs de puissance fran~ais 

Nom G2 G3 EDFl 

Emplacement Marcoule Marcoule Chin on 

Date de mise en ser-
vice a 1959 1960 1963 

Type 
Combustible . . U nat. U nat. U nat. 
Moderateur Graphite Graphite Graphite 
Refroidisseur C02 C02 C02 

Puissance electrique 
nette (MW) . 40 40 70 

• Date de couplage au reseau electrique. 
b Le premier jeu sera en uranium lCgerement enrichi. 

qu'on accroit Ia puissance unitaire, et que cette 
filiere serait plus vite competitive pour des unites de 
grande puissance: un reacteur nucleaire de 400 a 
500 MW(e) est bien a l'echelle des grands reseaux 
modernes interconnectes. Cette evolution vers de 
grandes puissances unitaires a ete ensuite suivie dans 
Ia plupart des autres pays. 

Pour que cette augmentation de puissance ne se 
traduise pas par une augmentation de la complexite 
des structures et en particulier par une multipli
cation excessive du nombre de canaux, il a ete 
necessaire parallelement de developper des elements 
combustibles qui conservaient Ia simplicite fonda
mentale de Ia conception des combustibles de Ia 
filiere - element unique, massif, constitue par un 
barreau d'uranium metallique dans une gaine 
d'alliage de magnesium- mais qui permettraient un 
accroissement de l'energie degagee par element. 
Alors que dans G2/G3 un element combustible ne 
pese que 4 kg et ne produit, en moyenne, qu'un peu 
plus de 300 kW(e) par tonne, dans EDF3 et EDF4, 
!'element combustible pese 10 kg et produit 
1 200 kW(e) par tonne. Ceci permet de n'aug
menter le nombre de canaux que dans un rapport 
de 3, alors que la puissance electrique est multipliee 
par un facteur superieur a 10. 

Enfin un nouveau pas dans le sens de la simpli
fication a ete fait avec EDF4: en utilisant les pos
sibilites techniques de realisation de grandes en
ceintes en beton precontraint, il a ete decide d'in
corporer Ia totalite du circuit de gaz carbonique 
dans le caisson, ce qui conduit a une architecture 
de centrale tres compacte, plus economique et pre
sentant une securite intrinseque accrue. 

Aboutissement d'un important effort de deve
loppement technique et de simplification industrielle, 
tenant compte de !'experience acquise dans la reali
sation des unites precedentes, EDF4 devrait se pre
senter ainsi comme une "tete de serie" susceptible 
d'etre reproduite a plusieurs exemplaires, si elle se 
confirme comme economiquement rentable. 

EDF3 constitue actuellement la reference la plus 
valable pour Ie cotlt d'investissement d'une centrale 
nucleaire de 500 MW(e), car toutes les commandes 

EDF2 EDF3 SENA EL4 

Chinon Chinon Chooz Brennilis 

1965 1966 1966 1967 

U nat. U nat. U enr. U nat.b 
Graphite Graphite H20 D20 

C02 C02 H20 C02 

200 480c 266d 15 

c Puissance correspondant 3. la saturation des groupes. 
d A moitie avec des producteurs belges d'electricitC. 

EDF4 

St-Laurent-
des-Eaux 

1968 

U nat . 
Graphite 

C02 

480 

sont passees et la construction est suffisamment 
avancee pour que le clevis initial puisse etre con
sidere comme respecte. 

Pour EDF4, le cout n'est pas defini avec Ia meme 
precision; cependant une grande partie des equipe
ments sont identiques a ceux d'EDF3, et !'adoption 
du concept integre doit permettre une reduction du 
prix; dans le cas particulier de la centrale de 
Saint-Laurent-des-Eaux, cette reduction risque d'ail
Ieurs d'etre compensee en partie par les depenses 
inherentes a !'installation d'une premiere tranche 
sur un site nouveau. Tenant compte de ces facteurs, 
on peut evaluer actuellement le cout de construction 
d'une centrale de 480 MW(e) net identique a EDF4 
et etablie sur un site moyen a mains de 2 fois celui 
d'une centrale a fuel de meme importance. 

Dans cette evaluation, on n'a pas pris en compte 
Ia charge de combustible. Le cout du cycle de com
bustible, y compris les interets sur Ia charge en pile, 
est evalue actuellement a moins de 1 ¢/kWh, soit 
2,5 fois moins que les charges de combustible d'une 
centrale classique. Les couts EDF4 seraient d'ail
leurs inferieurs si l'on tenait compte de la baisse 
actuelle de !'uranium nature!, que nous avons compte 
au prix de 8 dollars par livre d'U30 8 • 

Une comparaison complete des prix de revient de 
l'energie demande que soient faites des hypotheses 
sur les taux d'interet, les durees de vie, etc. Elles 
sont exposees en detail par ailleurs *. II en resulte 
que dans l'etat actuel de nos connaissances et sous 
certaines hypotheses, une centrale de ce type doit 
produire de l'electricite a un cou.t nettement com
petitif avec les centrales fran<;aises les plus modernes. 

Malgre ces perspectives tres favorables, de nou
velles solutions techniques sont actuellement a 
l'etude tant au CEA qu'a EDF et dans l'industrie, 
en vue d'arriver a une plus grande simplification de 
Ia centrale et a une nouvelle diminution des inves
tissements. Les etudes qui ne remettent pas en cause 
les principales options de Ia filiere - uranium na
ture! metallique, gainage magnesium - portent en 

* J. Gaussens, B. Leo et P. Tanguy~elques aspects eco-
nomiques de Ia filiere U naturel-g . te-gaz carbonique. 
Voir les presents Actes, P/37, vol. . 
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particulier sur la mise au point d'un element annu
laire, tube refroidi exterieurement et interieurement, 
qui permet d'envisager l'accroissement des perfor
mances intrinseques du reacteur, tirant ainsi parti 
des possibilites des caissons en beton precontraint. 
Une telle solution, qui entraine une reduction des 
dimensions du reacteur et une notable simplifi
cation - le nombre de canaux est divise par 3 
ou 4 - doit conduire a une reduction du cout de 
construction de la centrale, d'autant qu'elle devrait 
permettre de passer dans l'avenir a la realisation 
d'unites plus puissantes, 1 000 a 1 200 MW(e) par 
reacteur, avec un gain economique supplementaire 
important. Le developpement actuel des etudes 
permet d'envisager !'engagement d'une unite de 
500 MW des l'annee 1965. Leurs promesses consti
tuent une raison supplementaire de poursuivre }'effort 
engage dans la filiere uranium naturel-graphite. 

La filiere eau lourde 

Compte tenu des perspectives favorables de deve
loppement presentees par la filiere graphite-gaz, on 
pourrait etre tente de penser qu'il n'est pas neces
saire de chercher a mettre au point un deuxieme 
type de reacteur thermique. Le developpement d'une 
nouvelle filiere exige en effet pour aboutir une masse 
enorme d'efforts, de personnel qualifie, de moyens 
d'essais. Par ailleurs, la France a egalement entre
pris }'etude des reacteurs a neutrons rapides; ceux-ci 
pourraient ulterieurement relayer les reacteurs a 
graphite, tout en etant alimentes par ces demiers 
en plutonium. 

La France n'a pas estime raisonnable d'adopter 
une telle attitude. Meme si l'on croit a un succes 
relativement rapproche des reacteurs rapides, le 
developpement industriel des centrales surregene
ratrices ne peut avoir pour consequence !'arret pro
chain de l'equipement en reacteurs de puissance a 
neutrons thermiques, surtout si ceux-ci peuvent se 
prevaloir d'une excellente economie neutronique qui 
les rend peu sensibles a une augmentation eventuelle 
du prix du concentre d'uranium nature! qui pro
viendrait d'un excedent des demandes. 

C'est dans cet esprit qu'a ete decidee en France 
l'etude des reacteurs moderes a l'eau lourde dont 
le reacteur EL4, de 75 MW(e), construit par le 
Commissariat a l'energie atomique avec la partici
pation d'Electricite de France pour la partie con
ventionnelle, doit etre le prototype. L'eau lourde, 
grace a ses excellentes proprietes neutroniques, doit 
permettre de conserver la forme d'economie du 
cycle de combustible a uranium nature! et meme 
d'en exploiter a fond les avantages tout en auto
risant des performances plus poussees que dans les 
reacteurs a graphite, en particulier en densite de 
puissance et taux de combustion. 

On ne reviendra pas ici sur les raisons qui ont 
conduit a choisir le gaz carbonique comme fluide 
de refroidissement: outre le fait qu'il prolonge le 

programme gaz-graphite, il permet d'obtenir des 
temperatures de sortie elevees et des conditions de 
vapeur proches de celles mises en jeu dans les cen
trales classiques. Le souci d'ameliorer les conditions 
de vapeur apparait d'ailleurs chez les tenants du 
refroidissement par liquide lorsqu'ils envisagent pour 
l'avenir des ameliorations telles que }'ebullition, la 
surchauffe et eventuellement le cycle direct. II a 
semble au Commissariat a l'energie atomique que 
l'emploi de gaz carbonique fournissait une approche 
plus directe et une solution en definitive meilleure. 
La mise en reuvre des cycles directs avec le gaz 
n'est d'ailleurs pas totalement exclue dans un avenir 
plus eloigne. 

C'est en juin 1962 que le Commissariat a l'energie 
atomique a autorise la construction d'EL4, en accep
tant que l'essentiel de la premiere charge soit cons
titue par de l'oxyde d'uranium enrichi gaine d'acier. 
Cette solution evitait que la mise au point d'un 
gainage peu absorbant, necessaire a un fonctionne
ment avec de l'uranium naturel, ne retarde !'expe
rience attendue de la construction et du fonctionne
ment du prototype. EL4 est en effet un projet assez 
ambitieux dont on espere tirer un enseignement 
valable pour apprecier pleinement les possibilites de 
ce type de reacteur: bien loin de chercher a esquiver 
les problemes fondamentaux, on a demande au 
contraire au reacteur de comporter au moins les 
amorces des solutions definitives. 

La divergence d'EL4 est prevue pour Ia fin de 
1966. Parallelement les etudes se poursuivent sur 
les gainages peu absorbants, beryllium ou alliages 
zirconium-cuivre, et des n!sultats decisifs ont ete 
acquis. L'etape suivante pourrait etre la construction 
d'une centrale d'environ 300 MW(e) dont la date 
d'engagement n'a pas encore ete fixee. L'existence 
et le developpement satisfaisant de la filiere graphite 
rendent plus aise le developpement de la filiere eau 
lourde en lui laissant le temps de s'epanouir nor
malement. Les resultats actuellement disponibles 
permettent de penser qu'a moyen terme la filiere eau 
lourde presente de tres interessantes possibilites. 

La filiere a neutrons rapides 

Les perspectives de surregeneration presentees 
par les reacteurs a neutrons rapides, qui permettent 
a long terme la meilleure utilisation des ressources 
mondiales en combustible nucleaire, ont conduit la 
France a lancer, comme bien d'autres pays, un vaste 
programme d'etudes et d'essais. 

Si la surregeneration est le principal atout des 
reacteurs a neutrons rapides, ce n'est pas le seul. 
La forte densite de puissance, la grande latitude 
dans l'emploi des materiaux de structure (par oppo
sition aux reacteurs thermiques), le rendement eleve 
a pression moderee (sodium), etc., devraient con
duire a des investissements interessants. 

De nombreux problemes techniques restent encore 
a resoudre et c'est dans ce but que Ie Commissariat 
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a l'energie atomique a entrepris la realisation, au 
Centre d'etudes nucleaires de Cadarache, de la pile 
experimentale RAPSODIE qui repond a un triple 
objectif: RAPSODIE doit a la fois etre une expe
rience de physique, apporter un enseignement indus
triel directement utilisable dans la conception d'une 
pile de puissance - Ia puissance de RAPSODIE 
a ete fixee a 20 MW(th)- et permettre l'essai des 
combustibles des piles futures de la filiere. La diver
gence est prevue pour 1966. 

Depuis juillet 1962, !'ensemble du programme 
fran<;:ais d'etude des reacteurs a neutrons rapides est 
effectue en collaboration avec EURATOM. Un 
contrat d'association EURATOM-CEA couvre 
l'etude, la realisation et !'exploitation de RAP
SODIE, ainsi que d'une installation pour experiences 
critiques constituee par un assemblage critique 
MASURCA et un reacteur source HARMONIE. 
L'association EURATOM-CEA disposera ainsi a 
Cadarache d'une solide infrastructure pour pour
suivre le developpement de cette nouvelle filiere. 

Autres types de reacteurs 

Comme il a ete rappele au debut de cette com
munication, le programme nucleaire franc,:ais est 
axe sur }'utilisation de !'uranium nature! comme 
combustible dans les reacteurs de puissance a neu
trons thermiques. Mais cette orientation preferen
tielle n'a pas empeche le Commissariat a l'energie 
atomique et l'Electricite de France de s'interesser 
aux types de reacteurs utilisant un combustible 
enrichi. C'est ainsi qu'Electricite de France s'est 
associee avec la societe belge "Centre et Sud" 
groupant des societes privees belges de production 
et de distribution d'electricite pour constituer la 
SENA, Societe d'energie nucleaire franco-beige des 
Ardennes, dont !'objet est la realisation de la cen
trale de Chooz, d'une puissance electrique nette de 
266 MW, equipee d'un reacteur de type PWR. 

C'est en septembre 1961 que le contrat pour la 
fourniture de !'ensemble du materiel necessaire au 
fonctionnement de la centrale a ete passe au groupe
ment international: Ateliers de constructions elec
triques de Charleroi, Metallurgic et mecanique nu
cleaires, Cockerill-Ougree, Framatome, Westing
house Electric International Company (AFW). 

La realisation de la centrale de Chooz entre dans 
le cadre du programme commun d'energie nucleaire 

EURATOM-Etats-Unis et fait de plus !'objet d'un 
contrat de participation d'Euratom. 

L'un des buts de cette entreprise etait de per
mettre aux constructeurs franc,:ais et belges d'ac
querir de !'experience dans une technique nouvelle 
et Ia majeure partie des equipements tant nucleaires 
que conventionnels est construite en Europe; c'est 
en particulier le cas de la cuve realisee en France, 
la plus importante actuellement pour ce type de 
reacteur avec celle de la centrale de SELNI. 

Les travaux de genie civil ont debute en janvier 
1962 et la mise en service est prevue pour 1966. 

On signalera par ailleurs que la France participe 
en tant que membre d'EURA TOM aux etudes et 
realisations de la filiere ORGEL (moderateur eau 
lourde, refroidisseur organique) et suit les travaux 
du projet DRAGON (graphite-gaz a haute tempe
rature). II est premature de faire des pronostics sur 
l'avenir industriel de ces types de reacteur. 

CONCLUSION 

Si !'experience confirme les performances prevues 
pour les installations actuellement en construction 
en France, les reacteurs uranium naturel-graphite
gaz carbonique pourront a partir d'EDF4 etre con
sideres comme competitifs sur le plan franc,:ais et 
constituer un excellent point de depart pour un 
equipement electro nucleaire important capable de 
contribuer a la securite d'approvisionnement en 
energie de notre pays. 

Les ebauches du cinquieme Plan d'equipement 
actuellement en cours d'elaboration et qui couvrira 
les equipements a engager entre 1966 et 1970 envi
sagent une moyenne de 500 MW(e) par an de 
centrales nucleaires, avec une option de 1 500 
MW(e) supplementaire pour la fin de cette periode. 

II est probable que la grande majorite des reac
teurs indus dans ce plan seront du type uranium 
naturel-graphite-gaz carbonique, du type EDF4 tout 
d'abord, le type "avance" a element combustible 
annulaire et pression de gaz elevee s'y substituant 
des que !'experience industrielle de la premiere unite, 
engagee probablement en 1965, sera consideree 
comme satisfaisante. 

II n'est pas encore possible de prevoir a quel 
moment les autres filieres, en particulier eau lourde 
et surregenerateur, prendront une importance indus
trielle comparable. 

ABSTRACT- RESUME- AHHOTALI~SI- RESUMEN 

France's nuclear power programme 

By J. Cabanius and J. Horowitz 

A/31 France 

The development prospects of France's electricity 
requirements will increase the shortage of her 
national energy resources. 

Nuclear power stations should enable this deficit 
to be reduced, provided a number of the uncertain
ties prevailing today are resolved. 

The first programme, presented by Ailleret and 
Taranger at the 1955 Geneva Conference, aimed at 
commissioning 850 MW(e) by 1965; the programme 
was devoted to developing the natural uranium, 
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graphite-moderated, gas-cooled type of reactor and 
was completed by the construction of EDF3, the 
world's first unit capable of achieving 500 MW(e). 

Before leaving the prototype stage and duplicating 
this type, Electricite de France decided, in agree
ment with the Commissariat a l'energie atomique, 
to build EDF4. This reproduces the EDF3 reactor, 
together with the refuelling equipment, the entire 
control equipment and various other units, and also 
pioneers an important innovation by incorporating 
the heat exchangers and fans inside the pre-stressed 
concrete pressure vessel housing the core. 

Concurrently, studies are being carried out with 
the same type of reactor to develop a new annular
shaped fuel element, whose use would considerably 
improve the performance of EDF5. 

In the heavy water reactor field, the construction 
of EL4 at Brennilis jointly by the Commissariat a 
l'energie atomique and Electricite de France is con
tinuing. Design work on a 500 MW(e) reactor of 
this type has already started. 

As regards pressurized water reactors, the Chooz 
power station is being built jointly by Electricite de 
France and Belgian Utilities. 

Finally, the Commissariat a l'energie atomique is 
continuing the construction of RAPSODIE, the fast 
reactor at Cadarache, together with studies for a 
larger power reactor. 

Thus from the knowledge of technical and eco
nomic aspects gained on these different types of 
reactor, it will be possible to plan an installation 
programme in which nuclear power stations will 
play an increasingly significant part, using the coun
try's resources of natural uranium, and later pluto
nium, to the best advantage. 

A/31 1DpaHL4HR 

$paH~Y3CKaH nporpaMMa no aTOMHO~ 
3HepreTHKe 

}t{. Ka6aHHyc, }t{. ropOBH4 

IIepcneKTIIBhl pocTa noTpe6JieHnH aJieKTpo
auepnm Bo <l>pauwm CBH)l;eTeJibCTBYIOT o6 yBe
JIH'IeHnn )l;eqmu;nTa auepreTn'IeCKnx pecypcoB B 
cTpaue. 

AToMHbie aJieKTpocTarru;nn rroaBOJIHT yMeHL
IIIHTb 3TOT ;~;eqmu;nT npn ycJIOBHH, ecJin 6y)l;yT 
YCTpaHCHbl HCKOTOpbiC CYIQCCTBYIOIQHe COMHeHHH. 

llepBaJI nporpaMMa, npe,ll;CTaBJieHHaH A:Hepe n 
Tapaume ua JI\erreBcKo:H KOH<Jlepeuu;nn B 1955 ro
AY, HMeJia u;eJILIO ,ll;06HTbCH B 1965 ro)l;y MOIQHO
CTII 850 Mer (aJI.) aa Cl.J:eT ncnoJib30Barrnn aToM
HOM aneprnn; aTa nporpaMMa rrpe,~J;ycMaTpnBaJia 
paapa6oTKY peaKTopa ua npupo,ll;HoM ypane c rpa
<J!nToBLIM 3aMe,D;JIUTCJICM II ra30BhiM TCnJIOHOCHTC
JICM C nOCJie)l;yiOIQHM CTpOHTCJibCTBOM 3HepreTHl.J:e-

cKoro peaKTopa EDF-3, nepBoro B Mnpe peaKTopa 
MOIQHOCThiO 500 Mer ( 3JI.). 

Ao nepexo)l;a OT CTa)l;HH npoToTnnoB K cTa,ll;nn 
cepHHHbiX llJlOMhiiiiJieHHhiX ;meKTpOCTaHQHH <Jlnp
Ma «8JieKTpncnTe )l;e <!>pane>> coBMeCTHo c KoMnc
capnaToM no aTOMHo:H anepruu a>pauu;nn npnHH
JIH perneune rrocTpOHTb peaKTop EDF-4,_ ocnoBaH
HhiH ua KoHcTpyKu;nn peaKTopa EDF-3, c auaJio
ntl.J:HhiMH MarnnrraMH no neperpyaKe TOnJinBa, npn-
6opaMn ynpaBJieHHH u paaJIHl.J:HhiM ,ll;pyrnM o6o
py,ll;oBauueM, HO OTJIHl.J:aiOIQHHC.fl CYIQCCTBCHHhiM 
HOBIIIeCTBOM, a HMCHHO paCIIOJIOiKCHHeM TellJI006-
MeHHIIKOB n raao)l;yBoK BHYTPH peaKTopnoro Kop
nyca na rrpe)J;BapnTeJibHO uarrpamenuoro 6eTorra. 

0)l;HOBpeMeHHO IIpO,Il;OJiiKaiOTCH HCCJie)l;OBaHHH 
peaKTOpa 3TOrO TIIIIa C u;eJJbiO HCIIOJib30BaHIIH 
HOBOfO Tpy6l.J:aTOfO TenJIOBbi)l;eJIHIOIQero 3JieMeH
Ta, 'ITO rroaBoJinJio 6LI aaMeTHo yJJyl.J:IIIHTb xapaK
TepHCTHKn peaKTopa EDF-5. 

KoMuccapHaT no aToMuo:ii aneprHH u <J!npMa 
«8JieKTpHCUTe ,ll;C <l>paHC)) npO)l;OJiiKaiOT CTpOH
TCJihCTBO TnmeJioBO)l;Horo peaKTopa EL-4 B Bpeu
HIIJIH. Hal.!aJIHCL npoeKTHO-KOHCTPYKTopcKne pa-
6oThl no peaKTOpy TaKOrO TUna MOIQHOCThiO 
500 Mer (aJI.). 

<l>npMa «8JieKTpiiCHT~ ,ll;C <l>paHC» COBMCCTHO C 
6eJihrH:iiCKHMH npe)l;npUHTHHMH KOMMyHaJihHOrO 
aueprocna6meHHH rrocTponJia B Illyae aJieKTpo
CTarru;nro c peaKTopoM na Bo,n;e rro)l; ,n;aBJienneM. 

HaKorreu;, KoMnccapnaT no aToMrro:H aueprnH 
npO,Il;OJiiKaCT B na)l;apame CTpOHTeJihCTBO peaKTO
pa. .Ha 6hlcTphiX nei"ITpouax RAPSODIE 11 Be)l;e'r 
HCCJie)l;OBaHne C QCJlhiO C03,1l;aHHH 6oJiee MOIQIIOfO 
:mepreTn'IecKoro peaKTopa :noro Tnrra. 

TaNnM o6paaoM, Texrrnl.J:ecKne n 3KOHOMH'IeCKHe 
)l;aHHhie, noJiyl.J:eHHhle B peayJILTaTe HCCJIC.!l;OBaHH.fl 
::JTHX pa3JIHl.J:HhiX THnOB peaKTOpOB, n03BOJIJIIOT 
paapa6oTaTh TaKyiO nporpaMMY, B KOTOpOH BCC 
6oJiee u 6oJiee Bamnoe MecTo 6y)l;eT npe)l;ocTaB
JIHThCJI aTOMHhiM 3JieKTpOCTaHIJ;HHM C niHpOKHM 
IICIIOJlh30BaHHeM HaQHOHaJihHhiX pecypcoB npH
pO,Il;HOfO ypaHa, a noa,n;rree II llJIYTOHII.fl. 

El programa nuclear frances 

por J. Cabanius y J. Horowitz 

A/31 Francia 

Las perspectivas de evoluci6n del consumo de 
energla electrica en Francia confirman Ia agravaci6n 
del deficit de recursos energeticos metropolitanos. 

Las centrales nucleares permitinin aminorar este 
deficit si se disipan algunas incertidumbres actuales. 

El primer programa, presentado por los senores 
Ailleret y Taranger en Ia Conferencia de Ginebra 
de 1955, tenia por objetivo Ia producci6n de 
850 MW(e) en 1965; se ha consagrado al per
feccionamiento del concepto uranio natural-grafito
gas y concluye con Ia construcci6n del reactor 
EDF3, primera unidad de 500 MW(e) puesta en 
servicio en el mundo. 
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Antes de pasar de la etapa de los prototipos a la 
de construcci6n en segunda serie, Electricite de 
France ha decidido, de acuerdo con el Commissariat 
a l'energie atomique, construir la central EDF4, que, 
si bien estani provista de reactor, aparato de carga 
y descarga, dispositivos de control y diversos ma
teriales analogos a los de la EDF3, representa una 
innovaci6n importante al incorporar los intercam
biadores y los sopladores en el interior de la envol
tura de hormig6n pretensado que contiene el cuerpo 
del reactor. 

Al mismo tiempo, la prosecuci6n de los estudios 
sobre reactores de este concepto deja entrever la 
posibilidad de utilizar un nuevo elemento combus
tible anular que mejoraria notablemente las carac
teristicas de EDFS. 

En cuanto al concepto agua pesada, el Commis
sariat a l'energie atomique y Electricite de France 

prosiguen la construcci6n del reactor EL4 en 
Brennilis. Y a han comenzado los estudios sobre un 
reactor de esta clase, de 500 MW(e). 

En cuanto al concepto agua a presion, Electricite 
de France y los Productores Belgas estan constru
yendo en asociaci6n la central de Chooz. 

Por ultimo, el Commissariat a l'energie atomique 
prosigue en Cadarache la construcci6n del repro
ductor RAPSODIE y los estudios acerca de un 
reactor de mayor potencia. 

Asi, pues, los conocimientos tecnicos y econ6-
micos adquiridos sobre estos sistemas permiten 
concebir un programa de construcci6n que conce
den1 a las centrales nucleares un lugar de creciente 
importancia a fin de aprovechar los recursos na
cionales de uranio natural y, mas adelante, de 
plutonio, en las mejores condiciones posibles. 
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Future energy needs and the role of nuclear power 

By G. F. Tape,* F. K. Pittman** and M. F. Searl** 

CHANGING PATTERN OF ENERGY SOURCES 

This history of energy sources has been one of 
constant replacement of one energy source by 
another. New and better fuels have come into use 
long before resources of then existing fuels were 
depleted. In the early days of the American economy, 
fuel wood supplied most of the energy. In the United 
States as late as 1850, it supplied over 90 per cent 
of the nation's energy, but by the early 1880s coal 
had become the dominant fuel supplying over one
half of the total energy market and over 90 per cent 
of the non-fuel wood market. By the late 1940s, 
the fluid fuels - oil and natural gas - supplied 
over one-half, and now supply about three-quarters, 
of total energy. Hydroelectricity, although regionally 
important, has never become an important factor in 
the total United States energy supply. 

In view of this history of constant change and 
emergence of new energy sources, the appearance of 
a major new source of power, nuclear power, and 
its rise to prominence in the coming decades seems 
most natural. The basic purpose of nuclear power 
research and development in the United States is 
to provide an additional and alternate energy source 
to meet present and future demands thereby 
providing timely protection for the nation against 
rising power costs and eventual fuel shortages. The 
long-term objective will be met through the develop
ment of commercial breeder reactors capable of 
utilizing the vast potential of the world's nuclear 
resources. We also hope to reduce power costs in 
high fuel cost areas, achieve the economic advantages 
of competition in parts of the country where electric 
utilities are dependent on one fuel, reduce air pollu
tion, and contribute to the solution of energy prob
lems in other countries. 

It is appropriate to note in passing that energy 
developments around the world do and will continue 
to affect the American situation. Historical examples 
are the Suez crisis, the emergence of North Africa 
as a major petroleum province, the further pene
tration of oil into world energy markets, and the 
increase in export markets for American coal. For 
the future, we see factors such as the development 
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of European oil and gas resources, for example the 
discovery of Slochteren, one of the world's major 
gas fields in the Netherlands, the nuclear and espe
cially breeder research and development programs 
here in Europe, and the world production of natural 
uranium all having an influence on energy avail
ability and costs in the United States. 

The situation in the United States has been 
dynamic in recent years. Total energy requirements 
have been increasing about 3.5 per cent per year 
during the last five years after several periods of 
stagnation during the 1950s. Electricity generation 
has grown even more rapidly, averaging about 7 
per cent per year. 

On the supply side, historic production and price 
trends in the fossil fuel industries have been reversed 
or greatly altered, and nuclear power has become 
a significant competitive factor in the electric utility 
market. Production in the coal industry which had 
been in a long-term downward trend since 194 7 was 
abruptly reversed in 1962. There is good reason 
to believe that a long-term upward trend in coal 
production has started. Coal prices at the mine, 
which were at a historic peak in 1957, have been 
dropping gradually and are now back to about the 
1954-1955 level. 

Major, although somewhat less dramatic, changes 
have occurred in the petroleum industry. Crude 
petroleum production, which had been increasing 
at an average annual rate of about 4 per cent during 
the postwar period, levelled off in 1957 and did not 
significantly exceed 1957 levels until 1962. In
creasing competition from domestic natural gas and 
natural gas liquids and from foreign crude oil were 
chiefly responsible for breaking the upward trend 
of crude oil production. The levelling of domestic 
oil production was soon followed by major declines 
in exploration and development activity and by some 
reduction in crude oil prices. 

Only natural gas and natural gas liquids have 
shown a continuing growth pattern during the post
war period. However, even in the natural gas 
industry there have been significant changes. The 
assumption of control of most field prices of natural 
gas by the Federal Government has brought about 
a levelling of prices, and producer's expectations 
that future gas prices will be lower than under a 
free market have been reflected in a sharp drop in 
gas exploration and development. 
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Competition from nuclear power 

The changing patterns and trends in the energy 
supply industries are now beginning to be affected 
by the emergence of nuclear power as ~ stro.n.g com
petitor for major portions of the electnc utihty fuel 
market. Developments in the nuclear field have been 
particularly rapid. In 1959, there was hope that the 
costs of nuclear power could be lowered to about 
7 mills per kilowatt-hour in plants commencing 
operation in 1970. Today, it appears that large 
nuclear plants coming on the line around 1970 
will be capable of producing power in the range 
of 4-6 mills. 

One of the most unexpected developments since 
the 1958 Geneva Conference has been the rapid 
drop in unit capital costs of both nuclear and con
ventional plants. Even though there are great 
variations in the cost of generating plants depending 
upon location, optional design features and type of 
construction, a reasonable figure for the cost of a 
nuclear power-plant in 1958 was about $320 per 
net kilowatt of electricity for a 200-megawatt plant 
and about $180 per kilowatt for a comparable alter
native coal-fired plant. In the case of the coal-fired 
plant, a utility could have ordered a pla~t of perhaps 
twice this size for a somewhat lower umt cost. 

Early this year, a major utility contracted for a 
nuclear plant with a guaranteed capacity of 5! 5 
megawatts of electricity and an expected capacity 
of over 640 megawatts. At its expected capacity, this 
plant would cost about $105 p~r net ~ilowatt, 
roughly one-third of the correspondmg cost m 19?8. 
Major equipment manufacturers now are offen~g 
plants in the range of 500-600 MW(e) at c~sts. m 
the $140 per net kW(e) range, and are proJectmg 
prices in the range of $100-$110 per net kW(e) for 
1 000 MW(e) plants. Plants as small as 200 MW(e) 
are being offered at prices in the $170 per net 
kW(e) range. 

Although costs vary between areas an~ ~tilit!es 
and with pricing policies, these figures are mdicatrve 
of the drastic reductions in initial costs in recent 
years. Even more important, the capital costs of 
nuclear plants are approaching the capital co~ts of 
comparable coal fired plants, thus overcommg a 
major disadvantage of nuclear plants. Although we 
anticipated such reductions in capital costs and the 
convergence of nuclear and coal fired plant costs 
in our 1962 report on nuclear power [ 1 ] , they have 
been occurring much more rapidly than was pro
jected there. 

Several factors are responsible for these down
ward cost trends. A major cause has been sub
stantial increases in unit sizes with accompanying 
economies of scale. In 1958, 200 megawatts was 
the largest strictly nuclear unit under construction, 
although conventional units of up to 50? megawatts 
were being built. Today, nuclear umts of over 
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600 megawatts capacity are being designed and 
conventional units have reached the 1 000 megawatt 
stage. In effect, maximum unit sizes of nuclear 
plants tripled while the maximum size of con
ventional units was doubling. Furthermore, nuclear 
design studies indicate that 1 000 megawatt nuclear 
units are feasible although none is actually under 
construction. 

The ability of manufacturers to offer nuclear 
plants in the large size units required by Ame~ican 
utilities has been an important step toward achieve
ment of nuclear competitiveness. 

A second major factor in the reduction of 
generating station costs has been technological 
improvements in the design and manufacture. of 
equipment and also in methods of plant .constructro~. 
Such developments have been more Important m 
nuclear than in conventional plants where technology 
is more mature. These developments in nuclear 
technology are being discussed in other sessions. 

Other factors which have played a significant part 
in reductions of power plant capital costs are the 
relative absence of inflationary effects in this sector 
of the American economy since 1958, thus per
mitting the benefits of technical advances to be 
reflected in price decreases, and the competition of 
manufacturers for the electric utility market. 

In addition to the capital cost reductions, there 
have also been reductions in the operating costs of 
both nuclear and conventional steam-electric plants. 
Improvements in nuclear plant performance and in 
their fuel cycle costs are being discussed in other 
sessions and will not be considered here except for 
the prices of enriched uranium and plutonium. 

The US schedule of charges for enriched uranium 
for both domestic and foreign users was first pub
lished in 1956. It remained unchanged until 1961, 
when the natural uranium feed component of the 
schedule was reduced. In 1962 the separative work 
component of the schedule was also reduced as a 
result of improvements and economies in the diffu
sion plant operations. Although the exact am~unt 
of the reduction depends upon the degree of ennch
ment, for 3 per cent enriched material, the two 
reductions combined amounted to about 32 per cent. 

Domestic power reactor operators are paid by 
the Atomic Energy Commission for the plutonium 
they deliver. Current policies call for payment to be 
made on the basis of the estimated value of the 
material when used as a fuel in thermal reactors. 
Although the estimated fuel value depends somewhat 
on the specific reactor considered, the Commission 
feels that $10 per gram of plutonium isotopes 23? 
and 241 in nitrate form is a reasonable approXI
mation to what a free market price might be in 
the near-term future. The fuel value of plutonium 
will almost certainly become higher, at least relative 
to enriched uranium, when fast reactors become 
commercial. 
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Improvements in electricity generation from fossil fuels 

There have been improvements in the generation 
of electricity in large new fossil fuel plants as well as 
in nuclear plants. The over-all efficiencies of fossil 
fuel plants have increased about 5 per cent since 
1958, labour requirements have been reduced, other 
operating efficiencies achieved, central controls and 
automation introduced, and reductions in fuel and 
particularly coal costs obtained. 

Electrical utilities consume about half the coal 
produced in the United States, and coal is the fuel 
used for about two-thirds of the nation's steam
electric plants. In terms of national averages, 
delivered prices for coal have decreased by about 
10 per cent since 1958. Moreover, coal companies 
have been aggressively competing for new large 
plants. Actual and expected decreases in the 
delivered price of coal for large plants are the result 
of reductions not only in the price of coal at the 
mine but also in the cost of transportation. Under 
the pressure of economic competition from nuclear 
power, from the location of generating plants at 
the mine mouth, and from the possibility of the 
movements of coal by pipelines, railroads have 
improved coal transportation service and have 
reduced rates through the use of special trains for 
large scale movements of utility coal. 

ENERGY SITUATION AND FUTURE PROSPECTS 

The dynamic changes in the energy field 
enumerated above have led to energy requirements 
and resources being studied intensively by various 
branches of the Federal Government, individual 
companies, trade associations, and various non
profit research groups. As a result, the energy 
situation and future prospects are perhaps better 
understood than ever before although substantial 
areas of uncertainty still remain. These studies differ 
greatly in their areas of primary interest, compre
hensiveness and sophistication. 

One of the earliest postwar studies of energy 
requirements and the role of nuclear power was a 
Commission-sponsored study published in 1953 [2]. 
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In subsequent years other studies were made for the 
Commission [ 3] and the Joint Committee on Atomic 
Energy [ 4], [ 5]. In 1962, the Commission, at the 
request of the President, undertook to study the role 
of nuclear power. The report [ 1] resulting from this 
study discussed the general energy situation and 
outlined a research and development program for 
nuclear power. The President subsequently requested 
an Interdepartmental Energy Study [ 6] for use in 
planning an integrated energy research and develop
ment program for all the major energy systems. This 
Interdepartmental Study does not, however, make 
new forecasts of energy requirements. 

Energy studies which project requirements through 
the year 2000 are of greatest interest in the analysis 
of the role of nuclear power since it is in this period 
that nuclear power is expected to achieve maturity. 
Of course, the benefits of nuclear power are not 
limited to this period but are expected to increase 
with time as energy demands grow and the lower 
cost, fossil fuel resources are gradually depleted. 
Table 1 shows some of the more recent long term 
forecasts of energy requirements. For practical pur
poses, total energy requirements for the United 
States may be taken as about 80 X 1015 British 
thermal units in 1980 and about 135 X 1015 in the 
year 2000. 

Examination of the forecasts of Table 1 in terms 
of population and per capita energy consumption, 
as shown in Table 2, reveals that variations in the 
population forecasts are as much a source of 
variation in the total energy forecasts as differences 
in estimates of per capita energy consumption. 

Factors affecting nuclear power prospects 

The role which nuclear power fills in supplying 
energy needs will depend in part upon the relative 
availability and price of nuclear and fossil fuels. 
The magnitude of the nation's energy resources has 
been considered by most of the energy studies 
already cited as well as some other important studies 
such as that by the National Fuels and Energy 
Study Group (1962) [ 9]; the report, Energy 
Resources, to the Committee on Nat ural Resources 

Table 1. Recent long-term energy consumption forecasts for the United States 

(Total energy in 1 Ol5Btu) 

Philip Sporn a (1959) 
AEC-TID-8209 b (1960) 
Atomic Energy Commission e ( 1962) 
Resources for the Future d (1963) 

Arithmetic mean 

• Reference [7]. p. 77. 
b Reference [3], p. 3. 
' Reference [ 1], appendices, p. 48. 

1963 
(actual) 

50 

d Reference [ 8]. p. 31. 

1980 

78 e 

86 
82 
79 

81 

2000 

105 
170 
135 
135 

136 

• Estimated from 1975 and 2000 figures given by Sporn. 
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Table 2. Population and per capita energy consumption inherent in recent long-term energy forecasts 

1963 (actual) 1980 2000 

Population 
106 

Energy 
per 

capita 
10°Btu 

Population 
106 

Energy 
per 

capita 
lO•Btu 

Energy 
Per 

Population capita 
w• 106Btu 

Philip Sporn a (1959) 
AEC-TID-8209 h (1960) 
Atomic-Energy Commission c ( 1962) 
Resources for the Future d ( 1963) 

Arithmetic mean 

•Reference [7]. p. 77. 
b Reference [ 3], p. 3. 
c Reference [ 1], appendices, p. 48 
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of the National Academy of Sciences (1962) [ 1 0]; 
and the report on Supplies, Costs and Uses of the 
Fossil Fuels by the Energy Policy Staff of the 
Department of the Interior [11]. These studies differ 
by a factor of 5 in their estimation of the nation's 
total resources of coal, oil, natural gas and oil 
shales. The high estimates presume that future 
improvements in technology will make it possible 
to find and develop large undiscovered and marginal 
resources at reasonable costs. 

In spite of disagreement as to resource magnitude, 
there is agreement that, at the minimum and taken 
without regard to type or cost, non-nuclear energy 
resources are adequate for well into the next century. 
When the individual fuels are considered, there is 
less agreement. In the case of the fluid fuels, some 
authorities believe that by 1980 peak levels of 
domestic production will have been passed. Other 
authorities expect that production levels of these 
fuels could still be increasing by the end of the 
century. The weight of authoritative opinion would 
seem to be that peak levels of domestic production 
will have been passed well before the year 2000. 

Natural uranium, if used efficiently, is expected 
to be available at reasonable costs and is not 
expected to place any serious restrictions on the 
growth of nuclear power. Nuclear reserves and 
resources are being discussed by Faulkner and 
McVey of the U.S. Atomic Energy Commission. 

As far as enriched uranium availability is con
cerned, there do not appear to be any practical 
limitations to the ability of the United States to 
enrich all the uranium needed for any foreseeable 
amounts of domestic power as well as for such 
markets as may exist in Europe and the rest of the 
Free World. At present the United States has deter
mined that 150 000 kilograms of contained ura
nium-235 is available for use in reactors abroad. 
Future allocations of enriched uranium can be 
expected as justified by the growth of nuclear power. 
This material is made available through the Inter
national Atomic Energy Agency, Euratom and 
various bilateral agreements. Under this deter-

262 

254 e 307 e 300 350 
260 332 388 438 
246 333 320 422 
245 323 331 408 

251 324 335 404 

d Reference [ 8]. p. 31. 
• Estimated from 1975 and 2000 figures given by Sporn. 

mination reactor owners can receive assurance of 
the long term availability of enriched uranium. 

From the resource standpoint and without regard 
to prices, both coal, the main fuel for thermal power 
generation, and uranium are adequate for any 
demands that may be made upon them during the 
remainder of the century. While future prices are 
uncertain, the magnitude of resources is such that 
it is likely that both will be available at acceptable 
prices during the remainder of this century. Further 
in the future, nuclear power systems utilizing both 
converter and breeder reactors are the best prospect 
for providing the large amounts of power which the 
nation will need at reasonable cost. The develop
ment of breeder reactors is essential since they 
greatly increase the amount of energy obtainable 
from a given amount of uranium thereby conserving 
resources. Also they make the cost of power rela
tively insensitive to ore costs, thereby allowing our 
vast resources of known high cost ores to be used. 

Level of electricity demand 

Even though there is agreement between projec
tions of total energy requirements, there is serious 
disagreement as to the level of electricity demand. 
Forecasts for the year 2000 show more uncertainty 
about total electricity requirements than about the 
percentage of those requirements which will be 
supplied by nuclear power. Table 3 shows a number 
of forecasts of electricity generation. The forecasts 
range between 2.2 and 3 X 1012 kilowatt-hours for 
the year 1980 and between 4. 7 and 10 kilowatt
hours for the year 2000. The last two forecasts in 
the table are of particular importance because they 
furnish additional information concerning projected 
electricity requirements. The projection by Resources 
for the Future (RFF) provides detailed forecasts of 
electricity requirements by end-uses and by economic 
sectors. The forecast by the Federal Power Com
mission (FPC) gives electricity requirements by 
geographic area. Both are useful in estimating the 
potential growth of nuclear power. Extension of the 
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Table 3. Forecasts of annual electricity generation (consumption) in the United States 

1980 2000 

Forecast a 10• kWh % total energy kWh per capita 10• kWh % total energy kWh per capita 

Sporn (1959)b 2 940 32.4 11600 6 200 41.3 20 700 
EEl (1960) 2 895 11 800 6-10 000 17 600-29 400 
TETCo (1961 )b . 2 900 30.0 11 200 
AEC-FPC (1962)b 2 994 31.4 12 200 9 300 48.2 29100 
Lasky (1962) 2 700 27.7 10 800 
RFF (1963) 2 229 26.2 9 100 4 711 27.4 14 200 
FPC (1963)b 2 820 10 600 

NoTE.- Generation in 1963 was 1 008 times 10• kilowatt-hours. This was about 21% of total energy and amounted to 5 320 kWh per 
capJta. 

• See followmg references for meaning of names and initials: Sport [7]; EEl [12]; TETCo [13]; AEC-FPC [1]; Lasky [9]; REF [8]; 
FPC 114]. 

" About 5% added in 1980 and 3% in the year 2000 for generation by other than utility companies. Other forecasts already include such 
generatwn. 

FPC estimate further into the future, on a basis 
consistent with the 1962 AEC-FPC forecast, gives 
an estimate of electricity generation in the year 2000 
of about 8 X 1012 kilowatt-hours. 

Table 4 shows the energy consumption of various 
sectors of the American economy in 1960 and pro
jections by Resources for the Future. The amount 
of electricity consumed by each sector in 1960, 
measured in terms of input energy for the production 
of electricity, is also shown. 

Electric utilities are aggressively seeking to capture 
large portions of the space heating and cooling 
market in new homes as well as in many commercial 
and industrial installations. Success in this effort 
would lead to substantially greater proportions of 
the residential market being supplied by electricity 
and some increase in the commercial and industrial 
sectors. The extent to which electricity can further 
penetrate the industrial sector depends largely on its 
ability to complete as a source of process heat. 
Another possibility for further use of electricity lies 
in its increased use for transportation. Some people 
believe that large portions of the railway system 
will be electrified in the next few decades. However, 
electricity would have to come into common use for 
automobiles before it could capture large portions 
of the transportation market. While it is not now 
doing so, possibilities such as the development of 
better fuel cells or batteries or means of transmitting 

electric power through highways to moving vehicles, 
all suggest this as a possibility under conditions 
that may exist 20 or 40 years from now. 

GROWTH OF NUCLEAR POWER 

Although there is a wide difference of opm10n 
as to the growth of electricity generation in future 
years, there is good agreement that the relative 
growth of nuclear power will be quite rapid. Table 5 
shows the percentage contribution of hydro, fossil 
fuel, and nuclear energy to electricity generation. In 
all years the percentage of nuclear power as predicted 
by the Commission in 1962 is the lowest. In the 
1975-1980 period the actual number of kilowatt
hours of nuclear power predicted by Mr. Sporn [7] 
and by Resources for the Future [ 8] are about 
40 per cent higher than those predicted by the 
Commission. All three estimates agree that by the 
turn of the century nuclear power will be supplying 
about half the electricity generated in the United 
States; however, when expressed in terms of actual 
electrical energy produced by nuclear plants, the 
Commission's forecast substantially exceeds the 
others since it is based on a higher prediction for 
total electricity generation from all sources, nuclear 
and non-nuclear. 

The progress of nuclear power in recent years 
provides substantial justification for the belief that 

Table 4. Projections a of energy consumption by economic sectors 

Year 1960 (actual) Year 1980 Year 2000 

% of energy 
Energy %of used to make Energy %of Energy %of 

Economic sector 10'" Btu total electricity 1010 Btu total 10'" Btu total 

Residential 9.01 19.9 26.4 14.5 18.4 18.5 13.7 
Commercial ......... 3.84 8.5 36.5 6.5 8.2 9.0 6.7 
Industrial 15.95 35.2 27.4 29.0 36.7 55.5 41.1 
Transportation 9.19 20.2 -0- 18.5 23.4 37.0 27.4 
All others 7.36 16.2 15.4 10.5 13.3 15.0 11.1 

Total 45.35 100.0 20.5 79.0 100.0 135.0 100.0 

a By Resources for the Future [8]. 
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Table 5. Estimates of the production of electricity from hydro, nuclear and fossil fuel sources • 

(In percentages) 

1975 1980 2000 
1963 

(actual) Sporn AEC RFF AEC Sporn RFF AEC 

Hydro . 18.1 12.5 12.8 13.6 10.1 5.8 8.1 3.7 
Nuclear 0.4 7.5 5.3 19.2 9.8 53.4 53.7 50.0 
Fossil ... 81.5 80.0 81.9 67.2 80.1 40.8 38.2 46.3 

NOTE. - The references are the same as for Tables 1 and 2. 
a Percentages are for utility generation only; they exclude generation by non-utility industrial concerns. Such generation was about 10% 

of utility generation in 1963 and is estimated at about 5% in 1980 and 3% in the year 2000. This generation is mainly from fossil fuels. 

nuclear power may indeed supply half the nation's 
electricity by the year 2000. At the time of the 
1958 Geneva Conference, the United States had 
only one central station, civilian nuclear power plant 
on line, namely, the 60 megawatt Shippingport 
reactor. In 1964, the total capacity on utility lines 
reached nearly 1 000 megawatts. Rather specific 
utility plans for additional light water cooled and 
moderated reactors call for about 4 500 megawatts 
of nuclear capacity installed by the end of 1968. 
This figure includes the 800 MW reactor at Hanford. 

Beyond 1968 plans are less specific, although 
many utilities have general plans for building nuclear 
plants in this period. On the basis of the rapid 
growth expected through 1968 and the favorable 
economic conditions now existing, at least 6 000 
megawatts of installed capacity seems likely in 1970. 
Given continued progress toward the solution of 
site and public acceptance problems, installed nu
clear capacity in the United States in 1980 is now 
expected to be in the range of 60 000 to 90 000 
megawatts as compared with 40 000 previously 
forecast. The FPC has recently predicted about 
70 000 megawatts; some nuclear manufacturers are 
predicting 80 000 to 100 000 megawatts. 

Estimates of the portion of total energy, as 
opposed to the portion of electrical energy, which 
will be supplied by nuclear power, are shown in 
Table 6. In 1980, the forecasts cited expect nuclear 
power to supply from 3 to 5 per cent of total energy. 
On the basis of some of the higher levels of nuclear 
capacity now being predicted for 1980, the per
centage of nuclear power might be from 5 to 7 
per cent. For the year 2000, the nuclear power 

predictions vary between 14 and 23 per cent of 
total energy. At present there does not appear to be 
any reason to increase nuclear power's predicted 
share of total energy in the year 2000. The develop
ments which have led to probable increases in 1980 
forecasts have tended to move forward the time at 
which predicted developments would occur, but they 
have not been technological break-throughs which 
would tend to increase the long range competitive 
value of nuclear power. 

Economic benefits 

The direct economic benefits which will accrue 
to the United States economy from using nuclear 
power are expected to be substantial. The Atomic 
Energy Commission in its 1962 report estimated 
that nuclear power would save the nation about 
$30 000 million during the remainder of this 
century. The estimated savings were based on the 
Commission's projection of nuclear power, on the 
assumption that average fossil fuel costs would 
remain constant over the remainder of the century, 
and on rather conservative estimates of nuclear 
power economics. The fossil fuel costs which would 
exist in the absence of nuclear power are, of course, 
almost impossible to forecast with confidence. The 
assumption of constant fossil fuel costs did not pre
clude short-term reductions in fossil fuel prices or 
decreases in some fuels and increases in others. 

FUTURE PROGRAMME 

Most of the capacity installed during the next 
two decades will be light water reactors. However, 

Table 6. Estimates of total energy requirements supplied by hydro, nuclear and fossil fuel sources 

(In percentages) 

1975 1980 2000 
1963 

(actual) Sporn AEC RFF AEC Sporn RFF AEC 

Hydro 3.8 2.9 3.4 3.3 3.0 2.3 2.1 1.7 
Nuclear 0.1 1.8 1.4 4.7 3.0 21.3 14.0 23.3 
Fossil 96.1 95.3 95.2 92.0 94.0 76.4 83.9 75.0 

NOTE. - The references are the same as for Tables 1 and 2. 
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starting in the early 1970s advanced converters are 
likely to represent an increasing percentage of new 
capacity. Beyond 1985 breeder reactors will come 
into commercial use in increasing numbers and light 
water reactors, advanced converters and breeders 
will all be in service. The proportion of each type 
installed beyond 1985 will depend in a complex 
way upon their relative economics, the rate of growth 
of nuclear power, the breeding gain of fast breeders, 
and the price of uranium. 

The United States Government believes that the 
broad purposes of its nuclear power development 
effort will be best served by industry operating as 
much as possible within the framework of our tradi
tional American system. The Government therefore 
has encouraged private, public and co-operatively 
owned utility companies to build and operate their 
own nuclear power plants, and has helped a private 
corporation to enter into a venture for chemical 
processing of irradiated fuel elements and extraction 
of the remaining fissionable material. Indemnity 
insurance coverage is being provided to those liable, 
for nuclear safety, where it is not available from 
non-government sources. The Commission is also 
requesting legislation that will permit private owner
ship of all reactor fuel materials. The Government 
will continue to be responsible for the regulation of 
nuclear power plants in order to assure public health 
and safety. 

The Commission's 1962 report called for a 
growing emphasis in research and development 
activities on advanced converter and breeder re
actors. As part of its implementation of this program, 
the Commission early this year announced its 
interest in co-operative arrangements for the con
struction of four advanced converter reactor types: 
heavy-water moderated, high temperature gas-cooled, 
seed and blanket, and sodium graphite. The merits 
of advanced converters have been the subject of 
much discussion. The technical objective of our 
advanced converter program is effectively to extend 
the availability of low cost uranium beyond that 
which would result from use of conventional boiling 
or pressurized light water reactors. The advanced 
systems will (1) permit a more efficient conversion 
of fission heat to electrical energy (high temperature 
systems), (2) permit greater use of the fertile ura
nium, U238 , in the mined uranium (high conversion 
ratio uranium fuelled reactors), and (3) permit 
efficient utilization of fertile thorium in high con
version ratio systems using thorium-U233 fuel. This 
latter point is a very important factor in the advanced 
converter program since thorium reserves, although 
not as well defined and cataloged as uranium 
reserves, appear to be available in significant quan
tities at reasonable costs. The advantages of con
verters in extending resources may be of considerable 
importance if natural uranium and thorium turn out 
to be more costly than expected or if competitive 
uranium-plutonium breeders are more difficult to 
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develop than anticipated. The extent to which 
advanced converters come into use will depend 
primarily upon their achieving favorable economics 
as compared with present reactor types. Converters 
will undoubtedly be used to supply plutonium inven
tories for breeders for many years after breeders 
become economic. Moreover, some of the advanced 
converters may also prove particularly advantageous 
because of the ease with which large ones can be 
built, achieving economies of scale in providing 
large power sources for applications such as the 
desalting of large amounts of water. 

The Commission is moving towards realizing the 
goal of the liquid metal cooled breeder program -
namely, the development of competitive, safe, reliable 
breeder reactors for use in commercial, central 
station, power plants by the later 1980s. In the early 
1970s a 200-300 MW(e) prototype should be con
structed to demonstrate technical and economic 
feasibility and by the early 1980s 400-800 megawatt 
plants should be operating to demonstrate the com
petitiveness of the system. By the late 1980s, breeder 
reactors should be ready for use by utilities in full
scale 1 000-1 500 MW(e) units. The expected rapid 
growth of nuclear power in the next two decades 
makes it important that research and development 
efforts on breeders continue on schedule, so that 
the relative number of breeders and converters built 
are such that the lowest cost power generation will 
be realized. 

Neither the total energy estimates discussed here 
nor the nuclear estimates make allowance for any 
such large scale uses of process heat as, for instance, 
the heat energy for desalting water. Requirements of 
large amounts of energy for desalting water, to the 
extent that other uses of energy for procuring water 
are not displaced, would probably increase both 
nuclear and total energy requirements. The ap
plication of nuclear reactors to water desalting are 
being discussed by Commissioner Ramey in another 
session of this Conference [ 15] . 

CONCLUSIONS 

The projection of energy requirements and the 
role of nuclear power bear out the historical pattern 
of constant augmentation and replacement of one 
energy source by another as mentioned at the 
beginning of this paper. Nuclear power will not 
become the major source of all the nation's energy 
during this century even if it captures over one-half 
of the electricity market. However, in the next 
century nuclear power could well - as fuel wood, 
coal and fluid hydrocarbons have all done in their 
turn- furnish over one-half of the nation's energy. 
Whether additional energy sources such as fusion 
will eventually enter the market and compete with 
fission remains for the future to determine. 

In the past, this progression of new and better 
energy sources has contributed immeasurably to 
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material progress and through continued diligent 
research and development should continue to do so 
in the future. Certainly the availability of large 
amounts of very low cost nuclear energy can go far 
towards solving the world's pressing problems of 
adequate food, water, raw materials, and living space. 
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A/192 Etats-Unis d'Amerique 

Besoins futurs en energie et role de 
l'energie nucleaire 

par G. F. Tape et al. 

Les six annees qui ont suivi Ia derniere Con
ference de Geneve ont ete tres actives dans le 
domaine de l'energie. La consommation d'energie a 
fortement augmente, un pourcentage de plus en plus 
important etant utilise sous forme d'electricite. On 
a vu se renverser ou se modifier fortement les ten
dances traditionnelles de Ia production et des prix 
dans les industries des combustibles fossiles, et 
l'energie nucleaire est devenue un facteur important 
de Ia competition sur le marche de l'electricite. 

Les depenses d'investissement qu'exigent les cen
trales nucleaires et traditionnelles ont considera
blement diminue grace au progres technique et a 
!'augmentation rapide de la taille des generatrices. 

Le prix du charbon, combustible principal pour la 
production d'electricite, a diminue, et il sera possible 
de reduire encore le cout de production des centrales 
classiques en utilisant de nouvelles techniques de 
transport du charbon et de l'electricite. Pour les 
centrales nucleaires, le cout du cycle du combustible 
a diminue tant en raison des ameliorations tech
niques que de la reduction du prix de l'uranium 
enrichi consentie a deux reprises par la Commission 
de l'energie atomique. La concurrence entre le char
bon et l'energie nucleaire est tres vive dans les 
regions oil le prix des combustibles est eleve. 

Les besoins et ressources en energie, ainsi que le 
role de l'energie nucleaire, ont fait !'objet d'etudes 
intensives au COUTS des dernieres annees. De ce fait, 
la situation de l'energie et les perspectives futures 
sont probablement mieux comprises qu'auparavant, 
bien que certains domaines d'incertitude demeurent. 
Au COUTS des trois dernieres annees, cinq etudes 
principales sur l'energie furent effectuees par le Gou
vernement federal ou a sa demande, notamment le 
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rapport de la Commission a l'energie atomique au 
President sur "l'energetique nucleaire dans le secteur 
civil". De nombreuses autres etudes importantes ont 
ete effectuees avec ou sans le concours des pouvoirs 
publics. 

On s'accorde d'ordinaire a prevoir que la con
sommation totale d'energie en l'an 2000 sera le 
triple de la consommation en 1960, et l'on estime 
que les ressources en charbon permettront de de
passer nettement le debut du siecle prochain, mais 
les opinions divergent quant a la capacite de la 
technique a foumir ce charbon au prix actuel ou 
au-dessous. Les ressources americaines en petrole 
brut et en gaz naturel seront probablement epuisees 
bien avant le charbon, bien qu'il doive etre possible 
d'ameliorer sensiblement l'approvisionnement du 
pays en recourant aux importations, a l'huile de 
schiste, a la conversion du charbon, ou peut-etre a 
la production d'autres combustibles de synthese, 
grace a l'energie d'origine nucleaire. 

Meme la ou l'on s'accorde quant aux besoins 
totaux en energie, il existe des desaccords marques 
quant au niveau de la demande d'electricite. Les 
previsions des experts varient du simple au double 
lorsqu'il s'agit des besoins en electricite en l'an 2000. 
Les opinions different aussi beaucoup en ce qui 
concerne la rapidite avec laquelle l'energie d'origine 
nucleaire s'implantera sur le marche de l'electricite 
dans les quelques dizaines d'annees a venir; toute
fois, les previsions se rejoignent sur le fait qu'en l'an 
2000 l'electricite nucleaire dominera dans les cen
trales nouvelles et foumira la moitie de l'energie 
produite. 

En 1962, la Commission a l'energie atomique a 
etabli des previsions concernant la puissance nu
cleaire a installer d'ici a l'an 2000. L'evolution 
depuis 1962 indique que la progression de l'electri
cite d'origine nucleaire sera probablement plus rapide 
qu'on ne le prevoyait alors. La realisation des pre
visions dans ce domaine depend des progres ulte
rieurs de la technologie des reacteurs a eau et du 
developpement d'une technologie avancee des reac
teurs convertisseurs et surgenerateurs. Les avantages 
economiques directs realises grace a !'installation de 
centrales nucleaires se compteront en milliards de 
dollars d'ici a l'an 2000. La recherche de prix de 
revient plus bas du fait de la concurrence des autres 
combustibles, Ia reduction de la pollution de !'at
mosphere, le developpement des ressources et les 
mesures propres a favoriser les echanges interna
tionaux procureront d'autres avantages substantiels. 

La plupart des centrales nucleaires qui seront 
installees aux Etats-Unis pendant les deux pro
chaines decennies seront equipees de reacteurs a eau 
Iegere. Cependant, des programmes relatifs a des 
types perfectionnes de reacteurs convertisseurs et 
des reacteurs surgenerateurs refroidis a l'aide de 
metaux liquides sont en cours d'execution, et ces 
deux types de reacteurs devraient etre mis en service 
dans une proportion croissante apres 1985. 
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A/192 CWA 

DYAY~He norpe6HOCTH B 3HeprHH 
H pOnb aTOMHOH 3HepreTHKH 

,l).}f{. ctl. T 3Hn et al. 

3a MHHYBllJUC lllCCTh JICT IIOCJIC IIOCJIC~Heii il\e

UCBCI\OH KOH!flepeH~HH na6JIIO.D;aCTCH 6hiCTpoe pa3-

HHTHC ;mepreTnqecKOH npOMhiiiiJICHHOCTif. 3Haqn

TCJihHO soapocJio noTpe6Jienne :meprmr, npnqeM 

60Jihlll3H 1J3CTh ee HCnOJih3YCTCH B !flopMe :men

TpH'ICCKoii. HeKoTophle Tpa,nn~IIOHHhie npou:mo;J,

CTBeHHhle H CTOHMOCTHioiC nOKa33TCJIH, CBH3aHHhll' 

C o6hi'IHOH TOIIJIHBHOH npOMhiiiiJICHHOCThlO, nopeH

UhiM o6pa30M JI3MCHHJIHCh, Jl 3TOMHaH ;meprnH 

CTaJia Ba>KHhiM KOHKypeHTOM Ha ph!Hf\1:' :l.lleKTpO

:meprnn. 

BJiaro;J;apH TexnoJioruqeciWMY nporpeccy u 6bi

cTpoMy pOCTY AIO~HOCTH ;meprCTifqCCKUX YCT3HO

BOK pe3n0 IIOHH3HJIHCh naiiiJT3JihHhlC 3aTpaThi,T\.llH 

aTOMHhJX Jl o6hi1JHbiX :l.'1CnTpOCT3HQIIii. QeHhl Ha 

yrOJib, HBJIHIO~niiCH OCHOBHhiM TOnJIHBOM ;~JIJl 
:lJiei\T})OCTaHQHii, HCllpephiBHO nOHH>K310TCH, a HO

BhiC !flopMhi TpaHCIIOpTupoBKn yrnH u nepe;{aqu 

:lHCpl'Hif CIQC 60JibiiiC CHU3HT CTOHMOCTb :mepnlll, 

Bbipa6aTbiBaeMoii 06bJqHbiMU 3JieKTpOCT3H~JIHMif. 
CTOIIMOCTb TOnJIIIBHOI'O QJIK.'la l).JIH aTOMHhiX CTaH

I(JIH Tome YMCHhiiiHJiaCh Kal\ 6naro,n;apH T£'XHU

'JCCKHM yCoBepmeHCTBOB3HHHM, TaK II B pe3yJib

T3TC ,nsyx cnumenuii ~en na o6ora~eHHhiii ypan. 

npose,neHHhiX KoMuccueii no aToMuoii aneprun 

CiliA. B Tex paiionax cTpanhl, r.ne TonJIHBo cpan

HHTCJihHo l].Oporo, Ha6JIIOl).aeTCH OCTpaH KOHnypeH

I(HH Mem,n;y yrJieM u aToMnoii aneprueii. 

B nocJie;~;nue uecKoJihKo JH'T T~aTeJILHo uayqa

JIHCh noTpe6HOCTH B 3HeprHII II :lHCpreTH'leCKHe 

aanacLI, a TaKme poJIL aToMnoii anepreTuKu. B 
peayJILTaTe 3Toro Mhl HMeeM Tenepb nyqme(' npe~

cTaBJienue, '!eM Kor,na-Jin6o, KaK o TenepemneM 

TIOJIO>KeHHJI B 06JI3CTII 3HCprCTHKII, T3K H 0 nep

CIICKTIIB3X ee pa3BIITIIH B 6y~y~eM, XOTH BCe e~e 
OCTalOTCH 6oJII>IUII{' HeHCHOCTII B 3TOii 06JiaCTII. 3a 

noc.lle;~;nue Tpn roJI,a npaBHTC.'lhCTBOM CiliA unu 

no ero nopyqenniD 6h!JIO nponase~euo nHTh 6oJib

IIUIX IICCJIC;J;OB3HUH no 3HeprCTifKC, BKJII01J3H npe;J;

CT3BJICHHhlii npeau,;J;eHTY CiliA OT'leT RoMuccmt 

JIO 3TOMHOii 3HCprHH 0 Hpam,naHCKOM npHMeHCHHU 

aTOMHOH 3Hepruu•. llpaBUTCJihCTBCHHhiMH II ,npy

fHMU opraHH33~HHMH 6hiJIO OC~CCTBJICHO TaKme 

MHOI'O JI,pyrux B3>KHhiX HCCJie~OBaHHH. llepcneK

TJIBHhle HCCJIC,!I.OB3HHH IIOK33h!B310T, 'ITO K 2000 ro

;J;Y noTpe6Jienue aneprnu 6y;~;eT B Tpu paaa 6oJIL

rne no cpaBHeHuiO c 1960 ro,noM.Cy~ecTsyeT o6-

~ee MHCHBe, 'ITO aanachl yrJIH 6y,nyT ,ll;OCT3T01JJihi

MB B Te'leHBC 3H31JHTCJihHOH 'IJ3CTH CJIC.D;YID~ero 
CTOJICTHH. O,nnaKo no sonpocy o TOM, noaBOJIHT 

JIH TCXHOJIOI'HH 6y,ny~ero nOCT3BJIHTh yrOJih H3 

aTux aanacoB no cy~ecTBYID~HM HJIJI no 6oJiee 

HH3KHM ~CHaM, MHCHHH paCXO,ll;HTCH. 3anaChl HC

!f!Tu u npupo;~;noro raaa B CiliA no'ITH nasepnH-
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Ka 6y~yT nc'lepllaHLI ropaa~o pauLme aa11acoB 

yrJIH, XOTH HX HC~OCT3TOK Ha MCCTHOM phlHKe 6y

~eT B 3H31JHTCJibHOH CTCIICHH BOCIIOJIHCH 33 C'ICT 

HMIIOpTa TOIIJIHBa, HCIIOJib30B3HHH He«ffTeHOCHhlX 

CJI3H:QeB, nepepa60TKH yrJIH H, B03MO)I(H0, llyTe)f 

11pOH3BO~CTB3 HOBhlX CHHTeTH'IeCKHX BH~OB TO

IIJIHB3 11pH IIOMO~H H~epHOH :meprHH. 

XoTH u ~ocTuruyTo BIIOJIHe onpe~eJieuuoe o6-

~ee MHeHHe OTHOCHTCJibHO 3HepreTH'IeCKHX IIQ

Tpe6HOCTeH 6y;~;~ero, O~H3KO HMeiOTCH cy~eCT
BeHHhle pa3HOrJI3CUH B OTHOilleHHU ypOBHH 6y~y
~HX IIOTpe6uocTeii B aJieKTpoauepruu. ABTopuTeT

Hble 11poruoaY IIOTpe6uocTeu B :meKTpoaueprnu 

ua 2000 ro~ co~epm:aT :Qn«ffpY, OTJIH'IaiO~uec.n 
IIO'ITH B~Boe. B ~Ba'luTeJibBOH CTelleuu pacxo~HT
c.n T3K)I(t> MBeHUH 0 CKOpOCTH llpOBHKBOBt'BHH 

3TOMHOH 3Hepruu Ba 3JieKTp03HepreTH1JCCKHH pLI

HOK B 6JID)I(3HillHe ~eCHTHJICTHH; O~H3KO BCe 3TH 

11pOrB03hl CXO~HTC.II Ha TOM, 'ITO K 2000 ro~y B 

Cl'pOHTCJibCTBC BOBbiX 3JieKTpOCT3H:QHii 6y~yT 
11peo6Jia~aTb 3TOMBhle CT3B:QHD, KOTOpble 6y~yT 
11poD3BO~HTb IIOJIOBHHY BCeU BL1pa6aTblB3t'MOii: 

auepruu. 

B 1962 ro~y KoMuccu.n 110 aToMuou auepruu 

CIDA 11pe~cKaaLIBaJia ypoBeBL o6~eu Mo~uocTu 
3TOIOibiX CT3B:QDH, KOTOpble 11pe~IIOJiaraeTC.II 110-

CTpoDTb ~o 2000 ro~a BKJIIO'IHTeJILHo. O~uaKo 
pa60TLI, IIpOBe~eBBhle C TeX 110p, IIOK33hlB3IOT, 

'ITO p33BDTHe 3TOMHOii 3HepreTHKD, BepoHTHO, 

nou~eT 6blcTpee, 'leM npe~noJiaraJiocL. 
J);OCTU)I(CBHe npe~CK333BBLIX ypOBBeH 3TOMHOH 

3HepreTDKD 33BHCHT OT 6y~y~ero pa3BHTH.II TCX

HOJIOrDH BO~HblX peaKTOpOB H ycoBepmeBCTBOBa

HHH TeXBOJIOrHD peaKTOpOB-KOHBepTepoB H peaK

TOpOB-p33MBO)I(HTeJieii. Henocpe~cTBeBHhle aKo

HOMD'IecKne BhlrO~hl OT 3TOMHhlX 3JICKTpOCT3HI-'UH 

oyp,yT Bblpam:aTLCH K 2()()() l'OJI.Y BO MBOrHX MHJI

JIHap~aX ~OJIJiapoB. fiOMHMO 3TOrO, 6y~yT TaKm:e 

3H31JHTeJILBhle ;10IIOJIHHTeJibBble BhlrO~LI: CHHm:e

HDe :Qeu ua KOBKYPHPYIO~ne BD~hl TOIIJIHBa, 

yMeHLmeuue aarpaaueuu.11 Boa;J.yxa, coxpaueuue 

TOIIJIDBBhlX 3303COB H ,li.8JibBeiimee p33BHTHC Me

m:~yHapO~HOU TOproBJIH. 

BoJILma.n 'laCTL ycTaHoBJieuuoii MO~HOCTH, Ko

TopaH 6y~eT BBe~eua B cTpoii B CIDA B Te'leuue 

CJie~yiO~DX ~BYX ~eeHTDJieTHH, 6y~eT o6ecne'IH

B3TbCH aa C'leT peaKTopoB ua OOhi'IBoii Bo~e. 0;~;
uaKo pa60Thl 110 ycoBepmeBCTBOB3BHbiM peaKTO

paM-KOBBepTepaM oyp,yT DpOBOP,DTbCH D DOCJie 

1985 ro~a, Kor~a peaKTOphl o6oux THIIOB 6y;J.yT 

BCTYD3Tb B CTpOH BO BCe 6oJibilleM M3CillTa6e. 

A/192 Estados Unidos de America 

Necesidades futuras de energia y el papel que 
en elias representa Ia energia nuclear 

por G. F. Tape et al. 

Los seis afios que han transcurrido desde la 
ultima Conferencia de Ginebra han sido aiios dina
micos para las industrias de Ia energia. El consumo 
de energia ha crecido en forma apreciable, y una 
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parte cada vez mayor de esta energia se usa en 
forma de electricidad. Algunas de las tendencias 
historicas de Ia produccion y los precios de la 
industria de los combustibles fosiles se han invertido 
o han cambiado mucho y la energia nuclear se ha 
convertido en un competidor importante en la pro
duccion de electricidad para uso publico. 

El capital necesario para sufragar una planta de 
energia, sea nuclear o convencional, ha disminuido 
enormemente debido a los adelantos tecnicos y al 
rapido aumento de tamafio de las unidades genera
doras de energia. El costo del carbon, el combustible 
mas importante para Ia produccion de electricidad, 
ha venido disminuyendo continuamente, y nuevos 
metodos de transporte del carbon y de transmision 
de energia reduciran aun mas el costo de Ia energia 
producida por una planta convencional. El costo 
del ciclo de combustible de . una planta nuclear ha 
decrecido como resultado de los adelantos tecnicos 
y de dos reducciones en Ia lista de precios del uranio 
enriquecido de Ia Comision de Energia Atomica. 
La competencia entre el carbon y Ia energia nuclear 
es intensa en lugares donde el precio del combustible 
es elevado. 

Las necesidades y reservas de energia, asi como 
el papel que representa Ia energia nuclear, han sido 
estudiados de una manera intensa en los ultimos 
afios. Como resultado de estos estudios, la situacion 
de Ia industria de Ia produccion de energia y sus 
posibilidades futuras nunca se han conocido tan 
bien, aunque todavia quedan campos importantes 
por conocer. En los ultimos tres aiios se han hecho 
cinco grandes estudios sobre Ia energia, bien por el 
Gobierno Federal o bien bajo sus auspicios. Estos 
estudios incluyen un informe sometido al Presidente 
por Ia Comision de Energia Atomica sobre "Los 
usos civiles de Ia energia nuclear". Muchos otros 
estudios importantes han sido llevados a cabo por 
el Gobierno y por entidades privadas. 

Las predicciones unanimes son que el consumo 
total de energia en el aiio 2000 triplicara el consumo 
del aiio 1960. La opinion general es que las reservas 
de carbon seran suficientes al menos durante la 
mayor parte del proximo siglo, pero hay diversidad 
de opiniones en lo que respecta a Ia capacidad de 
los adelantos tecnicos para proveer estas reservas 
de carbon al costo actual o a mas bajo costo. Es 
casi seguro que las reservas de petroleo crudo y de 
gas natural de los Estados Unidos escasearan antes 
que las reservas de carbon, aunque el abastecimiento 
domestico mejorara notablemente con las importa
ciones, las pizarras bituminosas, Ia conversion de 
carbon, o tal vez con Ia produccion de otros com
bustibles sinteticos con la ayuda de la energia 
nuclear. 

Aun en los casos en que hay unidad de opinion 
en lo que respecta a las necesidades totales de 
energia, hay graves divergencias en lo tocante a Ia 
demanda de electricidad. Las predicciones serias 
difieren basta en un factor dos respecto a las necesi-
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clades electricas en el ai'io 2000. Tambien estan en 
desacuerdo las opiniones en lo tocante a la velocidad 
con que la energia nuclear se introducira en la 
industria de la producci6n de electricidad en los 
pr6ximos decenios; sin embargo, las predicciones 
estan de acuerdo en que para el aiio 2000 la energia 
nuclear dominara la producci6n de energia en las 
nuevas instalaciones y producini la mitad de la 
energia total. 

En 1962 la Comisi6n de Energia At6mica predijo 
la cantidad de plantas nucleares que se instalarian 
durante el aiio 2000. Los adelantos producidos desde 
1962 indican que el crecimiento del uso de la ener
gia nuclear probablemente sera mas rapido que el 
que se predi jo en 1962. La realizaci6n de las pre
dicciones tocantes al aumento del uso de la energia 
nuclear dependen de los adelantos que se hagan en 
la tecnica de los reactores de agua y del desarrollo 

G. F. TAPE et al. 79 

en la tecnica avanzada de los reactores convertidores 
y de los reactores reproductores. Los beneficios 
econ6micos derivados de la instalaci6n de la energia 
nuclear seran de muchos miles de millones de 
d6lares para el afio 2000. Grandes beneficios adi
cionales resultaran de la producci6n de combustibles 
que compitan con la energia nuclear para reducir 
los costos de producci6n, de la reducci6n de la 
contaminaci6n de Ia atmosfera, del aumento de 
recursos y del incremento del comercio internacional. 

La mayor parte de Ia potencia que se instale en 
los Estados Unidos en las dos pr6ximas decadas 
lo sera en forma de reactores de agua natural. No 
obstante, se sigue trabajando en los programas con
cernientes a los reactores convertidores avanzados 
y a los reproductores refrigerados por metales 
liquidos, y a partir de 1985 cada vez entraran en 
servicio mas reactores de ambos tipos. 



P/294 CCCP 

nyTM pa3BMTMJI JIAepHOM 3HepreTMKM B CCCP 

H. M. CMHea, 6. 6. 6aTypoa, B. M. WMenea 

BBE,li.EHJ.1E 
27 moiiH 1954 r. B CoBercRoM Coroae 6LIJia 

ny~eHa B aRcnJiyararvno IlepBaH aroMHaH aJie
RTpocraH~HH MO~HOCTbiO 5000 KBm (aJI.). 

lfcTeRmee )J;eCHTHJieTHe BO MHOfHX CTpaHaX 6LI
JIO nepHO)J;OM 3apOiR)J;eHHH H nepBLIX npaRTHqecRHX 
maroB HOBOH OTpaCJIH TeXHHRH - MHpHOH H)J;ep
HOH auepreTHRH, npuaBaHuoii: ucnoJib30BaTb Ha 
6Jiaro qeJioBeqecrBa BLICBo6oiRp;aro~yrocH aHep
ruro )J;eJieHHH H)J;ep ypaHa H nJiyTOHHH. 

Ilepuop;, npomep;muii: nocJie Bropoii: /KeHeB
CRoii: ROHif>epeH~HH no HCnOJib30BaHHIO aTOMHOH 
auepruu B MHpHLIX :u;eJIHX, xapaRrepuayercH 
IIHTeHCHBHLIMII HayqHbiMII II IIHiReHepHbiMII IICCJie
)J;OBaHIIHMII II MHOfiiMII npaRrnqecRIIMII )J;OCTIIiRe
HIIHMH B CCCP u pHp;e p;pyrux crpaH. 

HaRonJieHHLie aHaHHH :u: onLIT R HacroH~eMy 
BpeMeHH no3BOJIHIOT 6oJiee npaBHJibHO O~eHHTb 
pemeHHLie :u: rJiaBHLIM o6paaoM HepemeHHLie npo-
6JieMLI II HaMeT:U:Tb 6oJiee alf>lf>eRTHBHLie nyTII p;aJib
Heii:mero pa3BHTHH H)J;epHOH 3HepreTHRH C yqeTOM 
ROHRpeTHLIX YCJIOBUH RaiR)J;OH CTpaHLI. 

nPOfPECC 3HEPfETJ.1KJ.1 B CCCP 
1-1 EfO OC06EHHOCTJ.1 

Coap;aHue MarepHaJibHoii: 11 rexHnqecRoii: ocHOBLI 
RoMMYHHCTnqeCRoro o6~ecrBa B CoBeTcRoM Coro
ae, paaBIITHe npoMLimJieHHOCTII 11 ceJihCRoro xo-
3HHCTBa, poeT norpe6JieHBH aHepruu HaceJieHueM 
rpe6yroT p;aJibHeii:mero mupoRoro crpoureJibCTBa 
3JieRTpOCTaH:u;HH H BLICORHX TeMIIOB pOCTa BLipa-
6oTRH aJieRTpnqecRoii: auepruu. IlpouaBO)J;CTBO 
3JieRTp03HeprUH H ycTaHOBJieHHaH 3JieRTpHqecRaH 
Mo~HOCTb B CCCP )J;OJiiRHLI cooTBeTCTBeHHo cocTa
BHTb: 

B 1970 r.-900-1000 MJipp;. KBm·"l, 180-
200 MJIH. KBm, 

B 1980 r.-2700-3000 MJip]J;. KBm·"l, 540-
600 MJIH. KBm. 

HanoMHUM, qTo npouaBo)J;CTBo aJieRrpoaHepruu 
B CCCP B 1963 r. cocTaBHJIO 412 MJipp;. Kem•"l, 
TOr)J;a RaR B 1960 r. ORO paBHHJIOCh 292 MJip)J;. KBm · "l, 
B 1950 r.-91 MJipp;. KBm·"l, a B 1940 r.-
48 MJip)J;. l'>Bm • "l. 3a DOCJie)J;HHe HeCROJibRO JieT 
eiRero)J;HLiii: npupocr npoH3BO)J;CTBa aJieRrpoaHep
r.H.H B CCCP cocTaBJIHeT 11-12%. B 1963 r. 
BBO)J; HOBLIX MO~HOCTeH Ha 3JieRTpOCTaH:u;HHX 
COCTaBUJI 10 MJIH. KBm. 
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CTpOHTCH RpynHLie RoHp;euca:u;HoHHble renJio
Bble aJieRrpocTaH~HH MO~HOCThiO p;o 2400 Mem, 
renJioaJieRTpo:u;eHrpaJIH MO~HOCThiO 400 Mem 
H 6oJihme, RpynHLie rup;poaJieRTpocTaHD;HH Ha 
4000-5000 Mem, cpep;u RoropLIX RpynHeii:mue 
B Mupe Ha AHrape u EH:u:cee B Cu6up:u:. R HaqaJiy 
1964 r. B CCCP p;eii:crBoBaJio 5 renJIOBLIX aJieRrpo
craH:u;uii: MO~HOCThiO CBLime 1000 Mem RaiR)J;aH; 
R KOHD;Y 1965 r. 6yp;eT yiRe 11 TaRUX RpynHhiX 
aJieRTpOCTaHIJ;HH, MO~HOCTb O)J;HOH 113 HHX npeBLI
CHT 2000 Mem. Coap;aHa ep;uHaH aHepreruqecRaH 
cucreMa EBponeii:cRoii: qacru CCCP, o6~aH MO~
HOCTh 1\0TOpOH B 1965 r. npeBLIC:U:T 50 MJIH. l'>Bm 1

• 

CrpoureJihCTBO no THnoBLIM npoeRraM RpynHhiX 
TenJIOBhiX 3JieRTpOCTaHD;BH C ep;HHHqHbiMH MO~HO
CTHMH 6JioRoB 200-300-500-800 Mem (aJI.) 
u nOBhlmeHHLIMH napaMerpaM:u: napa (130-240 am 
H 560-580° C), mupoRoe ucnoJib30BaHue c6opHo
ro iReJieao6eroHa npu coopyiReHBH ap;aHuii:, HaJia
iReHHoe B crpaHe RpynHocepuii:Hoe npouaBO)J;CTBO 
aHepreruqecRoro craHp;apTHoro o6opyp;oBaHUH, 
ycnemHOe CTpOHTeJibCTBO p;aJihHHX JIHHHH 3JieRTpO
nepep;aq Ha HanpHi-ReHue 500 KB nponycRHoii: cno
co6HoCTbiO )1;0 1 MJIH. KBm - BCe 3TO HenpephiBHO 
yJiyqmaer noRaaareJIH o6hlqHoii: aHepreTIIRH, CHH
maer yp;eJihHLie KanllraJibHble aarpam .H CTO.H
MOCTb BLipa6aThiBaeMOH 3JieRTpO~Hepruu. 

l:hoT npop;oJimaro~uii:cH rexHuqecRuii: nporpecc 
COBpeMeHHOH RpynHOH TenJI03HepreTHRH o6Haa
TeJibHO )J;OJiil\eH yqBTLIBaTbCH B Tpe6oBaHHHX, 
npe)J;'LHBJIHeMLIX R 3ROHOMHqHOCTH II ROHRypeHTO
CnOC06HOCTH aTOMHhiX aJieRTpOCTaH:u;HH (A3C) 
B CoBeTCROM Coroae. 

llayqeHue aHepreruqecRoro 11 TOnJIHBHoro 6a
JiaHca CTpaHhl C yqeTOM HOBhiX MeCTOpOiK)J;eHIIH 
noRaaLIBaer, qro auepreruqecRIIe norpe6uocrn B :u;e
JIOM no CCCP Moryr 6LITb o6ecneqeHhl aa cqer 
aanacoB opragnqecRoro ronJIHBa 11 r11p;popecypcoB 
ua BeChMa )J;JIIITeJihHLiii cpoR. Op;HaRo uepaBHoMep
HOCTb paaMe~eHHH aanacoB oprauuqecRoro ronJIII
Ba no crpaue BLI3LIBaer cy~ecTBeHHoe yp;opoiRa
HHe nponaBop;crBa aJieRrpoaHepruu B pHp;e paii:oHoB 
cTpaHhl, HanpuMep B EB poneii:cRoii: qacTII CCCP. 
Cy~ecrByer uecROJibRO cnoco6oB yp;oBJieTBo

pHTh pacry~ue aHeprernqecRue norpe6HoCTH B 
EBponeii:cRoii: qacTH CCCP. R HHM oTHOCHTCH: 
f) CTpOHTeJibCTBO TenJIOBhiX aJieRTpOCTaH:u;HH, pa6o
TaiOI:u;HX Ha p;oporux yrJIHX, p;o6hiBaeMLIX B p;oHe:u;
RoM 6acceii:He, HJIH Ha )J;emeBhiX yrJIHX, )J;OCTaBJIHe
MLIX no meJieauoii: p;opore H3 Cu6Hpu; 2) crpou-
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TCJILCTBO CBepXJJ;aJILHHX MOID;HLIX JIHHHH nepeJJ;a'IH 
aueprnn H3 Cn6npn B EBpony; 3) crpoHTeJILCTBO 
AaC B JJ;ocraroquo mnpoKnx Macmra6ax, onpeJJ;e
JIReMLix nx KoHKypeurocnoco6uocrLro. Ilpn coqe
TRHHH B pa3HLIX nponopD;HHX BCCX yKa3aHHLIX 
cnoco6oB Momer 6LITL pemeua aaJJ;a'la JJ;aJILHeii
mero paaBHTHH aueprocua6meaHH paii:onoB EBpo
miiicKoii qacrn CCCP B 6Jinmaiimne 10-20 JieT. 

TaKHM o6paaoM, Bonpoc o pa3BHTHH HJJ;epuoii: 
auepreTHKH B CoBeTCKOM Coroae B aacroHm;ee Bpe
MH - aro npemJJ;e Bcero Bonpoc o BLI6ope aKouo
MH'IeCKH aan6oJiee BLiroJJ;Horo JJ;JIH crpanLI nyrn 
YJJ;OBJICTBopeHHH auepreTH'IeCKHX norpe6nocreii 
B paiioaax, ae6JiaronpnHTHLIX no ycJIOBHHM cna6-
meHHH opraHH'ICCKHM TOUJIHBOM H 9Heprneii. 

'YKa3aHHLie o6CTOHTCJILCTBa no6ymJJ;aiOT, llOKa 
He J);OCTHfHYT Heo6XOJJ;HMLIH ypoBCHL KOHKypeHTO
CUOC06HOCTH AaC, npoJJ;oJimarL aaKonJieane name
uepaoro onLITa n BcecToponaee nayqeane nepcneK
THB pa3BHTHH HJJ;CpHOH aaepreTHKH C UpOBCJ);CHHCM 
Heo6XOJJ;HMLIX HCCJICJ);OBa TCJibCKHX, KOHCTpyKTOp
CKHX, npoeKTHLIX H 9KCnepHMCHTaJibHLIX pa6oT. 

Ilpn BLICOKHX TeMnax H orpoMHLIX Macmra6ax 
paaBHTHH auepreTHKH B CCCP om;yrHMLIH aKo
HOMH'IecKnii acf>cf>eKT OT npnMeHeHHH aTOMHLIX 
9JICKTpOCTaHD;HH MOii\CT 6LITL noJiyqeH npH 3Ha
'IHTCJILHOH J);OJIC HX B o6m;eM 6aJiaHCe Hapam;HBa
BHH HOBLIX aaepreTH'IeCKHX MOID;HOCTeii. 

B CBH3H c aTHM ueo6xoJJ;HMo rm;areJILHo noJJ;ro
TOBHTL, OD;CBHTL H BLI6paTb HaH6oJiee acf>cf>eKTHB
HLIH nyTL pa3BHTHH Kpynnoii HJJ;epuoii: aaeprern
KH H Ha ero OCHOBC noCTpOHTh )l;OJifOCpO'IHYIO 
nporpaMMY pa3BHTHH HJJ;CpHOH aHepreTHKH B 
CTpaHe. 

PA3BHTHE R,lJ,EPHOI-1 SHEPrETHKH 
B CCCP 

Mom;nocrn a TOMBLIX aJieKrpocraan;uii: B 1964 r. 
B CoaercKoM Coroae npeBLICHT 900 TLIC. ~Wm (aJI.). 
R 1970 r. BCCCP npeJJ;noJiaraercHBBeCTH B aKcnJiy
a ran;nro AaC o6m;eii aJieKrpuqecKoii: Mom;uocrLro 
B BCCKOJibKO MHJIJIHOHOB KHJIOBaTT, paCCMaTpHBaH 
nepHOJJ; JJ;O 1970 r. KaK nepHOJJ; OTpa6oTKH H Coopy
ii\CBHH KpynHOMacmra6HLIX npOTOTHnOB J);JIH UOCJie
JJ;yrom;ero nepexoJJ;a K uapacrarom;eMy cepnii:HoMy 
CTpOHTCJihCTBY MOHJ;HLIX Aac B 1970-1980 rr. 

B aacroHm;ee BpeMH nym;eua u uaxoJJ;HTCH B cra
JJ;HH ocBoennH nepBaH oqepeJJ;L EeJioHpcKoii ASC 
HM. II. B. l\ypqaroBa aJieKTpnqecKoii: Mom;uocTLIO 
100 Msm c HJJ;epHLIM neperpeBoM napa. Ocym;e
CTBJIHeTcH nycK nepBoii o'lepeJJ;H HoBoBopoaem
CKoii:ASC aJieKTpH'IeCKoii Mom;aoCThro 210 Msm 2 ' 3• 
Cn6npcKaH aroMHaH aJieKTpocrann;nH, aanpoeKTH
poBaHHaH aa 600 Msm (aJI.), npeBLICHJia cBoro 
npoeKTHyro Mom;nocrh. Coopymenne n nycK arnx 
CTaHIJ;HH U03BOJIHJIH UOJIYlJHTb 60JihiDOH OULIT npo
e:KTHpOBaHHH, MOHTama H UpOH3BOJJ;CTBa peaKTOp
HOfO o6opyJJ;OBaHHH H MaTepnaJIOB JJ;JIH KpynHLIX 
BOJJ;O-BOJJ;.flHLIX H ypaa-rpacf>HTOBLIX aaepreTH'Ie
CKHX peaKTOpOB, B TOM'lHCJie C .flJJ;epHLIM neperpe
BOM napa. BeJJ;eTCH coopymeane BToporo 6JioKa 
EeJioHpcKoii AaC aa 200 Msm (aJI.). Haqaro 

N. M. SINEV et al. 81 

crponreJILCTBO Broporo 6JioKa HoBoBopoaemcKoii: 
AaC ua 365 Msm (aJI.). 

,D;aJILneii:maH paapa6orKa u coBepmencTBOBanne 
peaKTOpOB 9THX THnOB C ~eJILIO UOBLimeHH.fl 9KO-

~~-.--.--.--,---,--,--,--, 
600 
500 

400 

300 

PHc. 1. 3KoHOMH'leCKHe noKaaaTenH no 5enoapcKo~ 
H HoeoeopoHemcKOH A3C: 

a- KarruTaJihHLie aaTpaThl Ha 1 ~>Bm aJieKTPH'IeeKoii 
MOID;HOCTH: 

e - pac'leT; 
0 - ciJaKTH'IeCKHe 38Tp8Thl; 

6 - ce6ecTOHMOCTh aJieKTpoaHepruu: 
1 - rrepshlii 6JioK BeJIOHpcKoii ASC; 2 - rrepBblii 

6JioK HososopoHemcKoii: A:3C; 3 - BTopoii: 6JIOK BeJio
HpcKoii: A:3C; 4 - sTopoii: 6JIOK HososopoHemcKoii: A3C 

HOMH'IHOCTH BCJJ;CTCH B HanpaBJICHHH YBCJIH'ICHHH 
eJ);HHH'IHLIX MOIIJ;HOCTCH npH OJ);HOBpeMeBHOM yBe
JIH'ICBHH CpCJJ;HCH rJiy6HHLI BLiropaHHH .flJJ;epHOfO 
ronJIHBa JJ;O 15000-20000 Msm·cymtou/m u c 
llpHMCHCHHCM JJ;pyrnx ycoBepmeHCTBOBaHHH ~• 6 • 
,11;nHaMHKa Oii\HJ);aeMoro H3MCHCHHH 9KOHOMH'ICCKHX 
noKaaareJieii: JJ;JIH HoBoBopoaemcKoii n BeJio.np
cKoii: a TOMHLIX 9JICKTpOCTaHIJ;HH UpHBeJ);eHa Ha 
puc. 1. BLicoKue yJJ;eJILHLie KanuraJILHLie aarpaTLI 
Ba COopymeHHe nepBLIX 6JIOKOB B 3Ha'IHTCJILHOH 
CTeneBH o6yCJIOBJIHBaiOTC.fl OTHOCHTCJihHO MaJILI
MH CJJ;HHH'lHblMH MOIIJ;HOCTHMH 6JIOKOB, 3aTpaTaMH 
Ha OCBOCHHC UJiom;aJJ;KH UOJ); A:3C B IJ;CJIOM H BLICO
KOH CTOHMOCThiO aKcnepHMCBTaJibHLIX H OULITBLIX 
o6paan;oB o6opyJJ;oBann.n. 

,11;eC.flTHJICTHHH OnhlT 9KCnJiyaTaiJ;HH IlepBOH 
aTOMHOH 9JICKTpOCTaHIJ;HH H IDCCTHJICTHH.fl 6eaaBa
pHHHa.fl pa6ora peaKropa na 6blcTphlX aeii:rponax 
BP-5 Mom;aocrLro 5000 tosm c aarpneBhlM oxJiamJJ;e
HHeM B 06HHHCKe noKa3aJIH B03MOii\HOCTb J);OCTH
ii\CHHH npH JJ;OCTaTO'lHO npCJJ;CTaBHTCJibHLIX MaCCO
BLIX peaKTOpHbiX HCULITaHH.flX «aaepreTH'ICCKHX)) 
rJiy6nn BblropaHHH .nJJ;epaoro ropro11ero JJ;O 
60 000 Mem·cym,.u/m ABYOKHCH ypaua H UJIYTO
HH.fl, TO CCTb 3Ha'ICHHH, J);OCTaTO'IHLIX J);JI.fl UOJiy
'ICBHH KOHKypeaTocnoco6noii aneprnn oT ASC 
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60JibiDOH MO~HOCTH C peaKTopaMH KaK Ha TeDJIO• 
BhiX, TaK H Ha 6hlcTphiX neiiTponax. 

B 6JIHmaiimHe MecJI~hl 6yJJ;eT uy~ena a TOMHaJI 
3JieKTpOCTaH~HJI C KHDJI~HM BOJ);JIHhiM peaKTOpOM 
B MeJieKecce MO~HoCTbiO 50-75 Mom (:m.) 6• 

B :=mcuJiyara~HH naxoJJ;JITCH aKcuepuMeHTaJIL
Hhle o6paa~hl MaJihiX TpancuopTa6eJILHhiX 6Jio'l
HhiX A3C: T3C-3 c BoJJ;o-BoJJ;JIHhiM peaKTopoM Mo~
HOCTbiO 1,5 Mom (aJI.) B 06nuncKe u APBYC 
C oprano-opraHH'leCKHM peaKTOpOM MO~HOCTbiO 

750 ,.om (aJI.) B MeJieKecce,-upeJJ;naanaqeHHhle JJ;JIJI 
HCDOJib30BaHHJI B OTJ);aJieHHhiX paiioHaX CTpaHhl, 
J);OCTaBKa TODJIHBa B KOTOplale 3aTpyJJ;HeHa H Hea
KOHOM:n:qHa 7• 

Y CDemHO DpOBOJ);HT CBOIO IIJITYIO HaBura~HIO Dep
BOe B MHpe rpaiKJ);aHCKOe aTOMHOe CYJJ;HO - JieJJ;O
KOJI «Jlenun», cna6mennoe TpeMJI peaKTopaMu 
BOJJ;O-BOJJ;JIHoro THDa TeDJioBoii MO~HOCTbiO 90 Mom 
KaiKJJ;hlii. B upomJioM roJJ;y uocJie TpexJieTHe.ii 
pa6oThl 6ea ueperpyaKu 6hiJia ycuemno upoBeJJ;eHa 
aaMena aKTHBHJaiX aon Bcex ero peaKTopoB. Ycra
HOBJieHnhle HOBble aKTHBHhle 30Hhl o6JiaJ);aiOT e~e 
6oJILIDHM pecypcoM. Pa6oTa anepreTu'leCKHX ycTa
HOBOK JieJJ;OKOJia «JleHHH>) B Te'leHHe DJITH JieT 
naJJ;emno DOJJ;TBepJJ;HJia 6eaouacnocTL pa6oThl ero 
aTOMHhiX peaKTOpHhiX ycTaHOBOK BO BCeX 9KCDJiy
aTa~HOHHhiX peiKHMax8• 
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PHc. 2. 8KoHOMH~ecKHe noKasaTenH peaKTopos Ha 
c:ibiCTPbiX HeHTPOHaX C HaTpHeBbiM TennOHOCHTeneM 

(pac~eT): 

a- KannTaJibHhle aaTpaThi Ha 1 ~>Bm :meKTpH'lecKoii: 
MOITJ;HOCTH; 

6- ce6ecTOBMOCTb :meKTpoaHeprnn. a - HaKonJieHBe 
npop;yKTOB p;eJieHHH B % aT. 

PEAKTOPbl HA 6biCTPbiX HEtfTPOHAX 
3KcuepuMeHTaJibHhle H upoeKTHO-KOHCTpyKTOp

CKHe pa6oThl, DpOBeJJ;eHHJaie B o6JiaCTH tPH3HKH H 
paapa60TKH TeDJIOBhiJ);eJIJIIO~HX aJieMeHTOB, OCBOe
HHe TeXHOJIOrHH HaTpHeBoro TeDJIOHOCHTeJIJI, a TaR-

H. M. CHHEB H .np. 

me ycuemnaJI paapa6oTKa, uaroToBJienne u :n:cDJai
Tanue ODhiTHhiX o6paa~oB o6opyJJ;oBaHHJI JJ;JIJI 
HaTpHeBhiX KOHTypOB D03BOJIHJIH OTKa3aTbCJI OT 
panee naMe'lennoro cTpoHTeJILCTBa peaKTopa na 
6~a~cTp~a~x neiiTponax MO~HOCTbiO 50 Mom (aJI.). 
B nacToJI~ee BpeMH npHHJITo pemenue o coopy
menuu peaKTopa na 6hiCTphiX neiiTponax BH-350 
aJieKrpuqecKo.ii MO~HOCTbiO 300-350 Mom9• 

Roalfllflu~ueHT BocupouaBoJJ;CTBa B aToM peaKTo
pe upu pa6oTe ero B na'laJibHhiH uepuoJJ; na U236 

COCTaBHT 1,1 H DOCTeDeHHO 6yJJ;eT JJ;OBeJ);eH DpH
MepHO JJ;O 1 ,5 DOCJie uepeXoJJ;a ero DOJIHOCTbiO 
B peiKHM pa60Thl pa3MHOiKHTeJIH Ha DJIYTOHHH. 
IIpeJJ;DoJiaraeTcJI, 'ITO rJiy6nna BhlropaHHJI TODJIH
Ba B na'laJibHhlii uepuoJJ; aKCDJiyaTa~uu 6yJJ;eT 
paBHa 5-6% aT. H JJ;OBeJ);eHa CO BpeMeHeM aa C'leT 
DpHMeHeHHJI TeDJIOBhiJ);eJIJIIO~X aJieMeHTOB C Ha
DpaBJieHHhiM yJJ;aJieHHeM DpOJJ;YKTOB JJ;eJieHHJI J);O 
8-10% aT. 

liHTeHCHtPHKa~HJI TeDJIOC'beMa B aKTHBHOH 30He 
peaKropa, yBeJIH'leH:n:e reMueparyp~a~ narpHII na 
BhiXOJJ;e H3 peaKTOpa J);O 600-630° C H yBeJIH'le
HHe DOJ);OrpeBa TeDJIOHOCHTeJIJI B peaK TOpe, a TaKiKe ~ 
rJiy6HHJai BhlropaHHH TODJIHBa D03BOJIJIIOT paCC'lH
ThiBaTb B JJ;aJILHeiimeM coaJJ;aTL na 6aae BH-350 
peaKrop Mo~nocTLIO 500-600 Mom (aJI.), o6ecue
'lHBaiO~Hii DOJiy'leHHe aKOHOMH'IHOH aJieKTpoanep
rHH. TaKoii peaKrop upeJJ;uoJiaraeTCII uocTpoHTb 
B Ka'leCTBe J);aJibHeiimero mara B HCDOJib30BaHHH 
peaKTOpOB-pa3MHOiKHTeJieii, paCCMaTpHBaeMLIX Ha
MH KaK rJiaBHhiH DYTb pa3BUTHJI JIJJ;epHOH anepre
THKH B CCCP. Pac'.leTHJaie J);aHHJaie uo aKoHoMH
'IeCKHM DOKa3aTeJIJIM peaKTOpOB Ha 6JaiCTphiX HeH
TpOHaX H OpHeHTHpOBO'IHall JJ;HHaMHKa HX H3Me
HeHHII upuBeJJ;eHhl na puc. 2. 

ASC SnEKTPH4ECKOtf MOLLtHOCTbiO 
1000 Mem 

Pa6oThl B o6JiaCTH JJ;aJihHeiimero coBepmeHCTBO
BaHHJI peaKTOpOB JJ;JIJI JIJJ;epHOH aHepreTUKH BeJ);yTCH 
B CCCP TaKme B naupaBJienuu BhiJIBJieHHJI Boa
Momnocreii ana'luTeJILHoro yBeJI:n:qenuH eJJ;HHH'l
HhiX Mo~nocreii peaKropoB JJ;O 1000 Mom (aJI.) 
H paapa60TKH ODTHMaJibHhiX peaKTOpOB-KOHBepre
poB, o6ecue'luBaro~ux nau6oJiee 6hiCTpoe BOBJie
qenue B TODJIHBHhiH ~HKJI U23B. 

BhiiiOJIHeHHhle B CCCP upoeKTHhle upopa6oTKH 
Ha 6aae HMeiO~HXCJI 9KCDepuMeHTaJibHhiX J);aHHhiX 
DOJ);TBepmJJ;aiOT TeXHH'leCKYIO B03MOiKHOCTb C03J);a
HHJI ypan-rpalflHTOBhiX peaKTOpOB eJJ;HHH'lHOH MO~
HOCTbiO uopJIJJ;Ka 1000 Mom (aJI.), oxJiamJJ;aeMhiX 
o6Jai'lHOH BOJ);OH DpH CBepXKpHTH'leCKHX ua paMeT
pax HJIU yrJieKHCJihiM raaoM, a TaKiKe peaKTOpOB 
na 6hiCTphiX neii:Tponax, oxJiamJ);aeMhiX naTpHeM 
C Koalfllflu~HeHTOM BOCDpOH3BOJ);CTBa 1 , 7 DpH BOC
DpOH3BOJJ;CTBe B aKTUBHOH 30He, 6JIH3KOM K eJ);HHH
~e. IIpu aroM uapaMerphl napa na aTOMHhiX aJieK
TpocTan~uJix C yKaaaHHhiMH THDaMH peaKTOpOB 
6yJJ;yT 6JIU3KH K DapaMeTpaM, J);OCTHrHyThiM COBpe
MeHHOH anepreTuKoii. ,ll;ocrumenne yKaaaHHJaiX 
eJ);UHH'IHhiX MO~HOCTeH o6eCDe'lUBaeT CHHiKeHHe 
yJJ;eJILHhiX KauuTaJibHhiX aaTpaT H aKCDJiyaTa~oH-
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BLIX paCXOAOB H nonyqeBHe KOBKypeBTOCnoco6-
BOH auepruu. 

EAHBHtiBaH MOID;HOCTL 1000 Mom (an.) H BI.rme 
JoiOa<eT 6LITL TaKme AOCTHrHyTa Ha ypau-rpai}>H
TOBLIX peaKTOpax, oxnamAaeMLIX BOAOii noA ARBne
BHeM npH 6onee HH3KHX napaMeTpax C B03MOa\HLIM 
OAHOBpeMeHHLIM HCnonL30BRHHeM OTBOAHMOrO Ten
na AJIJI ~eneii onpecueHHJI BOALI unu Tennol}>uKa
~H. 

PEAHTOPb~HOHBEPTEP~ 

Hau6onee alf>l}>eKTHBHLIMH peaKTopaMH-KOHBep
TepaMH, KaK H CJieAOBRJIO Oa<HARTL, JIBnJIIOTCJI 
peaKTOpLI HR npHpOAHOM ypaue C TJia<enOBOAHLIM 
aaMeAnHTeneM, oxnamAaeMLie HJIH yrneKHCJILIM ra
aoM (Tuna cTpoHm;erocH B "llexocnoBa~Koii Co~ua
nucTHtiecKoii Pecny6nuKe), unu oprauuqecKHM 
TennOHOCHTeneM. 0'1eHL alf>l}>eKTHBHLIM KOHBepTe
pOM JIBnJieTCJI peaKTOp Ha 6LICTpL1X HeiiTpOHRX 
C HaTpHeBLIM HnH raaOBLIM TennoHOCHTeJieM, B OC0-
6eHHOCTH npH BpeMeHH npe6LIBaHHJI ropiOtiero 
BHe peaKTopa 1,5-2,0 roAa H MeHLme. 

llpoeKTHhle H aKcnepuMeHTanLHLie pa6oTLI no 
npopa6oTKe peaKTopa ua npupoAHOM ypaue c THme
noBoAHLIM aaMeAnHTeneM H opraHH'IeCKHM Tenno
HOCHTeJieM Mom;uocThiO AO 400-500 Mom (an.) 
noKaaanu, 'ITO AnH AOCTHmeHHJI xopomux aKouo
MH'IeCKHX noKaaaTeneii TaKoro peaKTopa cym;e
CTBYIOT onpeAeneHHLie TeXHH'IeCKHe TPYAHOCTH, 
CBJI3aHHhle C o6ecnetieHHeM TepMHtieCKOH H paAHR
~HOHHOH CTR6HnbHOCTH opraHH'IeCKOrO TennOHO
CHTenH, HeB03MOa\HOCTbiO AOCTHtib BLICOKHX napa
MeTpOB napa 1 ycnomHeHHOCTbiO TeXHOJIOrHtieCKOH 
cxe:r.rLI ua-aa o6unu11 KOHTypoB. 

RaK noKaaHBaiOT OnLIT npoeKTHpoBaHHJI, pac
tieTLI H HCCJieAOBRHHJI no raao-rpai}>HTOBOMY peaK
TOpy MOID;HOCTLIO 350-400 Mom (an.), MHOrHe 
TPYAHOCTH, CBoiicTBeHHhle THmenoBOAHO-oprauu
qecKoMy peaKTopy, B aToM cnyqae OTCYTCTBYIOT. 
0AHaKO nepcneKTHBLI AOCTHa<eHHJI 6onLIDHX rny-
6HH BLiropaHHH, ueo6xoAHMLIX AJIH AOCTHmeHHJI 
KOHKypeuTocnoco6uocTH, aaTPYAHeHLI ua-aa XYA
mux CBOHCTB rpai}>HTR KaK aaMeAnHTenJI, a npHMe
HeBHe C aTOll ~enLIO OKHCHOro ropiOtiero 3aCTRBJIJieT 
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nepeiiTH ua cna6oo6oram;euu~o~ii ypau u pa6oTaTL 
npH CHHa<eHHOM Koai}>I}>H~HeHTe BOCUpOH3BOACTBR. 
,lJ;oCTHa<eHHe Heo6XOAHMLIX no 3KOHOMHtieCKHM 
coo6pameHHJIM rny6uu BLiropaHHJI AO 7000-
10000 Mom· cym-,;,u/m ua MeTannHtieCKOM ypaue 
H ero cnnaBax npu pa6oqux Te:r.rnepaTypax npeA
CTaBnJieT co6oii cepbeauyiO npo6neMy. 

BechMa nepcneKTHBHLIM c aToii TotiKH apeHHJI 
MOa<eT JIBHTbCJI HCnOJIL30BRHHe TennOBhiAenJIIO
m;HX :JJieMeHTOB Manoro AHRMeTpa npyTKOBOrO TH
na Ha OCHOBe cna6onerHpOBRHHOrO ypaHa, nOA
BepruyToro cne~anLnoii TepMHtiecKoii: o6pa6oT
Ke c ~enLIO nonyqeuu.& YAOBJieTBopuTenLuoii paa
Mepuoii cTa6unbHOCTH noA o6nyqeuue:r.r. 

CoopymaeMhlii "llexocnoBa~Koii Co~uanucTD.'Ie
cKoii: Pecny6nuKoii npu yqacTD.H CoBeTcKoro CoiO
aa TJia<enOBOAHLIH peaKTOp C ra30BLIM OXnamAe
HD.eM :r.rom;uocTLIO 150 Mom (an.) pacc'IHTaH ua 
HCnOJIL30BaHHe TenJIOBLIAeJIJIIOm;HX 3JieMeHTOB ARH
Horo THna. llpoeKTHpOBRHHe, CTpOHTeJILCTBO D. 
aKcnnyaTa~D.JI aToro peaKTopa uapHAY c uaKonne
HHeM uumeuepuoro OITLITa no coaAaHHIO H pa6oTe 
o6opyAOBRHD.JI 1 CHCTeM H npu6opoB AnJI TJia<eJIO
BOAHLIX u raaoBLIX KOHTypoB A8C noaBoJIHT TaKme 
noJiy'ID.TL CBeAeHHJI no AOCTHa\BMLIM rny6uHaM 
BLiropaHHJI Ha npyTKOBLIX TenJIOBLIAeJIJIIOm;HX ane
MeHTaX B npOMhiiDneHHLIX MaCmTa6ax. 

Bonee nOJIHO YAOBneTBopHeT Tpe6oBaHHJIM noBLI
meHHJI eAHHH'IHoii: Mom;uocTH AO 800-1000 Mom 
(an.) H nony'leHHJI napa BLICOKHX napaMeTpOB 
(AaBneuue CBLime 90 am H TeMnepaTypa 6onee 
500° C) npu OAHOBpeMeuuoM uau6onee alf>l}>eKTHB
HOM HCnOnL30BaHHH HAepuoro ropiOtiero H HHTeH
CHBHOM BOBnetieHHH B TOnJJHBHLIH ~HKn ypaua -238 
H TOpHH peaKTOp-KOHBepTep Ha 6LICTpLIX HeiiTpO
HaX, nOCTeneHHO nepeXOAJim;HH B pea<HM pa60TLI 
peaKTopa-paaMuomuTeJIJI. TaKoii peaKTop-KoHBep
Tep-paaMuomHTenL MOa<eT 6LITL BLinOJIHeH B eAR
HOM KOHCTpyKTHBHOM HCnOnHeHHH AnJI pa60TLI 
B pea<HMe KaK KOHBepTepa, TaK H pa3MHOa\HTenJI 
H paCCtiHTRH Ha HCnOnL30BaHHe B Ka'leCTBe HAep
HOrO ChlpLH, KaK ypaua, TaK H TopHH. XapaKTepu
CTHKH KOHBepTepa-pa3MHOa\HTeJIJI AnJI ypaua H TO
pHJI OKa3LIBRIOTCJI BeCLMa YAOBneTBOpHTenbHLIMH 
Bo Bcex pemuMax pa6oTLI (Ta6n. 1)1°. 

Tal5nHI.Ia 1. XapaKTepHCTHKH peaKropa-KoHaeprepa-paaMHO>KHTenR 
Ha l5biCTPbiX H8HTPOHaX 

XapaKTepHCTHKH 

3JieKTpH'IeCKaSI MOlli;HOCTb 
peaKTopa, M6m .... 

Roatflcfm~HeHT noneaaoro 
AeiicTBHSI, % 

.IJ.aBJieaHe napa, am 
TeMnepaTypa napa, °C . . 
Ro94fltflu~HeaT BocnpoaaBOA-

CTBa •••••• 
3arpyaKa AeJisrm;Hxcsr 

H30TODOB, Kll 

AKTHBR8R BORa 
ypau-235, 
ypau-238 

Al(THBR8H BORa 
UJIYTOHIIlt-2 3 9, 

ypau-238 

3KpaH 3KpaH 
npHpOj!,HHlt npHpoj!,Hbllt 

HJIH o6e;n;HeHHHit HJIH O!ie;n;HeHH.bllt 
ypaH YP8H 

500 

42 
130 
565 

1,20 

1290 

500 

42 
130 
565 

1,50 

1140 

Al(THBH8R BOH& 
ypau-235, 
ypau-238 

500 

42 
130 
565 

1,15 

1300 

AnHBH811 BOHa 
ypau-235, 

UJIYTOHHlt-239, 
ypau-238 

3KpaH 

TOp Hit 

500 

42 
130 
565 

1,35 

1010 



84 3ACE}J.AHI1E B Pj294 

HEAOCT A T04HOCTb PACCMOTPEHHR 
3HOHOMHHH TORbHO OT ,lJ.ERbHbiX 

A3C 
BHcKaaaHHHe BHme cooopameHHJI OTHOCJITCJI 

K TeXHH'IeCKHM B03M01KHOCTHM H aKOHOMH'IeCKHM 

UOKa3aTeJIHM OT,ll;eJibH:biX peaKTOpOB H aTOMHI>IX 
aJieKTpocTaHIJ;Hii. O,a;HaKo, KaK noKaBHBaeT onHT 
H HBY'IeHHe nyOJIHKyeMHX MaTepHaJIOB, ~)KOHO
MH'IeCKHe noKaaaTeJIH oT,a;eJibHHX A8C He ,a;aroT 
,li;OCTaTO'IHO npaBHJibHOrO npe,a;cTaBJieHHJI 00 3KO

HOMH'IHOCTH HCnOJib30BaHHH HX B HapO,!J;HOM X03JJH
CTBe H He nOBBOJIJIIOT Cy,!l;HTb 0 HaHOOJiee BI>IrO,!J;

HOM nyTH pa3BHTHJI JJ,!J;epHOH aHepreTHKH B OOUJ;e
rocy,a;apCTBeHHOM MaCmTaOe. 8KOHOMH'IeCKHe noKa

aaTeJIH OT,ll;eJibHHX A8C B aHa'IHTeJibHoii, HHor,a;a 

onpe,a;eJIJJIOUJ;eii CTeneHH 3aBHCJIT OT cy61>eKTHBHI>IX 

cl>aKTopoB, TaKHX, KaK IJ;eHbi Ha apeH,a;y JJ,a;epHoro 
rop1011ero, Kpe,li;HT Ha nJiyTOHHH H T. n. 

Heo6xo,li;HM aayqHHii no,a;xo,a; c BHHBJieHHeM aa 
6aae aHaJIH3a TeXHH'IeCKHX, 3KOHOMH'leCKHX H 

C:blpbeB:biX npe,a;noC:biJIOK, OO'beKTHBHbiX nponop
IJ;HH H B3aHM03aBHCHMOCTeft Mem,a;y OT,ll;eJibHI>IMH 

BH,ll;aMH npOH3BO,li;CTB, BXO,!J;HUJ;HX B CHCTeMy JJ,!J;ep
HOH aHepreTHKH. TaKaJJ CHCTeMa npoH3BO,li;CTB, 

BXOAJJUJ;HX B JJ,a;epayro aHepreTHKY H o6cJiymHBaro
UJ;HX ee, ,a;oJimHa OHTb conocTaBJieHa c aJII>Tepaa
THBH:biMH cnoco6aMH y,a;oBJieTBopeHHH aaepreTH

lleCKHX noTpeOHOCTeii CTpaHH HJIH ee OT,!J;eJibHI>IX 

paiiOHOB C IJ;eJibiO BI>IOOpa HaHOOJiee aci>cl>eKTHBHOro, 
TO eCTb TeXHH'leCKH H aKOHOMH'IeCKH OOOCHOBaH
HOrO ,!J;JIJJ ,a;auuoro paiioua H ,a;auuoro nepHo,a;a 
BpeMeHH nyTH pa3BHTHH aHepreTHKH. 

IlpOH3BO,!J;CTBa, BXO,!J;JJUJ;He B CHCTeMy H,ll;epHOH 

aHepreTHKH, a HMeHao: ,a;o6bl'la H o6oram;eane 

ypaaa, XHMH'IeCKaR nepepa6oTKa o6JJyqeHHHX 
renJJOBH,ll;eJIJJIOUJ;HX aJieMeHTOB, ,a;oo6oraUJ;eHHe pe
reHepaTa n,a;epaoro roproqero, uaroTOBJieHHe TenJio
BH,ll;eJIHIOIIJ;HX aJieMeHTOB H3 CBemero H 0Tpa6o

T8Bmero ropro11ero, ,a;oJimHhl paccMaTpHBaTbCJJ KaK 

cco6cTBeHH:ble aym,a;H» JJ,a;epaoii aaepreTHKH. 0Tpa-

6oTaBmee rop1011ee H npOH3Be,ll;eHHbiH nJiyTOHHH 

TaKme cJie,n;yeT paccMaTpHBaTb KaK no,a;Jiema
UJ;He HCnOJib30BaHHIO B H,!l;epHOH aaepreTHKe B COOT
BeTCTBHH C HX IJ;eHHOCTbiO KaK ropiO'Iero H KaK 

HCTO'IHHKOB HeiiTpOHOB. 

H. M. Cl1HEB H ~p. 

3KOHOMHKA R,D.EPHO~ 3HEPrETHKH 
KAK OTPACRH nPOMbiWREHHOCTH 
B 1961-1963 rr. B CoBeTCKoM Coroae Ha ocaoBa

HHH HaKOnJieHHOrO OllHTa npoeKTHpOBaHHJI, CTpO

HTeJibCTBa H ::IKCnJiyaTaiJ;HH aTOMHI>IX ycTaHOBOK 

H npe,a;npHHTHii TonJIHBHoro IJ;HKJia OHJI npoBe,a;eH 
TeXHIIK0-3KOHOMH'leCKHH aHaJIH3 nepcneKTHB paa

BHTHH a TOMHoii aaepreTHKH CCCP. 
PaccMaTpHBaJiaCb BoaMomHoCTb H aeo6xo,n;HMble 

yCJIOBHJI ,!J;OCTHiKeHHH aKOHOMH'IeCKH KOHKypeHTO

cnOCOOHI>IX noKaaaTeJieii ,li;JIJI BCeii CHCTeMI>I npo

H3BO,!J;CTB, BXO,!J;HUJ;HX B a TOMHYIO aaepreTHKy, BKJIIO

qaJ'I aToMHble aJieKTpocTaHIJ;HH H o6cJiyiKHBaroUJ;He 
HX DpOH3BOlJ.CTBa. J13Y'IeHHe npOBO,li;HJIOCb B cpaB
HeHHH c pa3BHTHeM o6bi'IHoii aaepreTHKH, TaKme 

BKJIIO'laJJ HeOOXOlJ.HMOe paCmHpeHHe TOnJIHBHOH 

6aabl H TpaacnopTHHX cpelJ.CTB. 
BHJIO paccMoTpeao MHoro BapHaHTOB pa3BHTHH 

HlJ.epaoii aaepreTHKH, paaJIH'laeMbiX no THny HJIH 
KOMOHH8IJ;HH THnOB HCnOJib3yeMbiX peaKTOpOB, no 
CTeneHH TeXHH'leCKOrO nporpecca HX OCHOBHbiX 
xapaKTepHCTHK, no TeMnaM H MaCmTa6aM pa3BH

THH HlJ.epaoii aaepreTHKH B nepHO,ll; ,a;o 1980 r. H no 

ycJIOBHJJM pa6oTbi npe,a;npHHTHii TonJIHBHoro IJ;HK
Jia. B aacTOHUJ;eM ,a;oKJia,a;e ae npelJ.CTaBJIJJeTCJJ Boa
MOiKHHM H3JIOiKHTb BCe peayJII>TaTH HCCJie,!J;OBa

HHH, O,li;HaKo HeKOTOpbie H3 HHX, HaH6oJiee o6UJ;He, 
paccMoTpeHbi HHme. B Ta6JI. 2 npHBe,a;eHH ,a;aHHHe 

no B03MOiKHOMy TeXHH'leCKOMY nporpeccy OCHOB
HbiX xapaKTepHCTHK peaKTOpOB pa3JIH'IHI>IX THnOB. 
8TH lJ.aHHI>Ie JIBHJIHCb HCXO,!l;HbiMH npH npoBe,B;eHHH 
o,a;aoii ua cepnii pac'leToB n HCCJie,a;oBaHnii. PeayJib

Ta TI>I aHaJIH3a n03BOJIHIOT ClJ.eJia Tb onpe,a;eJieHHHe 

BbiBO,li;I>I 0 B03M01KHOM pa3BHTHH JJP.epHOH 3Hepre
THKH B ycJIOBHJJX CoBeTcKoro Coroaa. 

1. .f.l,a;epHaJJ aaepreTHKa KaK HOBaJJ, TOJibKO 
HaliHHaiOUJ;aJJ pa3BHBaTI>CJI OTpaCJib auepreTHKH 
Ha nepBOM 3Tane CBOero pa3BHTHJI 6y,a;eT B COCTOJI

HHH KOHKypnpoBaTb c o6bi'IHoii auepreTHKoii B 

paiioHaX C OTHOCHTeJibHO BI>ICOKOR CTOHMOCTbiO 

npOH3BO,li;CTBa aJieKTpoaueprHH. Ilo Mepe TeXHH

'IeCKoro coBepmeHCTBoBaHHH A8C H yJiyllmeHHH 
HX 3KOHOMH'IeCKHX noKaaaTeJieii 'IHCJIO paiioHOB, 
r11.e A8C oKa.myTcJJ xouxypeaTocnoco6abiMH, 6y
,a;eT nocTeneuao BoapacTaTI>. 

Ta6nH4a 2. OmH~aeMblH TexHH'leCKHH nporpecc B xapaKTepHCTHKax peaKTOPOB 
npH yaenH'I8HHH e~HHH'IHbiX aneKTPH'IeCKH)( M014HOCTei1 peaKTopoa OT 300 AO 800 M6m 

XapaRTepHCTHRH 

1\oacpqni~HeHT DOJieaaoro 
~eHCTBII.R (6pyTTo), % 

Ha'laJI&HaR KOH~eHTpa~HII 
~eJIJUIJ,IIXCII II30TODOB, Kejm 

HaKonJieHHe npo~yKTOB 
~eJieHHII, ~>e 1m . • • • . 

RoacpcpH~HeHT BocnpoHaBo~-
CTBa • 

raao•rpai!JHTOBhle Tamenoao;u;Ho-op· BoAo-rpa(jlnTo· Bo;u;o-BOAHHhle 
peaHTOPhl Ha TaH.I!'IeCHHe peaK· Bhle peaHTOphl Ha peaHTOphl H8 

DPHPOAHOM ypaHe TOPhi Ha DPHPOA- CJiaCioo6ora~eH· CJia6oo6ora~eH• 
HOM ypaHe HOM ypaHe C nepe• HOM ypaHe 

rpenoM napa s 
aHTHBHOl!: SOHe 

35-37 30-33 40-45 30-33 

7,14 7,14 30-50 30-50 

3,6-5,2 3,6-7,7 30-40 30-40 

0,5-0,6 0,7-0,8 <0,4 <0,4 

PeaHTOPhl Ha tihiCTPhiX 
Hel!:TpOHaX C HaTpHeBhiM 

TeDJIOHOCHTeJieM 

YpaHOBhll!: llJIYTOHHeBhll!: 
Oepepa60T'IHJ{ paBMHOlRH• 

TeJib 

40-42 

190 

50-100 

1,1-1,2 

40-42 

150 

50-100 

1,5-1,6 
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B pa.HoHax EBpone.HCiw.H 'laCTH CCCP npH 
HCDOJib30BaHHH ,IJ;OHe~KOrO yrJill B Ka'leCTBe TODJIH

Ba omn,u;aeMhle cyMMapHLie y,n;eJihHLie KannTaJio· 
BJIO/KeHHJI Ha CTpOHTeJibCTBO TellJIOBhlX :meKTpo· 
cTaH~n.H, yroJibHhlX maxT H rpaHcnopT ,IJ;JIH nepe
B03KH yrJIH B nepno,u; 1970-1980 rr. oKaBbiBaiOT
CH ,u;oBoJibHO BLICOKHMH. Ilpn aToM 6oJibmaJI1JacTb 
KamiTaJioBJiomeHHil (50-60%) ,n;oJimHa OhlTb ua

pacxo,u;oBaHa Ha pa3BHTHe yrOJibHOH Oa3hl H TpaH
CDOpTa H TOJibKO 40-50% - Ha CTpOHTeJibCTBO 
coocTBeHHo aJieKTpocTaH~n.H. 

,lJ.JIH TOrO 'ITOOhl pa3BHTHe aTOMHOH SHepreTH
KH B yKaaaHHhlX pa.HoHax OhlJIO aKOHOMH'IeCKH 
onpaB,IJ;aHO B CpaBHeHHH C p;pyrHMH HCTO'IHHKaMH 

aHeprocHaomeHHH, HeOOXO,IJ;HMO, 'ITOOhl B H,IJ;epHOH 
aHepreTHKe OhlJIH p;ocrnrHyThl npnMepHo cJie,n;yro
~e SKOHOMH'IeCKHe DOKa3aTeJIH. 

CyMMaPHhle YACJibHhle KanH· 
T8JIOBJIOlflCHH1l B ASC H CMClfl· 

Hl>lC npOH3BO)I;CTB8, py6/1>8ffi 

HJIII 
HJIH 

150-160 
170-180 
190-200 

CeoecTOHMOCTb npoHano;IJ;cTaa 
MeKTpoaHeprHH Ha ASC, 

1>07l/1>8ffi•'l 

0,40-0,45 
0,37-0,42 
0,33-0,38 

YKaaaHHhlH ypoBeHh aKoHoMH'IHOCTH A8C Mo
mer ObiTb ,u;ocTnrHyT npn yBeJIH'IeHHH e,u;nHH'IHo.H 

N. M. SINEV et a/. 85 

MO~HOCTH peaKTOpOB ,11;0 500-1000 'Msm (aJ!.), 
Koa!}lcf>M~neHTa noJ!eaHoro ,ll;eHcTBMH p;o 35-40%, 
llOBLIIDeHHJI rJiy6HHhl BhlropaHHJI ,IJ;O 30 000-
40 000 Msm·cymKu/m H ,u;o 60 000-100 000 
Msm.cymKu/m B peaKTopax Ha TenJIOBhlX H OLICT
pLix HeHTpOHaX COOTBeTCTBeHHO. IJoJiyqeHHe TaKHX 
rJ!yOHH BhlropaHHJI UpH BhlCOKHX TeMnepaTypaX B 
TeDJIOBhl,IJ;eJIJIIOID;HX SJieMeHTaX C liCDOJib30BaHHeM 

MeTaJIJIH'IeCKOrO ypaHa HJIH ero CUJ!aBOB, DO-Bll,ll;li
MOMY, TPYAHO ocym;ecTBHMo, Ho 6eaycJIOBHO ,u;o
CTHIKHMo npH HCDOJib30BaHHH KepaMH'leCKOrO 
(oKHCHoro HJIH Kapon,n;Horo) ropiO'Iero. I\poMe 
Toro, ,IJ;OJI/KHO OhlTb ooecne'leHo cepHHHOe npona
BO,IJ;CTBO BCeX SJ!eMeHTOB OOopy,ll;oBaHHJI H MaTe
pHaJIOB ,IJ;JIJI aTOMHbiX aJieKTpOCTaH~HH H pa~HO
HaJI.bHaJI opraHH3a~HJI BhlCOKOMeXaHH3llpOBaHHO
ro n aBToMaTH3HpoBaHHoro Ha npnH~nnax Macco
Boro UpOH3BO,IJ;CTBa H3rOTOBJieHHJI TeUJIOBhl,IJ;eJIJIIO
ID;HX :meMeHTOB H nepepaOOTKH OTpaooTaBmero 
H,n;epHoro ropro'lero c BpeMeHeM BHemHero ~HRJ!a 
,u;o 1,5-2 JieT. 

2. 8KoHOMn'leCRH ooJiee BLiro,IJ;HhlM (Ta6JI. 3 H 4) 
H B TO me BpeMJI D03BOJIJIIO~M HaliOOJiee a«!!!}leR
THBHO HCDOJib30BaTh JI,IJ;epHOe ropiO'Iee JIBJIJieTCJI 
pa3Bl1Tlle Jip;epHOH :mepreTHRll C npeHMym;ecTBeH

HhlM ucnoJih30BaHHeM peaKropoB Ha OhlCTpbiX He:ii
rpoHax ep;HHH'IHOH Mom;HoCThiO 500-1000 M em 
(aJI.) c opraHnaa~ue.H cMemaHHoro ypaH-DJIYTOHHe-

Ta(5nHu,a 3. OpHeHTHpoaoYHaR CTPYKTypa cpeAHessaeweHHblX YA811bHbiX KanHTanoanomeHHii 
B pasBHBatoll.IYIOCR RA8PHYIO SHepreTHKY npH HCnOJlbSOBaHHH peaKTOPOB paSJlH'lHblX THnOB 

raao-rpacflnTOBhle TnlfleJIOBO;D;Ho-opra- Bo;D;o-rpacfiHTOBhle Bo;D;O-BO;D;RHhle PeaRTOPhl Ha 
peaRTOPhl Ha HH'ICCHHC peaKTOPhl peaRTOPhl H8 CJI800• peaKTOPhl H8 CJI800· 6hlcTphlx Hell-

HaHMeHOBaHHe 
npHpO)I;HOM ypaue Ha DPHPO;D;BOM ooora~eHBOM ypaue o6ora~eBHOM ypaHe TPOHaX C H8· 

ypaue c neperpeBOM napa TPHCBhll\1 TeDJIO• 
B 8RTHBHOA SOHe HOCIJTeJieM 

,lJ,OJIJI KallHT8JIOBJIOJRe· 
nuii. B aTOMBhle aneK-
TpOCT8H~IIH, % 75 80 66 66 79 

,lJ,OJIH K8llHT8JIOBJIOlReHHH 
B npeAllpHHTIIJI TO-
DJIBBHOfO ~HRJia, %. 25 20 34 34 21 

CpeAHeuauemeHHhle 
YAeJibHhle Rannrano-
BJIOJReHHJI B JIAepHyiO 
tmepreTDRy, BRJIIOqaJJ 
TOllJIIIBHLIH ~IIKJI, 
py6fro6m . 239 231 173 205 161 

Ta(5nHu,a 4. OpHeHTHPOBOYHaR CTPYKTypa cpeAHeasaeweHHOH ce(5ecToHMOCTH aneKTpoaHeprHH 
npH paSBHTHH SHepreTHKH C HCn011bSOBaHH8M peaKTOPOB pa3JlH'lHblX THnOB 

HaHMeHonaaHe 

AMopTHaauHa c rel(yJ:UnM 
peMOHTOM, % 

TonnHBo, % . • . 
3apnnara 11 npoq11e pac

XOALI,% , •••••• 
CpeAHeBauemeHHaH ce6e-

CTOHMOCTh aJieKTpO-
:meprHH, roon/r>Bm·'l. 

raao-rpacfluTOBhle 
peaKTOPbi H8 

npHpO)I;HOM ypaHe 

77 
1i 

12 

0,40 

TnlfleJIOBO]IHo-opra
HH'IeCKHe peaKTOPhl 

Ha npHpO)I;HOM ypaHe 

79 
10 

11 

0,42 

Bo;D;o-rpacfiHTOBhle 
peaKTOPhl H8 CJI800• 
ooora~eHHOM ypaue 
c neperpeBOM napa 

B 8RTHBHOA 80HC 

45 
48 

7 

0,43 

BO;D;O-BO;D;RHble 
pe3KTOphl H8 

cna6oooora~euaoM 
ypaHe 

49 
45 

6 

0,48 

PeaKTOPhl ua 
ObiCTPhlX HeATpo
uax C H8TPHeBhlll 
TenJIOHOCHTeJiell 

65 
25 

10 

0,33 
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TaClnHI..\a 5. XapaKTepHCTHKH TonnHBHoro 1..\HKna AMI peaKTopoe paanH'lHbiX THnoe Ha 1 MnH. Mm (an.) 

Pa60'18ff ROH~eH
Tpa~HJI ,lleJJJIJ~erocJI 

HSOTOna, ~a{m 

Heo6xo;a;HMble npona- ITycRoBafl noTpe6-
HOCTh B ypaHC H8 
nepao;a; 3 ro;a;a ;a;o 

El!lero;a;Hafl noTpe6HOCTh 
B ypaHe nocne Ha'lana 
noanpaTa pereHepaTa M 

nnyTOHHfl, m{ao{J Tun peaRTopa 

BO.liHTeJJhHOCTH no 
HBrOTOBJICHHIO H XH

MH'I€CROA nepepa6oT
Ke TCDJIOBbi;D;CJlfllOII\HX 

H8'1aJia B03BP8Ta 
pereHepaTa H 
UJI}'TOHHff, m 

Pea~£mOpb1 na npupofJnoM ypane 

faao-rpalf>HTOBLI6 H T.lllR6JIOBOfJ;HQ
OpraHH'16CKH6 • . • • . . . • 

Pea~£mop&l na c.~ta6oo6oeaUfeHHOM 
ypane 

Bop;o-BOp;.IIHLie H Bop;o-rpalf>HTOBLie 
c .Rll;epHLIM neperpeBOM napa 

PeaKTOphl Ha 6LicTpLIX neii:TpoHax 
(aKTHBHL16 30HLI) • . • • • . . 

PeaKTOpLI Ha 6LicTphiX Heii:TpoHax 
(aRpaHLI) ••••••••••• 

p;o 7 

p;o 50 

p;o 200 

p;o 7 

Boro TOllJIHBHOro ~HRJia H C yBeJIH'IeHHeM ITO Mepe 

HaKOUJieHHH nJiyTOHHH JI;OJIH peaRTOpOB-pa3MHO

iRllTeJieii Ha 6biCTphiX HeiiTpOHaX, pa6oTaiO~HX Ha 

llJIYTOHHH. 

PaaBHTHe np;epHoii :mepreTHRH c HcnoJib3oBaHH

eM peaKTOpOB Ha 6biCTphiX HeJiTpoHaX Tpe6yeT 

He3Ha'IHTeJibHhiX ITO MaCmTa6aM npOH3BOJI;CTB no 

H3rOTOBJieHHIO H XHMH'IeCROH nepepa60TKe TeUJIO

BhiJI;eJIHIO~HX aJieMeHTOB aRTHBHOH 30Hhi, yMepeH

HhiX MO~HOCTeii no H3rOTOBJieHHIO H nepepa60TRe 

aRpaHHhiX 8JieMeHTOB H npH p;oo6ora~eHHH ypaHO

BOrO pereHepaTa aRTHBHOH 30Hhi nJiyTOHHeM, 

Bhipa6aThiBaeMhiM B peaRTOpe, TO eCTb Tpe6yeT 

o6ora~eHHoro ropro'Iero TOJibRO JJ;JIH o6ecne'Ie

HHH nepBOHa'IaJibHOH aarpy3KH Kamp;oro BHOBb 

BBOJJ;HMoro peaKTopa u op;Hoii-p;nyx ero nepe

rpyaoR. 

B aTOM cJiyqae paanHTHe :mepreTHRH He Tpe6y

eT HenpephiBHoro Hapa~HBaHHH ITpOMhiiDJieHHO

CTH no p;o6hi'Ie H o6ora~eHHIO ypaHa u npaRTH

'IeCKH He 3aBRCHT OT HRX, T8K RaR HaJIH'IHe JJ;ByX

TpeX KOMnJieRTOB aRTHBHbiX 30H ORa3biBaeTCH 

JI;OCTa TO'IHhiM <<nyCKOBhiM HMllYJibCOM>> JI;JIH p;aJib

Heiimeii pa60Thi peaKTOpOB Ha 6hiCTphiX HeiiTpO

HaX B peiRRMe CaM006ecne'leHRH C OJI;HOBpeMeHHhiM 

H8KOnJieHHeM H36hiTKa llJIYTOHHH Ha BBOJI; HOBhiX 

MO~HOCTeii C TeMnaMR nopHp;Ra 8-10% B rop;. 

::hoT TeMn MOiReT 6biTb Cy~eCTBeHHO nOBhiiDeH 

3a C'IeT p;o6anJieHRH B :mepreTRKy p;eJIH~RXCH 
Be~eCTB 1 paHee npep;Ha3Ha'laBIDHXCH fi;JIH BOeH

HhiX ~eJieii. 3annJieHne ConeTcRoro npaBHTeJib

CTBa OT 21 anpeJIH 1964 r. OTKphiBaeT TaKRe B03-

MOiRHOCTH. 

BeJIR'IHHa <<nycRonoro nMnyJibCa>> yneJIR'IRBaeT

CH npaKTR'leCRH nponop~HOHaJibHO BBOJI;HMOH Mom;

HOCTH H COCTaBJIHeT Ha 1 MJIH. 1>8m BBOJI;HMOH 

aJieKTpH'leCKOH MOm;HOCTH JI;JIH aROHOMH'leCRH ROH

KypeHTOCITOC06Horo peaRTOpa OROJIO 18,0-25,0 m 
ypaHa c o6oram;eHHeM p;o 20%. 

II pn aTOM Ha Ramp;hlii MRJIJIHOH RHJiona TT Bnep;eH

HhiX aJieRTpH'leCKHX Mom;HOCTeH Heo6XOJI;HMO RMeTb 

aJieMeHTOB, mlao{J 

130-170 800-1000 40-100 

20-25 80-100 16-20 

6-8 18-25 0TCyTCTByeT; npoHa-
BOp;HTC.II H36LITO'IHhiH 
ITJiyTOHHH 

20-25 80-100 MeHee 1,0 

rrpep;npRHTRH TOnJIRBHOro ~HKJia DO XHMH'IeCKOH 
nepepa6oTKe H H3rOTOBJieHHIO CMemaHHhiX ypaH

ITJIYTOHHeBhiX TBaJIOB B o61>eMaX )1;0 6-8 m/eo8 
)J;JIH ropro'!ero aKTHBHOH 30Hhi H B o61>eMaX 

p;o 20-25 m/eoa )J;JIH ypaHa HJIH TopnH ua aRpaHa. 

B Ta6JI. 5 npunep;eHhi cpaBHHTeJibHhie npouaBo

)J;HTeJibHOCTR npep;npHHTHH TOTIJIHBHOro ~HRJia, 
COOTBeTCTByiOmHe 1 MJIH. 1>8m (aJI.) JJ;JIH peaRTOpOB 

pa3JIH'IHhiX THnOB. 

3. AHaJiua cTpyKTYPhi npouanop;cTB B cncTeMe 

HJJ;epHOH aHepreTRRH ITORa3aJI, 'ITO )J;OJIH RannTa

JIOBJIOiReHRH B TOnJIHBHhiH ~HRJI He npeBbimaeT 

20-30% npH He6oJibiDHX MOm;HOCTHX HJJ;epHOH 

aHepreTHRH B Ha'IaJibHhiH nepRO)J; pa3BHTHH H no 

Mepe Hapa~unaHRH Mom;HocTeii A8C MomeT 6b1Tb 

CHRiReHa )J;O 10-15%. 
B aToM aaRJIIO'laeTCH op;Ho na OCHOBHhiX aKoHo

MR'IeCKRX npeHMy~eCTB Hp;epHOH aHepreTRKH npH 

IDHpOROM ee pa3BHTHH 1 BhiTeKaiO~ee H3 'Ipe3Bhi

lJaHHO BhiCOROH TenJIOTBOpHOH cnoco6HOCTH H)J;ep

HOro ropro'Iero. 

8TRM o6cTOHTeJibCTBOM o6yCJIOBJIHBaeTCH noJiy• 

lJeHHhiH B np,ep;napnTeJibHhiX o~eHRax peayJibTaT, 

'ITO aRCnJiyaTa~HH aTOMHhiX aJieKTpOCTaH~HH H 

o6ecne'IHBarom;RX HX npep;npHHTHH TOnJIHBHOrO 

~HRJia npn 6onbmux MacmTa6ax pa3BHTRH np;ep

Hoii aHepreTHRH Tpe6yeT MeHbiDHX Tpyp;oaaTpaT 

no cpanHeHuro c aRcnnyaTa~eii TaRHX me Mom;

HOCTe.ii yrOJibHhiX aJieKTpOCTaH~HH H Heo6XOJI;HMhiX 

)J;JIH RX pa6oThi npep;npHHTHH no p;o6bi'le H TpaHC

nopTHpOBRe yrJIH, 'ITO B KOHe'IHOM C'leTe XapaRTe

puayeT 6oJiee BhiCORHH yponeHb npOH3BOJI;RTeJib

HOCTH Tpyp;a, npncym;uii np;epHoii anepreTRKe. 

3AKflt04EHHE 
Hau6onee npaBHJibHhiM HanpanneHReM paanu

THH Hp;epHOH aHepreTHRH B IDHpOKHX MaCmTa6ax 

CJiep;yeT C'IHTaTb pa3BHTRe C npeHMym;eCTBeHHhiM 

HCnOJib30BaHHeM peaRTOpOB Ha 6hiCTphiX HeHTpO

HaX, pa6oTarom;nx n nepBhiii nepuop; B RoHnepTep-
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HOM peamMe II nepeXO]l;11Ill;IIX llOCTeneHHO B peamM 

pa3MHOiReHII11 C ROpOTI\IIM ('""" 5 JieT) BpeMeHeM 

yp;BoeHIIJI 11,11;epaoro TOITJIHBa. 

CTpouTeJibCTBO aecHoJibRHX A8C c peaHTopaMu 

Ha TellJIOBLIX HeiiTpoHaX, ITO ROTOpLIM B HaCTOJI

Ill;ee BpeMJI HaROITJieH 60JibiDOH HHiReHepHLIH OllLIT, 

npep;cTaBJIJieTcJI u;eJiecoo6paaHLIM B paiioaax, rp;e 

3TO B 6JIH;RaHmHe rop;LI 11BJI11eTC11 3ROHOMHqecRH 

onpaBp;aHHLIM. 

BecbMa BamHLIM aap11p;y co cTpouTeJibCTBOM 

aap;emHLIX :u: aRoHoMuqaLix A8C JIBJIJieTCJI paapa-

6oTHa npOCTLIX ll p;emeBLIX MeTO]l;OB nepepaOOTRH 

o6JiyqeHHoro TOUJIHBa ll yp;aJieHHJI OTXO]l;OB B npo

MLIIDJieHHLIX MacmTa6ax. ,r(o coap;aa:u:11 TaRoii Tex

HoJior:u::u: MOiReT ORa3aTbC11 3ROHOMHqeCI\H onpaB

p;aHHLIM ]l;JIHTeJILHoe xpaaeaue oTpa6oTaBmux 

TeUJIOBLI)J;eJIHIOIIl;HX 3JieMeHTOB C HeBLICORHM CO

p;epmaa:u:eM I.J;eHHLIX H30TOUOB. 

PaaB:u:T:u:e Hp;epaoii aaepreTHRH oTRpoeT ooJib

m:u:e B03MOiRHOCTH nepep; pa3BHTLIMH II pa3BHBaiO

IDHMIIC11 cTpaaaMH. Oao B aaaquTeJibaoii Mepe 

ll03BOJIHT llOBLICIITb npOH3BO]l;HTeJibHOCTb Tpyp;a 

B aaepreTIIHe, cym;ecTBeHHO coHpaTHTb oo'LeMLI 

nepeB0301\ TOllJIHBa, yMeHbiDIITb aaBHCHMOCTb 

o6m;erocyp;apCTBeHHOH aaepreTIIRH OT TOUJIHBHOH 

6a3LI II TpaHCUOpTa, B oco6eHHOCTH ]l;JIJI CTpaH 

c orpaauqeHHLIMH pecypcaMII opraauqecRoro Ton

JIHBa, cym;eCTBeHHO yp;emeBIITb npOH3BO)J;CTBO 3JieR

Tp03HeprHII B paftoHaX C ,ll;OpOriiM TOUJIHBOM II C03-

p;aTb npep;nocLIJII\II )J;JIJI ooJiee mupoRoro paaBHTHJI 

UpOMLIIDJieHHOCTH H OCBOeHH11 llp1IpO,Il;HLIX ooraTCTB 

B 3THX paftoaax, HCllOJib30BaTb 3HeprHIO H3Jiyqe

HII11 UpO]l;YI\TOB p;eJieHIIJI ]l;JI11 C03]l;aHII11 UpiiHI.J;II

UHaJibHO HOBLIX TeXHOJIOriiqeCI\HX npon;eCCOB B XH

MHII H p;pyruX OTpaCJIJIX Hapop;Horo X0311HCTBa. 

llo-BH]l;HMOMY, B paftoHaX C p;oporHM TOITJIHBOM 

B CCCP aTOMHaH aaepreTuRa llOCJie 1980 r. oyp;eT 

O]l;HHM H3 OCHOBHLIX HanpaBJieHIIH pa3BHTH11 3Hep-
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reTHRH. B nepiiop; p;o 1980 r. MacmTaohl CTpou

TeJibCTBa A8C B CoseTCROM Coroae npep;noJiomu

TeJibHO MoryT H3Mep11TbC11 HeCROJibl\HMH p;eCJITRa

MH MIIJIJIHOHOB RHJIOBaTT (aJI.). 

EcTb Bee ocaoBaHHJI cquTaTb, qTo OJIHmaiimue 

10-15 JieT CTaHyT nepHO,Il;OM IDHpOHOrO pa3BHTH11 

3ROHOMuqaoft 11,11;epaoii aaepreTHRH. 
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A/294 USSR 

Trends in atomic power development 
in the USSR 

By N. M. Sinev et a/. 

Atomic power generation has passed the research 
and development stage and is now a practical pos
sibility. It will play an important role in the power 
industry of several countries in the near future. 

Wide-scale development of atomic power gener
ation must be based on advance planning that has 
been thoroughly and scientifically substantiated. 

Selection of the most effective version of atomic 
power development to make the best use of material 
and labour resources is a problem of paramount 
importance to the national economy. 

This necessitates the comprehensive comparative 
analysis of economic efficiency, with due con
sideration of the possible lines along which atomic 
power may develop in the years to come. 

The planned nature of the socialist economy is 
such that an analysis need not be confined to 
separate atomic power stations but can be a com
prehensive analysis within the framework of national 
or state economic plans, taking into account the 
required timescale for nuclear power development 
and the need to set up specialized industries. 

The paper discusses the basic principles of this 
analysis and evaluates in a comparative way different 
versions of nuclear power development with reactors 
of various types. 

The results of these analyses lead to a number 
of important conclusions as to future trends in 
nuclear power generation. 
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A/294 URSS 

Tendances du developpement de l'lmergetique 
nucleaire en URSS 

par N. M. Sinev et al. 

La production d'energie d'origine nucleaire, qui 
vient de passer du stade des tatonnements a celui des 
applications pratiques, est destinee a jouer prochaine
ment un rOle capital dans bon nombre de pays. 

11 faut que ce vaste developpement de l'energie 
d'origine nucleaire repose sur des programmes minu
tieusement mis au point selon des methodes scien
tifiques. 

Ce qui importe pour l'economie nationale, c'est 
le choix de la variante la plus efficace de l'energie 
d'origine nucleaire, qui permette d'utiliser d'une 
fac;on rationnelle les ressources materielles et les 
reserves de main-d'reuvre. 

De ce fait, il y a lieu d'analyser le rendement 
economique relatif sous ses aspects les plus divers, 
en tenant compte des tendances qui pourraient se 
manifester a longue echeance dans le developpement 
de l'energie d'origine nucleaire. 

La planification etant a la base de l'economie 
socialiste, cette analyse, au lieu de se faire separe
ment pour chaque centrale atomique, peut s'effec
tuer d'une fac;on globale dans le cadre des plans 
d'economie nationale ou des plans d'Etat, compte 
tenu du rythme necessaire pour assurer le deve
loppement de l'energie nucleaire et tout en per
mettant !'implantation de productions specialisees. 

Le memoire etudie les principes essentiels de 
cette analyse et indique les resultats comparatifs de 
!'evaluation a laquelle on doit proceder pour chaque 
variante possible de la production d'energie d'ori
gine nucleaire a l'aide des divers types de reacteurs. 

Les resultats de ces etudes permettent d'aboutir 
a un certain nombre de conclusions importantes sur 
les tendances du developpement ulterieur de l'ener
gie d'origine nucleaire. 

H. M. CHHEB H .n.p. 

A/294 URSS 

T endencias del desarrollo de Ia energetica 
nuclear en Ia URSS 

por N. M. Sinev et af. 

El desarrollo de Ia energia at6mica esta pasando 
de la etapa experimental y de investigaci6n a la via 
de su aplicaci6n practica, y en un futuro proximo 
ocupara en muchos paises un puesto relevante en 
el campo de la obtenci6n de energia. 

Todo desarrollo en gran escala de la energia 
nuclear debe basarse en una cuidadosa planificaci6n 
cientffica. 

La elecci6n de la variante mas eficaz del des
arrollo de la energia nuclear, con vistas a facilitar 
una utilizaci6n racional de los recursos materiales 
y de trabajo personal, es de maxima importancia 
para la economia nacional. 

En relaci6n con ella, surge la necesidad de un 
analisis comparative de los rendimientos econ6micos 
desde los diferentes puntas de vista, teniendo en 
cuenta Ia proyecci6n en el futuro de las posibles 
directrices del desarrollo de la energia nuclear. 

El caracter planificado de las economias socialis
tas permite llevar a cabo este analisis, no aislada
mente para diferentes centros de energia at6mica, 
sino encuadrandolo dentro de los planes econ6micos 
conjuntos nacionales y estatales, teniendo en cuenta 
los ritmos necesarios del desarrollo de la produc
ci6n de energia nuclear y de la creaci6n de las 
industrias especializadas. 

En el informe se discuten los principios basicos 
de este analisis y se dan los resultados de las esti
maciones comparativas del desarrollo de la energia 
nuclear segiin los diferentes tipos de reactores 
utilizados. 

Los resultados de estos analisis permiten obtener 
una serie de importantes conclusiones sabre las vias 
del ulterior desarrollo de Ia energia nuclear. 
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Nuclear power in the United Kingdom 

By Sir William Penney* 

When we last came together here under the 
auspices of the United Nations, for the Second 
Conference on the Peaceful Uses of Atomic Energy, 
the application of atomic energy for the generation 
of electricity was at a very early stage. In the six 
years since then, a nuclear industry has developed 
in many countries. In 1958 we still showed the 
exuberance and over-optimism of a very young 
industry. Subsequently we had growing pains and 
we went through a period of doubt and uncertainty. 
That phase too has passed. We now have a good 
many years' work on the commercial application of 
nuclear power behind us. This has given us greater 
knowledge of the economic uncertainties still ahead 
and has also given us solid confidence in the future 
of nuclear power, based on a balanced and realistic 
estimate of prospects. Even on a cautious basis, we 
can confidently expect that nuclear power will 
become competitive within a few years in several 
countries; and thereafter it will be able to compete 
over wider and wider fields. In the more distant 
future nuclear power will make a major eco
nomic contribution to satisfying expanding energy 
needs. 

I suggest, therefore, that confidence based on 
experience and realism is the appropriate back
ground for this Third Conference. 

PROGRESS WITH THE FIRST UK NUCLEAR POWER 
PROGRAMME 

The UK embarked on the first Nuclear Power 
Programme in 1955. At the time of our last con
ference it was planned to install 5 000 MW or more 
of nuclear capacity in the United Kingdom by 1966. 
However, supply prospects for coal and oil improved 
and prices fell; there were advances in conventional 
plant design and costs were reduced; in 1960, the 
programme was stretched out, and completion is 
now expected in 1969. 

For this programme, the pioneering work of 
reactor development, the supporting basic research, 
the acquisition of uranium and the manufacture [ 1] 
and reprocessing [2, 3] of fuel are the tasks of the 
Atomic Energy Authority, who have created exten
sive facilities to support the programme. The design 
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and construction of nuclear power stations and the 
development of improved designs are mainly the 
task of industrial consortia who have built up 
skilled design teams and research facilities. The 
stations themselves are ordered, owned and operated 
in England and Wales by the Central Electricity 
Generating Board (CEGB), who have set up sup
porting laboratories, and in Scotland by the South 
of Scotland Electricity Board (SSEB). Thus, as a 
result of carrying out the programme, a fully 
equipped, skilled and experienced national nuclear 
industry has been created. 

Orders have now been placed for all the stations 
in the present programme. The first three, at 
Berkeley (CEGB), Bradwell (CEGB) and Hunterston 
(SSEB), are supplying power to the grid. Together 
with the Atomic Energy Authority stations at Calder 
Hall and Chapelcross, these stations are designed 
to have an output capacity of 1 250 MW; they should 
this year supply some 5% of the total power 
produced for the UK Electricity Boards. By this 
September, some 18 000 million kW hours of 
nuclear electricity should have been generated in 
the UK. Six more stations, with a total designed 
output capacity of 3 900 MW, are under construc
tion for the CEGB at Hinkley Point, Trawsfynydd, 
Dungeness, Sizewell, Oldbury and Wylfa; they will 
come on power progressively in the next five years. 
By 1969 nuclear power should be supplying about 
12% of total electricity production in the UK [ 4, 5] . 

The programme has been based entirely on the 
Magnox type of reactor. The consortia are in
corporating improvements in successive stations 
[ 6-8]. The guaranteed output of individual reactors 
is rising from 138 MW(e) at Berkeley to 590 MW(e) 
at Wylfa. The mean fuel rating is rising from about 
2.3 MW(th)/t U to 3.2 MW(th)/t U. An increase in 
the thickness of steel pressure vessels is leading to 
higher gas pressures; and in the stations being built 
at Oldbury and Wylfa, concrete pressure vessels are 
being used [9, 10], permitting still higher gas pres
sures. Thermal efficiencies are rising from 24% to 
over 3 3% ; and the fuel rating (electrical) from under 
0.6 MW(e)t U to over 1 MW(e)/t U. These 
advances, combined with improvements in station 
layout and management of work, are leading to an 
appreciable fall in capital costs per kilowatt and to 
reductions in fuel costs [ 1, 11 ] . The main data are 
given in Table 1 below. 
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Table l. Capital costs and performance data for UK commercial nuclear power stations 

Date first Guaranteed Thermal Fuel rating Capital • 
reactor on output efficiency (electncal) cost 

Station power MW(e) % MW(e)/t U £/kW 

Berkeley 1962 275 24.4 0.59 186 
Bradwell 1962 300 28.2 0.63 176 
Hunterston 1964 300 28.3 0.60 b 

Hinkley 1964 500 26.4 0.72 150 
Trawsfynydd 1964 500 29.4 0.85 137 
Dungeness 1965 550 32.9 0.92 114 
Sizewell 1965 580 30.5 0.91 107 
Old bury 1966 600 33.6 1.02 108 
Wylfa 1968 1180 31.5 1.00 100 

a I.e., total station cost including tender price, site costs, and Generating Board engineering charges. 
b Under negotiation. 

THE UK DEVELOPMENT PROGRAMME 

While industry has been mainly concerned with 
improving the Magnox system, the Atomic Energy 
Authority have been developing more advanced sys
tems. The broad objectives of development have 
been arrived at after consultation with the Generating 
Boards and the industrial consortia. 

The Authority sought first to exploit further the 
potential of the gas-cooled graphite-moderated sys
tem, building on experience from developing the 
Magnox system. This led to development of the 
advanced gas-cooled reactor (AGR), which was 
under way at the time of the last Geneva Conference. 
The prototype at Windscale went on full power 
early in 1963. This prototype has the highest coolant 
outlet temperature of any power reactor at present 
operating. During the first fifteen months of full 
power operation it has worked well. It has given a 
high availability and the fuel has behaved ex
cellently [ 12]. 

The Authority's immediate task is to demonstrate 
on the actual reactor that the technical problems of 
the AGR system have been solved. This work is 
expected to be completed within a year or so, and 
over the next few years the amount of effort devoted 
to the AGR system by the Atomic Energy Authority 
will fall. The effort will be concentrated on realising 
the development potential of the system. One aspect 
of this is developing improved fuel elements [ 13] 
with objectives such as raising fuel temperatures, 
improving neutron economy and reducing fuel 
fabrication costs. There will also be work on the 
problems of designing very large reactors (of 1 000 
MW or so). 

The Authority's longer term development of the 
AGR system includes work on unclad, dispersed 
ceramic fuels f 14]. As the AGR system is further 
developed in this way, its operating conditions should 
approach those of the High Temperature Gas-Cooled 
system. The Authority are taking part in the ENEA 
project at Winfrith in Dorset to investigate an 
HTGC system [ 15, 16]; the 20 MW(th) DRAGON 
reactor is expected to go critical this year. Supporting 

work is being carried out by the Authority and by 
the other nations collaborating in the project. The 
high temperature gas-cooled reactor is an advanced 
concept and poses major problems. One of the most 
important is to develop fuels able to retain fission 
products effectively at the very high temperatures 
involved and much work is being devoted to this. 
Studies are also being made on a variety of fuel 
cycles using plutonium and thorium-232 as well as 
uranium-235 and uranium-238. It is likely to take 
many years to develop the system to the stage of 
commercial application. 

The Atomic Energy Authority have carried out 
work on water moderated systems for many years 
and have studied a number of reactor designs. The 
Authority have recently embarked on development 
of the steam-generating heavy water reactor (SGHW) 
system. A 100 MW(e) prototype is under construc
tion at Winfrith, Dorset, which should be on power 
in 1968 [ 17, 18]. The Authority will use the 
development of this prototype as the basis for work 
on the long term development potential of this type 
of reactor and those related to it [ 19, 20 ]. The 
advantages of the SGHW will differ from those of 
the gas-cooled graphite moderated systems. For 
example, SGHW reactors may enable a wider 
range of sizes to be covered economically. Our work 
on this system should ensure therefore that we are 
in a position to exploit both of the main lines along 
which advanced types of thermal reactor are likely 
to be developed. 

The largest single part of the Authority's develop
ment effort is now devoted to work on fast reactors. 
The programme has the aim of producing power at 
low cost using the plutonium from thermal reactors; 
and in the very long term this system should permit 
much higher utilisation of natural uranium. The 
Dounreay Fast Reactor, which was completed in 
1960, has now operated successfully at its design 
rating of 60 MW(th) for long periods since June 
1963 and has been supplying power to the grid [ 21] . 
This is the first fast reactor to have produced elec
tricity for public use and to have operated at such 
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high power levels. The reactor has been easy to 
control over the full power range and is proving a 
valuable fuel test facility [22, 23]. 

The immediate task now is to choose the most 
suitable fast reactor fuel for future development. 
Priority is being given to plutonium/uranium oxide 
fuels [24, 25], although carbides and cermets are 
being considered as well [26, 27]. Studies are being 
made of the behaviour of alternative fuel cladding 
materials under the temperature and irradiation 
conditions of a fast reactor core. Manufacturing and 
reprocessing techniques are being developed [25]. 
The first objective of fuel development is to achieve 
burn-up of 5% of all heavy atoms, but it is hoped 
to achieve much higher burn-up in the long run. 

In parallel with this, the Authority are studying 
major design problems of a large fast reactor 
installation and are developing the associated en
gineering techniques. The ZEBRA zero-energy 
facility is being used to provide reactor physics 
information and to correlate this with the results of 
computer studies [28]. 

When a satisfactory fuel has been developed and 
the main reactor design features have been decided, 
Government approval will be sought to build a pro
totype fast reactor. This will have to be large enough 
to demonstrate the operating characteristics for the 
core and fuel of a 1 000 MW (e) commercial fast 
reactor. If the programme goes as now planned the 
prototype should be on power soon after 1970; the 
first commercial station could then be on power 
towards the end of the 1970s. 

The Authority expect that fast reactors will 
provide the most economic use of plutonium in the 
long run. But large plutonium stocks will begin to 
accumulate in the UK several years before fast 
reactors are in commercial use on a sufficient scale 
to absorb them. It may be desirable to use plutonium 
stocks in thermal reactors during these years. Some 
development effort is therefore being devoted to the 
use of plutonium instead of uranium-235 as enrich
ment in advanced gas-cooled and SGHW reactors 
[29, 30]. 

A broad programme of general research will also 
continue. There will be substantial effort on research 
into problems common to a number of reactor sys
tems, basic studies on the properties of materials, 
the effects of radiation, the structure of solids, 
nuclear physics, instrumentation and health and 
safety problems, and work in other fields including 
direct conversion and disposal of wastes [ 31-36]. 
A proportion of Authority effort will continue to be 
devoted to pure research. A significant contribution 
to general research is made by the Universities and 
private industry [ 37-39]. 

The Atomic Energy Authority's expenditure on 
all types of civilian research and development rose 
steadily until by 1962 it reached about £50 million 
per annum. This level of spending is likely to 
continue for some years; much of it will be on work 
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in support of the nuclear power programme. In 
addition, the GEGB and private industry will 
continue to devote research effort to problems arising 
from design, construction and operation of the 
commercial stations [ 40-43]. 

In the long term, this large research and develop
ment effort by the United Kingdom should be repaid 
many times over through bringing down the total 
cost of power to the nation. This will come partly 
through the reductions we hope to achieve in the 
cost of nuclear electricity; and partly through the 
general increase in available fuel resources. These 
are the issues dealt with in the remainder of this 
paper. 

ECONOMIC ASSESSMENT OF NUCLEAR POWER 

That the trend of nuclear power costs will be 
downwards is beyond doubt. But if we ask ourselves, 
with any system, "What will be the cost of power?", 
there can be no simple answer. Estimates of nuclear 
costs mean little without definition of the underlying 
assumptions and an appreciation that these r. ·1st be 
subject to wide variation. 

The generating costs of nuclear electricity are 
sensitive to the assumptions made on the rate of 
interest and station life (which together determine 
the rate of annual capital charges) and on the life
time load factor achieved (which determines the 
number of units over which the capital charges are 
spread). Taxes also have their effect. Differences of 
approach on these issues have their greatest impact 
on comparisons between nuclear and conventional 
power. But they can also be decisive in comparing 
nuclear types if the balance between capital and fuel 
costs is different. 

The rate of interest and taxes assumed varies 
from country to country depending upon national 
policy, on the availability of capital and on the 
financial and tax structure. In the United Kingdom, 
we now expect the long-term cost of borrowing to be 
around 5. 5% . But to ensure that the rate on new 
investment is consistent with the level of earnings 
agreed between the electricity industry and the 
Government, the rate used for economic assessment 
by our CEGB is 7. 5% . This has not always been so. 
When we embarked on the UK power programme 
in 1955 before the need for a sufficient level of 
earnings came to the fore, the rate in use was 4% , 
which was then the expected long-term borrowing 
rate. Such large changes in interest rate can signi
ficantly alter the economic picture. With the station 
at Wylfa, for example, if 75% load factor and 
20-year life are assumed the generating costs with 
interest at 7.5% are estimated at 0.6 pence/kWh, 
but a fall in interest rate to 4% reduces this to 
0.56 pence/kWh. 

While the rate of interest and taxes are essen
tially financial matters, the assumptions used on 
useful life, load factor and fuel burn-up must follow 
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mainly from technical judgements. At this stage in 
the development of nuclear power there is room for 
wide differences of opinion on each of these assump
tions. The effect of such differences is again large. 
This is illustrated in Table 2 where the generating 
costs of the CEGB stations in the present UK 
nuclear programme are shown on two sets of 
assumptions (with 7.5% interest and no credit for 
irradiated fuel assumed in each case). 

Apart from the costing assumptions used, 
estimated costs are also much dependent on the size 
of programme of a particular reactor type. This 
determines how much advantage can be taken of 
the great economies of scale possible through building 
large reactors and placing several reactors on one 
site. It determines the ability to reduce costs by 
placing repeat orders, and it affects the cost of fuel, 
which is also reduced by manufacturing on a large 
scale. To get the maximum advantages of nuclear 
power, it is necessary to have a strong construction 
programme, large stations, large reactors and some 
standardization. 

The characteristics of a national nuclear industry 
also affect costs. Its skill and experience are 
obviously important. So too is the size of the indus
try in relation to demand, which affects the level of 
overheads. The commercial policy of the manufac
turers, their competitiveness and their willingness 
to take risks can have a big effect on prices. The 
costs of a nuclear programme are also influenced 
by the degree of boldness or caution adopted by 
utilities in their specifications, and by the extent 
to which they encourage standardization of designs. 
These organisational considerations may themselves 
be big enough to have a decisive effect on com
parisons between different nuclear systems and on 
their competitiveness with conventional power. 

Other assumptions having an important bearing 
on nuclear costs, and with scope for wide differences 
of view, are those relating to the cost of the natural 
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or enriched uranium used and the credit for irra
diated fuel [ 44,45]. 

The area of uncertainty widens further still when 
comparison of nuclear costs with those of alternative 
conventional plants is made. The major uncertainty 
is the level of conventional fuel and fuel transport 
costs for many years ahead. Demand for conven
tional fuel is rising rapidly, while new sources of 
supply are constantly being opened up. A broad 
judgement must therefore be made of the likely 
balance of the two factors. Allowance must also be 
made for the fact that a large nuclear programme 
will produce strong competition for conventional 
fuel supplies and will help to keep prices down. 

With such a formidable combination of uncer
tainties it is tempting to throw up one's hands in 
despair of making a valid assessment of relative 
economics. But for decision-making we must estab
lish the areas of greatest probability. We can best 
do this by assessing costs on alternative sets of 
ground rules which give extreme ends of the range 
within which the truth is most likely to be found. 

In each generating system, the ranges of costs for 
nuclear and conventional power will overlap and 
finally cross as nuclear technical development pro
ceeds and nuclear stations are increased in size. 
Once the two begin to overlap, nuclear power will 
have gained an economic place in the generating 
system. But the period of overlap will last for 
many years: initially this will reflect geographical 
differences in conventional fuel costs; in the longer 
term it will be the result mainly of system limitations 
on the load factor at which nuclear stations can work. 
In an integrated system, the conventional stations 
which would have been built in the absence of a 
small nuclear programme would be in areas of high 
fue] cost and would operate at relatively low load 
factor. As nuclear stations come to be considered 
for a larger share of new capacity, they will have 
to justify themselves against conventional stations 

Table 2. CEGB nuclear stations: Generating costs on varying assumptions 

(Pence/kWh sent out) 

20-year life, 75% load 25-year life, 85 o/o load 
factor, 3 000 MWd/t factor, 4 000 MWd/t 

burn-up burn-up 

Capital Running Genera- Capital Running Genera-
Station charge a C05t b ting cost charge a cost b ting cost 

Berkeley 0.83 0.38 1.21 0.68 0.30 0.98 
Bradwell 0.77 0.30 1.07 0.62 0.24 0.86 
Hinkley 0.69 0.35 1.04 0.56 0.27 0.83 
Trawsfynydd 0.63 0.33 0.96 0.50 0.27 0.77 
Dungeness 0.50 0.24 0.74 0.40 0.20 0.60 
Sizewell 0.47 0.26 0.73 0.38 0.21 0.59 
Old bury 0.47 0.23 0.70 0.38 0.19 0.57 
Wylfa 0.44 0.23 0.67 0.35 0.19 0.54 

a Capital charges cover Interest and amortisation on station cost, interest during construction and 
inttial fuel. 

b Runmng costs cover fuel replacement, fuel hold up, fuel handling, other works costs, insurance, indirect 
costs and royalties Apart from fuel replacement the pence/kWh costs for these item5 can vary wtth 
load factor. 
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built in progressively less-expensive fuel areas, which 
would operate at a somewhat higher load factor. 
The nuclear stations would work at the highest 
possible load factor. We must therefore make 
detailed economic comparisons on the basis of the 
effect each station has on total system costs, and 
not just compare the cost of power from the 
individual stations being considered. 

Techniques for making comparisons of system 
costs have been established by the electricity 
authorities in the United Kingdom [ 5]. Nuclear 
capital and fuel costs can now be estimated on the 
basis of the experience gained by the industry over 
several years. The essential problem that remains 
is to set the range of assumptions. In doing this 
we have to strike a balance between, on the one 
hand, the caution needed in face of the capital invest
ment required for nuclear power and the technical 
uncertainties where new types are concerned, and, 
on the other, the boldness needed if the economies 
of scale in nuclear power are to be realized. 

PROSPECTS IN THE UNITED KINGDOM 

In the United Kingdom we recently made a 
detailed economic study of the part which nuclear 
power could play in our electricity generating sys
tem, with stations to be commissioned between 1970 
and 1975. The Government's decision announced 
in a White Paper [ 46] in April this year was that 
the CEGB would plan to commission 5 000 MW 
of nuclear power in England and Wales in this 
period; this would be regularly reviewed and the 
possibility of another station in Scotland would also 
be examined. 

The study showed that even on conservative 
assumptions nuclear power could command a place 
in the generating system on economic grounds in the 
period 1970-1975. In my own view, a programme 
of 5 000 MW over six years is rather on the small 
side if we are to get nuclear costs decisively attrac
tive. However, the Government had also to take 
into account the considerable extra capital required. 
In the words of the White Paper, because of this 
and "the many calls on the country's scarce capital 
resources, it is necessary to steer a course between 
committing the country to an excessive immediate 
burden of capital costs and failing to take advantage 
of the prospective low total costs of nuclear power. 
It is also necessary to ensure that the programme 
is large enough to provide adequate experience and 
to sustain facilities for rapid expansion in later 
years". 

Looking beyond 197 5, a considerable expansion 
of the UK programme seems likely. There is every 
reason to expect that, if development proceeds as 
planned, nuclear power in these later years will 
prove significantly cheaper than conventional power 
for an increasingly large proportion of the new plant 
required by the UK Electricity Boards. 
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On the choice of reactor type, each of the more 
advanced types has its advocates; each appears 
capable of showing an advantage over its com
petitors under certain economic conditions. Our 
own studies showed that the AGR was one of the 
most promising systems for the continuance of the 
British nuclear power programme, but we also want 
to look further at some water-moderated reactors 
before a final choice is made. We are, therefore, 
trying to find out more about the costs of all these 
systems on the basis of firm tenders from British 
industry. The problem then will be to judge the 
tenders on a comparable basis, both in respect of 
capital and running costs. This is not going to be 
easy because it will be necessary to extrapolate from 
the tenders for possible first UK stations in order 
to get figures for a run of stations; and doing this 
involves many of the difficulties of making proper 
comparisons which I have already described. 

For the moment, therefore, the choice for the 
next stage of the UK programme is still open. In 
about a year's time, the information on which a 
good decision can be based should be available. If 
the AGR work goes as well as we expect, the AGR 
will be a very strong competitor. 

With economic power possible from a number 
of reactor types, the same wide choice is now possible 
for many countries. As a result, nuclear power, with 
one system or another, has the chance of being 
competitive in widely differing circumstances. This 
view is borne out by estimates made both in the 
USA and Europe. There seems every reason, there
fore, to expect a big growth of nuclear power in 
several countries in the next few years. 

CONTRIBUTION TO ENERGY SUPPLIES 

As nuclear power becomes more and more attrac
tive, it will provide a growing economic contribution 
to fuel supplies. And it is clear that a large long
term growth in the energy provided by nuclear 
power as well as conventional sources will be 
necessary. The UK Government has set the target 
of a steady and continuous growth rate of 4% a 
year in real terms for our gross national product. 
The relationship between growth rate and fuel 
demand cannot be forecast precisely. But if we do 
achieve a growth rate of 4% or near to it, our 
present-day use of 275 million tons coal equivalent 
a year will rise to between 400 and 450 million tons 
by 1980 and to between 600 and 800 million tons 
by the end of the century. 

Coal will remain a major source of energy in 
the UK. The discovery of oil or natural gas under 
the North Sea might provide us with an important 
new source. But it is likely that much of our growing 
demand for energy will have to be met by imported 
oil or nuclear energy. 

A great expansion of demand for oil is foreseen 
for Western Europe, North America and the 
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developing countries. There should be no difficulty 
about meeting world demand for oil for the next 
10 or 20 years. Beyond that, new reserves will have 
to be found to meet even bigger increases in demand. 
With the oil industry's long and successful record of 
finding the reserves needed, there is no reason to 
think that these will not be found. However, the 
discovery and development of these reserves will 
require a big and costly effort by the oil industry. 
A large contribution to energy supplies by nuclear 
power would help to keep down the general level 
of energy costs. 

Another factor of importance in the case of the 
UK is that the import cost of generating an 
equivalent amount of electricity from oil is much 
higher than the import cost of generating it from 
uranium, especially if we rely on our own diffusion 
plant for enrichment. 

I conclude therefore that we must be prepared 
to meet economically a UK demand for nuclear 
power to supply perhaps 100 million tons coal 
equivalent a year by the mid-1980s, and perhaps 
250 million tons by the end of the century. We 
could certainly satisfy this demand. We have a 
strong nuclear industrial base already in existence. 
There are reactor systems already available which 
can compete with present conventional power costs; 
and systems under development should lead to much 
lower costs. 

It seems likely, however, that a really major 
expansion of low cost nuclear power will depend 
on the successful development of fast reactors. 
Initially, the main benefit from the introduction of 
economic fast reactors should be the raising of 
plutonium values due to the more efficient use of 
plutonium possible in fast reactors than in thermal 
reactors; this should lead to a general lowering of 
nuclear power costs compared with those possible 
with only thermal reactors. Looking further ahead, 
the main contribution of the fast reactor will be in 
ensuring efficient utilisation of uranium. We may 
well be faced with appreciable rises in the price of 
uranium in the long term, as the cheaper reserves 
are exhausted [ 4 7]. 

It would perhaps be thirty or forty years before, 
in the absence of fast reactors, the need to conserve 
uranium resources would become acute. But there 
is much to be done. The development of fast reactors 
will take many years and, around the world, com
mercial stations are unlikely to be on power in any 
numbers until the 1990s. Large programmes of 
breeder stations will need enormous stockpiles of 
plutonium for their initial fuelling, which will have 
to be drawn either from thermal reactors or, much 
later, from earlier breeders. The doubling times 
with which breeders are likely to increase their 
original fissile inventories will be long, so that the 
first breeder reactors must be brought into operation 
some years before any large expansion of nuclear 
fuel utilization is required. 
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The UK is therefore moving ahead with fast 
reactor development. With this and work in other 
countries now well under way, we can, I think, be 
confident that economic fast reactors will be avail
able when they are needed. 

Rapid expansion of nuclear power will also require 
solution to the problems of waste management and 
siting. The waste management problem is largely 
solved: liquid storage should be adequate for many 
years [ 35] ; and the work on fixation of high activity 
wastes in glass has progressed far enough [36] to 
show that this is a practicable and economic alter
native. We can expect siting limitations on nuclear 
stations to become progressively less onerous as 
experience demonstrates the safety of nuclear power 
f 48-50]. One siting advantage which nuclear stations 
will enjoy over the coal or oil fired stations is their 
freedom from the problem of atmospheric pollution. 

CONCLUSION 

In this paper I have looked forward to the end of 
this century and beyond. This requires no apology. 
It is essential to an understanding of the role of 
nuclear power. For there are two cardinal elements 
affecting world energy prospects: the growth of 
population, which may double by the beginning of 
the next century; and the deep desire of all nations 
to offer their people a better life. 

A better life for a growing world population 
means a rapid economic expansion of the new 
stations and a sustained growth in the already 
developed countries. This will require large extra 
supplies of cheap energy. By the end of this century_ 
we can expect world energy demand to have multi
plied several times. 

At our first two conferences, we saw grounds for 
hope that nuclear power would make a large con
tribution to satisfying this growing demand. The 
achievements since then have confirmed these hopes. 
Economic nuclear power will be produced in quan
tity in several countries by stations now building or 
soon to be ordered; and during the 1970s and 1980s, 
nuclear energy should become the cheapest source 
of power over a steadily widening field. Moreover, 
the development of fast reactors should ensure that 
nuclear power will be able to expand rapidly 
without running into long term difficulties over the 
supply of fuel. 

The Conference can therefore look forward to 
an ever-growing need for nuclear power, confident 
that the nuclear industry will be able to satisfy that 
need and to satisfy it cheaply. 
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A/559 Royaume-Uni 

L'energtHique nucleaire au Royaume-Uni 

par sir William Penney 

Le memoire traite de la realisation du programme 
d'energetique nucleaire du Royaume-Uni et des 
plans provisoires pour son extension apres 1970. 

A l'epoque de la seconde Conference de Geneve, 
en 1958, !'utilisation de l'energie d'origine nucleaire 
etait a ses debuts dans la plupart des pays. Le 
Royaume-Uni possede maintenant plusieurs centrales 
nucleaires en fonctionnement et, a la fin de la 
decennie, il disposera d'environ 5 000 MW{e) de 
puissance installee nucleaire. 

Depuis le fonctionnement couronne de succes de 
Calder Hall en 1957, les progres en matiere de 
reacteurs au Royaume-Uni se sont poursuivis en 
passant par le programme des centrales du type 
"Magnox", jusqu'a la mise en service du prototype 
de reacteur avance a refroidissement par gaz de 
Windscale. La mise au point, grace a une coope
ration internationale, du type de reacteur a haute 
temperature a refroidissement par gaz dans le projet 
DRAGON de l'OCDE est a mentionner a cet egard. 
Le programme du Royaume-Uni est base sur des 
recherches generales menees sur un vaste front, et 
les etudes ont ete elargies pour comprendre un 
projet important a moderation a l'eau (reacteur a 
eau bouillante modere a l'eau lourde). Des progres 
notables ont ete enregistres pour le reacteur a neu
trons rapides maintenant en cours d'etude et dont 
le but est de produire de l'electricite a un cout 
rentable et d'obtenir une utilisation elevee de !'ura
nium naturel. Des recherches sont egalement en 
cours sur l'enrichissement en plutonium dans les 
reacteurs a neutrons thermiques. 

Le memoire discute des problemes que posent 

des estimations economiques. Etant donne que 
l'energie d'origine nucleaire est caracterisee par de 
faibles frais de fonctionnement et par des frais d'in
vestissement cleves, les estimations dependent des 
conditions economiques et des caracteristiques du 
reseau de production d'energie dans le pays en 
cause, ainsi que du degre de prudence dont on fait 
preuve. L 'ensemble de ces facteurs determine le taux 
des charges financieres et les regles de base a prendre 
en consideration. Les perspectives economiques pour 
l'energie d'origine nucleaire ou pour des systemes 
particuliers varieront done d'un pays a l'autre. 

Le memoire traite de Ia situation au Royaume
Uni, ou l'electricite d'origine nucleaire devrait, apres 
1970, concurrencer, sur le plan economique, l'ener
gie classique. 

La troisieme Conference de Geneve arrive en 
temps opportun pour montrer que les avantages a 
long terme du recours aux combustibles nucleaires 
deviendront de plus en plus apparents a mesure que 
la demande mondiale d'electricite augmentera et 
que les programmes nucleaires actuels porteront 
leurs fruits. 

A/559 CoeAHHeHHOe KoponeBCTBO 

PaasHTHe aTOMHOH 

BenHK06pHTaHHH 

C3p Y. neHHM 

3HepreTHKH B 

B )J;OI\Jiall,e o6cym)J;aeTCH ocylll,eCTBJieHue npo
rpaMMhi no aTOMHoii :mepreTHKe BeJIHKo6puTa
HHH n npe,n;sapuTeJII.Hhle nJiaHhi no ee pacrnupe
HHIO Ha nepuo,n; 70-x ro,n;os. 

R MoMeHTY BTopoii ~eHescHoii HOH~epeH
~HH 1958 roll,a npuMeHeHue aToMHoii anepruu B 
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6onLDIHHCTBe CTpaH HaXO)I..HnOCb e~e Ha cpaBHH
TenLHO pauueii CTa)I..HH. B uacToH~ee BpeMH B 
BenHKo6puTaHHH aKcimyaTupyeTcH yme uecKonb
Ko 8TOMHLIX aneKTpOCTaH~HH1 a K KOH~y TeRy~e
ro )I..eCHTHneTHH o6~aH MO~HOCTb aTOMHLIX CTaH
~HH cTpauLI cocTaBHT oRono 5000 M Br (an.) . 

PeaKTopocTpoeuue Ha'laJIOCb B BeJIHKo6puTa
HHH nocne ycnelllHOfO BBe)I..eHHH B CTpOH peaKTO
pa B 1\on)I..ep-XoJIJie B 1957 ro)I..y H pa3BHBaeTCH 
n peayJILTaTe ocy~eCTBJieHHH IiporpaMMhl co
opymeHHH aTOMHLIX aneKTpOCTaH~HH C MarHOKCO
BhlMH peaKTOpaMH H BBe)I..eHHH B CTpOH fCOBep
meHCTBOBaHHOfO npOTOTHna peaKTOpa C ra30BLIM 
oxnam)I..eHHeM B BHHACKeiiJie. iha nporpaMMa 
BKJIIO'IaeT npoBe)I..euue coBMeCTHO c Opranuaa~ueii 
aKoHOMH'lecKoro coTpYAHH'IeCTBa H paaBHTHJI paa
pa6oTKH BbiCOKOTeMnepaTypHOH peaKTOpHOH CH
CTeMLI C ra30BLIM OXJiaa\)I..eHHeH no npoeKTf 
DRAGON. TiporpaHMa BeJIHKo6pHTaHBB ocy
~ecTBJIJieTCH nyTeM BhlnOJIHeHHH B illBpOKOM 
MaCIDTa6e paanH'IHLIX HCCJie)I..OBaHHH o6~ero xa
paKTepa; nOMHMO 3TOrO, B Bee 6LIJia BKJIIO'leHa 
paapa6oTKa Kpynuoro npoeKTa peaKTopa c BOAJI
HLIM aaHe)I..JIHTeJieM SGHW (THmeJioBo)I..HLiii pe
aKTop c renepa~ueii napa B aKTBBHoii aoue). 
BoJILDIHe ycnexu )I..OCTHrHyThl B pa6oTax no pe
aKTopy ua 6LicTphlx ueiiTpouax, KoTopLiii paapa-
6aTLIBaeTCJI B ~eJIHX 3KOHOMH'IHOfO npOHBBO)I..CTB8 
aJieKTpOBHeprHH H BLICOKOH CTeneHH BCnOJib30B8-
HBH npupo)I..Horo ypaua. Be)I..yTcH TaKme uccJie)I..o
BaHHH llO o6ora~eHHIO nJiyToHHH B peaRTOpax Ha 
TenJIOBhlX neiirponax. 

B )I..oKJia)I..e paccMaTpHBaiOTCH Bonpochl, oTBe
Thl Ha KOTOphle Heo6XO)I..HMhl )I..JIH o~eHKH peaKTO
pOB C aKOHOMH'IeCKOH TO'IKB apeHBJI. floCKOJibKY 
)I..JIH aTOMHOH aneKTpOCTaH~BH XapaKTepHhl HHB
KBe 3KCnJif8T8~BOHHble paCXO,D;bl H OTHOCBTeJibHO 
BhlCOKBe KanBTaJibHble 38TpaTbl, O~eHKB 38BHCJIT 
oT aKOHOMB'lecKux ycJIOBBii, xapaKTepHCTHK auep
rocncTeMLI B )I..8HHOH CTpaHe H OT COOTBeTCTBYJO
~eii npe,o;yCMOTpHTeJibHOCTH. 8TH tP8KTOphl onpe
,o;eJIHIOT KaK paaMepbi KanuTaJILHbiX 3RTpaT • T8K 
u npnHHMaeMLie aa ocuoBy npaBBJia o~eHKH. Tio
aToMy onpe,o;eJieHHe 9KOHOMH'IeCKBX nepcrreKTBB 
aTOMHOH aHepreTHKH B ~eJIOM BJIH OT)I..eJibHLIX 
aueprOCHCTeM 6y,o;eT B3MeHJITbCJI B Ka1R,D;OH OT
)I..eJILHO B3HTOH CTpaHe. 

B .IJ.OKJia,IJ.e o6cym)I..aeTcJJ paaBHTBe auepreTH
KH B BeJIHKo6puTaHHB, r.n.e aTOMHaJI aJieKTpo
anepruJJ ,D;OJI11<Ha CTaTb 3KOHOMB'IeCKH KOHKypeH
TOCnOC06HOH C o6hl'IHOH 3JieKTpOaHeprHeii B 
70-x ro.n.ax. 

CoahlB TpeTbeii il\eueBcKoii Kouq,epeu~BH HB
JIJieTCH BnOJIHe CBOeBpe:MeHHbiM ,IJ.JIJI TOrO, 'IT06bl 
noKa3aTb, 'ITO B ,o;aJILHeiimeM BhlrO,D;hl OT BCnOJib-
30BaHBH JI,IJ.epHoro TOnJIBBa 6y,o;yT CT8HOBBTbCJI 
Bee 6oJiee H 6oJiee o'leBB.IJ.HLIMH no Mepe pocTa 
HHpoBoro cnpoca na aJieKTpoaneprHIO H no Mepe 
Toro, KaK oc~ecTBJIJieMhle B naCTOJI~ee BpeMJl 
nporpaMMLI no paapa6oTKe peaKTopoB Ha'IHYT 
npHHOCHTL CBoli nJIO,lJ;hl. 
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A/559 Reino Unido 

La energia nuclear en el Reino Unido 

por Sir William Penney 

El presente informe describe los progresos reali
zados de acuerdo con el programa nuclear del Reino 
Unido y los planes provisionales para extenderlo a 
los aiios setenta. 

Durante la celebraci6n de la segunda Conferencia 
de Ginebra en 1958, la aplicaci6n de la energia 
nuclear se encontraba en un estadio relativamente 
inicial en la mayor parte de los pafses. En el Reino 
Unido hay actualmente en funcionamiento varias 
centrales de energfa nuclear y para fines de la 
presente decada habra unos 5 000 MW(e) de origen 
nuclear. 

El desarrollo de los reactores en el Reina Unido 
despues de la operaci6n con plena exito de Calder 
Hall en 1957, ha evolucionado del programa de las 
centrales magnox a la operaci6n del prototipo de 
reactor refrigerado par gas, mejorado, en Windscale. 
Incluye el desarrollo, en cooperaci6n con la OECD, 
del proyecto DRAGON, un reactor de alta tempera
tura refrigerado por gas. El amplio campo de inves
tigaci6n general y de desarrollo, base del programa 
del Reina Unido, se ha extendido recientemente con 
el fin de incluir un proyecto de reactor moderado 
par agua (reactor de agua pesada generador de 
vapor). Se ha progresado bastante en el proyecto 
del reactor rapido que se esta desarrollando con el 
prop6sito de conseguir energia econ6mica y una 
elevada utilizaci6n del urania natural. Tambien se 
investiga la utilizaci6n del plutonio enriquecido en 
reactores termicos. 

Este informe discute cuestiones a las que se 
podra responder despues de hacer valoraciones 
econ6Inicas. Dadas las caracteristicas de la energia 
nuclear: bajo cos to de operaci6n apareado con unos 
costos de capital relativamente altos, las valoraciones 
dependen de las circunstancias econ6micas y de las 
caracterfsticas del sistema productor de energfa en 
el pais en cuesti6n y del grado de seguridad que 
se aplique. Todo ello determina los intereses del 
capital y las normas basicas que hay que suponer. 
Las perspectivas econ6micas previstas para la 
energfa nuclear o para los sistemas individuates 
variaran de un pais a otro, por consiguiente. 

Este informe discute la situaci6n en el Reina 
Unido, donde la energfa nuclear podra competir 
econ6micamente con Ia ordinaria en la decada que 
empieza en el aiio 1970. 

La tercera Conferencia de Ginebra ha sido con
vocada oportunamente para mostrar que los bene
ficios a largo plaza de la explotaci6n de los com
bustibles nucleares se incrementara conforme au
mente la demanda mundial de electricidad y los 
programas que actualmente se estan desarrollando 
den sus frutos. 
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Needs of nuclear power generation and 
the related programme in Japan 

Japan Atomic Energy Commission 

In the last ten years Japan has achieved a high 
rate of economic growth in spite of the shortage of 
domestic energy resources and having, therefore, 
to depend substantially on imports to meet her 
energy requirements. This economic growth will 
continue for many years to come. She must, there
fore, secure low-cost energy supplies as well as 
achieve technical know-how and improve her indus
trial structure. 

This is the reason why Japan has a keen interest 
in the peaceful uses of atomic energy, and is making 
every effort to promote related research and develop
ment though she has only ten years' experience in 
this field. 

In 1961, the Japan Atomic Energy Commission 
established the Long-Range Nuclear Development 
Programme clarifying its policy and its targets for 
developing the use of atomic energy. 

LONG-TERM PROSPECTS OF SUPPLY AND DEMAND 
OF ENERGY 

The Long-Range Nuclear Development Pro
gramme is based on the National Income Doubling 
Plan, established by the Government in 1960 in 
which the gross national productivity is required 
to increase at the rate of 7.8% per year in order 
to double the level of national economy by 1970 
with a steady stabilized growth. 

According to the Plan the total energy demand 
will rise in 1970 to 303 million tons coal equivalent 
(7 000 kcal/kg) and in 1980 to 514 million tons, 
i.e., increasing to 2.3 and 3.9 times, respectively, 
the demand in 1959. Of this total demand, that for 
electricity is expected to increase to 235 X 106 MWh 
and 430 X 106 MWh in 1970 and 1980 respectively 
(2.8 and 5.1 times that in 1959). Whereas for other 
types of energy over the same period, the estimated 
increase is 2 and 3.2 times the 1959 figure. The 
proportion of electricity in the total energy demand 
rises from 38% in 1959 to 47% and 50% in 1970 
and 1980 (Table 1). 

As regards the primary energy supply, the Plan 
estimates an increase to 283 million tons in 1970 
and 455 million tons in 1980 (increases of 2.1 and 
3.4 times the 1959 figure). 

A sharp rise in oil demand is expected to reach 
98 kl (1970) and 199 kl ( 1980) (increases by factors 
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of 3.5 and 7.2 over the 1959 value), while a 
moderate increase (by factors of 1.5 and 1.7) to 
91.9 X 106 MWh in 1970 and to 105.9 X 106 MWh 
is expected for hydroelectric power. The proportion 
of each of the total energy supply at the same three 
dates is shown in Table 2; for both hydroelectric 
power and coal, the percentage steadily decreases, 
whereas for oil the reverse applies. 

The sharp increase in energy supply has to be 
met by imports, for which the percentage of the total 
energy supply increases from 33.6% in 1959 to 
58.8% and 72.5% in 1970 and 1980 respectively. 

Electricity supplies in 1970 are estimated as 
91.9 X 106 MWh from hydropower and 169.7 X 
106 WMh from thermal power; the percentage of 
the latter increases sharply from 36% in 1959 to 
65% in 1970. As regards generating capacity, in
cluding reserve capacity, it is estimated that 
21 500 MW is required for hydraulic hydropower 
in 1970 and 31 400 MW thermal power (Table 2). 

LONG-RANGE ENERGY POLICY AND ROLE 
OF NUCLEAR POWER 

The National Income Doubling Plan requires, as 
the fundamental policy of long-range supply, the 
establishment of an economic structure for energy 
supply, reduction of the amount of foreign currency 
spent on the import of energy and stabilization of 
energy supply. On the basis of the economic prospect 
of the Plan, the Japan Atomic Energy Commission 
set out the Long-Range Nuclear Development 
Programme in 1 961. The philosophy of this Pro
gramme on nuclear power generation can be sum
marized as follows: 

(1) A generation capacity of 36 220 MW 
from new installations is required by 1970 and 
48 190 MW in the following ten years. 

(2) For the newly installed capacity, the pos
sibility of utilizing hydropower is limited so that 
the emphasis will be on thermal power. 

{3) For thermal power most energy sources will 
have to be imported. 

( 4) Development of cheaper energy sources and 
diversification of those available is required. 

These considerations lead to the adoption of 
nuclear power generation. The Atomic Energy Com
mission has decided in the Programme that 1 000 
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Table 1. Forecast of energy demand 

(Unit, 1 000 tons of coal at 7 000 kcal/kg) 

Year 

1959 1970 
(actual) 

Energy 

Total energy 131 815 302 760 

Electricity a (84.5)b (235.0)b 
50 691 141 000 

Other energy ... 81124 161 700 

• Unit of electricity is 106 MWh. 
• Average rate of increase per year. 

MW(e) of nuclear power generation will be achieved 
by 1970 and 6 000 to 8 500 MW(e) during the next 
ten years (1971-1980). 

Although it was estimated in the Plan that the 
Japanese economy would grow steadily at an 
average increase per year of 7.8% of the gross 
national productivity, actual records show the higher 
growth rate of 15.3% from 1959 to 1962. Also 
energy demand is showing an average growth rate 
of about 13% per year. This indicates that the 
growth of energy demand will be greater than 
estimated in the Plan, in particular a sharp rise 
in electricity demand is expected requiring the 
installation of large-scale thermal power stations. 
Thus nuclear power will gain in importance because 
it satisfies the principles, of "the lowest possible 
cost" and "stabilized supply" of energy. Recently 
the National Energy Policy Committee of the 
Ministry of International Trade and Industry's 
Council of Industrial Structures reviewed future 
policy and made public its report in which the same 
conclusion is reached as outlined above. 

In view of this development situation, it is im
portant that the targets set for the construction of 
nuclear power stations in the Long-Range Nuclear 

Rate of increase (%) 

1980 1959 1970 1980 
(actual) 

1950 1959 1959 

513 614 (8.7) (7.8) (6.7) 
207 230 390 

( 430.0)b (10.6) (9.7) (8.1) 
258 000 246 278 509 

255 614 (7.7) (6.5) (5.6) 
194 199 315 

Development Programme should not only be realized 
but must also be stepped up in due course. 

NUCLEAR POWER PROGRAMME AND ITS PROBLEMS 

Prospect of nuclear power becoming competitive 

It is generally expected that power stations 
burning crude oil will be the most popular thermal 
power stations constructed in the future to meet the 
increasing electricity demand. Power costs from 
these stations will fall due to the reduction in unit 
capital cost because of the larger scale, the increase 
of thermal efficiency and the downward trend in the 
price of oil, etc., and is expected to reach 6.7 to 8.4 
mill per kWh by 1970. 

On the other hand, the estimate based on avail
able data on power reactor development and 
operating experience obtained in other countries and 
which takes account also of the high interest rate 
prevailing in Japan and the need for earthquake
proof designing, gives the cost of nuclear power as 
being competitive with that of oil-burning thermal 
stations by 1970. The nuclear power cost is expected 
to be further reduced if the present rate of technical 
progress continues. 

Table 2. Forecast of primary energy supply 

(Unit, 1 000 tans of coal at 7 000 kcal/kg} 

Year Percentage of total energy 

1959 1970 1980 1959 1970 1980 
Energy (actual) (actual) 

Total energy 133 729 283 226 454 689 100 100 100 

Hydropower (at end of (61.6)a (91.9) ( 105.9) 
transmission line) . 36 950 55 140 63 540 27.6 19.5 14.0 

Coal 50 636 81 278 100 858 37.8 28.7 22.2 

Oil 39 356 140 618 284 537 29.5 49.6 62.6 

Others 6 787 6190 5154 5.1 2.2 1.2 

Per cent of imported 
energy 33.6 58.5 72.5 

• Unit of electricity is 106 MWh. 
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Nuclear power generation programme 

The Commission's Programme as mentioned 
above states that a total nuclear power generation 
capacity of 1 000 MW{e) will be developed by 1970 
(preparatory period), and 6 000 to 8 500 MW(e) 
during the period from 1971 to 1980 (the period 
for industrial development). 

Foreign reactors of proven type will have to be 
imported during the sixties, since Japan lagged 
behind other advanced countries in launching re
search and development on peaceful uses of atomic 
energy. In this respect, either light water-cooled or 
graphite-moderated gas-cooled reactors will be con
structed. These two types of reactors will be con
structed gradually by our own technology. In 
addition, the Programme expects that several reactors 
of the new types which may be developed will 
probably be constructed to some extent by Japan. 

Regarding the demand for nuclear fuel, it is only 
possible to say at present that several hundred tons 
of natural uranium will be required by 1970 and 
several thousand tons by 1980. 

Speaking of uranium resources in Japan, pros
pecting and experimental extraction of ores are 
being performed primarily by the Atomic Fuel 
Cooperation. Confirmed deposits around Ningyo
toge and other areas amount to about 2 000 tons 
of U30 8-thus the fuel supply will have to rely on 
imports. There seems to be no problem in importing 
foreign natural uranium for the time being and for 
enriched uranium Japan expects to obtain supplies 
from the United States and IAEA. 

In the field of spent fuel reprocessing, the con
struction of a plant capable of handling about 200 
tons per year of natural uranium and slightly 
enriched uranium fuels is planned for completion 
in 1970. 

Construction of nuclear power plants 

JPDR, an experimental power reactor with an 
output of 12.5 MW(e) which the Japan Atomic 
Energy Research Institute imported from the General 
Electric Company of the United States, was com
pleted in October 1963, and various experimental 
research studies are in progress to provide the data 
needed for future nuclear power technology. 

An installation programme of the utility com
panies leading to the 1 000 MW(e) nuclear power 
target referred to earlier can be summarized as 
follows: 
(a) Japan Atomic Power Company * 

A 166 MW(e) graphite-moderated gas-cooled 
power reactor imported from the General Electric 

*Japan Atomic Power Company was established in No
vember 1957 by private utility companies, the Electricity 
Resources Development Corporation, and electric and 
mechanical manufacturers, to construct and operate prac
tical scale nuclear power stations in order to industrialize 
nuclear power generation in the preparatory period. 

Company of the United Kingdom is now under 
construction by this Company at Tokai-mura. It is 
to be completed in March 1965. The JAEC has also 
decided to build a 250-300 MW(e) power station at 
a site in Tsuruga city, Fukui prefecture. For this 
station a light water-moderated reactor is to be 
adopted. Construction will start in 1964 and will be 
completed in 1968. 

(b) Other utility companies 
Three utility companies, Kansai, Tokyo and 

Chubu each have their own programme to construct 
nuclear power stations of about 300 MW(e) with 
completion dates in 1969 and 1970. In order to 
implement these programmes, they are attempting 
to secure sites and are investigating the conditions 
around likely areas. 

The purpose of the Japan Atomic Power Com
pany's present programme is to prepare the ground 
for a smooth promotion of programmes, and to 
follow by clarifying unknown factors associated with 
the foreign reactors of proven types. On the other 
hand, the purpose of the programme of these three 
companies is to accumulate an over-all experience 
of power reactors in the research and development 
stage, during the initial preparatory period, thus 
making practicable the introduction of nuclear power 
generation after 1970. Private industries will bear 
a major role in this development; the economics of 
nuclear power is of great importance to them. 

The unit cost of the Japan Atomic Power Com
pany's first commercial scale reactor is considered 
greater than originally estimated. The unit power 
cost of a light water-cooled reactor is estimated to 
be about 8.4 mill per kWh and is a little higher than 
that of an oil-burning power station. 

In order to promote nuclear power generation 
during the research and development stage, the 
Government has to extend assistance to private 
utility companies. For this, financial help at a low 
interest rate, the establishment of a reprocessing 
service for spent fuels and a buy-back policy for 
spent fuels are now under consideration by the 
Atomic Energy Commission. 

RESEARCH AND DEVELOPMENT OF POWER REACTORS 

In the research and development field for future 
power reactors, a conceptual design of the prototype 
heavy water-moderated reactor is being prepared 
primarily by the Japan Atomic Energy Research 
Institute. Research and development of this type of 
reactor has been promoted by the Atomic Energy 
Commission as the Home-Made Reactor Project 
since 1963 with the expectation that the type will be 
proven for practical use after 197 5. 

Also, to use plutonium fuel efficiently, efforts are 
being made towards research and development of 
fast breeder reactors, and construction of a fast 
critical assembly has been under way since 1963. 
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The future policy in relation to fast breeder reactors 
is now under careful consideration by the Com
mission. 

NUClEAR SHIP DEVELOPMENT 

One of the important applications of nuclear 
power is its utilization for marine propulsion and 
it is expected that nuclear ships will be economically 
competitive with conventional ships in the future. 
Japan, as a shipping and shipbuilding country, con-

siders it necessary to build up a technology asso
ciated with construction and operation of nuclear 
ships. The Japan Nuclear Ship Development Agency 
was set up in 1963 to have the primary responsibility 
for construction of an oceanographic survey ship of 
about 6 700 gross tons in which will be installed 
a 35 MW light water-moderated reactor. 

The first nuclear ship in Japan is scheduled for 
completion in 1968. After 2 years (1969-1970) of 
experimental navigation, it is scheduled for oceano
graphic survey duties. 

ABSTRACT -RESUME - AHHOTALU1SI - RESUMEN 

A/577 Japon 

Besoins d'energie d'origine nucleaire 
et programme japonais correspondant 

Commission de l'energie atomique du Japon 

Suivant les lignes du Plan de doublement du 
revenu national decide en 1960 par le Gouverne
ment, la Commission de l'energie atomique a etabli 
en fevrier 1961 le Programme de developpement et 
d'utilisation a long terme de l'energie atomique, 
portant sur la periode de 20 ans, 1961-1980. Selon 
ce plan, et compte tenu de la croissance economique, 
la demande d'energie electrique en 1970 et en 1980 
sera respectivement de 2,8 et 5 fois environ plus 
elevee qu'en 1959, ce qui exige un developpement 
important de la production d'energie. 

La possibilite de recourir a l'energie hydroelec
trique pour obtenir la puissance installee supple
mentaire voulue est limitee, et l'effort devra porter 
sur l'accroissement de puissance installee thermique. 
En consequence, le pourcentage des sources ener
getiques importees passera a 59 p. cent du total en 
1970 et a 73 p. cent en 1980, principalement en 
raison de !'importation de petrole brut pour la pro
duction d'electricite. 

Ainsi, non seulement pour preserver l'equilibre 
de sa balance des paiements mais aussi pour assurer 
un approvisionnement stable en ressources ener
getiques, le J apon doit developper des sources 
d'energie moins couteuses et diversifier son appro
visionnement energetique. Le Programme de la 
Commission et le recent rapport du Comite de la 
politique energetique nationale du Ministere du 
commerce exterieur et le Conseil de la structure 
industrielle indiquent que l'energie d'origine nu
cleaire doit devenir l'une des principales sources 
d'energie du pays. 

Le Programme fixe l'ordre de grandeur de la 
production future d'energie d'origine nucleaire: 
environ 1 000 MW(e) pour les premiers dix ans 
(stade de developpement) et 6 000 a 8 500 MW(e) 
pour les dix ans suivants (stade d'exploitation indus
trielle). 11 est prevu que les centrales seront cons-

truites et exploitees par des entreprises pnvees. 
L'experience des trois dernieres annees a demontre 
que la demande d'energie electrique depassera les 
previsions du Plan. 

La construction de centrales, la recherche et les 
etudes dans un large domaine, la creation d'orga
nismes et d'une legislation, etc., se font de maniere 
suivie. Quant a l'equipement nucleaire, un reacteur 
de puissance experimental est en fonctionnement et 
Ia premiere centrale doit etre mise en service 
en 1965. 

Quatre autres centrales nucleaires sont prevues 
vers 1970. En consequence, la production energe
tique nucleaire depassera en 1970 les objectifs du 
Programme. Les reacteurs sont importes, mais la 
technologie de l'industrie nationale est activement 
developpee. De plus, une usine de traitement des 
combustibles irradies pouvant traiter environ 200 
tonnes par an doit etre achevee pour 1970. 

Des etudes et recherches sur la propulsion nu
cleaire de navires ont ete conduites conformement 
au Programme. En 1963 le projet du premier bateau 
a propulsion nucleaire a ete etabli, et un organisme 
special a ete cree a cet effet. 

A/577 flnoHHR 

Heo6xOAHMOCTb HcnonbaosaHHH aroM
HO~ 3HeprHH H nporpaMMa pa3BHTHH 
aTOMHO~ 3HepreTHKH B HnoHHH 

HoMHCCHR no aTOMHOH sHeprHH HnoHHH 

Cornacao nnaay flrroHHH o6 y~uoeHHH ua~Ho
uanhaoro ~OXOAa, KOTOphlH 6hlJI DpHHHT npa

BHTeJihCTBOM K 1960 roAy, KoMHCCHH no aTOMHoii 

:meprHH flrroauu B «f>eupane 1961 ro~a paapa6o

TaJia AOJifOCpO'IHYIO nporpaMMY pa3BHTHH H HC-
110Jih30B8HHH 8TOMHOM aHeprHH, paCC'IHT8HHYIO Ha 

20 neT, TO ecTh ua nepuo~ c 1961 no 1980 roA. 

B COOTBeTCTBHH C 3THM IIJiaHOM H B CBH3H C poe

TOM 3KOHOMHKH IIOTpe6HOCTH B aJieKTpOaHeprHH ll 
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1970 If 1980 ro):laX YBCJIH'l:aTCH COOTBCTCTBCHHO 

TIO'ITH B 2,8 paaa H B 5 paa TIO cpaBHCHHIO (', 

1959 l'O,IIOM. lloaTOMY TIOTpe6yeTCH 3Ha'IHTCJib

HOC pacrnn:peHHC TipOH3BO,IICTBa 3JICKTpOaHeprHH. 

BoaMomHoCTh nocTpoi'mn .r~onoJIHHTCJihHhiX nu~
po:me~npocTaHII,n:ii 60JiblliOH MO:rn;HOCTH orpamt

qeHIIaH, TI03TOMY OCHOBHOC BHIIM.'!Hife, E'CTPCTBCH

HO, 6y,IICT y):leJieHO COOpymeHHIO TC'IIJIOBhiX 3JICl\

TpOCTaHII,HJi. BcJie,IICTBn:e noro l~OJIH n:Mrwpnrpy

eMhiX HCTO'IHHI\OB aneprHU TIO OTHOlliCHHIO HO 

BCCM HCTO'IHHRaM ancprn:H B03paCTCT lW 59% Jl 

1970 l'O.IIY H ):10 73% B 1980 I'OAY B OCHOBHOM 3a 

C'ICT BB03a Cblpoii HC<iJTn ,IIJIH npOH3BO,IICTBa 3JICR

Tp03HOprHH. 

TaRHM o6paaoM, ne TOJihKO c TO'IKH apeHnH 

paayMHOH IIOJIHTHKU paCXO,IIOBaHHH BaJIIOTHOI'O 

tPOH,IIa, Ho TaKme u B II,OJIHX o6ecrreqeHHH ycToii

'IHBoro IIOJIOil\CHHH C 3HCpl'OTH'IOCKHMH pecypca

MH .firrOHHH ,IIOJiil\Ha paapa6oTaTb ,IIOlliOBblC HC

TOlJHHKH 3Heprun, a TaK/RC pa3H006pa3HTb BH,IIhl 

cHa6meHHH aHepnwii. B rrporpaMMe RoMnccnu no 

aToMnoii aHepnm u B He,IIaBHeM AORJia):le Haii,no

HaJihHoro IWMHTOTa MHHHCTepCTBa BHClliHCH TOp

l'OBJIH H npOMhllliJICHHOCTH nO o6m;eif aueprCTH'IC

CKOH uoJIIITHKC yRaahiBaeTCH, 'ITO .Rp,epnaJI anop

reTnKa ,IIOJiil\Ha npeBpaTHTbCH B O,IIHH ll3 OCHOB

HhlX HCTO'IHIIROB CHa6meHIIH CTpaHhl 3Heprncii. 

llporpaMMa ycTaHaBJIHnaeT MacrnTa6hi paa-

BIITHH aTOMHOH ::m:epreTIIKH: o6m;aH MO:rn;HOCTb 

aTOMHbiX 3JICKTpOCTaHIJ,Hli ,IIOJI/RHa COCTaBIITb TIO

'ITII 1000 Mer .(aJI.) B nepBhie ACCHTh JieT (Ha

'IaJibHaJI CTa,IIIIH paann:Tn:H) n 6000- 8500 Mer 
( 3JI.) BO BTOpOM ,IIOCHTHJIOTIIH ( CTa):IIIH TipOMbllli

JICHHOI'O uporpecca). llpe,IITIOJiaraeTCH, 'ITO 3TJI 

CTaHII,IIH 6y,IIyT CTpOHTbCH H 3KCTIJiyaTnpoBaTbCH 

'laCTHhiMH «fln:pMaMH I\OMMyHaJibHOI'O 3HOprocHa6-

/ROHMH. llocJie,IIHMe Tpn ro.r~a IIOKaaaJin, 'ITO no

Tpe6HocTn B aJieKTpoaHepnm BoapacTyT em;e 

60JiblliC, lJCM 3TO 6hiJIO OTipC,IICJICHO B TIJiaHe. 

ilOCTeneHHO ocym;ecTBJIHCTCH CTpOHTCJihCT-

BO :meprCTJI'IOCRHX ycTaHOBOK, npOBO)J,HTCH lliHpO

KHC Hay'IHO-MCCJIC,IIOBaTCJihCRIJe ll onhiTHO-KOH

CTpyRTOpCRMC pa6oThl, C03)J,aiOTCH opraHM3aiJ,HII H 

paapa6aThiBaCTCH COOTBCTCTByiO:rn;ee 3aKOHO,IIa

TCJihCTBO ll T. ,II. qTO RaCaCTCH aTOMHhiX 3JICKTpO

CTaHIJ,Mll, TO ,IICMOHCTpaiJ,IIOHHhlH 3HCpl'CTII'IOCKHI1 

peaKTOp yme ,IICHCTBYOT, a CTpOHTOJibCTBO nepBoii 

HpOMhllliJICHHOll anepreTM'ICCKOii ycTaHOBKH 6y,IIf'T 

aaBepmeHo B 1965 ro.r~y. RpoMe aToro, 'ICThipe 

aTOMHhiX :~JIOHTpOCTaHIJ,HH, RaR 0/RH,IIaCTCH, fiYAYT 

aaBepmeHhi crponTC'JihCTBOM K 1970 ro.r~y. B cBn

au C 3TIIM MaCWTa6M 1IpOII3BO,IICTBa aTOMHOM 3JICK

Tp03HeprUH K 1970 l'OAY npeBhiCHT IIJiaHOBhie 

I~H<iJphi npmpaMMhi. B nacToJI:rn;ee BpeMJI peaRro

phi HMIIOpTHpyiOTCJI, O):IHal\0 aKTliBHO paapa6aThl

BaCTCH TexnoJiornJI wx npouaBOACTBa BHYTPH cTpa

Hbl. KpoMe rom, H 1970 ro.r~y npe.r~uoJiaraeTcH 
;JaROH'IliTh coopymC'HliP ycTaHoBJHI no nepepaGoT

Ke o6JIY'H'HHOJ'O TOJI.'li!Ba 11p0113BO;{I1TOJlhHOCTblO 

OKOJIO 200 T B I'OA. 

B coorueTCTBIIIf c uporpaMMoii HpoBOfV-ITCH Ha

Y'~HO-UCCJIC'/V>BaTeJihCKl!C n onhiTHo-HoncTpyRTop-

CKIIe pa6orhi no CTpon:TCJibCTBY cy.r~ou c HAep

HhiM ABHraTeJieM. B 1963 ro)J,y paapa6oTan nJiaH 

cTpoJITCJihCTBa ncpBoro aroMnoro cy.r~ua 11 c aroif 

II,CJibiO C03):1aHO CTIOII,MaJibHOC areHTCTBO. 

A/577 Jap6n 

Necesidad de generar energia nuclear 
en Japon y programa consiguiente 

Comisi6n de Energia At6mica de Jap6n 

De acuerdo con las directrices del Plan de Dupli
caci6n de la Renta Nacional, aprobado en 1960 
por el Gobierno, la Comisi6n de Energia Atomica 
de Jap6n estableci6, en febrero de 1961, el 
Programa a largo plazo sobre el Desarrollo y la 
Utilizaci6n de la Energfa Atomica, que cubria 
20 afios; de 1961 a 1980. De acuerdo con el Plan y 
con el desarrollo de la economfa, la demanda de 
energia electrica alcanzani, en los afios 1970 y 
1980, aproximadamente un valor 2,8 y 5 veces 
mayor, respectivamente, que en 1959. Esto hani 
necesario un desarrollo en gran escala de la capaci
dad de generaci6n de energia. El agotamiento 
gradual de emplazamientos adecuados para nuevas 
centrales hidroelectricas de gran tamafio, tendni 
como consecuencia 16gica el desarrollo de la energia 
electrica de origen termico. Por consiguiente, la 
proporci6n de los recursos energeticos importados, 
frente a la totalidad de los recursos energeticos, 
aumentani basta el 59% en 1970 y el 73% en 1980, 
aumento debido, principalmente, a la importaci6n 
de crudos de petroleo para la generacion de energia. 

Por consiguiente, tanto desde el punta de vista de 
una sana polftica de divisas como del de asegurar 
un suministro estable de los recursos energeticos, 
J ap6n debe desarrollar los recursos mas baratos y 
diversificar las fuentes de suministro de energia. 
El Programa de la Comisi6n y el informe reciente 
del Comite de Politica N acional sobre la Energia, 
del Consejo de Estructura Industrial del Ministerio 
de Comercio Internacional e Industria indican que 
la generaci6n de energia de origen nuclear debera 
convertirse en una de las principales fuentes de 
suministro de energfa del pais. 

El Programa establece el ritmo que debe adop
tarse: unos 1 000 MW(e) instalados en los diez 
primeros afios (fase preparatoria) y de 6 000 a 
8 500 MW(e) en los diez aiios siguientes (fase de 
desarrollo industrial). Estas centrales se espera que 
sean construidas y explotadas por compafiias elec
tricas privadas. 

Los tres ultimos afios han demostrado que la 
demanda de energia electrica rebasara ampliamente 
las previsiones del Plan. 

Se ha llevado a cabo de manera regular la cons
trucci6n de centrales, la investigaci6n y desarrollo 
de amplio alcance, el establecimiento de organiza-
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ciones y de legislacion, etc. En lo referente a cen
trales nucleares, se encuentra actualmente en explo
tacion un reactor de potencia experimental y la 
primera central comercial se espera entre en servicio 
en 1965. Ademas, se preve, que bacia 1970 estaran 
en explotacion cuatro centrales nucleares. Por con
siguiente, la capacidad de produccion de energia de 
origen nuclear en 1970 superara los objetivos del 
Programa. Los reactores son importados, pero se 
esta desarrollando activamente una tecnologia para 

fabricarlos en el pais. Ademas, se ha previsto la 
puesta en marcha en 1970 de una fabrica de trata
miento de combustibles irradiados, capaz de tratar 
unas 200 t al afi.o. 

Se han Ilevado a cabo trabajos de investigaci6n y 
desarrollo en relaci6n con Ia propulsion naval nu
clear de acuerdo con lo previsto en el Programa. 
En 1963 se estableci6 el plan para Ia construcci6n 
de un primer barco de propulsion nuclear, para lo 
cual se constituy6 un organismo especial. 



P /715 Argentina 

La contribucion de Ia energia nuclear 
a Ia solucicSn del problema energetico argentino 

por J. L. Alegria, B. J. Csik, E. V. Nasjleti, C. C. Papadopulos y 0. A. Quihillalt* 

Siete aftos atnis la Republica Argentina recibi6 
una propuesta formal para la construcci6n de una 
central nuclear. Tal proyecto no se llev6 a cabo 
debido a que, examinado a la luz de los estudios 
realizados por la Comisi6n Nacional de Energia 
At6mica basta esa epoca, no reunia las garantias y 
ventajas exigibles en relacion con los costos de 
instalaci6n y generaci6n, con Ia experiencia de 
operaci6n y con la participaci6n de Ia tecnica y la 
industria nacionales. Desde aquella epoca se han 
producido cambios que alteraron profundamente la 
situaci6n. En numerosos paises se han instalado 
centrales nucleares y Ia experiencia mundial crece 
nipidamente. Si bien el costo de instalaci6n continua 
siendo mayor que el de las plantas termicas conven
cionales, la diferencia se ha reducido considerable
mente. En cuanto al costo de generaci6n de energia 
nucleoelectrica, este ha llegado a ser competitivo para 
grandes unidades operando como centrales de base 
en zonas de alto costo de energia. 

En el pais el costo de energia es elevado. La 
insuficiencia de la electrificaci6n, caracteristica 
comun en la mayoria de los paises en desarrollo, 
sigue siendo uno de los graves problemas que afectan 
a la evoluci6n normal. La instalaci6n de nuevas 
centrales electricas es una urgente necesidad, consti
tuyendo los problemas de financiaci6n la difi
cultad principal para la soluci6n del problema 
energetico. 

La industria nacional ha progresado y en parti
cular se ha creado una pequefta industria nuclear 
que le permitini disponer del combustible y aun de 
elementos combustibles para abastecer las usinas 
nucleares a instalar. El pais posee actualmente un 
equipo tecnico-nuclear de relativa importancia, base 
para una ampliaci6n futura. 

Un factor de confianza es la existencia de un 
elevado espiritu de cooperaci6n intemacional y en 
particular la del Organismo Intemacional de Energia 
Atomica que puede prestar una ayuda importante. 

La consideraci6n de estos factores, que hace siete 
aftos hicieron estimar como prematuro e inadecuado 
aquel proyecto de central nuclear, nos lleva a 
adquirir el convencimiento de que el momenta de 
encarar un plan de potencia nuclear ha llegado. Asi 

* Comisi6n Nacional de Energfa At6mica, Buenos Aires. 
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culminan los estudios preliminares realizados durante 
estos aftos, cuya sintesis es el presente trabajo. 

Al efectuar este an;Uisis, se han tornado en cuenta 
exclusivamente los factores econ6micos, sin utilizar 
los que derivan de considerar la necesidad nacional 
de conservar los recursos naturales para su utiliza
cion optima. Es evidente que, de haberlos incluido 
en el estudio previa, aquellos argumentos reforza
rian la posicion de las centrales nucleares. Los 
trabajos preliminares ya han dado su primer fruto. 
La Comisi6n N acional de Coordinacion de Grandes 
Obras Electricas acaba de aprobar en la reunion 
del 10 de abril de 1964, Ia realizacion del estudio 
de factibilidad de una central nuclear, estudio que 
demandani un afto de tiempo y para el cual se 
cuenta con la valiosa ayuda del OlEA. 

REPUBLICA ARGENTINA-CARACTERiSTICAS 

Datos generales 

Situada en Ia extremidad meridional de America 
del Sur, Ia Argentina continental cubre una superficie 
de 2 790 000 km2 , y tiene una poblacion de 22 
millones de habitantes. La mayor parte de su terri
torio es de clima templado y templado-frio, encon
tnindose zonas de clima subtropical en el norte del 
pais. Esta caracterizada por una desigual distribuci6n 
demografica. La mayor concentracion de Ia pobla
cion se presenta en la region de las pampas humedas, 
con un 75% del total. La ciudad de Buenos Aires, 
que se encuentra en esta region, constituye con sus 
alrededores (Gran Buenos Aires) el conglomerado 
metropolitano mayor del Hemisferio Sur con 
7 000 000 de habitantes. La zona que incluye la 
ciudad de Buenos Aires y las principales ciudades 
que se encuentran sabre el curso inferior del rio 
Parana y costa argentina del Rio de Ia Plata se 
denomina zona del Gran Buenos Aires-Litoral, 
expresion que luego emplearemos al referimos a la 
misma en el presente trabajo. Esta zona esta carac
terizada por ser la de mayor desarrollo industrial y 
centro de convergencia de los principales sistemas 
de comunicacion del pais. 

El indice de crecimiento demografico del pais es 
de 1,9% y el de alfabetismo superior a 92%. El 
68% de la poblaci6n reside en zonas urbanas. La 
red caminera tiene 1 7 5 000 km, de los cuales un 
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15% son pavimentados; existen 44 000 km de Hneas 
ferreas y una flota mercante con un registro bruto 
de 1 300 000 toneladas. 

Aspectos econ6micos 

El suelo argentino y su clima ofrecen condiciones 
excepcionales para Ia agricultura y la ganaderia, 
actividades que tienen un papel fundamental en Ia 
economia del pais. Representan el 34% del producto 
bruto y el 85% de las exporta~jones. El total de 
estas ultimas alcanza anualmente un valor aproxi
mado de 1 300 millones de dolares. La industrializa
cion se ha incrementado sensiblemente en las 
ultimas decadas. En la actualidad, sabre un producto 
bruto anual equivalente a 10 000 millones de 
dolares, el 19,3% corresponde a la industria. La 
produccion anual de los principales rubros indus
triales es: acero, 450 000 toneladas; acido sulfurico, 
220 000 toneladas; cementa portland, 3 millones de 
toneladas, y automotores, 185 000 unidades. La 
produccion de combustibles en arden de importancia 
es : petroleo y gas natural, 14 millones de toneladas 
equivalentes de petroleo (t.e.p.), combustibles vege
tales, 1,9 millones t.e.p., y carbon, 125 000 t.e.p. La 
importacion de materia prima semielaborada y de 
maquinarias es aun muy importante y gravita fuerte
mente en la balanza del comercio exterior. 

La economia argentina, en conjunto, presenta 
todas las caracteristicas de un pais en proceso de 
desarrollo: renta individual debil, moneda vulnerable 
y balanza del comercio exterior fluctuante. Sin 
embargo, posee un conjunto de factores favorables 
como son: una superficie util apreciable, recursos 
energeticos, materias primas abundantes y un nucleo 
de poblacion importante, que inducen a predecir un 
rapido proceso de desarrollo. 

Recursos energeticos 

Las reservas energeticas de Ia Republica Argentina 
son relativamente abundantes, ocupando el primer 
Iugar el petroleo y el gas natural. Se encuentran 
ubicadas en general en zonas separadas de la region 
Gran Buenos Aires - Litoral por distancias supe
riores a los 1 000 km. 

Petroleo y gas natural. Las zonas productoras 
principales se encuentran en la region patagonica, 
en Ia region noroeste y en la zona andina central. 
Las reservas comprobadas de petroleo y gas natural 
son 800 millones de m3 equivalentes de petroleo 
(fig. 1). 

Carbon. La Republica Argentina dispone de una 
reserva de 460 millones de toneladas de carbon. 
Se encuentra en su casi totalidad en el yacimiento 
de Rio Turbio, en el extrema sur del pais. Para su 
transporte a Buenos Aires debe cubrir un trayecto 
de 250 km por ferrocarril y 2 000 km por via 
maritima. Es un carbon apto para ser empleado 
en centrales electricas (fig. 1 ). 
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Uranio. En Ia actualidad el potencial uranifero 
argentino se estima en 25 000 toneladas de U30 8 • 

De estas, 4 000 toneladas han sido ya evidenciadas. 
La capacidad anual de produccion de U30 8 de 
pureza nuclear es de 100 toneladas. Existen dos 
plantas de tratamiento y una de extraccion de pre
concentrados (fig. 2). 

Potencial hidrdulico. El potencial hidraulico eco
nomicamente aprovechable es del arden de los 
11 000 MW. Su distribucion geografica se muestra 
en la figura 3. Se estima que 6 000 MW son los 
aprovechables en una primera etapa de desarrollo. 

ACTIVIDADES NUCLEARES 

El organismo oficial encargado de promover y 
coordinar el esfuerzo nuclear argentino es Ia Comi
sion Nacional de Energia Atomica (CNEA). Sus 
principales actividades han sido basta el presente: 
Ia formacion de personal, Ia prospeccion, produc
cion y tratamiento de minerales nucleares y la inves
tigacion basica y tecnologica. En el cumplimiento 
de su mision, la CNEA ha invertido basta el pre
sente un total equivalente a 80 millones de dolares. 
En Ia actualidad tiene un presupuesto equivalente 
a 10 millones de dolares anuales y cuenta con un 
personal de 1 500 agentes, de los cuales cerca de 
600 son graduados universitarios. 

La CNEA ha construido y operado desde 1958 
un reactor de investigacion de 30 kW (RA-1, ver
sion modificada del Argonaut) y una instalacion 
crftica. En Ia actualidad esta por ser completado, 
en las afueras de Buenos Aires, un segundo reactor 
de investigacion (RAEP), tipo tanque, de una 
potencia termica de 5 MW. Este reactor ha sido 
disefiado por personal de la Comisi6n y su construe
cion se realiza con Ia participaci6n activa de Ia 
industria local. Los elementos combustibles se fabri
can en los laboratorios y talleres de la Comision. 
Esta tarea ha dejado una experiencia que permitira 
en un futuro encarar Ia producci6n de elementos 
combustibles para reactores de potencia. 

La posible participacion de Ia energia nuclear 
para Ia generacion de electricidad en la Argentina 
es objeto de permanentes estudios, cuya finalidad es 
evaluar diferentes tipos de reactores, estimar sus 
aspectos econ6micos y su proyecci6n futura. 

ELECTRIFICACION Y DEMANDA 

Potencia instalada 

La potencia electrica instalada en la Republica 
Argentina es de 5 000 MW aproximadamente, pro
duciendose 15 GWh/afio. El 93% de Ia capacidad 
de generaci6n corresponde a centrales termicas y 
el 7% a centrales hidraulicas. La baja proporcion 
de Ia participaci6n hidraulica es principalmente con
secuencia de las grandes distancias que separan la 
region densamente poblada del pais, de las zonas 
donde existen reservas hidraulicas. 
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El 30% de Ia capacidad de generacion instalada 
corresponde a grupos de autogeneracion. Este alto 
porcentaje se debe a que Ia expansion de Ia capa
cidad de generacion de servicio publico ha sido 
inferior al crecimiento de Ia demanda en las ultimas 
decadas. El 68% de Ia potencia total instalada, o 
sea 3 400 MW, se encuentra en la zona del Gran 
Buenos Aires - Litoral. De esta potencia, 2 400 MW 
se encuentran instalados en el Gran Buenos Aires 
propiamente dicho. Las zonas que le siguen en orden 
de importancia son las de Cordoba y Mendoza con 
310 y 200 MW respectivamente. 

Existen en Ia Republica Argentina seis sistemas 
electricos independientes (fig. 4 ). Unicamente el del 
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Gran Buenos Aires - Litoral es de una magnitud tal 
como para ser considerado de interes al estudiar Ia 
posibilidad de la instalacion de centrales nucleares 
en un futuro inmediato. La potencia efectiva inter
conectada del mismo es en la actualidad de 
2 100 MW. 

Consumo de combustible 

El consumo de combustible para Ia generacion de 
electricidad en Ia Republica Argentina alcanza los 
5 millones de toneladas equivalentes de petroleo por 
aiio. De este total, el 75%· corresponde a fuel-oil, 
el 10% a Diesel-oil, el 10% a gas natural y el 
5% a carbon. El consumo especifico es relativa-
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mente alto (3 700 cal/kWh en promedio, en 1962), 
debido a la existencia de mucbas centrales antiguas 
de bajo rendimiento y un elevado numero de unida
des de pequefia potencia. 

Demanda 

La produccion de energia electrica en la Repu
blica Argentina crecio en promedio con una tasa de 
7% anual acumulativo durante los ultimos 40 afios. 
En las ultimas decadas la demanda lo bizo a un 
ritmo mas acelerado, originandose una situacion 
energetica deficitaria cuyos efectos fueron especial
mente sensibles en las zonas del Gran Buenos 
Aires - Litoral. Se estima que la demanda en los 
proximos decenios aumentara, duplicandose cada 
nueve afios en promedio, lo que equivale a una tasa 
de crecimiento de 8% anual acumulativo. Esta 
evolucion energetica significa la necesidad de instalar 
4 300 MW adicionales basta 1972 y de 7 700 MW 
mas, antes de 1980, o sea un total de 12 000 MW 
para el periodo 1964 - 80 (fig. 5). 

Sistema Gran Buenos Aires-Litoral 

El crecimiento de la demanda en el sistema Gran 
Buenos Aires - Litoral sera en los proximos decenios 
el factor de mayor significacion en el desarrollo de 
la electrificacion de la Republica Argentina. El grado 
de interconexion de este sistema es elevado y 
aumentara en los proximos afios. En la actualidad 
se dispone de 2 100 MW en la red de servicio 
publico y se estima que bacia fines de 1972 la 
capacidad efectiva requerida sera del arden de los 
4 100 MW, lo que significa una expansion de 
2 000 MW. En el afio 1980 se necesitaran 7 100 MW 
lo que representara una expansion adicional de 
3 000 MW en el periodo 1972 - 80 (fig. 6). 

La situacion de la region que abarca el sistema 
Gran Buenos Aires - Literal, en cuanto se refiere 
a los recursos energeticos, es la siguiente: para la 
generacion termica dependera del abastecimiento de 
combustibles producidos en otras zonas del pais o 
importados, mientras que la contribucion de la 
energia bidroelectrica debera llegar mediante exten
sas lineas de transmision. 

Dos grandes proyectos hidroelectricos son con
templados para alimentar este sistema en un futuro 
inmediato. Uno de ellos (Salto Grande) esta situado 
a 420 km de distancia de Buenos Aires, y el 
otro (Cbocon- Cerros Colorados) se encuentra a 
1 100 km (fig. 3). Sus aportes recien se materializa
ran para fines del afio 1972, con una potencia inicial 
de 420 MW, basta alcanzar en 1975 una potencia 
de 1 500 MW. A partir del afio 1978 es de estimar 
que se producinin nuevos aportes bidniulicos. 

La expansion de la capacidad de generacion 
termica del sistema Gran Buenos Aires - Litoral, 
que debera realizarse basta el afio 1972, es de 
1 500 MW. Antes del afio 1980 se requeriran otros 
1 500 MW termicos adicionales. Para la satisfaccion 
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de las necesidades de combustibles, el pais dispone 
de petroleo, gas natural, carbon y combustibles 
nucleares. Las reservas de petroleo y gas natural 
pueden proporcionar una parte importante de la 
energia termica necesaria para atender la expansion 
de la capacidad de generacion en los periodos con
siderados. En la actualidad, el empleo de carbon en 
las centrales electricas es muy reducido, no espe
randose en un futuro inmediato que aumente e1 
mismo en forma significativa. 

Costo de Ia energla en el sistema Gran Buenos Aires
Litoral 

El costo actual de la energia termica en la zona 
considerada esta comprendido entre 2 y 2,4 dolares 
por mill on de calorias ( equivalentes a 50 - 60 cente
simas de dolar por millon de Btu). El costo de la 
energia hidroelectrica que abastecera esta region se 
estima que estara comprendido entre 9 y 11 mills/ 
kWh. Estos valores caracterizan la region del Gran 
Buenos Aires - Litoral como zona de alto costo 
de energia. 

POSIBILIDADES DE LA ENERGiA NUCLEAR 

Los costos de la energia en general y de la energia 
termica convencional en especial, en esta zona, per
miten afirmar que existen validas razones econ6micas 
para contemplar el empleo de la energia nuclear en 
la futura expansion del sistema Gran Buenos Aires -
Literal. Siendo la capacidad requerida de este sis
tema para fines de 1972 de 4 100 MW, es factible 
instalar una central nuclear de 350 MW para operar 
con alto factor de carga. Resultaria por tanto que 
la expansion termica requerida basta el afto 1972 
podria ser compuesta de 350 MW nucleares y 
1 150 MW termicos convencionales. Para el periodo 
1972 - 80 se estima que se requerira una ampliaci6n 
de la potencia termica en unos 1 500 MW, de los 
cuales 850 MW podrian ser nucleares. 

Despues del aiio 1980, o quizas ya antes, la 
participacion de la energia nuclear sera posible en 
otros sistemas electricos del pais, por cuanto habra 
aumentado considerablemente el grado de inter
conexi6n de las distintas zonas ademas del creci
miento propio de la demanda en cada una de elias. 

Selecci6n del tipo de central nuclear 

Se ba realizado, con la finalidad de seleccionar 
el tipo de central nuclear, una serie de estudios 
preliminares de evaluacion de reactores a base de la 
experiencia mundial existente. Aun siendo cierto 
que la instalacion de un reactor de potencia no 
significa que todos los reactores futures sean del 
mismo tipo, resulta sin embargo conveniente poder 
aprovecbar al maximo Ia experiencia adquirida, lo 
cual se logra manteniendo una misma linea. Para 
la seleccion del tipo del primer reactor a instalar en 
el sistema Gran Buenos Aires - Litoral, se conside
raron unicamente reactores que cuentan con un 



108 

CAPACIOAD DISPONIBLE 

1- Gran Buenos Atres-LtloraL __ 2100 MW 

2-CordobO-------------- 230 MW 

3-MendOZO------------ 130 MW 
4-Tucuman ____________ 65 Mw 

5-Restslencto-Corrienles ______ 35 MW 

&AIIoVolledeiRioNegro. ____ 28 MW 

SESION B 

Aiios 1960 62 64 66 

P/715 

MW 
40000 

20000 

10000 

J. L. ALEGRiA et a/. 

~ 

~v 1oN.AL ~.Ac~ 
.-,-£R,.tl.£.,... 

__. :;,...o" -- _....- ~ 

~ 
v 

........ 
~ 

---
~~ cP.. 

p..\J~ 
I--"' 

~ / 5000 ~~ / 

zoo 0 

1000 

500 

j;;7' 

zoo 

100 
1965 

~ 

/ 
/ 

70 

) / 
I / 

v 

I -~~v 
I \,) (, \.-...... 

.I ~......: 
v: 

/ I 
/ I £ ___ 

1-....J 

75 eo 85 

Figura 5. Evaluci6n prevista de Ia patencia total instalada en Ia 
Republica Argentina 

68 1970 72 74 76 78 

1990 

Figura 6. Evoluci6n prevista del sistema Gran Buenos Aires-Litoral 



SESSION B P/715 

prototipo funcionando satisfactoriamente en alguna 
parte del mundo. 

Los principales factores de evaluacion fueron: el 
costo de la energia electrica producida, el costo de 
instalaci6n e inversiones complementarias y el grado 
de participaci6n de Ia industria nacional. La posibi
lidad de autoabastecimiento en materia de combus
tibles nucleares, paralelamente con la evaluacion 
de adicionales factores economicos y tecnicos indican 
una preferencia, en principio, por los reactores a 
uranio natural. 

Las condiciones de financiacion pueden tener una 
considerable inftuencia en la selecci6n final. Si 
algunos de los tipos de reactores considerados resul
tara favorecido de manera especial, desde este punto 
de vista, la decision definitiva podni ser diferente 
de Ia indicada antes como preferente. 

FINANCIACION DE LA CENTRAL NUCLEAR 

La instalacion de una central nuclear de una 
potencia del orden de 350 MW implica una inver
sion de magnitud, a ser realizada en un periodo de 
aproximadamente seis aftos. En consecuencia, los 
aspectos de financiaci6n adquieren gran importancia, 
en especial tratandose de un pais en desarrollo que 
no cuenta con abundantes recursos financieros 
propios. 

Puede considerarse que en la Argentina existen, 
como recursos de financiacion: los remanentes de 
explotacion, el aporte estatal, el ahorro privado y el 
credito exterior. 

Remanentes de explotaci6n. Generalmente, se 
espera que los remanentes de explotacion, o recursos 
de autofinanciaci6n, cubran cerca del 50% de las 
necesidades de expansion de la industria electrica, 
dejandose para el credito exterior, el aporte estatal 
y el ahorro privado la tarea de absorber el saldo, 
en el orden de importancia relativa citado. Para el 
caso de una central nuclear, caracterizada por el 
mayor capital invertido, los remanentes de explota
cion probablemente alcancen a cubrir el 30% de la 
inversion inicial. 

Aporte estatal. El aporte estatal en la Argentina 
esta fuertemente condicionado a la actual situacion 
del balance economico. Los presupuestos nacionales 
deficitarios y la competencia de otras necesidades 
caracteristicas en el campo financiero, tales como 
transporte, vivienda y otras soluciones en el sector 
energetico, toman dificil confiar en que ese aporte 
pueda resultar significativo. 

Aporte privado. El aporte privado no tiene peso 
en la solucion del problema de financiacion de una 
central nuclear en Ia Republica Argentina. Si bien 
el mercado de energia electrica en el pais, por la 
naturaleza de Ia relacion oferta-demanda y por los 
regimenes legales tarifarios vigentes, es ampliamente 
satisfactorio, la atencion del capital privado es 
atraida hacia sectores mas rapidamente retributivos 
que el de la producci6n y venta de la energia elec-
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trica. Sin embargo, es posible confiar en algun 
aporte privado, bajo la forma de creditos a corto y 
mediano plazo, negociados con las empresas argenti
nas que suministren obras o servicios durante la 
construccion de la central. 

Credito exterior. Se estima necesario que el credito 
exterior cubra no menos del 60% de la inversion 
total bajo la forma de cn!dito industrial 0 de credito 
bancario. El primero seria convenido a mediano 
plazo con los productores extranjeros de bienes de 
capital necesarios para Ia central, que no puedan 
ser producidos u obtenidos en el pais. El segundo, 
a largo plazo, se emplearia para el suministro de 
bienes de capital local o foraneo que no tengan otro 
respaldo crediticio. 

Sera conveniente obtener un equilibrio adecuado 
entre las diversas fuentes de credito. El credito 
industrial exterior no debe convertirse en un ele
mento de competencia para la industria local, ahora 
en pleno desarrollo pero con pocas posibilidades de 
financiacion. El cn!dito bancario exterior debera 
negociarse de manera que admita Ia financiacion 
indiscriminada de adquisiciones realizadas en el pais 
y en el exterior. En caso contrario, este tipo de 
credito tambien puede ofrecer inconvenientes en la 
adecuada utilizacion de la industria argentina, dis
torsionando la distribucion relativa del aporte indus
trial local y foraneo. 

Ante Ia presion de los otros requerimientos finan
cieros de la Argentina, y dado el tope relacionado 
con el credito integral del pais, se estima necesario 
contar con creditos extemos especificos para la 
realizacion en cuestion. 

En cuanto al respaldo financiero, Ia Republica 
Argentina ha demostrado a lo largo de toda su 
historia crediticia ser un deudor rigurosamente 
responsable, circunstancia a la que se aftade el pano
rama decididamente favorable de su mercado 
electrico. 

CONCLUSIONES 

El panorama del abastecimiento de energia elec
trica de la zona del Gran Buenos Aires - Litoral 
evidencia, para el futuro inmediato, la necesidad de 
una expansion en Ia capacidad efectiva requerida, 
que no podra ser cubierta en su totalidad por los 
proyectos hidroelectricos actualmente en estudio. 
Una situacion similar se presenta para el futuro 
inmediato. Estas circunstancias llevan a la necesidad 
de instalar nuevas centrales termicas convencionales 
o nucleares. 

La estimaci6n de costos unitarios de produccion 
para centrales termicas convencionales y nucleares 
en esta zona de alto costo de combustible fosil y e1 
analisis de las caracteristicas de las curvas de carga 
del sistema, permiten concluir que es plenamente 
factible considerar la instalacion de una central 
nuclear de unos 350 MW de potencia. 

El analisis del problema de financiacion permite 
anticipar que la obtencion de facilidades crediticias 
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exteriores encaminadas especificamente a la instala
ci6n de una central nuclear, puede tener canicter 
determinante en Ia polftica energetica de un pais 
en desarrollo como Ia Republica Argentina. 
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A/715 Argentina 

The contribution of nuclear energy to solving 

the Argentine energy problem 

By J. L. Alegria et a/. 

This paper outlines the general characteristics of 
the Argentine Republic and the present energy 
situation. In particular, the energy resources, extent 
of electrification and demand for electric power, 
both present and as forecast, are specially discussed. 
A brief outline is presented of the country's develop
ment in the nuclear energy field. 

Having stated the energy problem in Argentina, 
possible alternative solutions are discussed, and their 
respective advantages and disadvantages are con
sidered. The possible contribution of nuclear energy 
is dealt with in further detail. Special attention is 
given to financial aspects, because of their funda
mental importance to a developing country. 

The paper ends with a discussion of all the factors 
and criteria used in selecting the type, size and 
location of the first nuclear power-station to be 
installed in Argentina. 

A/715 Argentine 

Contribution de l'energie d'origine nucleaire a Ia 

solution du probleme de l'energie en Argentine 

par J. L. Alegria et a/. 

Le present memoire donne un aperc;u general 
des caracteristiques d'ensemble de Ia Republique 
Argentine et de sa situation actuelle dans le domaine 
de l'energie. II analyse notamment les ressources 
energetiques, !'electrification et Ia demande actuelle 
en electricite ainsi que les previsions pour l'avenir. 
II rend brievement compte du developpement atteint 
en Argentine dans le domaine nucleaire. 

Le probleme de l'energie ainsi pose, les auteurs 
examinent les diverses solutions possibles en con
siderant les avantages et les inconvenients de chacune 

d'entre elles. Ils examinent de fac;on plus detaillee 
le role que pourrait jouer l'energie d'origine nu
cleaire. Une attention particuliere est accordee aux 
problemes de financement, etant donne leur impor
tance capitale dans un pays en voie de deve
loppement. 

Les auteurs examinent enfin Ies facteurs et criteres 
dont on a tenu compte pour le choix du type, de la 
puissance et de !'emplacement de la premiere 
centrale nucleaire qui doit etre installee dans la 
Republique Argentine. 

A/715 ApreHTHHa 

Ponb aTOMHOH aHepreTHKH s peweHHH 
aHepreTH4eCKHX npo6neM ApreHTHHbl 

X. A. AnerpHa et al. 

B ~ORJia~e ~aeTCH o6~aH xapaRTepHCTHRa Ap

reHTHHhi H paCCMaTpHBaeTCH COBpeMeHHOe CO

CTOHHHe aHepreTHRH CTpaHbl. flo,11.p06HO o6cym,[l.a

IOTCH BOllpOChi, CBH38HHhie C 3HepreTH'leCRHMH pe

cypcaMH, HaJIH'lHeM aHepruu H IIOTpe6HOCTHMH B 

3JieRTp03HeprHH 1\81\ B HaCTOH~ee BpeMH, TaR H 

B 6y~y~eM. llpe~JiaraeTCH RpaTRoe onucaHue no

au~uu ApreHTHHhi B OTHOIIIeHuu aToMHoii :mepre

THRH. 

llocJie H3JIOmeHuH aHepreTuqecRoii npo6JieMhi 

ApreHTHHhi o6cym,11.aiOTCH noaMomHhie aJihTepHa

THBHhie peiiieHUH 3TOH npo6JieMhi C ylJeTOM HX 

npeuMy~eCTB H He,[I.OCT8TROB. )J,eTaJibHO paCCMa

TpHBaeTCH B03MOH\HblH BRJia,[l. H,[J.epHOH 3Hepre

THRH. )J,aeTCH CIIe~uaJibHbiH aHaJIH3 <f>nHaHCOBbiX 

acneRTOB B CBH3H C HX nepBOCTeiieHHOii nam

HOCTbiO ,[I.JIH pa3BHBaiO~eHCH CTpaHhi. 

B ROH~e ,[I.ORJiap,a paccMaTpunaiOTCH nee <PaR

TOphi H I<pHTepuu, ROTOpbie Y'IHThiB8JIHCb npu 

Bbl6ope THIIU, MO~HOCTH H MeCTa paCIIOJfOllieHHH 

IIepBOH 8TOMHoii 3JieRTpOCT8Hll,IIII, ROTOpaH oy,[l.eT 

CTpoHThCH B ApreHTIIHe. 
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PANEL DISCUSSION 

The role of nuclear power in meeting energy needs in 
other countries 

J. P. BAXTER (Australia): In Australia there are 
no immediate plans for the production of nuclear 
power. I shall speak therefore of the role of nuclear 
power as we see it in the future. Australia is a large 
country with a small population; its area is approxi
mately that of the United States of America and its 
population is just over 11 million but is growing 
rapidly. It is a highly industrialized country with 
a high per capita power consumption which is 
substantially exceeded only by the United States of 
America. 

From some points of view Australia could be 
considered to be an under-developed country in that 
there are large resources still awaiting development. 
At present coal is the main source of power. There 
are some less extensive resources of hydroelectric 
power and a small amount of power is also obtained 
from oil. Coal resources are very extensive and are 
mainly situated on the eastern side of the country, 
and there is also some coal of not very good quality 
in the southern and western parts of the country. 

At present in the larger industrial areas, where 
coal is both plentiful and cheap, new coal-fired 
stations can produce power at something below 
4 mills per kWh and this sets a very difficult target 
for nuclear energy. The situation is made more 
difficult by the fact that in most of the States it 
would not be practicable today to incorporate very 
large nuclear power stations into the distribution 
system. In the not too distant future it may be 
possible for New South Wales and, a little later, 
Victoria to absorb stations with a capacity exceeding 
500 MW, but in most of the other States the capacity 
would have to be limited to 200 MW. Under these 
circumstances, there seems little immediate prospect 
of the construction and operation of nuclear power 
stations. On the other hand it seems likely, partly 
because of the geographical distribution of coal and 
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partly because of the rapidly growing population, 
that nuclear power will play an important role in 
the ultimate development of Australia. It may begin 
to do so within the next decade in South Australia, 
where there is at least a possibility that a 200 MW 
station will be operating in the middle of the 1970s. 
This may not be the case, however, if the current 
prospecting for oil and natural gas in that State 
should prove to be highly successful. The other 
State in which nuclear power may be used fairly 
soon is Tasmania, where hydroelectric power is used 
almost exclusively. This power source will soon be 
exploited to the maximum extent possible, so that 
the prospects of having a 200 MW station in 
Tasmania within the next .decade are certainly worth 
considering. 

Apart from the State generating systems, which 
are all operated by State power authorities and are 
not interconnected, except for a link through the 
Snowy Mountains between Victoria and New South 
Wales, there may be isolated power demands of 
some magnitude in one or two special cases. In the 
north and north-east very large deposits of bauxite 
have been found and the possibility of smelting that 
mineral in order to produce aluminium is being 
seriously considered. If this is done, nuclear power 
would have to be used and that might justify the 
construction of a full-scale plant with a prospect of 
considerable growth. In some other areas in the 
interior, such as the town of Mount Isa, where 
copper, silver, lead and zinc are mined and power 
consumption may increase to 100 MW, nuclear 
power may conceivably come into its own because 
of the long distance over which the alternative fuel, 
coal, has to be carried. 

Australia's power programme, therefore, is a 
long-term one. We are keenly interested in the work 
being done in other parts of the world to reduce 
the cost of nuclear power and are very pleased with 
the efforts being made in Canada, the United States, 
Great Britain, and elsewhere to achieve this goal. 
The successful completion of this task would be 



112 RECORD OF SESSION 8 COMPTE RENDU DE LA SEANCE 8 

extremely valuable from our point of view. Our 
own activities in this field are long-term, however, 
and our studies are concentrated on a very advanced 
and still somewhat speculative reactor system; we 
can in fact afford to take our time. 

Although desalination is not an urgent require
ment in our case, we are interested in it from the 
long-term point of view since Australia is one of the 
driest continents in the world. 

We have a continuing interest in the production 
of uranium which we are still producing, and we 
are also continuing our exploration programme with 
a view to increasing our reserves. We believe that 
our country is a potential large-scale producer of 
cheap uranium, together with thorium, and in spite 
of the present slump in the market we are pressing 
on with our work in this connection. 

J. NEUMANN (Czechoslovakia): I should like to 
outline briefly the basic economic characteristics of 
the energy situation in Czechoslovakia, which has 
led us to conclude that nuclear power stations are 
necessary, and also to define our basic technical 
policy with regard to the peaceful uses of atomic 
energy. 

The Czechoslovak Socialist Republic is an indus
trially developed country. The rapid expansion of 
our national economy in the future, which will 
progressively raise the standard of living and 
promote cultural development, already necessitates 
and will continue to necessitate an abundant power 
supply to meet industrial and community require
ments. The overall consumption of primary power 
resources is expected approximately to double within 
the next fifteen years. A characteristic feature of the 
development of the structure of power consumption 
is the more rapid growth of conventional types of 
energy, particularly electricity, production of which 
will amount to approximately 55 000 to 60 000 
million kWh in 1970 and 110 000 to 115 000 
million kWh by 1980. 

Low-grade lignite, from which 90 per cent of 
the total national output of electric power is pro
duced, is at present, and will still be in the near 
future, the basic source of power in Czechoslovakia. 
Deposits of coal suitable for power purposes are 
mainly concentrated in the north-western part of 
the country and most of the thermal power stations 
are consequently located there. In view of the 
deteriorating natural conditions in which coal is 
mined, the limited reserves and the irregularity of 
their distribution throughout the country, further 
development of electric power from domestic fossil 
fuels is meeting with considerable technical and 
economic difficulties. Particularly in view of the 
limited geological deposits available, the output of 
thermal power stations cannot be increased at the 
necessary rate within the next ten to fifteen years 
and can scarcely be increased at all after that time. 

This situation is being met by a continual increase 

in imported energy, which will amount to nearly 
20 per cent of all primary resources in 1965 and 
will also continue to increase after that. At the same 
time, a programme is being prepared for the wide
spread use of atomic energy in the industrial pro
duction of electricity. 

This programme will be based on nuclear power 
reactors using natural uranium, with a heavy-water 
moderator and a carbon-dioxide heat conductor; an 
industrial prototype with an output of 150 MW(e) 
is being built at Bohunice. The technical parameters 
of this power station are well known and were 
described in a number of papers presented at the 
Second International Conference on the Peaceful 
Uses of Atomic Energy in 1958. * Some technical 
problems relating to the construction of a reactor 
of this kind will be described at the present Con
ference.** The basic scientific and technical prob
lems relating to the project have now been solved 
and the power station should be commissioned 
by 1968. 

We now consider that a programme of nuclear 
power station construction over the next ten to 
fifteen years can be based on reactors of the type 
mentioned. Experience acquired in solving the scien
tific and technical problems relating to the first 
nuclear power station and subsequent research and 
experimental work lead to the conclusion that power 
stations of this kind can produce electric power 
under satisfactory economic conditions. Thus, for 
instance, specific capital investments in the second 
power station of this kind, with two reactors with 
an output of 200 MW(e) each, will be 40-45 per 
cent, less than in the case of the prototype. The 
cost of electric power produced by such a station 
should be approximately equal to the average cost 
of electric power in the power stations network of 
the Central Council of Energy. Further increases 
in the unit power of reactors-we believe it will be 
possible to attain 400 MW(e)-should lead to a 
situation in which the cost of power produced by 
nuclear stations will be comparable with that of 
power produced by the best thermo-electric power 
stations by 1975. Accordingly, we now believe that, 
by using nuclear power stations of a selected type, 
it might be possible to meet an appreciable part of 
the estimated deficit in electric power by 1980, and 
that by then these stations may produce approxi
mately 15 per cent of the electric power required 
in the country under favourable economic con
ditions. 

Like most countries concerned with the problems 
concerning the utilization of atomic energy, we 
consider that in the more distant future it will be 
possible to produce electric power by using fast 
neutron reactors, which permit a fuller use of avail-

*For example, P/2092, Vol. 8, pp. 322-328 and P/2094, 
Vol. 9, pp. 36-44. 

**For example, papers P/522, Vol. 8 and P/523, Vol. 5, 
these Proceedings. 
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able supplies of nuclear fuel under favourable tech
nical and economic conditions. 

In preparing and carrying out our programme, 
w~ rely on international co-operation, particularly 
wrth the Soviet Union, which is giving us extensive 
assistance. 

H. VON BULOW (Denmark): In Denmark the 
energy situation can be roughly summarized as 
~oll?ws. Firstly, Denmark has only insignificant 
mdrgenous conventional fuel reserves· secondly 
Denmark's energy supplies are entirely' contingent 
on world market conditions; and, thirdly, with 
regard to the use of atomic energy primarily for 
producing electricity, economic considerations are 
of ~ara~ount importance since only the peaceful 
applicatiOns of nuclear energy are envisaged. 

We are very interested in the energy resources 
and requirements of the world as a whole and note 
in particular, the following three factors: (a) th~ 
continued per capita increase in the consumption 
of energy, even in the more advanced countries· 
(b) the continued increase in world population~ 
and (c) the increase in the energy requirements of 
the developing countries. In this connection, the 
following considerations should be borne in mind. 
~irst, n~clear energy can only play a significant part 
m meetmg energy requirements if breeder reactors 
are used. Secondly, saturation effects must be taken 
into account in the long-term evaluation of the 
world's energy requirements, though it cannot be 
assumed that they will influence the increase in the 
total world energy consumption during the next 
few decades. Thirdly, there is a very large margin 
of error, at least of the order of 30 to 100 years, 
in estimates of the time it will take to exhaust the 
economically available conventional fuel resources. 
Fourthly, other important factors which should be 
taken into account are, for example, the time it will 
take to develop the technology of breeder reactors 
to the point at which they can be economically 
operated and the rate of breeding which can be 
economically achieved. 

The specific considerations to which I have 
referred, which do not cover all the important factors 
involved, have led us to the conclusion that a coun
try like Denmark should invest in nuclear energy 
as soon as it is economically sound, taking future 
developments into account. We also consider that 
all the more advanced countries should share the 
responsibility for furthering technological develop
ment with a view to making nuclear energy eco
nomically competitive, so that it can serve as a 
genuine alternative to fossil fuels. We believe, there
fore, that Denmark should play its part, even if 
only on a modest scale, in achieving that aim. 

I. H. UsMANI (Pakistan): I think it will be 
generally agreed that nuclear power must hence
forth be regarded as an alternative source of energy 
and that the future trends in the development of 
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nuclear technology will probably be conducive to 
better performance and more satisfactory cost eco
nomics for power reactors. I note however that the 
industrially advanced countries ' attach ~reat im
portance to ~he competitiveness of nuclear power 
and are talkmg all the while in terms of large 
reactors and the large blocks of power which nuclear 
energy can supply to their national grids. Such 
considerations are merely of academic interest in 
Pakistan, since the question of competitiveness does 
not arise at all and we must have power for our 
economic development regardless of the cost. 

Pakistan has a population of about 98 million. 
It is a part of the Indo-Pakistan sub-continent and 
is divided into two major provinces East Pakistan 
with a population of 54 million and West Pakistan' 
with a population of about 44 million. In East 
Pakistan the climatic and geographical conditions 
resemble those of South East Asia and in West 
Pakistan they roughly resemble those of the Middle 
East. 

East Pakistan is humid, green and fertile, and is 
one of the most densely populated areas in the 
world. As in t~e case o! Holland, there is practically 
no hydroelectnc potential. There is a flat delta area 
extending from the foothills of the Himaiayas in th~ 
north to the Bay of Bengal and the total fall is of 
the or?er of 58 feet. There is a small hydroelectric 
potential _of about 120 MW in the Karnaphuli hills 
m the Chrttagong Hill Tracts near the Burma border 
which has already been harnessed. So far no oil has 
been discovered, there is no coal and only a very 
small amo~nt of natural gas which is used partly 
for generatmg power and partly for other purposes. 
Even if the entire proven gas reserves of East 
Pakistan, which are located in one half of the 
province, were used for producing power - which 
we urgently need since the annual per capita con
sumption in the province is only 15 kWh compared 
to 4 000 or 5 000 kWh in the United States and 
Canada - the total generating capacity which they 
could sustain for the lifetime of the plant would be 
about 700 MW. Furthermore these reserves cannot 
be used exclusively for power production since they 
are also needed for the production of fertilizers 
petrochemicals, etc. Even if 50 per cent of th~ 
reserves were devoted to power production the 
resultant generating capacity would amount only 
to a?out 350 MW, which would merely meet the 
reqmrements of plants already approved or planned 
t~at would be operating in East Pakistan by 1970. 
Srx years after the establishment of a 350 MW gas
fired station the entire gas reserves would be 
exhau~ted. T~e situ~tion _ca?not be fundamentally 
remedied by mcreasmg ml Imports since the cost 
of producing power from imported oil is about 
79 US cents per million Btu. So we have had to 
consider other means. We have found in studies 
carried out with the help of the Internati~nal Atomic 
Energy Agency and a large number of reputable 
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firms of consultants, that in the western half of the 
province, which is completely devoid of all energy 
resources, a nuclear power station using either a 
boiling-water or pressurized-water reactor of a 
proven concept, even with a generating capacity of 
70 MW, could produce power at a cost of 8 to 
9 mills per kWh. 

In West Pakistan the hydroelectric potential is 
quite large, but unfortunately is confined to the 
northern and north-western hilly regions which are 
virtually inaccessible. Even if we continued to build 
hydroelectric power stations with a total capacity of 
about 2 500 MW every decade, an extremely high 
figure, the total capacity by the end of the present 
century would not be more than about 10 000 MW. 
Taking into account all the coal, gas and very small 
oil deposits available, the generating capacity over a 
period of 3 5 to 40 years would be about 8 000 MW 
less than that required, assuming that the per capita 
consumption doubled once every six years between 
now and 1980. I may say that if, after that, it 
doubled once every ten years it would still amount 
only to approximately 900-1 000 kWh per annum 
by the end of the century, which is roughly the 
same as in present-day Japan. 

We have accordingly decided to set up a 132 MW 
heavy-water power reactor at Karachi and a 70 MW 
light-water power reactor at Rooppur in East 
Pakistan. We are now evaluating the tenders sub
mitted, and I hope that negotiations with a view 
to obtaining financial assistance from friendly coun
tries will soon be successfully concluded so that 
my country, which has no other alternative open 
to it, can implement the very modest programme 
envisaged. 

K. E. EFFAT (United Arab Republic): The United 
Arab Republic is now undertaking an intensive 
development programme designed to double the 
national income every ten years. For this purpose 
an extensive programme of industrialization and 
land reclamation has been planned with a view to 
meeting the requirements of the rapidly increasing 
population and in order to carry out this programme 
and meet the ever-increasing demand for power 
it is essential that all the available energy resources 
in the country be fully exploited. 

The total installed capacity of hydroelectric power 
plants and conventional thermal stations, including 
an output of 2 100 MW (e) in the High Dam hydro
generating station, will amount to 4 000 MW in 
1970 as compared with 400 MW in 1952. This 
means that the energy generated will have increased 
from 1 000 million kWh in 1952 to 11 000 million 
kWh by 1970, corresponding to an increase in the 
generated energy per capita from 47 to 350 kWh 
during the same period. Detailed economic and 
feasibility ~tudies which have been carried out 
indicate that the installed generating capacity, in 
spite of this increase, will only satisfy the needs of 

the country up to 1972, after which an average 
additional capacity of 150-200 MW(e) will be 
required each year. 

It is expected that, at the present rate of progress 
in nuclear power technology, there will be a marked 
improvement in the economics of such plants, 
particularly in the case of large plants, by the 
1970s. Thus it is expected that an expanding nuclear 
power programme will be carried out in my country 
during the next decade. We have therefore decided 
to establish the first nuclear power station, which 
will have a net output of 150 MW(e). This station 
will be integrated in the 220 kV grid system and 
commissioned by 1969. The generating station will 
be linked up with a fuel-element fabrication plant 
and a desalination plant designed to desalt 
20 000 m3 of water per day. In spite of the fact 
that under prevailing conditions and within the size
range envisaged, nuclear power stations cannot 
compete favourably with conventional thermal 
stations in the United Arab Republic, this project 
is being undertaken in order to introduce nuclear 
power technology, provide experience and train 
personnel in the various disciplines required to meet 
the future needs of an expanding programme of 
nuclear power in the 1980s. In addition, experi
mental work will be carried out on the economics 
of production and utilization of desalted water under 
desert conditions. More details on this topic will be 
given at the relevant special panel to be held 
towards the end of the Conference. 

A coastal site for the nuclear power station has 
already been selected on the Mediterranean Sea 
some 30 km west of Alexandria. Preparation of the 
site area is now in progress and construction work 
will start shortly after tenders have been submitted 
in response to the invitation issued by the United 
Arab Republic Atomic Energy Establishment. 

L. C. PRADO (Brazil): I should like to draw atten
tion to certain factors which have influenced power 
production in Brazil during recent years. These 
factors acquire special significance when considered 
in relation to the present plans for producing elec
tric power and the possibility of using nuclear 
power in some areas of Brazil. 

In order to form a complete picture of the elec
tric power needs in Brazil, the following factors 
must be taken into account: (a) the great deficiency 
in power supply; (b) the increasing demand due to 
the growth in population and rapid industrialization 
of the country; (c) the poor quality and insufficient 
resources of coal; (d) the limited production of 
petroleum from known reserves; and (e) the 
existence of untapped hydraulic power resources. 

On account of the last three factors the generating 
capacity is at present mostly hydraulic in character. 
Conventional thermal plants are used only to sup
plement hydroelectric power grid systems in the 
most highly industrialized areas or to meet local 
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requirements. In the latter case they are generally 
small. 

One striking event that took place in recent years 
has led the authorities to revise the optimistic views 
they had held regarding the hydraulic energy poten
tial and to reconsider the possible value of thermal 
power resources. It was found that the water supply 
in the reservoir built to feed a large hydroelectric 
plant in one of the most industrialized areas of the 
country was almost exhausted. This reservoir, which 
is located near the city of Sao Paulo, consists of a 
system of interconnected artificial lakes which col
lect the rain-water that falls on the area and water 
coming from rivers at lower levels. The water is 
pumped up roughly 30 m. The reservoir is near the 
edge of a plateau 720 m high and at the base there 
is a power plant, built some 35 years ago, whose 
installed capacity progressively reached the present 
figure of 800 MW. The way in which the water is 
utilized is quite ingenious, but the operation of the 
plant depends primarily on rain-water. As the result 
of a serious drought during the last five years, how
ever, the average level of the reservoir decreased 
steadily, so that in 1963 the water reserve was less 
than 5 per cent of its nominal capacity. Thus the 
average amount of energy supplied by the plant was 
severely reduced to less than 30 per cent of the 
normal figure with the result that a 400 MW{e) 
thermal power plant, located in Piratininga, which 
was originally built mainly to take care of the peak 
load has been operating since then as a base-load 
station (utilization factor up to 90 per cent). The 
situation became so critical for local industry that 
great efforts had to be made to expedite the com
pletion of a distant hydroelectric plant (Furnas) 
and the associated transmission line in order to 
supplement substantially the power demand. Re
course was also had to load interchanges, within the 
area, but even so it was impossible to avoid a certain 
amount of rationing. The thermal plant mentioned 
is a conventional oil-fired one. Studies were under
taken to determine the feasibility of producing a 
further 500 MW(e) of thermal origin, half from a 
new conventlonal plant burning Brazilian coal and 
half from a nuclear power station. 

A year and a half ago a Government committee 
was set up to coordinate studies of the energy needs 
of the whole central-southern region of Brazil, the 
most industrialized area in the country. This com
mittee has already recommended ways and means 
of meeting the greater part of the peak-load demand 
up to 1970 (there remains a power deficit of about 
500 MW, which could be covered by thermal plants). 
Within this general framework nuclear power sta
tions might well have a part to play. 

I should also like to point out that the most 
important grid systems in the central-southern region 
are progressively being interconnected with a view 
to having a very large interconnected grid. In the 
initial stage the grid will not be ring-shaped, which 

ACT A DE LA SESION B 115 

is possible in other regions or countries; the final 
grid will be composed of a number of ring-shaped 
systems, linked by suitable transmission lines. It 
should be noted that the full interconnection be
tween the two most important load centres in Brazil, 
Rio de Janeiro and Sao Paulo, which are only 
400 km from each other, has been delayed for a 
number of years on account of the existing difference 
in the frequencies used in each grid, i.e., 50 and 
60 cycles per second respectively. On the recom
mendation of the Government committee already 
mentioned, a plan to change the frequency in Rio 
de Janeiro from 50 to 60 cycles per second has 
recently been approved. The people in the area 
concerned are being told what changes must be 
made in their domestic appliances. 

While the vast interconnected grid is being 
brought to completion, the desirability of producing 
additional power, using thermal plants, is becoming 
increasingly obvious and, in this connection, the 
possibility of using nuclear energy should be 
considered. 

I should also like to comment on the power 
supply problem in the north-eastern region of Brazil, 
where roughly 400 MW are produced by a large 
hydroelectric plant. This plant utilizes the large flow 
of water in the Sao Francisco River and the natural 
drop at the Paulo Afonso Falls. These falls are 
amongst the most impressive in Brazil, but they are 
located about 500 km from the geographical centre 
of the area to be fed. Losses in the transmission 
lines and the cost involved are factors which may 
lead to the early setting up of one or more nuclear 
power plants to supply energy to some very distant 
areas in the region in question. On the other hand, 
the increasing industrialization of some districts, 
like Fortaleza or Recife, would benefit from a power 
supply coming from independent plants. Here again, 
the prospects of using atomic energy are promising. 

GENERAL DISCUSSION 

M. A EL-GUEBEILY (United Arab Republic): In 
the paper (P /7 41) presented by Dr. Bhabha the 
conclusions reached with regard to India are par
ticularly important from the point of view of the 
developing countries. As regards the conclusion that 
the CANDU 200 MW reactor can be competitive 
with conventional thermal plants in certain parts 
of India, I should like to point out, however, that 
it seems to be generally believed that a pressurized
water, boiling-water or gas-cooled reactor with a 
capacity of less than 500 MW (e) would not be 
competitive with conventional power. 

H. J. BHABHA (India): In the industrialized coun
tries atomic power generally becomes competitive 
when reactors with a minimum capacity of 500 
MW(e) are used. In certain circumstances, however, 
reactors of smaller size may be competitive. 
200 MW(e) reactors of the Tarapur or CANDU 
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type are competitive in India in areas where coal 
for conventional power stations would have to be 
conveyed by rail or sea over distances of 500 miles 
or more. Moreover, the coal used in India for 
generating power has a calorific value of only 
9 000 Btu/lb or less. 

T. G. CHuRCH (Canada): In economic studies of 
fast neutron reactors, what annual interest rate is 
charged in the Soviet Union against the large 
amounts of capital invested in the fuel inventory 
for this reactor system? 

A M. PETROSY ANTS (USSR): The economics of 
fast neutron reactors is so complex a question, so 
technically difficult and broad in scope, that it 
would be impossible to give the lengthy technical 
explanations required in the time allowed for dis
cussion at this session, and I think the problem 
should be discussed in detail at the session specially 
devoted to fast reactors (Technical Session 1.4). 
A number of scientists and experts have failed to 
reach agreement on the question; indeed, there can 
be no unanimity on the subject. 

B. SAITCEVSKY (France): What part will advanced 
Magnox reactors play in the United Kingdom 
programme? If they are not to play any part in the 
programme, why are efforts being made to develop 
them, as reported in some papers from the United 
Kingdom? 

Sir William PENNEY (United Kingdom): The 
Magnox reactors being built at present will be 
operated for at least 20 to 30 years. The United 
Kingdom does not intend to build any more after 
the present programme is completed, but much of 
the research and development work on the Magnox 
reactors will help in connection with the Advanced 
Gas-Cooled (AGR) and High Temperature Gas
Cooled (HTGC) reactors and hence will be of great 
value. 

0. D. KAZACHKOVSKY (USSR): It seems to me 
that some of the papers presented at this session 
display undue caution with regard to fast neutron 
reactors. It has been said that the industrial develop
ment of these reactors will begin in ten, twenty or 
even in hundreds of years and that meanwhile 
thermal neutron converters will be used for pluto
nium production. This is undesirable. Fast neutron 
reactors are the best converters, provided, of course, 
that enriched uranium is available. It is noteworthy 
that the conversion coefficient in such reactors 
increases proportionally with burn-up, whereas it 
decreases in the case of thermal reactors. According 
to the available economic estimates, fast neutron 
reactors are no more expensive than thermal ones. 
The fundamental technological problems relating 
to fast reactors have been solved, and considerable 
work has been done in the Soviet Union, the United 
States and the United Kingdom on the use of 

sodium as a heat-transfer medium in fast reactors. 
Moreover, sodium is already being used successfully 
in thermal reactors, e.g. the Hallam reactor in the 
United States. The safety problem in the case of 
fast reactors differs little from that of thermal 
reactors, and is sometimes considerably exaggerated. 
All these considerations justify a more rapid 
development of fast neutron reactors than is provi
ded for in certain programmes. 

H. J. BHABHA (Chairman): If I may attempt to 
sum up this session, it seems clear that the energy 
demand is going to increase very rapidly in the 
world as a whole and that it will, by the turn of 
the century, be about eight to ten times greater 
than at present. It is generally believed that nuclear 
energy, which is already competitive in certain areas, 
will provide an increasing amount of electric power 
and that, in some countries, it may provide as much 
as 50 per cent of the power produced by the end 
of the century. This may indeed be the position in 
the world as a whole. 

It has been stated that in many industrialized 
countries, where, incidentally, conventional power 
is relatively cheap, nuclear power stations whose 
capacity is greater than 500 MW would now be 
competitive. The paper I presented showed that in 
three quarters of India 200 MW nuclear power 
stations can, in present circumstances, be competi
tive. That is so, for example, on the west coast 
where we are constructing a power station with two 
190 MW boiling-water reactors. It is also the case 
in Rajasthan, where we are constructing a power 
station with two CANDU 200 MW reactors, and 
in the Madras area on the south-east coast of India. 
It is also clear that there may be other situations 
where even smaller-sized power stations might be 
justified and competitive. 

If I may say so, there is no form of power as 
expensive as no power, i.e., doing without power 
altogether. In a situation where industry is brought 
to a halt because there is not an adequate power 
supply, very expensive power is often justified. In 
such cases one has to consider whether one should 
construct conventional stations and import the fuel, 
or set up nuclear stations and import the fuel. This 
question gives rise to a very important economic 
consideration, especially in countries where there is 
a shortage of foreign exchange. Everyone knows 
that, in terms of cents per million Btu, energy pro
duced from nuclear fuel is much cheaper than that 
produced from conventional fuel. It may, for exam
ple, be as low as 14 cents per million Btu, whereas 
energy produced from coal costing, let us say, 
$4 a ton, would cost about 21 cents per million Btu. 
Thus the fact that a smaller amount of foreign 
exchange would be required to pay for nuclear fuel 
than for conventional fuel may tell in favour of 
atomic energy. 

Another point which seems to have emerged from 
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the discussion is that when we consider the cost of 
power produced by a particular type of reactor, 
we ought really not only to consider the reactor 
in isolation but the whole fuel cycle. This is 
particularly true in the case of breeder reactors and 
is a point which needs very considerable study. 
Furthermore, in assessing the capital investment 
required for setting up new types of reactor, account 
should be taken of the capital investment in sup
porting facilities. This too is particularly important 
in the case of breeder reactors, since reprocessing 
plants can only handle a certain amount of fuel and 
thus, when the number of breeder reactors is in
creased, more reprocessing plants are required. 

However, considerations of this kind apply not 
only to nuclear power. In a paper presented at 
the Geneva Conference in 1958, * my colleague, 
Dr. Prasad, and I discussed the cost of providing 

* Bhabha, H. J., and Prasad, N. B., A study of the coll
tributioll of atomic e11ergy to a power programme in India, 
Proceedings of the Second International Conference on the 
Peaceful Uses of Atomic Energy, P/1624, Vol. 1, p. 89, 
United Nations (1958). 
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nuclear power and conventional power. In India, 
for example, the quality of coal, which is relatively 
inferior, must be improved and washeries are used 
for this purpose. Thus the pro rata capital invest
ment in washeries must be taken into account. In 
the case of long-distance transport, account must 
also be taken of the pro rata capital investment in 
railway facilities. 

The tremendous technological effort that has been 
made since 1955 has already borne fruit. We know 
now that atomic power has come to stay. Indeed 
it would have become more competitive than it is 
already but for the fact that it has forced down 
the cost of conventional power: and I don't think 
it is given sufficient credit for the service it has 
rendered to humanity by doing so. Apart from that, 
it is quite clear that the cost of nuclear power has 
gone down much faster than the cost of conven
tional power. 

So much for the general picture. The technical 
aspects will be treated in greater detail at some of 
the technical sessions. 

Nouvelles donnees economiques. Besoins en energie pendant les annees a venir et mesure dans 
laquelle l'energie d'origine nucleaire peut y repondre 

President: H. J. Bhabha (lnde) 

Me moire P 17 41 (presente par H. J. Bhabha) 
Memoire P 1715 (presente par 0. A. Quihillalt) 
Me moire PI 559 
Me moire P 131 (presente par J. Cabanius) 

DISCUSSION DE GROUPE 

le role de l'energie d'origine nucleaire dans l'approvi
sionnement en energie d'autres pays 

J. P. BAXTER (Australie): En Australie, nous 
n'envisageons pas de produire immediatement de 
l'energie d'origine nucleaire; c'est pourquoi je me 
bomerai a parler du role futur de cette forme d'ener
gie, tel que nous l'envisageons. L'Australie est un 
pays tres etendu dont la population est peu nom
breuse; sa superficie est a peu pres celle des Etats-

Memoire PI 192 (presente par G. F. Tape) 
Memo ire P 1294 (presente par B. B. Batorov) 
Memoire P 11 (presente par W. B. lewis) 
Memoire P 1577 (presente par S. Komagata) 

Unis d'Amerique; sa population depasse a peine 
11 millions d'habitants, mais elle augmente rapide
ment. C'est un pays hautement industrialise; la con
sommation d'energie par habitant y est tres elevee 
et seule celle des Etats-Unis d'Amerique lui est 
nettement superieure. 

A certains egards, on peut dire que l'Australie 
est un pays sous-developpe; elle possede en effet de 
vastes ressources qui attendent d'etre exploitees. Le 
charbon est actuellement Ia principale source d'e
nergie. L' Australie possecte egalement des ressources 
hydroelectriques, quoique moins importantes, et 
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produit une faible quantite d'energie grace a des 
centrales thermiques chauffees au mazout. Les res
sources en charbon sont considerables et sont sur
tout situees dans la partie orientale du pays. On 
trouve egalement du charbon de qualite assez 
inferieure dans les regions meridionale et occi
dentale. 

Dans les zones industrielles les plus importantes, 
oil le charbon est abondant et peu couteux, de nou
velles centrales thermiques utilisant ce combustible 
peuvent actuellement produire de l'energie a un 
prix inferieur a 4 mills par kilowattheure, ce qui 
serait difficilement realisable avec des centrales nu
cleaires. La situation se complique encore du fait 
qu'il serait aujourd'hui peu pratique, dans Ia plupart 
des Etats, d'incorporer de grosses centrales nu
cleaires dans le reseau de distribution. II se pourrait 
que, dans un avenir relativement proche, on puisse 
integrer dans le reseau de la Nouvelle-Galles du 
Sud, et un peu plus tard dans celui de l'Etat de 
Victoria, des centrales d'une puissance superieure a 
500 MW, mais dans la plupart des autres Etats il 
faudra limiter la puissance a 200 MW. Dans ces 
circonstances, il ne semble pas qu'il y ait un interet 
immediat a construire et a exploiter des centrales 
nucleaires. En revanche, il est probable que l'ener
gie nucleaire sera appelee, en fin de compte, a 
jouer un role important dans le developpement de 
l'Australie, a cause de la distribution geographique 
des mines de charbon et de la rapidite de !'expan
sion demographique. 11 pourrait deja en etre ainsi 
dans la prochaine decennie en Australie meridionale, 
oil il ne serait pas impossible qu'une centrale de 
200 MW fonctionnat vers 1975. Evidemment, cela 
ne sera pas le cas si les travaux de prospection du 
petrole et du gaz nature! donnent d'excellents resul
tats dans cet Etat. La Tasmanie, oil l'on utilise 
presque exclusivement l'energie hydroelectrique, est 
un autre Etat oil !'on pourrait assez prochainement 
recourir a l'energie d'origine nucleaire. On sera 
bient6t arrive a Ia limite maximale d'exploitation 
de l'energie hydroelectrique, de telle sorte que l'on 
peut fort bien envisager Ia possibilite de construire 
en Tasmanie une centrale nucleaire de 200 MW 
pendant la prochaine decennie. 

Outre les reseaux publics de production d'energie, 
qui sont tous exploites par les services competents 
des divers Etats et ne sont pas interconnectes (a 
!'exception d'une ligne qui reunit l'Etat de Victoria 
et la Nouvelle-Galles du Sud a travers les Snowy 
Mountains), on enregistre, dans un ou deux cas 
particuliers, des demandes isolees d'energie d'une 
certaine importance. Dans le nord et le nord-ouest 
du pays, on a decouvert des gisements de bauxite 
tres importants et !'on envisage serieusement de 
construire des fabriques d'aluminium. Dans ce cas, 
il faudra recourir a l'energie nucleaire, ce qui justi
fierait Ia construction d'une centrale importante 
ayant de grandes possibilites d'expansion. Dans 

d'autres regions de l'interieur, la ville de Mount Isa 
par exemple, oil l'on extrait le cuivre, !'argent, le 
plomb et le zinc, et oil Ia demande de puissance 
pourrait atteindre 100 MW, il est fort possible que 
l'on doive recourir a l'energie d'origine nucleaire a 
cause des grandes distances sur lesquelles l'autre 
combustible utilise, le charbon, doit etre trans
porte. 

Ainsi, on peut dire que le programme australien 
de production d'energie est un programme a long 
terme. Nous nous interessons de tres pres aux tra
vaux entrepris dans d'autres regions du monde en 
vue de reduire le prix de revient de l'energie d'ori
gine nucleaire et nous sommes tres satisfaits des 
efforts deployes a cette fin au Canada, aux Etats
Unis, en Grande-Bretagne et ailleurs. De notre point 
de vue, il serait extremement utile que cette tache 
soit menee a bien. II n'en reste pas mains que, dans 
ce domaine, les activites que nous avons entreprises 
sont a longue echeance et que les etudes auxquelles 
nous procedons sont consacrees presque exclusive
ment a un systeme de reacteur tres avance, qui est 
encore a l'etat de projet quelque peu hypothetique. 
Nous avons encore du temps devant nous. 

Bien que dans notre cas le probleme du dessale
ment de l'eau de mer ne se pose pas de fa<;on 
urgente, nous serons a la longue amenes a nous y 
interesser, car l'Australie est un des continents les 
plus arides du monde. 

Nous continuous a nous interesser a la produc
tion d'uranium et nous en produisons encore. Nous 
poursuivons egalement notre programme de pros
pection afin d'augmenter nos reserves. Nous sommes 
persuades que notre pays est, en puissance, un gros 
producteur d'uranium a bon marche, ainsi que de 
thorium, et nous continuons de plus en plus vigou
reusement nos travaux dans ce domaine malgre la 
baisse actuellement enregistree sur le marche. 

J. NEUMANN (Tchecoslovaquie): Je voudrais de
crire rapidement les caracteristiques economiques 
essentielles de la situation de la production d'energie 
en Tchecoslovaquie, qui nous a convaincus de la 
necessite de construire des centrales nucleaires, et 
exposer notre attitude fondamentale en ce qui con
cerne les techniques de !'utilisation de l'energie 
atomique a des fins pacifiques. 

La Republique socialiste tchecoslovaque est un 
pays industrialise. L'expansion de son economic se 
fait rapidement, ce qui permettra d'augmenter pro
gressivement le niveau de vie et de favoriser le 
developpement culture!. De ce fait, nous avons deja 
besoin et nous continuerons d'avoir besoin d'abon
dantes ressources en energie, afin de faire face aux 
besoins de l'industrie et de Ia collectivite. On s'at
tend que, dans les 15 prochaines annees, la con
sommation globale d'energie primaire double ap
proximativement. Une des caracteristiques essen
tielles de !'evolution de la structure de la consom-
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mation est le developpement plus rapide encore de 
la production d'energie de sources classiques, d'e
lectricite notamment, production qui atteindra 55 
a 60 milliards de kilowattheures environ en 
1970 et 110 a 115 milliards de kilowattheures 
en 1980. 

Actuellement, et pour un certain temps encore, 
la principale source d'energie en Tchecoslovaquie 
est le lignite de qualite inferieure, qui permet d'as
surer 90% de la production globale d'electricite. 
Les gisements de charbon utilisable pour la pro
duction d'energie sont concentres surtout dans la 
region nord-ouest du pays, et c'est done dans cette 
region que sont situees la plupart des centrales ther
miques. Etant donne que !'extraction du charbon 
se fait dans des conditions naturelles de plus en 
plus mauvaises, que les reserves sont limitees et 
reparties irregulierement dans le pays, le developpe
ment de la production d'energie electrique a partir 
des combustibles fossiles locaux se heurte a d'enor
mes difficultes techniques et economiques. Comme 
les gisements geologiques exploitables sont limites, 
la production des centrales thermiques ne pourra pas 
augmenter a un rythme suffisant pendant les 10 
ou 15 prochaines annees et cessera probablement 
d'augmenter a la fin de cette periode. 

Pour faire face a cette situation, nous augmentons 
continuellement nos importations d'energie, qui 
representeront en 1965 pres de 20% de toutes les 
ressources primaires, et s'accroitront encore par la 
suite. Parallelement, nous preparons un programme 
d'utilisation generalisee de l'energie atomique en 
vue de la production industrielle d'electricite. 

Pour ce programme, on utilisera surtout des reac
teurs nucleaires a uranium nature}, moderes a l'eau 
lourde et refroidis au gaz carbonique; on construit 
actuellement a Bohunice un prototype industriel 
d'une puissance de 150 MW(e). Les parametres 
techniques de cette nouvelle centrale sont bien 
connus; ils ont ete donnes dans plusieurs memoires 
presentes a Ia deuxieme Conference internationale 
sur !'utilisation de l'energie atomique a des fins 
pacifiques, en 1958 *· Certains des problemes tech
niques que pose Ia construction d'un reacteur de 
ce type seront analyses au cours de Ia presente 
Conference**· Les problemes scientifiques et tech
niques fondamentaux ont deja ete resolus et Ia 
centrale devrait etre mise en service d'ici a 1968. 

Nous estimons maintenant que les reacteurs du 
type mentionne peuvent servir de base a un pro
gramme de construction de centrales nucleaires 
pendant les 10 ou 15 prochaines annees. L'expe-

*Voir, par exemple, Actes de la deuxieme Conference 
internationale sur !'utilisation de l'energie atomique a des 
fins pacifiques, P /2092, vol. 5, p. 263-269, et Proceedings 
of the Second International Conference on the Peaceful 
Uses of Atomic Energy, P/2094, vol. 9, p. 34-44. 

**Voir, par exemple, dans les presents Actes, P/522, 
vol. 8, et P/523, vol. 5. 
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rience acquise grace a Ia solution des problemes 
scientifiques et techniques poses par Ia construction 
de Ia premiere centrale nucleaire, et les recherches 
et les travaux techniques entrepris par Ia suite, nous 
ont conduits a la conclusion que les centrales de 
cette categorie peuvent produire de l'energie elec
trique dans des conditions economiques satisfai
santes. C'est ainsi que pour Ia deuxieme centrale 
de ce type, qui sera pourvue de deux reacteurs 
d'une puissance de 200 MW(e) chacun, les inves
tissements de capitaux seront de 40% moins eleves 
que dans le cas du prototype. Le prix de revient de 
l'energie electrique produite par cette centrale de
vrait etre a peu pres le meme que le prix de revient 
moyen de l'energie electrique distribuee par le 
reseau du Conseil central de l'energie. Si l'on aug
mente par Ia suite Ia puissance des reacteurs - nous 
croyons possible d'atteindre 400 MW(e) - le prix 
de revient de l'energie produite par les centrales 
nucleaires devrait etre comparable a celui de l'ener
gie qui sera produite en 1975 par les centrales 
thermiques classiques les plus perfectionnees. C'est 
pourquoi nous pensons actuellement qu'en utilisant 
des centrales nucleaires d'un type bien determine 
il devrait etre possible de combler des 1980 une 
grande partie du deficit energetique prevu, et que 
ces centrales pourront produire alors 15% environ 
de l'energie electrique dont le pays aura besoin dans 
une conjoncture economique favorable. 

Comme Ia plupart des pays qui etudient les pro
blemes que pose !'utilisation de l'energie atomique, 
nous estimons que, dans un avenir plus eloigne, il 
sera possible de produire de l'energie electrique avec 
des reacteurs a neutrons rapides, ce qui permettra 
d'utiliser plus completement les disponibilites en 
combustibles nucleaires, dans des conditions tech
niques et economiques favorables. 

Dans l'etablissement et !'execution de notre pro
gramme, nous attendons beaucoup de la coopera
tion internationale, en particulier de celle de 
l'Union sovietique, qui ne nous menage pas son 
assistance. 

H. VON BULow (Danemark): La situation de la 
production d'energie au Danemark peut, en gros, 
se resumer comme suit. Premierement, le Danemark 
ne dispose que de reserves insignifiantes de combus
tibles classiques; deuxiemement, son approvisionne
ment en energie depend entierement de la situation 
du marche mondial, et, troisiemement, ce sont les 
considerations d'ordre economique qui priment pour 
ce qui est de la production d'electricite d'origine 
nucleaire, puisque nous n'envisageons d'utiliser 
l'energie atomique qu'a des fins pacifiques. 

Nous suivons de pres revolution des ressources 
et des besoins en energie de !'ensemble du monde 
et nous avons constate, en particulier, que trois 
facteurs entrent en jeu: a) la consommation d'ener
gie par habitant ne cesse de croitre, meme dans 
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les pays les plus developpes; b) Ia population mon
diale continue d'augmenter, et c) les besoins en 
energie des pays en voie de developpement aug
mentent egalement. A cet egard, il importe de tenir 
compte de plusieurs considerations. Tout d'abord, 
ce n'est que si l'on utilise des reacteurs surgene
rateurs que l'energie nucleaire permettra de re
pondre dans une mesure suffisante aux besoins en 
energie de l'ensemble du monde. Ensuite, lorsque 
l'on evalue les besoins mondiaux a long terme, il 
faut tenir compte des effets de la saturation, sans 
presumer pour autant qu'ils freineront !'augmen
tation de la consommation mondiale d'energie pen
dant les prochaines decennies. En outre, il existe 
une forte marge d'erreur, qui est au moins de l'ordre 
de 30 a 100 annees, dans les evaluations du temps 
qu'il faudra pour epuiser toutes les ressources eco
nomiquement exploitables de combustibles clas
siques. Entin, il existe d'autres facteurs dont i1 con
vient de tenir compte, notamment le delai qu'il 
faudra pour perfectionner la technologie des reac
teurs surgenerateurs au point que leur exploitation 
soit economiquement viable, et la determination du 
taux de regeneration qui peut etre atteint dans des 
conditions rentables. 

Ces diverses considerations, qui laissent d'ailleurs 
de cote certains autres facteurs importants, nous ont 
persuades qu'un pays comme le Danemark devra 
proceder a des investissements dans 1e domaine de 
la production d'energie nucleaire aussit6t que cela 
sera justifie du point de vue economique, compte 
tenu des progres qui sont encore a realiser. Nous 
pensons egalement que les pays les plus developpes 
devraient s'attacher a favoriser les progres techno
logiques afin que l'energie d'origine nucleaire puisse 
reellement concurrencer, sur le plan economique, 
l'energie provenant des combustibles fossiles. Nous 
croyons done que le Danemark doit prendre sa part, 
aussi modeste soit-elle, des efforts depfoyes en vue 
d'atteindre cet objectif. 

I. H. UsMANI (Pakistan): II est, je crois, univer
sellement reconnu que l'energie atomique doit dore
navant etre consideree comme une nouvelle forme 
exploitable d'energie, et que les tendances qui 
marqueront a l'avenir le developpement de la tech
nique nucleaire permettront probablement de cons
truire des reacteurs plus efficaces et plus rentables. 
Je constate toutefois que les pays industrialises 
attachent une grande importance au caractere con
currentiel de l'energie nucleaire, et ne mentionnent 
jamais que les grands reacteurs et que les enormes 
quantites d'energie que ceux-ci mettront a la dis
position de leurs reseaux nationaux de distribution. 
Pour le Pakistan, ces considerations sont purement 
theoriques: pour no us, les questions de concurrence 
ne se posent pas, car nous avons besoin d'energie 
pour assurer notre developpement economique, quel 
qu'en soit le cout. 

Le Pakistan compte environ 98 millions d'habi
tants. II fait partie du sous-continent indo-pakis
tanais et est divise en deux provinces principales: 
le Pakistan oriental, dont la population est de 
54 millions d'habitants, et le Pakistan occidental, 
avec une population de quelque 44 millions d'habi
tants. Au Pakistan oriental les conditions clima
tiques et geographiques sont les memes que dans 
l'Asie du Sud-Est, tandis qu'au Pakistan occidental 
elles se rapprocheraient plut6t de celles du Moyen
Orient. 

Le Pakistan oriental est une contree humide, 
verdoyante et fertile; c'est une des regions les plus 
peuplees du monde. Comme aux Pays-Bas, le paten
tiel hydroelectrique y est presque nul. La plus 
grande partie du pays est occupee par un delta, 
entoure d'une region plate qui s'etend du pied de 
!'Himalaya, au nord, jusqu'au golfe du Bengale, 
avec une denivellation totale de quelque 58 pieds. 
II existe un faible potentiel hydroelectrique, de 
100 MW approximativement, dans les collines de 
Karnaphuli, aux environs des Chittagong Hill Tracts, 
pres de la frontiere birmane; un barrage a deja ete 
construit en cet endroit. Jusqu'a present, on n'a 
pas decouvert de petrole dans la region, ni de gise
ments de charbon. On n'y a trouve qu'une faible 
quantite de gaz nature!, que l'on utilise pour pro
duire de l'energie et a d'autres fins. Meme si toutes 
les reserves connues de gaz du Pakistan oriental, 
qui se trouvent concentrees dans une moitie de la 
province, etaient utilisees pour produire de l'elec
tricite - energie dont nous avons un besoin urgent 
etant donne que la consommation annuelle par habi
tant dans la province est de 15 kWh contre 4 000 
a 5 000 kWh aux Etats-Unis ou au Canada -Ia 
puissance totale que l'on pourrait obtenir pendant 
toute la duree de !'exploitation des centrales serait 
de 700 MW environ. En outre, ces reserves ne 
peuvent pas etre utilisees exclusivement pour la 
production d'energie: nous en avons egalement 
besoin pour l'industrie des engrais, l'industrie petro
chimique, etc. Meme si nous consacrions 50% de 
ces reserves a la production d'energie, la puissance 
ainsi obtenue ne depasserait pas quelque 350 MW, 
ce qui permettrait seulement de repondre aux 
besoins des usines dont on a deja approuve ou 
prevu la construction au Pakistan oriental d'ici a 
1970. Six ans apres la mise en service d'une cen
trale de 350 MW alimentee au gaz, toutes les 
reserves de gaz nature! seraient epuisees. II ne suffi
rait pas d'augmenter les importations de petro1e, 
puisque l'energie produite en utilisant du petrole 
importe coute environ 79 cents des Etats-Unis par 
million de Btu. Nous devons done rechercher 
d'autres solutions. Gnke a des etudes executees 
avec l'assistance de l'Agence internationale de 
l'energie atomique et de nombreux bureaux de con
sultants de reputation mondiale, nous avons decou
vert que, dans 1a partie occidentale de la province, 
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completement depourvue de toute ressource ener
getique, une centrale nucleaire utilisant un reacteur 
a eau bouillante ou a eau sous pression, d'un type 
ayant fait ses preuves, pourrait, avec une puissance 
de 70 MW, produire de l'energie qui reviendrait a 
9 ou 10 mills le kilowattheure. 

Le Pakistan occidental dispose d'un potentiel 
hydroelectrique assez important, malheureusement 
concentre dans les regions montagneuses du nord et 
du nord-ouest, qui sont virtuellement inaccessibles. 
Meme si nous continuions a construire chaque de
cennie des centrales hydroelectriques ayant une 
puissance globale de 2 500 MW environ (ce qui 
est un chiffre extremement eleve), la puissance totale 
a la fin du siecle ne depasserait pas quelque 
10 000 MW. Compte tenu de tous les gisements 
disponibles de charbon et de gaz, ainsi que des 
petits gisements de petrole, la puissance disponible 
sur une periode de 35 a 40 ans serait inferieure de 
8 000 MW environ aux besoins, a supposer que 
d'ici a 1980 la consommation par habitant double 
tous les six ans. J e dois preciser que, si par la suite 
la consommation par habitant ne doublait que tous 
les dix ans, elle ne serait toujours que de 900 a 
1 000 kWh par an environ a la fin du siecle, c'est
a-dire a peu pres egale a la consommation actuelle 
au Japon. 

C'est pourquoi nous avons decide de construire a 
Karachi un reacteur a eau lourde de 132 MW, et 
un reacteur a eau Iegere de 70 MW a Rooppur dans 
le Pakistan oriental. Nous examinons actuellement 
les soumissions qui ont ete faites, et nous esperons 
que les negociations entreprises avec des pays amis 
en vue d'obtenir une assistance financiere seront 
prochainement menees a bonne fin, ce qui permettra 
a mon pays, pour lequel il n'est pas d'autre solution 
possible, de mettre en reuvre le programme envi
sage, qui est tres modeste. 

K. E. EFFAT (Republique arabe unie): La Repu
blique arabe unie entreprend actuellement !'execu
tion d'un programme intensif de developpement, 
qui devrait permettre de doubler le revenu national 
tous les dix ans. A cette fin, nous avons prepare un 
vaste programme d'industrialisation et de mise en 
valeur des terres, en vue de repondre aux besoins 
d'une population qui augmente rapidement. Pour 
executer ce programme et pour faire face a la 
demande croissante d'energie, il est essentiel que 
toutes les ressources energetiques disponibles dans le 
pays soient pleinement exploitees. 

La puissance installee globale des centrales hydro
electriques et des centrales thermiques du type clas
sique, compte tenu des 2 100 MW(e) que produira 
la centrale du Haut barrage, atteindra 4 000 MW 
en 1970, alors qu'elle n'etait que de 400 MW en 
1952. Cela signifie que l'energie produite aura passe 
de 1 milliard de kWh en 1952 a 11 milliards de 
kWh en 1970, ce qui signifie que, pendant cette 
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periode, l'energie produite par habitant passera de 
4 7 a 350 kWh. Les etudes economiques detaillees 
et les etudes de viabilite qui ont ete faites montrent 
que, malgre cette augmentation, la puissance ins
tallee ne permettra de repondre aux besoins du pays 
que jusqu'en 1972, apres quoi il faudra accroitre 
la puissance installee de 150 a 200 MW(e) en 
moyenne par an. 

Etant donne les progres actuels de la technologie 
dans ce domaine, on s'attend que d'ici a 1970 les 
centrales nucleaires pourront etre exploitees dans 
des conditions economiques beaucoup plus favo
rables, surtout les grandes centrales. Ainsi, nous 
envisageons de mettre en reuvre dans mon pays 
pendant la prochaine decennie un programme de 
plus en plus vaste de production d'energie d'origine 
nucleaire. Nous avons done decide de construire 
notre premiere centrale nucleaire, dont la puissance 
nette sera de 150 MW(e). Cette centrale sera incor
poree au reseau de distribution de 220 kV, et devrait 
entrer en service en 1969. Elle sera couplee avec 
une usine de fabrication d'elements de combustible 
et une usine de dessalement prevue pour traiter 
20 000 m3 d'eau par jour. 

Dans les conditions actuelles, les centrales nu
cleaires de la taille de celles dont nous envisageons 
la construction en Republique arabe unie ne sont 
pas dans une position concurrentielle favorable par 
rapport aux centrales thermiques de type classique, 
mais ce projet est entrepris en vue de permettre a 
mon pays de se familiariser avec les techniques de 
la production d'energie nucleaire, d'acquerir !'expe
rience necessaire et de former un personnel rompu 
aux diverses disciplines indispensables pour pouvoir 
faire face aux besoins crees par la mise en reuvre, 
dans les annees 80, d'un programme de production 
d'energie nucleaire dont !'importance ira croissant. 
En outre, des travaux de recherche seront entrepris 
en ce qui concerne les aspects economiques de la 
production et de !'utilisation d'eau dessalee dans les 
regions desertiques. Nous donnerons des details 
complementaires a ce sujet devant le groupe de dis
cussion competent qui doit se reunir vers la fin de 
la Conference. 

On a deja choisi !'emplacement de la centrale 
nucleaire, qui sera situee au bord de la mer Medi
terranee, a quelque 30 km a l'ouest d'Alexandrie. 
Les travaux d'amenagement sont en cours et la 
construction commencera aussitot que les soumis
sions auront ete faites en reponse a !'invitation de 
la Direction de l'energie atomique de la Republique 
arabe unie. 

L. C. PRADO (Bresil): J e voudrais signaler cer
tains facteurs qui, ces dernieres annees, ont infiue 
sur la production d'energie au Bresil. Ces facteurs 
prennent une importance particuliere lorsqu'on les 
etudie dans le contexte des plans actuels de pro
duction d'energie electrique et de !'utilisation even-
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tuelle de l'energie atomique dans certaines regions 
du Bresil. 

Si l'on veut se faire une idee exacte des besoins 
du Bresil en energie electrique, il faut tenir compte 
des facteurs suivants: a) l'energie produite est tres 
insuffisante; b) la demande augmente avec 1' accrois
sement de la population et !'industrialisation rapide 
du pays; c) les ressources en charbon sont insuffi
santes et de mauvaise qualite; d) la quantite de 
petrole extraite des gisements connus est limitee, 
et e) il existe des ressources hydroelectriques qui ne 
sont pas encore exploitees. 

Ces trois derniers facteurs expliquent pourquoi 
la puissance installee est actuellement presque exclu
sivement hydraulique. On utilise des centrales ther
miques de type classique uniquement pour com
pleter les reseaux hydroelectriques dans les regions 
les plus industrialisees, ou pour repondre aux 
besoins locaux. Dans ce dernier cas, il s'agit gene
ralement de petites centrales. 

Ces dernieres annees, un evenement s'est produit 
qui a conduit les pouvoirs publics a faire preuve de 
moins d'optimisme quant au potentiel hydroelec
trique du pays et a reviser leurs idees touchant 
!'importance possible des centrales thermiques. On 
a decouvert, en effet, que les reserves d'eau de la 
retenue destinee a alimenter une grosse centrale 
hydroelectrique de l'une des regions les plus indus
trialisees du pays etaient presque epuisees. La rete
nue, qui est situee pres de la ville de Sao Paulo, 
se compose d'une serie de lacs artificiels relies entre 
eux, alimentes par l'eau de pluie et par certains 
cours d'eau situes en contre-bas. L'eau est pompee 
a une hauteur de 30 m environ. La retenue se 
trouve au bord d'un plateau de 720 m de haut, au 
pied duquel a ete construite il y a 35 ans une cen
trale electrique, dont la puissance installee a aug
mente progressivement pour atteindre maintenant 
800 MW. La maniere dont l'eau est utilisee est tres 
ingenieuse, mais le fonctionnement de la centrale 
depend essentiellement des precipitations. Comme 
les cinq dernieres annees ont ete extremement 
seches, le niveau moyen de la retenue a baisse regu
lierement, de sorte qu'en 1963 l'eau accumulee 
representait moins de 5% de la capacite theorique 
du reservoir. II a done fallu, pour assurer la charge 
de base, utiliser une centrale thermique de 400 
MW(e) situee a Piratininga (facteur d'utilisation 
allant jusqu'a 90% ), qui a l'origine etait essentielle
ment destinee a assurer les charges de pointe. La 
situation de l'industrie locale est devenue a ce point 
critique qu'il fallut redoubler d'efforts pour achever 
au plus vite la construction d'une centrale hydro
electrique assez eloignee (Furnas) et etablir les lignes 
d'interconnexion necessaires, afin de faire face a 
la demande d'energie. On a du proceder egalement 
a des echanges de charges a l'interieur de la region. 
Tout cela n'a toutefois pas permis d'eviter certaines 
mesures de rationnement. La centrale thermique en 

question est de type classique, chauffee au mazout. 
Des etudes ont ete entreprises aux fins de deter
miner dans queUe mesure il serait possible d'ins
taller une puissance supplementaire de 500 MW(e) 
d'origine thermique, dont la moitie serait produite 
par une nouvelle centrale de type classique utilisant 
du charbon bresilien, et l'autre moitie par une cen
trale nucleaire. 

II y a un an et demi, un comite d'Etat a ete 
charge de coordonner les etudes sur les besoins en 
energie de !'ensemble de la region centrale et meri
dionale du Bresil, qui est la plus industrialisee du 
pays. Ce comite a deja recommande plusieurs 
mesures qui permettraient de faire face a la plus 
grande partie des besoins de pointe jusqu'en 1970 
(compte tenu d'un deficit energetique persistant de 
500 MW environ, qui pourrait etre comble grace a 
des centrales thermiques). Les centrales nucleaires 
pourraient jouer un role dans le cadre general de 
ce programme. 

Je voudrais egalement preciser que les reseaux 
les plus importants des regions centrale et meri
dionale du pays sont progressivement relies entre 
eux en vue de creer un vaste systeme de reseaux 
interconnectes. Au stade initial, le reseau ne sera 
pas circulaire, comme cela est possible dans d'autres 
regions ou dans d'autres pays; sous sa forme defini
tive, il se composera d'un certain nombre de sys
temes circulaires, relies entre eux par des lignes 
d'interconnexion appropriees. II convient de sou
ligner que les travaux en vue d'assurer une inter
connexion complete des deux principaux centres de 
charge du Bresil, Rio de Janeiro et Sao Paulo, qui 
ne sont eloignes que de 400 km, ont du etre recules 
d'annee en annee, car ces deux villes utilisent des 
frequences differentes, soit 50 et 60 Hz respective
ment. Sur la recommandation du comite d'Etat dont 
nous venous de parler, un plan visant a porter de 
50 a 60 Hz la frequence utilisee a Rio de Janeiro 
a recemment ete approuve. La population de la 
region interessee est actuellement informee des mo
difications qui devront etre apportees aux appareils 
domestiques. 

Alors que le reseau interconnecte est en voie 
d'achevement, il devient de plus en plus evident 
qu'il faudra augmenter la production d'energie en 
utilisant des centrales thermiques et, a cet egard, on 
devrait envisager la possibilite d'utiliser de l'energie 
d'origine nucleaire. 

Je voudrais egalement faire quelques observations 
sur le probleme que pose la distribution d'electricite 
dans la region nord-est du Bresil, ou existe une 
grande centrale hydroelectrique d'environ 400 MW. 
Cette centrale utilise le debit du Sao Francisco, qui 
est tres fort, ainsi que les chutes naturelles de Paulo 
Afonso. Ces chutes comptent parmi les plus spec
taculaires du pays, mais elles sont situees a quelque 
500 km du centre geographique de la region a 
alimenter en energie. Les pertes qui se produisent 
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au cours du transport et le prix de revient pour
raient justifier Ia construction dans un avenir proche 
d'une ou de plusieurs centrales nucleaires qui 
produiraient de l'energie a !'intention des zones 
les plus isolees de cette region. En outre, !'indus
trialisation de certains districts, ceux de Fortalesa 
et de Recife notamment, pourrait etre acceleree s'ils 
disposaient d'energie produite par des centrales 
independantes. lei encore, il pourrait etre avan
tageux d'utiliser de l'energie d'origine nucleaire. 

DISCUSSION GENERALE 

A. EL-GuEBEIL Y (Republique arabe unie): Dans 
le memoire (P/741) qu'a presente M. Bhabha, les 
conclusions concernant l'lnde sont tres importantes 
pour les pays en voie de developpement. Au sujet 
de la conclusion selon laquelle le reacteur CANDU 
de 200 MW peut, dans certaines regions de l'Inde, 
faire concurrence aux centrales thermiques de type 
classique, je voudrais souligner qu'il semble gene
ralement admis qu'un reacteur a eau sous pression, 
a eau bouillante ou a refroidissement par un gaz 
ne peut pas faire concurrence aux modes classiques 
de production d'energie si sa puissance est infe
rieure a 500 MW(e). 

H. J. BHABHA (lnde): En general, dans les pays 
industrialises, l'energie atomique peut faire concur
rence aux autres formes d'energie si l'on utilise des 
reacteurs de 500 MW(e) au moins. Dans certaines 
circonstances, toutefois, cela est possible avec des 
reacteurs moins puissants. C'est le cas notamment 
des reacteurs de 200 MW(e) du type Tarapur ou 
CANDU dans les regions de l'Inde ou il faudrait 
transporter, par rail ou par mer, sur des distances 
de 500 milles au moins, le charbon destine aux 
centrales de type classique. En outre, le pouvoir 
calorifique du charbon utilise en Inde pour la pro
duction d'energie ne depasse pas 9 000 Btu par 
livre. 

T. G. CHURCH (Canada): Dans les etudes econo
miques sur les reacteurs a neutrons rapides, quel 
est le taux d'interet prevu en Union sovietique 
pour les capitaux considerables investis dans les 
stocks de combustible destines aux reacteurs de 
ce type? 

A. M. PETROSYANTS (URSS): Les caracteristiques 
economiques des reacteurs a neutrons rapides sou
levent des questions si complexes, si delicates du 
point de vue technique et d'une portee si vaste que 
le temps dont nous disposons a la presente seance 
ne permettrait pas de donner toutes les explications 
techniques necessaires. J e pense que ce point devrait 
etre examine en detail a la seance qui sera speciale
ment consacree aux reacteurs rapides (seance tech
nique 1.4). Nombre de savants et d'experts n'ont pu 
se mettre d'accord sur cette question, au sujet de 
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laquelle je ne crois d'ailleurs pas que l'unanimite 
puisse se faire. 

B. SAITCEVSKY (France): QueJ role joueront }es 
reacteurs de type Magnox avance dans le pro
gramme du Royaume-Uni? S'ils ne doivent jouer 
aucun role, que! est le sens de !'effort de deve
loppement dont ils font l'objet et dont il est ques
tion dans certains memoires presentes par le 
Royaume-Uni? 

Sir William PENNEY (Royaume-Uni): Les reac
teurs du type Magnox qui sont construits actuelle
ment fonctionneront pendant 20 ou 30 ans au 
moins. Apres l'achevement du programme en cours, 
le Royaume-Uni n'a pas !'intention d'en construire 
d'autres, mais les travaux de recherche et de deve
loppement dont ils font l'objet sont tres utiles car 
ils aideront pour une grande part a mettre au point 
les reacteurs avances a refrigerant gazeux (AGR) 
et les reacteurs a refrigerant gazeux a haute tempe
rature (HTGC). 

0. D. KAZACHKOVSKY (URSS): 11 me semble que 
certains des memoires presentes a cette seance font 
preuve d'une prudence exageree en ce qui concerne 
les reacteurs a neutrons rapides. On a affirme que 
le developpement industriel de ces reacteurs prendra 
10, 20 ou me me 100 ans et que d'ici la on utilisera 
les convertisseurs a neutrons thermiques pour pro
duire du plutonium. Cela n'est pas souhaitable. Les 
reacteurs a neutrons rapides sont les meilleurs con
vertisseurs qui soient, a condition bien entendu que 
l'on dispose d'uranium enrichi. II est bien connu 
que, dans ces reacteurs, le coefficient de conversion 
augmente proportionnellement au taux de combus
tion, alors qu'il diminue dans le cas des reacteurs 
thermiques. D'apres les evaluations effectuees dans 
le domaine economique, les reacteurs a neutrons 
rapides ne reviennent pas plus cher que les reac
teurs thermiques. Les principaux problemes techno
logiques que posent ces reacteurs ont ete resolus et 
des travaux tres importants ont deja ete effectues 
en Union sovietique, aux Etats-Unis et au Royaume
Uni en ce qui concerne !'utilisation du sodium 
comme caloporteur dans les reacteurs rapides. En 
outre, on a deja utilise le sodium avec succes dans 
des reacteurs thermiques, par exemple dans le reac
teur Hallam aux Etats-Unis. Dans le cas des reac
teurs rapides, le probleme de la securite est a peu 
pres le meme que dans celui des reacteurs ther
miques, et il est parfois tres exagere. De toutes ces 
considerations, il ressort qu'il faudrait developper 
les reacteurs a neutrons rapides plus vite que ne 
le prevoient certains programmes. 

H. J. BHABHA (President): Si je puis me per
mettre de resumer la discussion, il parait evident 
que la demande d'energie va s'accroitre tres rapide
ment dans }'ensemble du monde, et qu'a la fin du 



124 RECORD OF SESSION B COMPTE RENDU DE LA SEANCE B 

siecle elle sera huit a dix fois plus elevee que main
tenant. Il est reconnu generalement que l'energie 
nucleaire, qui dans certaines regions peut deja faire 
concurrence aux autres formes d'energie, permettra 
d'assurer la production d'une quantite croissante 
d'energie electrique, et que dans certains pays 50% 
au mains de l'energie qui sera produite a la fin du 
siecle sera d'origine nucleaire. C'est ainsi que l'on 
peut, me semble-t-il, resumer la situation dans !'en
semble du monde. 

On a affirme que, dans bon nombre de pays 
industrialises, ou d'ailleurs l'energie de sources 
classiques est relativement bon marche, les cen
trales nucleaires dont la puissance depasse 500 MW 
seraient des a present dans une position concurren
tielle favorable. Le memoire que j'ai presente 
indique que, dans les trois quart de l'Inde, les cen
trales nucleaires de 200 MW peuvent, dans les 
circonstances actuelles, faire concurrence aux autres 
types de centrale. C'est le cas sur la cote ouest, ou 
nous construisons actuellement une centrale equipee 
de deux reacteurs a eau bouillante de 190 MW. 
C'est egalement le cas au Rajasthan, ou nous cons
truisons une centrale equipee de deux reacteurs 
CANDU de 200 MW, ainsi que dans la region de 
Madras sur la cote sud-ouest du pays. Il est evident 
en outre qu'il peut exister d'autres situations ou 
meme des centrales de puissance plus petite peuvent 
se justifier et etre viables economiquement. Il 
n'existe pas, si je puis dire, d'energie plus onereuse 
que la « non-energie », c'est-a-dire le fait de se 
passer completement d'energie. Lorsque les entre
prises industrielles cessent de fonctionner faute 
d'approvisionnement suffisant en energie, il est 
souvent justifie de recourir a de l'energie de prix de 
revient tres eleve. En l'occurrence, on a le choix 
entre deux solutions: soit construire des centrales 
de type classique et importer le combustible, soit 
construire des centrales nucleaires et importer le 
combustible. Ce choix pose des problf:mes econo
miques tres importants, surtout dans les pays qui 
manquent de devises. Il est notoire qu'envisagee du 
point de vue du cm1t par million de Btu, l'energie 
d'origine nucleaire est bien meilleur marche que 
l'energie provenant de sources classiques. Elle peut 
ne cauter que 14 cents par million de Btu, alors 
que l'energie produite par des centrales utilisant du 
charbon, qui revient, par exemple, a 4 dollars la 
tonne, coutera environ 21 cents par million de Btu. 
Ainsi, le fait que l'achat de combustible nucleaire 
exige une depense moindre en devises que l'achat 
de combustible classique pourrait militer en faveur 
de l'energie atomique. 

Une autre conclusion semble ressortir de la dis
cussion: lorsque no us examinons le prix de revient 
de l'energie produite par un reacteur d'un type 

donne, nous ne devons pas nous bomer a l'etude du 
seul reacteur, mais nous devons considerer le cycle 
complet de l'approvisionnement en combustible. 
Cela est particulierement vrai dans le cas des reac
teurs surgenerateurs, et c'est la un point qui merite 
d'etre etudie tres attentivement. En outre, lorsque 
l'on evalue les investissements necessaires pour 
construire des reacteurs de type nouveau, il faut 
tenir compte des investissements necessites par les 
services et installations connexes. Cela est aussi tres 
important dans le cas des reacteurs surgenerateurs 
puisque les usines procedant a la regeneration du 
combustible ne peuvent traiter qu'une quantite 
limitee de combustible et qu'il faut augmenter le 
nombre de ces usines lorsqu'on augmente celui des 
reacteurs. 

Toutefois, les considerations de ce genre ne 
valent pas seulement pour l'energie d'origine nu
cleaire. Dans un memoire que nous avons presente 
a la Conference de Geneve de 1958*, mon collegue 
M. Prasad et moi-meme avons etudie les prix de 
revient respectifs de l'energie d'origine nucleaire et 
de l'energie provenant de sources classiques. En 
Inde, nous devons ameliorer Ia qualite du charbon, 
qui est relativement mediocre, et pour ce faire nous 
devons laver le combustible. Nous devons done tenir 
compte de !'augmentation proportionnelle des prix 
de revient du fait des investissements de capitaux 
dans les laveries. En outre, lorsque le combustible 
doit etre transporte sur de longues distances, nous 
devons egalement tenir compte de !'augmentation 
proportionnelle due aux investissements dans les 
chemins de fer. 

L'effort technologique considerable qui a ete 
accompli depuis 1955 a deja porte ses fruits. Nous 
savons maintenant que nous devons desormais 
compter avec l'energie atomique. D'ailleurs, cette 
forme d' energie aurait deja pu faire concurrence a 
l'energie de type classique si elle n'avait pas eu 
pour effet de provoquer une baisse du prix de 
revient de celle-ci - et je crois que nous sous
estimons le service que, ce faisant, elle a rendu a 
l'humanite. Cela mis a part, il est evident que le 
cout de l'energie nucleaire a baisse beaucoup plus 
rapidement que celui de l'energie provenant de 
sources classiques. 

Telle est done la situation generale. Les aspects 
techniques seront etudies plus en detail a certaines 
des seances techniques. 

* Bhabha, N. J., et Prasad, N. B., Etude de Ia contri
bution de /'energie atomique a un programme de deve/op
pement de /'bzergie en Inde, Actes de Ia deuxi.eme Co.nfe
rence internationale sur !'utilisation de l'energ1e atomique 
a des fins pacifiques, P/1624, vol. 1, p. 93, Nations Unies 
(1958). 
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HoBble 3KOHOMM"'eCKMe AOHHble. 

6YAY~Me nOTpe6HOCTM B 3HeprMM 

M pOnb OTOMHOM 3HepreTMKM 

npeoceoame.llb: X. ,lJ,>H. 5a6a (VIHAHH) 

,ll,oKllaA P/741 (npeACTaBHI1 X. ,ll,>H. 5a6a) 
,ll,oKnaA P/715 (npeAcTaBHI1 0. A. KBHXH/1-
na/IT) 
,lJ,OK/IaA P/559 (npeACTaBH/1 C3P Y. neHHH) 
,lJ,oKnaA P/31 (npeACTaBHJl ,lJ,>H. Ka6aHHyc) 

,ll,V1CKYCCV1fl SKCnEPTOB 

Ponb aroMHOH 3HepreTHKH 
B YAOBnersopeHHH 3HepreTHYeCKHX 

norpe6Hocrei1 APYrHx crpaH 

,Um. II. BAKCTEP (AncTpaJinH): B HaCTOHJI(ee 

npeMH n AncTpamm He 11JiaHnpyeTCH 11pon3BO,ACT

Bo ::meKTpo:meprHH aTOMHbiMH :meKTpOCTaHu;HH

MH. Ilo:noMy H 6y11y roBOpHTb 0 pOJIH aTOMHOii 

:mepreTHKH n 6y.n:yJI(eM. AncTpaJIHH - :lTO 6oJih

rnaH CTpaHa C He60JibiiiHM HaCeJieHHeM; ee 11JIO

JI(a.IJ:b paBHa 11pn6JIH3HTeJihHO 11JIOJI(a.n:n Coe.n:nneH

HhlX lllTaToB AMepnKH, a HaceJieHne HeCKOJihKO 

npeBhliiiaeT 11 MJIH. lJeJIOBeK, HO OHO 6hiCTpO pa

CTeT. AncTpaJIHH - cTpana c 6LrCTpo pa3BHBaiO

JI(eii:cH rrpOMbiiiiJieHHOCTbiO, 110 IIOTpe6JieHHIO 

:meprHH Ha .IJ:YIIIY HaCeJieHIIH OHa 3HalJIITeJibHO 

ycTyl1aeT TOJihKO ClllA. 

Ho c .n:pyroii: CToponhr, AncTpaJIIIH HBJIHeTCH 

CJia6opa3BIITOM CTpaHOM B _TOM OTHOIIIeHIIII, lJTO 

orpoMHhre 11PHPOAHLre pecypchr eJI(e He pa3pa6a

ThlBaiOTCH. B HaCTOHIIJ;ee npeMH OCHOBHbiM IICTOlJ

HIIKOM :mepriiii HBJIHeTCH yroJib. HecKoJILKo MeHh

rnaa qacTb :mepriiii rroJiyqaeTcH OT riiApo::meKTpo

CTaHu;nii:, II He60Jibiiia.ll 'laCTh :meprHII 110JiyqaeT

C.II 3a C'leT CiRIIraHHH HeqJTII. 3arraChi yrJIH O'leHh 

BeJIHKII II B OCHOBHOM HaXO.IJ:.IITCH B BOCTOlJHOii lJU

CTH CTpaHhi; B IOiRHOH II 3aiTaAHOii lJaCTHX CTpa

Hbi TaKme ecTh yroJih, HO He o'leHh xopoiiiero Ka

lJeCTBa. 

B HaCTOHJI(ee npeMH n 6oJILIIInx 11pOMhliii

JieHHhiX paii:oHax, rAe yroJih AeiiieBI>rii: n ero 

MHOrO, HOBble :meKTpOCTaHu;HH Ha yrJie MO

ryT Bbipa6aTbiBaTb ::meprHIO CTOIIMOCThiO HIIiRe 

0,4 lfeHr/KBr' tt, a IIOJIY'liiTh aTOMHYIO :meKTpO

:meprniO TaKOM CTOIIMOCTH - 3aAaqa He H3 Jier

KHX. (ho OCJIOiRH1IeTCH eJI(e TeM, 'ITO B 60JihiiiHH

CTBe IIITaTOB 6hiJIO 6bi 11pa1\TH'leCKH HeB03MOiRHO 

B HaCTOHJI(ee BpeMH 110AKJIIOlJHTh ;:meprHIO OT 

OlJeHb MOJI(HhiX aTOMHbiX :meKTpOCTaHu;Hii: (AoC) 

n o6JI(yro pacrrpe.n:eJinTeJILHYIO :meprocncTeMy. Ho 

,lJ,oKnaA P/192 (npeACTaBH/1 ,lJ,>H. ttl. Tei1n) 
,lJ,oKnaA P/294 (npeACTaBH/1 5. 5. 5arypos) 
,ll,oKnaA P/1 (npeAcTaBHn Y. 5. llbJOHC) 
,lJ,oKnaA P/577 (npeACTaBH/1 C. KoMarara) 

no3MomHo, 'ITO n HeAaJieKoM 6y.n:yJI(eM IIITaT Ho

Bhrii: IOmHLrii: YaJihC, a HeCKOJihKO IT03.IJ:Hee IIITaT 

BHKTOpHH CMOryT 110Tpe6JIHTb 110JIHOCTbiO BCIO 

3Heprnro OT cTaHu;nii: MOJI(HOCThiO cnhrme 500 Mer; 
OAHaKO B 60JihiiiHHCTBe .n:pyrHX IIITaTOB MOJI(HOCTb 

cTaHu;IIii: ,AoJimHa orpaHHlJHBaTbCH 200 Mer. Ilpn 

TaKux ycJionnax, 110-BH.IJ:HMoMy, MaJio Ha.n:em.n:LI 

Ha HeMe,AJieHHOe CTpOHTeJibCTBO H 3KCI1JiyaTau;HIO 

A3C. C Apyroii: CTopoHLI, B03MOiRHO, lJTO aTOMHaH 

3HeprnH chrrpaeT namHyro poJib B 110CJie.n:yroJI(eM 

pa3BHTHH AncTpaJIHH, lJaCTH'lHO H3-3a reorpa<lm

qecKoro pacl1oJiomemm yroJihHhiX MecTopomAe

Hnii:, lJaCTII'lHO 6Jiaro.n:apH 6hiCTpOMY pOCTY Hace

JieHHH. oTo MomeT 11pon3oiiTH B cJie,AyiOJI(eM .n:e

CHTHJieTnn n romHoii: lJaCTH AncTpaJIHH, r.n:e, 110 

KpaiiHeii: Mepe, CyJI(eCTByeT B03MOiRHOCTh, lJ.TO D 

cepeAnHe ceMIIAeCHThiX ro.n:o:B 6y.n:eT pa6oTaTh 

aJieKTpocTaHu;na MOJI(HOCTbiO 200 Mer. O.n:HaKo 

3TOrO MOiHeT He CJIY'lHTbCH, eCJIII 1IpOBOAHMbie B 

HacTomu;ee npeMH pa6oThl 110 pa3ne.n:Ke He<f>Tn n 

11pnpo.n:Horo ra3a oRamyTCH ycrreiiiHbiMH. J(py

rnM IIITaTOM, rAe aTOMHaH 3HeprHH, B03MOiRHO, 

Ha'lHeT liCI10Jib30BaThCH AOBOJihliO CKOpO, HBJIJieT

C.II TacMaHHH, r.n:e ncrroJII>3yeTcH 110'lTH ncRJIIO'ln

TeJILHO 3Hepnm rn.n:poaJieRTpocTaHu;nii:. B CBH3H c 

TeM, lJ.TO pecypchl rn.n:poaHeprnn 6y.n:yT ncKope uc

qeprraHbi, CTOIIT paCCMOTpeTb B03MOiRHOCTh COOpy

meHIIH n TacMaHnn B cJieAYIOII(eM .n:ecHTHJieTnn 

A3C MOJI(HOCThiO 200 Mer. 
KpoMe rocyAapcTneHHhiX aHepreTn'lecKnx cn

CTeM, ROTOpbie 3KCITJiyaTHpyiOTC.II roCyAapCTBeH

HbiMH opraJIH3au;HHMll H ROTOphle He 06'he.IJ:HHe

Hbi MeiRAY co6oii:, 3a liCRJIIO'leHHeM JIHHllll 'l.epe3 

rophr Mem.n:y IIITaTaMn BnKTopnn n HonLrii: IOm

Hhrii YaJILC, B OTAeJihHhiX cJiy'laHx MoryT B03HHK

HYTb MeCTHhie 110Tpe6HOCTH B HeKOTOpOM ROJIH'le

CTBe aJieRTpoaHeprnn. Ha cenepe n cenepo-nocTo

Re 6biJill OTRphlTbi OlJeHb 60JibiiiHe 3al1aCbl 60RCH

TOB, H B HaCTOHJI(ee BpeMH paCCMaTpHBaeTCH 

B03MOiRHOCTh IIOJiy'leHHH aJIIOMHHHH H3 3TOrO 

MnHepaJia. EcJin MecTopom,AeHHH 6y,AyT pa3pa6a

ThiBaThCH, 11pH.IJ:eTC.II liCI10Jib30BaTh aTOMHYIO 3Hep-
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rliiO, H ;:}TO MOllieT OIIpanp;aTb CTpOHTeJibCTBO IIOJI
HOMaCIDTa6HOM aHepreTnqecROM YCTaHOBRH, 'MOll.\
HOCTb KOTOpOM B p;aJibHeMmeM MomeT 6hlTb 
yneJinqeHa. B HeKoTophlx p;pyrnx paMoHax no 
BHyTpeHHHX 06JiaCT.HX CTpaHbi, RaR, HaiipHMep, B 
MayHT-AMaa, rp;e p;o6hlnaiOTC.H Mep;b, cepe6po, cnn
Heu; 11 I.J;HHK n rp;e noTpe6Jienne aHeprnn MomeT 
yneJinqnTbCJI p;o 100 Mer, nepoHTHo, no.HBHTCJI He
o6xop;HMOCTb B CTpOHTeJibCTBe aTOMHOM aJieRTpO
CTaHI.J;HH, noTOMY qTo p;pyroe TOnJIHBO ( yrOJih) 
)J;OJilliHO )J;OCTaBJIJITbCJI Ha 6oJibiDOe paCCTOJIHHe. 

TaKHM o6paaoM, nporpaMMa paannTHJI aHepre
THKH n AncTpaJIHH paccqnTaHa na MHoro JieT. 
Hac mnno HHTepecyiOT nponop;HMhie p;pyrnMn 
CTpaHaMH pa60Tbi no yMeHhilleHHIO CTOHMOCTif 
aTOMHOM aJieKTpoaHeprnn, n nac nechMa pap;yiOT 
ycnJIH.H, npep;npnHnMaeMhie Ranap;oM, CiliA, Be
JIHKo6pnTanneM H p;pyrHMH CTpaHaMH B n;eJI.HX Bhl
nOJIHeHHJI aTOM aap;aqn, 

C Hameii: ToqKn apeHHJI, BhliiOJIHenne aToii: aa
p;aqn 6yp;eT nMeTh o'leHb namHoe anaqeHne. Op;Ha
KO nama p;e.HTeJibHOCTb B aTOM o6JiaCTH paCC'lHTa
Ha Ha )J;JinTeJihHhiM cpoR n Hamn nccJie,a,onaHnn 
CKOHI.J;eHTpHpOBaHbl Ha YCOBepmeHCTBOBaHHOM, HO 
eii.J;e He onpep;eJinnmeii:cJI peaKTOpHoM cncTeMe, 
TaR 'ITO y Hac eCTb npeMJI )J;JI.fl paaMbimJieHnii:. 

XoTJI )J;JIJI Hac onpecHeHne BO)J;hl He JIBJIJieTCJI 
nepnocTeneHnoii: · Heo6xop;nMoCThiO, Mhl nnTepecy
eMcn aTHM C TO'lKH apeHHJI B03MOlliHOCTH HCIIOJih-
30BaHHJI aToMHOM aneprnn )J;JIJI aTOM u;eJin n p;a
JieKoM 6yp;Yll.\eM, TaR RaR AncTpaJIHH HBJineTCH 
O)J;HHM H3 CaMbiX CYXHX KOHTHHeHTOB. 

Hac npop;oJimaeT HHTepeconaTb nonpoc npona
nop;cTna ypaHa, KOTOpbiM Mbi nee eii.J;e aaHHMaeM
CJI n npop;oJimaeM nponop;HTb HCCJiep;onaHHJI c u;e
JibiO pacmHpennJI namnx aanacon. Mnr noJiaraeM, 
'ITO B Hameii: CTpane cyii.J;eCTBYIOT noTeHn;HaJibHble 
B03MOlliHOCTH np0113BO)J;IITb p,emeBhlH ypaH, a TaK
me TopHi\: n 6oJibiiiHX MacmTa6ax. HecMoTpH na 
coKpaii.J;enne cnpoca n nacTO.HIIIee npeM.H, Mhi npo
p;oJimaeM pa6oThl n noM nanpanJieHHII. 

.D:m. HE:flMAHH (qexocJionaKHH): Mne 6hl 
XOTeJIOCb BKpaTn;e p;aTb aROHOMH'leCRYIO xapaRTe
pHCTHKY anepreTHKH qeXOCJIOBaRHH H BhiCKa3aTh 
coo6pameHH.H, KOTOpbie npHBeJIH HaC K BhiBop;y 0 
neo6xop;HMOCTH cTpoHTeJibCTBa A8C, a TaKme o6-
pncona Tb OCHOBHOe HanpaBJieHHe B TeXHHKe B 
CBJ13H C IICIIOJib30BaHHeM aTOMHOM anepr1111 B MHp
HhlX I.J;eJIHX. 

qexocJionau;Ka.H' Cou;HaJIHCTH'lecKaH Pecny6Jin
ua .HBJI.HeTc.H Hnp;ycTpnaJihHOM cTpanoM. BniCTpoe 
paannTne napop;noro xoa.HncTna, HoTopoe nenpe
pbiBHO 6yp,eT IJOBbiiDaTb ypoBeHb lliH3HII H CIIO
C06CTBOBaTb KYJibTYPHOMY pOCTy, Tpe6yeT II 6yp,eT 
npOP,OJilliaTb Tpe6oBaTb 60JihiiiOfO KOJIH'leCTBa 
aJieKTpoaneprnn p;JI.H yp;onJieTnopeHHJI noTpe6no
CTeM npOMbiiiiJieHHOCTif H ceJibCKOfO X03JIMCTBa. 

Ilpep;noJiaraiOT, 'ITO o6II.J;ee rroTpe6Jienne anep
reTn'!ecKnx pecypcon yp;nonTCH B nocJiep;yiOll.\He 
15 JieT. XapaHTepHOH ocooeHHOCTbiO pa3BIITHH 
CTPYKTYPhl noTpe6JieHHJI aHeprHH JIBJIJieTCJI 6hi
cTpbiii: pOCT noTpe6JieHHH 06hi'!HblX BII)J;OB aHep-

fHH, B '!aCTHOCTH ;:)JieKTpOaHeprHH, npOII3BO)J;CTBO 
KOTOpoii: COCTaBHT 55 000-60 000 MJIH. 1'>8T • '4. B 
1970 H 110 000-115 000 MJIH. 1'>8T • '4. K 1980 r. 

BypbiM yroJib Hnauoro uaqecTna, aa C'leT nc
IIOJihaonaHnJI KOTOporo npOH3BO)J;HTC.H CeMqac 
90% o6ll.\ero KOJinqecTna noJiyqaeMoM n cTpaHe 
aJieKTpoaHeprnn, n HaCTOHll.\ee npeMJI, p;a n B 
6Jinmaii:meM 6yp;yll.\eM, cTaHeT B qexocJioBaRHH 
ocHOBHhlM HCTO'lHHKOM aHeprnn. MecTopomp;eHHJI 
yrJIH, npnrop;noro )J;JIJI noJiy'leHnJI aHeprnn, pacno
JiomeHhi B cenepo-aanap;HOM qacTn CTpaHhl, n, CJie
p;onaTeJihHO, TaM HaXO)J;HTCJI 60JibiDHHCTBO Teii
JIOBblX aJieKTpocTaHn;HM. Y'lHThlBaJI yxyp;meHne 
ycJionnii: p;o6hl'lH yrJIJI, orpaHn'leHHOCTb ero aa
nacon n HepaBHOMepHOCTh aaJieraHnJI no cTpaHe, 
MOlliHO Cp;eJiaTb BhlBO)J;, 'ITO p;aJibHeii:mee yneJIH'le
HHe Bhlpa6oTHH aJieKTpoaHeprnn aa C'leT co6cT
neHnoro HCKOIIaeMOfO TOnJIHBa OKa3hiBaeTCJI 
CBH3aHHbiM CO 3Ha'lHTeJibHhlMH TeXHH'leCHHMH H 
aRoHOMH'leCRHMH TPYAHOCTHMH. Bnnp;y orpaHn'leH
HOCTH aanacon ncuonaeMoro TOnJinna nponanop;
CTBO aJie1\Tp03HeprnH TeiiJIOBblMH 3JieKTpOCTaHI.J;H
JIMH He CMOllieT yneJIH'lHBaTbCJI C He06XO)J;HMOH 
CKOpOCTbiO B nOCJiep;yiOll.\He 10 HJIH 15 JieT H ep;Ba 
Jill CMOmeT B006ll.\e yneJIH'lHBaTbCJI B p;aJibHeM
meM. 

8nepreTH'leCKIIe noTpe6HOCTH llOKpbiBaiOTCJI aa 
ClfeT nMrropTnpyeMoM aHeprnn, 1\0TopaH B 1965 r. 
COCTaBIIT nO'lTH 20% OT 06II.J;ero 3HepreTH'leCKOf0 
6aJianca n B p;aJihHeMmeM ee p;oJIJI yneJIHlfHTC.R. 
Op;nonpeMenno paapa6aTLmaeTCH nporpaMMa 
mnpoKoro npnMeHeHHJI np;epnoii: 3Heprnn )J;JI.R no
JiyqennJI aJieKTpnqecTna )J;JIJI Hymp; npoMbiiiTJieH
nocTu. 

8Ta nporpaMMa 6yp;eT ocnonaHa Ha aHepreTH'le
CKHX peaKTOpax Ha npHpO)J;HOM ypaHe C TJillieJIOH 
BO)J;Oii B 1\a'leCTBe 3aMe)J;JIHTeJIJI H yrJiel\HCJlbiM 
ra30M B 1\a'!eCTBe TenJIOHOCHTeJI.H; B HaCTO.Hll.\eO 
npeM.H n Boryn11u;e cTponTCJI npoMhlrnJieH-
Hhiii rrpOTOTliii 3JieKTpii'leCKOM MOIIIHOCTbiO 
150 Mer. TexHn'lecKne napaMeTphi aToii: A8C xo
porno nanecTHbi, onn 6biJIII npnnep;enhr B p.Hp;e 
p;oHJiap;on, npep;cTanJieHHbiX na BTopyiO Memp;y
napop;nyiO KOH£flepeHI.J;IIIO no MHpHOMY HCIIOJib30-
BaHHIO aToMHOM anepr11n B 1958 r. * HeRoTophle 
TeXHH'leCI\He BOnpOChl, CBJI3aHHhle CO CTpOHTeJib
CTBOM peaKTOpa TaKOfO THIIa, OIIHCaHhi B ,11;01\Jia
p;ax, npep;cTanJieHHhiX na nacTOHll.\YIO Kon£flepeH
u;niO * *. OcnoBHhie nay'!Hhle n TexnnqecKne BO
npochl, CBH3aHHhie C )J;UHHbiM npoeKTOM, 6hiJIH yme 
perneHhi, H aTOMHaH 3JieKTpOCTUHI.J;HJI 6yp;eT BBe
p;eHa B p;eii:cTBne 1\ 1968 r. 

Mbi cqnTaeM, 'ITO nporpaMMa coopymennJI A8C 
B nOCJie)J;yiOII.J;He 10 HJIH 15 'JieT MomeT OCHOBbl
BaTbCJI ua peaRTopax yRaaaHnoro Tnna. Ha ocno
ne OIIblTa, HUROIIJieHHOfO npn pemeHHH HayqHbiX 
H TeXHH'leCKIIX BOIIpOCOB, CBH3UHHhiX CO CTpOH-

* HarrpnMep, P /2092, T. 8, eTp. 322-328 n P /2094, T. 9. 
CTp. 36-44. 
** HarrpnMep, AOKJiaAhl P/522 T. 8, n P /523, T. 5 na

CTOJIII\ero B3AaHHH. 
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TeJII>CTBOM rrepBoii A8C, n nocJiep;yrom;nx Teope

Tn'IecRnx H ;)RCIIepHMOHT3JibHbiX HCCJiep;oBaHHH 

IIpHIIIJIH R 33RJIIO'IOHHIO, 'ITO :meRTpOCT3HIJ,HH Ta

ROI'O THUa MOryT Bhlpa6aThiBaTb ::lJleRTp03HeprHIO, 

ROHRypeHTOCIIOC06HyiO C :meprne:ii, IIpOH3BO,!l.HMOH 

Ha o6hi'IHhlx aJieRTpocTaHu,nHx. TaR, yp;eJihHhle Ra

IIRTaJihHhle 3aTpaThl Ha BTOpyro A8C TaROI'O THIIa, 

e ,!l.BYMH peaRTOpaMH :meRTpH'IOCROM MOill;HOCTbiO 

200 MBT Ralli,!l.hlH, 6yp;yT Ha 40-50% MeHhiiie, 

'IeM yp;eJihHhle RannTaJII>Hhle 3aTpaThl aa coopy

meHne npoToTnrra. CTonMoCTh aJieRTpoaHeprnn, 

Bhlpa6aThlBaeMOM TaROH CTaHu,ne:ii, f!;OJilliHa 

IIpH6JIH3HTeJihHO paBHHThCH cpep;ae:ii CTOHMOCTH 

;:meRTpo::meprnH B CeTH 3JIORTpOCTaHIJ,HH QeHT

paJihHOrO aaepreTn'IeCRoro coaeTa. ,!J;aJihHeiirnee 

yBeJIH'IeHHe ep;HHH'IHhiX MOill;HOCTeH peal\TOpOB (a 

Mhl IIOJiaraeM, 'ITO MOlliHO 6yp;eT IIOJIY'IHTh 3JieR

TpH'IeCRYIO Molll;HOCTh 400 MBr) p;oJimHo co3p;aTL 

TaJwe noJiomeane, npn RoTopoM CTOHMOCTh aHep

rnn aTOMHhlX 3JieRTpOCTaHIJ,IIM R 1975 rop;y He 

npeBLICHT CTOHMOCTH 3HeprHH, UOCTaBJIHOMOH 

JIY'IIIIHMH TeiiJIOBhiMH aJieRTpocTaHIJ,HHMH. Mhl 

noJiaraeM, 'ITO rrpn ncuoJih30BaHnn A8C yRa

aaHHoro Tnrra MomHo 6yp;eT yp;oBJieTBopnTh 3Ha

'lnTeJII>HYIO 'IaCTb IIOTpe6HOCTOH B 3JIORTp03Hep

l'HH R 1980 I'. ( 01\0JIO 15%) IIpH 6JiaroupHKTHhlX 

3ROHOMH'IOCRHX YCJIOBHHX. 

I\aR H B p;pyrnx CTpaHaX, ROTOphiO CTOJIRHYJIHCh 

C BOIIpocaMH HCIIOJib30BaHHH aTOMHOM 3HeprHH, 

Hbl C'IHTaeM, 'ITO B 6oJiee OT,!l.aJieHHOM 6yp;ym;eM 

,!l.JIH npoH3BO,!l.CTBa 3JieRTp03HeprHH MO:IRHO 6yp;eT 

HCUOJib30BaTb peal\TOpbi Ha 6oiCTpbiX HOMTpOHaX, 

'ITO II03BOJIHT 6oJiee IIOJIHO HCIIOJih30BaTb HMeiO

li1,HOCH 3arrachr Hp;epHoro TOIIJIHBa npn 6Jiaronpn

HTHhlX TeXHH'IOCRHX n aRoHOMH'IeCRHX ycJioBnHx. 

B cocTaBJieHHH n BbiiiOJIHeHHH Harneii npo

rpaMMhl Mbi Hap;eeMCH Ha Memp;yHapop;Hoe coTpyp;

HH'IeCTBo, B qacTHOCTH c CoBeTCRHM Coro3oM, Ro

Tophl:ii oRa3biBaeT HaM 60JibiiiYIO IIOMOII1,h. 

X. BIOJIOB (,!J;aHnH): CoapeMeHHoe cocToHHHe 

3HepreTIIRH )l;aHIIH MOlliHO RpaTRO OXapaRTepH30-

BaTb CJiep;yrom;nM o6paaoM. Bo-nepBhiX, 3anacLI 

HCROIIaeMOI'O TOUJIHBa B ,!J;aHHH He3Ha'IUTeJILHhl, 

BO-BTOpbiX, 3HeprOCHa6meHUe CTpaHbl CHJibHO 3a

BHCUT OT YCJIOBUH MUpOBOI'O pbiHRa U, B-TpeThHX, 

npu pacCMOTpeHHU BOIIpOCa HCIIOJih30BaHHH aTOM

HOH aHeprnn (p;JIH noJiy'IeHIIH aJiel\TpoaHeprnn) 

::JROHOMn'IecRne noRaaaTeJin npno6peTaiOT oco6eH

Ho BamHOe 3Ha'IeHne, IIOCROJibRY aTOMHaH 3Hep

l'HH 6yp;eT rrpHMeHHTLCH HCRJIIO'IIITeJibHO B MHp

HhlX IJ,eJIHX. 

Hac BeCJ:.Ma nH'TepecyroT 3anacJ:.r :meprnn 11 

aHepreTII'IeCRHe IIOTpe6HOCTH BCero Mllpa B n;e

JIOM, B 'IaCTHOCTII CJIO,!l.YIDIIJ,HO IIOJIO:IROHHH: 

a) HenpepbiBHO pacTym;ee noTpe6Jieane 3Heprnn 

lfa p;yrny HaceJieHnH, p;ame B HaH6oJiee pa3BHThiX 

cTpaHax; 6) HenpephiBHhl:ii poeT HaceJieHnH; 

B) yBeJIH'IeHHO anepreTH'lOCRHX 110Tpe6HOCTOU 

pa3BHBarom;nxcH CTpan. B aToii: CBH3n cJie~yeT 

nMeTb B BHAY cJiep;yrom;ee. Bo-nepBLIX, aTOMHaH 

;mepreTHKa MOllieT ChlrpaTh 3Ha'lHTeJihHYID pO.ITh 

B yp;oBJIOTBopennn aaepreTH'IeCKnx uoTpe6nocTeii, 
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eCJIII 6yp;yT IICIIOJib30BaTbCH peaRTOpbi-pa3MHOlliH

TOJIH. Bo-BTOphlx, upn ou,eaRe Mnpoablx noTpe6ao

CTeii: B aHeprnn B nepcueRTHBe cJiep;yeT Y'IHTbiBaTb 

o6m;ne p;ocToBepHhie MHpOBhie 3arrachl TOIIJIHBa, 

XOTH HeJih3H npep;IIOJIO:IRIITh, 'ITO OHH IIOBJIHHIOT 

na o6m;ee MnpoBoe uoTpe6JieHne aHeprnn B 

Te'IeHne HeCI\OJII>KHX .n;ecHTROB JleT. B-TpeTI>Hx, 

cyn~eCTByeT 60JihiiiaH BOpOHTHOCTh OIIIH6RH, IIO 

I<pafmeii Mepe nopHAOI< 30-100 JieT, npn onpe.n;e

JieHnn BpeMenn, B Te'IeHne RoToporo napacxo.n;y

IOTCH, AOCTYIIHhle C 3ROHOMH'leCI\OH TO'lRII 3pOHIIH, 

3anachr o6hi'lHoro TOIIJIIIBa. B-'leTBepTI>rx, cJie.n;y

eT IIpliHHTh BO BHHMaHHe p;pyrne BalliHhiO iflaRTO

phl, HarrpnMep BpeMH, Heo6xo.n;nMoe ,n;JIH perneHnH 

TeXHU'leCRHX npo6JieM, CBH3aHHhiX C C03,n;aHHeM 

peal\TOpOB-pa3MHOlliHTeJieH, ,!1.0 TaROH CTeiiOHH, 

'IT06hi UX 31\CIIJiyaTaiJ,HH MOrJia 6hiTh 31\0HOMII'I

HOH, a Roaifliflnu,neHT BOCIIpOU3BOACTBa- BhiCOI\IIM. 

8Tn oco6Lre coo6pameHHH, Ha RoTopLre H coc

JiaJicH H ROTOphie He HC'lepiibiBaiOT BCeX BalliHbiX 

iflaRTOpOB, IIpliBOJIH R 3aRJIIO'leHIIIO, 'ITO CTpaHe, 

rro.n;o6Hoii ,ll;aHHH, npn paccMoTpeHnn 6y.n;ym;nx 

paapa6oToR, cJiep;yeT Torp;a BKJiap;hlBaTb .n;eHhrH 

B npoU3BOACTBO aTOMHOH 3JieRTp03HeprHH, 1\or.n;a 

oHa 6yp;eT aRoHoMU'IHoii. Mhl TaRme c'InTaeM, 

'ITO BCe HaH60Jiee pa3BHThie CTpaHhl AOJilliHhl 

B3HTh Ha ce6H 'IaCTh OTBOTCTBeHHOCTU 3a ,n;aJihHOH

UIUe ycosepiiieHCTBOBaHIIH TOXHOJIOI'IIH peaRTOpOB 

C IJ,eJihiD c.n;eJiaTh aJieRTpoaHeprHIO, npOH3BOAHMyiO 

Hp;epHhiMII ycTaHOBRaMII ROHI<ypeHTOCIIOC06Ho:ii, 

C TOM 'IT06hi OHa ,!l.OMCTBHTOJihHO MOrJia 3aMOHHTb 

aHeprnro, noJiyqaeMyro Ha cTaHIJ,HHX, pa6oTarom;nx 

Ha nci<onaeMoM TOIIJIHBe. IIoaToMy Mhl cqnTaeM, 

'ITO )l;aHUH ,!l.OJI:IRHa npHHHTb yqaCTHe, XOTH H 

BeChMa CRpOMHOe, B AOCTH:IROHHH 3TOH IJ,OJIH. 

H. X. YCMAHM (IlaRncTaH): .H p;yMaro, 'ITO 

ace corJiaCHTCH c TOM, 'ITO Hp;epHyro aHeprnro CJie

p;yeT C'lliTaTb e111,e OAHUM HCTO'lHUI\OM noJiyqe

HHH aJieHTpoaHeprnn u 'ITO B 6yp;ym;eM pa3BHTne 

TOXHOJIOI'Hll peaRTOpOB ,!l.OJilliHO 6hiTh HanpaBJIOHO 

Ha YJIY'liiienne TeXHn'leCRHX H aROHOMH'lOCRHX 

XapaRTepHCTHI\ aHepreTH'IOCRHX peal\TOpOB. 3aMe

qy, O,!l.HaRO, 'ITO pa3BUThiO B npOMhiUIJIOHHOM OT

HOIIIOHHU CTpaHhl yp;eJIHIOT 60JihiiiOe BHHMaHne 

ROHI<ypeHTOCnOC06HOCTH aTOMHOH 3JieRTp03Heprnn 

H BCe BpeMH l'OBOpHT 0 MOIIJ,HhiX peaRTOpaX H 

60JihiiiOM 1\0JIU'IOCTBe 3JIOKTp03Heprllll, ROTOpoe 

aTOMHhie CTaHIJ,HU MoryT ,!l.aTb B o6111,y10 :mepro

CeTh. TaRne coo6pameHHH AJIH IlaRHCTaHa npe.n;

CTaBJIHIOT 'IIICTO TeOpeTH'leCI\UH HHTepec, TaR RaK 

B006IIJ,e He B03HURaeT Bonpoc 0 ROHRypeHTOCno

C06HOCTU, noCROJihl\Y Mhl JJ;OJilliHhl HMeTh 3Heprnro, 

He06XOAHMyiD ,!l.JIH pa3BHTUH CTpaHhi, BHO 3aBHCH

MOCTH OT ee CTOHMOCTH. 

HaceJieHne IlaRnCTaHa cocTaBJIHeT 98 MJIH. qe

JIOBeR. IlaRHCTaH pa3p;eJieH Ha ,!l.Be IIpOBHHIJ,HH: 

BocTo'lHhlii IlaRncTaH c HaceJieHHeM 54 MJIH. 'le

JIOBeR H 3anap;HhlH IlaRUCTaH C HaCeJieHHOM ORO

JIO 44 MJIH. qeJioBeR. BocTO'IHhrii IlaRHCTaH no 

CBOHM 1\JIHMaTH'IeCRIIM H reorpaiflnqeCRHM YCJIO

BHKM HanoMHHaeT IOro-BocTO'lHyro A3nro, a B 

3auap;HOM IlaR.HCTaHe YCJIOBHH B OCHOBHOM no-
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xoam ua ycJionua, xapaKTepnhle JJ,JIH CpeJJ,neil 

Aauu. 
BocTO'IHhlit IlaKHCTau c nJiaiKHhiM KJiuMaToM, 

6oraTOll paCTHTeJibHOCTbiO H IIJIOJJ,OpOJJ,HhiMH IIO'I
BaMH mmaeTca OJI.HIIM ua uau6oJiee rycTo uace
JieHHhiX pailouon ua aeMHOM mape. KaK u foJI
JiaHJJ,IIH, IlaKIICTaH npaKTU'IeCKH He paCIIOJiaraeT 
ruJJ,po:mepreTu'lecKuMu pecypcaMu. EcTb paBHIIH
uaa o6JiaCTL JJ,eJILThi, npocTupaiO~aaca K cenepy 
oT BeHraJILCKoro aaJIHBa JI.O IIOil;HOiKhH fnMaJiaen 
c yKJIOHOM 17,6 M. llMeiOTCH ue6oJihillHe, yme 

ocnoeuuhle rli)J;popecypcLI nopHJJ,Ka 120 Mer B 
paii:oue KapuarrxyJILCKoro IIJIOCKoropLH B lfnTTa
rour-XnJIJI-TpaKTC, BOaJie rpaHHIJ;hi c BupMoii. 
He«PTHHLIX MecTopom}:leHHH }:10 cux rrop ue o6ua
pymeuo, yrJIH BeT, a HMeiOTCH TOJlhKO O'leHb He-
60JibillHe aanachl rrpnpoll;Horo raaa, KOTOphie qa

CTH'IHO IICIIOJih3YIOTCH ll;JIH IIpOH3BOJI,CTBa ::meKT
po::meprHH, a qacTH'IHO JJ,JIH JJ,pyrnx ~~;eaeiL EcJin 
6hl nee o6uapymenHLie aarrachl npnpoll;noro raaa, 
paCIIOJIOiKeHHhie B Oll;HOH IIOJIOBHHe IIpOBHHIJ;IIII, 
HCIIOJih30BaJIHCh TOJihKO }:IJIH IIpOII3BOil;CTBa aJieKT
poaueprnn, B KoTopoii: CTpaua oqeub HYiKAaeTCH, 
TaR KaK fOil;OBOe IIOTpe6JieHHe 3JieKTpoaHepriiii B 
IIpOBHHIJ;IIII Ha }:lymy HaCeJieHIIH COCTaBJIHeT 
TOJlhKO 15 ~er ITO cpaBH8HIIIO C 4000--5000 ~er 
B CiliA n Kaua11;e, oun o6ecrrequJin 6hl o6~yiO 
MO~HOCTh B 700 Mer B Te'leHne cpoKa cJiym6LI 
ycranoBKH. HpoMe roro, aTH aanachi ueJih3H rroJI
HOCThiO IICIIOJih30BaTh TOJihKO ll;JIH Bhlpa60TKII 

aJieKTpoaueprHH, IIOCKOJihKY OHII HYiKHhl TaKme 
,!l;JIH IIOJiy'leHHH MIIHepaJihHhiX y}:lo6peHHH, HeKO
TOpblX «PpaKIJ;nii: ne«PTH u T. 11;. EcJin 6hl 50% ncex 
aarracon ncrroJILaonaJinch AJIH rroJiyqeuna aJieKTpo

auepruu, aJieKrpuqecKaa MO~HOCTL n peayJILTaTe 
cocranmra 6hl TOJII>Ko 350 M or, B peayJILTate 
'lero MOiKHO 6hiJIO 6hl IIOKphiTh auepreTH'IeCKHe 
IIOTpe6HOCTII TOJibKO TeX yctaHOBOK, KOTOphie yme 
HaMe'leHhl HJIH IIJiaunpyiOTCH K BBOAY B 3KCIIJiya
TaiJ;HIO B BocTO'IHOM IlaKucraue K 1970 r. Bcex 
aanacon npupoJJ,noro raaa xnaTnJio 61>1 ua 6 JieT 
pa6othl aJieKrpocrau~~;nn MOIII;HOCTLIO 350 Mer. 
IloJiomeuue ueJIL3& paJJ,nKaJILHO o6Jier'IHTL rryTeM 
BB03a ne«PTII, TaR KaK CTOHMOCTb aHepriiH, IIOJiy
qaeMOH ua 6aae nMnoprnpyeMo:ii: ue«Prn, cocTaB
JIHeT rrpnMepHO 79 aMepnKaHCKIIX IJ;eHTOB Ha 
1 MJIH. BTE ( 252 000 ~>~>aJ£). 

PaccMaTpnnaJincb u JJ,pyrue nyrn. B peayJihTa

Te IICCJieJJ,OBaHIIH, rrpoBeJJ,eHHhiX C IIOMOIIJ;hlO 
MAf AT a n neKoropLrx KBaJin«Pn~~;nponaHHhiX 
KOHCYJILTaHTOB, orrpell;eJinJin, 'ITO B aarraJJ,Hoii qa
CTH IIpOBIIHIJ;IIH, rJJ,e COBeprueHHO BeT 3HepreTH
'IOCKIIX pecypcon, AaC c KIIIIfllll;IIM peaKtopoM 
HJIII peaKTOpOM C BOJI,OH IIOJI, JJ,aBJieHneM MOIIJ;HO
CTbiO 70 Mer MorJia 6hl BLipa6aThiBaTL aueprniO 
CTOIIMOCTbiO 0,8--0,9 lfenrf~er • ll. 

B 3anaJJ,HOM IlaKncraue ruJJ,poaueprernqecKu:ii: 
IIOTeHIJ;HaJI BeCLMa 60JibillOH, HO, K COiKaJieHHIO, 
ruJJ,popecypchl cocpeJJ,oto'leHhl B cenepnoM n ce
nepo-aanaJJ,HOM ropHCThiX paiioHax, rrpaKTH'IeCKH 
HeJJ,ocrynuhlx. EcJIH 6LI Mhl npoJJ,oJimaJIH crpoHTL 
HaiKJJ,Oe JI,OCHTHJieTHO faC 06~e:ii: MOIIJ;HOCThiO B 

2500 Mer ( qpeaBhl'laiiao 6oJILmaa IJ;n4lpa) , To o6-
~aa MOIIJ;HOCTh K KOHIJ;Y HaCTOH~ero CTOJIOTHH He 
npenhlmaJia 6LI 10 000 Mer. Y'IHTLIBaH nee uMeiO
lll;Heca pecypcbr yrJia, raaa u ue6oJII>moro KOJIH'Ie
CTBa ne«PTu, aJieKTpnqecKaa MOIII;HOCTL aa nep11o.n; 
cnhlme 35--40 JieT 6hiJia 6hl ua 8000 Mer Menee 
Heo6XO,!l;HMOH, eCJIH JJ,OIIYCTHTL, 'ITO IIOTpe6JieHHC 
aueprHH aa JJ,ymy uaceJienna yJJ,naunaJioCL 6LI 
KaiKJJ,Lie 6 JieT B reqeuue nepHoJJ,a or uacTOHIIJ;ero 
npeMeHu JJ,O 1980 r. EcJin 6hl norpe6JieHHe auep
ruu ua f:IYIDY uaceJieHHH nocJie aroro rrepuo.n;a 
YJJ,BaHBaJIOCh KaiKJJ,hle 10 JieT, TO K KOHIJ;Y CTOJI8-
THH OHO COCTaBHJIO 6hi rrpn6JIII3HTOJlhHO 900--
1000 ~er B rOJJ,, 'ITO COOTBOTCTBOBaJio 61>1 COBpe
M8HHOMY ypOBHIO IIOTpe6JieHHH aueprHH B .fino
HUH. 

IlpHHHTO pemenne nocTponTL B Kapa'IH THme
JIOBOJI.HhiH ::mepreTH'IOCKHH peaKTOp MOIIJ;HOCTbiO 
132 Mer u BOJJ,O-BOJI.HHoii: :mepreTu'IecKn:ii: peaK
Top MOIIJ;HOCTLIO 70 Mer B Pynnype, B BocTO'IHOM 
IlaKucraue. 

B uacroa~ee npeMH rrponoJJ,HTCH o~~;eaKa rrpell;
JiomeuHii IIOJJ,pHil;'IHKOB, II .II Hall;eiOCh, 'ITO rrepe
rOBOphl C JJ,pymeCTBOHHhlMH CTpauaMH C IJ;eJI.biO 
IIOJiy'leHHH «PuHaHCOBOll IIO'MOIII;H CKOpO ycrremHO 
3aKOH'IaTCH H MOH CTpaHa, y KOTOpO:ii: HOT JJ,pyro
ro Bhl6opa, CMOiKOT OCYIIJ;OCTBHT.h BOC.hMa CKpOM
HYIO rrporpaMMY paaBHTHH ::mepreTHKn. 

R. a. E<D<DAT (OAP): B uacTOHIIJ;ee npeMa 
OAP BeJJ,eT nureucnnuyiO paapa6otKy rrporpaM

Mhl, uarrpanJieHHYIO ua YABoeune liaiJ;HOHaJI.LHoro 
JI,OXOJJ,a 'Iepea KaiKil;hiO 10 JIOT. C 3TOH IJ;OJI.hiO Ha
Me'leHa mnpoKaH nporpaMMa HHAYCTpnaJinaaiJ;HH 
u MeJiuopaiJ;HH aeMeJI.h AJIH YAOBJietnopeuna rror
pe6uocreii: 6hlctpo pactylll;ero uaceJieHHH, n, 'IT0-
6hl BhiiiOJIHHTh 3TY rrporpaMMY H YJI,OBJieTBOpHTb 
aHepreTH'IeCKHe IIOTpe6HOCTH, He06XOil;HMO IIOJI
HOCT.hiO 31\CIIJiyaTHpOBaT.h HMOIOIIJ;HeCH B CTpaue 
pecypchl. 

flOJIHaH ycTaHOBJIOHHaH MOllJ,HOCTb f8C II o6bi11-
IJhiX TOIIJIOB.hiX CtaHIJ;IIH, BKJIIO'IaH faC MOIII;HO
CThiO 2100 Mer. paciiOJiomenHyiO ua BhlCOTHoii 
HJIOTHHe n Acyaue, cocTannT B 1970 r. 4000 Mer 
no cpanHeHHIO c 400 Mer n 1952 r. aTo oaHa'!aeT, 
'ITO 11pOH3BOil;CTBO 3JICKTpO:JHeprHH YBOJIHqHTCH C 
1000 MJIH. ~er B 1952 r. JI,O 1f 00() MJIH. ~er B 
1970 r. H COOTBCTCTBCHHO YBCJIH'!IITCH Bbipa60TKa 
:uwKTpo:meprnu Ha JJ,ymy HaceJieHnH oT 47 JJ,o 
:i50 ~er. IIponeJJ,eHH.hi:ii: ll;OTRJihHhlii: aRonoMHqecKuii. 
lllla:Jll3 ll uayqeHHO B03MO)RHOCTOH IIOKR3biBaiOT, 
'ITO, H!'CMoTpli Ha TaHOe yneJIH'H'HHe, 3TI1 CTRHIJ;I1J1 
l'MOI'YT y;~oHJICTBOpHTb Il0Tpe6HOCTH CTpaHhl TOJIL-
1\0 ;(o 1972 r., liOCJIC '!ero l'/i\!'l'Oil;HO IHlTpe6yeTCH 
II CpPJ(IIl'M ;(OIIOJIHHTCJibHaH MOIIJ;IWCTh B 150-
20() Mer. llpe;J;IIoJiaraiOT, 'ITO 11p11 conpeMeHHOM 
yponHe paaBHTllli TeXHOJIOI'lllf H/~CpHbiX pe<liHO
poB :JKOHOMif'WCIOfe xa paKTcpUCTI11\H TaKll X yc
TalloBOK ( ll OC06eHHOCTI1 KpyiiHbiX) I\ CeMHj(eCH
TbiM ro;(aM aH<l'IHTl'JihHO YJIY'liilaTCH. Moa\uo 
II[H')(IIOJIOiKHTb, 'iTO B CJieU,yiOn~eM JI,PCHTI1JIOTI1H B 
HaiiH'if CTpaHe OY,IJ;CT oCyll(eCTBJTHTbCH t'IIW 6oJiel' 
IIIHJlOHaH II porpaMMa pa3BUTIIH liJ(CpHoii :JHepre-
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T»KH. IloaToMy perneHo nocTpoHTh nepnyro A::lC 
HOJieaHoii Mo~HoCTbiO 150 M BT (an.). (:ha cTan

~H.II ~acT npoMbilliJieHHLiif. ToK B o6'beJI.HHeHHYIO 

:mepreTJPICCKYIO CHCTCMY Haiip.IIi«CHHCM 220 11:8. 

Oran~li.II 6yf].eT ny~eHa K 1969 r. Ona 6yf).eT CBH

aaHa C 3aBOf].OM IIO Jt3fOTOBJICHliiO TB3JIOB H C OII

peCHHTCJlhHOJf ycTaHOBKOll 1IpOH3BOf].liTCJihHOCThlO 

200 000 M-3 BOfl.bi B cyTKH. HecMoTpH Ha To 'ITo 

R cy~eCTBYIO~HX B OAP ycnoBHHX np1:1 aaf].aHHoii 

MO~HOCTII aTOMHbiC 3JICKTpo'CTaHQllll HC MOfYT yc

Jfl'IIIHO KOHKypnpoBaTh C O~hllJ:HbiMll TCIIJfOBhiMII 

c.TaHQHHMII, :JTOT rrpoeHT ocy~eCTBJIHCTC.II Jl.JI.II TO· 

ro, 'ITOOhl OCBOHTh TCXHOJIOfiUO .IIACpHbiX peaKTO· 

poB, HaKOIIIITh HHi«CHCpHhlH OilhiT II IIOJI.fOTOBIITh 

o6cnymiiBaro~nii nepcoHaJI, 'ITO Heo6xoAIIMo JI..liH 

YAOBJieTBopeHnH noTpe6HoCTcii mnpoKoii rrpo

rpaMMbi pa3BIITHH aTOMHOii :mepreTIIKH B 80-x fO

)J.aX. 

Hpo1.-te Toro, 6yp:yT rrpoBef).eHbl :mcnepnMeH-

TaJibHhie IICCJICJI.OBaHU.II 3K6HOMI1Klt IlOJIY'ICHli.II n 

HCIIOJih30BaHHH onpeCHCHHOH BOJI.hl B YCJIOBliHX 

HYCThiHH. Bonee IIOJl:p06Ho 3Ta TeMa 6yp:eT pac

CMoTpeHa Ha aaCe)l;aHIIII 3HCIIepTOB, KOTOpoe CO

CTOliTC.II B KOHQC f].aHHOH KOHcpepeHQIIJt. Yme Bhl-

6paHO MCCTo )J.JI.II CTpOHTeJihCTBa A8C Ha uo6e

pembe Cpe)l;naeMHoro MopH B 30 KM K aarra)l;y oT 

AJieKcaHf].pnn. Ceii'Iac Be)l;yTc.II pa6oTbi no no)l;

roTOBKe CTpOIITCJihHOH IIJIO~af).Klf II IIOCJie liOCTY

IIJICHlfH aaHBOK OT IIOAPHA'InKoB Ha rrpep:Jiome

nne HoMnccnn no aTOMHOH auepr1:1n OAP Ha'I

HYTC.II cTpOHTeJihHhle pa6oThl. 

JI. C. IIPA,ll,O (Bpaannn.II): MHe 6LI xoTenoc~> 
o6paTUTb name BHHMaHHe Ha onpe;o;eneHHhle cpaK

Topbi, KOTOphle B TClJ:CHHe IIOCJIC)l;HHX JICT OKaaa

JIH BJIHHHHe Ha IIpOH3BOJI.CTBO 3JICKTpo:meprHH B 

BpaaHnnu. 8TH cpaKTOphi npHo6peTaiOT oco6oe 

3Ha'ICHHe IIpH paCCMOTpeHHH COBpeMeHHhlX IIJia

HOB IIpOH3BOf].CTBa 3JICKTp03HeprHH H B03MOiKHO

CTH HCIIOJih30BaHHH )J.JIH 3T0f0 H;IJ;CpHhlX YCTaHO

BOK B HCKOTOphlX paiioHaX Bpa3HJIHH. ,lJ,JIH TOfO 

~ITOOhl rrpe)l;CTaBHTb IIOJIHYIO KapTHHY 3HepreTH'Ie

CKHX norpe6Hocre:ii BpaaHJIHH, Heo6xOJl:HMO yqH

TbiBaTh cnep:y10~ee: 

a) 60JibillOH )J.CqlHD;HT B 3JICKTp03HeprHH; 6) yBe

JIJtqJtBaiO~HeC.II noTpe6HOCTH 6naro)l;ap.II pocTy Ha

ceneHHH H 6hlCTpoii HHJl:YCTpHaJIH3aD;HH CTpaHhl; 

B) IIJIOXOC Ka'ICCTBO H HC3HatiHTCJlhHbiC aarraChl 

yrns; r) orpaHH'ICHHaH Jl:06hi'Ia HecpTH Ha H3Be

CTHhiX MCCTOpOiK)J.CHH.IIX; Jl:) HaJIH'IHC HCHCIIOJlh30-

BaHHbiX rHApopecypcon. 

B CBH3H c H3JiomeHHhiM B rrocJie)l;HHX Tpex 

IIYHKTaX BbipaOOTKa 3JICKTp03HeprHH H)J.CT B OC

HOBHOM aa C'ICT fH)J.p03JICKTpOCTaHD;HH. 06hi'IHbiC 

TCIIJI03JICKTpOCTaHD;HH HCIIOJlb3YIOTCH TOJlbKO B 

KalJ:CCTBe )J.OIIOJIHHTCJihHhiX K r8C B HaH6oJiee 

IIJIOTHO aaCeJICHHhiX IlpOMhliliJICHHbiX paUOHaX HJIH 

AJI.II Yil:OBJieTaopeHHH MecTHhiX rroTpe6HocTeii. B 

nocnep;HeM cJiyqae oHH o6LiqHo ne6oJibUIHe. 

0)l;HO COObiTHe, KOTOpoe HMCJIO MCCTO B IIOCJIC)J.

IIHC fO)l;hl, npHBCJIO K nepeCMOTpy OIITHMHCTJtqe

C.HHX B3fJIH)l;OB Ha DOTCHD;HaJibHhiC B03MOiKHOCTH 

I'HJl:po3HepropecypcoB H B03MOffiHO(' 3HaqeHHC TC-
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JIJI03HepreTHqecKHX pecypcon. Bbi.HCHJtJIOCb, tiTo 

IIO)l;aqa BOl{bl B BO)J.OXpaHHJIH~e )l;JI.II 6oJibiiiOi[ 

f8C B O)l;HOM H3 HaH6oJiee paaBHThiX IlpOMhiiliJICH

HhiX paHOHOB CTpaHhl noqTH IIOJIHOCTbiO npeKpa

THJiaCb. 8To BO)l;oxpaHHJIH~e B03JIC CaH-Ilayny 

COCTOHT H3 CHCTCMbl CBH3aHHbiX MCi«AY C06oif HC

KyccTBCHHhiX 03ep, KOTOphle co6HpaiOT )J.OiK)J.CBYIO 

liOJl:Y H BOJl:y, nocTynaro~yro H3 peK. BoAa no)l;a

eTCH HacocaMH Ha BblcoTy 30 M. Bop;oxpaHHJIH~e 
HaXOJl:HTCH B03JIC KOHD;a DJiaTo BhiCOTOIO 720 M, 

a y OCHOBaHHH IIJiaTO HaXO)l;HTC.II r8C, DOCTpOeH

HaH JICT 35 TOMY Ha3a)J., ycTaHOBJICHHaH MO~HOCTl> 
KOTopoii nocTeneHHo ;J;OCTHrJia Ha cero)J.H.II 

800 M BT. Cnoco6 HCDOJih30BaHHH BOJl:bi necbMa oc

TpoyMeH, HO pa6oTa CTaHD;HH B OCHOBHOM 3aBHCHT 

oT Jl:OiK;J;eaoii BOJl:hl. B peayJibTaTe cepbeaHoii aa

cyxH B IIOCJIC)l;HHe 5 JICT CpCJl:HHH ypOBCHb BO)J.bl 

D BOJl:OXpaHHJIH~e IIOCTOHHHO YMCHbillaJICH, TaR 

~To B 1963 r. B BO;J;oxpaHHJIH~e aanac BO)J.hl co

cTaBHJI MeHee 5% OT HOMHHaJlbHOH CMKOCTH. 

TaKHM o6paaoM, cpe)J.Hee KOJIHqecTao 3Heprh:H, Bhl

pa6aTbiBaeMou CTaHD;HCH, CoKpaTHJIOCb MeHee 

tieM )J.o 30% oT o6~>Pmoii BeJIH'IHHhl. B peaynL

TaTe 3TOfO TeDJIOBaH CTaHD;H.II 3JICKTpHqecKOH MO

~HOCThlO 400 MBr, pacnonomeHnas B IlHpaTH

HHHre, KOTopa.II 6hlna rrocTpoeHa KaK IIHKOBa.II, 

pa6oTaJia KaK 6aaoBaH cTaHQU.II c KoacpcpHD;HeHTOM 

HCIIOJib30BaHHH flO 90%. 
IlOJIOiKeHHC M8CTHOH llpOMbiiUJICHHOCTH CTQJIO 

CTOJib KpHTHqeCI<HM, qTo 6hiJIH IIpHJIOiKeHhl Of

pOMHhle ycHJIH.II )J.JIH YCKOpCHHH OKOHqaHH.II CTpo

HTCJibCTBa OTAaJieHBOH roC ( <[)ypuac) H COOTBeT

CTByiO~eif JIHHHH nepe)l;a'IH )l;JI.II BOCIIOJIHeBHH 

:mepreTH'IeCKHX pecypcoB. BoaHHKJia Heo6xo)J.H

MOCTb nepepacrrpeAeJieHHH aueprHH BBYTPH paii

OHa, HO )J.ame 3TO HC ,rJ;aJIO B03MOffiHOCTH 060RTHCh 

6ea pan;HoHaJIH3al\HH. Terrnoaa.II CTaHD;H.II, o Ko

Topoii roaopHJIOCL Bhlllle, pa6oraeT Ha HecpTH. 

BhiJIH rrpoBep;eHhl HCcJiep;oBaHHJI c QeJibiO BhlHB

JICHH.II B03MOiKHOCTeR IIOJIY'ICHH.II Jl:OIIOJIHHTCJlbHO 

500 M 8T (an.) ; noJIOBHHY - or o6hlqHoii cTaHD;HH 

ua 6paaHJihCKOM yrne, a rronoBHHY - oT A8C. 

floJITopa fO)J.a Ha3a)J. 6hiJI C03)l;aH npaBHTCJibCTBCH

HhiH KOMHTCT )l;Jl.II OCy~ecTBJieHH.II KOOp)J.HHaQHH 

HCCJIC)J.OBaHHH 3HepreTHqeCKHX IIOTpe6HOCTeii 

I~eHTpanLHoro H IOiKHoro paiioHOB BpaaHJIHH, Ha

H6onee pa3BHThiX B IIpOMhiiiiJI8HHOM OTHOIIIeHHil. 

oToT KOMHTeT peKoMeH)l;oBaJI MeTOJI.hl H crrocoubl 

UOKphiTH.II 6oJibiUCH qacTH IIHKOBhiX Harpy30I> 

BIIJIOTb AO 1970 r. (Heo6XOAHMO o6ecnetiHTh e~e 
OKOJIO 500 MBT, KOTOphle MOiKHO IIOJiyqJtTh aa 

c'IeT TennoBhlx cTann;Hii.) B 3THX ycnoBH.IIX A8C 

MOfYT ChlrpaTb onpe)l;eJieHHYIO pOJib. 

MHe xoTenocb 6hl TaKme yKaaaTh, 'ITO 6oJib

IUHHcTBO BaiKHbiX 3HeprOCHCTeM B D;8HTpaJibHOM II 

IOiKHOM paifoHaX IIOCTCIICHHO CB.II3hiBaiOTC.II C 1\C

JiblO coall;aHH.II uonhrnou B3aHMOCB.II3aHHoii ceTH. 

Ha nepBoM arane ceTL He 6y,rJ;eT HMeTL cpopMy 

I<OJILI\a, 'ITO BoaMo>KHo s ;J;pyrHx pauouax HJiu 

CTpaHaX. 0KoHqaTCJibHO 3HeprocHcTeMa 6y)J.eT CO

CTOHTb H3 pJI)J.a KOJihD;CBhiX aHeprOCHCTeM, CBJI3aH

llhiX JIHHH.IIMH Uepe)J.a'I. 
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CneJJ;yeT OTMeTHTL, •ITo ycT8HoBJieHHe noJmoii 

B38HMOCBH311 Mem,u.y ,U.BYMH H3HOOJiee BaiKHLIMII 

6p83HJILCKHMH u;eHTpaMn Pno-,u.e-il\8Heii:po n 

CaH-llayny, KoTophle p8a,U.eJIHeT TOJILKo 400 1\:.M, 

38,U.epm8JIOCh H8 HecKoJILKo neT BBHAY p83-

JIB'IHH B 'laCTOTe B K3iKJ];OH :meprOCHCTeMe: 

50 H 60 nepfce~~: cooTBeTCTBeHHo. K8K yme 

YllOMHH8JIOCh, flO peKOMeHJ];8D,HH IIp8BJITeJihCT

BeHHOf0 KOMHTeT8 He,U.8BHO O,U.OopeH IIJlaH li3ME'

HeHHH '18CTOThl c 50 }:\o 60 Lffce~~:. Cneu;H8JiliCT8M 

yme C006IIJ;eHO, K8KHe H3MeHeHHJI J];OJiiKHhl 6h1Th 

BHeCeHhl IIpBMeHHTeJILHO 1\ 1\0HKpeTHhlM yCJIO

BHJIM. 

B TO BpeMH K8K 38Bepm8eTCJI C03,U.8HHe oomup

HOH B38HMOCBH38HHoii :meprocucTeMLI, yaeJIH'IH

naeTcJI llOTpeoHOCTh B llOJiyqe·HHH ,U.OllOJIHHTeJih

IIOH :meprHH OT TellJIOBhiX CT3HIJ,Hii; B 3TOH CBJI3H 

CJie,u.yeT H3Y'IHTh B03MOiKHOCTh npBMeHeHHH JI,U.ep

IIOH anepruH. 

MHe 6hl T8Kme xoTenocL npoKOMMeHTBpoaaTh 

npo6JieMy aHeprOUHT8HHJI B CeBepo-BOCTO'IHOM 

paiioHe BpaaHJIHH, n~;e 00Jlhlll8JI rB,u.poaJieKTpO

CT811D,HJI JJ;8CT npB6JIH3BTeJILHO 400 M6r. 3Ta 

cTaHD,HH pa6oTaeT Ha noJIHOBOJ);Hoii peKe CaH

CI>paHIJ,HCKo, npB'IeM HCllOJlb3YeTCJI npBpO,U.H8H 

aHeprBJI ao,u.onaJ);a llaono-A<floHco. 3ToT ao,u.ona,u; 

HaB6onee aHa'IBTeJILHhlii B Bp83HJIHH, Ho OH pac

nonomeH Ha pacCTOHHHH 500 1t.M OT reorpa<flnqe

CKoro IJ,eHTpa, KyJ);a 6yJJ;6'1' II0}:\8B8ThCJI :meprHH. 

lloTepH 38 C'leT JIHHHH a,D:epronepeJ];8'1H II HX CTO

HMOCTh - :lTO T8KHe <flllKTOpLl, KOTOphle MOryT 

HpJIBeCTH nepBOH8'18JlhJIO K C03J];8HHIO O,U.HOH HJIH 

60Jibllie 8TOMHhiX 3Jl6J<TpOCT8HD,HH, OT KOTOphiX 

aHeprBH 6yJJ;eT nepeJJ;aBaTLCJI H8 o'leHL 6oJILmue 

paCCTORHHJI B :lTHX p8HOH8X. C p;pyroii CTOpOHhl, 

HeKOTOpble paHOHhl paCTyiiJ;eH HH,U.YCTpH8JIH38D;BH, 

HanpHMep Cl>opT8Jiea8 HJIH Pecu<flu, 6y,u.yT noJIL
aOB8ThCJI aHeprueii OT He38BHCHMhiX YCT8HOBOK. 

3]J,eCh CHOB8 nepcneKTHBHLlM JIBJIJieTCJI HCllOJlh30-

B3HHe 8TOMHOii :meprHH. 

OcW.Afl ,lliACKYCCIAs=l 

M. A. 3Jib-fEBEfiJIM (OAP): BLIBO,L\hl OT

HOCHTeJihHO l1HAHH, CJJ;eJiaHHLie B AOKJI8JJ;e P/741, 

npe]J.cTaBJieHHOM A-poM B86a, npep;CT8BJIJIIOT oco-

6blii HHTepec C TO'II\H apeHHJI p83BHB8IOIIJ;HXCJI 

CTpaH. qTO I\8C8eTCJI BhiB0}:\8, 'ITO pe81\TOp 

CANDU aneKTpH'IeCI\Oii MOIIJ;HOCTLIO 200 MBr Mo

meT KOHKypupoB8Th C o6LI'IHhiMH TeiiJIOBhiMll 

CT8HD;HJIMH B H3BeCTHI,lX p8HOH8X l1HJ);HH, TO MHe, 

O,U.H8KO, XOTeJIOCh 6hl OTMeTHTh, 'ITO, COfJl8CHO o6-

ID;eMy MHeHBIO, 3HeprHH, llOJIY'I8eM8JI Ha pe8KTO

pe C BO]J,OH flO]), ,L\8BJieHHeM, H8 KHllHIIJ;eM HJIH f8-

300XJl8iK]),8eMOM peaKTOp8X <IJieKTpH'IeCKOH MOIIJ;

HOCThiO MeHee 500 M 6T, He CMomeT KOHKypupo

B8Th c :meprBeir, BLipa6aTLIBaeMoii o6LI'IHLIMJf 

CTaHD;HJIMH. 

X. ,ZJ;m. BABA (MHJJ.HH): B cTp8H8X c pa:mu

B8IOIIJ;eiicJI npOMhiTIIJieHHOCThiO JI,U.epH8H 3JieKTp0-

3HeprHH CT8HOBHTCH .KOHKypeHTOCllOCOOHOif, eCJill 

HCllOJlh3YIOTCJI pe8KTOpbl MHHHM8JlhHOH :meKTpH-

•IecKoii MOIIJ;HOCTLIO 500 Mer. 0p,H8Ko B uaaecT

HLIX YCJIOBHJIX .KOHKypeHTOCUOC06HbiMH MOryT 

oK838TI..CJI u pe8KTophi MeHLmeii MOIIJ;HOCTH. Pe

aKTopLI aneHTpH'IecKoii MOIIJ;HOCThiO 200 M6r TH-

118 CANDU HJIH THll8 pe8KTOp8 Tap8nypcKoii: 

CTaHD;HH .B l1Hp;BH JIBJIJIIOTCH KOHKypeHTOCllOCOO

HLIMH B p8iiOH8X, r,u.e yroJIL JJ;JIH oOLI'IHLIX ::)JieK

TpoCT8HD;Bii Tp8HcnopTBpyeTcJI no meneanoii p;o
pore HJIH MopeM H8 p8CCTOJIHHe 500 MHJih UJIH 

6oJILUie. Boaee Toro, TenJIOTBOpH8H cnoco6HOCTh 

yrJIH, npHMeHJieMOfO B J1H,U.HH J);JIJI IIOJIY'IeHHH 

auepruu, cocT8BJIHeT 9000 BTE/<flyHT BJIB MeHLme. 

T. r. q£pq (K8H8A8): l\8Koii emeroJJ;Hhlii 

paaMep npou;eHTOB BcnoJILayeTCH B CoaeTCKoM 

Co10ae B 38BBCBMOCTH orr KanuTaJioBJiomeHBii H8 

TOIIJIHBHYIO aarpyaKy J];JIJI J];aHHOH CHCTeMhi pe8K

TOpOB B npou;ecce :lKOHOMHlJ:eCKOfO HCCJieJ);OB8HHJI 

pe8KTOpOB H8 6LICTphiX Hf:!HTpOH8X? 

A. M. llETPOCb.HH~ (CCCP): 3KoHOMHK8 

peaKTOpOB H8 6blCTphiX HeHTpOH8X H8CTOJihKO 

TeXHH'IeCKH CJIOiKH8 H BCeo61.eMJIIOIIJ;8, 'ITO He

B03MOiKHO p;aTL npocTpaHHoe TexHuqecKoe o6'h

HCHeHue, KOTopoe Tpe6yeTCJI B J];8HHblH MOMeHT 

~JIJI J];HCI\YCCBH H8 3TOM 38Cep;aHBH, H Jl .L\YMaiO, 

'ITO aTOT Bonpoc cnep;oaano 6LI nop;po6Ho o6cym

JJ;aTL Ha aace}:\aHJIH, cnen;HaJibHO IIOCBRIIJ;eHHOM 

peaKTopaM aToro THna (aacep;8HHe 1.4). ~eJioMy 
PRAY y'leHLIX u aKcnepToB He yJJ;anocL p;ocTB'Ih 

cornameHHJI no 3TOMY Bonpocy; ,u.eiicTBHTeJILHo, 

3}:\eCb He MOH>eT 6WTh e}:\HHorJI8CHH no 3TOMY BO

npocy. 

B. 3AfiqEBCKMn («l>paHn;uJI): R8KYIO poaL 

6y~yT Brp8Th yCOBepmeHCTBOB8HHble peaKTOpbl C 

TOnJIHBOM B o60JI0'1Ke H3 CUJiaBa M8fHOKC B aHr

JIHHCKOH nporpaMMe? Ecnu OHH He 6y,L\yT urp8Th 

HHK8KOH pOJIH B nporp8MMe, TOrJ];a llO'IeMy IIpo

]J;OJiiK8eTCJI HX paap860TKa, K8R C006IIJ;8JIOCh B He· 

CKOJlhHHX 8HfJIHHCKHX ,L\OKJia]J;8X? 

Cap YuJILJIM llEHHM (Coep;uHeHHoe KopoJieB

CTBO) : PeaKTophl c TonJIHBOM B o6oao'IKe Ha 

CllJI8B8 M8fHOKC, CTpOHIIJ;HeCJI B H8CTOJIIIJ;ee BpeMH, 

6yJJ;yT pa6oTaTh ITO KpaiiHeii Mepe 20-30 JieT. 

CoeJJ;HHeHHoe KopoJieBCTBo He HaMepeB8eTCH 

CTpOHTh HX IIOCJie TOfO, K8K H8CTOHIIJ;8JI nporp8M

Ma oyJJ;eT 381\0H'IeHa, HO 3H8'1HTeJILHaJI '18CTh HC

CJiep;OB8HHH H paapaoOTOK peaKTOpOB C TOIIJIHBOM 

B o6oJIO'IKe H3 CITJI8Ba MarHoKc 6y]J;eT noMor8Th 

paapa6oTKe raaooxnamJJ;aeMoro peaKTOp8 (AGR) 

H BhiCoKoTeMnepaTypHoro raaooxJiaiKJJ;aeMoro pe

aKTopa (HTGR) H noaToMy npep;cTaBJIHTh 3H8-

1JHTeJILHYIO n;eHHOCTh. 

0. ,n. KA3A qi{OBCKMfi (CCCP): MHe Ka-

meTcJI, 'ITO B HeKOTOphiX J];OKJI8]1;8X, npeACT8BJleH

HhiX na aTo aacel-(anue, npoRBJIReTcH qpeaMepHoe 

npep;y6em,L\eHHe OTHOCHTeJihHO peaKTOpOB H8 6w

CTpblX HeiiTpOH8X. foBOpBTCJI, 'ITO npOMhiTIIJieH

HaH pa3pa6oTK8 3THX pe8KTOpOB H8'1HeTCH '1epe3 

p;eCRTh, ]J;B8]J;IJ;aTh HJIH )lail(,e COTHH JieT H 'ITO TeM 

BpeMeHeM J];JIH npoH3BOJ);CTB8 liJIYTOHHJI 6yt~;yT 
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HCllOJib30B8TbCH peaKTOpbi-KOHBCpTepbi H8 TCllJIO

BbiX HeiiTpoHax. ::ho HemeJiaTeJILHo. PeaKTOpbi Ha 

6LICTpbiX HCHTpOH8X HBJISUOTCH H8HJIY'IIDHMH KOH

neprepaMH llpH ycJIOBHH, KOHC'IHO, 'ITO HMCCTCH 

o6orall\eHHhlH ypaH. Cne~yer OTMeTHTL, 'ITO Ko

acJ)cJ)u~ueHT BOCIIpOH3BO~CTBa T8KHX pe&KTOpOB 

COOTB8TCTBCHHO YB8JIH'IHB8CTCII C YBCJIH'ICHHCM 
BblropaHHH H YMCHLID88TCH B peaKTOpax Ha TC

llJIOBbiX ueiiTpoHax. Ha ocHone HM8IOII\HXCH aKo

HOHH'IeCKHX paC'ICTOB peaKTOpbl ~aHHOfO THlla HC 

~opome peaKTOpon Ha Tennonblx HeiiTpoHax. Pe

meHhl OCHOBHhl8 TCXHOJIOfH'ICCKHe npo6JieMhl, Ka

Cai011\H8CH peaKTOpOB Ha 6:&ICTpbiX HeiiTpOHax; 

aH&'IHTCJIJoHaH pa6oTa npo~eJiaua B ConeTcKo&l 

Co10ae, CiliA u Coe,n;uHeHHOM KoponencTne no uc

noJI~aonaHHIO HaTpHH B K8'18CTBe TOllJIOHOCHT8JIH 
n 3THX peaKTopax. Bonee Toro, HaTpHii yme yc

neiiiHo UpHMeHHeTCII B peaKTopaX Ha TCllJIOBbiX 

HeiiTpoHax, HanpuHep n XonJiaMCKOM peaKTopc. 

llpo6Jie:Ma 6eaonacHOCTH ,n;na peaKTopon Ha 6hlcT

p:&Ix Heii:TpoHaX M8JIO OTJIHtqleTC.fL OT T8KOBOH ):(JIK 

peaRTOpOB Ha TCIIJIOBhlX HeHTpOHax, a HHOr,n;a Jl 

aua"'HTeJII>Ho npeyneJIH"'HBaeTcJl. Bee 3TH AOBO~:&I 
onpaB,n;:&IBaiOT 6onee 6hlcTpylo paapa6oTKY peaR

TopoB Ha 6:&ICTphlX H8HTpOHaX, '18M 3TO npe,n;yc

MaTpHBaeTCK B HCROTOphlX nporp8MM8X. 

X. ,ll;m. BABA ( npe~ce~aTeJIL) : Ecnu H 

IIOULITaiOCb CYMMHpOB8Tb HTOrH :JTOro 38CC· 

)J;aHHH, TO CTaHeT HCHO, 'ITO MHpOBLie ll0Tpe6Ho

CTH B 3HeprHH paCTYT 0"18Hb 6LtCTpo H 'ITO B TC'IC

IIHe 3T0f0 CTOJI8THH IIO cpaBH8HHIO C HaCTOHII\HM 

MoMeHTOH oHH yneJIH"'aTca B 8-10 paa. Bo·· 
o611\e nonaraiOT, 'ITO c noHO~biO .R,n;epHoif ::>uep

rHH, KOTOpa.ll B H3B8CTHLIX 06JiaCTHX yme JIBJIHCT

CK KOHKypeHTOCllOC06HOH, 6y~yT y,n;OBJICTBOpCHbl 

HeyKJIOHHO paCTYII\HC UOT{leOHOCTH B 3JICKTp0-

3HeprHH H 'ITO B HCKOTOpLIJQ CTpa.iax OHa COCTa

BHT 50% OT 3HeprHH, ROTOpaa 6y~eT UpOH3BC):(CHII 

n l<OH~Y cToJieTHH. TaKHM MomeT 6LITL ,n;eiicTBu

reJibHoe UOJIO)I(CHHC B811\8H BO BCeM MHpe. 

0THe'laJIOCb, 'ITO no MHorux CTpaHax c paann

naiOII\eiica npoMLimJieHHOCTLIO, rAe, MemAY npo

'IHM, o6:&I'IH8H 3Heprua cpaBHHTeJibHO HCJ(Opora, 

8TOMHLIC :meKTpOCTaH~HH MOII\HOCThlO 6oJICC 

500 Mfir B ,n;aHHLIH MOMCHT HoryT 6LITb IWHKypen

Tocrroco6HLIMH. B ,n;oKJia,n;e, upe~cTanJieHHoM MHOIO, 

uoRaaaHo, 'ITO B Tpex 'ICTBepTbiX qacTKX HH~uu 
n HaCTOHII\HX ycnonHHX aTOMHLie aneKTpocTaH~HH 
MOII\HOCTLIO 200 Mer MoryT TaKme oKaaaTbCH 

KOHRypeHTocnoco6H:&IMH. HanpuHep, TaR o6cTouT 

)J;CJIO Ha aanaAHOM no6epembe, rAe MLI B HaCTOJI-

11\HH MOMCHT CTpOHM 3JI8KTpOCTaH~HIO C ,ri;BYMR 

RHUHII\HMH peaRTopaHu MO~HOCTbiO 190 Mer. 
TaRoe me nonomeHHe B Pa,n;macTaHe, r,n;e Mid 

cTpOHM aJieRTpocTaH~HIO c ABYHH peaRTopaMu 

Tuna CANDU MOII\HOCTLIO 200 Mer, H B paH:oue 

MaApaca, ua roro-BOCTO"'HOH no6epemi>e HH~nu. 
TaJ<me JICHo, 'ITO MoryT 6LITb R ,n;pyrRe ycnoBRJI, 

Ror,n;a npuMeHeHue ~ame He6onLmux aJieRTpo

CT&H~Hii MOmeT 6LITL onpan,n;aHO, H OHH MOry·r 

oLITL ROHKypeHTocnoco6HLIHH. 
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EcJIH TOJILRO MOmHo T8K BldpaaHThCK, HCT Ta

KOfO BHAa aueprHH, ROTOpLiii 6LIJI 6LI TaR me ,11;0-

por, RaK H «OTCYTCTBHC 3Hepruu•, TO CCTL Ror,n;a 

oHa oTCYTCTByeT conceH. B TaRHX ycJIOBHHX, Ror

JJ:U pa3BHTHC IIpOMLIWJICHHOCTR npeRpa~aeTCR 

BBHIJ.Y OTCYTCTBHR COOTB8TCTBYIOII\HX HCTO"'HKKOB 

aHeprnu, aaqacTyiO onpan,n;LisaeTCJI R O"'eHI> ,n;opo

raa aHepruR. B TaRnx cny'laJIX cne,n;yeT pemHTb, 

cTpo~TL JIH o6:&I"'H:&Ie cTaH~IfH H RHnopTuponaTL 

TOIIJIHBO HJIH CTpOHTb aTOMHLIC 3JICRTpOCTaH~HH 

H HMDOpTHpOBaTb TOUJIHBO. 3TO o6CTOJITeJILCTBO 

IIO)J;HHHaeT O'I8Hb BamHhlH 3ROHOMH'l8CRHH BODpOC, 

oco6eJIHO JJ:JIII CTpaH, r,n;e O~~aeTCII H8AOCTaTOR 

HHOCTpaHHoii naJIIOTLI. KaH<AOMY uanecTHo, 'ITO, 
HC"'HCJIHII B ~eHTax aa 1 MJIH. BTE, aHeprua, no

JiyqaeMaK OT HACpHOfO TOUJIHBa, 3Ha'IHTCJibHO AC

IDCBJIC, "'eM oT o6LI"'Horo. HanpuHep, aHeprnR, uo

ny"'aeMaa OT JIACpHOfO TOllJIRBa, MO)I(CT CTOHTL 

14 ~eHTOB aa 1 MJIH. BTE, a OT o6LI"'Horo -

21 ~eHT aa 1 MJIH. BTE. TaRuH o6paaoH, TOT 
tilaKT, 'ITO llOTpe6yeTCJI M8HbWe0 ROJIH"'CCTBO HHO

CTpaHHOH BaJIIOTbl, "'T06LI aaiJJiaTHTb aa ll,n;epHOe 

TOIIJIHBO, 'lCM aa o6LI'IHOe, MO)I(eT CBH)J;CTCJibCTBO

BaTb B IIOJIL3Y aTOMHOH 3HeprHH. 

,lJ;pyroii BbiBO)J;, ROTOpLiii BLITOJ<8CT H3 ]~8HIIOH 
l~HcKyccHu, aaRJiiO'IaeTCH n cne;a.yiDII(eM. Hor,n;a 
MLI paCCM8TpHBaeM BODpOC 0 CTOHMOCTH 3HeprHH, 

IIOJiy'laCMOH OT onpe~eJICHHOl'O THUa peaKTopa, 

Mbl l(CHCTBHTCJibHO )J;OJI)I(HLI He 'fOJibRO H30JIHpO

B8HHO paCCMaTpHB8Th Pt:8RTOp, HO H BCCb TOII

JIHBHbiH ~HKJI B ~CJIOM. 3TO o6CTOHTeJibCTBO OC0-

6eHHO cnpane,n;nuno fi.JIH peaRTopon-paaMHomu

TeJieH: H 38CJiymHB8CT O'ICHb Tll\8T8JihHOf0 H3y'ie

liHH. ,lJ;aJiee, O~CHHB8JI J<allH1'8JIOBJIOmeHHH B paa

pa60TKY HOBLIX THUOB peaKTOpOB, CJie~yeT Y'IHTLl

BaTL R81IHTaJIOBJIOmCHHJI B C03,!(8HHe BCIIOMOra

TCJibHOfO ooopyl(OBaHHH. 3To T8Rme oco6eHHO na
iKHO ,ri;JIH peaKTOpOB-paaMHOmHTCJICH, TaU RaR IIU 

nepepa6aThlBaiOIQHX aano,n;ax MomeT pereHepupo· 

B8TbCH TOJibKO H3BCCTHoe J<OJIH'ICCTBO TOHJIHBa, H, 

T8RHM 00p830M, KOI',L~a YBCJIH'IHBaCTCH lWJIH'ICCTBO 

peaRTOpOB-pa3MHOmHTeJICH, TO YBCJIH'lHB8CTCH If 

KOJIH'IeCTBO Ilepepa6aTblB8IOIQHX aaBOAOB. 

O,n;HaRo coo6pameHHH TaRoro po,n;a rrpuHenuMLI 

ne TOJihRo K HJJ:epuoii ;meprun. B p,oKJiafl.e, npe;a.

cTaBJieliHOM lla il\eneBCRYIO KOH<f>epeH~HIO 
1958 r. * MOHM RI>JIJICI'OH )1;-pOM llpaca,n;OH H MHOH, 

o6cym)J;UCTCH BOIJpoc 0 CTOHMOCTH Jll(epHOH ll 

o6LI'IHoii ::>Heprun. B HH~HH, HanpnMep, Ra'leCT
so yrml, KOTOpoe KBJIKCTCK Cp8BHHTCJibHO HH3-

I\HM, cne~yeT ynyqmaTL, ~JIH qero npuHeHHIOTCR 

MOe'IHbiC ~exa. lloaTOMY COOTllCTCTBYIOII\HC Ka

UHTaJibHide aaTpaThl Ha coopymeHue TaRHx ne

xoB HCJib3H He upHHHMaTL BO BHHHaHHe. B CJIY

'18C Tp8HCIIOpTHpOBKH yrJIH Ha 60JILIDHe paCCTOJI-

: X. ,Um. Balla H H. E. Ilpaca;a.. l1ay•wu1te po:IH aroM
HoH ::lHepfHH B rrporpaMMC paaBHTHR HH;a.HHCKOH ::lHep
reTHKH, BropaR iKeHeBCI(aJI Mem;a.yuapo;a.HaR IwucJiepoH
~HR rro MHpHoMy HCJIOJILaoBaHHIO aToMHoii: aueprHK, 
P/1624, T. 1, CTp. 89--101 (1958). 
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HHH CJie,n:yeT TaKme Y'IHTbiBaTb COOTBCTCTBYIO~He 

KanliTaJioBnomeHHH B meneaao,n:opomaoe o6opy

,n:oBaHHe. 

OrpoMHble ycHJIHa, npHnomeHHLie K paapa6oT

Re peaKTOpHOH TCXHOJIOfHH B 1955 r., yme ,n:aJIH 

nJIOJJ;hl. Mbi Tenepb aaaeM, 'ITO aToMHaH ::meprHH 

3aBOCBaJia ce6e MeCTO. ,lJ;eHCTBIITCJibHO, Olla CTa

HOBHTCH BCe OOJiee 1\0HRypeHTOCllOCOOHOli, 'ICM B 

HaCTOH~HH MOMCHT; KpOMe Toro, OHa npHBeJia K 

Acta de Ia sesi6n 8 

CHHffiCHHIO CTOHMOCTH OObl'IHOH :mepnm; H He 

,n:yMaiO, 'ITO 3THM CRMbiM HC'ICpiibiBaeTCH 3Ha'Ie

HHC pOJIH aTOMHOH 3HeprHH ,n:JIH 'ICJIOBC'ICCTBa. 

HpoMe aToro, a6coJIIOTHo HCHo, 'ITo cToiiMoCTh 

H,u.epaoil: aaeprHH CHHmaeTcJJ aHa'IHTCJihHo ohlCT

pee, 'leM oobi'IHoil:. 

TaKoBa o6~aH RapTHHa. TexHH'IecKue cTopoHhl 

oy,n:yT 3Ha'IHTCJibHO UOJJ;po6Hee pacCMaTpHBaTbCJI 

Ha HCCI\OJibKHX TCXHH'ICCKHX sace,n:aHHHX. 

Nuevas datos economicos. Necesidades de energia en los prox1mos aiios y funcion que puede 
desempeiiar Ia energia nucleoelectrica para satisfacerlas 
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DISCUSION EN GRUPO 

Funci6n que puede desempeiiar Ia energia nuclear 
para satisfacer Ia~ necesidades de energia de otros 

paises 

J. P. BAXTER (Australia): En Australia no hay 
planes para producir inmediatamente energia nu
clear. Por consiguiente, hablare del papel de la 
energia nuclear tal como lo vemos en el futuro. 
Australia es un pais extenso con una poblacion 
reducida; su superficie es aproximadamente Ia de 
los Estados Unidos de America y su poblacion, aun
que solo sea de unos 11 millones de habitantes, esta 
aumentando con rapidez. Australia es un pais muy 
industrializado, cuyo consumo de energia per capita 
es elevado y que solo sobrepasan en proporcion 
considerable los Estados Unidos de America. 

Desde determinados puntas de vista puede con
siderarse que Australia es un pais insuficientemente 
desarrollado, ya que posee grandes recursos todavia 
sin explotar. En la actualidad, el carbon constituye 
Ia principal fuente de energia. Son alga menos 
importantes los recursos en energia hidroelectrica 
y el petroleo tambien permite obtener energia, aun
que en pequefia cantidad. Los recursos carboniferos 
son bastante considerables y se hallan concentrados 
sobre todo en el este del pais; en el sur y el oeste 
hay tambien algo de carbon de no muy buena 
calidad. 

En la actualidad, en las zonas industriales mas 
grandes, en las que el carbon es tan abundante como 
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Documento P /577 
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(presentado por B. B. Batorov) 
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barato, se puede producir energia en nuevas cen
trales termicas a un costo alga inferior a cuatro 
milesimas de dolar de los EE.UU. por kilovatio, lo 
que establece un objetivo muy dificil de alcanzar 
para la energia nuclear. Aun contribuye a agravar 
Ia situacion el hecho de que, en la mayoria de los 
Estados, resultaria en la actualidad impracticable 
incorporar centrales nucleoelectricas muy grandes 
al sistema de distribucion. En un futuro no muy 
lejano, quiza Nueva Gales del Sur y, alga mas 
tarde, Victoria, puedan absorber centrales con una 
capacidad superior a 500 MW, pero en la mayoria 
de los demas Estados habria que limitar la capaci
dad a 200 MW. En tales circunstancias, no parece 
que sean grandes las perspectivas inmediatas de 
construir y hacer funcionar centrales nucleoelec
tricas. En cambia, parece probable, en parte por 
la distribucion geografica del carbon y en parte 
tambien por la rapidez del crecimiento demogn1fico, 
que la energia nuclear desempefte algun dia un papel 
importante en el desarrollo de Australia. Tal cosa 
puede suceder en el proximo decenio en el sur de 
Australia, donde existe por lo menos la posibilidad 
de que bacia 1975 este funcionando una central de 
200 MW. Sin embargo, quiza no sea asi en el caso 
de que los actuales trabajos de prospeccion de 
petroleo y de gas natural en ese Estado den resul
tados muy positivos. El otro Estado en el que puede 
utilizarse muy pronto la energia nuclear es Tasmania, 
donde se utiliza casi exclusivamente la energia 
hidroelectrica. Esta fuente de energia se explotara 
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pronto en la mayor medida posible, por lo que 
merece la pena examinar las perspectivas de contar 
con una central de 200 MW en Tasmania en el 
proximo decenio. 

Aparte los sistemas generadores de energia pro
piedad del Estado, administrados por empresas pu
blicas del Estado y que no estan interconectados, 
salvo un enlace tendido a traves de las Montaiias 
Nevadas entre Victoria y Nueva Gales del Sur, 
puede haber demandas aisladas de energia de cierta 
magnitud en uno o dos casos especiales. En el 
norte y el nordeste se han encontrado depositos de 
bauxita muy importantes y se esta considerando 
seriamente la posibilidad de fundir el mineral para 
producir aluminio. De hacerse esto, habra que utili
zar la energia nuclear y entonces podria estar justi
ficada la construccion de una central, en escala 
industrial, cuyas perspectivas de crecimiento son 
considerables. En algunas otras zonas del interior, 
como la ciudad de Mount Isa, donde se explotan 
minas de cobre, plata, plomo y zinc y el consumo 
de energia puede aumentar hasta 100 MW, cabe 
pensar que la energia nuclear llegue a imponerse 
debido a la gran distancia a que hay que trans
portar el otro combustible posible, es decir, el 
carbon. 

Por consiguiente, el programa energetico de Aus
tralia ha de concebirse a largo plazo. Nos interesan 
muchisimo los trabajos que se estan llevando a cabo 
en otras partes del mundo para disminuir el costo 
de la energia nuclear y nos complace sobremanera 
la actividad que se esta desplegando en el Canada, 
los Estados Unidos, la Gran Bretaiia y en otros 
paises para alcanzar este objetivo. Desde nuestro 
punto de vista, reviste la mayor importancia el dar 
cima a esta labor. Sin embargo, nuestras propias 
actividades en este campo son a largo plazo, y nues
tros estudios se concentran en un tipo de reactor 
muy avanzado pero que todavia es un tanto teorico; 
en realidad, no necesitamos precipitar las cosas. 

Aunque la desalinizacion no constituye en nues
tro caso una necesidad urgente, a largo plazo nos 
interesa, ya que Australia es uno de los continentes 
mas aridos del mundo. 

Nos sigue interesando la produccion de uranio, 
que todavia producimos, y tambien continuamos 
nuestro programa de exploracion a fin de aumentar 
nuestras reservas. Creemos que nuestro pais puede 
llegar a ser un productor en escala industrial de 
uranio barato, asi como de torio y, a pesar del 
descenso actual de los precios en el mercado, conti
nuamos con energia nuestra labor en este campo. 

J. NEuMANN (Checoslovaquia): Deseo esbozar 
brevemente las caracteristicas enonomicas basicas 
de la situacion de Checoslovaquia en materia de 
energia, que nos han hecho llegar a la conclusion 
de que las centrales nucleoelectricas son necesarias, 
y que tambien nos han hecho definir nuestra politica 
basica en cuanto a la utilizacion de la energia 
atomica con fines pacificos. 
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La Republica Socialista Checoslovaca es un pais 
industrialmente desarrollado. La rapida expansion 
de nuestra economia nacional en el futuro, que 
permitini elevar de manera gradual el nivel de vida 
y fomentar el desarrollo cultural, exige ya, y conti
nuara exigiendo, un abundante suministro de energia 
para satisfacer las necesidades industriales y de la 
comunidad. Se espera que en los quince proximos 
aiios se duplique, aproximadamente, el consumo 
global de los recursos primarios de energia. La 
evoluci6n estructural del consumo de energia se 
caracteriza, entre otras cosas, por el crecimiento 
mas rapido de los tipos convencionales de energia, 
en particular la electricidad, cuya produccion ascen
dera aproximadamente a 55 000 o 60 000 millones 
de kWh en 1970 y a 110 OQO o 115 000 millones 
de kWh en 1980. 

El lignito de calidad inferior, del cual se obtiene 
en la actualidad el 90% del total de la produccion 
nacional de energia electrica, es ahora (y seguira 
siendo en el futuro proximo) la fuente basica de 
energia en Checosloyaquia. Los yacimientos de 
carbon que pueden utilizarse para producir energia 
se hallan concentrados sobre todo en el noroeste 
del pais y, por tanto, las centrales de energia ter
mica estan situadas alii. En vista de que las condi
ciones naturales en que se extrae el carbon son 
cada vez menos favorables, de lo limitado de las 
reservas carboniferas y de la irregularidad de su 
distribucion en todo el pais, la producci6n de 
energia electrica a partir de combustibles fosiles 
nacionales tropieza con dificultades crecientes de 
orden tecnico y economico. Debido sobre todo a 
lo limitado de los yacimientos geologicos existentes, 
la produccion de las centrales termicas no puede 
aumentar al ritmo que seria preciso en los diez o 
quince proximos aiios, y dificilmente podra aumen
tar transcurrido dicho periodo. 

Se esta hacienda frente a esta situacion impor
tando cada vez mas energia. El total sera casi el 
20% de todos los recursos primarios en 1965 y 
todavia se importani mas energia despues de esa 
fecha. AI propio tiempo, se esta preparando un 
programa para difundir la utilizacion de la energia 
atomica en la produccion industrial de electricidad. 

Este programa se basara en generadores nucleares 
que utilizaran el uranio natural, con moderador de 
agua pesada y conductor termico de dioxido de 
carbona. En Bohunice se esta construyendo un 
prototipo industrial cuya produccion sera de 150 
MW(e). Los panimetros tecnicos de esta central 
electrica son bien conocidos y han sido descritos en 
varios documentos presentados a la segunda Con
ferenda internacional sobre la utilizacion de la 
energia atomica con fines pacificos en 19 58 *. En 

* Vease, como ejemplo, Aetas de Ia segunda Conferencia 
internacional de las Naciones Unidas sabre Ia utilizaci6n de 
Ia energia at6mica con fines pacificos, P /2092, Vol. 5, 
pags. 251 a 257, y Proceedings of the Second International 
Conference on the Peaceful Uses of Atomic Energy, 
P /2094, Vol. 9, pags. 36 a 44. 
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la presente Conferencia se expondnin algunos pro
blemas tecnicos relativos a la construccion de un 
reactor de esta clase*. Los problemas basicos que 
plantea el proyecto desde el punto de vista cientifico 
y tecnico han sido ya resueltos y la central electrica 
podni funcionar en 1968. 

Estimamos ahora que un programa de construe
cion de centrales nucleoelectricas dentro de los diez 
o quince proximos afios puede basarse en reactores 
del tipo indicado. La experiencia adquirida en la 
solucion de problemas cientfficos y tecnicos relativos 
a la primera central nucleoelectrica y el trabajo de 
investigacion y experimentacion subsiguiente han 
permitido llegar a la conclusion de que las centrales 
de esa clase pueden producir energia electrica en 
condiciones economtcas satisfactorias. Asi, por 
ejemplo, las inversiones concretas de capital en la 
segunda central nuclear de este genero, con dos 
reactores de 200 MW(e) de potencia cada uno, 
seran inferiores entre un 40 y un 45% a las del 
prototipo. El costo de la energia electrica producida 
por dicha central equivaldria aproximadamente al 
costo medio de la obtenida en la red de centrales 
electricas del Consejo Central de Energia. Los 
nuevos aumentos en la potencia unitaria de los 
reactores - creemos que sera posible alcanzar los 
400 MW(e)- deben crear condiciones en las que 
el costo de la energia producida por las centrales 
nucleares sea comparable, en 197 5, con el de la 
energia producida por las mejores centrales ter
micas. Por consiguiente, creemos que, mediante la 
utilizacion de centrales nucleoelectricas de un tipo 
seleccionado, sea posible compensar gran parte del 
deficit que se calcula existira en la energia electrica 
hacia 1980 y que, para entonces, dichas centrales 
podran producir alrededor de un 15% de la energia 
electrica que el pais necesite, en condiciones econ6-
micas favorables. 

Como la mayoria de los paises que se preocupan 
por los problemas relativos a la utilizacion de la 
energia atomica, consideramos que en un futuro 
menos proximo se podra producir energia electrica 
utilizando reactores de neutrones rapidos, lo que 
permitira una mayor utilizacion de las existencias 
de combustible nuclear en condiciones tecnicas y 
economicas favorables. 

Para preparar y ejecutar nuestro programa, con
tamos con la cooperacion internacional, en parti
cular con la Union Sovietica que nos esta prestando 
una gran ayuda. 

H. voN BuLow (Dinamarca): En Dinamarca la 
situacion, por lo que respecta a la energia, puede 
resumirse en grandes trazos de la siguiente manera: 
primero, Dinamarca solo posee reservas insignifi
cantes de combustibles nacionales de tipo conven
cional; segundo, las reservas de energia de Dina
marca dependen por entero de las condiciones del 
mercado mundial, y tercero, por lo que hace a la 

* Veanse, por ejemplo, los documentos P/522 y P/523 
de las presentes aetas. 

utilizacion de la energia atomica, sobre todo para 
producir electricidad, las consideraciones de orden 
economico son fundamentales, ya que solo se preven 
las aplicaciones de la energia nuclear con fines 
pacificos. 

·Nos interesa mucho la cuestion de los recursos 
y las necesidades energeticas del mundo en su 
totalidad y observamos, en particular, los tres 
factores siguientes: a) el aumento constante per 
capita del consumo de energia, incluso en los paises 
mas adelantados; b) el aumento constante de la 
poblacion mundial, y c) el aumento de las necesi
dades en energia de los paises en desarrollo. En 
este orden de ideas hay que tener en cuenta las 
siguientes consideraciones: primero, la energia 
nuclear solo puede contribuir considerablemente a 
satisfacer las necesidades energeticas si se utilizan 
reactores reproductores; segundo, hay que tener en 
cuenta los efectos de saturacion al hacer la evalua
cion a largo plazo de las necesidades mundiales en 
energia, aunque no puede suponerse que dichos 
efectos influyan en el crecimiento del consumo 
mundial de energia en los proximos decenios; 
tercero, hay un margen muy considerable de error, 
al menos del orden de 30 a 100 afios, en los calculos 
del tiempo que se tardani en agotar los recursos en 
combustibles convencionales economicamente explo
tables; cuarto, otros factores importantes que deben 
tomarse en consideracion son, por ejemplo, el 
tiempo que se tarde en perfeccionar la tecnologia de 
los reactores reproductores hasta que puedan fun
cionar de un modo economico y la velocidad de 
reproduccion que puede obtenerse en condiciones 
economicas favorables. 

Las consideraciones concretas que acabo de indi
car, que no abarcan todos los importantes factores 
que entran en juego, nos han hecho llegar a la 
conclusion de que un pais como Dinamarca debe 
efectuar inversiones en la energia nuclear tan pronto 
como ello sea aconsejable desde el punto de vista 
economico, teniendo en cuenta la evolucion futura. 
Tambien consideramos que todos los paises mas 
adelantados deben participar en el fomento del des
arrollo tecnol6gico a fin de hacer econ6micamente 
competitiva la energia nuclear, para que pueda real
mente sustituir a los combustibles fosiles. Por tanto, 
creemos que Dinamarca debe desempefiar el papel 
que le corresponde, siquiera sea en una escala 
modesta, en el logro de este proposito. 

I. H. UsMANI (Pakistan): Creo que se estara en 
general de acuerdo en que debe considerarse desde 
ahora la energia nuclear como otra fuente de energia 
y que las tendencias que se manifiesten en el futuro 
en el desarrollo de la tecnologia nuclear originaran 
probablemente un mejor rendimiento y un costo 
mas satisfactorio desde el punto de vista economico 
de los reactores de potencia. Sin embargo, observo 
que los paises industrialmente adelantados asignan 
gran importancia al precio competitivo de la energia 
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nuclear y hablan de un modo continuo de grandes 
reactores y de los importantes bloques de energia 
que las instalaciones nucleares pueden proporcionar 
a sus redes nacionales. Para el Pakistan, estas con
sideraciones son puramente academicas, ya que no 
se plantea en absoluto la cuesti6n del precio com
petitivo, pues debemos obtener energia electrica 
para nuestro desarrollo econ6mico, sea cual fuere 
su costo. 

La poblaci6n del Pakistan es de unos 98 millones 
de habitantes. El Pakistan forma parte del subcon
tinente indopakistano y esta dividido en dos pro
vincias principales, el Pakistan oriental, que tiene 
54 millones de habitantes, y el Pakistan occidental, 
que cuenta con unos 44 millones. Las condiciones 
climaticas y geograficas del Pakistan oriental son 
analogas a las del sudeste asiatica y las del Pakistan 
occidental se parecen, en terminos generales, a las 
del Oriente Medio. 

El Pakistan oriental tiene clima humedo, sus 
tierras estan cubiertas de vegetacion y son fertiles, 
y es una de las zonas mas densamente pobladas del 
mundo. Como ocurre en Rolanda, no existe prac
ticamente ningun potencial hidroelectrico. Hay una 
zona llana, en forma de delta, que se extiende 
desde las colinas situadas en las estribaciones del 
Himalaya, en el norte, hasta la Bahia de Bengala, 
y cuya precipitacion total es del orden de 58 pies. 
Existe un pequefio potencial hidroelectrico de unos 
120 MW en las colinas de Karnaphuli, en las 
regiones montafiosas de Chittagong cerca de la 
frontera de Birmania, que ya se esta explotando. 
Hasta ahora no se ha descubierto petroleo, no hay 
carbon y solo existe una cantidad exigua de gas 
natural que se utiliza en parte para producir elec
tricidad y en parte para otros fines. Aunque se 
emplearan todas las reservas de gas que se ha com
probado existen en el Pakistan oriental, y que se 
hallan situadas en una mitad de la provincia, para 
producir energia (que necesitamos urgentemente, ya 
que el consumo anual per capita de la provincia 
solo es de 15 kWh contra 4 000 o 5 000 en los 
Estados Unidos y el Canada), incluso asi, la capa
cidad total generadora de energia que podriamos 
mantener mientras existiera la central seria de unos 
700 MW. Ademas, estas reservas no pueden utili
zarse de un modo exclusivo para producir energia, 
ya que tambien se necesitan para la produccion de 
abonos, derivados del petroleo, del gas natural, etc. 
Incluso si se consagrara a Ia produccion de energia 
el 50% de las reservas, la capacidad generadora 
resultante solo ascenderia a unos 350 MW, que 
bastarian estrictamente para satisfacer las necesi
dades de las centrales ya aprobadas o planeadas 
que estuvieran funcionando en el Pakistan oriental 
en 1970. Seis afios despues de haberse establecido 
una central de 350 MW a base de gas se habrian 
agotado todas las reservas de este producto. No 
puede mejorarse mucho la situacion aumentando las 
importaciones de petroleo, ya que el costo de la 
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energia producida a base de petroleo importado es 
de unos 79 centavos de dolar de los EE.UU. par 
millon de Btu. Asi, hemos tenido que estudiar otros 
medias. Hemos observado, en trabajos realizados 
con la ayuda del Organismo Internacional de 
Energia Atomica, y de un gran numero de reputadas 
firmas de asesores, que en la mitad occidental de la 
provincia, carente en absoluto de toda clase de 
recursos energeticos, una central nucleoelectrica que 
utilizara un reactor de agua hirviente o de agua a 
presion que haya demostrado su eficacia, incluso 
con una capacidad generadora de 70 MW, podria 
producir energia a un costo de 8 a 9 milesimas de 
dolar de los EE.UU. por kWh. 

En el Pakistan occidental, el potencial hidro
electrico es bastante considerable, pero, por des
gracia, esta limitado a las regiones montafiosas del 
norte y del noroeste, practicamente inaccesibles. 
Incluso si continuamos construyendo centrales hidro
electricas con una capacidad total de unos 2 500 MW 
cada decenio (cifra elevadisima), la capacidad total 
obtenida a fines de este siglo no pasaria de unos 
10 000 MW. Hacienda entrar en cuenta todo el 
carbon, el gas y las reducidisimas reservas de 
petroleo disponibles, la capacidad generadora en 
un periodo de 35 a 40 afios seria inferior a la que se 
necesita en unos 8 000 MW, en el supuesto de que 
el consumo per capita se duplicara cada seis afios 
desde ahora hasta 1980. Puedo decir que si, despues 
de esto, se duplicara cada diez afios, solo llegaria 
a unos 900 o 1 000 kWh anuales a fines de siglo, 
lo que representa una cifra muy aproximada a la 
actual del J apon. 

En consecuencia, hemos decidido establecer un 
generador nuclear de agua pesada de 132 MW en 
Karachi y otro de agua ligera de 70 MW en 
Rooppur (Pakistan oriental). Estamos evaluando las 
propuestas presentadas, y espero que las negocia
ciones en curso a fin de obtener asistencia finan
ciera de paises amigos terminen pronto con un 
resultado positivo para que mi pais, al que no le 
queda otra solucion, pueda ejecutar el modestisimo 
programa previsto. 

K. E. EFFAT (Republica Arabe Unida): La Re
publica Arabe Unida ha emprendido un intenso 
programa de desarrollo que debe duplicar el ingreso 
nacional cada diez afios. A dicho efecto se ha 
planeado un extenso programa de industrializacion 
y de bonificacion de tierras a fin de satisfacer las 
necesidades de una poblacion que aumenta con 
rapidez. Ahora bien, para ejecutar este programa y 
atender a la demanda creciente de energia es indis
pensable explotar plenamente todos los recursos 
energeticos del pais. 

La capacidad instalada total de cent~ales hidro
electricas y de centrales termicas de tipo corriente, 
comprendida una produccion de 2 100 MW(e) en 
la central hidroelectrica de la Alta Presa, ascendera 
a 4 000 MW en. 1970 frente a 400 MW en 1952. 
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Esto significa que la energia producida habra 
aumentado, de 1 000 millones de kWh en 1952 a 
11 000 millones de kWh en 1970, lo que corres
ponded a un aumento en la energia producida 
per capita, de 47 a 350 kWh en el mismo periodo. 
Los estudios econ6micos detallados, asi como los 
relativos a la posibilidad de efectuar los trabajos, 
han indicado que la capacidad generadora instalada, 
no obstante este aumento, solo podra satisfacer las 
necesidades del pais basta 1972, y a partir de 
entonces se necesitara cada aiio una capacidad 
media adicional de 150 a 200 MW(e). 

Se espera que, con la tasa actual de progreso en 
Ia tecnologia nuclear, mejore considerablemente el 
aspecto economico de dichas instalaciones, en par
ticular el de las grandes instalaciones previstas para 
el decenio de 1970. Asi, se espera poder ejecutar 
en mi pais un programa de energia nuclear cada 
vez mayor en el proximo decenio. En consecuencia, 
hemos decidido crear la primera central nucleo
electrica, cuya produccion neta sera de 150 MW(e). 
Dicha central quedani integrada en el sistema de 
la red de 220 kW y comenzara a funcionar en 1969. 
La central generadora estara conectada con una 
central de fabricacion de elementos combustibles y 
con una instalacion de desalinizacion que debe 
tratar 20 000 m3 de agua salada por dia. A pesar 
de que en las condiciones actuales y dentro de los 
limites previstos las centrales nucleoelectricas no 
pueden competir favorablemente en la Republica 
Arabe Unida con las centrales termicas de tipo 
corriente, se ha abordado este proyecto a fin de 
introducir la tecnologia nuclear, proporcionar expe
riencia y capacitar al personal en las diversas dis
ciplinas necesarias para satisfacer las futuras necesi
dades de un programa nucleoelectrico de impor
tancia creciente en el decenio de 1980. Ademas, se 
realizaran trabajos experimentales sobre la eco
nomia de la produccion y la utilizacion de agua 
desalinizada en las condiciones propias del desierto. 
Se daran mas detalles al respecto en la reunion 
pertinente del grupo especial, que debe celebrarse 
bacia fines de la Conferencia. 

Se ha seleccionado ya un emplazamiento para la 
central nucleoelectrica en el litoral del Mediterraneo, 
a unos 30 km al oeste de Alejandria. Se esta prepa
rando Ia zona destinada al emplazamiento y en 
breve se iniciara la labor de construccion, poco 
despues de haberse presentado propuestas como 
consecuencia de la invitaci6n hecha por el Orga
nismo de Energia At6mica de la Republica Arabe 
Unida. 

L. C. PRADO (Brasil): Quisiera seiialar algunos 
factores que han influido en Ia producci6n de 
energia del Brasil en los ultimos aiios. Estos factores 
adquieren una significaci6n especial cuando se con
sideran en relaci6n con los planes actuales para 
producir electricidad y Ia posibilidad de utilizar la 
energia nuclear en algunas regiones del Brasil. 

Para poderse formar una idea completa de las 
necesidades en fuerza motriz del Brasil, hay que 
tener en cuenta los siguientes factores: a) la gran 
deficiencia en el suministro de energia; b) la 
demanda cada vez mayor ocasionada por el creci
miento demografico y la rapida industrializacion del 
pais; c) la mala calidad y la insuficiencia de los 
recursos carbon if eros; d) lo limitado de la produc
ci6n de petroleo obtenido de las reservas conocidas, 
y e) la existencia de recursos en energia hidraulica 
aun no explotadas. 

Debido a los tres ultimos factores, la capacidad 
generadora de energfa depende en la actualidad casi 
exclusivamente de los recursos de tipo hidraulico. 
Las centrales termicas de tipo corriente solo se 
utilizan como complemento de los sistemas de redes 
hidroelectricas en las zonas mas industrializadas 0 

para satisfacer las necesidades locales. En este 
ultimo caso suelen ser pequeiias. 

Un acontecimiento sorprendente que se registr6 
en los ultimos aiios indujo a las autoridades a revisar 
los criterios optimistas que venian sosteniendo en 
cuanto al potencial de energia hidraulica y a con
siderar de nuevo Ia posible utilidad de los recursos 
de energia termica. Se descubri6 que estaba casi 
agotada el agua de un deposito construido para 
alimentar una gran central hidroelectrica en una de 
las zonas mas industrializadas del pais. Este depo
sito, situado cerca de Ia ciudad de Sao Paulo, con
siste en un sistema de lagos artificiales comuni
cantes que recogen el agua de lluvia que cae en 
dicha zona, asi como el agua procedente de rios 
a niveles inferiores. Una bomba eleva el agua a 
unos 30 m de altura. El deposito se encuentra cerca 
del borde de una meseta de una altura de 720 m 
y en cuya base hay una central electrica, construida 
hace unos 35 afios, cuya capacidad instalada 
aumento gradualmente basta la cifra actual de 
800 MW. El modo de utilizar el agua es muy inge
nioso, pero el funcionamiento de Ia central depende 
sobre todo del agua de lluvia. Sin embargo, debido 
a Ia grave sequia registrada en los cinco ultimos 
afios, el nivel medio del deposito bajo de un modo 
constante, basta el punto de que en 1963 la reserva 
de agua representaba menos del 5% de su capa
cidad nominal. Asi, el promedio de energia sumi
nistrada por Ia central se redujo a menos del 30% 
de la cifra normal, lo que hizo que una central 
termica de 400 MW(e), situada en Piratininga, que 
se construy6 inicialmente sobre todo para satisfacer 
las necesidades de la carga punta, ha venido fun
cionando desde entonces como central para la carga 
base (factor de utilizacion basta el 90% ). La situa
cion de la industria local llego a ser tan critica que 
fue necesario hacer cuanto se pudo para acelerar 
Ia terminaci6n de una central hidroelectrica distante 
(Furnas) y la linea de transmisi6n correspondiente 
para complementar de un modo considerable el 
suministro de energia. Tambien se recurrio a efec
tuar intercambios de carga en el interior de la zona, 
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pero ni aun asi se pudo evitar el tener que efectuar 
algunos cortes de corriente. La central termica men
cionada es de tipo corriente y funciona a base de 
petroleo. Se emprendieron estudios a fin de deter
minar la posibilidad de producir otros 500 MW(e) 
de origen termico, Ia mitad por una nueva central 
de tipo corriente a base de carbon brasileiio y el 
resto por una central nucleoelectrica. 

Hace aiio y medio se constituyo un comite guber
namental para coordinar los estudios acerca de las 
necesidades energeticas de toda la region centro
meridional del Brasil, la zona mas industrializada 
del pais. Ese comite ya ha recomendado medios 
para satisfacer en su mayoria la demanda de carga 
punta basta 1970 ( queda un deficit de energia de 
unos 500 MW que debe ser cubierto mediante cen
trales termicas). En este sistema general, las cen
trales nucleoelectricas tendran que desempeiiar un 
papel. 

Deseo tambien agregar que los sistemas de redes 
mas importantes situados en la region centromeri
dional van conectandose gradualmente unos con 
otros a fin de llegar a poseer una red interconectada 
muy amplia. En la fase inicial, la red no tendra 
forma anular, cosa posible en otras regiones o 
paises; la red definitiva estara integrada por cierto 
numero de sistemas de forma anular' enlazados 
mediante lineas de transmision adecuadas. Cabe 
advertir que se viene aplazando desde hace varios 
aiios la interconexion completa entre los dos centros 
de carga mas importantes del Brasil, es decir, Rio 
de Janeiro y Sao Paulo, que solo se hallan a 400 km 
de distancia, debido a la diferencia que existe en 
las frecuencias utilizadas en cada red, o sea, 50 
y 60 Hz, respectivamente. Por recomendacion del 
comite gubernamental ya mencionado, se ha apro
bado en fecha reciente un plan para cambiar la 
frecuencia en Rio de Janeiro de 50 a 60 Hz. Se 
esta informando a la poblacion de la zona corres
pondiente sobre las modificaciones que deben intro
ducir en sus aparatos electricos. 

Mientras que se termina la vasta red interconec
tada resulta cada vez mas evidente que conviene 
producir energia adicional utilizando centrales ter
micas y, en este orden de ideas, debe estudiarse la 
posibilidad de utilizar la energia nuclear. 

Tambien deseo hacer algunas observaciones acer
ca del problema que plantea el suministro de energia 
en el nordeste del Brasil, donde se producen unos 
400 MW en una gran central hidroelectrica, la cual 
utiliza el gran caudal del rio San Francisco y el 
desnivel natural de las cataratas de Paulo Afonso. 
Estas cataratas figuran entre las mas impresionantes 
del Brasil, pero se hallan situadas a unos 500 km 
del centro geografico de la zona que se ha de 
abastecer. Las perdidas en las lineas de transmi
sion y el costo que esto supone son factores que 
pueden aconsejar la pronta creacion de una o mas 
centrales nucleoelectricas para suministrar energia 
a algunas zonas bastante distantes de la region de 
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que se trata. En cambio, la industrializacion cre
ciente de algunos distritos, como Fortaleza o Recife, 
contaria con un suministro de energia procedente de 
centrales independientes. Tambien aqui son prome
tedoras las perspectivas que brinda la energia 
atomica. 

DISCUSION GENERAl 

M. A. EL-GuEBEILY (Republica Arabe Unida): 
En el documento (P /7 41) presentado por el 
Dr. Bhabha, las conclusiones a que se llega con 
respecto a Ia India son particularmente importantes 
desde el punto de vista de los paises en vias de 
desarrollo. Pero en cuanto a la conclusion de que 
el reactor CANDU de 200 MW puede competir 
con las centrales termicas tradicionales en algunas 
partes de la India, deseo seiialar que parece recono
cerse en general que un reactor de agua a presion, 
de agua hirviendo o refrigerado por gas y de una 
capacidad inferior a 500 MW(e) no podria entrar 
en competencia con Ia energia convencional. 

H. J. BHABHA (India): En los paises industrializa
dos, la energia atomica llega a ser en general com
petitiva cuando se utilizan reactores con una capa
cidad minima de 500 MW(e). Sin embargo, en 
determinadas circunstancias los reactores de un 
tamaiio menor pueden ser competitivos. Los reac
tores de tipo Tarapur o CANDU, con una potencia 
de 200 MW(e) son competitivos en la India en 
aquellas zonas en las que el carbon destinado a 
centrales termicas tradicionales tendria que haber 
sido transportado por ferrocarril o por via maritima 
a distancia de 500 millas o mas. Ademas, el carbon 
utilizado en la India para producir energia solo 
tiene un valor calorlfico de 9 000 Btu por libra, 
o menos. 

T. G. CHuRcH (Canada): En los estudios econ6-
micos acerca de los reactores de neutrones rapidos, 
d que tipo de in teres anual se cobra en la URSS 
por las grandes cantidades de capital invertido en 
las existencias de combustible para este tipo de 
reactor? 

A. M. PETROSY ANTS (URSS): La economia de los 
reactores de neutrones rapidos es una cuestion tan 
compleja, que plantea tantas dificultades tecnicas 
y tiene alcance tan vasto que seria imposible dar 
las extensas explicaciones tecnicas necesarias dentro 
del tiempo asignado a la discusion en esta sesion. 
A mi juicio, es necesario examinar detenidamente 
ese problema en la sesion dedicada especialmente 
a los reactores nipidos (sesi6n tecnica 1.4). Varios 
hombres de ciencia y expertos han tratado, sin exito, 
de llegar a un acuerdo sobre esta cuestion. A decir 
verdad, no puede haber unanimidad sobre este 
particular. 

B. SAITCEVSKY (Francia): d Que papel desempe
iiaran los reactores avanzados de magnox en el 
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programa del Reina Unido? Si no han de desem
peiiar ninguna fun cion en el program a, ~ por que 
se despliegan esfuerzos para perfeccionarlos, como 
se declara en algunos documentos del Reina Unido? 

Sir William PENNEY (Reina Unido): Los reac
tores de magnox que en la actualidad se estan 
construyendo funcionaran de 20 a 30 aiios como 
minima. El Reina Unido no se propane construir 
mas reactores de este tipo una vez que se haya 
terminado el programa actual, pero gran parte de 
la labor realizada en la investigacion y el perfec
cionamiento de los reactores de magnox sera util 
para los reactores avanzados refrigerados por gas 
(AGR), asi como para los reactores de alta tempe
ratura refrigerados por gas (HTGR) y, por consi
guiente, dicha labor tendra un valor considerable. 

0. D. KAZACHKOVSKY (URSS): Me parece que 
algunos de los documentos presentados en esta 
sesion demuestran una prudencia excesiva con rela
cion a los reactores de neutrones rapidos. Se ha 
dicho que el desarrollo industrial de estos reactores 
comenzara dentro de 10, de 20 aiios 0 quiza dentro 
de varios siglos, y que mientras tanto seguiran utili
zandose convertidores de neutrones termicos para 
la producci6n de plutonio. Tal resultado no es de 
desear. Los reactores de neutrones rapidos son los 
mejores convertidores, a condicion, por supuesto, 
de que se disponga de urania enriquecido. Merece 
la pena seiialar que el aumento del coeficiente de 
conversion de dichos reactores es proporcional al 
incremento del grado de quemado, mientras que 
dicho coeficiente disminuye en el caso de los reac
tores termicos. Segun los calculos de tipo economico 
que se han efectuado, los reactores de neutrones 
rapidos no son mas costosos que los reactores ter
micos. Se han resuelto los problemas tecnologicos 
fundamentales propios de los reactores rapidos, y 
en la Union Sovietica, los Estados Unidos y el Reina 
Unido se ha efectuado una labor considerable sabre 
la utilizacion del sodio como media de transmision 
de calor en los reactores rapidos. Ademas, se esta 
utilizando ya con exito el sodio en los reactores 
termicos como, por ejemplo, el reactor Hallam de 
los Estados Unidos. En los reactores rapidos el 
problema de la seguridad difiere poco del que se 
plantea en los reactores termicos, y a veces se 
exagera demasiado. Todas estas consideraciones 
justifican un desarrollo mas acelerado de los reac
tores de neutrones rapidos que lo previsto en algu
nos programas. 

H. J. BHABHA (Presidente): Si se me permite, 
tratare de resumir esta sesion diciendo que, al pare
cer, se desprende de la misma claramente que la 
demanda de energia va a aumentar con gran rapidez 
en todo el mundo y que, al finalizar el siglo, sera de 
ocho a diez veces superior a la actual. Se cree en 
general que la energia nuclear, que ya es competitiva 
en algunas zonas, proporcionani cantidades cada vez 

mayores de electricidad y que, en algunos paises, 
permitira obtener basta el 50% de la energia produ
cida a fin de siglo. A decir verdad, esta puede ser 
Ia situacion en todo el mundo. 

Se ha dicho que en muchos paises industriali
zados, en los que la energia tradicional es relativa
mente barata, las centrales nucleares de capacidad 
superior a 500 MW serlan ya competitivas. Entre 
los documentos presentados, el 1 demuestra que en 
las tres cuartas partes de la India las centrales 
nucleoeh~ctricas de 200 MW pueden ser competi
tivas en las circunstancias actuales. Asi ocurre, por 
ejemplo, en la costa occidental en la que estamos 
construyendo una central nuclear con dos reactores 
de agua hirviendo de 190 MW. Asi sucede tambien 
en Rajasthan, donde estamos construyendo una 
central con dos reactores CANDU de 200 MW, y 
en la zona de Madras, en la costa del sudeste de la 
India. Es evidente que puede haber tambien otros 
casas en que las centrales de un tamaiio menor 
puedan estar justificadas y ser competitivas. 

Si puedo expresarme asi, no hay ninguna forma 
de energia tan costosa como "la falta de la energia", 
es decir, carecer en absoluto de ella. Cuando la 
industria debe detenerse por falta de suministro 
adecuado de energia, con frecuencia esta justificado 
obtener esta aun cuando resulte muy cara. En tales 
casas, hay que considerar si se pueden construir 
centrales convencionales o construir centrales nu
cleares importando el combustible correspondiente 
en uno y otro caso. Esta cuestion suscita una con
sideracion de arden economico muy importante, en 
particular en aquellos paises en los que escasean 
las divisas. Es bien sabido que, desde el punta de 
vista de los centavos de dolar que cuesta cada 
millon de Btu, la energia producida a base de com
bustible nuclear es mucho mas barata que la produ
cida mediante el combustible de tipo corriente. 
Puede, por ejemplo, no ser superior a 14 centavos 
de dolar por millon de Btu, mientras que la energia 
producida a base de carbon y que costara, por ejem
plo, cuatro dolares la tonelada, costaria unos 21 
centavos de dolar por millon de Btu. Asi, e1 hecho 
de que se necesiten menos divisas para pagar el 
combustible nuclear que si se tratara de combustible 
convencional puede militar en favor de la energia 
atomic a. 

Otro aspecto que parece haberse desprendido del 
debate es que cuando consideramos el costa de la 
energia producida por un tipo particular de reactor, 
en realidad, no debemos considerar solo el reactor 
aisladamente, sino todo el ciclo de los combustibles. 
Esto es sabre todo cierto en el caso de los reactores 
reproductores y es un aspecto que necesita un 
estudio muy considerable. Ademas, al evaluar el 
capital que es preciso invertir para crear nuevas 
tipos de reactores, hay que tener en cuenta la inver
sion del capital en servicios e instalaciones auxi
liares. Esto reviste una importancia particular cuan
do se trata de reactores reproductores, ya que las 
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centrales de tratamiento solo pueden regenerar 
cierta cantidad de combustible y, por consiguiente, 
cuando aumenta el numero de reactores reproduc
tores, se necesitan mas centrales de ese tipo. 

Sin embargo, las consideraciones de este genero 
no se aplican solo a la energia nuclear. En un docu
mento presentado en 1958 a Ia Conferencia de 
Ginebra *, mi colega el Dr. Prasad y yo examinamos 
el costo de Ia energia nuclear y la de tipo corriente. 
En la India, por ejemplo, hay que mejorar la calidad 
del carbon, que es relativamente inferior, y a dicho 
efecto se utilizan lavaderos. Asi, hay que tener en 
cuenta la inversion de capital a prorrata en lava-

* Bhabha, H. J., y Prasad, N. B., Un estudio de Ia con
tribuci6n de Ia energia at6mica a un programa de energia 
de Ia India, segunda Conferencia internacional de las Na
ciones Unidas sobre la utilizaci6n de la energia at6mica 
con fines pacificos (1958), 1, pags. 94 a 106. 
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deros. Cuando se trata del transporte a gran dis
tancia, tambien hay que tener presente la inversion 
de capital a prorrata en los ferrocarriles. 

El tremendo esfuerzo tecnologico que ha venido 
haciendose desde 1955 ha dado ya sus frutos. Sabe
mos ahora que Ia energia atomica es algo con lo 
que hay que contar en lo sucesivo. En realidad, 
habria resultado mas competitiva de lo que ya es 
si no hubiera hecho disminuir el costo de la energia 
tradicional y creo que no se le agradece bastante el 
servicio que ha prestado a la humanidad con ello. 
Sin contar con esto, es evidente que el costo de la 
energia nuclear ha bajado mucho mas rapidamente 
que el de la energia convencional. 

Esto por lo que toea a las lineas generales de la 
cuestion. Los aspectos tecnicos se tratanin de un 
modo mas detenido en algunas de las sesiones 
tecnicas. 
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P/131 United Kingdom 

The initiation of a national nuclear power programme 

By G. F. Kennedy* and R. F. W. Guard** 

This paper discusses the problems faced by a 
country about to install its first nuclear power 
reactor. It is assumed that the country is one which 
normally imports heavy plant, and its first power 
reactor will be the subject of a commercial contract 
with a foreign supplier. Much preparatory work is 
required before such a contract can be signed, and 
a number of special problems may arise. 

THE REASONS FOR BUILDING A NUCLEAR POWER 

STATION 

A decision to proceed with the construction of 
a nuclear power station would probably be made 
for one or more of the following reasons: 

(a) Because calculations indicate that the energy 
produced will be cheaper than from any other 
source; 

(b) Because domestic sources of energy are be
coming exhausted; 

(c) To act as a deterrent to an increase in the 
price of conventional fuel; 

(d) To obtain operating experience and operator 
training facilities in anticipation of nuclear power 
being required in larger quantities in the future; 

(e) To provide manufacturing industry with 
experience. 
Almost no reactors have been built for reason (a) 
above; most were built for a combination of the 
other reasons. 

The nuclear alternative is more attractive when 
the country possesses some uranium deposits. Even 
if this uranium cannot be extracted as economically 
as it can be purchased abroad, the presence of an 
indigenous source and the security of knowing that 
a nuclear power station can be kept running even 
if outside supplies are cut off often proves an 
attractive consideration to a country possessing no 
other natural sources of energy. 

THE CHOICE OF REACTOR SIZE 

The optimum size of any power station can only 
be determined by analysis of the estimated electricity 
demand over the predicted life of the station. It is 
valueless to consider the nuclear station in isolation; 

* Senior Partner, Kennedy & Donkin, Consulting En
gineers, London. 

**Chief Engineer, Nuclear Department, Kennedy & 
Donkin. 
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the annual cost of operating the entire intercon
nected system must be calculated, and the cal
culations repeated for each alternative considered. 
In an all-thermal system the first nuclear station 
will have a lower fuel cost than any other station 
and it will therefore be most economical for base
load operation. When the system contains a signi
ficant proportion of hydro-power the calculation of 
the correct position of the nuclear station in the 
loading table becomes more complex [ 1]. 

The optimistic assumption is sometimes made that 
a nuclear station will run throughout its life at a 
very high load factor. This will only be the case if 
stations with lower fuel costs are not built sub
sequently. For example, if an enriched reactor is 
succeeded some years later by natural uranium 
reactors with a lower running cost, the newer stations 
will take priority on the duration-of-load curve and 
the enriched reactor may find its load factor falls 
so much that it is operating uneconomically. The 
down-grading of operation of existing stations is the 
reason why the electrical system must be studied 
as a whole. 

The cost of building and operating a power 
reactor falls as the size increases, more rapidly than 
for a conventional plant. It is usually good economics 
to build a nuclear station slightly larger than is 
required at the time when it is first to be operated. 
As demand increases and the station load factor 
improves, the cost savings of the larger unit quickly 
outweigh the small loss made in the first few years. 

THE CHOICE OF A NUCLEAR FUEL CYCLE 

After settling the size of plant most suited to the 
system and the annual load factor at which it will 
operate, a policy with regard to nuclear fuel supplies 
has to be considered. There are three possibilities: 

(a) To develop the country's own uranium
extraction industry, if suitable ores are present; 

(b) To purchase uranium ore on the open market, 
and in the case of either (a) or (b) above, to lay 
down a fuel fabrication facility; 

(c) To enter into a commercial agreement with 
a foreign supplier for a complete fuel service, 
including the return of irradiated fuel for credit, 
if necessary. 

There are a number of reasons, such as avail
ability of uranium ore, which may greatly influence 
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a country towards a natural uranium cycle. A highly 
irradiated natural uranium fuel element has no value 
except for its plutonium content, and at the present 
time the value of this is best assumed to be zero. 
Although for the time being the "buy-back" and 
plutonium credit can be ignored for natural uranium 
systems, the future value of this material is un
certain but may be considerable. The purchaser of 
a natural uranium reactor may therefore have to 
provide permanent storage facilities for spent fuel. 

In the case of a reactor requiring enriched fuel, 
the economy of the fuel cycle nearly always depends 
on recovering the valuable fissible material remaining 
in the spent fuel elements, which therefore require 
reprocessing. Such a cycle is more attractive for a 
country which already has reprocessing facilities, 
than for one which has to ship the spent elements 
to a foreign country. The cost of shipment is con
siderable and seriously reduces the credit received 
for the fissile material. Part of this credit depends 
on the value of the contained plutonium, for which 
foreign authorities may or may not be willing to 
guarantee long-term prices. 

The conclusion is that in considering enriched 
uranium fuel cycles it is important to calculate actual 
costs for the country concerned, and not to assume 
that costs published in one country are valid in 
another. 

THE CHOICE OF REACTOR TYPE 

The purchaser who wishes to buy a proved reactor 
with guarantees of performance will soon realize 
that there is not a very wide choice available. The 
only systems with actual full-scale operating ex
perience are the gas-cooled reactor (GCR) fuelled 
with natural uranium and developed in Britain and 
France, and the light water-cooled reactor fuelled 
with enriched uranium developed in the USA and 
the USSR. Of the latter, the two types commercially 
available are the closed-cycle or pressurized-water 
reactor (PWR) and the direct-cycle boiling-water 
reactor (BWR). 

It is suggested that a country buying its first power 
reactor might reasonably decide not to consider a 
reactor which is larger or more advanced than any 
of the same type with actual operating experience 
under commercial conditions in the manufacturer's 
own country. On this basis the purchaser would 
have to reject in advance potentially valuable 
developments such as spectral shift control or nuclear 
superheating. He will also have to eliminate many 
other systems, however tempting their potential 
might appear to be. 

Among the near-term apparently attractive sys
tems may be mentioned three which now have 
medium-sized prototypes in actual operation. These 
are the advanced gas-cooled reactor (AGR) -called 
the experimental gas-cooled reactor in the USA -
the pressurized heavy-water reactor (PHWR), in 
either the pressure vessel or pressure tube form, and 

somewhat further away, the Sodium Graphite 
Reactor (SGR). 

For the type of country we are considering, there 
would at present be some risk of incurring extra 
development charges if it were to pioneer the com
mercial development of one of these newer systems. 
By comparison, the GCR, PWR and BWR may be 
regarded as proven systems. Table 1 illustrates how 
very much more practical experience there is at 
present with these reactors than with the others, 
and Table 2 briefly surveys the principal character
istics of the six systems mentioned. 

THE SELECTION OF A SITE 

A suitable site for a nuclear power station must 
satisfy five requirements: 

(a) It must fulfil nuclear safety requirements; 
(b) There must be sufficient cooling water avail

able for the station and for any planned extensions, 
and sufficient fresh water for boiler make-up and 
general use; 

(c) The site must not be so far from the electrical 
load centre that the cost of transmission would be 
excessive; 

(d) The ground must be capable of supporting 
the heavy loads imposed; 

(e) Good access must be available for heavy 
loads and constructional materials. 

While the other requirements are conventional, 
(a) above is peculiar to nuclear reactors. The most 
important requirement is the prevention of damage 
to health in the event of an escape of radioactive 
material. Theoretically it should be possible to con
tain a reactor in an impenetrable and leaktight 
vessel capable of withstanding any conceivable 
accident, thus making it possible to site the plant 
anywhere. Whilst this possibility is now being 
seriously studied in the USA, the principle has not 
yet been accepted, mainly because of the difficulty 
of agreeing a definition of the "worst credible 
accident". It would seem prudent for a new country 
to conform to accepted exclusion principles at the 
present time. 

As no siting criteria have yet received inter
national acceptance, a comprehensive study of the 
existing national standards should be made, as 
reported in recent conferences [ 2] . One of the most 
useful mathematical assessments was developed by 
Farmer [3] and enables a given site to be given a 
numerical rating. By applying this method a site can 
be easily compared with practice in Britain, which 
is a fairly densely populated country with a large 
nuclear programme. The US criteria are less precise 
but take some account of reactor type and size [ 4] 
on which Farmer offers no guidance. 

The essence of all siting policy is control; that is, 
the ability of the operators to prevent the release 
of radioactive material which might be dangerous 
to health. In the case of gaseous and liquid effluent, 
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Gas-cooled 
graphite 
moderated 
(GCR) ... 

Pressurised 
light-water 
(PWR) 
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Table 1. Operating experience of principal reactor types 

GCR BWR 

Number of prototype power 
reactors operating . . . . . 10 2 

Number of power reactors 
operating a . . . . . . . . . . . 6 3 

Number of power reactors in 
construction . . . . . . . . . 18 9 

Operating date of first proto-
type power reactor . . . . . . . . 1956 1957 

Operating date of first com-
mercial power reactor . . . . . 1962 1959 

kWh generated by prototype 
power reactors X 106 15 000 1

' 100 
kWh generated by power reac-

tors X 106. .. .. .. .. .. 4 000 4 000 
Burn-up achieved in prototype 

power reactors MWd/te. . . . 5 300 
Burn-up achieved in power re-

actors MWdjte . . . . . . . 2 000 8 000 
Typical design burn-up, MWd/ 

te . . . . . . . . . . . . . . 3 000 15 000 
Percentage of design burn-up 

achieved in power reactors. 66 53 
Lowest total installed cost of 

any contract to date ($/kW) 252 135 

• Power reactors are defined as those above 45 MW (e). 

PWR 

2 

5 

1957 

1960 

1800 

4000 

20000 

24000 

83 

183 

PHWR SGR AGR 

1 

Nil Nil 

Nil Nil 

1962 1957 1962 

Nil 1963 Nil 

150 150 

Nil 30 Nil 

3 800 4400 

Nil 400 Nil 

10000 10 000 12 000 

Nil 4 Nil 

380 880 

b Prototype GCR were military reactors and this figure is estimated. All performance figures are rounded 
off and approximate. 

Table 2. Comparison of principal reactor types which are commercially available 

Advantages 

1. Low operating pressure 
2. Fuel changing on load 
3. Coolant leakage unimportant 
4. Superheated steam 
5. No exotic materials 
6. Natural uranium fuel 

1. Compact and has high-core 
power density 

2. Most components prefabrica-
ted 

3. Indirect steam cycle and non-
active turbine 

4. Easily controllable due to 
strong negative temperature 
coefficient 

5. Good load-following charac-
teristics 

Disadvantages 

1. High capital cost 
2. Large and heavy 
3. Particularly uneconomic in 

small sizes 
4. Unsuitable for following wide 

rapid load changes ; more 
subject to Xenon poisoning 

5. Non-replaceable core 
6. Large amount of skilled erec

tion on site 

1. 
2. 
3. 
4. 

5. 

6. 

Strong containment essential 
Enrichment essential 
Poor steam conditions 
Off-load refuelling leads to : 

Long shutdown for new 
core insertion 

Shutdown if large fuel 
element failure 

Reactor power difficult to 
maintain for long periods 
between refuelling 

High proportion of compo
nents can only be manufac
tured by the most industrial
ized countries 
Radioactive deposits in the 
steam generators difficult to 
eliminate 

Remarks 

First prototype in operation 
1956. Very large amount of 
operating experience avail
able. Design burn-up of fuel 
achieved and exceeded in 
prototype reactors. Nearing 
limit of development 

First prototype in operation 
1957. Two large stations in 
operation. Design burn-up 
of fuel has been achieved 
with stainless steel but not 
yet proved with zirconium. 
Nearing limit of develop
ment in present form, but 
chemical shim and spectral 
shift control may lead to 
lower costs 
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Table 2. Comparison of principal reactor types which are commercially available (continued) 

Type 

Boiling 
light-water 
(BWR) ... 

Sodium-cooled 
graphite 
moderated 
(SGR) .... 

Pressurised 
heavy-water 
(PHWR) .. 

Advanced gas
cooled reactor 
(AGR) 

Advantages 

1. Compact and has high-core 
power density 

2. Most components prefabrica
ted 

3. Lower operating pressure than 
a PWR 

4. Direct cycle eliminates steam 
generators and reduces cost 

5. Natural circulation possible in 
small sizes 

6. Exceptionally good load-fol
lowing characteristics 

1. High temperature coolant at 
low pressure 

2. Compact core due to good 
heat transfer properties of 
sodium 

3. High temperature superheated 
steam 

1. Natural uranium possible 
2. High fuel rating possible 
3. On-load fuel changing 
4. In-core structural components 

can be replaced 

1-4. As for GCR 
5. High fuel rating, small com

pact core 

Disadvantages 

1-5. As for PWR 
6. Radioactive turbine and auxil

iaries 
7. Complete containment diffi

cult to achieve 

1. Chemical dangers of sodium 
2. Oxidisation of coolant 
3. Sodium technology not fully 

understood 
4. Stainless steel must be used 

throughout primary circuit 
5. An intermediate sodium cir

cuit is necessary 

1. Containment necessary 
2. Complex construction 
3. Pressure tube type has highly 

stressed components in centre 
of core 

4. Heavy water leakage leads to 
cost and health hazard 

5. Poor steam conditions 
6. Subject to Xenon poisoning 

after large load swings 

1. Non-replaceable core 
2. Fuel must be enriched 
3. Graphite technology not fully 

understood 

Remarks 

First prototype in operation 
1956. Two large stations in 
operation. Design burn-up 
of fuel not yet proved but 
experience accumulatingrap
idly. Nuclear superheating 
is great potential improve
ment 

First prototype in operation 
1956. Only one commercial 
power reactor built and very 
little operating experience 
obtained yet. Fuel burn-up 
not yet proved 

First prototype in operation 
1962. Firstcommercial power 
reactor not yet built. Fuel 
burn-up not yet proved 

First prototype in operation 
1962. Firstcommercial power 
reactor not yet built. Fuel 
burn-up not yet proved 

it is not sufficient that the discharge should be 
below a certain tolerance, because living substances 
may absorb certain isotopes preferentially and 
eventually become an undesirable source of food. 
It is not practicable to explore this problem com
pletely before a site is chosen, but the specification 
should define the maximum discharge of effluent 
which is considered by expert opinion to be tolerable, 
so that the plant designers may allow for the 
necessary extraction equipment. Zero discharge is 
expensive to achieve, and it may be more prudent 
for the District Survey organization to keep a watch 
on the sensitive areas after the station has begun 
to operate, and to recommend extra effluent treat
ment equipment if it is shown to be necessary. 

normally the site with the lowest total cost will be 
chosen. 

After a number of sites have been selected which 
are satisfactory from the point of view of nuclear 
safety, it will be found that all the other con
siderations are subject to economic analysis, and 

ADMINISTRATION 

Most of the work involved in planning and 
building a nuclear station is identical to that for a 
conventional station. It is essential that the project 
be managed by power station engineers advised by 
nuclear scientists rather than the reverse. In some 
countries there may be more qualified scientists than 
there are experienced engineers; the administration 
must then reinforce the team as required by 
recruiting staff from other organizations, or preferably 
by seeking the help of consultants who have them
selves had the necessary experience. Temporary 
professional assistance is also valuable in the pre
paration of a Specification and in the evaluation of 
tenders, in order to have the benefit of past 
experience elsewhere. 
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However, the use of foreign experts in the 
planning and construction stages does not diminish 
the need to bring into being a fully qualified "home" 
organization as quickly as possible, staffed with 
people competent to operate the station safely and 
efficiently. Years of training and experience are 
required by the senior staff. They must not only be 
familiar with reactors and radioactivity and have 
adequate administrative ability, but must also have 
had thermal power station experience. It is this last 
which often causes difficulty, particularly in coun
tries that have relied principally upon hydro plant 
in the past. Records of experience with existing 
power reactors show how frequently lost output is 
caused by poor design or inexpert operation of the 
conventional plant. 

It is suggested that a fairly large team, say 30 
to 40 qualified people including consultants, should 
be assembled as soon as the project commences. 
A typical administrative organization is shown in 
Fig. 1. 

As soon as the project has been authorized, a 
target programme of work will be drawn up. A new 
organization should not expect to have the station 
in full operation in less than six years, and if 
difficulty in recruiting suitable staff is expected, the 
early stages may take longer. Fig. 2 shows the 
principal stages in a six and a half year programme. 
Naturally, the time spent by the contractors on site 
depends on many factors including the reactor type 
and size and the local conditions. 

The first duty of the administration is to clear 
away any legal barriers that may impede progress. 
Government control of nuclear energy is essential 
to some degree in all countries, and the setting up 

of national safety standards, licensing requirements, 
and third-party nuclear insurance regulations can be 
tedious and time-consuming. Foreign suppliers may 
be eager to sell nuclear equipment but can be barred 
from doing so if international agreements have not 
been ratified. 

The next most important priorities are the studies 
referred to above: the system economics and the 
selection of a site. It may be found that data is 
lacking on water flow or meteorology which require 
months to collect. The purchaser should endeavour 
to have complete information to hand before he 
invites tenders, otherwise he will receive tentative 
and non-firm prices, which are not a sound basis for 
the award of a contract. Once the Invitation to 
Tender has been issued, the purchaser is morally 
committed to the project and every effort should be 
made to maintain the agreed programme. 

THE SPECIFICATION 

Since reactors differ so widely, a Specification 
must necessarily emphasize the functions desired 
rather than the detailed aspects. The performance 
and behaviour of the station may be specified but 
not the various temperatures, flows, fluxes and other 
design characteristics. These are matters for optimi
zation by the reactor designer, who will produce 
the best design only if he is given full details of the 
purchaser's requirements. 

On the other hand, the conventional equipment 
(which amounts to at least half the total contract 
value) can be precisely specified in respect of 
standards and quality. An important part of a good 
Specification is the Schedule section, in which the 

BOARD OF DIRECTORS 
OR MINISTRY 

I PROJECT DIRECTOR 

I DEPUTY DIRECTOR 

TECHNICAL GROUP ADMINISTRATION 

I I I I l 

I Ch1ef Engineer I 
REACTOR GROUP 

I Chief Engineer t 
STEAM PLANT GROUP 

r Chief Engineer ~ 
CIVIL GROUP 

Manager I 
CONTRACTS 

I Manager -~ 
ACCOUNTS 

Head of Head of Covenng all Civd works, Conditions Project cost 
REACTOR PHYSICS convent tonal Site preparatton, of Contract, control, 
ENGINEERING GROUP mechanical and Roads, Water, Legal Matters. Tender pnce 
Including all PhySICS, electrical work. etc. evaluation. 
rodto-actrve Control, 
auxtl iones Safety. 

Figure 1. Typical purchaser's administration 
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Figure 2. Typical programme for installing a nuclear power plant 

tenderer is told precisely what information he is 
expected to provide. He is also told the form and 
order of presenting this information, which greatly 
simplifies the work of comparing the tenders. 

The first decision to be made is on the scope of 
the contract or contracts which will be awarded to 
foreign suppliers. At one extreme a purchaser may 
decide that all or nearly all the station will be built 
in his own country; he may contract to import no 
more than basic design data. The other extreme, 
to which a less industrially developed country will 
tend, is to negotiate a "turnkey" contract: that is, 
a single contract which covers the supply, construc
tion and setting to work of a complete power station, 
with the purchaser supplying little more than the 
land and the transmission. Between these two 
extremes are many variations, and purchasers are 
often faced with the problem of how to ensure the 

maximum participation by local industry. Since a 
nuclear power station depends for its operation on 
the correct functioning of a very large number of 
components whose quality must be beyond question, 
it is hazardous for all concerned to place orders with 
inexperienced manufacturers. The conclusion which 
must be reached is that the contractor should only 
use those local products for which he is prepared 
to take full responsibility. This can be made one 
of the criteria in judging competitive tenders. But 
to force local equipment on an unwilling contractor 
only gives him an opportunity to escape from his 
contractual guarantees. 

Since guarantees may be included in the contract 
for completion of work by a certain date and the 
achievement of a certain minimum power output, 
a realistic appreciation of the value of a guarantee 
is necessary. Minor failures to achieve guaranteed 
dates are rarely the subject of litigation, as the onus 
would then be on the purchaser to prove genuine 
loss. Bum-up of fuel is an important and necessary 
guarantee, perhaps the most difficult of all to 
formulate in a meaningful way because of the 
immense number of variables such as uranium cost, 
spent-fuel value, if any, and the mode of operation 
of the reactor. There is no possibility of a purchaser 
obtaining a bum-up guarantee if he makes his own 
fuel elements, but he may obtain a reactivity (and 
therefore power output) guarantee from the reactor 
designer if he can show that the fuel has been 
correctly fabricated to specification. 

THE CALL FOR TENDERS 

Before sending out the Invitation and Specification 
to manufacturers, the purchaser should be reason
ably well acquainted with the background, experience 
and speciality of each. The most favourable offer 
is likely to be a near-replica of a reactor which has 
been built before. There is no point in inviting 
tenders for a station of, say, 175 MW output if no 
designs between 150 and 200 MW exist. Many 
thousands of man-hours are required to optimize a 
reactor design for a specific output, and although 
manufacturers will do this for a fee, they cannot be 
expected to do so speculatively. 

Manufacturers will require between six and eight 
months to prepare tenders, and during this period 
will require to inspect the site and discuss the inter
pretation of the Specification. The purchaser must 
arrange facilities for these visits and must ensure 
that any additional information given to one tenderer 
is made available to all. During this period the pur
chaser's organization will be extremely busy pre
paring the machinery for examining and comparing 
the tenders, as every effort should be made to carry 
out this process in as short a time as possible. 

The organization for examining the tenders will 
be similar to that for preparing the Specification 
(Fig. 1), with the difference that the economic section 
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is now much more important. The tender evaluation 
will follow three distinct stages: 

(a) Technical review 
The scientific and engineering groups will examine 

the designs; clearly, weeks of work are required to 
read and digest the technical information. 

Recommendations will be passed to the Economic 
Group on cost adjustments, which will affect both 
the tendered capital cost (e.g., inadequacies of 
design) and the running cost, which is particularly 
affected by local conditions, staffing policy, transport 
costs and so on. The Technical Group also reports 
on the technical suitability and safety of the design. 

(b) Economic review 

Having received from the Technical Group recom
mendations on adjustments to the tenderers' quoted 
figures, the Economic Group has the task of making 
the cost comparisons which will be vital in the choice 
of contractor. This task is very personal to the pur
chaser and the Economic Group may be required 
not to disclose their findings for a time so that cost 
considerations do not influence the judgment of the 
Technical Group. If, as often happens, the purchaser 
has asked for credit terms to be offered by the 
tenderer, then these are obviously going to be vital 
to the choice. There may be different rates of interest 
applicable to different parts of the work, for exam
ple to the foreign loan component, the local loan, 
the fuel capital investment, the fuel "pipeline" 
investment, and so on. 

In the ideal situation, the tenderer should know 
in advance what economic criteria the purchaser 
tends to apply in his choice. Does he want minimum 
capital cost or minimum energy cost? Such a decision 
can affect the optimization of a reactor design con
siderably. In practice, unfortunately, the correct 
engineering decision is often blurred because the 
purchaser does not know what capital charges he 
will be using in his calculations until his financial 
arrangements are known, and this often coincides 
with the receipt of the tenders and may vary from 
one tender to another. 

(c) Contractual review 
The Contracts Group is concerned with the ques

tion of reliability of prices and the validity of 
guarantees. A very favourable offer of a less proven 
reactor system may be in competition with a more 

expensive but more reliable system. Such a choice 
can only be made as a matter of national policy 
after a thorough review of the known facts and after 
the best advice of independent experts has been 
taken. A good measure of the reliability of a system 
is, of course, the extent to which the manufacturer 
will back his guarantees by accepting penalties for 
failure. 

CONTRACT NEGOTIATIONS AND CONSTRUCTION 

The selection of the main reactor contractor is 
followed by some months of negotiation leading to 
contract signature and the beginning of construction. 
It is essential that at the time of signing the contract 
the purchaser should possess full details of the 
design, otherwise there will be endless disputes about 
the inevitable modifications which arise as the work 
proceeds. 

The purchaser must also be sure that no cause 
for delay in the works can be attributed to default 
on his part. If he has agreed to provide roads, water, 
housing, etc., these must be available on the agreed 
dates. If the station has been divided into a number 
of contracts, the co-ordination will be the purchaser's 
responsibility and he must ensure that small con
tracts do not delay large ones. 

The economic risk inherent in a project engineered 
by an inexperienced purchaser explains the pre
ference for the single comprehensive or "turnkey" 
contract which exists in some countries. In such 
cases, the purchaser need not leave the work un
supervised, as his interests extend far beyond the 
limited guarantee period. It is desirable to examine 
all designs before manufacture, to arrange for 
independent inspection at works, and to supervise 
site construction. An experienced contractor will 
welcome the second opinion given at every stage, 
and on site work the local experience of the pur
chaser's resident engineer can be invaluable. 

The construction period gives an unequalled 
opportunity for all grades of staff to become ac
quainted with the details of design and operation. 
Some of the more senior staff will require theoretical 
training and experience of a type which is best 
gained in existing nuclear power stations, but this 
should be completed at least two years before the 
completion of the station which they are going to 
operate, so that they can become completely familiar 
with the plant and their subordinate staff. 
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ABSTRACT- RESUME- AHHOTALI~SI- RESUMEN 

A/131 Royaume·Uni 

Etablissement d'un programme national 
de production d'lmergie d'origine nucleaire 

par G. F. Kennedy et R. F. W. Guard 

Le memoire discute quelques-uns des problemes 
pratiques se presentant pour un pays sur le point 
d'installer son premier reacteur de puissance. On 
admet que ce pays importe normalement du materiel 
lourd et qu'il voudra obtenir son premier n!acteur 
de puissance par passation de contrats commerciaux 
avec des fournisseurs etrangers. Un travail prepa
ratoire important doit etre effectue avant que de tels 
contrats puissent etre signes et l'objet du memoire 
est de passer ce travail en revue et de faire ressortir 
certaines des difficultes qui peuvent se poser. 

Un pays peut decider de construire une centrale 
nucleaire pour un certain nombre de raisons, que 
cette forme de production d'energie soit vraiment la 
plus economique ou non. Cependant une fois cons
truite, la centrale doit etre geree de telle sorte que 
le cofit d'exploitation total de !'ensemble du reseau 
electrique interconnecte soit le plus faible possible. 
II faut done faire une etude a long terme des besoins 
nationaux d'energie avant de pouvoir calculer la 
puissance optimale de la centrale. 

II faut reconnaitre que parmi tous les types de 
reacteurs possibles il y en a tres peu que l'on puisse 
considerer comme ayant fait leurs preuves. Le me
moire decrit !'experience pratique acquise dans 
l'etude et !'exploitation des principaux types de reac
teurs, et discute les possibilites de certains systemes 
qui n'en sont encore qu'au stade du prototype. On 
examine les principaux domaines d'incertitude. 

Le choix de l'emplacement suit la pratique nor
male dans la production d'energie thermique, assor
tie de certaines exigences speciales. II faudra etablir 
des reglements nationaux concernant !'exclusion de 
la population, !'emission et !'evacuation des matieres 
radioactives, !'assurance nucleaire pour les tiers et 
autres questions juridiques compte tenu de !'expe
rience acquise ailleurs sur le plan national et inter
national. 

Une fois prises les decisions de principe, il faut 
mettre sur pied un organisme administratif de ges
tion, aide, selon les besoins, par des specialistes et 
consultants. Cet organisme doit se fixer un calendrier 
pour l'achevement du travail preliminaire incombant 
a l'acheteur, la passation des principaux contrats de 
construction et la mise en service de la puissance 
installee totale pour une certaine date. 

L'appel d'offres ideal comprend une specification 
precise, afin que les soumissions re<;ues puissent etre 
correctement evaluees et comparees. L'acheteur de
vrait proposer des conditions qui permettent de 
negocier les contrats definitifs dans les plus courts 

delais. Un bon contrat est satisfaisant pour les deux 
parties, et dans le domaine nucleaire l'acheteur 
devrait comprendre ce qu'un constructeur de reac
teur peut ou ne peut pas raisonnablement garantir 
dans l'etat actuel de la technique. 

La comparaison d'un certain nombre de soumis
sions concernant des types de reacteurs tres differents 
souleve des problemes interessants. II est desirable 
d'etablir, des que possible, les regles economiques 
de base a utiliser pour faire une comparaison d'ordre 
economique, laquelle peut ne pas conduire au choix 
du systeme entrainant le minimum de frais d'inves
tissements. Le cout de l'energie produite peut meme 
ne pas etre le critere principal, car les calculs 
peuvent etre influences par des considerations qui 
sont particulieres a l'acheteur, tel que le degre de 
participation desire de la part de l'industrie locale. 
Ces considerations devraient etre mentionnees dans 
l'appel d'offres. 

La coordination et la surveillance des travaux sur 
Ies lieux suivent Ia passation des principaux contrats. 

A/131 CoeAHHeHHOe Koponeacrao 

HaYanbH~~ sran Ha4HOHanbHO~ npo
rpaMMbl pa3BHTHfl aTOMHO~ 3HepreTHKH 

r. ttJ. KeHHeAH, P. ttJ. Y. rapA 

B uacToHJ:QeM AORJiaAe o6cymAaiOTCH HeRo
TOpLie H3 npaRTHqeCRHX llpOOJieM, C ROTOpLIMH 
upHAeTcH BCTpeTHThCH JII06o:H cTpaue npH coopy
meHHH nepBoro :meprerHqeCiwro peaKTopa. IlpeA
rroJiaraeTcH, qTo AaHHaH crpaua ooLJquo HMnopTH
pyeT npoMLilliJieHHoe o6opyAoBaHHe H nJiaHHpyeT 
nocTpoHTh CBOH nepBLIH auepreTHqecRHH peaRTop 
ITO ROHTpaRTY C HHOCTpaHHhiMH llOCTaBIQHRaMH. 
0AHaKo nepeA llOAllHCaHHeM TaRoro KOHTpaKTa 
ueo6xoAHMo npoBeCTH 6oJibmyro IIOArOTOBHTeJib
HYJO pa6oTy, H :qeJihiO AaHHoro AORJiaAa HBJIHeTCH 
paccMoTpeuae xapaKTepa aTo:H pa6oTLI a o6cym
.o;euae HeKoTopLix TPYAHOCTe:H, RoTopLie MoryT 
npH 3TOM B03HHKHYTb. 

ITo onpeAeJieHHLIM coo6pameHHHM JIIOoaH cTpaua 
MOa\eT pemHTb llOCTpOHTb aTOMHYIO 3JI8KTpOCTaH
:qHIO ueaaBHCHMo or Toro, 6yAeT aro B AeHCTBH
TeJibHOCTH caMOH 3KOHOMHqHOH cpopMOH npoaa
BOACTBa 3JI8KTpOaHeprHH HJIH HeT. flocTpOHB, 
OAHaRO, aTOMHYIO 3JieKTpOCTaH:qHIO, HeOOXOAHMO 
:mcnJiyaTHpoBaTh ee TaKHM o6paaoM, qTo6LI o6IQHe 
:mcnJiyaTa:qHOHHLie pacxoAM AJIH Bce:H oo'~>eAH
HeHIIOH cacTeMLI aJieKTpocua6meHHH oMJIH MHHH
MaJihHhiMH. IToaToMy nepeA onpeAeJieHaeM onTH
HaJihHo:H MOIQHOCTH aTOMHOH 3JieRTpOCTaH:qHH 
HeOOXO)J,HMO OCyJ:QeCTBHTh nepcneKTHBHOe JI3yqe-
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HHC Ha~HOHaJibHhlX UOTpe6HOCTCH B <IJICI\Tp03Hep

fHH. 

CJiep;yeT npuauaTb, 'ITO ua Bcex B03MO»\HbiX pe

ai\TOpHbiX CHCTCM JIHIIIb OlJCHb HCMHOfHC MO»\HO 

C"!HTaTb <mpoBepeuHhlMH>>. B p;oHJiap;e cyMMHpyeT

C.JI npaHTHlJCCI\HH OllhlT npOCKTHpOBaHH.JI H ::11\C

UJiyaTa~ll:H OCHOBHbiX THUOB peaKTOpOB H o6cym

]l;aiOTC.JI UOTCH~HaJibHhlC B03MO»\HOCTH HCKOTOpbiX 

H3 <ITHX CHCTCM, HaXOf];.JI~HXC.JI UOKa Ha CTaf];HH 

npoTOTHnoB. PaccMaTpHBaiOTC.JI ocuoBHhle uepe

meuuhle npo6JieMhl. 

Tpe6oBaHH.JI npu Bhl6ope CTpouTeJibHOii nJio

~ap;KH f];JI.JI aTOMHOH <IJICI\TpOCTaH~HH COOTBCT

CTBYIOT Tpe6oBaHH.JIM, npep;'b.JIBJI.JICMhlM K UJIO

~ap;Ke npH CTpOHTCJibCTBe 06bi'IHOH TCUJIOBOH 

<IJICI\TpOCTaH~HH, C p;o6aBJICHHCM HCI\OTOpbiX cne

~HaJibHhlX Tpe6oBaHHH. llOCJIC H3Y1JCHH.JI Ha~HO
HaJibHOfO H MC»\]l;yHapO]];HOfO OUbiTa HC06XO]l;HMO 

paapa6oTaTb ua~uouaJibHhle npaBHJiao6ecne'leHHH 

6eaonaCHOCTH HaCCJICHHH, pacnpep;CJICHH.JI H yp;aJIC

HHH pap;HOaKTHBHhlX MaTCpHaJIOB, o6eCUC1JCHH.JI 

pap;Ha~HOHHOH 6eaonaCHOCTH TpCTbCH CTOpOHOH 

11 p;pyrue aaKouop;aTeJibBble Mepbi. 

llocJie npHHHTli.JI OCHOBHbiX pemeHHH Ba CTpO

HTCJibCTBO aTOMHOH 9JICKTpOCTaH~HH f];OJI»\CH 6hiTb 

coap;aH COOTBCTCTBYIO~HH ap;MHHHCTpaTHBHbiH an

na paT ~JI.JI o6ecne'leHHH pyKoBOACTBa npoeKTOM c 

npHBJIClJCHHCM HC06XOf];HMbiX 1\0HCYJibTaHTOB ll 

cne~uaJIHCTOB. ::ha rpynna AOJimua uaMeTHTb cpo

KH aaBeprneuu.JI npep;BapHTCJibHbiX pa6oT, aa 

1\0TOpbiC HCCCT OTBCTCTBCHHOCTb 3al\a31JHK, UOf];UH

CaTb 3aTCM OCHOBHbiC KOHTpaKThl Ha CTpOHTCJib

CTBO H o6eCITC1JHTb K onpCACJICHHOH AaTC AOCTH

»\CHHC aTOMHOH <IJICI\TpOCTaH~HCH UOJIHOH npoeK

THOH MO~HOCTH. 
Mp;eaJibuoe paccMoTpeuue npeAJiomeuuii ua 

CTpOHTCJibCTBO npep;ycMaTpHBaCT HaJIHlJHC lJCT-

1\0H CIICil,HipHKU~HH, o6ecne1JHBaiO~eii ueo6xo~H
MyiO O~CHI\Y H cpaBHCHHC UOJIY"!CHHbiX 3aHBOK. 

3aKa31JHI\ p;oJimeH nop;roTOBHTb ycJioBH.JI ROH

TpaKTa, o6ecne'IHBaiO~He cRopeii:rnee aaKJJIOlJCHHC 

OKOH'IaTCJJbHbiX KOHTpaKTOB. XopoiiiHH KOHTpaKT 

HC06XOf];HM 06CHM CTOpoHaM, H 3aKa31JHK f];OJI»\CH 

ncuo npep;cTaBJI.JITb ce6e, Roro ua nocTaB~HKOB 
peai\TOpOB MO»\HO ClJHTaTb CpaBHHTCJibHO Ha~em

HblM npH cy~eCTBYIO~CM ypOBHC pa3BHTH.JI peaK

TOpOCTpOCHHH. 

llpH cpaBHCHHH HCCKOJibi\HX npep;JIO»\CHHH Ha 

CTpOHTCJibCTBO CHJJbHO OTJIH'IaiO~HXC.JI p;pyr OT 

p;pyra peaKTOpHbiX CHCTCM B03HHKaiOT HCKOTOpbiO 

HHTCpCCHbiC npo6JICMbl. il\eJiaTCJibHO RaR MO»\HO 

cRopee paapa6oTaTb onpcp;eJieHHhle aKoHoMulJe

cKHe KpHTepHH, ueo6xop;HMhle AJIH npoBep;euun 

3KOHOMH1JCCKHX cpaBHCHHH, 1\0TOpbiC MOfYT UpH

BCCTH K Bhl6opy peaKTOpHOH CHCTCMbi, HC 06H3a

TCJibHO OTJIHlJaiO~CHCH CaMbiMH HH31\HMH 1\aUH

TaJibHbiMH 3aTpaTaMH. ,[(ame CTOHMOCTb <IJICKTpO

:mepntH MO»\CT HC 6biTb fJiaBHhlM RpHTCpHCM, 

TaK KaK paClJCTbl MoryT 6hlTb «o6peMCHCHhl>> 

CUCIJ,HaJibHbiMH C006pamCHH.JIMH aaRa3'lHKa, Ha

npHMCp CTCUCHbiO »\CJiaCMOfO yqacTHH MCCTHOM 

UpOMbiiiiJICHHOCTH. 06 3THX C006pamCHH.JIX HC06-

XOf];HMO,yUOM.JIHYTb npH 06'b.JIBJICHHH 0 nop;aqe 

npep;JIO»\CHHH Ha CTpOHTCJibCTBO aTOMHOH <IJICK

TpOCTaHIJ,HH. 

3a UOf];UHCaHHCM OCHOBHbiX 1\0BTpaKTOB CJICAY

CT 1\00pf];HHHpOBaHHC H KOHTpOJib BCCX pa6oT. 

A/131 Reino Unido 

La iniciacion de un programa nacional 
de energia nuclear 

por G. F. Kennedy y R. F. W. Guard 

Esta memoria discute algunos de los problemas 
pnicticos con que se enfrenta un pais al instalar su 
primer reactor nuclear de potencia. Se supone que 
el pais en cuestion importa normalmente los equipos 
pesados y, por tanto, se supone que su primer 
reactor de potencia sera objeto de contrato con 
proveedores extranjeros. Antes de que se puedan 
firmar tales contratos habra que hacer mucho trabajo 
preparatorio. El objetivo de esta memoria es revisar 
dicho trabajo y seiialar algunas de las dificultades 
que se presentan. 

Un pais puede tomar la decision de construir una 
central nuclear para generar energia electrica por 
numerosas razones, tanto si esta es claramente la 
forma mas economica de produccion de energia 
como si no lo es. Sin embargo, una vez construida, 
la central debe explotarse de forma que el coste 
global de explotacion de toda la red electrica inter
conectada sea minima. Por tanto, antes de que se 
pueda calcular el tamaiio optima de Ia central se 
deben determinar las necesidades nacionales de 
energia a largo plazo. 

Hay que reconocer que de todos los tipos posibles 
de reactor solamente muy pocos se pueden con
siderar como "probados". La memoria resume la 
experiencia practica en el proyecto y explotacion de 
los principales tipos de reactor y discute las posibili
dades de algunos de los sistemas que todavia se 
encuentran unicamente en la fase de prototipo. Se 
comentan las principales zonas de incertidumbre. 

La eleccion del emplazamiento sigue Ia practica 
normal en la produccion termica clasica con la 
adicion de ciertos requisitos especiales. Se han de 
establecer reglamentaciones nacionales referentes a 
exclusion de la poblacion, emision y eliminacion de 
materiales radiactivos, seguro nuclear frente a ter
ceros y otras cuestiones legales, todo ello despues 
de estudiar la experiencia nacional e internacional. 

Una vez que se han tornado las decisiones basicas, 
debe constituirse una organizacion administrativa 
que dirija el proyecto, reforzada cuando sea preciso, 
por consultores y especialistas. Este grupo debe 
fijarse fechas topes para completar el trabajo pre
liminar, que es de la responsabilidad del comprador, 
al que debe seguir la adjudicacion de los principales 
contratos de construccion y posteriormente alcanzar 
la produccion a plena potencia en una cierta fecha. 



152 SESSION 1.6 P/131 G. F. KENNEDY and R. F. W. GUARD 

La solicitud de oferta ideal debe incluir una espe
cificacion clara que asegure que las ofertas que se 
reciban pueden valorarse y compararse correcta
mente. El comprador debe proponer condiciones de 
contrato que conduzcan a un retraso mlnimo al 
negociar los contratos finales. Un buen contrato es 
satisfactorio para ambas partes y, en el campo 
nuclear, el comprador debe comprender, en el 
estado actual de conocimientos, que garantfas puede 
pedir, razonablemente, al proyectista del reactor. 

La comparacion de varias ofertas para tipos de 
reactor muy diferentes plantea algunos problemas 
interesantes. Es conveniente establecer, tan pronto 

como sea posible, las bases economicas a utilizar 
en Ia evaluacion economica que pueden conducir 
a que no se seleccione el tipo cuya inversion sea 
Ia menor. Incluso es posible que el coste de Ia 
energfa no sea el criterio principal, ya que los 
ca.Iculos pueden ser "modificados" por considera
ciones peculiares del comprador, tales como el grado 
en que se desea que participe Ia industria local. 
Estas consideraciones se deben mencionar al solid
tar las ofertas. 

La coordinacion y supervision del trabajo en el 
emplazamiento siguen a la adjudicacion de los con
tratos principales. 
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Prospects of integrating nuclear plants 
within the Portuguese power system 

By A. Leite Garcia*, J. Cruz Morais** and Sidonio Pais*** 

As the Portuguese energy resources were de
scribed in a paper presented to the 1958 Con
ference [1], in introducing this paper we would 
emphasize that at present the Portuguese power 
system consists almost entirely of hydroelectric 
installations (97% of the power produced in 
1964). 

Since approximately half the hydroelectric re
sources have already been built (the total ap
proaching 14 to 15 TWh/normal year), increasing 
development of thermal capacity is expected in the 
future. This tendency is shown in Table 1 which 
gives the structure of the electrical system up to the 
end of 1963, together with a firm forecast for 1973 
and a tentative one for 1985. 

The large increase in thermal capacity during the 
next decade should be noted, together with the even 
greater increase for the one following that. In the 
hydroelectric system, running-water power plants 
are expected to predominate, at least, in the near 
future. 

The irregularity of our hydrological regime neces
sitates construction of storage water reservoirs; these 
had a capacity of 1 000 GWh in 1963 and will 
probably be increased to approximately 2 600 GWh 
by 1973 (of this 1 000 GWh having an interannual 
character). 

The aim of this paper is to analyse the features 
which are relevant for the integration of nuclear 
power stations in the planned development of the 
Portuguese thermoelectric power plants. 

TECHNICAL REQUIREMENTS 

Place in the load diagram 

Since the investment costs of nuclear power plants 
are higher than those for conventional ones, the 
integration of the former mainly depends on the 
possibility of giving them a high load factor. 

In order to study this basic requirement, a cal
culation method is presented in the appendix. It is, 
however, necessary to justify the values assumed 

* Companhia Portuguesa de Industrias Nucleares, Lisbon. 
* * Repartidor N acional de Car gas, Lisbon. 
** * Gremio Nacional dos Industriais de Electricidade, 

Lisbon. 

for some of the parameters, as well as the operating 
criteria selected. 
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(a) As long-term storage reservoirs are likely to 
be an appreciable part of the development of our 
hydroelectric system, it seemed quite reasonable to 
assume that the average annual inflow would be 
given by the curve EH(p) in Figs. 1 and 2. This 
curve derives from a simplified simulation study 
carried out on an IBM 1620 computer. 

(b) Having a good annual regularization, we 
may assume that the daily regularization could be 
economically reached with both extra capacity and 
pumping schemes. Such means would not only be 
desirable for the resolution of the peak problems, 
but also because it would enable thermal power 
generation costs to be minimized due either to the 
smaller capacity plant that could be installed or 
to the better alternative of concentrating the thermal 
power production in plants with the smallest run
ning costs. Thus we will assume an average available 
hydraulic capacity (PH) given by 

where 

PH= l.S EH 
® 

EH = average inflow to the hydraulic system 
® = load factor, set by simplicity on 0.575. 

It should be noted that if part of the hydraulic 
capacity (PH) were replaced by peak thermal 
capacity, the energy it would generate would prob
ably be negligible, thus the load factor of the 
remaining thermal power plants would be prac
tically unaltered. 

(c) In spite of the amount of extra hydraulic 
capacity and the annual regularization assumed, the 
integration of the supplementary thermal plants in 
the empty hours of the load diagram is barely 
attained, in so far as there will probably be a large 
number of running water plants not compensated 
by pumping schemes. So, we felt it would be reason
able to take two values for the load duration of the 
supplementary power plants. 

(d) We have assumed that the hydroelectric sys
tem has sufficient interannual water storage to assure 
a guaranted hydraulic production (EHG) equal to 
70% of the average annual inflow. 



154 SESSION 1.6 P/598 A. LEITE GARCIA et a/. 

Table 1. Estimated development of the electrical system 

Year Type of plant 

Running-water power plants . 
End Hydraulic power plants (water 
1963 schemes) .. 

Thermal power plants 

Total ... 

Running-water power plants 
1973 Hydraulic power plants (water 

schemes) .... 
Thermal power plants 

Total 

Running-water power plants 
1985 Hydraulic power plants (water 

schemes) ... 
Thermal power plants 

Total . 

(e) It has been assumed that, if the thermal 
plants had to cover peak periods, their load factors 
would be set for technical reasons independent of 
the diagram, on: ud = 0.25. 

According to all these hypotheses, the calculation 
method presented enables us to compute the amount 
of supplementary thermal power necessary to the 
system, as well as the load factors derived from the 
supplementary energy and from the contribution 
during peak periods. The results reached are drawn 
in Figs. 1 and 2. 

Though the scales of those figures are only 
depending upon the load factor of the diagram (®) 
and upon the producibility factor ( f3 )-total produc
tion divided by the annual average inflow-two 
plausible hypotheses A and B on the development 

Hypothesis A 1965 1970 1975 1980 1985 

HypothesiS B 1965 1970 1975 1980 

C 6P 

p I 

3 f3 

Installed 
capacity Producibility 

in average year 
MW % GWh/year 

535 40.5 2 408 
storage 

635 48.0 2 310 
152 11.5 

1 323 100 

1165 36 5 400 
storage 

990 36 3 400 
800 28 

2 955 100 

1 450 22 7 000 
storage 

2 350 35.5 6000 
2 800 42.5 

--
6 600 100 

of the hydraulic system are presented (see Table 2). 
From the analysis of the figures we can come to 

the following conclusions: 
(a) Comparing the results of both of them, one 

can see the difficulty of integrating thermal plants in 
the empty hours of the diagram, given by the minor 
value of Ua , this means an increase in the thermal 
capacity, and it considerably decreases the load 
factor of the power plants of smaller running costs 
-two factors which increase the cost of the thermal 
energy necessary to the system. 

(b) One notices how the thermal production is 
scattered, due to the need for applying to supple
mentary power plants for peak demands. In spite 
of the extra hydraulic capacity considered such a 
phenomenon will occur from 1975-80 onwards, and 

~~YP~··~h·='"TA~l9~65~1~97~01~97~5-1~98_0,-~1~9B1s_~--,-~~~r--. 
Hypothesis B 1965 1970 1975 1980 1985 

®=0,575 
PH"' 15/0 
ua =0,8 
u,,·o~ 5f--+--+--+--F--+-~"'f--+--::l-",._-; 

------ .. ----- ----- -· 
3 (3 

Figures 1 and 2. Marginal laad factars af thermal capacity 

1: Consumption (Unity = annual mean hydraulic producibility); 2: Probability; 3: Mean 
available capacity (Unity= annual mean hydraulic producibilityjload utilization period) 
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Table 2. Estimated nuclear capacity 

If there is good 
regularization in the 

If there is not good 
regularization in the 

hydroelectric system hydroelectric system 
Hydroelectric (u

0 
= 1) (u. = 0.8) 

system 

Available 
Total consumption Nuclear available capacity with load 

Mean pro-
ducibility capacity 

with losses factor more than (in MW) 

Year TWh/year MW TWh/year MW 0.5 0.7 0.5 0.7 

Hypothesis A 1965. 6.2 1208 
(faster hydro 1970 ... 7.9 1 666 
system 1975 10.1 2 208 
development) 1980 12.3 2 833 

1985 . . . 13.3 3 166 

Hypothesis B 1970. .. . .. 7.0 1417 
(slower hydro 1975 8.4 1 792 
system 1980 9.7 2 125 
development) 1985. 11.0 2 500 

it may accelerate the obsolescence of the supple
mentary power stations now being installed, if they 
are not flexible. 

(c) When the producibility factor is high enough 
to allow the use of nuclear stations in economically 
good conditions, those stations will take a share in 
the total thermal capacity. That share will grow 
quicker than the maximum demand, even if we 
assume that the load factor, which defines the com
petition with the conventional thermal plants, will 
not decrease with time. 

Size of the biggest thermal power unit in operation 

The economy of size being more important in 
nuclear power units than in conventional ones, the 
enlargement of capacity per unit has a greater 
interest for the former than for the latter. However, 
the integration of large nuclear units in small elec
tric grids, as in our present case, can be conditioned 
by the limitation in size for the largest unit. 

Theoretically such capacity can be optimized by 
determining the equilibrium point between the size 
savings and the risks of load shedding, due either 
to the unavailability or to the instability of the elec
tric grid caused by start-up operations which forces 
an increase in the stand-by reserves (with an in
crease in the equipment investment) and still keep 
the running reserve (with a decrease in the operation 
savings). 

In the case of electric grids only fed by thermal 
plants various optimization studies have been per
formed on the size of the sets, and it has been 
concluded that it amounts to about 10% of the 
maximum demand [2]. In the case of electric grids 
also fed by hydraulic plants, as in our case, the 
problem seems to be more complex because it 
involves the seasonal character of hydroelectric 
inflows. Nevertheless, everything makes us believe 
that the capacity of the largest thermal power unit 
can be comparatively higher than that of electric 
systems involving thermal plants only. 

5.20 925 
8.74 1 580 96 

13.20 2400 354 192 284 
19.10 3 500 776 644 777 291 
26.60 4 950 1 734 1 247 1 784 1066 

8.74 1580 199 114 163 
13.20 2 400 608 413 608 162 
19.10 3 500 1193 839 1 375 680 
26.60 4 950 1 808 1 406 2 237 1 393 

Owing to the fact that we were also unable to 
define that question for our electric system, we shall 
have to formulate it now on the following terms, 
which are only qualitative ones: 

(a) According to the estimates of consumption 
growth, the maximum and the minimum demand of 
the country's total load curve will be of the order 
or 1 700 and 700 MW, in 1970, and 2 600 and 
1 000 MW, in 1975. The capacity in running-water 
power plants will most likely be at that time 1 000 
to 1 300 MW, so we can realize the previous 
difficulty in the integration of large plants in the 
load diagram, at least during the wettest months in 
winter. Simulation studies already performed, show 
that in 1975, a nuclear power unit of 250 MW(e) 
would have to decrease its load daily during an 
average period of 4 months per year. However, in 
1985, a nuclear power unit of 500 MW(e) would 
have a 10% probability of undergoing such 
variations, since the amount of inflow to our 
hydraulic system tends to be reduced in the future 
(see Table 1). 

(b) With regard to the stand-by capacity, the 
excess of 25% to 40% between the installed 
capacity and the maximum demand in 1970-75, 
would not raise difficulties with the integration of a 
nuclear power unit within certain limits. At that 
time the amount of thermal capacity would be 
determined by the thermal energy that is necessary 
to meet the consumption demands during a hydro
logically critical period (dry year or a dry month of 
November). Under these circumstances, it would be 
wise not to exaggerate the size of the first nuclear 
set in order to avoid an excessive increase in the 
risks of load shedding. 

(c) As far as there will be a hydraulic pre
ponderance and the corresponding excess of avail
able capacity, the question of the running reserve 
will not become pressing. In what concerns the 
stability of the linked grid, operational experience 
has proved that it is sound since there is sufficient 
effective running capacity. 
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(d) In 1970 there will probably be in operation 
three conventional thermal sets of 125 MW. We will 
not be worried by the fact that during the next five 
years the capacity of the largest set in operation 
may be increased to 250 MW (which would 
represent, in 1975, about 10% of the maximum 
demand) provided that its load following flexibility 
would be guaranteed. In the period from 1980 to 
1985, this maximum capacity may be duplicated. 

Siting 

One last condition is concerned with possible 
sites for future thermal power plants. In our coun
try there are only two rivers with sufficient summer 
water flow required by large thermal power plants 
-the Tagus and the Douro. We also possess in 
addition, a long seashore, although it is not always 
a very suitable one, because of the sands or high 
rocks. 

Taking into account that our hydraulic resources 
are found in the northern part of the country, the 
future thermal power plants will be located in the 
region of Lisbon, where, on the other hand, about 
Va of the country's electricity consumption is con
centrated. As there are in this region some suitable 
sites on the coast-line, the siting of the first nuclear 
power plants would raise neither any technical 
problems nor heavy charges on the transport system. 

PROSPECTS OF INTEGRATING NUCLEAR POWER 
PLANTS 

Hypotheses considered 

From what we have written with regard to the 
capacity and to the flexibility in load which appear 
most convenient for the 1970s, it seems to us that 
our first nuclear power station should be of the 
slightly-enriched uranium type with sets of about 
250 MW(e). 

It is important to formulate the hypotheses 
required to determine the date when the integration 
of the first power plant will take place, as well as 
the prospects of development of nuclear power 
generating facilities in the future. 

If we could set the parameters which define either 
the costs of capital-interest rate, discounting 
period, social costs, etc.~r the operation charges, 
any sound economical criteria would lead us to the 
selection of a range of economic load factors for 
each type of power plant. 

As such parameters are not officially fixed for 
our country, we preferred to follow a hypothetical 
consideration of two instances of competitive utili
zation of the available nuclear power. The condi
tions we can foresee at present make us believe that 
a 0.5 load factor is not too low for nuclear power 
plants in Portugal [3]. However, we are also taking 
an alternative hypothesis for the case that the 
construction of nuclear stations shows to be suitable 
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only for a utilization of the available capacity higher 
than 0. 7, which can give us, on the other hand, an 
idea of the reactor types and the fuel cycles to 
be used. 

We are assuming a development of the consump
tion as quoted in Table 2 [4], including the power 
supplies to some special industries~lectrochemistry 
and electrometallurgy, for instance. Though such 
industries have a reduced guarantee of supply, we 
are still considering that they will normally be fed 
with nuclear power, except during dry years. 

Two further hypotheses on the development of 
the hydroelectric system have also been adopted 
here (columns 1 and 2 of Table 2). 

Possible programmes of nuclear power developm&nt 

From the application of the calculation method 
summarily described in the appendix, to the condi
tions referred to in the preceeding sub-section, we 
obtained the evolution trend of the nuclear power 
capacity available as listed in the last columns of 
Table 2. From such results we may come to the 
following conclusions : 

(a) The first nuclear power set to be installed has 
a very good probability of being integrated in 1975, 
or even somewhat earlier. 

(b) Nuclear power development is considerably 
dependent on both the rhythm of expansion and the 
characteristics of the hydraulic system built up to 
that date, and may vary between 9 and 11 sets of 
250 MW (or any other combination of sets 
amounting to an equal capacity) if the present 
conditions prevail so as to keep the threshold of 
competition at 0.5. 

(c) The number of sets with 250 MW will be 
kept between 5 and 7 if the competition from the 
nuclear power stations calls for a load factor of the 
available capacity higher than 0. 7. 

Some predictable incidences on the economy of the 
country 

We have neither space nor sufficient information 
available to develop here such an important point 
as this, which can affect the circumstances of nuclear 
power plant projects. So, we will take in brief only 
three relevant aspects. 

(a) The fact that the investment cost per unit is 
usually rather higher in nuclear power plants than 
in conventional ones is a disadvantage in our case, 
where the quick increase of consumption rates 
(11% /year in the last decade) forces us to invest in 
electricity production equipment increasing fractions 
of the national income. However, as the available 
up-to-date data seems to show, the income rate 
from investment in a nuclear power plant to be 
integrated in the grid during the period of 1970-7 5 
may reach a value of the order of 8 to 10%. In 
such a hypothesis, its integration is not likely to be 
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postponed unless events at that time indicate that 
the capital market is rather tight. 

(b) The Portuguese industry expects to be pre
pared to meet an equipment supply amounting to 
approximately 45% of the investment in the first 
nuclear power plant. Its participation can be in
creased up to 75% ten years later. If we deduct 
from those supplies either the technique or the 
amount of imported materials, we will get a value 
added by the home industry of the order of 30% 
and 45%, respectively. Though such rates are lower 
than those corresponding to conventional power 
plants with the same capacity, yet the quantitative 
values will probably be higher for the former than 
for the latter. Thus the utilization of nuclear power 
plants will grant, particularly to the metallurgical 
industry, a bigger market and the opportunity to fit 
itself with modem equipment and technology. 

(c) The national industry is also interested in 
fuel fabrication. Owing to the existence of uranium 
resources on Portuguese territory, it is expected that 
our share in the total cost of the nuclear fuel will go 
from 45 to 70%, depending on either the use of 
enriched oxide or natural metal. The establishment 
of this new industry represents another benefit, 
resulting from the use of nuclear power plants. 

(d) In the last decade the electricity production 
industry had almost no effect on the balance of 
payments due to the (preponderance of) hydroelec
tric plants. In the near future, the enlargement of 
the conventional thermal capacity will compel 
Portugal to make considerable imports of equip
ment and fuel (185 thousand contos * per year on 
an average for the next five years, in a total of 
4 70 thousand contos in the respective customs 
section). The advent of nuclear energy will initially 
increase the gravity of the situation, due to a greater 
investment cost per unit. But afterwards, due to 
either the minor cost of the nuclear fuel or the 
increasing participation of the national industry, it 
is expected that there will be a tendency towards 
the alleviation of this aggravation of the balance of 
payments. 

This short resume on the economic effects favour
able to nuclear energy helps to stress our conviction 
of the feasibility of integrating nuclear power plants 
in the national electric grid, according to the con
clusions outlined in the sub-section entitled "Possible 
programmes of nuclear power development." 

APPENDIX 

Calculation method 

C being the consumption to be met (including 
losses in transmission), and EHG the power guaran
teed by the hydroelectric system-water-flows in 
critical year plus guaranteed interannual reserves-

• 1 conto """' US $35. 
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the thermal power required in dry years will be C
EHG, which calls for an average available capacity 

PTA= C-EHG 
Ua 

{1) 

where Ua is the load factor of the supplementary 
capacity to the system during the dry year which 
determines the power supply. 

If there is a good annual and daily regularization 
and sufficient hydroelectric capacity available, Ua 

can be deemed to approach unity, particularly so 
if the installed capacity is 20% greater than the 
average calculated effective capacity, its unavail
ability being scheduled so as to be concentrated 
upon wet periods. 

Owing to the fact that the hydro capacity is 
somewhat insufficient to meet the maximum demand, 
the contribution of thermal power stations is needed, 
even in very wet months, to solve the peak prob
lems. Thermal power generated by such an auxiliary 
capacity we will call fated thermal power, ETF, 
and the smaller the plant's flexibility and its thermal 
contribution to the maximum demand, the greater 
this fated thermal power will be. 

In a first approach, we can assume that the fated 
thermal power is independent of the load curve and 
only characterized by the thermal contribution to 
the maximum demand, PTF, and by one coefficient 
peculiar to the plant's flexibility, that is, we can 
assume 

ETF = u4 PTF (2) 

The fated thermal capacity, which is the thermal 
capacity required to meet the peak load, depends on 
both the maximum demand and the hydraulic extra
capacity. It can be estimated by means of 

PTF = P- PH (3) 

where P and PH are respectively, annual mean 
values of the diagram maximum demand and the 
effective hydroelectric capacity. 

Taking into account the technical minima of the 
steam power plants which usually limits frequent 
shut-downs, and whereas PTF ~ 0.30 P, u4 can be 
considered equal to 0.25, the power generated by 
each plant at peak-hours being practically indepen
dent of its tum to enter the load diagram. 

Whenever the hydraulic resources are shown to 
be insufficient to fit the base of the load diagram, 
the power produced by thermal power units of 
lower marginal costs, is used as subsidiary energy, 
which is thus placed at the base of the diagram. So, 
the power plants of lower costs are most often 
utilized as a support, and only if the water flow 
continues to be insufficient, we will then make use 
of power plants having higher costs. 

There are two bad decisions one should avoid 
taking: 

(a) To request too soon the thermal power sup
port of a given power plant which proves to be 



158 SESSION 1.6 P/598 

useless later. That power could have been produced 
by those power plants of lower costs when extending 
their working-time; 

(b) To delay too much the support granted by a 
supplementary power station. It would be necessary 
to replace later the energy that could in the mean
time be supplied, by the energy produced in power 
plants of higher costs. As the prediction of the 
future water flows is rather difficult, if not impos
sible, the entering of each power plant into the 
supplementary energy supply system will have to be 
controlled by "guide-lines" which are properly deter
mined from the tables of the preceding water flows 
and estimated so that the errors may be minimized 
in successive years. 

Thus, if we have sufficient water storage for a 
good annual regularization of the water flows, we 
can easily determine the rate at which a certain 
capacity is requested for supplementary energy 
supply. In fact, if we wish to reach a value of PT 
(supplementary capacity), less than PTF, it will be 
necessary that the inflows have the value of 

EH = C - ETF - PT (ua - ud) (4) 

Once the value of EH is known, it will be easy 
to estimate the probability of demand for supple
mentary energy that the capacity PT is asked to 
supply, provided that U11 and ud are assumed as 
constant values. So, p being the probability of EH 
not to be exceeded, the marginal utilization for PT 
resulting from both the supplementary power supply 
and its presence at the peak load, in case PT is less 
than PTF = P - PH, will be 

U = p Ua + (1 - P )~ (5) 

If PT ;;;::;: PTF, that is for the power plants which 
may be left out for reasons of capacity and are only 
utilized as a supplementary power source during 
very dry years, when 

EH = C - PT Ua (6) 

p being the probability the power flows will have 
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not to exceed EH, then the utilization got for the 
latest fraction of PT will be 

U = P Ua (7) 

This system of equations has a very simple ana
lytical or graphic resolution provided that the func
tion EH(p) is known. Hence it is possible to draw 
the curves of the capacity greater than or equal to 
a given value according to the producibility factor 
of the hydraulic system, provided that the values of 
C, P, PH, Ua and ud are known. 

This method seems to fit well into long-term 
planning. Moreover, it enables us to ascertain the 
consequences of a possible change in any of the 
parameters taken, by means of a graphic resolution. 
However, in a most careful short-term analysis, it is 
advisable to follow up a simulation method involving 
those possible combinations of the electricity pro
duction system closer to the one pointed out by the 
present global method. 
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ABSTRACT- RESUME- AHHOTAU!I1S1- RESUMEN 

A/598 Portugal 

Perspectives d'inh!gration de centrales nucleaires 
dans le reseau electrique du Portugal 

par A. Leite Garcia et a/. 

Dans une courte introduction, les auteurs pre
sentent la description de l'actuel reseau portugais 
de production d'electricite, essentiellement hydro
electrique; ils evoquent ensuite son evolution future 
en relation avec la croissance prevue des consom
mations. Us donnent aussi une breve indication des 

ressources energetiques du pays. Ces sujets ne sont 
pas toutefois developpes en detail. 

Un premier chapitre est consacre a l'analyse des 
principaux facteurs de caractere technique qui con
ditionnent !'integration de centrales thermiques clas
siques et nucleaires dans l'actuel systeme de pro
duction d'electricite. 

Le facteur essentiel a trait aux possibilites d'inte
gration des centrales thermiques dans le diagramme 
de charge. Pour l'etudier, les auteurs definissent un 
modele de calcul essayant d'evaluer les possibilites 
de concentrer Ia production d'energie dans les cen
trales thermiques ayant les frais variables les plus 
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bas sans compromettre !'utilisation optimale de 
l'energie hydroelectrique, et eventuellement avec la 
necessite d'un complement de puissance thermique 
aux heures de pointe. 

De !'application de ce modele on deduit les 
courbes representant revolution des puissances ther
miques qui peuvent etre placees dans le diagramme 
selon un critere marginal constant. Ce modele est 
compll~te par des considerations sur les conditions 
de fonctionnement a differents niveaux de puissance 
thermique, definis en partant des courbes citees. Ces 
conditions ont trait aux variations de charge jouma
lieres et hebdomadaires. 

Les elements determinant la puissance de l'unite 
la plus grande en service sont ensuite evalues. Faute 
d'etudes economiques sur ce sujet, en ce qui con
cerne le reseau portugais, on s'est borne a une ana
lyse qualitative. Un demier point relatif a !'implan
tation des futures centrales thermiques de differents 
types est examine, les aspects geographiques et eco
nomiques etant traites en relation avec la distri
bution regionale des besoins. 

On essaie d'analyser dans un deuxieme chapitre 
les possibilites d'integration de centrales nucleaires 
dans le reseau electrique national, en prenant en 
consideration les facteurs techniques etudies prece
demment. Les caracreristiques techniques et econo
miques a considerer pour les differents types de 
centrales-hydroelectriques, thermiques classiques, 
thermiques de pointe et nucleaires-sont fixees. En 
faisant ensuite varier quelques parametres econo
miques fondamentaux, on etablit quelques pro
grammes possibles d'integration de centrales nu
cleaires. 

Dans le demier chapitre, les principales inci
dences sur l'economie nationale que l'on peut 
attendre des programmes etablis plus haut sont enon
cees. On prend notamment en consideration !'evo
lution previsible du prix de revient de l'energie 
electrique ainsi que les effets indirects sur le deve
loppement de l'industrie, sur la balance des paie
ments et sur le marche des capitaux. 

A/~98 nopTyranHA 

nepcneKTHB~ BKn~YeHHH aTOMH~X 
aneKTpOCTaHL\HA B o6~y~ 3HepreTH
l.f8CKY~ CHCTeMy nopryranHH 

A. Jle.:iTe fapcHJI et al. 

B KpaTKoM BCTyrmeHHH aBTOphi onHChiBaiOT cy

l.l\eCTBYIOI.l\YIO B H8CTORI.l\ee BpeMSI B llopTyra

JIHH :mepreTuqecKyiO, B OCHOBHOM rHAp03HepreTH

'IeCKYIO, CHCTeMy H KaCaiOTCSI 6YAYI.l\HX nyTeH 

ee paaBHTHH no cpauaeHHIO c pacqeTHhiM pocToM 

JIOTpe6JJeHH.II 3JJ8KTp03HeprHH. .r:t:aeTC.II T8KlKC 

KpaTKa.JI o~eHKa Ha~HOHaJJhHhiX aaepreTuqecKJIX 

pecypCOB. 3TH BOnpOChl He paCCMaTpHB8IOTCSI II 

~~eTaJJHX. 
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llepBaSI rJJaBa JJOCB.IIl.l\8Ha aHaJJuay OCHOBHhiX 

T8XHHt{8CKHX !f>aKTOpOB, OT KOTOphiX 38BHCHT 06'h

e]\HHeHJie o6hlt{HhiX H Sl]\8pHhiX TenJJOBhiX YCT8-

IIOBOK B OAHY cy~eCTBYIOI.l\YIO B HaCTO.IIl.l\ee Bpe
M.II aueprocucTeMy. 

0CHOBHhiM lP8KTOpOM, KOTOphiH npeACT8BJJSie"r 

HHTepec, SIBJJSI8TCSI cnoco6 nOAKJJJOqeHHSI TenJJO

BhiX 3JJ8KTpOCT8H~HH B MOMeHT nHKOBOH Harpya

KH. .Il:nR uayqeauR :noro !f>aKTopa paapa6oTaHa 

MOAeJJh, C nOMOI.l\hiO KOTOpoif: AeJJaeTCSI nonhiTKa 

onpeA8JJHTh B03MO>KHOCTH KOH~eHTpa~HH npoua
BOACTBa 3HeprHH H8 3THX TenJJOBhiX yCT8HOBK8X, 

HM8IOI.l\HX Ot{eHb HH3KH8 H C8Mhle p83H006pa3-

Hhle 38TpaThi, He YM8Hhlli8SI npu 3TOM OIITHM8JJh

IIOrO HCIIOJJh30BaHH.II rHAP03Hepruu H IIO B03MO>K

HOCTH 6ea Yl.l\ep6a AJJH HY>KA no o6ecneqeuuiO 

]\OnOJJHHT8JlhHOH TenJJOBOH MOI.l\HOCTH IIpH nHKO

BhiX HarpyaKaX BO BpeMJI BhiCOKHX noTOKOB BOAhl. 

fipuMeHeHue 3TOH M0A8JIH II03BOJJHJJO IIOJJyqHTJ, 

'J'8KH8 KpHBhle, IIOK83hiB8101.l\H8 6yp;yl.l\ee paaBH

'l'He TenJJOBhiX MOI.l\HOCTeii, KOTOphle MOryT 6hiTI> 

BB8A8Hhl B A8HCTBHe BO BpeMSI aarpyaKH npu no

CTO.IIHHOM KpaifHeM KpHTepuu. llpuB8A8HO He

CKOJJbKO 38M8t{8HHH OTHOCHT8JihHO 3KCnJJyaTa~H
OHHhiX xapaKTepuCTHK paaJIH'IHhiX ypOBHeH T8II

JJOBhiX MOI.l\HOCTeH Ha OCHOB8 BhiiDeHa3B8HHiaiX 

KpHBLIX. 3TH xapaKTepHCTHKH CBSI38Hhl C paaJJH

quSIMH B ]\H8BHOH H HBA8JihHOH aarpyaKe. 

3aTeM AaeTCR o~eHKa !f>aKTopoB, onpeAeJJJIIO

~ux paa:Mep~a~ Hau6onee KpynHhiX reuepupyiO~HX 
06'heKTOB, H8XOAJII.l\HXCSI B 3KCIIJJyaTa~HH. 3TOT 

aHaJJH3 HOCHT Ka'I6CTBCRHLIH xapaKTep H aaBHCHT 

OT H6AOCTaTKa 3KOHOMH'I6CKHX A8HHLIX OTHOCH

TeJJhHO nopTyraJJhCKOH aueproceTH. qTO KacaeTcs 

paCDOJJO>KeHHSI 6YAY~HX T6IIJJOBLIX 3JJ8KTpOCTaR-

1.1HH paaJJU'IROrO TUna, TO paCCMaTpHBaiOTC.II reo• 

rpa!f>H'I6CKH8 H 3KOROMH'I6CKH8 acneKTLI B CBS13H 

c peruoHaJJI:.HiaiM pacrrpeAeJJeHueH noTpe6uocTeH 

B aJJeKTpoauepruu. 

Bo BTopoil rnase ABJJaeTCR nonhiTKa A8TI:. o~eu
KY BoaHomuocTeil o6'hBAHHeHHR HABPHLlX ycTauo

soK BHYTPH BAHBoil ua~uouaJJhBOH aueprocucTe

Mhl, npu aToM AOJI>KHoe BHHMaBue YAeJIHeTCH Tex

uuqecKuM !f>aKTOpaM, 0 KOTOpLIX rOBOpHJIOCh 

Bhlme. TexHH'IecKue u aKOHOMH'IecKue xapaKTepu

CTHKH K8C810TCSI YCT8BOBOK paaJIH'IHOro THDa, 

KOTOphle nOAJie>KaT paCCMOTpeHHIO, a HM8HBO: rH

APOYCT8HOBKH, Tennoshle aneKTpocTaB~HH, TenJio

BLie 3JI8KTpOCTaB~HH AJIH IIHKOBLIX HarpyaoK II 

HAepHLie ycTaBOBKH. KpoMe Toro, npHBHHaiOTCH B 

paC'IeT H3M8p8BHSI B ~8JIOM PRA8 OCBOBBhiX 3KO

HOMHqecKHX napaMeTpOB H OIIP8A6JI8BO HeCKOJJI:.

KO B03MO>KHLIX nporpaMM AJIH o6'hBAHHeHHJI 

HAepHhiX ycTaHoBOK. 

B DOCJieAHeH rJiaBe BKpaT~e OTHeqaeTCH OCHOB

HOe BJIH.IIHHC Ha 3KOHOMHKY CTpaBLJ, KOTOporn 

MO>KHO O>KHA8Th OT DpHHSITHSI 3THX nporpaMM • 

.n:aeTcR o~eHKa TeHAeH~uii Ha 6numaiimee 6YAY
l.l\ee OTHOCHTeJJbHO OCHOBHWX paCXOAOB no 3JICK

TpoaHeprHH, KOCBeHBOrO BJIH.IIBH.II H8 npOMLIID

JJeHBOe paaBHTHe, Ha nJJaTe>KHhle 6aJiaHCW H Ha 

pLIHOK AOJirocpo'IHoro CCYAHOro KanuTaJia. 



160 SESSION 1.6 P/598 

A/598 Portugal 

Perspectivas de Ia integracion de centrales 
nucleares en Ia red electrica de Portugal 

por A. Leite Garcia et al. 

En una breve introducci6n los autores describen 
el actual sistema portugues de producci6n de elec
tricidad, hidroelectrico en su mayor parte, pasando 
seguidamente a examinar su evoluci6n futura en 
relaci6n con el aumento previsto del consumo. 
Hacen tambien una sucinta exposici6n general de 
los recursos energeticos del pais. 

El primer capitulo se dedica al anilisis de los 
principales factores de caracter tecnico que condi
cionan la integraci6n de centrales termicas clasicas 
y nucleares en el actual sistema de producci6n de 
electricidad. 

El factor principal es el que se refiere a las posi
bilidades de localizaci6n de dichas centrales en el 
diagrama de cargas. Para estudiar este factor, los 
autores definen un modelo de calculo con objeto 
de evaluar la posibilidad de concentrar la produc
ci6n de energia en las centrales termicas cuyos 
gastos variables son los mas reducidos, lo que· ha 
de ser compatible con la utilizaci6n optima de la 
energia que afluye del sistema hidroelectrico y, even
tualmente, con la necesidad de reforzar la potencia 
termica en las horas de punta durante las epocas de 
crecida. De la aplicaci6n de este modelo se deducen 
las curvas que representan la evoluci6n de la 
potencia termica y que pueden situarse en el dia
grama seglin un criterio marginal constante. Este 
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modelo se completa con consideraciones relativas 
a las condiciones de funcionamiento en los diferentes 
intervalos de potencia termica, definidos sobre la 
base de las curvas citadas. Esas condiciones se 
refieren a las necesidades de variaci6n cotidiana y 
semanal de la carga. 

Seguidamente se examinan los factores que deter
minan las dimensiones del mayor grupo generador 
en servicio. Como en lo que respecta a la red de 
Portugal se carece de datos econ6micos sobre este 
punto, los autores se han limitado a un anilisis cuali
tativo. En lo que se refiere al emplazamiento de 
futuras centrales termicas de varios tipos, los 
aspectos geograficos y econ6micos se examinan en 
relaci6n con la distribuci6n regional del consumo 
de energia. 

En el segundo capitulo se procura analizar las 
posibilidades de integraci6n de centrales nucleares 
en la red electrica nacional, teniendo en cuenta los 
factores tecnicos antes mencionados. Primeramente 
se indican las caracteristicas tecnicas y econ6micas 
de los diferentes tipos de centrales: centrales hidniu
licas, termicas tradicionales, termicas de punta y 
nucleares. Haciendo variar seguidamente algunos 
parametros econ6micos fundamentales, se definen 
diferentes programas posibles de integraci6n de 
centrales nucleares. 

En el capitulo final se indican las principales 
repercusiones sobre la economia nacional que cabria 
esperar de la ejecuci6n de dichos programas. Se 
examinan en particular la evoluci6n previsible del 
precio de costo de la energia electrica y los efectos 
indirectos sobre el desarrollo de la industria, la 
balanza de pagos y el mercado de capitales. 



P /866 Australia 

The power outlook in Australia 

Australian Atomic Energy Commission and Department of National Development 

In Australia electricity is generated mainly in 
thermal power stations. Coal is the main fuel used 
in New South Wales, Victoria, Queensland, South 
Australia and Western Australia. Relatively small 
quantities of other fuels, mainly fuel oil, are used 
in these States. Hydroelectric plant provides all elec
tricity in the island of Tasmania. Comparatively 
small hydro-stations are operating in Queensland, 
and large ones are in use in New South Wales and 
Victoria. The latter States will receive increasing 
quantities of power from further development of 
the Snowy Mountains Hydroelectric Scheme. 

Generation and supply is largely under the control 
of central statutory bodies in each State which 
produce 97 per cent of the electricity consumed. 
The balance is produced by local authorities in 
remote towns using mainly diesel generating plant. 
Relevant details of the electricity industry are shown 
in Table 1. 

In most developed countries the utilization of 
electricity during the last few decades has increased 
some 7 to 8 per cent annually, and thus energy 
generated has doubled approximately every ten 
years. Australian requirements have increased greatly 
in recent decades, as shown in Table 2. 

Post-war industrial expansion, a rise in the living 
standard, and increase in population have resulted 
in a higher rate of electricity consumption than in 
many other developed countries. The average annual 
increase in electricity generated over the last decade 
was 9. 7 per cent and it is expected that this trend 
will be followed for many years ahead. 

ENERGY RESOURCES AND UTILIZATION 

Coal 

Australia's premium black-coal deposits are 
located in the eastern part of the continent, generally 
close to the seaboard (Fig. 1 ). This uneven dis
tribution has been partly responsible for the opening 
up of low grade coal, especially in Victoria and 
South Australia. 

Recent information on coal reserves is summarized 
in Table 3 [ 1]. The reserves are not large in com
parison with those of other countries; most of the 
measured and indicated reserves of black coal are 
regarded as recoverable reserves, but in the case of 
such reserves of brown coal it is unlikely that more 
than 50 per cent could be recovered with present or 
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planned technology. However, bearing in mind the 
small population and the relatively low cost of coal 
production, the reserves allow Australia to be 
regarded as one of the fortunate countries of the 
world. 

Oil 

Australia has an area of some 7. 7 million km2 

and approximately one half of the geological struc
ture of the continent consists of sedimentary basins. 
Recently, intensified search for oil has been under
taken, with success to date only at Moonie, about 
300 km west of Brisbane. In 1964 the first com
mercial production of oil in the country commenced 
at this field. It will, however, supply only 3 to 4% 
of the current annual demand, the remainder being 
imported. 

Refinery capacity before 1953 was not significant, 
but now totals 19 million tons annually. One result 
of this rapid expansion has been a large increase 
in the production of fuel oil, which totalled 5.2 
million tons in 1962-1963. However, for the past 
six years the consumption of fuel oil for power 
generation in Australia has been decreasing; in 
1962-1963 this fuel contributed less than 3% of 
all fuel used for this purpose. 

Unless there is a significant change in relative costs 
it seems unlikely that fuel oil will take over a greater 
part of power station fuel requirements in those 
States now mainly dependent on indigenous coal. 
In South Australia, however, fuel oil may be used 
extensively for future electricity production. 

Natural gas 

Recent discoveries of natural gas in Australia 
indicate the possibility of a production potential in 
particular areas, which may justify piping to cities 
and industrial centres, most of which are on or near 
the seaboard. Such discoveries have been made in 
the Roma and Rolleston districts in Queensland, in 
the Gidgealpa district in South Australia, and near 
Alice Springs, Northern Territory. Extensive drilling 
programmes are being undertaken to determine the 
reserves. 

In Queensland, pipelines to the seaboard of 
approximately 450 and 275 km in length would be 
required from Roma and Rolleston respectively. The 
minimum economic gas flow required for either has 
been suggested as between 500 000 and 600 000 
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Table 1. Australian electricity industry a 

Item 

Installed capacity 
(June 1963) (MW) 

Electricity generated 
(1962-63) 
(million kWh) 

Coal consumed 
(1962-63), black 

Coal consumed 
(1962-63), brown 

Internal 
Steam Hr,dro combustion 
plant pant plant Total 

5 213 1 860 155 7 228 

20 533 6 599 254 27 386 

8.8 million tons delivered at 
$5.95/ton 

13.3 million tons delivered at 
$0.92/ton 

• Figures are for public electricity supply only. 

Table 2. Generation and consumption of electricity 
in Australia a 

Item 1942-43 

Electricity generated 
(million kWh) 5 700 

Consumption 
(kWh/capita) 780 

• See note • under Table 1. 

1952-53 

10900 

1 250 

1962-63 

27 400 
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Figure 1. Location of coal measures and other energy resources 
in Australia 

m3/day for at least 20 years, in order to be com
petitive with alternative fuels at the seaboard. For 
the Rolleston gas, a market of at least this magni
tude can be seen in the major industrial develop
ments planned around the port of Gladstone, in
cluding a 670 000 ton/ annum alumina plant to be 
built by 1967. There are, however, extensive coal 

Table 3. Australian coal reserves a 

State 

Black coals 
New South 

Wales 
Victoria 
Queensland 

Tasmania 
South 

Australia 
Western 

Australia 

Brown coals 
Victoria 
South 

Australia 

Type of coal 

Bituminous 
Bituminous 
Bituminous-

Reserves (million tons) 

Measured 
and 

indicated 

3 420 
20 

Inferred 

Very large b 

10 

Sub-bituminous 980 Very large 
Bituminous Very small c 150 d 

Sub-bituminous 140 

Sub-bituminous 

Brown 

Lignite 

310 

61200 

590 

1 800 

48 200 

a Figures are for "total reserves in s1.tu", with the exception of 
that for measured and indicated reserves in New South Wales, which 
is regarded as recoverable coal. (See text for comment on recoverable 
reserves generally.) 

h In New South Wales inferred reserves are more than 11 000 
mtlhon tons. 

c l\feasured reserves in Tasmania amount to only several hundred 
thousand tons. 

d Figure includes both indicated and inferred reserves. 

deposits in this area. For the Roma gas, the market 
is expected to lie mainly in the Brisbane area, 
although relatively small quantities may be drawn 
from the pipeline at intermediate points. 

Although the Gidgealpa deposit is some 970 km 
northwest of Melbourne, a connecting gas pipeline 
would also serve a number of provincial cities en 
route. Alternatively the gas could be piped about 
800 km to Adelaide to be used for electricity 
generation and for industrial and domestic purposes. 
Natural gas could provide South Australia with the 
indigenous energy source which it has hitherto 
lacked. 

Hydroelectric power 

Australia is a relatively dry continent, the average 
annual rainfall being only 432 mm, and three 
quarters of the land mass lies between altitudes of 
150 and 460 m. The mean annual run-off is about 
48 mm, compared with an average of 248 mm for 
all land surfaces of the globe, so that hydroelectric 
potential is not large. 

Approximately 60 per cent of the estimated 
potential of 23 000 million kWh/ annum is provided 
by Tasmania, the remainder being divided between 
the southern highlands in New South Wales and 
Victoria (Snowy Mountains and Kiewa Schemes), 
and also Queensland. 

Only a small part of the hydro resources has been 
exploited to date, but further developments should 
continue to provide about 26 per cent of the coun
try's generating capacity up to about 1975. In that 
year the total installed capacity of hydro plant will 
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be some 5 300 MW, and the Snowy Mountains 
Scheme will be virtually completed. After this date 
the percentage generating capacity provided by 
hydro resources will steadily decline. 

Tidal power 

The tidal power potential of the north-west coast 
of Australia has been roughly estimated at some 
300 000 MW [2], possibly one of the greatest con
centrations of tidal power in the world. 

Preliminary studies have been made of about 
25 tidal power sites in the north-west of Australia, 
and the Western Australian Government is now 
investigating in detail the more promising ones. 
Reliable cost estimates are unlikely to be available 
for some time, but it has been stated that a 
2 000 MW plant operating at 26% capacity factor 
might be constructed for about $450 million [2]. 

Early exploitation of these resources is unlikely. 
The area is remote from centres with a large elec
tricity demand (1 800 km from Perth, and over 
3 000 km from the interconnected systems of New 
South Wales and Victoria), and there are no 
prospects of large power consuming industries being 
established in the region. 

Uranium and thorium 

Uranium minerals are mainly confined to the 
Northern Territory and Queensland. Reserves (UaOs 
content) are as follows: measured 3 160 tons; 

indicated 9 320 tons; inferred 3 580 tons. It is 
estimated that 11 500 tons of U30 8 could be 
recovered at $5/lb, and the remainder at $6-10/lb. 
Undoubtedly further exploration would discover 
additional resources. 

Measured reserves of thorium minerals amount 
to 5 700 tons of contained Th02 from the monazite 
in heavy beach sands on the eastern and western 
Australian coasts. In addition there are indicated 
and inferred reserves of 3 300 tons of contained 
Th02 in the Mary Kathleen area of Queensland. 

Only uranium concentrate has been produced in 
Australia. There has been little incentive to produce 
thorium concentrate. 

FUTURE DEVELOPMENTS 

Future developments in power generation should 
be studied in the light of the present position in the 
industry. Relevant data for 1962-1963 are shown 
in Table 4 [ 3] . 

Power 'tation developments 

Table 5 gives estimates of future maximum 
demand on the interconnected systems of the main 
generating authorities. 

All central electricity authorities are engaged on 
major construction programmes. Of 4 880 MW of 
thermal plant under construction or approved, 
4 000 MW will be in coalfield stations on the 
mainland. 

Table 4. Australian electricity 'tati,tics 1962-63 

Electri- Generating Principal Average Electricity 
city plant fuel(s) Average fuel cost used by Average price 

State generated installed used coal (mills/ consumers of electncity 
or (million (30 June) (thousand cost kWh (million sold to consumers 

area kWh) (MW) tons) ($/ton) generated) kWh) (mills/kWh) 

New South Wales ... 9 439 a 2 536d 4 813 coal 5.53 3.2 8 598 e 23.8 

Victoria ........ 6 923 b 1 715 d 13 293 0.92 3.7 6 064e 22.8 
brown coal brown coal 
795 bri- 12.33 bri-
quettes quettes 

Queensland 2 727 767 1 602 coal 8.47 6.0 2 275 25.7 

Tasmania ..... . . . . . . . . 3 145 617 Nil Nil Nil 2 776 8.2 

South Australia . . . . . . . 2176 559 1 548 Leigh 3.32 Leigh 3.8 1764 22.4 
Ck. coal 125 Ck. coal 
N.S.W. coal 9.77 N.S.W. 

coal 

Western Australia ''' 1 068 331 704 coal 7.71 6.3 867 27.7 

Commonwealth Territories e 89 43 17 oil Nil 11.8 256 27.8 

Snowy Mountains Scheme 1 819 t 660 Nil Nil Nil 1 774g 9.1 g 

• Excludes purchase of 1 110 million kWh from Snowy Mountains • Includes electricity purchased as shown in • and b respectively. 
Scheme. t Figure refers to electricity sent out. 

• Excludes purchase of 463 million kWh from Snowy Mountains • Figures refer to peak load electricity supplied to the Common-
Scheme, and 343 million kWh from N.S.W. wealth, New South Wales, and Victorian authorities for consump-

' Ftgures are for 1961-62; later data are not available. twn in their respective areas. 
d Excludes entitlements of plant in the Snowy Mountains Scheme, 

namely 466 MW for New South Wales and 194 MW for Victoria. 
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Table 5. Forecast system maximum demand (MW) 

Queensland 
New 

South North- Tas- South West. 
Year Wales• Victoria• Southern Central ern mania Aust. Aust. 

1964 .. 2 690 1 866 519 44 114 609 510 254 
1966. .. . . 3 280 2 193 622 51 136 669 585 302 
1968. 4000 2 565 726 72 164 749 690 359 
1970 .. 4 890 2 882 846 82 197 855 805 426 
1972 .... .. 5 950 3 377 987 93 237 972 945 506 
1974 ... 7 290 3 958 1 151 106 282 1 081 1100 602 
1975 .... . . 8 000 4 285 1 243 113 307 1144 1 185 656 

• Maximum demand on these systems will be filled in part by power entitlements from the Snowy 
Mountains scheme. 

Table 6 shows relevant data for the main power 
station developments [ 4,5,6,7]. It does not include 
stations for which plans have not yet been finalized. 
However, further developments in the years up to 
197 5 are expected to follow closely those now being 
undertaken as far as type and location of plant are 
concerned but unit sizes will be larger in the mid 
seventies. 

Transmission system developments 

In all States gradual extension of transmission 
and distribution systems can be expected during the 
next decade, and higher voltage transmission lines 
will be required between new power stations and 
load centres. The significant interconnection of the 
New South Wales and Victorian systems made 
possible by the Snowy Mountains Scheme is being 
strengthened. Interconnection of the three supply 
areas in the northern region of Queensland was 
effected recently, and rationalization of generation 
and distribution was accomplished in the southern 
region. Further rationalization of supply in northern 
Queensland is expected in 1964. The feasibility of 
interconnecting the Victorian and Tasmanian sys
tems by an underwater link across Bass Strait is 
being investigated; considerable economies might be 
achieved by operating Victoria's low-cost brown
coal stations on base load, and Tasmania's hydro
stations on peakload. It is unlikely that intercon
nection of other State supply systems will occur 
within the next decade. 

PROSPECTS FOR NUCLEAR POWER 

Considering Australia as a whole there is unlikely 
to be any shortage of indigenous fuel for power
station use for many decades ahead. The installation 
of nuclear-power plants can be justified only if it 
results in some over-all saving in the cost of 
electricity. 

Over the past ten years generation costs have 
shown a significant downward trend in most States. 
As larger units are installed on the coalfields, this 
trend will continue. The exceptions are South 
Australia, where future stations will rely initially on 
imported fuel and possibly later on natural gas, and 

Tasmania where hydro costs are increasing because 
of rising civil construction costs. 

The cost of coal, and hence the cost of electricity 
from new and proposed stations in the remaining 
States, will be quite low by any standards, making it 
difficult for nuclear power to compete. Table 7 
shows estimated approximate costs of fuel and elec
tricity for the largest conventional units that may be 
installed in the main State generating networks 
around 1975. Energy costs are based on 7.1% 
capital charges, 80% capacity factor (for thermal 
plant), and assume present day money values. 

Nuclear power plant 

At present only three types of nuclear power 
stations may be regarded as commercially proven. 
They are: 

(a) Pressurized water; 
(b) Boiling water; and 
(c) Natural uranium Magnox. 

However, by 1970, when a decision would be 
required on plant to be commissioned by 1975, the 
following may be considered: 

(d) Heavy-water moderated and cooled; 
(e) Heavy-water moderated, light-water cooled; 
(f) Advanced gas-cooled; and 
(g) Sodium graphite. 
Many other systems are being developed but they 

are unlikely to be of commercial interest by 1975. 
Fast breeders come in this category; the USAEC 
gives a time scale of 25 years for their development. 

It is extremely difficult to give meaningful 
estimates of the cost of nuclear power from the 
above systems, even for the first three which are 
being built in considerable numbers. Recent pub
lished figures indicate that capital costs can differ 
by as much as 30 to 40 per cent for apparently 
almost identical plants. Some of the difference can 
be accounted for by siting considerations, but most 
of it is no doubt due to commercial factors such as 
the state of the market at the time tenders are called 
and hence the amount included in the tender price 
to cover design and development costs, and profit. 
For many systems there are further uncertainties 
regarding fuel cycle costs, the costs of transporting 
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Table 6. New power stations in Australia 

Estimated 

Station 
Capacity or capital 
number and cost 

State or and size of Commission. ($/kW sent 
scheme location units (MW) ing period out) • 

New South Wales Vales Point 
(N'thn coalfields) 1-200 a 196S-1966 1S1 

1-27S 
Munmorah 

(N'thn coalfields) 4-3SO 1967-1970 134 

Victoria Hazelwood 
(Latrobe Valley) 6-200 1964-1970 171 

Queensland Swan bank 
(Ipswich coalfield) 6-60 1966-1970 169 

Calcap 
(Calli de coalfield) S-30 196S-1966 b 234 

Collinsville 
(Collinsville coalfield) 6-30 1968-1969 c 234 

Tasmaniat Lower Derwent 
Scheme 8S (total) 1966-1967 314 e 

Mersey-Forth 
Scheme 300 (total) 1969-1973 388 e 

South Australia Torrens Island 
(near Adelaide) 4-120 1967-1971 168 

2-200 1973-197S 134 

Western Australia Muja (Collie coalfield) 4-60 1965-1969 157 

Snowy Mountains Six new stations on 
Scheme Snowy, Murray and 

Tumut Rivers 2 80S 1966-197S 2SOe 
(additional) 

• Excludes two 200 MW units commissioned in 1963 and 1964. 
• Initially only two 30 MW units will be installed. A station with 120 MW units will be built at Callide 

if it is decided to use these coal resources for electricity supply to both central and southern Queensland. 
c Initially only two 30 MW units will be installed. Future installation of thermal plant depends on 

possible further hydroelectric developments in northern Queensland. 
• Includes capitalized interest during construction. 
• Capacity factors for hydro plants are: Lower Derwent 59%; Mersey-Forth 54%; and Snowy Moun· 

tains (future plant) 14%. 
t The Great Lake Power Scheme (Poatina Station) was commissioned in 1964 with five 50 MW 

machines, and provision for a sixth machine later. 

Table 7. Forecasts of approximate future demand, fuel, and production costs 

Base load 

Maximum Fuel cost Base load 
J;>roduct-
ton cost 

demand in Maximum (approx.) fuel cost (approx.) 
1975 size units (cents/ (apr,rox.) (mills/ 

(a~rox.) in 1975 million (mils/kWh kWh sent 
State ( W) (MW) Btu) sent out) out) b 

New South 
Wales 8 000 sao 11-15 0.8-1.4 2.7-3.1 

Victoria 4 290 3SO 14 1.6 3.8 

Queensland 
Southern-

Central 1360 120 a 10 1.1 4.2 
Northern 310 60 21 2.5 5.6 

South 
Australia 1190 200 34-41 3.1-3.8 5.2-6.0 

Western 
Australia 660 120 19 2.0 4.3 

• Assumes a large station will be built in central Queensland- see note • under Table 6. 
b Calculated for 7 .I% total capital charges and 80% capacity factor for thermal stations. No allowance 

bas been made for transmission costs in these figures. 
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new and spent fuel elements, chemical reprocessing 
and reenrichment, especially for countries remote 
from the UK and USA. Hence there is little point 
in attempting to estimate precisely the cost of 
producing power from the above mentioned reactor 
stations. However, the prospects for nuclear power 
in each State and the types of plant which hold most 
promise can be judged from general fuel and capital 
cost considerations. 

The capital cost of nuclear power stations, 
particularly if located near large towns or cities, 
necessitating additional safety features, can be 
expected to remain somewhat higher than for con
ventional stations of equivalent size. This will cer
tainly be true for units smaller than 400 MW, 
although the cost of very large units of particular 
types may approach that of conventional plant. 
Operation and maintenance costs may be lower for 
certain types of nuclear plant but any savings would 
be off-set by higher insurance charges; for some 
types of plant, operation and maintenance costs 
could be appreciably higher. For nuclear-power 
plants to be competitive they must provide lower 
unit fuel costs than conventional plants. Costed as 
given above, one could afford to pay almost 
$100/kW extra for nuclear plant for each mill/kWh 
saved on fuel. However, owing to uncertainties and 
because most authorities would expect some addi
tional return on the increased investment it is 
suggested that each mill/kWh saved on fuel could 
justify an additional plant investment of only 
$50/kW. The position in each State is now briefly 
examined on this basis. 

Large central power stations 

New South Wales 

New South Wales will be able to accommodate 
500 MW units by 1975, and in such sizes nuclear 
plants generally show to advantage. However, since 
conventional fuel costs would be very low-0.8 to 
1.4 mills/kWh based on present day costs-the only 
nuclear plants that might improve on these fuel costs 
are those moderated with heavy-water and cooled 
with either heavy or light-water, although the high 
capital costs would offset this gain. Systems such 
as PWR, AGR, SGR and Magnox would be 
ruled out. 

With the development of economic thorium cycles 
nuclear power could prove competitive beyond 1975. 

Victoria 

By about 1975, units would normally be limited 
to 350 MW capacity in Victoria, and conventional 
fuel costs of approximately 1.6 mills/kWh are 
expected. Table 7 shows that such plant is estimated 
to produce energy for 3.8 mills/kWh. With further 
development of heavy-water moderated systems 
there would be reasonable prospect of nuclear plant 
being competitive around 1975 or some years later. 

Queensland 

(a) Southern-Central Region 
By 1975, units not less than 120 MW capacity 

may be considered. With expected conventional fuel 
costs of about 1.1 mills/kWh, nuclear power has 
little prospect of being competitive in the unit sizes 
of interest, even if the cost of transmission is included 
for coalfield stations. 
(b) Northern Region 

Conventional fuel costs are expected to be about 
2.5 mills/kWh, but maximum unit size would be 
only 60 MW. Although slightly enriched, heavy
water moderated reactors could show some saving 
in fuel costs, it would be insufficient to off-set the 
additional plant cost. 

Tasmania 

Average costs of all units sent out from planned 
hydro stations are estimated at 4.7 to 5.1 mills/kWh 
for generation at an annual load factor of about 
55 per cent. If thermal stations were installed they 
would probably be limited to units of 120 MW 
capacity in the early seventies. However, in order 
to compete with projected hydro developments, base 
load nuclear plant would have to produce energy for 
less than 5.0 mills/kWh, in order to allow for the 
production of complementary peakload power which 
the resulting integrated hydro/nuclear system would 
need. Nevertheless, the hydro resources of Tasmania 
are not unlimited and unless easily recoverable coal 
in discovered, nuclear stations could ultimately play 
an important role. 

South Australia 

In the short term South Australia will probably 
clepend on imported coal or fuel oil for its power 
developments, and fuel costs of 3.1 to 3.8 mills/kWh 
are predicted for units of 200 MW capacity. All the 
above types of nuclear stations should achieve fuel
cycle costs appreciably lower than these, but for 
some, the unit size is too small, e.g., Magnox, AGR, 
and probably SGR; with these the fuel cost saving 
would be insufficient to off-set the additional capital 
expenditure. PWR and BWR stations with fuel costs 
of about 2.0 mills/kWh could be competitive with 
specific capital costs of about $190 to $225 /kW. 
Natural uranium heavy-water reactor stations having 
a fuel cost of about 1.0 mill/kWh would be attrac
tive with costs in the range of $240 to $275/kW. 
There seems little doubt that such costs will be met 
with multi-unit stations of these types. 

At some future time natural gas may be used for 
power generation in South Australia, but at present 
it is not possible to predict the effect of this energy 
resource on power developments. 

Western Australia 

With fuel costs of 2.0 mills/kWh and plants 
limited to 120 MW units, nuclear power has little 
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prospect of competing in Western Australia in the 
seventies. 

Isolated power plant 

Many isolated towns depend on locally-generated 
power but the number is gradually being reduced 
as the main State systems extend inland. Some will 
remain isolated but in general their demand will be 
less than a few MW. Nuclear power may possibly 
compete on a generation cost basis in some locations 
but the capital cost of nuclear units compared with 
the cost of diesel plants is likely to remain 
prohibitive. This opinion would seem to be con
firmed by the recent USAEC decision [ 8] not to 
proceed with development of the 1 MW second 
generation portable nuclear plant, reached only 
after considering 1 7 proposals from 15 different 
industrial firms. Nevertheless, developments in this 
field in other countries, e.g., the USSR "ARBUS" 
project, are being watched with considerable interest. 

There is little reliable cost information available 
on small nuclear plants but judging from the 
USAEC programme it would appear that the 
development of reasonably low-cost nuclear units of 
less than 50 MW capacity is a long-term matter. 
Installation of 50 MW nuclear units in isolated 
areas would require a high-load factor demand of 
the order of 100 MW. In the next ten years or so 
the number of isolated areas with demands of this 
size will be very few. The best prospects would 
appear to be for mineral processing such as copper 
at Mt. Isa in Queensland and aluminium in the 
Northern Territory. However, in the longer term, 
plants of larger capacity will certainly be required, 
and in this field nuclear power could make a very 
significant contribution in Australia. 

CONCLUSION 

The costs of production of electricity in the 
various Australian State supply systems have reduced 
significantly in recent years. Further improvements 
will occur in the foreseeable future, but the rate of 
the cost reduction for conventional power generation 
is likely to decrease. 

Introduction of nuclear power into Australia in 
the future can be expected to concern central stations 
on interconnected systems and isolated power re
quirements in remote areas. By 1975 or so, on the 
basis of presently known developments, more than 
99% of the electricity consumed will be supplied 
from the State interconnected systems. Therefore, 
central power plant will be the most important 
application. 

The data presented indicate that within the next 
ten or so years the prospects for the introduction 
of competitive nuclear-power plant into the State 
supply systems of mainland Australia are not 
encouraging, except possibly in South Australia, 
where by the mid-seventies unit sizes of 200 MW 
could be considered. In this size range certain types 
of nuclear plant are expected to give production 
costs rather lower than conventional plant using coal 
or oil. However, by this time natural gas may be 
used and this could delay the introduction of nuclear 
plant in this State. Some years later the hydro
electric resources of Tasmania will be fully utilized, 
and nuclear plant in sizes of 200-250 MW should be 
competitive with fossil fuel plants. Power develop
ments in the other States in the distant future become 
necessarily speculative, but even so, the prospects 
for introduction of very large nuclear plant (over 
1 000 MW capacity) into the combined New South 
Wales and Victorian systems cannot fail to be 
recognized. 

In remote areas nuclear power may find limited 
application up to 197 5 for mineral processing indus
tries where units larger than 50 MW could be 
installed. In the longer term it is believed that such 
industries could require very much larger nuclear 
plants, and this could play a vital role in the 
development of the more isolated parts of Australia. 
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ABSTRACT- RESUME- AHHOTA~Io-1SI- RESUMEN 

A/866 Australie 

Perspective de l'€mergie en Australie 

Australian Atomic Energy Commission 
et Department of National Development 

Le memoire decrit la structure actuelle de la 
production et de la distribution de l'energie elec
trique et donne un apen;u de la demande et de son 
accroissement pour le present et pour l'avenir (jus
qu'en 1975). 

11 traite des ressources en combustible, des pro
blemes particuliers aux divers Etats, des tendances 
actuelles de collaboration entre les Etats pour la 
production et la distribution du courant electrique, 
ainsi que des perspectives d'utilisation de la houille 
et du lignite, du petrole, du potentiel hydraulique, 
du gaz nature! et des energies nucleaire et mare
motrice. 

Comme les grands reseaux electriques australiens 
disposent de ressources abondantes et relativement 
peu couteuses en houille et lignite, il est peu pro
bable que des centrales nucleaires y soient mises 
en service durant la periode examinee. 

Dans quelques petits reseaux, particulierement 
ceux de l'Australie du Sud, le combustible local est 
moins abondant ou entierement utilise a d'autres fins, 
et il faut done importer du combustible. Dans ces 
conditions, l'energie d'origine nucleaire pourrait etre 
competitive. Toutefois, ces reseaux ne sont pas 
encore suffisamment developpes - la demande dans 
chacun d'eux ne depasse pas 500 MW- pour qu'on 
puisse installer des maintenant de grosses unites nu
cleaires, lesquelles sont moins couteuses. Neanmoins, 
etant donne !'evolution actuelle de la technique et 
des couts en matiere d'energetique nucleaire, il est 
possible que des unites nucleaires ayant une puis
sance de l'ordre de 200 MW puissent etre installees 
durant la periode examinee. 

A/866 AacTpanHft 

nepcneKTHBbl pa3BHTHR 3HepreTHKH 
a AscTpanHH 

KoMHCCHR no aroMHOH 3HeprHH H MHHHcrep
creo Ha4HOHanbHOro paaeHTHR AecrpanHH 

B ~OKJia~e paccMarpuaaiOTCH cy~ecrayiO~He 
npe~npHRTHH no npouaao~cray u nepe~a'le :mex
rpoaHepruu, a TaKme BKpaTI.~e yKaaaHhi norpe6-
nocru u reMIIhi pocra norpe6Hocre:if a nacron~ee 
apeMJI u B 6yp,y~eM (p,o 1975 rop,a). 

06cymp,aiOTCH TOIIJIHBHhie pecypchi, upo6JieMhl 
:mepreTHI\H P,JIJI OTP,eJihHhiX IIITaTOB, cy~eCTBYIO

ll~HC reHp,eH~HH corpyp,Hn'lecraa Memp,y IIITaTaMn 

B 06JiaCTH npOH3BOIJ.CTBa H liOCTaBKH aJieKTpoaHep
l'HH, a TaKme nepcneKTHBhi HCliOJih30BaHHR Ka
HeHHOro u 6yporo yrJieii, He!jlru, rup,popecypcoa, 
npupo~Horo raaa, aTOMHo:if :mepruu u :mepruu 
MOpCKHX IlpHJIHBOB H OTJIHBOB. 

Y xaahiBaercH, 'ITO uMeercR He6oJihiiiaJI aepo
RTHOCTh (P.JIR paccMarpuaaeMoro nepuop;a) BKJIIO
'leHHJI aTOMHhiX aJieKTpOCTaH~HM B KpynHhle aHep
reTH'leCKHe cucreMhi Aacrpamtu, a Korophlx uc
llOJihayiOTcH cpaBHHTeJihHO p,eeiiiBLie H o6HJibHhie 
HCTO'lHHKH KaMeHHoro u 6yporo yrJieif. 

HeKoTophie ne6oJILIIIHe cucreMLI, a 'laCTHocrn 
Ha 10re AacrpaJiun, pacrroJiaraiOT He6oJibiiiHM Ho
JIH'lecraoM MeCTHOrO TOIIJIHBa HJIII TOliJIIfBOM, 1\0-
Topoe noJIHOCTLIO npep,HaaHa'leHo AJIH p;pyrnx ~e
Jte:if, IIOaTOMy IlpHXO~HTCH BB03HTh TOIIJIHBO H3 
~pyrHx paiioHoa. llp11 raKHX ycJioBHHx aroMHaR 
:meprHH MOrJia 6LI CTaTb KOHKypeHTOCIIOC06Hoii. 
Op;HaKo ar11 cucreMhi e~e Hep;ocraro'lHo paaBHTM 
(110Tpe6HOCTH OT~eJibHOM CIICTeMLI COC1'aBJIRIOT 
HeHLIIIe 500 Mer), 'lT06LI MOmHo 6hlJio HeMep,JieH
Ho BKJIIO'laTh a HHX 6oJiee KpynHhle, a cJiep,oaa
TeJILHo, MeHee p,oporHe aTOMHhie aJieKTpOCTaH-
1~1111. TeM He MeHee, Y'lHTLIBaJI cy~ecrayiOI~He 
TeHp;eH~HH B pa3BHTHH aTOMHOH aHepreTHI\11 II 
~eH, He UCI\JIIO'leHa B03MO)f(HOCTh BBe,ll,eHHH B 
crpoii a paccMaTpHaaeMhiH nepuop, aroMHhlx aJieK
rpocrau~uii MO~HoCTLIO nopJip,Ka 200 Mer. 

A/866 Australia 

Las perspectivas de energia en Australia 

Australian Atomic Energy Commission 
y Department of National Development 

Se describen las instalaciones existentes de gene
raci6n y transporte de la energia electrica y se 
resume la demanda y su crecimiento, en la actuali
dad y en el futuro (hasta 1975). 

Se mencionan los recursos de combustible, los 
problemas particulares de cada estado, las tenden
cias actuales para la colaboraci6n entre estados a 
los efectos de la generaci6n y distribuci6n de la 
energia electrica, las perspectivas para el uso de 
hulla y lignito, petr6leo, energia hidniulica, gas 
natural, energia nuclear y fuerza de las mareas. 

Se sugiere que, en los sistemas electricos mas 
importantes existentes en Australia que utilizan los 
recursos de bulla y lignito, relativamente baratos y 
abundantes, existen pocas probabilidades de que se 
introduzca la energia nuclear durante el periodo 
que se examina. 

En algunos de los sistemas mas pequeiios, espe
cialmente en el sur de Australia, el combustible local 
es menos abundante o esta enteramente comprome
tido y por ello debe importarse combustible. En 
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estas circunstancias la energia nuclear podria resultar 
competitiva. Sin embargo estos sistemas no estan 
todavia suficientemente desarrollados (la demanda 
de cada sistema aislado es inferior a los 500 MW) 
como para permitir que se introduzcan inmediata
mente en los mismos centrales nucleares del gran 

tamaiio que se requiere para una buena economia. 
No obstante, si se consideran las tendencias actuales 
en el desarrollo y en los costes de la energia nuclear, 
resulta posible que centrales nucleares del orden de 
los 200 MW de capacidad pudieran ser instaladas 
dentro del periodo de tiempo que se analiza. 



P /fl17 Pakistan 

Introduction of Rooppur nuclear power plant in EPWAPDA grid 

By M. Yusuf* 

POWER DEVELOPMENT IN EAST PAKISTAN 

EPWAPDA 

The population of East Pakistan is estimated to 
be 54 million in 1964, based on the census of 1961. 
It has a net land area of 52 000 sq. miles, excluding 
the rivers and those areas which remain perennially 
under water. Consequently, the density of population 
there is one of the highest in the world-1 040 
persons per square mile. The river Brahmaputra 
divides East Pakistan virtually into two halves which 
are usually referred to as zones for the purpose of 
power planning. In 194 7, when Pakistan became 
independent, the total generating capacity of electric 
power stations in East Pakistan was about 20 MW 
and the per capita consumption of power 0.4 kWh. 
There was very little industrial activity in East 
Pakistan at that time. Since then, electric power 
industry has grown steadily both in public and 
private sectors, to meet the growing needs of indus
try. With the passage of time, it was felt that the 
power projects, especially of hydroelectric category, 
should be developed in close conjunction with water 
projects on a unified basis to reduce wastage in 
terms of manpower, financial resources, and to avoid 
delay. Thus an organisation known as the East 
Pakistan Water and Power Development Authority 
(EPWAPDA) was created in 1959. Its authority 
extends over the whole of East Pakistan in the public 
sector for generation, transmission and distribution 
of power, as well as for irrigation, flood control, 
construction of embankments, etc. 

Present status of the electric power industry 
in East Pakistan 

EPW APDA has made remarkable progress in its 
power sector programme since it took over in 1959. 
The construction of a 80 MW hydroelectric station 
at Kaptai in the eastern zone, the building of a 
132 kV transmission line from Kaptai to Siddirganj, 
and the expansion of the Dacca-Tongi secondary 
transmission and distribution system, are some of 
the major achievements of EPW APDA. The total 
generating capacity of all the stations at present 
owned by EPWAPDA is about 190 MW. The total 
generating capacity in the province, including all 

* Pakistan Atomic Energy Commission. 
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the plants used exclusively by industry, is about 
300 MW. The per capita consumption of electric 
power in East Pakistan in 1963 was about 15 kWh. 
The generating capacity in East Pakistan increased 
fifteen times in the course of 16 years, and the 
per capita consumption of power increased 40-fold, 
even taking the increase in population into account. 
The EPW APDA grid is at present under rapid 
expansion. A 132 kV line from Comilla to Sylhet 
and another 132 kV line from Khulna to Ishurdi 
are under construction. The construction of the third 
unit of Kaptai, having a capacity of 40 MW, and 
the extension of Siddirganj thermal power station, 
having a capacity of 44 MW, have been recently 
taken in hand. The engineering work has been 
started for the 132 kV transmission line from 
Siddirganj to Ishurdi across the river Brahmaputra. 
In addition, many other small generating stations 
and secondary transmission and distribution lines are 
also under construction. The existing and proposed 
expansion of the grid is shown in Fig. 1. 

Future programme of EPWAPDA and the anticipated 
load growth 

Nearly 85% of the people of East Pakistan live 
in villages and almost all of them depend upon 
agriculture. The total cultivable land is only 21 
million acres, and the production per acre is one 
of the lowest in the world. There is no room for 
expansion of the cultivable land. It is realised that 
the best way to raise the standard of living of the 
population is by developing industries based on the 
raw materials available within the country, and 
increasing the agricultural production by intensive 
cultivation and improved techniques. Both industry 
and intensive cultivation need power. The Third 
Five Year Plan, which will start as from July 1965, 
envisages an investment of nearly $1 500 million in 
the industrial sector, and about $800 million in the 
agricultural sector, in East Pakistan. Using the 
achievements of the Second Five Year Plan as a 
yardstick, it can be expected that the targets of the 
Third Five Year Plan will be achieved. It has been 
modestly estimated that the demand for power in 
East Pakistan by 1970 on the basis of the invest
ment envisaged will rise to about 500 MW, of which 
about 150 MW will be in the western zone, and the 
rest in the eastern zone. The total generating capacity 
envisaged in 1970 is about 700 MW, of which about 
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215 MW will be in the western zone and the rest 
in the eastern zone (Figs. 2 and 3). By that time, 
however, many of the existing old steam power 
stations and diesel electric stations will have been 
withdrawn from service. A list of the generating 
stations existing and proposed up to 1970 is given 
in Table 1. The four sub-grids, namely, Kaptai
Dacca, Sylhet-Mymensingh, Khulna-Ishurdi and 
Rangpur-Dinajpur, will be interconnected among 
themselves into a major East Pakistan grid. Most of 
the transmission lines for this purpose have either 
been constructed, or are under construction. 
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Table 1. list of major generating plants of East Pakistan 
existing, under construction and proposed (including 

large industrial units) 

Rated 
capacity 
(MW) 

Firm 
capacity 
(MW) 

EASTERN ZONE 

Existing stations 
Kaptai, hydro . . . 80 44 
Karnafuli Paper Mill b, steam 

(bamboo waste) 14 14 
Chittagong, diesel a 10 8 
Fenchuganj Fertilizer b, steam 

(gas) . . . . . . . . . . . . . . . 36 36 
Siddirganj, steam (oil). . . . 30 27 
Siddirganj, diesel a . . . 12 10 
Dhanmondi, steam a (coal) 10 6 

Total ..... 192 

Under construction 
Siddirganj extension, steam 

(oil/gas) . . . . . . . . . . . . . 44 
Kaptai, hydro . . . . . . . . . . . 40 

Total 84 

145 

44 

44 

Capacity (MW) 
Proposed stations 

Ashuganj, steam (gas) 
Tongi, steam (gas) 
Chittagong, steam (oil) 

Total. 
WESTERN ZONE 

Existing stations 

Rated 
capacity 
(MW) 

120 
120 
60 

300 

Firm 
cap!lcity 
(MW) 

Khulna, steam a (coal) 17 15 
7 Khulna, diesel a 8 

Khulna, newsprint, steam b 

(coal) . . . . . . 15 15 
6 Bheramara, steam a (coal) 8 

Total 48 43 

Under construction 
Thakurgaon, steam 
Said pur, diesel (oil) 
Bogra, diesel 

Total. 

Proposed stations 
Khulna, steam (oil) .. 
Rooppur, nuclear 
Saidpur, steam (oil) 

Total 
SUMMARY 

Total generating capability 
of all EPW APDA stations 
in 1970 excluding industry
based plants 

10 
8 
7 

10 
8 
7 

25 25 

Capacity (MW) 

60 
70 
60 

190 

Eastern zone 
Western zone 

Expected year 
of commissioning 

1966 
1967 

Expected year 
of commissioning 

1968 
1969 
1970 

Expected year 
of commissioning 

1964 
1965 
1966 

Expected year 
of commissioning 

1968 
1969 
1970 

494 
215 

ToTAL 709 MW 

The firm capacity, excluding the largest single unit which 
is nuclear, will be 560 MW. 

• All these stattons will be withdrawn from service by 1970. 
" Industry·based plants. 
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COST OF POWER GENERATION IN EAST PAKISTAN 

Cost of power generation in East Pakistan has 
been unusually high because of several reasons. 
Un~il 1962, p~wer in East Pakistan was produced 
entirely fr~m Imported fuels. Since 1962, Kaptai 
~ydroelectnc statton has been contributing substan
tially to the power resources of East Pakistan. The 
cost of imported furnace oil varies from 65 to 85 
cents per million Btu, excluding duties and taxes. 
Coal imported from India and China has been found 
to. be l~ss economical than the imported oil, but it is 
~till bemg us~d as fuel for several generating stations 
m East Pakistan. The result is that the fuel com
pon~nt in ~e generating cost of these thermal power 
stations vanes from 8 to 12 mills/kWh. The capital 
cost of the only hydroelectric power station of East 
Pakistan at Kaptai, having a capacity of 80 MW, 
has been extremely high-$1 250 per kW installed. 
It consists of two units of 40 MW each. A third unit 
is being installed at a cost of about $4 million. This 
will help to reduce the capital cost per kW installed 
from $1 250 to $870, but the installation of the 
third unit will not raise the firm power of the station, 
which will continue to remain at 44 MW. One of 
the reasons for the high cost of the Kaptai project 
was that enormous amount of cultivable land was 
inundated as a result of the construction of the dam 
and heavy compensation had to be paid. This not 
only raised the cost of the project, but necessitated 
the loss of good cultivable land. At one time, two 
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small hydroelectric projects having a total capability 
of 4~ MW were also under study, but in view of 
the high cost of the Kaptai project, these have been 
suspended. 

The situation will be greatly relieved when new 
gas-fired stations start operation in the eastern zone. 
The gas price has been tentatively fixed at 27.4 US 
cents per 1 000 ft3 • The calorific value of the gas is 
about 1 000 Btu/ft3 , so that the fuel price of gas 
becomes 27.4 cents per million Btu. Gas in East 
Pakistan is already being used for cement and 
fertilizer production and it is proposed to build more 
fertilizer factories and a petrochemical complex, 
based on gas, during the Third Five Year Plan. 
Therefore, the limited amount of gas (equivalent to 
45 million tons of coal) that has been discovered 
in East Pakistan could not all be used for power 
generation. Present estimates of the gas deposit show 
that it will be able to meet the requirements of 
power generation from the new stations that will be 
built in the eastern zone during the next ten years. 
In the ~estern zone, since no gas is available, power 
generatiOn has to be based on partly nuclear fuel 
and partly conventional fuel, both of which, how
ever, will be imported so far as we can foresee at 
this stage (Fig. 4 ). 

ROOPPUR NUCLEAR POWER PLANT 

location 

The Government of Pakistan in 1963 decided to 
build a nuclear power plant at Rooppur in the 
western zone of East Pakistan, at a distance of 
about 1_00 D_liles from Dacc:'l, the provincial capital. 
An engmeenng study estabhshed that the size of the 
plant should be 70 MW to be most economic for 
~he size of the grid into which the plant will be 
mtroduced. The decision of the Government of 
Pakistan was based on the recommendations made 
in the feasibility study reports prepared earlier by 
Messrs. Internuclear Co. and Messrs. Gibbs and 
Hill Inc., Consulting Engineers of the USA and 
later reviewed by the International Atomic Energy 
Agency (IAEA). The site at Rooppur was evaluated 
by a group of experts from the IAEA, Messrs. 
~echtel International Corporation, Consulting En
gmeers. o~ the U~A, and the Pakistan Atomic Energy 
Commission. It IS located on the bank of the river 
Ganges, near the Hardinge Bridge of the Pakistan 
Eastern Railway. Air, water, road and railway com
munications already exist to the site. Several indus
tries are expected to be built around the plant site 
during the Third Five Year Plan. 

Present status of the project 

The Pakistan Atomic Energy Commission, with 
the help of IAEA, developed specifications for 
invitation of bids for the Rooppur Nuclear Power 
Plant. These specifications were issued in October 
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1963 and bids have since been received from three 
US manufacturers of nuclear power plants, namely, 
Allis-Chalmers, General Electric and Westinghouse. 
The nuclear reactor will be light water moderated 
and cooled. Consequently, the plant will be either 
a boiling water type, or a pressurized water type. 
These bids are at present being evaluated. The land 
for building the plant is now being acquired, and 
preliminary steps have been taken to build a resi
dential solony before the construction of the plant 
starts. The Rooppur Nuclear Plant is scheduled to 
start commercial operation in the beginning of 1969. 

Major features of the project 

The project consists of building (a) the nuclear 
plant, together with all the essential facilities for the 
purpose of operation, (b) a 3~ mile long 132 kV 
double circuit transmission interconnector from the 
plant site to the nearest substation of EPW APDA 
at Ishurdi, and (c) a residential colony for the plant 
personnel. The cooling water for the plant is most 
likely to be pumped from the Ganges and the 
engineering feasibility of doing this is now being 
studied. Because East Pakistan is frequently visited 
by severe cyclones and tornadoes, the buildings and 
structures of the plant will be designed to withstand 
the pressure of wind having a speed of 150 miles 
per hour. Because of the high density of population 
round the plant site, necessary precautions will be 
taken to ensure that excessive radioactivity is not 
released to the atmosphere or river. 

COST ECONOMICS 
OF THE ROOPPUR NUCLEAR POWER PLANT 

Cost economics of the Rooppur Nuclear Power 
Plant have been compared with those of an oil-fired 
plant of the same size built at the same location. 
If the nuclear plant is not built at Rooppur then 
only an oil-fired plant will be built instead, as oil is 
the cheapest of all the fuels in the western zone of 
East Pakistan at present. Generating costs have been 
calculated at various plant factors for both the 
nuclear and the conventional plants (Fig. 5). 

The following basic assumptions have been used 
for the purpose of the cost calculations: 

(a) Capital cost: Nuclear project, $28.5 million; 
Oil-fired project, $14.8 million. The nuclear project 
includes $1.3 million for the cost of the residential 
colony required to be built for the operating 
personnel, whereas the oil-fired project includes only 
$1.0 million for the colony. 

(b) Plant life: 30 years. 
(c) Rate of interest on capital for the pro

ject: 4%. 
(d) Loan life: same as plant life (Government of 

Pakistan borrows money for all Government-owned 
projects. It is then reloaned usually at 4% for all 
power projects to the sponsoring agencies. The 
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Figure S. Generating cost v plant factor at various rates of interest 
on foreign exchange component (interest rate on rupee component 

4%, plant life 30 years) 

Rooppur Nuclear Power Plant will be owned by 
the Government of Pakistan. The Pakistan Atomic 
Energy Commission is the sponsoring agency for 
the project). 

(e) Interim replacement as a percentage of 
capital cost: 0.35%. 

(f) Plant insurance, only nuclear liability in
surance for the nuclear plant, as a percentage of the 
plant capital cost: 0.20% (Government-owned 
projects in Pakistan do not carry any property 
insurance). 

(g) No depreciation reserve will be accumulated 
to build a replacement plant. 

(h) Plant factor assumed for the purpose of cost 
calculations: 40%, 60%, 80%. 

(i) Oil cost at Rooppur is $33.20 per long ton 
excluding the import duty and other Pakistan 
Government taxes imposed on oil. The heat rate 
for the oil-fired plant has been assumed at 
11 000 Btu per kWh. 

(J) The nuclear fuel cost has been worked out 
as 3.35, 3.17 and 3.06 mills/kWh at 40, 60 and 
80% plant factors with the initial core, and 3.10, 
2.94 and 2.86 mills/kWh at the respective plant 
factors with the equilibrium core. It has been 
assumed that the fuel will be purchased from the US 
Government and that the USAEC will buy back the 
reprocessed uranium and credit the net plutonium 
produced at the rate of $9.50 per gm. Interest rate 
on the capital required for the fuel has been taken 
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at 4%. The heat rate for the nuclear plant is 
estimated to be 11 700 Btu per kWh. 

(k) Operation and maintenance cost for the 
nuclear plant is estimated to be $261 000 per 
annum, which includes $30 000 for general adminis
tration. Operation and maintenance cost for the oil
fired plant is estimated to be $180 000 per annum. 

Results 

The generating costs of the nuclear plant with the 
initial core and the equilibrium core, and of the 
conventional oil-fired plant as worked out on the 
basis of the assumptions given above, are indicated 
in Table 2 for 40, 60 and 80% plant factors in 
both cases. The generating costs are graphically 
represented in Fig. 6. It can be seen that nuclear 
power will be cheaper than oil power under all the 
operating conditions considered. It should be realised 
that these values are at this stage only order-of
magnitude estimates. When the process of evaluation 
of the bids for the project is over, and a fixed price 
contract is awarded to the Prime Contractor, it will 
be possible to establish the generating costs for the 
nuclear plant more accurately. But those accurate 
values are not likely to be different from the values 
given in Table 2 by more than 5% . In other words, 
the competitiveness of the Rooppur plant will not 
change as long as the present oil price continues 
to prevail. In fact, calculations show that a 70 MW 
nuclear plant will be highly competitive with a con
ventional thermal plant based on coal or oil any
where in East Pakistan at this stage. Calculations 
also show that the cost of power generated in the 
gas-fired plants in the eastern zone and transmitted 
to the western zone will be higher than the cost of 

Table 2. Generating costs of the Rooppur plant versus 
a 70 MW oil-fired plant at different plant factors 

(Mills/kWh) 

Nuclear plant 

Oil-fired Initial Equilibrium 
plant core core 

80% Plant factor (490 X 106kWh) 
Fixed charges 1.85 3.69 3.69 
Operation and maintenance 0.37 0.54 0.54 
Fuel. .... . .. 8.78 3.06 2.86 

Total .... 11.00 7.29 7.09 

60% Plant factor (369 X 106kWh) 
Fixed charges 2.47 4.90 4.90 
Operation and maintenance . 0.49 0.71 0.71 
Fuel .. . . . 8.78 3.17 2.94 

Total . . 11.74 8.78 8.55 

40% Plant factor (245 X 106kWh) 
Fixed charges 3.70 7.38 7.38 
Operation and maintenance 0.74 1.07 1.07 
Fuel 8.78 3.35 3.10 

Total 13.22 11.80 11.55 
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Figure 6. Generating cost of a 70MW oil fired plant v the Rooppur 
plant at initial and equilibrium core 

nuclear power by about 0.5 mill/kWh. On the 
other hand, power from the nuclear plant at high 
plant factor could replace part of the power to be 
generated from the gas-fired plants in the eastern 
zone, as the cost of nuclear fuel will be less than 
the cost of gas fuel at a plant factor of 60% and 
above with the initial core and all plant factors 
above 35% with the equilibrium core of the nuclear 
plant, as shown graphically in Fig. 7. The fuel com-
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ponent of the power cost from a gas-fired plant 
works out to be 3.15 mills/kWh on the basis of 
27.4 cents price of gas per 1 000 ft3 , and a heat rate 
of 11 500 Btu per kWh. At low plant factors of 
the gas-fired plant, the fuel component of the power 
cost will be slightly more because of higher value 
of the heat rate. 

THE EFFECT OF INTRODUCING THE ROOPPUR 
NUCLEAR POWER PLANT INTO THE GRID 

It is estimated that the average cost per unit of 
generation in the combined grid of EPW APDA in 
1970 will be 12 mills/kWh if a conventional oil
fired plant is built at Rooppur instead of a nuclear 
plant. If the nuclear plant is built, then the average 
cost of generation in the entire grid will be about 
11 mills/kWh. This is based on operating the 
nuclear plant at 70% plant factor. Therefore, from 
the economic point of view only, the effect of intro
ducing the nuclear plant into the EPW APDA grid 
will be favourable. It envisages, however, that the 
interconnector between the two zones will be 
working by that time. Since the total generating 
capacity of the combined grid is estimated to be 
700 MW, the Rooppur plant will contribute about 
10% of the total generating capability. Hence, it 
could very easily operate as a base load station and 
achieve 70% plant factor in 1970. If, for any 
reason, the interconnector between the two zones 
does not materialize by that time, then the Rooppur 
plant will supply power only to the western zone 
which, it is estimated, will have a total generating 
capability of about 215 MW at that time. The 
Rooppur plant will, in that case, contribute about 
3 3 % of the total generating capability of that 
zone. This will be permissible in an under-developed 
but fast growing grid area such as that of East 
Pakistan. 

It is difficult to stick to the usual standard rules 
regarding the addition of new generating units in 
a rapidly developing grid, the reasons being that 
firstly the base is low and secondly the rate of 
growth is very high. The area is far from saturation 
and mere availability of power will generate its 
own demand. It is expected that the western zone 
will develop quickly both in the industrial as well as 
in the agricultural sectors when all the projects of 
the Third Five Year Plan are implemented. This 
will require additional generating capacity imme
diately after 1970 and in that case the Rooppur 
plant will be a small percentage of the total 
generating capability of the western zone. Perhaps 
the normal approach would have been to install 
small generating units and wait till the system size 
becomes large enough to absorb a generating unit 
of 70 MW without having to violate the usual 
standard rules regarding the addition of new 
generating units. That would mean installing too 
many small units every year in order to keep pace 
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with the rate of increase of power demand which 
varies from 20 to 30% annually in the western 
zone, and it becomes completely uneconomical in 
the context of long-range planning in any developing 
country. The investment in a plant of slightly larger 
size than normal in a rapidly expanding grid be
comes economical in the long run. 

If the Rooppur plant was to supply power to the 
western zone exclusively, then in 1970 it possibly 
would not be able to achieve a plant factor of more 
than 60%. Even under that condition, it would 
work as a base load station in the western zone 
grid. The situation will, of course, improve as soon 
as the proposed interconnector starts working, as 
the nuclear plant in this case could supply part of 
the power that would otherwise be generated from 
oil-fired plants in the eastern zone. As the Kaptai 
hydroelectric station serves as a base load station 
in the eastern zone, so the Rooppur plant will serve 
as a base load station in the western zone. This 
will make the system stable, as a network analysis 
conducted by EPW APDA indicated that if all the 
base load stations were to be situated in the eastern 
zone the system could become unstable. In any case, 
prudence dictates that the entire source of gener
ation of power should not be left to the eastern 
zone only and thus supply all the power required 
for the western zone through a transmission inter
connector. The operation of the Rooppur plant as 
a base load station would enable the system to 
supply power back and forth between the two zones 
and thus operate the system most economically. 
The Rooppur Nuclear Plant will introduce diversity 
in the method of power generation in the 
EPWAPDA system, and consequently, competition 
among the sources of power generation. This will 
help to act as a check on the rising prices of the 
fossil fuels. 

CONCLUSION 

The demand for power has been steadily rising in 
East Pakistan. In fact, it must continue to do so if the 
people of East Pakistan have to achieve a reason
able standard of living. Looking forward to the 
next twenty years, we find that our indigenous 
resources will be extremely inadequate to meet our 
power requirements. Unless we discover a huge 
reservoir of some indigenous source of power 
generation, we will have to depend more and more 
on imported fuels. It means that we must make a 
wise selection regarding the bulk source of power 
supply in East Pakistan on the basis of relative 
economics. Here we find that because of low fuel 
cost, nuclear power has a promising future in East 
Pakistan. Apart from the pure economic competi
tiveness, there could be numerous indirect benefits 
from the adoption of nuclear power in a developing 
country, which may have far-reaching economic 
implications. 



SESSION 1.6 P/597 M. YUSUF 177 

ABSTRACT - RESUME - AHHOTALU1SI - RESUMEN 

A/597 Pakistan 

Integration de Ia centrale nucleaire de Rooppur 
dans le reseau de I'EPWAPDA 

par M. Yusuf 

La centrale nucleaire de Rooppur, d'une puis
sance de 70 MW(e), pour laquelle des soumissions 
ont ete rec;ues, doit commencer a alimenter le 
reseau de l'East Pakistan Water and Power Devel
opment Authority (EPW APDA) au commencement 
de 1969. Le reacteur sera soit a eau bouillante, soit 
a eau sous pression. Le reseau de l'EPW APDA est 
a present en voie d'extension rapide, et quatre petits 
r€seaux actuellement independants doivent lui etre 
incorpores. Il est prevu que le programme de deve
loppement actuellement en cours d'execution au 
Pakistan oriental fera passer la demande de puis
sance de 500 MW en 1970; la puissance installee 
totale envisagee est d'environ 700 MW, dont 
215 MW pour la partie ouest et le reste dans la 
partie est. La centrale de Rooppur doit ainsi fournir 
10% de la puissance installee totale et pourrait 
facilement etre exploitee comme centrale de base 
avec un facteur de charge de 0,7. Meme si Rooppur 
ne devait pas fournir Ia zone est, sa contribution 
de 3 3% a la demande de la zone ouest serait 
possible compte tenu du developpement rapide de 
cette region industrielle et agricole. On estime que 
!'augmentation de la puissance disponible fera naitre 
une demande nouvelle. 

Le cout du fuel oil importe au Pakistan oriental 
varie de 65 a 85 cents par million de Btu; le 
charbon est encore plus cher, et le cout de l'ame
nagement de la seule centrale hydroelectrique de la 
region a ete extremement eleve: 1 250 dollars par 
kW installe. En consequence, comme le memoire le 
montre en detail, il est estime que la centrale de 
Rooppur produira de l'energie meilleur marche que 
n'importe quel autre type de centrale classique, 
meme hydraulique. Seules feront exception des cen
trales brUlant du gaz, installees en certains endroits 
de la province, mais, si la centrale de Rooppur doit 
jouer le role d'une centrale de base dans le reseau 
de l'EPW APDA, le cout marginal de l'energie pro
duite par elle sera encore moindre. 

A/597 naKHcTaH 

8Kn~4eHHe aTOMHOA sneKTpOCTaH~HH 
s Pynnype a CHCTeMy sHeprocHa6-
meHHft EPW APDA 

M. tOcycJJ 

Buo,l{ B npoMhlwneunyiO a«cnnyaTa~HIO Pyu

uypc«oii 8TOMHOH 3JI8KTpOCT8H~HH 3JI8KTpH'18CKOH 

MOIQHOCTLIO 70 M Br ( aa.RBKH ua cTpouTeJILCTuo 

.KOTOpOH yme npHHHM810fCH) B CHCTCMe 3Hepro

CHa6H<eHHH YnpauneHHH BO,l{HhiX u anepreTH

'f8CKHx pecypcou BocTo'lnoro llaKHCTaua 

(EPWAPDA) uaMe'laeTc.R ua na'lano 1969 ro,l{a. 

Ha aneKTpocTan~HH 6y.l{eT ycTanouneu nu6o KH

nHIQHii peaKTOp, JIH6o peaKTOp C BO,l{OH UO,l{ ,!{8B

JI8HH8M, CncTeMa aueprocua6meuun EPW APDA 

H8XO,l{HTCH B H8CTO.RIQee BpeMR B CT8,l{HH opraHH-

38~HH u 6LicTporo pacwupeuua. qeTblpe ue6onb

mue auepreTH'I8CKHe CHCTCMbl, ,!{8HCTBYIOIQHe U 

Jf8CTORIQee BpeMR C8MOCTO.RT8JILHO, llJI811HpyeTC.R 

o6'Le,l{HHHTL B O,l{Ho ~enoe K 1969 ro,l{y. llonaraiOcr, 
'ITO K 1970 ro,l{y :.lTH ll0Tpe6HOCTH B03p8CTYT ,!{0 
500 M Br B cuRau c ocyiQeCTBneuueM o6wupuoii 

nporpaMMLI paapa6oToK B BocTo'IHOM llaKHCTaue, 

M llJI8HHpyeTCJJ, 'ITO o6IQ8JI MOIQHOCTb o6'L8,l{H
H8HHOH auepreTH'IeCKOH CHCT8Mbl ,l{OJIH<Ha COCT8-

BHTL K TOMY apeMeHH 700 M Br, ua KOTopblx 

215 JIB~ B 38ll8,l{HOM paHOHe H OCT8JibH8ft '18CTb 

B BOCTO'IHoM paiioue. TaKHM o6paaoM, Pynnyp

cKan 8TOMH8.R 3JI8KTpOCT8H~H.R 6y,l{eT ,!{888TL 10% 
o6IQeH MOIQHOCTH 3HeproCHCT8Mbl, DpH'18M CT8H

l1HR JierKO CMOH<8T pa60TaTb C Koalf>q)H~HeHTOM 
uarpyaKH 70%. AaH<e ecnu PynnypcKaR cTaH~H.R 
He 6y,l{eT o6CJIYH<HB8Tb BOCTO'IHyiO aouy, BKJI8,!{ ee 

H YAOBJieTaopeuue cnpoca s aana,l{HOM paiioue co

CT&BHT 33% , 'ITO ,l{ODYCTHMO ,!{Jill 3TOro 6biCTpO 

p83BHB8IOIQerOCJI npOHbiWJieHHOfO H C8JibCKOX0-

3.RHCTB8HHOfO p8HOH8. 0H<H,l{88TCR, 'ITO 60JibiUee 
.KOJIH'IeCTBo auepruu 6y.l{eT paaausaTL cnpoc. 

CToHMOCTL ssoauMoro B BocTo'IHblH llaKucTaH 

TOIIJIHBa KOJIC6JI8TCII OT 65 1!;0 85 ~eHTOB 38 1 MJIH. 

6pHT. TCllJI. e,l{HHH~ (252 000 1£1£a.tt). CTOHMOCTI> 

paapa6oTKH ep;uucTseuuoro B BocTO'IHOM llaKH

CTane rnp;ponoTeH~HaJia HCKJIIO'IHTCJibHO BblCOK8-
1250 iJo.tt.tt/nBr ycTauonneuuoii MOII(HOCTH. Cnep;o

BaTenLHo, KaK yKa3LIBaeTCR B p;aunoM ,l{OKJIB,l{O, 

CTOHMOCTL aneKTpoaHepruu PynnypcKoif aToMuoii: 

3JI8KTpOCT8H~HH 6yp;eT HHH<e CTOHMOCTH :.lJICKTpo

aHeprHH, npOH3BO,l{HMOH n106oil: o6bl'IHOH 3JI8KTpo

CT8H~Heii, BKniO'I8.R rup;poaneKTpOCTaH~HIO. lfc

KJII0'18HH8 COCT8B.RT nHWb paCDOJIOH<8HHbl8 B OT

p;eJibHbiX pail:oHaX 3TOH npOBHH~HH 3JieKTpOCT8H

l~HH, pa6oTaiOIQHe ua npupop;HoM raae. Op;naKo u 

;meprocncTeMe EPW APDA PynnypcKaR aTOMHa.fl 

3JI8KTpCT8H~H.R 6yp;eT B JII060M CJiyqae 3JICKTpo

CT8H~HeH C 6a30BOH Harpy3KOH, T8K 'ITO ,l{nH Hee 

CTOHMOCTb JIOBbllUCHHOH MOlQHOCTH O~t'HHBHCTCR 
HHH<e. 

A/597 Pakistan 

lntegracion de Ia central nucleoelectrica de 
Rooppur en Ia red de Ia EPWAPDA 

por M. Yusuf 

Segun los planes previstos, la central nucleo
electrica de Rooppur de 70 MW(e), para cuya 
construcci6n se han solicitado ofertas, comenzani 
a funcionar regularmente en la red de la East 
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Pakistan Water and Power Development Authority 
(EPWAPDA) a principios de 1969. El reactor de 
la central sera del tipo de agua hirviente o de agua 
a presion. La red de la EPW APDA se encuentra 
actualmente en fase de rapida expansion, previen
dose que para 1969 se hallaran interconectadas 
cuatro pequeiias redes que ahora funcionan inde
pendientemente. Se estima que el programa presente 
de desarrollo hani que bacia 1970 la demanda de 
energla del Pakistan del Este sea de 500 MW, de 
los cuales 215 MW corresponderan a la zona occi
dental y el resto a la oriental. As!, pues, la central 
de Rooppur suministrara un I 0% de la energla 
total generada y podria funcionar perfectamente 
como una central de carga base con un factor de 
carga de 70%. Incluso aunque Rooppur no sumi
nistre a Ia zona oriental se podria hacer que con-

P/597 M. YUSUF 

tribuyera al 33% de la demanda de la occidental, 
puesto que se trata de un area de rapido desarrollo 
industrial y agricola. Se cree que el simple hecho de 
disponer de mas potencia aumentara el consumo. 

El precio del combustible importado en Pakistan 
del Este varia de 65 a 85 centavos por millon de 
Btu; el carbon es aun mas caro y el coste de instala
cion de su unica central hidroelectrica ha sido 
enorme (1250 $/kW). Por todo ello, como de
muestra en detalle este trabajo, se estima que la 
central de Rooppur producira energia mas barata 
que cualquier central convencional, incluso hidro
electrica. Se exceptuan las centrales alimentadas 
por gas en algunos Iugares de Ia provincia, aunque 
su diferencia con Rooppur seria menor si es que 
esta se va a usar realmente como central de carga 
base en la red de la EPW APDA. 
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Integration of nuclear power stations in power networks 
with special reference to the developing countries 

By M. Dayal* 

The introduction of nuclear-power stations in 
existing power networks involves a number of 
problems relating to feasibility, operational econo
mies as compared to conventional thermal stations 
and effect on system over-all operation. In this 
paper some of the more important aspects are dealt 
with from the special viewpoint of the developing 
countries. The mathematical formulae presented are 
evolved on the basis of simplifying assumptions in 
order to illustrate the principles involved. Only 
those aspects are dealt with which are of special 
importance from the system point of view. Other 
factors entering into the calculations such as site 
and transmission costs, interest rates, operating life 
of the station, method of estimating nuclear power 
costs, etc., have been dealt with elsewhere [1,2] 
and are not covered in this paper. 

Choice of system and size of units 

At the present stage of development nuclear
power stations are generally more expensive in 
capital cost than conventional stations; however, 
their fuelling costs are lower than for conventional 
thermal stations in many areas of the world. It is 
thus clear that the first nuclear stations will be 
installed in those systems where conventional fuel 
costs are high due to the distance from the sources 
of coal or oil. This determines generally the system 
and region where the installation of a nuclear station 
is to be considered. While the competitive position 
varies from country to country and depends on a 
variety of factors, it can generally be stated that 
wherever systems have conventional fuel costs in 
excess of about 30 U.S. cents/million Btu, it is 
worth examining the introduction of nuclear stations 
even at present day costs. 

Once having chosen a system, the next most 
important aspect to consider is the capacity of the 
nuclear station to be installed and the size of the 
reactor and turbo-generator units. The capacity of 
the station will depend on the growth in demand 
and the ability of other sources to meet the demand. 
On the basis of the station capacity, a site should 
be chosen based on the availability of adequate 
cooling water, minimizing distance of power flow, 

* Department of Atomic Energy. 
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transmission losses, accessibility and population dis
tribution in the neighbourhood [3,4]. 

So far as the size of units is concerned, several 
factors enter into the decision and for facilitating 
discussion these are listed below: 

(a) The over-all size of the system in terms of 
connected capacity in which the nuclear station is 
to be introduced. 

(b) The extent of emergency relief available from 
adjacent systems in the event of outages. 

(c) The size of other units in the system. 
(d) System stability consequent on loss of largest 

unit. 
(e) The ability to transport and handle large-size 

units for the site in question. 
(f) Previous experience in the construction and 

operation of large-size units. 
These factors will be examined briefly in turn. 
Since the specific cost of plant decreases with 

increase in size, there is an incentive to go to as 
high a size of unit as practicable; indeed this is a 
trend which should be encouraged. However, the 
size of the total system is important because of the 
need to cater for outages of individual units. These 
outages can be of two types, viz., (a) planned outages 
for purposes of maintenance or for refuelling and 
(b) forced outages caused by trips of the turbine 
generator or the nuclear reactor. The former is a 
planned affair and the frequency depends on the 
type of reactor design, as for example, whether 
refuelling can be done on-load or off-load, the 
specific heat output of the fuel and the bum-up it 
can sustain, the amount of stand-by plant provided 
in the auxiliary system, etc. So far as the forced 
outages are concerned they depend largely on 
statistical variations, assuming that the plant has 
been engineered and operated properly. 

In the event of outage of the unit it should be 
possible to bring up other units to meet the load or 
meet the requirements by import of emergency 
power from neighbouring systems if available. This 
means that if the size of unit is too large, an un
necessarily large reserve would be required which 
may not be available and which would be unecono
mical to provide. In general it may be stated that 
units of a size greater than about 10% of the 
system peak-load are not recommended. 



180 SESSION 1.6 

Forced outage probability 

On the question of forced outages, an analysis 
can be done on the basis of probability theory 
regarding the chances of a unit failing at the time 
of peak-load. At other times of the day there will 
be other generating capacity available in the system 
which could come on line. Ideally there should 
always be enough spinning reserve on the system 
which can immediately be brought up to take the 
load if the highest size unit goes suddenly off the 
line. However, in the case of systems which are 
short of capital (and this applies particularly to the 
developing countries) it might be justifiable to keep 
somewhat less spinning reserve on the line at the 
time of peak-load since the chances of a large 
unit going off the line at that time may not be great 
enough to warrant such an investment. 

For example, if n is the total number of units 
in service, p the forced outage probability for each 
unit, the probability P of m number of machines 
remaining in service is given by the following 
expression: 

P = m! (n n~ m)! {p}"-m (1 - p)m ............ (lA) 

This therefore gives the probability of (n-m) units 
undergoing a simultaneous outage. The frequency 
with which failures in excess of the spinning reserve 
might be permitted can be chosen on the basis of 
the reliability of service to be offered. 

A typical forced outage probability is about once 
in six months or say 0.005 *. On this basis for a 
system containing say 25 units, equation (lA) yields 
the following result: 

1 
2 
3 
4 

No. of machines out 
simultaneously: Probability 

once in 8 days 
once in 126 days 
once in 2 990 days ( 8 years) 
once in 98 510 days (27 years) 

To determine the probability of the outage occurring 
at a time of peak-load, the above probabilities have 
to be multiplied by the probability of peak-load 
occurring. In a system where peak-load lasts, say 
four hours during the full load period of 16 hours 
a day, the probability of peak-load is 0.25. Thus 
the probability of one machine being out at the 
time of peak-load is once in 32 days. Usually there 
will be other smaller-size units on the system so 
that the chance that it will be the large-size nuclear 
(or comparative conventional) unit which will go 
off the line at peak-load time will be even less. For 
example, if out of the 25 machines, two are of 
150 MW the probability of a 150 MW machine 
going off the line at peak-load will be once in 
32 X 25/2 days, i.e., once in about a year. Never
theless, a unit-size installed should not be greatly 

*This applied until recently to the power system on the 
west coast of India. 
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higher than at least some other units that may be 
available on the system as otherwise it becomes dif
ficult to meet the outage requirements and programme 
maintenance and overhaul in a satisfactory fashion. 

System stability 

Apart from considerations of standby and spinning 
reserve consideration has to be given to system 
stability in the case of an outage of the largest 
unit. This will depend on the location of the station 
with reference to load centres and other generating 
units, transmission line limitations and the response 
of the other stations on the system to pick up load. 
It may happen that this factor limits the size of the 
unit to an even lower value than that permitted 
by considerations of reserve capacity. 

Transport and handling 

This is a practical question. In many cases, 
particularly in the developing countries, roads, 
bridges, railway tracks, port and harbour facilities, 
are not adequate to cope with very large pieces of 
equipment. For example, the generator stator for 
a 200 MW unit might weigh about 200 tonnes and 
have moving dimensions of about 20 ft X 30 ft. 
If this cannot be transported in one piece to the 
site in question, it may have to be transported in 
pieces for assembly at site. In the case of steam 
turbo-generators such a procedure is usually avoided 
in the interest of getting high-class finishes and 
tight tolerances. However site assembly can be 
considered, but then at the same time the effect of 
this on construction costs must be examined in view 
of the need for specialized services at site, staff for 
such erection, inspection and testing facilities. Simi
larly in the case of the reactor proper, one has to 
consider how the major equipment, such as pressure 
vessel or calandria would be transported and erected 
at site. 

The last point, viz., experience with large-size 
units, is of some validity. However, in this respect 
there should not be much apprehension in practice. 
Staff can very easily be trained to operate and 
maintain large-size generator sets. Moreover, de
velopments in increasing-size units have been quite 
rapid and developing countries would usually be 
taking sizes which have had a fair amount of 
operating experience in the industrially advanced 
countries. In addition, high reactor-size can be 
managed without much difficulty, as almost all 
operations are automatically controlled. 

Comparison of a nuclear station with conventional 
alternative 

After taking these factors into account and 
deciding on the unit size a comparison may be made 
of the nuclear station with a conventional alter
native. The simplest comparison is between the two 
stations assuming identical service to the system. 
In this it is presumed that both stations would 
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operate at the same plant factor on the system and 
the cost of power is calculated for each employing 
the relevant factors, such as interest rate and 
operating life. From the system point of view the 
most important assumption in this comparison is 
that of the plant factor. In order to determine the 
feasibility of given plant factor operation one has 
to consider: (a) the availability factor of the plant 
which will constitute an upper limit for the over-all 
plant factor and (b) the system load factors and 
characteristics of the other stations in the system. 
A proper analysis of the system will show whether 
the given plant can operate at the assumed high 
plant factor without adversely affecting other plant 
on the system. 

The experience of all nuclear-power plants that 
have been operating confirms that the availability 
factor for nuclear-power stations will be at least 
as high as for conventional power stations, if not 
higher. Several features of nuclear-power stations, 
in fact, make for higher availability factors such 
as the absence of ash, coal movement problems, 
boiler-cleaning problems, relatively low-pressure 
steam operation and highly automatized control 
system with built in safety features. The designs of 
nuclear-power stations also provide for generous 
safety margins and emergency equipment. For these 
reasons, an availability factor in excess of 90% 
can be expected. This therefore does not constitute 
a limitation on the plant factor. 

Operation of a nuclear station in the power network 

With regard to the system load factors and 
characteristics and operation of the station in the 
system, it is necessary to examine each system on 
its own. Among the important factors are the system 
daily load curve pattern, the annual load factor of 
the system demand, the energy availability from the 
hydro-stations, the extent of thermal capacity and 
the minimum load which they have to carry. In a 
system which has a hydro and thermal capacity, 
the first principle is to make sure that the available 
hydro-energy is completely utilized since this 
provides the cheapest incremental energy cost. For 
run of the river hydro-plants, base loading could 
then be necessary. Where the hydro projects are of 
the storage type, the hydroenergy can be fully 
utilized even with the hydro capacity taking the 
upper portion of the daily load curves. For the 
extreme base load in such systems nuclear-power 
stations can provide the energy requirement, since 
this would involve the lowest incremental costs for 
producing energy in view of the much lower fuelling 
costs as compared with the thermal stations (this 
would be the reason for putting the nuclear station 
in the given system in the first place). 

WEST COAST POWER SYSTEM IN INDIA 

As an example we may consider the power 
system in the West Coast region of India into which 

P/746 M. DAYAL 181 

the Tarapur atomic power station will feed. At 
present there are two electrical systems in the region 
viz., the southern or Tata-Koyna-Railway system 
and the northern or Gujarat system. These two will 
be interconnected by a 220 kV double circuit trans
mission line and the Tarapur atomic power station 
will feed this interconnected system. The maximum 
demand on the interconnected system is expected 
to be about 2 000 MW in 1968, when the atomic 
power station is expected to commence operation 
[5]. By then it is expected that there will be three 
conventional thermal sets of a size of 125 MW or 
more in the system, 4 hydro sets of 75 MW and 
11 sets (hydro and thermal) of a size of about 
60 MW. In addition 2 X 125-140 MW units are 
expected to be available on an adjacent system 
which is also to be linked. The system is fairly 
extended, covering a distance of more than 500 miles 
from north to south. Moreover from the Tarapur 
station, the main load centre to the north is about 
200 miles away, while the load centre to the south 
is about 60 miles distant. Taking these factors into 
account and using the principles discussed earlier 
in the paper the unit size at Tarapur has been kept 
at 200 MW installed (190 MW net). There will be 
two such reactor units each with associated turbine
generator unit so that the station capacity will be 
380 000 kW net. 

An examination of the characteristics of the 
system and scheduling of maintenance on various 
units has been carried out. This indicates that the 
capacity that would be under maintenance and use 
as spinning capacity should be taken as about 
400 MW. The installed capacity should therefore 
be about 2 400 MW as compared to the total 
installed capacity at present in operation of about 
1 400 MW. The system load factors in both systems 
are very high. In the southern system the daily load 
factor at present is above 80% and the annual load 
factor is about 69% . In the northern system, the 
corresponding figures are 76% and 60%. Daily 
system demand curves for typical days in 1963 on 
the southern and northern (Ahmedabad) systems 
are shown in Figs. 1 and 2. By combining the two 
curves and scaling up in proportion to the demand, 
an anticipated typical daily load curve for the year 
1968 has been plotted in Fig. 3. By then the total 
installed hydro capacity in the system will be 
996 MW. The energy available in the hydro-system 
however is only 3 530 million kWh per annum, i.e., 
the installed capacity can work at an average plant 
factor of 40%. Since the hydras are all storage 
schemes, it is possible to make them provide energy 
for the top portion of the load curve. The nuclear 
and conventional thermal power-stations can, there
fore, be made to take the entire base load of the 
system, and it is clear that there is no difficulty 
from the load point of view in operating the nuclear 
power-station at an annual load factor of 80% or 
higher. The general sharing of the load that could 
be programmed normally is shown in Fig. 4. On 
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Figure 1. Typical daily laad curve af the Tata-Kayna 
Railway interconnected system (1963). (25.6.63) 
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1963 (30.9.63) 
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Figure 4. Interconnected Gujarat-Tata-Koyna Railway 
System: anticipated daily load curve for 1968, 

showing the general sharing of the load 

light load days, it will be necessary to restrict the 
conventional thermal stations to some extent. Never
theless, Fig. 5 shows the likely position on a light 
load day; it will be seen that the nuclear power
station could still run at base-load. The over-all 
position is confirmed by an analysis of the actual 
energy requirements of the system on an annual 
basis, which are expected to amount to over 
11 500 million kWh excluding station auxiliaries by 
1968 [5]. After utilizing the entire energy available 
from the hydro-system, even if the nuclear power
station works at 80% load factor, the thermal 
power-stations, including the capacity installed in 
addition to that existing or under construction at 
present, will still be able to work at a high load 
factor of over 70% operating on the total effective 
thermal capacity. An anticipated load duration curve 
for the year is plotted in Fig. 6. In fact, it would be 
more economical to give an even larger share to 
the nuclear station and reduce the load factor of 
the older thermal plants, since the fuelling costs 
are much lower for the nuclear station as compared 
to the thermal stations, and it would therefore be 
more economical to restrict, where necessary, the 
the.rmal plants rather than the nuclear station (with
in technical limits). 
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Fuelling costs 
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The fuelling cost for the Tarapur atomic power 
station is expected to be between 1 and 1.25 nP /net 
kWh (2.1 to 2.62 mills/kWh). In comparison, the 
fuelling cost for coal-fired stations in the system 
will be a minimum of 2.79 nP (5.85 mills) per 
net kWh. The difference is so great that it is 
obviously more advantageous to provide for the 
energy needs by the nuclear power-station rather 
than the coal-burning power-stations. For example, 
if there is a question of providing even an addi
tional 2.5 X 108 kWh which is equivalent to only 
7.5% plant factor for a station of 380 MW, 
allocating this to the nuclear station would result 
in additional fuel costs of about Rs.2.5 million 
($525 000) whereas if this were to be allocated to 
the coal-based stations, the additional costs would 
be at least Rs.7 million ($1.47 million). Thus the 
saving to the system in using the nuclear power
station would be more than Rs.4 million ($840 000) 
per year even for this marginal allocation of energy; 
the savings will be proportionately greater the higher 
the amount of energy allocation given to the nuclear 
as against the conventional thermal stations. The 
nuclear station fuelling cost is also much less than 
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Figure 6. Interconnected Gujarat-Tata-Koyna Railway 
System: anticipated annual load duration curve for 

1968 

for oil-fired stations in the area, even if the present 
duty charged on furnace oil is excluded. 

DELHI-PUNJAB-RAJASTHAN SYSTEM 

Another nuclear power-station is under con
struction at Rana Pratap Sagar in Rajasthan. This 
station will meet the power requirements of the 
systems of Delhi, Punjab and Rajasthan States, 
which will be interconnected. Typical present load 
curves for Punjab and Delhi are shown in Figs. 7 
and 8. The present daily load factor in Punjab is 
82% and in Delhi 72%. The annual load factors 
are 75% and 55% respectively [5]. The annual 
load factor for the combined system is expected to 
be 65% by 1971, when 400 MW capacity at the 
nuclear station is expected to be in commercial 
operation [5]. The main source of hydro power for 
this region is the Bhakra-Nangal Project in Punjab 
which has an installed capacity of 1 050 MW and 
an annual energy availability of 3 460 MW (i.e., 
an annual plant factor of about 38% ). Due to the 
seasonal variation in the available head caused by 
the extremely uneven rainfall, the firm power is 
only 480 MW. A coal-fired thermal-station at Delhi 
helps to augment this hydropower to some extent 
but for this coal is being transported over a distance 
of over 700 miles from the Bengal-Bihar coal-fields. 
The nearest collieries from which coal could be 
supplied to the region in the future are about 
400 miles away. The fuelling cost for a thermal 
station in the region based on the cheapest coal 
available comes to about 2.5 nP /kWh (5.25 mills/ 
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Figure 7. Typical daily load curve of Punjab, 1963 
(18.9.63) 

kWh). The fuelling cost from an oil fired station 
in the region would be higher since it is deep inland 
and oil would have to be transported from the 
nearest ports (Kandla or Bombay) which are over 
550 miles by rail. On the other hand the nuclear 
power-station, which will be of the heavy-water 
moderated and cooled type with pressure tubes 
(CANDO type) using uranium oxide fuel, will have 
a fuelling cost of about 0.65 nP /kWh (1.36 mills/ 
kWh) at only 75% plant factor. This is because 
of the relatively low cost of such fuel (about $30/lb 
of uranium) and the high bum-up available in the 
heavy water moderated and cooled system (about 
10 000 MWd/tonne). The differential in fuelling 
cost is so great that large over-all savings would 
result in giving maximum load factor operation to 
the nuclear as against a conventional thermal station. 
Figure 9 shows the annual fuel costs to the system 
from a nuclear as well as a conventional thermal 
station each of 400 MW net output for varying 
plant factors. 

Thus it is clear that in this system also, the nuclear 
station would be able to operate at high load factors. 
Indeed this will be of double advantage; first, it 
will result in considerable economies to the system 
as seen from Fig. 9; secondly, it will provide much 
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figure 8. Typical daily load curve for New Delhi, 
1963 (18.6.63) 

needed backing to the hydro-plants which will be 
able to regulate themselves more evenly and can 
therefore provide higher effective firm capacity. 
These hydro plants will be able to take the loads 
for the top portion of the demand curve. 

MADRAS AND SOUTHERN ZONE SYSTEM 

A similar analysis has been carried out in regard 
to the Madras system into which the Kalpakkam 
atomic power station which is expected to have a 
capacity of 400 MW will feed. The present daily 
and annual load factors are about 74% and 65% 
[5], respectively; the present installed capacity is 
815 MW but effective capacity is only about 600 
MW. The power situation at present is however 
very acute and there is severe repression of demand. 
Most of the installed capacity is based on storage 
hydro schemes and the average plant factor is about 
46%. By the time the Kalpakkam station comes 
into operation in 1971, the demand on the Madras 
system will be over 2 000 MW [5]. Due to the high 
system load factors and the presence of hydro plants 
to take the system peaks the nuclear station at 
Kalpakkam could work at a load factor of 80% 
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100 

or more. Figure 10 shows a typical daily load curve 
for the system at present. By 1970-71, the Madras 
system is expected to be interconnected with the 
neighbouring systems in Andhra Pradesh, Mysore 
and Kerala forming a south zonal grid with an 
anticipated peak-load of about 4 500 MW at an 
annual load factor of about 68% [5]. The neigh
bouring systems of Mysore and Kerala possess cheap 
hydro power resources; hydro power however is very 
seasonal. The proposed 400 MW nuclear station at 
Kalpakkam in Madras will help to augment this 
power and the installed capacity of hydro power, 
which can work only at relatively low plant factors 
can, largely, take the system peaks. In this system, 
however, certain hydro stations have to be operated 
during the irrigation period at base load as in this 
period water flow has to be maintained for meeting 
irrigation requirements. Figure 11 shows an anti
cipated load curve for the entire region for the 
year 1971 and indicates how the nuclear power 
station would. be able to take the base load without 
adversely affecting the other stations in the system. 
Figure 12 shows the expected annual load duration 
curve for the entire region by 1970-71. The Kal
pakkam nuclear station is also expected to be of 
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the heavy water moderated type though the exact 
design has not been chosen. As mentioned earlier, 
the fuelling cost for such a station will be about 
0.65 nP or 1.36 mills/kWh. There is some lignite 
in Madras State and a power-station based on this 
is in operation. At the present prices of lignite 
however, the fuelling cost for such a station would 
be about 2 nP or 4.2 mills/kWh. In fact the lignite 
production is not enough to provide for the thermal 
power needs of the state and a power station based 
on coal transported over considerable distances 
from outside the state is also in operation. The 
addition of similar stations is being considered-their 
fuelling costs will be even higher; a minimum of 
2.68 nP /kWh or 5.42 mills/kWh. This again 
indicates the desirability of the highest load factor 
operation for the nuclear power station. 

It may be noted in passing that although the 
peak demand on the integrated system is expected 
to be about 4 500 MW by 1971, the system is far 
flung over a very wide area with long transmission 
distances. There are limitations on the loading of the 
lines between these stations. The amount of reserve 
capacity likely to be available by 1971 is also small. 
Moreover the largest size of unit is only 100 MW 
of which there are likely to be only two or three 
machines in the system by 1971. There are also 
limitations on transport and handling. These con
siderations, as discussed earlier, tend to limit the 
size of the unit to a smaller value than what might 
be considered possible from the point of view of 
system size alone. The matter is being investigated 
further for a final decision. 

It will be seen that in the systems considered, 
nuclear stations can be installed to run at high load 
factors. In fact for comparison purposes, a conserv
ative factor of 7 5% has been used. The comparative 
economics have been dealt with in another paper 
presented at this Conference [6]. It is shown there 
that nuclear power stations would be economically 
competitive with conventional stations in the systems 
considered even at present. 

Growth in system and possible future patterns of 
operation 

In this connection, it should be noted that for a 
given nuclear power station the fuelling costs are 
likely to go down during its life due to developments 
in various stages of the fuel cycle, reduction in fuel 
element fabrication costs and increase in burn-up 
for new charges. On the other hand for a con
ventional alternative the fuel costs are if anything 
likely to go up as the efficiency reduces with life. 
Moreover, when newer conventional thermal stations 
are introduced into the system they would have an 
improved efficiency with the result that the con
ventional thermal stations already in operation 
would have higher incremental energy costs and 
this would tend to make them move upward in the 
load curve. There is thus no doubt that for the 
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alternative of the nuclear or a conventional station 
at a given time the load factor of the nuclear station 
may be considered to be consistently high while that 
for the conventional thermal station may be reason
ably taken as a decreasing amount. Estimates can 
be made about this on the basis of assumptions 
regarding efficiency and fuel cost trends, and these 
can be used to arrive at over-all lifetime costs for 
a nuclear station against a conventional station built 
at a given time. 

It may be concluded that the simple comparison 
of a nuclear power-station with a conventional 
thermal alternative can be made after analysing the 
system and judging the plant factor at which the 
two alternatives could operate. For most cases, 
particularly those in which under-developed count
ries may be involved, this would be adequate for 
comparison purposes. In certain cases, life time 
costs based on changing plant factors and fuel costs 
can also be estimated to arrive at a final conclusion. 

Development of increasing nuclear, thermal and hydro 
capacity 

The problem may arise of contemplating not 
merely the addition of a given nuclear power-station 
but of planning, over a reasonably long period, the 
addition of increasing amounts of hydro, thermal 
and nuclear capacity in order to meet the needs of 
system growth in the most economical fashion. This 
becomes much more complicated but can lend itself 
to a resolution by following certain general criteria. 
The basic objective is that the energy and capacity 
requirements should be met by hydro, conventional
thermal and nuclear stations in such a proportion 
as would give the lowest total cost to the system. 
In order to determine this, we may examine a 
general model. Let C be the additional installed 
capacity required at a given time; E the total energy 
required at a given time; then a scheme of additions 
has to be evolved which will make the fixed charges 
on C plus the total energy charges on E a minimum. 
Let this sum be = R. 

We shall attempt to derive relatively simple 
mathematical formulae based on certain simplifying 
assumptions which illustrate the principle of this 
calculation. 

Let the requirements of energy for the system be E 

Let the installed capacity required 

Let the installed capacity available 

C' 

C" 

. ·. Additional capacity required = C' - C" = C 

Let this be allocated to } 
hydro, thermal 'and 
nuclear sources in the 1 
ratio 

Then hydro capacity 
installed 

1 c 
- 1 + Kr + KN 
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Then thermal capacity _ KT C 
installed - 1 + KT + KN 

Then nuclear capacity _ KN C 
installed - 1 + KT + KN 

Let annual fixed costs per unit installed for the new 
hydro, thermal, and nuclear stations be: Fn, FT 
& F N respectively 

Then total annual fixed costs on additional plant 
c 

_ 1 + KT + KN (Fn + FTK7' + FNKN) .... (lB) 

Let En· be the energy generated by the epsting 
hydro plant at a fuel cost of C n· per unit 
(usually = 0 except where royalty or other 
charges are levied) 
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Ep· be the energy generated by the existing thermal 
plant at a fuel cost of Cp·/unit 

EN· be the energy generated by the existing nuclear 
plant at a fuel cost of CN·Iunit 

En be the energy generated by the new hydro plant 
at an average annual utilization of On hours and 
a fuel cost of Cn/unit 

ET be the energy generated by the new thermal 
plant at an average annual utilization of Op hours 
and fuel cost of CT/unit 

EN be the energy generated by the new nuclear 
plant at an average annual utilization of C N hours 
and fuel cost of CN/unit. 

(PLANT FACTOR = 8; 60) 

C On E C OTKT . E _ C ONKN 
Then En = 1 + KT + KN ; T = 1 + KT + KN ' N - 1 + KT + KN 

Let EL be the total transmission losses, assumed as constant. 

Total fuel cost = EH·Cn· + Ep·Cp· + EN.cN. + EnCn + ETCT + ENCN 

C CnOn 
= En·Cw + Ep·Cp· + EN.cN. + 1 + KT + KN 

Sum of 1 & 2 

With ( 4) as the equation of restraint, a solution 
can be found for En, ET, EN, On, ON, KT & KN for 
which R is a minimum. The values of KT & Ku will 
then give the most economical allocation of the 
required installed capacity between hydro, thermal 
and nuclear stations and the values of ON· fJT and ON 
will give the most economical loading of the new 
plant. The equations can be solved in most cases by 
an iterative method. It may be pointed out that a 
considerable simplification is introduced by not 
taking into account the form of the load duration 
curve. With the help of such an analysis it is possible 
to superpose also the likely variations in demand 
pattern of demand and system load factors, i.e., if we 
estimate the manner in which C & E are going to 
vary with time we can solve the equations for mini
mum cost for a period of time into the future. 
Similarly it is possible to superpose the likely 
variations in the capital costs of conventional and 
nuclear stations as well as the expected changes in 
efficiency or fuel costs. It will thus be possible to 
arrive at a tentative programme for the development 

(4) 

of the system in terms of nuclear and conventional 
resources. In arriving at the programme one would 
however have to bear in mind the physical limita
tions in the rate of development of the different 
sources; specifically, hydro-development takes con
siderable time and this will condition the pattern of 
growth of the different types of stations in the sys
tem. In fact this puts in practice another restraint 
enabling equations (3) and (4) to be solved in the 
best manner. 

A mathematical treatment of the subject has 
necessarily to be based on a number of assumptions 
and the in-put of considerable data which may vary 
in accuracy. Nevertheless, such a treatment could 
be of value in pointing out a general guide. It should 
however be taken as such and be subjected to 
constant review in order to assess the effect of 
changes in technology involving changes in costs 
or other relevant factors. Moreover, in certain cases, 
as in regard to the power systems of India considered 
in this paper, certain general conclusions may be 
arrived at even without going through the mathema-
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tical analysis completely. Finally, decisions have to 
be taken based on judgement. 

In Indian conditions, it is found that hydro 
energy, if available in the region of load demand, 
provides usually the cheapest source of power and 
such energy should be developed steadily in 
accordance with the likely physical growth in 
harnessing hydro-potential. If the hydro-projects 
are of the storage type, capacity, installed in a hydro
project, should be designed for low plant factor 
operation; this provides the most economic way of 
meeting system peaks since the additional installed 
cost of units is relatively small. It has been suggested 
that in general, additional hydro capacity installed 
now may be designed for about 15% plant factor 
operation if practicable. The balance of energy 
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requirements other than the energy provided from 
the hydro can be distributed between thermal and 
nuclear stations which will therefore be able to 
operate at reasonably high plant-factors. In this 
situation it is found that for the regions with high 
delivered conventional fuel costs, increasing amounts 
of nuclear power would have to be installed from 
now on to meet the requirements most economically 
[6]. Similar considerations may apply to other 
developing countries as well. 
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L'integration de centrales nucleaires dans les 
reseaux de distribution, notamment en ce qui 
concerne les pays en voie de developpement 

par M. Dayal 

L'introduction de centrales nucleaires dans les 
reseaux souleve de nombreux problemes techniques 
et economiques, qui out des repercussions impor
tantes sur l'economie et le developpement des re
seaux, ainsi que sur la repartition de la puissance 
installee hydroelectrique, thermique et nucleaire, 
pour le present comme pour l'avenir. Le memoire 
discute les differents facteurs dont il faut tenir 
compte pour determiner le role de l'energie d'origine 
nucleaire dans un reseau de distribution: taille du 
reseau et des unites de production, disponibilite, 
facteur de charge du reseau, accumulation, frais 
d'exploitation, etc. Le probleme general de !'exploi
tation de centrales nucleaires dans un reseau de 
distribution qui comprend des centrales hydroelec
triques, thermiques et nucleaires est traire. On 
examine !'installation de series de centrales nucleaires 
et de centrales classiques ainsi que l'economie du 
reseau dans son ensemble; on etudie les roles res-

pectifs incombant aux differents types de centrale 
pour ce qui est de repondre a la charge et aux 
besoins d'energie dans les conditions presentes et 
futures. La possibilite d'appliquer ces methodes 
d'etude aux problemes particuliers des pays en voie 
de developpement est examinee. 

Les couts afferents aux centrales nucleaires et 
aux centrales classiques en Inde sont etudies sur le 
plan du reseau, et l'on compare les couts de series 
de centrales nucleaires et classiques. Trois reseaux 
particuliers sont !'objet d'un examen detaille. Ce 
sont les reseaux regionaux de !'ouest, du nord et du 
sud. Dans ces regions, des centrales nucleaires 
representant une puissance totale de 1 ,2 million de 
kilowatts doivent etre installees avant 1971. L'etude 
montre que ces centrales nucleaires, et d'autres a 
construire plus tard, pourraient assurer la charge 
de base future dans ces regions et satisfaire aussi 
une partie des besoins d'energie avec des facteurs 
de disponibilite plus bas et que le maximum d'eco
nomies pour les reseaux resulterait de !'installation 
progressive d'une puissance nucleaire croissante. Le 
memoire developpe et formule des criteres qui 
peuvent etre utilises, surtout par les pays en voie de 
developpement, pour etudier !'introduction et le role 
futur de l'energie d'origine nucleaire dans les reseaux 
de distribution. 
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A/746 1-iH,D.HR 

BKniOLieHHe aroMHbiX 3neKrpocraHu,H~ 
8 o6~y10 3HepreTHLieCKYIO CHCTeMy C 
yLieTOM OC06b1X ycn08H~ 8 pa38H8aiO
~HXCfl CTpaHaX 

M. ,D,a.:ian 

flpn BIWIO'leiiWII aTOMHhiX :lJI£'1\T}lOCTaHI.\Hii D 
OOUJ.He :lllepreruqecRHC CHCTeMhl B0311HRaeT pH]], 
npo6JieM TeXHH'I(lCJ\OfO H <HWHOMH'leCI\01'0 XapaK
•repa, 1\0TOphlC OK83MB810T cepbe3HOe BJIHHHHC Ha 
aRoHOMHKY n pacrnupeuue ceTeii, ua pacnpeAeJie
uue MOII.\IIOCTH fll]],po-, TeiiJIOBLIX H aTOMHI>IX 
aJieKTpocTaHl\Hii c y••eroM conpeMeHHhiX n 6y]],y
ru.ux ycnoonii. B ]],OI<Jia]],e paccMarpunaiOTCR paa
nn:qnLw <f>aKTophl, RoTo,!lLie neo6xof),nMo yqnrhi
BaTL 11p11 onpe]],CJieHHH poJIH 8TOMHOi1 aneprHH B 
:mepreTuqecRoii cucTeMe, uanpuMep: paaMepLI cu
creMLI 11 YCTUIIOBOK, t}Jai\TOpbl ]],OCTYI1110CTH, 1\0-
a<J><f>Hl\HCUT narpyarm cncreMhi, uanuque aanacon 
fHfl,pOaHeprHH, CTOIIMOCTh <lRCIIJiyaTRl\HH H T. ll. 
PaccMaTpl!BaiOTCH OOII.\He npo6JieMLI :mcnnyara
I\HII aToMHhiX <lJICRTpOCT!IIll\HH B anepreruqecROK 
CHCTeMe, COCTOHW.eii H3 l'H,I:\pO-, TCIIJIOBLIX H aTOM
ULIX 3JICKTJlOCTaHl\HH. J1ayqena YCTaHODKa RaCRR
/~8 na aToMHLIX n ouhlqHhiX aneRTpocTaHl\Jiii n 
<li\OHOMHRa CJfCTeMI>I B 1.\eJioM; HCCJI(l,l(OBaHa OTHO
CHTeJibHUH }lOJih <lJICI\TpOCT8Hl\HH paaJIHqHOfO TH
Ha B YAOBJiernopeHHH norpe6nocreH: B uarpyaRe 
H :meprnn RaR n IIaCTOHII.\eM, TaR n B OYAYUJ.eM. 
llpoBepena IIpHMCHHMOCTb <JTHX MeTO,!\OB llpH 
nayqeunn oco6hlx IIpo6JieM, xapaRrepllbiX AJIH 
paaBHBaiOru.nxcn: crpau. 

J1ayqena CTOHMOCTh CoopymeHHH 8TOMHMX H 
06hl'IHI>IX aJieRTpOCTUlll\lfii B J1Hf),HH C TOqJ\H ape
nua cucTeMhl aneprocna6menHJI n npone]],eHo 
cpannenne Mem.l(y RacRa]],aMH o6hl'JHhiX u aToM
HblX aJieKTpOCTUIIl\HH. ,l],eTaJihHO paCCMOTpCHhl 
TPH xapaKrepHhie ]],JIJI Hnnnu :mepreruqecKHe 
cucTeMhi: cncreMa 3ana]],Horo paiiona, Cenepnan 
cucTeMa u IOmnaJI cncTeMa. B aTnx patfonax I\ 
1971 ro,l(y o6111a11 MOJl(HOCTh aroMHhiX aJieJ\Tpo
CTaHl\Hii .uonmna AOCTaBHTh 1,2 MJIH. nsr. Aaanna 
liOKa3hiBaCT, 'ITO ::ITH UTOMHhle ::IJICKTpOCT3Hl\UH Jl 

.upyrue, RorophiC non>KHhl OhiTh nocTpoen~>~ R aTo
My BpeMCHH, MoryT HeCTH 6YAYUJ.YIO 6aaHCHYIO Ba
rpyaRy n :lTHX pauonax, a rcmme YAOBJieTnopHTL 
qacTL noTpe6nocTeii n :meKrpo:mepruu npn 6onee 
HH3RHX KOa(~<J>fll\HCHTUX CTaHl\Hii ll 'ITO Mai\CU
MaJihHaJI ::IKOHOMHJI j(JIH C.HCTCM MO>KCT 6h1Tb ,UO
CTHriiyTa IIYTCM 110/(1\.TIIO'ICHfiJI HenpepblBIIO YBC
JIH'IHB31011\CI'OCJI 1\0JIJiql'CTBa aTOMHoii :JHCIJfllll. 
B AORJiaAe o6cym,l(aiOTCJI Iipnrepnu, RoTopMe Mo
ryT 6hiTh HCIIOJih30IIaHbJ, oco6CHHO B paaDHB810-
UJ.HXCH CTpanax, npu H3Y1ICHIHf Bonpoca 0 BKJIIO
'ICHHH II 6YAYUJ.Cii pOJJH UTOMilhiX :JJI(!I\TpOCTUIIl\Hii 
B OOll\YIO anepmcHcTcMy. 
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A/746 India 

lntegracion de centrales nucleares en sistemas 
electricos, con especial referenda a los paises 
en vias de desarrollo 

por M. Dayal 

La integracion de centrales nucleares en los 
sistemas de produccion de energia electrica suscita 
una serie de problemas de indole tecnica y econ6-
mica que tienen importantes repercusiones en los 
aspectos economicos de todo e1 sistema, en su 
ampliacion y en la distribucion de la capacidad 
hidroelectrica, termica y nuclear teniendo en cuenta 
las condiciones presentes y futuras. En la memoria 
se examinan los diversos factores, tales como dimen
siones de la red y de las centrales, factor de dispo
nibilidad, factor de carga, potencial hidroelectrico, 
coste de explotacion, etc., que han de tomarse en 
consideraci6n al decidir la funci6n de la energia 
nuclear en un sistema de producci6n de electricidad. 
Se estudia el problema general que, en un sistema 
integrado por centrales hidraulicas, termicas y 
nucleoelectricas, plantea la explotaci6n de estas 
Ultimas. Se examina la instalaci6n escalonada de 
centrales nucleares y tradicionales y los aspectos 
economicos del sistema en su conjunto; se investigan 
las funciones relativas de los diferentes tipos de 
central para satisfacer las necesidades de carga y la 
demanda de energia tanto presentes como futuras. 
Se estudia, en fin, la posibilidad de aplicar todas 
estas consideraciones a los problemas particulares 
de los paises en vias de desarrollo. 

Desde el punto de vista del sistema en su tota
lidad, se examina el coste de las centrales nucleares 
y clasicas en la India y se hacen comparaciones 
economicas entre series de centrales nucleares y 
chisicas. Se consideran en detalle tres sistemas 
concretos de produccion de electricidad de la India, 
que son: el sistema de la region occidental, el de la 
region septentrional y el de la region meridional, 
en los que se instalaran de aqui a 1971 centrales 
nucleoelectricas que totalizaran 1,2 millones de 
kilovatios. Los estudios muestran que estas centrales 
y otras que se construiran posteriormente podrian 
satisfacer la carga en base de estas regiones y 
tambien parte de las necesidades de energia con 
factores mas bajos de utilizaci6n, y que el mejor 
rendimiento economico del sistema se obtendria 
aumentando progresivamente el nUm.ero de centrales 
nucleares. En la memoria se deducen y formulan 
criterios, aplicables sobre todo a los paises en vias 
de desarrollo, para estudiar la integraci6n y funcion 
futura de las centrales nucleares en las redes 
electricas. 
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La incorporacion de Ia energia nuclear 
al abastecimiento electrico espanol 

por F. Pascual* y J. Molina** 

El desarrollo industrial llevado a cabo por nues
tro pais, especialmente en los ultimos aiios, ha hecho 
que la producci6n de energfa electrica haya experi
mentado un incremento considerable. Dicha pro
ducci6n, en el perfodo transcurrido entre 1949 y 
1963, se ha multiplicado por un factor superior a 
cuatro ya que ha pasado de 5 742 GWh en el 
primero de los aiios citados a 25 750 GWh en 1963. 
Este incremento corresponde a una duplicaci6n en 
un perfodo de algo menos de 7 aiios, lo que repre
senta un incremento anual medio acumulativo, man
tenido a lo largo de 14 aiios, de 10,4%. 

Si miramos al futuro encontramos que el Plan 
de Desarrollo Econ6mico y Social aprobado por el 
Gobiemo, y puesto en marcha el 1 o de enero 
de 1964, preve, durante su perfodo de vigencia 
(1964-67), un incremento medio acumulativo de la 
producci6n de energfa electrica de 11,5%. 

Para cubrir las necesidades de producci6n de los 
aiios de vigencia del Plan, asi como las del periodo 
siguiente, que tambien senin elevadas, como vere
mos mas adelante, sera necesario un aprovecha
miento al maximo de los recursos energeticos na
ciooales tanto hidraulicos como de combustibles 
f6siles. Ahora bien, los recursos nacionales de este 
tipo son insuficientes, por lo que sera necesario 
recurrir a centrales termicas que quemen combus
tibles importados, normalmente fuel-oil produ
cido en nuestras refinerfas procedente de crudos 
importados, o a centrales nucleares, de acuerdo 
con lo que se considere mas conveniente para 
el pais. 

En el informe estudiaremos la evoluci6n de la 
producci6n de energia electrica prevista para el 
futuro. Partiendo de la situaci6n actual de los 
medios de generaci6n de energfa electrica y de los 
incrementos que pueden esperarse en el futuro como 
consecuencia del aprovechamiento de los recursos 
nacionales, estableceremos el momento de incor
poraci6n de lfls centrales nucleares y, finalmente, 
teniendo en cuenta los problemas que esta incor
poraci6n plantea trataremos de establecer un pro
grama de instalaci6n de centrales nucleares basta 

* Junta de Energla Nuclear. 
** Direcci6n General de la Energla, Ministerio de In

dustria, Madrid. 
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1975, estudiando con mas detalle los aiios 1970 
y 1975. 

DEMANDA DE ENERGtA ELECTRICA 
Y DISPONIBILIDADES PARA CUBRIRLA 

Situaci6n actual 

La potencia total instalada en Espana en 31 de 
diciembre de 1963 ~ra de 8 400 MW de los cuales 
5 898 MW (70,2%) corresponde a centrales hidrau
licas y 2 502 MW (29,8%) a centrales termicas. 
De estas ultimp.s, 952 MW corresponden a centrales 
a bocamina y 1 550 MW a centrales ubicadas en 
centros de consumo, una parte de las cuales queman 
combustibles nacionales y otras, mas numerosas, 
combustibles importados, concretamente fuel-oil. 

De acuerdo con el criterio actual de explotaci6n 
del sistema electrico espaiiol, la explotaci6n de las 
centrales termicas esta supeditada a la de las hidrau
licas. Este hecho, unido a la gran irregularidad de 
la hidraulicidad de nuestro pais, hace que la utiliza
ci6n de las centrales, tanto hidraulicas como termi
cas, sea muy variable. La de las primeras esta 
impuesta por las disponibilidades de agua, y la de 
las segundas por su papel complementario. Asi, en 
el aiio 1963, hidraulicamente hllmedo, de los 
25 750 GWh producidos, 21 330 GWh (82,8%) 
corresponden a centrales hidniulicas y unicamente 
4 420 GWh (17,2%) a centrales termicas que han 
trabajado, como puede apreciarse, con una utiliza
ci6n media muy baja [1]. 

A la vista de Ia situaci6n anterior se comprende 
que en el futuro ha de variar la estructura del sis
tema espaiiol de producci6n de energfa electrica. 
Por una parte, las centrales termicas que queman 
combustibles nacionales han de tener una utiliza
ci6n mas elevada y mas regular si se desea, como 
se ha previsto en el Plan de Desarrollo Econ6mico 
y Social, desarrollar el aprovechamiento de los com
bustibles nacionales, para lo que es imprescindible 
que su producci6n no este sometida a las fluctua
ciones actuales. Por otra, la incorporaci6n de las 
centrales nucleares que, al menos inicialmente, re
quieren una elevada utilizaci6n, si han de resultar 
econ6micas, haran que hayan de seguirse criterios 
distintos a los actuales para explotar el sistema, 
como veremos posteriormente. 
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Evoluci6n de Ia generaci6n de energia electrica 

Hemos seiialado anteriormente que la producci6n 
total de energia electrica en nuestro pais alcanz6, 
en el aiio 1963, la cifra de 25 750 GWh, lo que 
represent6 un incremento del 12,4% con respecto 
a Ia del aiio anterior. A partir de esta cifra se ha 
determinado 1a evoluci6n de la producci6n de ener
g!a electrica tomando, de acuerdo con las previ
siOn:s del Plan de Desarrollo Econ6mico y Social, 
un mcremento anual de 11,5% en el periodo 
1964-1967. Respecto al periodo 1968-197 5 se 
c?nsidera que, una vez alcanzado el consumo pre
VIsta para 1967, el ritmo de incremento descendeni 
basta un 7,5% para 1975, 1o que corresponde a un 
descenso del incremento de 0,5% al alio. La 
tabla 1 da para cada alio la producci6n y el incre
ment? previsto respecto al anterior, aunque en este 
estud10 vamos a ver con detalle la forma de cubrir 
estas necesidades de producci6n solamente en los 
alios 1970 y 197 5 a los que nos referiremos en lo 
que sigue. 

Tabla 1. Previsiones de producci6n de energia electrica 

Producci6n 
Incremento 

Aiio 
prevista 

% GWh 

1963 25 750 
1964. 11,5 28 700 
1965. 11,5 32 000 
1966 11,5 35 700 
1967 11,5 39 800 
1968 11,0 44 200 
1969 10,5 48 800 
1970 10,0 53 700 
1971 9,5 58 800 
1972 9,0 64100 
1973 8,5 69 500 
1974 8,0 75 100 
1975 7,5 80 700 

Ahora bien, ademas de la demanda de la pro
ducci6n de energia tenemos que tener en cuenta la 
carga horaria maxima anual que requiere el con
sumo en cada uno de los dos alios, 1970 y 197 5, 
que vamos a considerar. Su calculo se ha realizado 
e~ otro trabajo de los mismos autores [2] con
siderando Ia estructura del consumo en dichos aftos 
del mismo tipo que Ia actual. Los valores a que se 
ha llegado como carga horaria maxima anual han 
sido de 9 710 MW para el alio 1970 y 14 600 MW 
para el afio 1975. 

Disponibilidades de energia electrica 

La generaci6n de energia electrica en nuestro 
pais se efectua, como hemos dicho, mediante cen
trales hidraulicas y centrales termicas dividiendo 
estas ultimas en dos grupos: las que ~ueman car
?ones nacionales y las que emplean combustibles 
Importados. El criteria que vamos a seguir al esta
blecer las disponibilidades en este trabajo, que es 
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el generalmente admitido en nuestro pais, consistira 
en continuar poniendo en servicio las centrales 
hidraulicas que lo permitan econ6micamente, apro
vechar al maximo los combustibles f6siles nacionales 
y cubrir el deficit, que veremos existe, mediante 
centrales termicas que quemen combustible impor
tado o mediante centrales nucleares, seleccionando 
lo mas conveniente de acuerdo con las caracteris
ticas de cada una de elias. 

Energia hidroelectrica 

De acuerdo con los programas de construcci6n 
de nuevos aprovechamientos hidroelectricos en nues
tro pais, se preve que en 31 de diciembre de 1970 
habra una potencia instalada de 10 900 MW, mien
tras que cinco alios mas tarde, es decir en 31 de 
diciembre de 1975, se e1evara a 12 500 MW valor 
que puede considerarse en la actualidad c~mo el 
li~ite superior de las posibilidades de aprovecha
miento de los recursos hidroelectricos de nuestro 
pais, especialmente desde el punto de vista eco
n6mico. 

Con el criteria que se han equipado las centrales 
hidraulicas, es decir, para que puedan funcionar 
3 000 horas en un alio hidraulicamente medio 
~50% de probabilidad de presentarse), la potencia 
mstalada podra generar, en un alio asi, 32 700 GWh 
en 1970 y 37 500 GWh en 1975. 

Ahora bien, hemos dicho que la hidraulicidad de 
nuestro pais es muy variable, lo que nos obliga a 
ten~;Ia en ~uenta, aunque su influencia en la explo
t~c10~ del sistema vay.a disminuyendo a medida que 
dtsmmuya Ia proporct6n de centrales hidraulicas a 
termicas, al ir agotandose los recursos hidroelec
tricos. En estas condiciones, si el alio es hidraulica
mente seco, se ha supuesto una utilizaci6n anual de 
2 500 horas mientras que si fuese humedo se supo
nen 3 300 horas, bien entendido que pueden presen
tarse afi.os con una utilizaci6n fuera de este inter
valo, pero Ia probabilidad de que esto ocurra es 
pequelia. 

Tomando las horas de utilizaci6n sefi.aladas, la 
producci6n de energia, en GWh, en los alios con
siderados seria: 

1970 

Aii.o seco : 27 250 GWh 
Aii.o htimedo : 35 970 GWh 

1975 

31 250 GWh 
41 250 GWh 

Por lo que se refiere a las disponibilidades en 
P?~encia .se ha_ es~imado que el factor de disponi
bthdad htdroelectnca en afi.o seco correspondiente 
a Ia bora mas cargada del afi.o es 0,5 para el afio 
1970 y 0,55 para el afio 1975, lo que nos da como 
potencias hidroelectricas disponibles en Ia hora de 
max~ma carga anual 5 450 MW y 6 875 MW res
pecttvamente para 1970 y 1975. 

Energia termica con combustibles nacionales 

El estudio realizado en el trabajo citado anterior
mente, de los mismos autores [2], a partir de los 
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datos de Ia Comision de Distribucion del Carbon, 
da como resultado que las disponibilidades maximas 
de combustibles solidos nacionales para su utiliza
cion en centrales termoelectricas permitiran gene
rar, en los aiios 1970 y 1975, 13 400 y 16 700 GWh 
respectivamente. 

Si se considera una utilizacion anual media de 
5 000 horas, las potencias de estas centrales en 31 
de diciembre de los afios que estudiamos, 1970 y 
1975, seran 2 680 y 3 340 MW respectivamente. 
La utilizacion media anual supuesta es muy supe
rior a la actual pero se ha considerado la mas con
veniente, dada Ia funcion que estas centrales han 
de realizar como consecuencia de la variaci6n de 
los criterios de explotacion del sistema electrico y 
del maximo aprovechamiento de los combustibles 
fosiles nacionales. 

En el caso de estas centrales se ha considerado 
un factor de disponibilidad termoelectrica corres
pondiente a la bora mas cargada del afio de 0,85 
en ambos casos, es decir, tanto para 1970 como 
para 197 5. Por consiguiente la potencia termoelec
trica disponible de las centrales que queman com
bustibles nacionales sera de 2 280 MW y 2 840 MW 
para 1970 y 1975 respectivamente. 

Balances de energfa y de potencia 

Las tablas 2 y 3 nos dan los balances en energia 
electrica y en potencia disponible para los afios 1970 
y 1975. El deficit en energia electrica para un afio 
hidniulicamente medio es de 7 600 y 26 500 GWh 
respectivamente, mientras que el deficit en potencia 
disponible es de 1 980 y 4 885 MW. Suponiendo 
que este deficit se cubre mediante centrales que 
quemen combustible importado o centrales nu
cleares, este deficit de potencia disponible requerin'i, 
tomando un factor de disponibilidad de 0,85 para 
ambos tipos, unas potencias instaladas de 2 330 y 
5 745 MW para los aiios 1970 y 1975 respec
tivamente. 

La utilizacion de estas potencias, suponiendo 
que los afios 1970 y 197 5 fueran hidraulicamente 
medios, serian de 3 260 y 4 610 horas respectiva-

Tabla 3. Balance de 

Potencia 
instalada 

MW 

Clase de energia 1970 1975 

Hidroelectrica 10 900 12 500 
Termoelectrica 

combustibles 
nacionales 2 680 3 340 

Totales 13 580 15 840 

Carga horaria 
maxima anual 

Diferencias 2 330 5 745 

Tabla 2. Balance de energfa electrica 

Afio 
Disponibilidades de energia 

GWh 1970 1975 

Hidroelectrica 32 700 37 500 

Termoeiectrica combustible nacio-
nal ... . . . 13 400 16 700 

Total disponibilidades 46 100 54 200 

Necesidades 53 700 80 700 

Diferencia aiio medio 7 600 26 500 

aiio seco 13 050 32 750 

aiio humedo 4 330 22 750 

mente. Ahora bien, como veremos a continuacion, 
en 1970 habra ya centrales nucleares en explotacion 
con una potencia de 450 MW que, por sus carac
teristicas economicas, sera conveniente tengan un 
gran factor de utilizacion (del orden de 7 000 horas). 
Esto hara que el resto de la potencia termica ins
talada (1 880 MW) haya de utilizarse unicamente 
2 330 horas, cifra todavia superior a la utilizacion 
media de las centrales termicas espafiolas en 1963 
que ha sido de 1 800 horas. En el afio 1975, 
aunque, como veremos, habra aumentado considera
blemente Ia potencia nuclear instalada, no habra 
problema alguno ya que, como hemos visto, la 
utilizacion media del conjunto de centrales termicas 
con combustible importado y centrales nucleares 
sera de 4 610 horas y, por otra parte, estas ultimas 
podran explotarse economicamente con utilizaciones 
inferiores. 

INCORPORACION DE LA ENERGiA NUCLEAR 

En los momentos actuales podemos sefialar que 
Espana ha tornado la decision de incorporar la 
energia nuclear al abastecimiento electrico espaiiol. 
Existe un programa, enunciado en diciembre de 
1962, a realizar en 10 afios, para la construccion de 
tres centrales nucleares, con una potencia unitaria 

potencia disponible 

Potencia 
Factor de disponible 

disponibilidad MW 

1970 1975 1970 1975 

0,5 0,55 5 450 6 875 

0,85 0,85 2 280 2 840 

7 730 9 715 

9 710 14 600 

0,85 0,85 1980 4 885 
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de 300 MW, la primera de las cuales podni entrar 
en explotacion a finales de 1969 y las dos restantes 
defasadas 18 meses aproximadamente. El Gobierno 
ha dado la autorizacion provisional para la primera 
a la Compafiia NUCLENOR y otra Compania 
(CENUSA) ha presentado solicitudes para las dos 
restantes. Por otra parte, Union Electrica Madrile:iia, 
una de las Companias que abastecen de energia 
electrica a Madrid, cuenta con la autorizacion provi
sional, y esta en tramites la concesion de la defini
tiva, para la construccion de una central del tipo de 
agua a presion de 150 MW, central que ya ha sido 
adjudicada a la Compa:iiia americana Westinghouse 
y se espera este en explotacion a finales de 1967. 
Esto hani que, como dedamos anteriormente, en 
1970 se cuente con una potencia nuclear instalada 
de 450 MW. 

Consideraciones para el establecimiento del programa 
nuclear 

Ahora bien, el establecimiento de este programa 
nuclear, recogido posteriormente en el Plan de 
Desarrollo Economico y Social, responde a una 
situacion que se presenta en nuestro pais y cuyos 
puntos fundamentales vamos a analizar a con
tinuacion. 

Coste del combustible 

Espana es un pais con un coste del combustible 
elevado aunque se presentan diferencias considera
bles de unas zonas a otras. Si tomamos como base 
los costes de explotacion de las centrales termicas 
en el afio 1963, encontramos que unicamente en 
tres centrales que queman carbon, instaladas a boca
mina (que representan el 18% de Ia potencia ter
mica total instalada), la contribucion del coste del 
combustible al precio del kWh esta comprendido 
entre 0,195 y 0,27 ptas/kWh (3,25 y 4,5 mills/ 
kWh) con unos valores del millon de kcal de 59,50 
a 71,50 ptas. (25-30 centavos de $/106 Btu), 
mientras que existen otras (un 17% aproximada
mente de la potencia termica instalada) para las 
cuales el coste del ciclo del combustible ha sido 
superior a 0,54 ptas/kWh (9 mills/kWh) con 
155 ptas. por millon de kcal (65 centavos de 
$/106 Btu). Si nos referimos a las centrales que 
queman combustible importado, es decir, a las cen
trales que queman fuel-oil, encontramos que la par
ticipacion del combustible al precio del kWh es del 
orden de 0,36 ptas/kWh (6 mills/kWh) y el valor 
del millon de kcales de 128 ptas. (54 centavos de 
$/106 Btu). Si no tenemos en cuenta los impuestos 
sobre el fuel-oil, dichas cifras quedarian reducidas 
a 0,275 ptas/kWh (4,6 mills/kWh) y 98 ptas/106 

kcal (42 centavos de $/106 Btu). Finalmente, si 
tomamos las medias ponderadas del conjunto de 
las centrales tern1icas espa:iiolas, tanto las que que
man combustible nacional como importado, con una 
potencia de 30 MW o superior, encontramos unos 
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valores de 126 ptas/106 kcal (53 centavos de 
$ j 106 Btu) y una participacion del combustible al 
precio del kWh de 0,426 ptas/kWh (7, 1 mills/kWh). 

Los datos anteriores indican que, salvo en muy 
pocos casos (tres unicamente), los combustibles na
cionales son caros y lo mismo sucede con e1 fuel-oil 
importado. En estas condiciones, en una central 
termica moderna que queme fuel-oil instalada en 
Espana, la participacion del combustible al coste 
de la energia no sera inferior a 0,28-0,30 ptas/kWh 
(4,6-5 mills/kWh). 

Si consideramos que para las primeras centrales 
nucleares que entren en explotacion en nuestro pais 
podemos considerar costes del combustible del orden 
de 0,075 ptas/kWh (1,25 mills/kWh) para las cen
trales de uranio natural grafito-gas y 0,134 ptas/kWh 
(2,23 mills/kWh) para las de uranio enriquecido de 
agua ligera, se comprende perfectamente que el coste 
del ciclo de combustible haya sido uno de los 
factores que se han tenido en cuenta en nuestro pais 
para iniciar la construccion de centrales nucleares 
ya que, aunque la inversion sea superior, el margen 
que existe en la diferencia del ciclo del combustible 
puede compensar, como veremos mas adelante, la 
diferencia en inversion. 

Disponibilidades de uranio 

Otro factor que se ha tenido en cuenta a1 esta
blecer el programa nuclear ha sido las disponibili
dades de uranio. Espa:iia cuenta con yacimientos de 
uranio con unas reservas totales, en este momenta, 
del orden de las 10 000 toneladas de U30 8 conte
nido y con unas brillantes perspectivas [3], cantidad 
suficiente para iniciar un programa de instalacion 
de centrales nucleares. Por el contrario, hemos visto 
que Ia produccion de combustibles fosiles en Espana 
es insuficiente para cubrir nuestras necesidades y 
es necesario recurrir a importar crudos de petroleo 
para la obtencion de fuel-oil. Ahora bien, contando 
con uranio al plantearse el problema de cubrir el 
deficit energetico con centrales que quemen fuel-oil 
o con centrales nucleares, un punto a considerar es 
la utilizacion de los recursos uraniferos espa:iioles 
con su repercusion en la balanza de pagos. 

Si consideramos la situacion en el ano 1975, 
supuesto como a:iio hidraulicamente medio, hemos 
visto que el deficit de energia es de 26 500 GWh; 
esto representaria la necesidad de importar crudos 
de petroleo para la obtenci6n de fuel-oil, por un 
valor de 66,5 millones de $, y esto en el caso mas 
favorable, pues todavia podria suceder que esta cifra 
se aumentase si en vez de importar solamente cru
dos de petroleo fuera necesario importar fuel-oil. 
Por el contrario, si suponemos que el 50% de este 
deficit de energia se cubre mediante centrales que 
quemen fuel-oil y el 50% restante mediante cen
trales nucleares, las necesidades de divisas para 
cubrir ese deficit se reducen a unos 37 millones 
de $, suponiendo que, al contar con el uranio 
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espafiol, se gaste en pesetas el 95% del coste del 
ciclo del combustible de las centrales de uranio 
natural y el 75% de las correspondientes a las cen
trales de uranio enriquecido. 

Vemos pues que la incorporaci6n de las centrales 
nucleares al abastecimiento energetico espafiol 
puede representar un ahorro de divisas del orden 
de los 30 millones de $ para el afio 1975, ahorro 
que sera considerablemente mayor en afios poste
riores, como consecuencia de una mayor utilizacion 
de los recursos nacionales. 

Coste total de Ia energfa 

Ahara bien, a pesar de lo expuesto en los dos 
puntos anteriores, seria discutible la instalaci6n de 
centrales nucleares si el coste total de la energia 
generada en dichas centrales fuese superior a la 
generada en centrales termicas clasicas. Los datos 
que hemos dado al hablar del coste del combustible 
en relacion con el precio del mismo en nuestro pais 
dan una primera indicacion de que esta situaci6n 
es muy poco probable. Si consideramos: 

i) un coste del combustible en una central ter
mica clasica moderna, que queme combustible 
importado, de 0,276 ptas/kWh (4,6 mills/kWh) de 
acuerdo con lo indicado, 

ii) unos costes del ciclo del combustible para las 
centrales nucleares, de acuerdo tambien con lo 
indicado, de 0,075 ptas/kWh (1,25 mills/kWh) 
para las de uranio natural grafito-gas, y 0,134 
ptas/kWh (2,23 mills/kWh) para las de agua ligera 
y urania enriquecido, 

iii) unos gastos de mantenimiento de 0,042 ptas/ 
kWh (0,7 mills/kWh) para las centrales de urania 
natural, 0,036 ptas/kWh (0,6 mills/kWh) para las 
de urania enriquecido y 0,024 ptas/kWh (0,4 mills/ 
kWh) para las termicas clasicas y 

iv) unas cargas fijas de 14% y una potencia 
unitaria de la central de 300 MW con una utiliza
cion de 7 000 horas, 
para obtener el mismo coste total de la energia sera 
necesario que la inversion por kW de las centrales 
de uranio natural grafito-gas, y la de las centrales 
de agua ligera con uranio enriquecido sea, respecti
vamente, 9 150 ptas/kW (152,5 $/kW) y 6 510 
ptas/kW (108,5 $/kW), superior ala inversion por 
kW correspondiente a las centrales termicas clasicas. 
En la realidad estas diferencias son superiores a las 
que existen actualmente en ofertas para la construe
cion de centrales, especialmente por lo que se refiere 
a las centrales nucleares de agua ligera. Como con
secuencia, en las condiciones indicadas, el coste total 
de la energia producida sera inferior en las cen
trales nucleares que en las centrales termicas. 

En este sentido es interesante sefialar un caso 
concreto: la central de Union Electrica Madrilefia, 
suministrada por Westinghouse para una potencia 
de 150 MW, tendra una inversion de unas 12 000 
ptas/kW (200 $/kW) con una diferencia del orden 
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de 3 600 ptas/kW (60 $/kW) con relacion a una 
termica clasica de la misma potencia. Si ademas en 
este caso consideramos que la zona que ha de 
abastecer la central (Madrid) no tiene combustibles 
fosiles, lo que obligaria a ubicar la central mas lejos 
del centro de consumo, se comprende la decision de 
la compafiia de recurrir a la solucion nuclear. 

Aunque en ningiin momento hemos considerado 
la competencia entre las centrales nucleares y las 
centrales termicas que quemen combustible na
cional, la situacion en ese caso seria todavia mas 
favorable para las centrales nucleares excepto com
parandolas con centrales a bocamina instaladas en 
zonas de combustible barato que, como hemos vista, 
representan un pequefio tanto por ciento de la 
capacidad total de produccion de combustibles. 

Problemas que plantea Ia incorporaci6n de las 
centrales nucleares 

La experiencia actual en la explotacion de cen
trales nucleares indica que la incorporacion de estas 
a una red electrica existente no presenta problemas 
importantes. Desde el punto de vista electrico esta 
incorporacion se realiza perfectamente; sin embargo, 
vamos a sefialar algunas de las cuestiones que, en 
este u otros aspectos, pueden plantearse y que 
pueden ser las mas importantes para nuestro pais. 

Utilizaci6n y tamaiio de Ia central 

Hemos vista anteriormente que para que la cen
tral nuclear sea economica es necesario que su 
utilizacion sea grande. Por otra parte, esta economia 
se mejora tambien al aumentar el tamafio de la 
central. Por consiguiente, el criterio en la instala
cion de centrales nucleares sera el construirlas del 
mayor tamafio posible, dentro de las condiciones de 
la red electrica a que han de abastecer, y utilizarlas 
el mayor numero de horas. Esta condicion obliga a 
estudiar la explotacion del sistema cuidadosamente 
con objeto de fijar la capacidad nuclear que este 
puede absorber funcionando en base. En el caso de 
nuestro pais se ha establecido como potencia uni
taria para las centrales nucleares en la primera fase 
del programa la de 300 MW, y no se considera 
existan problemas, como veremos al tratar de la 
explotacion del sistema electrico, para que estas 
primeras centrales puedan funcionar 7 000 horas. 

lnversiones 

La inversion por kW instalado de una central 
nuclear es superior a la correspondiente a una cen
tral termica clasica. Esta mayor inversion puede 
dar lugar a algunos problemas de financiacion en 
paises en vias de desarrollo. Sin embargo, en el 
caso espafiol este problema se ha previsto dentro 
del conjunto del Plan de Desarrollo Economico y 
no se considera pueda ser un motivo que retrase la 
instalacion de centrales nucleares. 
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Tecnologia nueva 

Las centrales nucleares representan una nueva 
tecnologia que es preciso desarrollar y para la cual 
es necesario preparar el personal adecuado, tanto 
por lo que se refiere al proyecto como a la fabrica
cion de equipo, construccion de la central y futura 
explotacion de Ia misma. El esfuerzo hecho por 
nuestro p~is a traves, fundamentalmente, de la Junta 
de Energia Nuclear, hace que en estos momentos 
se pueda contar con un plantel de personal prepa
rado capaz de abordar dichos problemas. Este 
e~fuerzo, .~o solo en la preparacion de personal 
smo tamb1en en el desarrollo de tecnicas, hace que 
pueda afirmarse que la participacion de la industria 
espanola en la construccion de centrales nucleares 
asi como en el suministro del combustible, podri 
ser superior a la correspondiente a las centrales 
termicas chisicas. 

En la incorporacion de las centrales nucleares 
existe tambien un factor que es necesario tener en 
cuenta: el de la seguridad, con todos los problemas 
tecnicos que lleva consigo el reducir a un minimo 
las probabilidades de que pueda ocurrir un accidente 
e incluso, si este ocurre, que las consecuencias del 
mismo sean minimas. Por otra parte, sera necesario 
resolver tambien las cuestiones juridicas referentes 
a la responsabilidad civil en caso de que dicho 
accidente ocurra y afecte a personas o propiedades. 

Finalmente, hemos de senalar que la incorpora
cion de las centrales nucleares presentan tambien 
otro tipo de problemas nuevos en relaci6n con el 
combustible quemado, como son el transporte de 
combustibles irradiados y su tratamiento, el almace
namiento de los residuos radiactivos, etc. Todos 
estos problemas sera necesario considerarlos, y asi 
se ha hecho al establecer el programa nuclear, pero 
no han de retrasar la realizacion del mismo. 

Consideraciones sobre el tipo de centrales 

Iniciado ya el programa nuclear y establecidas 
las bases para la primera fase del mismo que com
prende Ia construccion de la central de 150 MW 
de Ia que hemos hablado, y de tres centrales d~ 
300 MW, es logico que al tratar de seleccionar los 
tipos mas convenientes se consideren unicamente las 
cen!rales que podemos denominar probadas, es 
dec1r, centrales que cuenten con una experiencia, 
tanto en el proyecto como en Ia construccion y 
explotacion de las mismas, que permita pueda 
basarse en elias, con garantias, el abastecimiento 
electrico del pais. 

Esto hace que para toda la primera fase del pro
grama se hayan tenido en cuenta unicamente los dos 
grandes grupos que han alcanzado Ia madurez tec
nica y economica, es decir, las centrales alimentadas 
mediante un reactor moderado por grafito y refri
gerado por gas que emplea uranio natural como 
combustible y las centrales provistas de un reactor 
moderado y refrigerado por agua ligera con uranio 
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enriquecido como combustible en sus dos versiones 
de agua a presion y agua en ebullicion. 

Establecida la competencia entre estos dos tipos, 
la segunda consideracion corresponde a seleccionar 
entre ellos cual es el mas conveniente para llenar 
las necesidades del programa por lo que se refiere 
a las 3 grandes centrales de 300 MW, ya que la 
de 150 MW, por su potencia, hace que desde el 
punto de vista economico se hayan considerado 
unicamente las centrales de agua ligera dentro de 
las cuales se ha seleccionado, mediante concurso 
el tipo de agua a presion. Al contar Espana co~ 
yacimientos de uranio y no poder pensar en instala
ciones de difusi6n gaseosa, es 16gico que las prefe
rencias esten dirigidas bacia el empleo de centrales 
de uranio natural, incluso en el caso de que el coste 
de la energia resultante fuese ligeramente superior 
ya que las ventajas, de todos conocidas, del emple~ 
de dicho combustible, podrian compensar esta 
pequena diferencia. Ahora bien, la seleccion final 
del tipo mas adecuado parece 16gico hacerla frente 
a ofertas concretas que permitan establecer clara
~ente u?a comparacion valorando las ventajas e 
mconvementes de cada tipo. 

Por lo que se refi.ere a la segunda parte del 
programa, es decir, las centrales que hayan de ins
talarse entre los anos 1972 y 197 5, es logico suponer 
q_ue se considere Ia competencia de otros tipos, espe
Clalmente de aquellos actualmente en desarrollo 
que permitan una mayor utilizacion del combustible: 
Dic,has centr~es se espera que alcancen, en el 
penodo cons1derado, unas caracter1sticas econo
micas comparables con las centrales actuales, pero 
el hecho de permitir alcanzar unos factores de con
version mas elevados y, por consiguiente, un mejor 
aprovechamiento del combustible, tanto en lo que 
se refiere al inventario como al consumo las hara 

' . ' mas atractlvas. 
Dentro de estas centrales, el grupo tecnologica

mente mas avanzado es el de las centrales mode
radas por agua pesada con uranio natural como 
combustible y con distintos refrigerantes. Dentro de 
esta linea Espana trabaja en el desarrollo de un 
prototipo moderado por agua pesada y refrigerado 
por un liquido organico con una potencia de 
30 MW(e) y al que se refiere otro trabajo de esta 
Conferencia [ 4]. Si los resultados que se obtengan 
estan de acuerdo con las perspectivas actuales es 
pro.bable que, al menos, parte de las centrales que 
se mstalen entre 1972 y 197 5 sean de este tipo. 

EXPLOT ACION DEL SISTEMA ELEcTRICO 

Hemos visto ya como podria explotarse el sistema 
electrico en el ano 1970 si este fuese hidraulica
mente medio partiendo de una potencia instalada 
nuclear de 450 MW que, de acuerdo con el pro
grama que hemos establecido, sera la que corres
ponda a dicha fecha. 
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Tabla 4. Explotaci6n del sistema electrico espaiiol 
en 1970 

Afio medio Afio seco Afio htimedo 

Deficit de energia, GWh 7 600 13 050 4 330 
Deficit de potencia, MW 2 330 2 330 2 330 

i) Centrales nucleares 
Potencia instalada, MW 450 450 450 
Utilizaci6n horasjafio 7 000 7 000 7000 
Energia generada, GWh 3 150 3 150 3 150 

ii) Centrales combustible 
importado 

Potencia instalada, MW 1 880 1 880 1 880 
Energia generada, GWh 4 450 9 900 1 180 
Utilizaci6n horasjafio 2 360 5 250 630 

La tabla 4 nos da Ia explotacion del sistema en 
1970 para los tres casos que hidr{mlicamente pueden 
presentarse: ano medio, seco o humedo. Se aprecia 
que, como en dicho ano Ia potencia hidniulica ins
talada representa todavia un 68,5% de Ia total, Ia 
hidraulicidad del ano tiene una gran influencia sobre 
Ia utilizaci6n de las centrales que queman combus
tible importado, ya que se ha seguido el criterio de 
mantener constante Ia utilizaci6n de las centrales 
que queman combustible nacional y de las centrales 
nucleares. En estas condicionesr Ia utilizaci6n de 
dichas centrales en ano humedo seria unicamente de 
630 horas, valor muy bajo que podria incrementarse 
reduciendo ligeramente la utilizaci6n de las termicas 
de combustible nacional o de las nucleares, o tam
bien, dedicando el sobrante a la exportacion. 

Por lo que se refiere al ano 1975, se ha supuesto 
en el una potencia nuclear instalada de 2 250 MW 
fijada con el criterio de que las centrales que que
man combustible fosil importado funcionen aproxi
madamente 3 000 horas en aiio hidniulicamente 
medio. Esto representa un incremento de 1 800 MW 
entre 1970 y 1975 y corresponde a las dos centrales 
de 300 MW que hemos senalado del primer pro
grama y a I 200 MW distribuidos en 3-4 centrales 
para entrar en explotacion los anos 1973, 197 4 
y 1975. 

La tabla 5 nos da la explotaci6n del sistema en 
1975 en las tres condiciones de ano medio, seco y 
humedo y con los mismos criterios senalados ante
riormente. Como en esta fecha Ia proporci6n de 
potencia hidniulica instalada en relacion con la total 
habra disminuido basta el 58%, tiene menor 
influencia la hidraulicidad del afio sobre Ia utiliza
cion de las centrales de combustible importado que, 
incluso en aiio humedo, alcanzarian una utilizaci6n 
de 2 000 horas. 

El esquema que hemos establecido presenta una 
variacion considerable en relaci6n con Ia explota
ci6n actual y se funda en una mayor contribuci6n 
de las centrales hidniulicas, con grandes embalses, 
para cubrir las puntas de los diagramas de carga. 
En estas condiciones, se comprende que podria 
incrementarse la utilizacion de las centrales que 
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Tabla 5. Explotaci6n del sistema electrico espaiiol 
en 1975 

Afio medio Afio seco Aiio htimedo 

Deficit de energia, GWh 26 500 32 750 22.750 
Deficit de potencia, MW 5 745 5 745 5 745 

i) Centrales nucleares 
Potencia instalada, MW 2 250 2 250 2 250 
Horas de utilizaci6n 7 000 7 000 7 000 
Energia generada 15 750 15 750 15 750 

ii) Centrales combustible 
importado 

Potencia instalada 3 495 3 495 3 495 
Energia generada 10 750 17 000 7000 
Horas de utilizaci6n 3 070 4 860 2000 

queman combustible importado reduciendo su po
tencia para la misma generaci6n de energia, cu
briendo esta diferencia en potencia mediante un 
sobreequipado de las centrales hidraulicas provistas 
de grandes embalses. Otra soluci6n seria recurrir a 
instalaciones de bombeo. Es muy probable que en 
los anos considerados el sistema electrico espanol 
haya incorporado estas soluciones, mejorandose de 
esta forma las utilizaciones senaladas en las tablas 
4 y 5. 

CONCLUSIONES 
La demanda de energia electrica en nuestro pais 

crece a un ritmo elevado y los recursos nacionales 
en energia hidraulica y combustibles f6siles son 
insuficientes para cubrirla. Por tanto, es necesario 
recurrir a la importaci6n de combustibles o a la 
instalaci6n de centrales nucleares. 

El combustible f6sil, tanto nacional como de 
importaci6n, es caro; por otra parte, Espana dis
pone de reservas de uranio y la energia electrica 
de origen nuclear puede competir con Ia procedente 
de centrales termicas para elevadas utilizaciones. 
Esto ha hecho que se haya establecido un programa 
de instalaci6n de centrales nucleares para que cubra, 
al menos, parte de este deficit. Se preve que en 
1970 Espana contara con una potencia instalada de 
450 MW en centrales nucleares, potencia que se 
elevani a 2 250 MW en 1975. 

Se ha establecido el criterio de aprovechar al 
maximo los recursos hidroelectricos y los recursos 
nacionales de combustibles f6siles (las centrales de 
este tipo funcionanin 5 000 horas al ano). Si para 
las centrales nucleares se establece una utilizaci6n 
de 7 000 horas, las centrales termicas que queman 
combustible importado habnin de absorber las varia
ciones de hidraulicidad. 

En condiciones de ano humedo, la utilizaci6n de 
las centrales que queman combustible importado 
puede ser baja, especialmente, en los primeros afios 
en que la potencia hidroelectrica representa un 
elevado porcentaje de la total instalada. Esta utiliza
ci6n se puede mejorar sobreequipando algunas cen
trales hidraulicas de grandes embalses o mediante 
centrales de bombeo. 
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A/863 Spain 

The incorporation of nuclear energy into the 
Spanish power network 

By F. Pascual and J. Molina 

Spain is subjected to a fast rate of increase in 
electrical energy consumption, which has doubled 
in the last seven years. The hydroelectric resources, 
today representing 75 per cent of the total produc
tion, have progressively been depleted. Domestic 
fossil fuels are costly and their production is insuffi
cient to cover the needs of electrical energy pro
duction through thermal stations. Imported fuel, 
generally crude oil, is needed to fill the gap. 

Arising from this basic situation, the incorpora
tion of nuclear stations into the Spanish electrical 
system has been studied, taking especially into 
account the competition with thermal stations which 
burn imported fossil fuels. In this paper, the struc
ture of the Spanish electrical network is considered, 
especially with reference to the size of the nuclear 
stations and their utilization factor. The programme 
of installation of nuclear power plants in Spain is 
indicated, based on the applications submitted by 
the utilities and the general lines established by the 
Government, and the necessary investment and the 
possible participation of Spanish industry are also 
analysed. 

A/863 Espagne 

Integration de l'energie nucleaire dans le 
reseau electrique espagnol 

par F. Pascual et J. Molina 

L'Espagne connalt une augmentation rapide de la 
consommation d'energie electrique. Cette derniere a 
double au cours des sept dernieres annees. On sait 
que les ressources hydroelectriques, qui representent 
en ce moment 75% de Ia production totale, vont 
s'epuiser peu a peu. D'autre part, les combustibles 
fossiles sont chers et leur production insuffisante 
pour faire face aux besoins de production d'energie 
electrique par des centrales thermiques. II faudrait 
recourir a un combustible importe, en general du 
petrole brut, pour faire face aux besoins. 

On a done etudie !'integration de centrales nu
cleaires dans le reseau electrique espagnol, en 
tenant compte, en particulier, de Ia competitivite 

avec les centrales thermiques qui brUlent du com
bustible importe. Cette etude tient compte de la 
structure du systeme electrique espagnol et, en par
ticulier, de Ia puissance unitaire des centrales nu
cleaires et du nombre d'heures d'utilisation de ces 
centrales. 

On indique le programme d'installation de cen
trales nucleaires en Espagne en fonction des de
mandes des compagnies electriques et des plans 
etablis par le gouvernement; on analyse les inves
tissements correspondants ainsi que Ies possibilites 
de participation de l'industrie espagnole. 

A/863 HcnaHMA 

BKmoYeHHe aTOMHbiX aneKTpocTaH4H~ 
B 06Ll.4ytO 9HeprOCHCTeMy 1--1cnaHHH 

en. nacKyanb, X. MonHHa 

B MciiaHHH ua6JUoJ).aeTC11 6hiCTphlii poeT no

Tpe6neunn aneKTpoaueprnu. 3a nocneJJ.HHe ceMJ. 

neT oHo soapocno B J).Ba paaa. fn,L~poauepreTuqe
CKHe pecypChl, 38 ClfCT KOTOphlX B HaCTOfl~ee BpO

Mfl 1IpOH3BOJI.HTC11 75 Ofo o6~ero KOJIHqeCTBa liOJiy

qeHHOH ::JJieKTpoaHeprHH, IIOCTeoeHHO HCT0~8IOTCH, 
HcKonaeMhle BHJI.hl TOIInHBa CT011T JI.Oporo, n ero 

He XBaT80T J).Jifl TIOKpi>ITHfl liOTpOOHOCTCH B ::JJIOK

TpoaHeprHH, 11pOH3BO,l.IHMOH Ha TOUJIOBblX ::JJICKTpO

CT8H~H11X. ~nn YJI.OBJICTBopeHHR noTpe6nocTeii Hll

o6xoJJ.HMo HMIIOpTHpOBaTh TOIIJIHBO, fJI8BHbiM OU

paaoM ChlpyiO ue<f>Th. 

B cuaan c TaKHM BonomeuneM ohiJJ nay•wu uo

npoc 0 BK.tiiOqeHHH aTOMHLIX 3JICKTpoCT8Hf.\lfH B 

auepreTH'fecKyiO cncTeMy Mcnaunn; npn ;)TOM 

oco6eHHO yqHThiBaJiaCL ltX 1\0HKypeHTOCIIOCOO

HOCTh 110 CpaBUCHHIO C TCIIJIOBhlMH aJICJiTpOCTaH

l~HfiMH, pUOOTUIO~HMI1 118 HMIIOpTHOM HCIWIIUCMO~t 
Torrnnue. B JJ.UIIHOM JI.OKJia:w paccMaTpnsaercn 

cTpyKrypa aueprocMCTeMhi Mcuaunn, upM aToM 

oco6oe BHHM8HHC YJJ.CJI11CTC11 MO~HOCTII UTOMHbiX 

::JJICKTpOCT8Hf.\HH H Kcm<f><f>Hf.\HCHTY HX lfCIIOJih30· 

nauna. PaccMaTpnsaeTCfl nporpaMMa cTpoHTCJih

CTBa aTOMHbtX aneKTpocTaHf.\HH B Hcuamm ua oc

lloue 3811BOK, npe]J,CT8BJICHHhlX 11pCJJ.11pH11THJIMH 

1\0MMyHanbHOfO aueproCHUO>KCHH11, H B COOTBCT

CTBHH C 0011.\HM MypCOM, YCT8HOBJICHIIhlM UpaBH

TCJihCTBOM. AuannanpyiOTCfl TaKme ueouxoJJ.HMhle 

KallHTanhHhfe BJIO>KCHH11 H B03MO>KHOC yqaCTHO 

HCUaHCI\OH IIpOMhiiU.'IOHIIOCTH. 
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Analysis of capital costs for nuclear power plants 

By P. H. G. Spray, H. B. Merlin,* L. R. Haywood,** J. L. Olsen and J. 0. Holt*** 

Nuclear power technology has advanced rapidly 
since the Second Geneva Conference in 1958. In 
fact, in some parts of the world, nuclear generating 
stations now set the competitive level for additional 
base-load generating equipment. There is little doubt 
that this trend will continue at an accelerating rate; 
hence more and more utilities will be faced with 
the problem of evaluating various proposals for new 
generating units. The choices may include different 
types of nuclear, fossil-fired or hydroelectric units. 

Evaluations are usually based on comparisons of 
total estimated unit-energy cost (in mills **** per 
kilowatt-hour) for the various plants. Total unit
energy costs are built up from estimates of three 
cost components: fixed capital charges, fuelling 
costs, and operating and maintenance costs. From 
the viewpoint of the best long-term system economics 
it is essential that utility planners have available to 
them detailed knowledge of these cost components, 
so their evaluation can be made on a known basis 
acceptable to the utility. 

For the Canadian heavy-water reactor, fuelling 
costs are relatively small and easily calculated. For 
large units, operating and maintenance costs are an 
even smaller proportion and can be estimated easily 
and accurately. Capital charges account for the main 
component of unit-energy cost, so it is important 
that these be properly identified for the purposes 
of comparison. 

Much valuable experience has been gained in 
Canada through construction of the NPD and 
Douglas Point stations and the cost accounting 
procedures employed in these projects are being 
used with full confidence for other later projects. 

The purpose of this paper is to outline the system 
of accounts used in Canada for costing nuclear 
power plants, and to identify the items included 
(or not included) in the capital-cost estimates, as 
illustrated by reference to a typical breakdown of 
costs for large two-unit stations. In addition the 
relative distribution is presented of three important 

*Atomic Energy of Canada Limited, Toronto, Ontario. 
*-~< Atomic Energy of Canada Limited, Chalk River 

Nuclear Laboratories, Ontario. 
*** Canadian General Electric Company Limited, Peter

borough, Ontario. 
**** Unless otherwise stated, all costs in this paper are 

given in Canadian currency: 1 mill=$ 10-3. 
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categories of cost for the first 200 MW single-unit 
station in Canada (Douglas Point). 

It is hoped that this information will prove of 
value to those responsible for analysing capital costs 
of nuclear power plants and for comparing them 
with other schemes on an equitable basis. 

SYSTEMS OF ACCOUNTS 

A detailed system of accounts is essential to 
ensure a complete and accurate estimate. Several 
ways to break down the accounts can be considered, 
e.g., grouping according to operating functions, 
grouping according to physical location of equip
ment and grouping according to type of work and/ or 
equipment. The system of accounts developed for 
the Canadian nuclear power projects is divided 
according to operating functions. The eight major 
groups are sub-divided systematically so that each 
subject is generally represented by five digits. For 
cost accounting, suffixes are allocated to show the 
type of expense-permanent material, engineering, 
site labour, inspection and commissioning. In addi
tion to being used for organizing the estimate and 
later for cost accounting, the system of uniform 
subject index (USI), as it is known, is used for filing 
correspondence, numbering drawings and coding 
equipment. By providing a complete index in all 
phases of the project, it minimizes the possibility 
of costs being overlooked and achieves proper 
correlation of costs with the estimates. 

ANALYSIS OF CAPITAL-COST ESTIMATES 

Typical estimate breakdowns, in 1963 dollars, for 
two-unit stations, scheduled for completion one year 
apart, are shown in Table 1. The 1tems of expense 
which are included in the estimates are discussed in 
the following paragraphs. 

Site and improvements 

This category includes the property, access and 
station roads, clearing and other improvements to 
the property, physical and political geographic in
vestigations of the site and any necessary improve
ments to existing transportation facilities for un
loading heavy components. The last cost item may 
be incurred off-site, e.g., for Douglas Point this 
consists of a short rail siding on the main rail line, 
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Table 1. Capital-cost estimates for two-unit stations a 

Investment capital, $10 3 

Item 2 X 200 MW(e) 2 X 250 MW(e) 2 X 300 MW(e) 2 X 500 MW(e) 

Site and improvements 850 850 900 900 
Buildings and structures 10 980 12 670 13 700 15 830 
Reactor boiler and auxiliaries b 23 000 24 500 26 860 42 000 
Turbine generator and auxiliaries 14 400 17 750 21 000 36 000 
Electrical power systems ... 5 200 6100 6 750 8 000 
Instrumentation and control 5 700 6 200 6 500 6 850 
Common processes and services 5 500 6 000 6 200 7 900 
Construction plant .. 2 500 2 500 2 500 2 800 

Sub-total .... . . . . 68 130 76 570 84410 120 280 

Heavy water ........... 16 876 18 800 21700 32 800 
Fuel ( Y, charge) 3 321 3 970 4 570 5 200 

---
Sub-total ... 88 327 99 340 110 680 158 280 

Engineering ... 8 750 9 850 10 600 11500 
Construction administration ... 1 340 1400 1500 1700 
Commissioning and training 4000 4000 4200 4200 
Purchasing, accounting and in-

spection 2 500 2 500 2 630 2 900 

Sub-total 104 917 117 090 129 610 178 580 

Interest during construction 9 130 11 370 13 110 19 260 
Contingency . . . ...... 12 200 14 100 15 800 22 200 

---
Total investment capital 126 247 142 560 158 520 220 040 

• Spares and warranty are included with the appropriate systems. 
b Excludes D

2
0 and fuel. 

30 km from the station site. The cost of the gantry 
crane for unloading the equipment is included else
where. In general, site costs are independent of the 
station type. 

Buildings and structures 

This category includes the structural and civil 
works for all the buildings required for operation 
and maintenance of the plant, intake and outfall 
structures (including installation and removal of the 
cofferdam), the stack, and all shielding, trims, 
finishes and linings for these structures. The buildings 
are essentially functional in design with minimum 
architectural treatment. Any significant increase in 
architectural treatment will add directly to the capital 
costs. The electrical and mechanical costs associated 
with all these permanent buildings are included with 
the electrical-systems and common-processes costs 
respectively. Costs of temporary construction build
ings are included in the construction plant category. 

Reactor /boiler and auxiliaries 

This item includes the equipment required to 
convert the feedwater into steam and to supply this 
steam to the turbine stop valve. All auxiliary equip
ment specifically associated with the reactor/boiler 
system is included. Equipment and systems common 
to other processes, e.g., instrumentation, are not 
included. Only that shielding forming an integral 

part of the reactor component complex is included 
under this category. The systems and machines for 
handling and storing new and spent fuel are included. 
No facilities are provided on the station for detailed 
inspection of spent fuel; however, a shipping flask 
is included so that damaged fuel may be shipped 
off-site for inspection if necessary. The spent-fuel 
storage bay in the service building has ample capacity 
to handle fuel discharged from the station over its 
operating life, so there is no necessity to provide 
shipping facilities for off-site storage or processing. 
Special maintenance and replacement equipment, 
and tools associated with core component main
tenance, e.g., removal and replacement of coolant
tube assemblies, are inclu~ed in this category, but 
general maintenance equipment, such as lathes, is 
included under common processes and services. 
Items associated with containment, such as dousing 
systems, are also included here. The reactor/boiler 
and auxiliary account includes a heavy-water up
grading column. 

The detailed engineering of nuclear components is 
charged to the nuclear engineering account rather 
than to the cost of the product. Compared to other 
components the nuclear components include a larger 
allowance in the price for the development of the 
manufacturers' new techniques. Examples of such 
allowances would be those for weld procedures, 
tube-rolling procedures and machining methods to 
meet the special requirements of the equipment 
specifications. Charges incurred in manufacturing 
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and testing the prototypes and in carrying out funda
mental studies such as wear and friction of materials 
however are not included. 

Turbine-generator and auxiliaries 

This includes the complete turbine-generator and 
ancillary equipment, the condensing systems and the 
feedwater system. This portion of the station has 
cost items similar to those for a fossil-fired station. 

Electrical power systems 

This includes the main power output system, 
station service power system and auxiliary systems 
such as lighting, cable runs and insulating oil sys
tems. The output system includes all equipment in 
the circuit from the output terminal of the generator 
to the high-voltage transmission-line bushings in
cluding bus duct, transformers, switchgear and 
switchyard structures. The transmission line is not 
included in the estimates. All motors are included 
in the driven equipment costs but cabling up to the 
motor terminals is included with electrical power 
systems. 

Instrumentation and control 

This includes instrumentation and control for all 
systems and equipment. Factory-mounted instru
ments on certain equipment such as fuelling 
machines, diesel generators and cranes are included 
in the related equipment. Almost one million dollars 
of the totals in Table 1 for instrumentation and 
control is associated with equipment or functions 
common to a fossil-fired station such as com
munications, annunciation, fire alarms, electrical 
power systems relaying, turbine-generator and 
auxiliaries instrumentation. The majority of the costs 
for the nuclear portion of the plant is associated with 
monitoring the condition of the coolant in each 
channel of the reactor. The degree of automation 
desired in the operation of the station also affects 
the instrumentation and control costs. In the 
estimates, certain allowances are made for data 
handling and station control by computers. 

Common processes and services 

This includes all water and sewage systems, 
heating and ventilation, compressed-gas services, 
cranes, hoists and monorails for material handling, 
maintenance shops and equipment, waste-manage
ment systems and miscellaneous equipment and 
furnishings for the chemical control laboratory, 
lunch room, change room, first-aid room and 
radiation hazards control. Miscellaneous services 
such as painting and insulating of equipment and 
piping are also included. An allowance is made for 
a gantry crane at the rail siding for unloading heavy 
components. 
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Construction plant 

This category includes all temporary construction 
buildings and services, their operation and main
tenance, the purchasing or renting of construction 
tools, equipment and services. 

Heavy water 

The heavy-water inventory is the largest single 
item of expense for the station. It follows, therefore, 
that the final capital costs will be quite sensitive to 
the price paid for it. The price in effect when the 
Douglas Point project was initiated, $(US)61. 7 5 /kg, 
has fallen to a current price of $(US)54.00/kg and 
will be $(Can)45.20/kg when the Canadian plant 
is in production. This last figure, being more repre
sentative of the cost for future stations, is the value 
used in Table 1. Since the unit material cost is high 
it is also important that the inventory be carefully 
assessed for each station. The allowances shown in 
the estimates are sufficient to cover all hold-ups at 
operating temperatures in the core, pipes, collection 
systems, heat exchangers, tanks and valves. The 
allowances also provide for an operation reserve of 
about 3% of the total inventory. 

Although this paper discusses capital costs, it 
should be pointed out that depreciation methods 
currently being used in the computation of unit
energy costs for Canadian heavy-water reactors do 
not allow for any salvage value at the end of the 
station's useful life. The value of the heavy-water 
inventory may therefore be considered as a bonus to 
the owner. 

Half fuel charge 

The cores for the heavy-water reactors are sized 
for equilibrium operating conditions. At equilibrium 
conditions, fuel slugs exist in all stages of irradiation 
from new fuel to completely irradiated fuel, such 
that the average condition of fuel in the core is only 
half-spent. Since the core is at equilibrium condi
tions at the end of the station life, the unrecoverable 
half charge of fuel remaining must be amortized over 
the life of the station rather than charged as an 
operating expense. In addition to the first fuel charge, 
it is desirable to purchase an "out-of-core" inventory, 
equivalent to about 150 days at full power, on 
which interest charges only are paid. The annual 
interest payments are assigned to the operations 
account. 

For a two-unit 1 000 MW(e) station, the estimated 
cost of the first fuel charge and the out-of-core 
inventory is $13 500 000. Over the life of the station 
it is expected that the average unit price of fuel 
will be reduced by 20% or more. 

Engineering 

Engineering for a fossil-fired station consists 
mainly of plant layout and design, equipment selec-



202 SESSION 1.6 P/11 

tion and liaison during manufacturing, construction 
and commissioning. At present, engineering for a 
nuclear station includes such additional functions as: 
detailed design of special components, unique nuclear 
application of standard components, reactor physics, 
safety and stress analyses of components and sys
tems. With the growth of the nuclear industry, 
nuclear components will become standard to meet 
the requirements of nuclear reactors, and the detailed 
design done by the manufacturer will be included 
in the cost of the equipment. 

Simplification of structural and shielding concrete 
arrangements and the development of standard speci
fications and practices should result in less en
gineering effort for second-generation stations, but 
engineering for the nuclear station may be implicitly 
higher than that for fossil-fired stations for some 
time. This is because of the greater complexity of 
systems, piping and cable runs, especially in the 
vicinity of the reactor vault, and the higher degree 
of reliability required of components because of 
their location in normally inaccessible areas. 

Construction administration 

This covers the cost of management and super
vision of the construction, erection and installa
tion of equipment and plant for the complete 
project. 

Training and commissioning 

Training is required to ensure that the super
visory and supporting personnel are capable of 
operating the nuclear station in accordance with the 
requirements of the designer and the needs of the 
system. The cost of training includes all salaries, 
room and travel expenses of the station staff up to 
the time when they are sufficiently knowledgeable 
of the station and station procedures to perform use
fully in commissioning or operation of the station. 
Training is assigned as a capital cost for nuclear 
generating stations because of special requirements 
and the lack of experienced personnel. It is expected 
that, with the growth of nuclear power, training 
will be absorbed as an operating cost. 

The commissioning programme places com
ponents, systems and the whole station in operation, 
and demonstrates that the design specifications have 
been met. Following the conclusion of the commis
sioning procedures with a full-power run, the station 
is turned over for normal operation. 

The cost of commissioning includes the costs of 
planning and preparing the commissioning pro
gramme, of the commissioning personnel at site, of 
field engineering and of all stores and supplies 
required to operate the station during this period. 
The operating personnel may in some cases perform 
commissioning functions, and costs incurred should 
be included in the commissioning account. 

P. H. G. SPRAY et a/. 

Purchasing, accounting and inspection 

This item covers the costs of procurement and 
supply of all materials and services required for the 
completion of the plant, the control of costs and 
the performance of all necessary accounting func
tions, the inspection of all major or critical equip
ment before release for shipment, and the inspection 
of the quality of workmanship and materials on 
the site. 

Interest during construction 

This item is included as a component of capital 
cost to recognize the fact that capital is tied up and 
unproductive during the construction period. It is 
a function of the prevailing interest rate, construction 
time and the expenditure distribution over the 
construction period. It is assumed here that the 
interest rate is 5. 5% , and that the construction time 
is 4 y; years. The financing is considered to be 
simultaneous with cash flow. 

Contingency allowance 

Contingencies are included in estimates to cover 
changes in design, unexpected difficulties during 
construction, accidents to structures or equipment, 
labour troubles and extended deliveries of material 
and equipment. 

In choosing the over-all contingency for the 
Douglas Point estimate, each group or function was 
assessed according to the knowledge of requirements 
for that group or function at the time of the estimate. 
Initially the allowances varied from 5% on the cost 
of heavy water to 25% on the cost of certain 
structures, construction plant, inspection and en
gineering. Estimates prepared at later stages in 
construction had material and equipment contin
gency allowances of 3% on heavy water, 5% on 
items in process of manufacture, I 0% on items in 
process of purchasing, 15% on items in design, and 
20% on other items, together with engineering, 
inspection and construction administration allow
ances of 10%. With the construction phase of the 
Douglas Point project almost complete, it is con
fidently expected that the total cost will be within 
the total estimate. 

The experience gained in designing and con
structing the Douglas Point reactor should reflect in 
lower contingencies on cost estimates for future 
heavy-water nuclear stations of similar size. Most 
of the reduction will be due to improved accuracy 
and completeness of preliminary designs but some 
savings will result from construction experience. 

Spares 

Spares include the ''on the shelf" spares normally 
recommended by the suppliers of conventional 
equipment, together with spares for the reactor/ 
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Table 2. Estimated capital-cost distribution for Douglas Point 

Cost of Cost of 
components construction Cost of 

and materials and installatiOn engineering 
USI group Item or function C% of total) (o/o of total) (o/o of total) 

00000 General Estimating and scheduling 3.0 
Physics, stress analysis and safety 

studies 5.2 
Other 15.2 

Sub-total 23.4 

10000 Site and improvements . Property 0.5 
Roads 3.4 
Site investigation 1.3 
Other 0.1 1.4 

Sub-total 0.6 6.1 0.6 

20000 Buildings and structures Reactor and service buildings 4.8 9.7 
Structural and shielding concrete 18.5 
Turbine building 2.4 3.9 
Intake and outfall structures 6.0 0.6 
Steelwork 2.5 
Excavation and backfilling 2.5 
Other 1.0 6.2 4.4 

Sub-total 8.2 35.7 18.6 

30000 Reactor-boiler and auxil-
iaries Heavy water, $(US)54/kg 25.3 

~ Fuel charge 4.7 
Non-standard components 21.0 11.8 
Piping 2.1 
Other 7.3 7.3 7.9 

Sub-total 58.3 9.4 19.7 

40000 Turbine-generator Turbine generator 11.3 2.4 1.8 
Feedwater system 1.4 1.2 1.3 
Other 1.2 0.8 0.5 

Sub-total 13.9 4.4 3.6 

50000 Electrical systems Station service 2.5 0.5 1.3 
Lighting 0.5 0.8 
Cabling 0.8 5.3 1.8 
Other 1.8 1.3 3.0 

Sub-total 5.6 7.9 6.1 

60000 Instrumentation and con-
tro1 Channel instrumentation 1.9 0.9 

Fuel handling and storage 1.5 
Other RIB and A instrument 3.9 1.4 2.9 
Data handling 1.0 
Other 1.5 1.4 5.1 

Sub-total 6.4 4.7 10.4 

70000 Common processes and 
services Water systems 2.5 4.0 3.0 

Heating and ventilation 1.5 1.7 2.7 
Waste management 0.7 1.1 0.4 
Other 2.3 4.1 1.1 

Sub-total 7.0 10.9 7.2 

80000 Construction plant Initial plant 2.3 
Expendable equip. or rentals 2.5 
Other operation and maintenance 16.1 

Sub-total 20.9 10.4 a 

ToTAL 100.0 100.0 100.0 

a Field engineering. 
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boiler complex, including a spare fuelling-machine 
head, spare fuel-site components, valves, pumps, 
seals, and instruments. 

Warranty 

The estimates presented in this paper include 
allowances for warranty services for conventional 
equipment in accordance with standard commercial 
practices. While there is no well established history 
of experience with nuclear generating stations at this 
date, it is assumed that equivalent warranties will 
apply to nuclear components and equipment, and 
that warranties on station performance and operation 
at least equal to those provided for conventional 
fossil-fired generating stations will also apply. 

CAPITAl-COST DISTRIBUTION FOR DOUGLAS POINT 

Three major portions of capital costs are com
ponents or material, construction and installation, 
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and engineering. Distribution of these costs for the 
Douglas Point plant is shown in Table 2, on page 203. 
From this it is seen that construction and installation 
charges are primarily associated with civil works, i.e., 
USI categories 20 000, 70 000 and 80 000. In 
general, expensive mechanical components have low 
site labour per unit component cost. Most of the 
component and material charges are associated with 
the turbine generator, heavy water, and the nuclear 
or non-standard components. 

The table illustrates the high costs for first
generation plants designed and constructed by a 
relatively new industry with only a few years of 
design and construction experience. Considerable 
savings in construction and installation, engineering 
and components will be achieved in successive plants, 
due to development of standards and standard com
ponents for reactor requirements together with 
development of improved construction techniques. 

ABSTRACT- RESUME- AHHOTAUii1SI- RESUMEN 

Analyse des frais d'etablissement 
des centrales nucleaires 

par P. H. G. Spray et a/. 

A/11 Canada 

Le memoire decrit la comptabilite mise au point 
par I' Atomic Energy of Canada Limited et Ia Cana
dian General Electric Company Limited pour eva
luer Ies charges financieres fixes afferentes aux 
centrales nucleaires equipees de reacteurs refroidis 
et moderes a l'eau lourde dont la construction est 
prevue au Canada, et plus particulierement les frais 
compris dans les charges indirectes. 

La methode comptable est illustree par un tableau 
donnant une ventilation typique des depenses en 
capital estimees pour une gamme de centrales a 
deux unites allant de 2 X 200 MW(e) a 2 X 500 
MW(e). Le capital investi est ventile selon des 
groupes fonctionnels, ltts huit principaux etant sub
divises systematiquement. 

Le memoire etudie en detail chacun des groupes, 
determine les pastes qui y figurent ou n'y figurent 
pas et signale !'experience tiree des projets CANDU 
et NPD pour des projets ulterieurs. 

Trois pastes importants des depenses en capital 
sont l'equipement ou les materiaux, Ia construction 
et !'installation, et la technologie; le memoire con
tient un tableau de Ia repartition de ces depenses 
par groupe fonctionnel pour Ia premiere centrale 
canadienne a reacteur unique de 200 MW (Douglas 
Point). Les donnees du tableau sont brievement 
analysees. 

Ce memoire devrait interesser ceux auxquels ii 
incombe d'analyser les depenses en capital afferentes 
aux centrales nucleaires et de les comparer sur une 
base valable avec les depenses correspondantes pour 
d'autres installations. 

A/11 KaHaAa 

AHanHa KanHranbHbiX aarpar AnH aToM
HbiX 3neKTpOCTaH~HA 

n. X. r. Cnpei4 et al. 

B ~aunoM ~oK~a~e ~aeTcR o~euxa Kanu
TanLowx 38TpaT ~HR THUOBOH 8TOMBOH aneKTpO
CTRB~HH aneKTpuqecKou HO~HOCTLIO 200 MBr c 

TR>KCHOBO~BWH peaKTOpOM, KOTOpaR 6y~eT CTpO

HTLCR B Kana!l;e. CucTeM:a cMeT, paapa6oTanuaa 

KOMnauueii tcAToMHK auep!l;mu otfl Kana!l;at u 

tflupuou «Kaue~uau ,!l,meuepan aneKTpHK KoM:ua

HHt UpHMeBHTeHLHO K H~epRWM aoepreTH'ICCKHM 
ycTanouKaM CANDU u NPD, paccMaTpuuaeTCH c 

OC06LlM yuopoM Ha CTRTLH, OTHOCR~HCCR K KOC

BeBBWM pacxo,!l,aM. iha o~eBKa BKJIIO'IaeT pacxo

,il;W, o6yc~OB~eHHLie MeCTHLlMH npaBHJiaMH 6eao-

fi8CBOCTH, Heo6XO,il;HMOCTLIO paapa60TKH o6opY,iJ;O
BRHHJI H MeTO,!I,OB, CBJI38HBLIX C H3rOTOBJieHHeM 

HeCTaB,D.apTHLIX Y3JIOB, H BRHMOM pa6o'leii CHJIW 

Jia MeCTe CTpOHTeJILCTBa; paccMaTpHBaiOTCJI TaK

me nepcueKTHBLI CBH>KeBHH KRUHTaJILHWX 3RTpaT 

"JIJI 6y,D.y~HX 3TOMHhlX 3JieKTpOCT3Hl\HH. 
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,naeTC.R Oll;CHK8 H8MCHCHHH K8llHT8JIOBJIO>Ke

HHH B cnyqae npoJ(amu aToMuoii :meKTpocTaHil;BR 

J~auuoro Tuna u ee coopymeuua B ,o,pyroii, paaBH

Toii B DpOMblillJICHHOJrf OTHOillCHHH, CTp8HC H 8 

CTpaHe, BCTYDHBilleii H8 IIYTL npOMblillJICHHOfO 

paaBHTH.R; auanuaupyiOTC.R oo'LCMLI KanuTaJILHLIX 

aaTpaT npu CTpOHTCJILCTBC T8KOH aTOMHOH 3Jl8K

Tp0CT8Hil;BH aa rpauun;eii u B Raua,o,e. llpe,o,cTao

JieHLI THllHtJHbiC rpaqlHKH CTpOHTCJILCTBa B 8H8-

JIH3bl pacnpeJ(CJICHH.R paCXOJ(OB, llOK838HO BJIH.R

llHC Ha K8llHT8JIOBJIO>KCHR.R HHOCTp8llHOH B8JIIOTLI, 

a TaK>Ke aaKynoK B ,o,pyroii cTpaue u B Raua,o,e. 

B J(OKJiaJ(e oocym,o,aiOTCII oonpocLI BJIH.RHHII ua

l(HoHaJILHLix npHHil;HllOB apXHTCKTypLI H CTpOH

TCJILCTBa, MCCTHbiX npoeKTHLIX YCJIOBHH H MCCT

HLIX CTOBMOCTCH Ua npoeKTBpOB8HHe H Oll;CBKY 

CTOBMOCTH H DpHBOJ(HTCII CDBCOK Jrf8TCpH8JIOB, 

HCOOXOJ(HJrfbiX J(Jl.R CTpOBTCJILCTBa 8J(8HHH THDO

HOH cTaun;uu, pacnonomeuuoii o Raaa,o,e. ,naeTCR 

Cp8BUCHHC CTOHMOCTH' MCCTHOH paooqeii CHJILI J(JIR 

MCX8HH3HpoBaHHOH C:rpoHTCJILHOH npoMLiillJICH

HOCTH RanaJ(LI u EoponLI c HH3Koii CTOHMOCTLIO 

paooqeji CHJILI B pa3BHB81011l;HXC.R CTp8H8X. 

fio:KaaaHo pa3J(CJICHHC OTBCTCTBCHHOCTH MC>KJ(y 

Hp0,0,8Bil;OM, IIOKynaTCJICJrf H npaBHTCJihCTB8MH DpH 

paapaooTKe u qmuaucupooauuu nporpaMMLI no,o,

roToB:KH cnen;uaJIHCTOB B oonacTH ucrroJILaooaHBH 

aTOMHOH aueprHH. 

flo:K838HO BJIH.RHHC MOIIl;HOCTH 3JICKTpOCT8H-

Il;HH [o ,o,uarraaoue oT 100 J(O 500 MBr (an.)] aa 

IIClWTOphlC CTOHMOCTllhlC COCTUUJIHIOIIl;liC. 

ll peHMYIIl;CCTBa, npeJ(OCT8BJI.RCKWe KaKOH-TO 

0Tp8CJIH llpOMWillJICHHOCTB B CYOCHJ(HpOB8HBH H3-

rOTOBJICHHR yaJIOB J(JIR uaqaJibBOH 8TOMHOH 3JICK

TpOCT8Bil;RB, paCCM8TpHB810TCR OJ(HOBpCMCHHO C 

YK838HBCM Oll8CHOCTJI Oll;CHKH CTOHMOCTH oy,o,y

lll;HX CT8Hil;HH Ha OCBOBC CTOHMOCTHbiX Oll;CHO:K J(JIR 

uaqaJILHOH 3JIC:KTpOCT8Hil;HB. 

Oocym,o,aeTcR menaTeJILHocTL paapaooTRH o6-

w;ux OCHOBHbiX Up88HJI npH DOJ(l'OTOB:KC Oll;CHOK 

K8llHT8JILHLIX 38Tp8T, BKJIJOqaJOIIl;BX KOCBCHHLie 

paCXOJ(bl. 
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A/11 Canada 

Analisis de los gastos de instalacion para 
centrales nucleares 

por P. H. G. Spray et a/. 

Este trabajo esboza el sistema de contabilidad que 
han puesto a punto la Atomic Energy of Canada 
Limited y la Canadian General Electric Company 
Limited para determinar el importe de los gastos 
fijos de instalaci6n de las centrales nucleares con 
reactores refrigerados y moderados por agua pesada 
que se proyecta construir en Canada y en el se 
insiste especialmente en el tipo de gastos que se 
incluyen en las cargas indirectas. 

El sistema de contabilidad se aclara mediante una 
tabla en la que se puede ver un desglose tipico de 
los calculos aproximados para los gastos de instala
ci6n de plantas de dos reactores cuya potencia varia 
desde 2 X 200 MW(e) a 2 X 500 MW(e). Se des
glosan las partidas de la inversion total clasificadas 
por funciones operativas subdividiendo sistematica
mente los ocho grupos mas importantes. Cada grupo 
desglosado se discute por entero identifi.cando que 
partidas estan o no estan incluidas y se menciona 
la influencia ejercida sobre los proyectos posteriores 
por la experiencia adquirida con el CANDU y 
el NPD. 

Tres de las partidas mas importantes de los gastos 
de instalaci6n son: componentes o materiales, cons
trucci6n e instalaci6n, e ingenieria, y se pone de 
manifi.esto una distribuci6n de estos gastos, en forma 
tabular, de acuerdo con su grupo funcional, para la 
primera instalaci6n de 200 MW, con un solo reactor, 
del Canada (Douglas Point). Se discuten brevemente 
estos gastos. 

Se espera que quienes tengan que analizar los 
costes de las centrales nucleares y compararlos con 
otros sistemas en pie de igualdad encontraran util 
este trabajo. 
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Integration of nuclear reactors and power networks 
in the United States: economic and technical aspects 

By L. H. Roddis, Jr.* and E. Jones** 

With the expansion of power networks and the 
continuing rapid growth in the use of electricity in 
the United States, factors governing the selection of 
a primary energy source for generating stations more 
and more favor nuclear. 

An increase in turbine-generator size, the inter
connection of large power systems, the growing size 
of the load, the trend to economy loading, the com
puterization of dispatching operations and the 
automation of plants accentuate the fuel cost ad
vantages nuclear power stations hold over fossil-fuel 
installations. Additionally, substantial reductions in 
both fuel and capital costs have been achieved for 
nuclear reactors scheduled for completion in 1967 
and later. 

Operating experience with both water and sodium
graphite reactors has demonstrated their ability to 
meet the demands of electrical network operations 
on a reliable and consistent basis. Of the 365 
reactors constructed under the broad based develop
ment programme of the United States Atomic 
Energy Commission, 11 have been operating as 
network suppliers in varying degrees for one year 
or more. Four others reached criticality more 
recently (Table 1). 

While most of the above reactors were originally 
chosen as experimental or prototype units, they have 
established parameters for a new generation of 
nuclear reactors which promise to be economically 
competitive with fossil-fuel stations in areas where 
fuel costs exceed 20 cents per million Btu. 

FACTORS IN THE SELECTION OF A NEW 
GENERATING STATION 

In determining the characteristics of a proposed 
generating station five major factors should be 
studied, namely: 

Cost of energy delivered to the customer. This 
includes: 

Investment required for production facilities 
Investment required for delivery facilities (line 

and substations) 

*President, Pennsylvania Electric Company, Atomic In
dustrial Forum. 

**Consultant, Consumers Public Power District, Ne
braska. 
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Interest rates on borrowed money and in-
vestment 

Depreciation 
Taxes and insurance 
Operation and maintenance costs 
Fuel costs 
Position in incremental loading schedule. 

Dependability of supply: 
Down time required for fueling, maintenance 

and forced outages 
Interruption factor in long distance transmission 
Area protection requirements. 

Availability of unrestricted power to any system 
customer: 

Relative location of power plant with respect 
to the load center 

Capacity, capability and location of existing 
stations 

Interconnection agreements 
Growth rate. 

Quality of service: 
Maintenance of continuity 
Following of load swings. 

Acceptability by the public: 
Safety 
Air and water pollution. 

These factors will be discussed generally as the 
purpose of this paper is to develop the inter-relation
ship of the factors involved in the integration of 
nuclear reactors and power networks, rather than to 
provide a definitive explanation of economic evalu
ations. Delivery costs of energy-both before and 
after generation-will be equated with production 
costs of various power plants at alternate locations 
to obtain the ultimate goal, namely, "the lowest 
delivered cost of a kilowatt-hour". The system net
work will be assumed to consist of the primary bus 
at the load end of the transmission line plus all 
facilities back to and including the generating station. 
It is assumed that distribution from the secondary 
side of the substation in any load center will be 
equal for all alternatives. 

FIXED COSTS VARY 

Utility costs are split into two categories, namely, 
fixed costs and operating costs which in turn have 
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Table 1. Nuclear power reactors operating in the United States 

Station Owner 

Santa Susanna a AEC & So. Cal. Edison 
Shippingport . . AEC & Duquesne Light Co. 
Dresden . . . . . . Commonwealth Edison Co. 
Yankee ....... Yankee Atomic Elec. Co. 
Saxton a . . . . . Saxton Nucl. Exp. Corp. 
Indian Point . . . Consolidated Edison Co. 
Hallam ....... Consumers Public Power 
Big Rock Point Consumers Power Co. 
Humboldt Bay .. Pacific Gas & Elec. Co. 
Elk River ...... AEC & Rural Cooperative Pa. 
CVTR . . . . ... Carolinas-Virginia NP A 
Piqua ......... AEC & City of Piqua 
Enrico Fermi b .. PRDC 
Pathfinder ..... Northern States Power Co. 
Bonus ........ AEC & Puerto Rico WRA 

• Primarily for research and development. 
" Has been operating at reduced power level. 

several important subdivisions of their own. Fixed 
costs vary from 10% to 14% of the plant invest
ment (capital expenditures) over the amortized life 
for investor-owned utilities. Included are: return 
(approximately 6%) on equity and the large debt 
structure which must be maintained because of the 
relatively slow turnover of capital (once in approxi
mately 54 to 60 months); taxes (4% to 6% ); 
depreciation ( 1 % to 3%) and insurance. 

While investor-owned utilities generate 76% of 
the power in the United States, 15% is generated 
by federally-owned utilities, and 9% by public power 
agencies. Government utilities enjoy lower fixed 
costs than investor-owned systems, the range being 
from 3% to 6% for federally-owned systems and 
from 6% to 10% for public power systems. Both 
are favored by tax exemptions and, in addition, 
federal systems obtain capital at extremely low 
interest rates. 

Plant investment includes all expenditures for site, 
material, equipment, installation, labor, design, 
interest on capital during construction and working 
funds. The total of these costs, divided by the net 
capacity of the station, provides a comparative cost 
figure, generally stated as $/kW, which can be 
translated into generating costs, mills/kWh, by 
applying the annual fixed charge rate and the annual 
plant capacity factor. 

For illustrative purposes assume that a 500 MW 
station cest $62 500 000 to construct, had fixed 
charges of 14% and an 80% capacity factor. Capital 
costs would be $125/kW and fixed charges assessed 
to generating costs would be 2.497 mills/kWh. 

$62 500 000 X 14% 
500 000 kW X 8 760 hours X 80% 

$8 750 000 2.497 mills 
3 504 000 000 kWh - kWh 

If 10% is used as the fixed charge rate in the 
above example, capital costs charged to generation 

Net KW 

6000 
60000 

200000 
185 000 

4200 
255 000 
75 000 
72 800 
50000 
20000 
17 000 
11400 
69 500 
66000 
16 500 

Type 

Sodium graphite 
Pressurized water 
Boiling water 
Pressurized water 
Pressurized water 
Pressurized water c 

Sodium graphite 
Boiling water 
Boiling water 
Boiling water d 

Pressurized D20 
Organic ...... . 
Fast breeder sodium 
Boiling water 
Boiling water 

cOil superheat: 112 MW. 
d Coal superheat: 14.8 MW. 

Criticality 

25.IV.57 
2.XII.57 

15.X.59 
19.VIII.60 
13.IV.62 
2.VIII.62 

25.VIII.62 
27.1X.62 
18.11.63 
15.111.63 
28.III.63 
10.VI.63 

l.VIII.63 
25.111.64 
10.IV.64 

will be reduced to 1.78 mills/kWh; and if a 6% rate 
for fixed charges is assumed, the charge is further 
reduced to 1.04 mills/kWh. This difference in cost 
of money makes it possible for both public power 
districts and federally-owned systems to attain lower 
delivered energy costs than can investor-owned 
utilities. 

Rather drastic reductions in costs recently quoted 
for nuclear reactors indicate that experience gained 
in building existing plants will lead to substantial 
savings in stations scheduled to be completed in the 
next five years, and that capital costs of nuclear 
stations eventually will approximate conventional 
stations. Items which increase nuclear capital costs 
are the need for containment shells, shielding, 
instrumentation and other measures to contain radio
activity; and the greater complexity of reactor equip
ment compared to steam boiler auxiliaries. However, 
the difference will be kept within reasonable limits 
by the cost of fuel handling, smoke control, and ash 
handling equipment in fossil-fuel plants. 

Economies of scale exist for all types of generating 
stations but offer larger opportunities for gain to 
nuclear units because the latter have a greater pro
portion of components whose costs are dispropor
tionate to size than conventional stations. Addi
tionally, operating experience indicates that nuclear 
units will surpass design outputs by a greater margin 
than their competitors. It is anticipated that cost 
reductions, resulting from design simplification, 
standardization of components, and larger sales 
volume to absorb the manufacturer's overhead will 
be greater for nuclear than for any other type of 
station. 

OPERATING COSTS 

Operating costs depend more on technical and 
geographical conditions than on type of ownership 
and, therefore, may be considered similar for in
vestor-owned, federally-owned and public power sys-
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terns. An exception need be made for the high cost 
of fuel inventory in large nuclear stations where in
vestor-owned systems would be at a disadvantage be
cause of higher interest rates. Operating costs include: 
(a) operating labor and supplies; (b) maintenance 
labor and materials; and (c) fuel, including purchase 
price, transportation, handling and waste disposal. 

Labor costs for existing nuclear stations are 
higher than for comparable fossil-fuel stations 
because of larger crews containing a larger number 
of higher salaried technicians. On the other hand 
maintenance on nuclear equipment has proved to be 
less costly than on coal handling equipment and on 
tubes and other components of high pressure and 
high temperature boilers. There is sound basis for 
believing that future nuclear stations will have an 
advantage in maintenance costs. Niagara Mohawk 
Power Corporation will have I 0-20 fewer employees 
at its Nine Mile Point Nuclear Station than would be 
required for an equivalent coal-fired plant. 

While insurance costs have been higher for nuclear 
plants, a recent reduction in rates for commercial 
reactors indicates that a continuance of safe operating 
experience may eventually equalize this item. Nuclear 
owners have the prospect of recovering premium 
rebates after ten years of operation. 

Nuclear power's potential for achieving substan
tially lower fuel costs is implicit in the compactness 
of fuel which minimizes problems associated with 
delivery of fossil fuels and removal of their waste 
products. One specially equipped truck can move 
one cubic foot of uranium which contains the energy 
equivalent of 1 700 000 tons of coal. It requires 
2 460 standard railroad cars to haul that amount of 
coal and 300 cars to take away the ashes. It is 
equivalent in energy value to 7 200 000 barrels of 
oil (37 800 tank cars) or 32 000 000 000 cubic feet 
of natural gas. Only about 0. 7 of 1% of this energy 
is utilized in present so-called "burner" reactors, 
but even this small percentage of use provides a 
cost advantage for uranium. 

Fossil-fuel costs in any specific area of the United 
States are determined by the price of the energy 
most abundantly available locally. Variations are 
from approximately 10 cents per million Btu in the 
Texas and Louisiana gas fields to more than 40 cents 
per million Btu in the north-eastern and western 
coastal areas where the cost is based on that of 
imported fuel oil. 

Coal is the primary energy source for two-thirds 
of the electricity generated in the United States and 
is the fuel with which nuclear power usually is 
compared. The purchase price of coal has been in 
a state of flux for more than a year due to changes 
in methods of transportation induced by the con
struction of extra high voltage transmission lines 
and the threat of nuclear power. 

Whereas definite parameters exist for determining 
fossil-fuel costs, more assumptions are involved in 
computing nuclear fuel costs. 

The uncertainty as to whether or not private 
ownership of nuclear fuel will be authorized, as to 
whether or not the government will do the repro
cessing required and as to what the future price of 
plutonium produced will be, complicate the pre
dicting of future costs. Estimates based on possible 
developments in the next ten years are that nuclear 
fuel costs will range from 1.35 mills/kWh to 2.28 
mills/kWh (Table 2). 

There are considerations other than fixed charges 
and operating expenses which must be factored 
into the "economics" of integrating a new generating 
unit into a power network. One of the most im
portant, from a cost-of-energy standpoint, is the 
procedure of incremental loading whereby load is 
assigned first to the unit in the system which has 
the lowest incremental cost. 

Once a station has been constructed its fixed 
charges become part of the system's overhead and 
it can no longer be charged to daily operation as 
are fuel costs. Fixed charges for the system are 
retained for a definite period and continue to accrue 
whether operated or not. Fuel costs are incurred 

Table 2. Estimates of nuclear fuel costs 

Base fuel cycle cost- 1967 
Current price schedules, U30 8 

Decrease 
or increase llfills/KWH 

at $8.00/tb . . . . . . . . Base 2.09 
Pessimistic -1970 

Private ownership and repro-
cessing, U 30 8 at $6.70/tb + 0.19 2.28 

No reduction in core fabrica-
tion cost 

No increase in core life 
Moderate optimism -1970 

Private ownership and repro-
cessing, U 30 8 at $6.70/tb - 0.15 1.88 

Reduction in core fabrication 
cost by 30% 

Increase core life by 25% 
Substantial optimism -1970 

Private ownership and repro-
cessing, U 30 8 at $5.00/tb - 0.53 1.56 

Reduction in core fabrication 
cost by 50% 

Increase core life by 25% 
Extreme optimism -1970 

No private owership or repro-
cessing, U 30 8 at $5.00/tb -0.74 1.35 

Reduction in core fabrication 
by 50% 

Increase in core life by 25% 
Converter breeder economy -1980 

Private ownership and repro-
cessing, U 30 8 at $6.70/!b - 0.7 to- 0.8 1.3 to 1.4 

Reduction in core fabrication 
by 50% 

Increase in core life by 25% 
Pu value increased to $14 to 

$16 per gram 

Source: L. F. C. Riechle, Ebasco Services, Inc. 
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only as consumed. (With the exception of carrying 
charges on fuel inventory which become significant 
in large nuclear units.) 

The use of digital computers and other automation 
devices has facilitated dispatching operations to the 
point where output is automatically adjusted by 
telemetered reports from load centers and inter
change points. Even in the largest systems increasing 
loads can be assigned virtually instantaneously so 
that the lowest energy cost producer is loaded first. 
Conversely the highest energy cost unit is unloaded 
first. The only exceptions involve the maintenance 
of system stability and an adequate supply of 
reactive capacity. 

It follows that nuclear units, with lower fuel costs, 
will be among the first loaded and consequently will 
have a better load factor than commonly assigned 
in the planning stage. In tum this will improve 
nuclear's competitive position since longer annual 
use will reduce fixed charges per kWh. 

DEPENDABILITY OF SUPPLY 

Dependability of supply has a high dollar value. 
Lack of continuity in supply encourages customers 
to seek alternate energy sources and results in 
revenue losses, since kilowatt-hours have a quality of 
time as well as volume. When a base unit is 
inoperative, either on a scheduled or an emergency 
basis, its normal output must be replaced with that 
from another unit on the system (usually possessing 
a higher fuel cost) or by purchase from a neighbor. 

Original doubt that nuclear units would be able 
to meet base load standards because of the time 
required to refuel have been dissipated. With the 
experience of several fuel changes it is evident that 
down time for nuclear causes need not be any 
longer (over the operating life) than that required 
for regular boiler inspections, tube repairs and other 
maintenance of conv~ntional units. 

The cyclic nature of electric demand in a system 
precludes the establishment of parameters which will 
meet all requirements. Weather, geography, shopping 
habits, TV programming, air conditioning and 
heating volume, the power factor of customers' 
equipment, eating habits and other customer-related 
activities create situations which place varying values 
on energy. 

However, characteristics of these diverse loads 
lend themselves to three classifications: daily vari
ations, rapid fluctuations and seasonal variations. 
Daily variations are caused by factors directly asso
ciated with living and working habits of the area 
(Fig. 1). A low point between 1 and 5 a.m. ends 
when people begin arising for the day. A very sub
stantial increase with the start of the work day leads 
to a peak demand between 10 a.m. and noon. 
A drop in early afternoon is followed by another 
upsurge which, in tum, begins to taper off with the 
closing of offices and factories. The decline is steady 
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figure 1. Daily load assigned on incremental cost basis 
A large network, which sustains 55% of its maximum load 
for the full 24 hours of a typical weekday and 65% for 
18 hours of the day, assigns this "base load" to stations 
whose incremental operating costs vary from 1.7 to 2.9 
mills/kWh. It utilizes peaking units with costs of 3.1 to 
3.7 mills/kWh to carry all but a small fraction of dual peaks 

until the following morning, when the cycle repeats. 
The duration and time of the peaks vary on various 
systems due to the relative importance of residential 
and industrial loads. The afternoon peak frequently 
is higher than the morning peak during December. 

Characteristics of the daily load are vital. On 
most systems a relatively high demand exists for 
40% to 60% of the time. This "base load" generally 
is assigned to the most efficient units because fuel 
costs affect net income more directly than fixed 
charges. For serving this portion of a network's load, 
nuclear units in sizes of 300 MW and larger, possess 
an economic advantage over conventional units in a 
sizeable part of the United States. 

Rapid load fluctuations, which may be caused by 
the off-on characteristics of large industrial loads, by 
the unpredictable actions of residential customers, 
or by changes and failures within the network require 
the maximum in operating flexibility (Fig. 2). 
Whether the generator serving this portion of the 
load should be selected for economy in fixed costs 
or fuel costs depends to a large extent on the 
recurrence of rapid load swings. 
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Figure 2. Hourly load fluctuations on a large interconnected system 
(Network with 16 993 MW capacity) 

Note: system incremental cost (bottom horizontal line) 
follows the magnitude of the load 

Here again nuclear has an advantage as proved 
by the records of operating water and sodium/ 
graphite reactors which have demonstrated a self
regulating ability to handle severe load swings at 
a level superior to that of steam stations. For 
example, Shippingport has accepted load swings of 
up to 24 MW per minute. Dresden has been brought 
to peak output in 100 minutes after overnight shut
down and in 3 7S hours after cold shutdown. 

The third category of electricity demand arises 
from seasonal variations which depend primarily on 
geography and climate (Fig. 3). They result from 
lighting and heating loads in the north low-tem
perature zone and from air conditioning in warmer 
regions. When the duration is relatively short ( 40 
to 60 days) fixed costs are more important. Other
wise, priority is given to fuel costs. 

A variety of energy sources are utilized to supply 
both the daily and seasonal peaks. It long was 
customary to retain units which no longer met 
existing efficiency standards for peaking service. 
This policy is still followed in many systems. How
ever more and more attention is being given to 
special peaking units which include gas turbines, 
diesel engines, pumped storage and hydro. The 
latter, sometimes referred to as straight or con
ventional hydro, which depends either on run-of
the-river or large reservoir capacity, has virtually 
zero fuel costs and low operation and maintenance 
costs in contrast to high capital costs. Its use for 
base loading is limited by uncertainty of water 
supply, and its costs are augmented by above average 
transmission costs since virtually all sizeable straight 
hydro locations in the United States are remote from 
load centers. 

Pumped storage is becoming popular for peaking 
use coincidental with the increase in size of 
generating units because it extends the operating 
time of top efficiency units over a longer period of 
each day. Frequently a low fuel cost unit is capable 
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Figure 3. Seasonal variations in load 

General public utilities system ; weekly peak load 
( 1 hour integrated) 

of generating considerably more electricity than the 
system can absorb in periods of low demand which 
generally occur between 10 p.m. and 6 a.m. If the 
unit's surplus capacity is utilized to pump water into 
a high reservoir for release later when for a short 
period demand may exceed the unit's capability, then 
the economic value of the unit is increased because 
its period of active use has been extended without 
any increase in fixed costs (i.e., there will be more 
kilowatt-hours generated to share the unalterable 
fixed costs). 

Pumped storage facilities have a low capital cost, 
in the range of $80 to $100/kW. Although they 
may be operated remotely or with a minimum com
plement of employees, operating costs are high. This 
stems from the fact that it requires approximately 
3 kWh to pump sufficient water to generate 2 kWh. 
It is possible, even under this handicap, that incre
mental costs of a pumped storage facility will be 
lower than those of steam stations during periods 
of peak demand. 

Capital costs of gas turbines are in approximately 
the same range as pumped storage, but fuel costs are 
higher than coal-fired units except in gas producing 
regions. Once somewhat higher than gas, capital 
costs of diesel generators have decreased within the 
past year. In addition to the disadvantage of fuel 
costs in excess of 40¢ per million Btu, they incur 
high maintenance costs. Both gas and diesel units 
have excellent load following ability and easily can 
meet small peaking and emergency demands. 

AVAILABILITY OF CAPACITY 

The utility systems of the United States are quite 
proud of their ability to supply electricity in any 
amount to any customer anywhere. The national 
gross margin was 27% in 1963. Utilities strive to 
bring new capacity into operation to meet increasing 
system demands as they occur. Obviously, when 



SESSION 1.6 P/216 L. H. RODDIS, Jr. and E. JONES 211 

demand is doubling every ten years, it is impossible 
to add capacity in constant steps but through careful 
planning and interconnections major networks keep 
reserve capacity above 12%. 

Installation of units larger than any one load 
center can justify facilitates meeting long-range 
requirements and in turn has been facilitated by 
advances in transmission technology. That is, by 
building EHV lines, utilities are able to distribute 
the output of large generating units to several 
load centers. Altl).ough theoretically the closer the 
generator is to the user the more reliable will be the 
service, from a practical standpoint virtually the 
same, or higher, continuity standards can be main
tained by "looping" of transmission lines into 
regional networks. 

In constructing systems which interconnect load 
centers with sufficient transmission lines so that they 
can obtain power from a variety of generating sys
tems, United States utilities have made it possible to 
efficiently utilize larger generating units than other
wise could be justified. Since these loops and their 
related interconnections are used to interchange 
economy power, to meet emergency demands and 
to provide area protection, their costs need not be 
charged fully to costs of transmitting power from a 
new station to the load center. The existence of 
extensive networks thus facilitates the adding of 
large nuclear units without adding large costs for 
transmission facilities. 

QUALITY OF ENERGY 

One of the most difficult values to assess, but 
nonetheless important, is the quality of the delivered 
energy. When an interruption in supply of as little 
as 20 cycles (% second) can stop a production line 
and when voltage dips affect motor operation, the 
question of quality becomes very important to a 
customer. Nuclear's ability to follow rapid load 
swings minimizes this problem, and its fast heat-up 
meets quality standards of the best networks. It is 
very difficult to give quality a price tag and it can 
only be evaluated in line with an individual com
pany's reputation for service. 

ACCEPT ABILITY TO CUSTOMERS 

Until recently there was little question about the 
acceptability of conventional generating stations. 
They could be located virtually anywhere that other 
considerations dictated. However, as increased size 
increased the volume of stack discharges and as the 
amount of pollutants from other sources in the atmo
sphere increased, more and more attention has been 
given to public acceptability. 

The dollar value of this factor is directly propor
tionate to the cost of installing equipment which will 
reduce the emission of particulates and gases to an 
acceptable level. Mechanical dust collectors and 

electronic precipitators are available which will 
collect up to 99.9% of the particulates in stack 
gases. They add from $2 to $4 per net kilowatt to 
the construction cost of a station. 

Removal of obnoxious gases by scrubbing and 
absorbing systems is considered prohibitive in that 
the equipment adds from $10 to $20 per net kilowatt 
to construction costs and from $1 to $2 per ton 
of coal consumed to operating costs, including credit 
for sale of any usable by-products (S, H2S04 , etc.). 
Costs of converting flue gas components to sulphuric 
acid at high temperatures have been estimated at 
$14.50 per net kilowatt in construction costs, partly 
recoverable from the sale of acid. The latter costs 
are based on operation of a small prototype; and 
to date, no large scale installation is planned. Low 
temperature (wet) process installations that have 
been made to date do little to correct ground con
centration of offensive oxides because the cold 
effluent holds to ground level. 

Variations in air cleaning costs depend to some 
extent upon the sulphur and ash content of the fuel 
burned. Since net cost of fuel generally increases in 
direct proportion to decrease in sulphur and ash 
content, the power plant designer must weigh costs 
of removal against the price of better fuel. Ex
perience with washing and other pre-conditioning 
processes indicate that it is cheaper to remove foreign 
material in the furnace. This is another statement 
which must be qualified by stating that transportation 
charges make it uneconomic to ship high ash coal 
any great distance. 

Another alternative is to propel stack discharges 
into the upper atmosphere for dispersal over a wider 
area since criteria as to the acceptability of air 
pollution is based on the ground level concentration 
of particulates and gases in the immediate vicinity 
of the plant. While construction costs of extra high 
stacks adds only 50 to 60 cents per kW to capital 
costs and a negligible amount to operating costs, 
this method becomes less and less acceptable as 
unit size increases and compounds the waste disposal 
problems. 

Public acceptability of fossil-fuel plants (oil and 
coal-fired and to a lesser extent gas-fired) has become 
increasingly difficult to earn in high density popu
lation areas as the result of recent reports that long
term, low-level air pollution can contribute to or 
aggravate certain acute and chronic respiratory 
diseases. Dust and odor nuisance is also a potential 
problem, especially with carelessly designed or 
operated power plants. 

From a public relations viewpoint the utility will 
endeavour to eliminate complaints, either by burning 
low-sulphur and low-ash content fuel and by 
installing highly efficient pollutant collectors at plants 
near load centers, or by placing the station in a 
remote location. This decision must be based on 
balancing added construction and operating costs of 
cleaning equipment against capital and maintenance 
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costs of a transmission line with due consideration 
for possible variations in fuel costs. 

A third alternative would be to select a nuclear 
plant which does not pollute the air during normal 
operation. However 80 years of experience with 
fossil-fuel stations plus an even longer period of 
living near and with many types of coal and oil 
burning boilers has conditioned the public to con
sider conventional units safer. 

This is so although there has been no instance 
of radiation injury to any worker in a central station 
nuclear power plant and radiation exposure estimated 
to have been received by the public from operation 
of nuclear stations has been kept to a very small 
fraction of that allowed by the Atomic Energy Com
mission's radiation protection regulations. The only 
nuclear fatalities which have occurred in the United 
States were the death of three operators in a severe 
excursion in a prototype boiling water reactor 
designed to meet specialized military requirements, 
two operators in critical experiment facilities used 
for weapon research and one operator in a chemical 
processing plant. No fatalities to the general public 
have occurred. 

NUCLEAR BEST FOR OYSTER CREEK 

An ideal example of the consideration given to 
the many factors involved in the selection of a new 
generating unit for a large network is the Oyster 
Creek Station of Jersey Central Power & Light 
Company. Announcement that the station is expected 
to have energy costs of less than 4 mills per kWh 
represented a major breakthrough in nuclear power 
costs. Jersey Central is part of the General Public 
Utilities Corporation integrated system which has 
the following generating capacity: 850 MW coal
fired located at or near mine-mouth; 1 800 MW 
other coal-fired; and 60 MW hydro. In co-operation 
with neighbouring utilities, it is constructing 330 MW 
in a pumped storage facility scheduled to have 
ultimate capacity of 1 300 MW and an 1 800 MW 
mine-mouth plant. This system is operated on an 
economy loading basis within the Pennsylvania-New 
Jersey-Maryland Interconnection which has gener
ation in excess of 17 000 MW. 

The Oyster Creek location was selected originally 
as being most advantageous to the system on the 
basis of engineering and operating factors. Both 
fossil-fuel and nuclear plants were studied for this 
site and compared with costs of a mine-mouth plant 
approximately 300 miles west of the load centre. 
Fossil-fuel costs in the coal fields are 17 cents 
per million Btu compared to 26 cents per million 
Btu estimated for Oyster Creek. The latter cost was 
quoted by prospective fuel suppliers after Jersey 
Central announced it was considering nuclear and 
was based upon ownership by Jersey Central of a 
portion of the investment in an integral train and 
some related facilities. It was 3.5 cents per million 

Btu below prevailing costs at other stations in 
the area. 

As a result of the lower fuel cost, total costs at 
the mine-mouth plant were computed to be signi
ficantly lower than those for a comparable fossil-fuel 
plant at Oyster Creek. However, these were partly 
offset by transmission costs estimated at $3/kW for 
line losses and $30/kW for line construction 
(Table 3). 

Table 3. Comparative costs of fuels at Oyster Creek 
620 MW (electrical) net capacity- 1968 startup 

Fossil fuel 
Nuclear-

Oyster Oyster 
Penna. Creek Creek 

Capital costs ($/kW) 
Generation . 105 110 110 
Transmission ..... 30 3 4 
Working capital . 2 1 2 
Fuel capital . . . . . ..... 3 4 22 

Total ($/kW) .... ... 140 118 138 

Energy costs (mills/kWh) 
Fixed charges ........... 1.76 1.48 1.75 
Fuer costs ........... 1.61 2.31 1.27 
Operation and maintenance 0.49 0.39 0.48 

Total (mills/kWh) 3.86 4.18 3.50 

Note: The above statistics were computed for a dual cycle station. 
Subsequently a single cycle unit with maximum capability of 640 MW 
was selected. The latter is expected to increase the economic margin 
in favor of nuclear. Total energy costs are for the 1974·1978 period 
of operation. They vary from 3.42 mills/kWh to 3.97 mills/kWh in 
other periods for the nuclear station. 

Basic assumptions: No governmental subsidy of any kind. All 
investments to be made at interest rates of 4.25% and equity 
capital at a 10% rate of return. 

Nuclear fuel costs: Yellow cake, $6/lb; separative charges, $25/kg; 
Plutonium, $10/gr until 1970 then $8; processing, $23 500/ton to 
1974 then $21 150; turnaround, $7 833 and $7 050/ton. 

A load factor of 88% was assigned to the nuclear 
unit for 15 years after which it decreased to 56%. 
The western unit started with the same load factor 
but decreased to 70% in 15 years and to 43% in 
30 years. The eastern fossil-fuel unit was assigned 
a lower load factor because higher fuel costs would 
reduce its base load use. 

Oyster Creek's attainment of lower capital costs 
than were enjoyed by previously built or committed 
nuclear plants results from the economies of scale 
and from improved technology on a dollars per 
kilowatt basis. Oyster Creek will cost less than one
half that of Dresden, the first major boiling-water 
reactor placed in commercial operation. Its effective 
capability will be more than three times as large. 

Connecticut Yankee, a 490 MW pressurized water 
reactor, will have a capacity two and one-half times 
larger than its predecessor, Yankee, for a $/kW cost 
approximately 25% less. Yankee's $/kW cost was 
only one-fifth that of Shippingport, the first pres
surized water reactor (Table 4). Shawville No. 4, 
incorporating the latest technology in steam gener-
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Table 4. Capital costs of nuclear stations- United States 

Capacity 
Cost net 

MW $/kW Start Type 

Piqua 11.4 1040 1963 Organic 
Elk River ..... 20 550 1963 Boiling water 
Peach Bottom 40 700 1964 HTGCR 
Humboldt Bay . 50 400 1963 Boiling water 
Shippingport ..... 60 1220 1957 Pressurized water 
Pathfinder ............ 66 350 1964 Boiling water - superheat 
Hallam . . . . . . . ......... 75 608 1962 Sodium graphite 
Yankee ... . ........... 185 220 1960 Pressurized water 
Dresden ....... . . . . 200 245 1959 Boiling water 
Indian Point . .... 255 350 1962 Pressurized water 
Bodega Bay .. . ....... 313 212 1966 Boiling water 
San Onofre ....... 395 208 1966 Pressurized water 
Conn. Yankee. . ..... 490 174 1967 Pressurized water 
Oyster Creek . ........ 620 138 1967 Boiling water 

Source; Atomic Energy Commission- TID-8531: Adjusted to proved capability. 

ation, was placed in operation at approximately the 
same time as Yankee, the largest pressurized power 
water reactor then operating. The capacity of the 
two units was virtually identical. Shawville had a 
$/kW cost approximately 40% less and its energy 
charges approximately one-half of Yankee's. The 
eight-year span between the completion of these 
stations and the target date for Oyster Creek has 
narrowed the capital cost between the same size 
nuclear and fossil-fuel stations to a 16% premium 
for the former while energy costs have swung full 
cycle in favor of nuclear. 

It is realized that cost comparisons have little 
meaning without an explanation of background 
factors. In locations where fuel costs are low, there 
are limitations on the economic advantage which will 
accrue from installing costly equipment to improve 
efficiency. Conversely as fuel costs rise it is beneficial 
to pay more to obtain a better heat rate. 

An example is given by three large stations now 
under construction (Table 5). Keystone, with two 
900 MW units, and Mount Storm with an 1 100 MW 

net capacity are mine-mouth stations having estim
ated costs of $93/kW and $98/kW respectively. 
Their design heat rates are approximately 6% higher 
than that for Bull Run which will cost $14 7 /kW 
for a 900 MW station located some distance from 
the mines. 

Whether or not nuclear's apparent breakthrough 
in costs will be permanent depends as much on 
actions of competing fuels as on improvements in 
the state of the nuclear art. Costs of fossil-fuels have 
been declining under the impetus of competition. 

The major portion of reductions in coal prices 
have come in transportation charges. Integral trains, 
tum-around barges and pipelines are some of the 
innovations which have reduced transportation costs 
as much as $2.10 per ton for some stations. Always 
in the picture is EHV transinission which for dis
tances of 200 miles or more makes it more eco
nomical to transmit electricity by wire than to 
transport the fuel on land or water. 

The unresolved question of total energy supply 
may, in the long run, play a major part in the issue. 

Table 5. Cost of selected fossil-fuel plants 

Capacity Cost Heat rate Fuel cost 
MW $/kw Btu/kWh ¢/Btu Start 

Nichols a . . . . . . ....... 100 141 10 348 18.1 a 1960 
Seward 5 .. . . . ............ 137 143 11 970 21 1957 
Barrett 2 ................... "187.5 132 9 847 32 1963 
Portland 2 ...... . . . . . . . . . . . 233 129 9 071 30.5 1962 
Martin's Creek a ....... 312.5 116 11101 31.6 1954 
Armstrong ....... . . . . . . . . . . . . 362 126 9 868 18 1958-59 
Brunner's Island a ...... 363.3 134 9 648 32.8 1961 
Shawville 3-4 ......... 368 149 9451 19 1960 
Port Everglades a .. . ..... 450.5 104 9 578 32.9 b 1961 
Breed ... . . . . . . 500 144 8 550 18.7 1960 
Mercer a ...... . . . . . . . . . . . . . . . . . 652.8 175 8 894 18.1 1960 
Bull Run ....... . . . . . . . . . . . . . . . 900 147 8 391 21 1965 
Mount Storm 1100 98 8 930 18 1965-66 
Keystone . . . . .... . ...... 1 800 93 8 900 17 1967 

Source: Federal Power Commission, 14th Annual Supplement. 
• Outdoor construction. • Gas-tired. c Oil tired. 
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There is growing belief that gas and oil reserves 
should be conserved for "superior use." On the 
other hand, there are indications that coal reserves 
are far larger than previously thought anci may 
contain more total energy than reserves of fissionable 
material if the latter is used only in "burner" 
reactors. On the other hand development of breeding 
technology should extend the supply of fission fuel 
indefinitely. 

Just as nuclear stations are developing as "good 
neighbours" suitable for construction in populated 
load centres, another technological gain-namely, 
EHV transmission-makes it possible to move coal
burning plants to remote locations. However, it is 

logical to expect that nuclear power, with its minimal 
fuel handling problems in contrast to the importing 
of great volumes of coal and the removal of vast 
amounts of ashes, along with its cleanliness, may 
bring back the ideal network condition of locating 
large generating stations within major load areas. 

Nuclear power has met the economic and tech
nical criteria for integration into at least 60% of the 
power networks in the United States. 

Nuclear power has earned top consideration of 
those planning how best to meet increasing demands 
for electricity in a country where consumption of 
energy is governed only by the uses which are found 
for it, rather than by supply limitations. 
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Integration de reacteurs nucleaires dans les 
reseaux de distribution aux Etats-Unis: 
aspects economiques et techniques 

par l. H. Roddis Jr. et E. Jones 

Les considerations primordiales qui regissent le 
choix d'une source d'energie pour une centrale elec
trique soot les suivantes: i) cm1t de 1' energie livree 
a l'usager; ii) constance de la fourniture de courant; 
iii) possibilite de repondre sans imposer de limites a 
la demande de tout abonne du reseau; iv) qualite 
du service; et v) acceptabilite par le public. 

Ces facteurs font l'objet d'un examen d'ordre 
general; le but du memoire est en effet de faire 
ressortir les relations mutuelles entre les facteurs 
que met en jeu !'integration de reacteurs de puis
sance dans des reseaux d'energie plutot que d'en 
definir !'evaluation economique. 

Les cm1ts se repartissent en deux categories: les 
frais fixes et les frais d'exploitation. Les premiers 
comprennent !'interet du capital emprunte, les amor
tissements, les charges fiscales et les assurances; ils 
varient selon le regime de propriete (secteur public 
ou secteur prive). Les differences en matiere de taux 
d'interet et de charges fiscales soot a l'avantage des 
reseaux du secteur public a l'echelle regionale ou 
nationale, qui peuvent produire l'energie a meilleur 
compte. Les frais d'exploitations dependent plus de 
facteurs d'ordre technique ou geographique que du 
regime de propriete. Ils comprennent les depenses 
de fonctionnement et de combustible; ces depenses 
font l'objet d'une etude detaillee dans le memoire. 

Il importe de pouvoir toujours faire face aux 
variations journalieres et saisonnieres, ou aux fluc
tuations brusques de la demande, et les auteurs 
montrent que les centrales nucleaires peuvent re
pondre aux besoins de la charge de base, tandis que 
diverses autres sources d'energie permettent de 
satisfaire les demandes de pointe. Les entreprises de 

distribution s'efforcent d'accroitre la puissance ins
tallee pour repondre a une demande toujours accrue; 
grace a une planification soigneusement etablie et a 
l'interconnexion, les grands reseaux maintiennent 
une reserve de puissance superieure a 12% . 

La centrale d'Oyster Creek, de la Jersey Central 
Power and Light Company, fournit un exemple 
ideal de !'attention accordee aux divers facteurs du 
choix d'une nouvelle unite de production pour un 
grand reseau. Le memoire expose en detail les 
raisons du choix de !'emplacement et compare les 
prix des divers combustibles rendus a la centrale, 
ainsi que les frais fixes et les frais d'exploitation 
dans certaines autres centrales. 

En conclusion, il est logique de prevoir que 
l'energie nucleaire, caracterisee par sa "proprete" et 
une manutention du combustible reduite au mini
mum, pourrait fournir la solution pour un reseau en 
permettant d'installer de grosses centrales dans les 
regions de forte charge. 

A/216 CWA 

SKOHOMHYeCKHe H rexHHYeCKHe ac
neKr~ BKn~YeHHH aTOMH~X aneKTpO
CTaHLJ.H~ a aHeprocHcreM~ a CoeAH
HeHH~X Wtarax 

0CHOBHLIMH <l>aKTopaMH, onpeAeJIJUO~HMlf BLI
f>op ucTo'IHHKa :mepruu AJIJI aneKTpocTau~uu, JIB
JIJIIOTCJI CJieAYIO~ue; 1) CTOHMOCTh aJieKTpoauep
ruu AJIJI IIoTpe6uTeneii; 2) HaAemuocTh cua6me
HHJI aneKTpoaueprueu; 3) YAOBJieTaopeuue JII06oii 
noTpe6uocTu noTpe6nTeneii B aneKTpoauepruu; 
4) Ka'leCTBO o6cnymuuaHHJI noTpe6uTeneii; 
5) IIpueMJieMOCTL AJIJI uaceneuuJI. ,[{a eTCH o6u.(ee 
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paCCMOTpCHHC 3THX <f>aKTOpOB, llOCKOJihK)' ~CJib Ha
CTOHIU;Cl'O )10KJia)1a 3aKJIIoqaeTC11 B YCTaHOBJICHHH 
H3aHMHOii 3aBHCHMOCTH :lTHX !f>aKTOpOB npH 110~
KJIJOqeHHH HAepHhlX :mepreTuqecKnx peal\Topoa 1\ 

3JICHTpoceTHM, a ue B nonyqeunu onpeAeneuuwx 
o6'bHcueunii a:KoHOMH'ICCKHX o~eHoK. 

3TH pacxoJJ,hl MOiRHo no)1paa)1eJIHTh ua JJ,Be J\a
Teropnn: <f>ul\cupoaauHhle n aKcnnyaTaJ~HOHHble 
pacxo)1hl. B !f>u:Kcupoaauuwe pacXOAhl BXOJJ.HT npo
~eHTHhle OTljlfCJICHHH Ha HJIOiRCHHhlii 1\HIIHTaJI, 
a:t.rOpTH3a~HOHHhlC OT'lHCJICHHH, HaJIOI'H If CTpaxo
BhlC 11JiaTCiRH, rrpH'ICM 3TH paCXOJJ,hl MOI'YT H3Me
li11ThCH B 3aBHCHMOCTH OT TOI'O, HBJIHCTCH JIH 3JICJ\
TpOCTaH~HH qacTHoii nnn rocy)1apcTaeuuoii. Paii
oHHhlM 3HepreTHlJCCKHM CHCTCMaM, 11pHHa)1JICiRa
IU;HM MCCTHhiM BJiaCTHM, ll 3UeprOCHCTCMaM, UpH-
1la)1JICiRaiU;HM !f>eJJ,epaJihJII.IM BJiaCTHM, YCTaHaBJIU
BHIOTCH Jlhl'OTHhJC, 6onee HH3KHC CTaBKH QTljHCJIC
HHli Ha BJIOiRCHHhiii KanHTaJI H HaJIOI'OBbiC CTaBKH, 
'ITO II03BOJIHCT liM CHH3HTh CTOHMOCTh 3JICKTpo
;meprnn. ol\cnnyaTa~nonnwe pacxoAhi aasnCHT 
oT Texnuqec:Kux Jf reorpa!f>uqecKux ycnoanii B 
60JihlllCU CTCUCHH, 'lt'M OT UpHHa~JICiRHOCTH 3HCp
l'OCHCTCMbl. 

Heo6xoAHMo HMen, II03MOiRHOCTh Jt3MeHHTt. 
CHa6iRCHHC TOKOM 3HcproCHCTCMbl II 3aBHCUMOCTH 
OT CYTOljHblX, CC30HHbiX H 6I.ICTpi.IX 1\0Jie6aHHH 
HOTpe6HOCTJI B ;)JIC:KTpo::meprHH. IT 01\a3aiiO, 'ITO 
aTOMHhie :>Jie:KTpocTan~uu MoryT o6ecnequaaTb 
ocnoauy10 uarpya:Ky, a AJIH YAOBJICTBopeuuH no
Tpe6uocTu B ::)JieKTpoaueprun II qaci.I JIH:Kosoii ua
rpyav.u MomeT OhiTh ncrronhaoaan pHJ\ APYI'HX uc
TO'IHHl\OB :meprnn. RoMMyHaJihHhiC HoMnauun 
CTpCMHTCH BBCCTI1 B 3HCIJJiyaTaQIJIO HOBLIC MOIU;HO

, ('Til J\JIH 00t1CIIe'ICHIJH B03paCTHIOIU;IIX 110TpCOHO-
CTCii B :JJil'I{Tpo::meprun IIYTCM BCCCTOpOHHCI'O 
IIJiaHIIJ>OBaHJIH l! o(h,f'J\HH('HIJH OCHOBJILIX ;mepro
<'HCTCM )1.'111 ooecm"I<'HIIH pPaepnuoii Mom;uocTu 
Ill' Ml'H<'C 12%. 

} bl•a:lLULIM ll}lliMC}lOM UJiaJUtaa MHOI'IIX <{>aKTO
JlOB, ('llHaaliHhlX C BJ.I60pOM HOBOii 3JICKTpOCTaii-
1~11H AJIH 6onLmoii aueprocncTeMJ.I, HBJIHeTCH aneK
TpocTaH~nH B OiicTep-KpnK Ko:t.rnaunn «Amepcn 
ceHTpan rrayap ::>HJI J!aiin. B aToM AOKJ!aJJ,e rrpn
BOAHTCH ll0)1p06HblC llpHqHJibl, orrpe)1CJ!HIOIU;He Bbl-
6op MCCTa f\JIH CTJ>OHTCJibCTBa CTaH~HH, H cpaB
ftHBaiOTCH II3)1CpiRKH Ha pa3JIHqHblC DHAbi TOllJIH
Ba )1JIH :lToii CTaH~HH BMeCTC C <{>HHCHpOBaHHMMH 
H :H\CUJ!yaTa~HOHHhiMH paCX0)18MH AJIH HCKOTOpbiX 
~~pyrux :JJ!CKTpOCTaH~Hii. 

B aaKJIJOqeune )1enaeTCH BblBOA, qero J!ornqe
CKH CJICJJ.YCT OiRHJl,8Tb, 'ITO H)1epHaH auepreTH:Ka, 
xapal\TepnayiOIU;aHCH 'IHCTOTOii H pe3KHM CHHiRC
HHCM o6'bcMa TpaHCUOpTHpOBKH ft)JIJIHB8, MOiReT 
coaAaTL HAeaJihHhle ycnoauH AJIH paaMem;eunn 
KpyrrHhiX :lJII.'KTpOCTaH~Hii B paiionax OCHOBHOH 
narpyaKn. 

A/216 Estados Unidos de America 

lntegracion de los reactores nucleares en las 
redes de energia electrica en los Estados 
Unidos: aspectos economicos y tecnicos 

por L. H. Roddis, Jr. y E. Jones 

Cuando se escoge el generador en una central 
electrica se considera en primer lugar: i) precio de 
la energia entregada al abonado; ii) que e1 servicio 
no tenga interrupciones; iii) que no haya que res
tringir el numero ni la potencia de los abonados; 
iv) que sea un buen servicio, y v) que el publico lo 
acepte. Todo ello se discute aqui en forma general 
porque el fin de este trabajo es explicar la relaci6n 
mutua entre los factores implicados en la integraci6n 
entre reactores nucleares y redes de energfa mas que 
dar una evaluaci6n econ6mica definitiva. 

Se dividen los costes en dos categorias: costes 
fijos y costes de operaci6n. Los primeros incluyen 
intereses de los prestamos, depreciaci6n, impuestos 
y seguros y varian segun quien sea el propietario. 
Las centrales propiedad de autoridades locales o 
federales se benefician de menores tipos de interes 
y menos impuestos. Los costes de operaci6n depen
den mas de las condiciones tecnicas y geognificas. 
En estos costes se incluyen funcionamiento, entre
terrimiento y consumo de combustible y se discuten 
a fondo. 

Siempre hay que poder enfrentarse con las varia
ciones de la demanda, sean diarias, estacionales o 
subitas, y puede verse que las centrales nucleares 
sirven para cubrir las necesidades de cargas base 
mientras distintas fuentes se ocupen de los picos de 
demanda. Las empresas se esfuerzan en proporcionar 
cada vez mayor potencia para hacer frente a las 
demandas crecientes de los usuarios, y las redes mas 
importantes mantienen su potencia de reserva por 
encima de 12% mediante planificaciones e inter
conexiones cuidadosas. 

La central de Oyster Creek, de la Jersey Central 
Power and Light Company, es un ejemplo ideal de 
como se pueden tener en cuenta los muchos factores 
que intervienen al elegir un nuevo generador para 
una gran red. En este trabajo se detallan las razones 
por las que se ha escogido el emplazamiento y se 
comparan los costes de los diversos combustibles en 
la central, asi como los costes fijos y de operaci6n 
en otros posibles emplazamientos. 

En fin, es 16gico suponer que la energia nuclear, 
que es limpia y produce un minimo de problemas 
de manejo de combustible, proporcionara las condi
ciones de red ideales para situar grandes centrales 
en las zonas de mayor carga. 



P/816 CCCP 

Pa3BMTMe 3neKTP03HepreTMKM CCCP M aTOMHble 
3neKTpOCTaH 4MM 

A. M. HeKpacoa, r. c. 3eneBMHCKMA 

BBE)J.EHHE 
Ycnexu Hay'IHhiX uccJie,ll;oBaH:o:ii B o6JiacT:o: 

H,ll;BpHOH aHepreTHKH H OnhiT np06KTHpOBaHHH 1 

CTpOHT6JibCTBa H <lKCnJiyaTaD;HH H,ll;BpHhiX aHepre
TH'IBCKHX ycTaHoBoK, HaKonJieHHhlii B CCCP, 
CiliA, AHrJIHH, <l>paHD;HH H HeKoTophiX ,ll;pyr:o:x 
CTpaHaX, npHB6JIH K TOMy, 'ITO aTOMHhiB aJIBKTpO
CTaHD;HH BhiXO,ll;HT :0:3 o6JiaCTH 3KCnepHM6HTOB H 
OnhiTHhiX ycTaHOBOK H CTaHOBHTCH O,ll;HOH :0:3 npo
MhlillJIBHHhiX oTpacJieii aHepreTHKH. B c:o:Jiy aToro 
npo6JieMhi )l;aJII>Heiimero pa3BHTHH A8C MoryT 
6hiTb n;eJiecoo6pa3HO pemeHhi TOJibKO npu yqeTe 
BCBX KOHKpeTHhiX YCJIOBHH 1 B KOTOphiX pa3BH
BaeTCH o6ID;aH aHepreT:o:Ka cTpaHhi. Heo6xo,ll;:o:Mo 
Y'IHThiBaTb COCTOHHHB H nepcneKTHBhi pa3BHTHH 
3Hepr6THKH; MaCmTa6hi H TBMnhi CTpOHT6JibCTBa 
HOBhiX <lJIBKTpOCTaHD;HH; aHepreTH'IBCKHe pecypchl 
CTpaHhi 1 HX 3anaChi 1 XapaKTepHCTHKH H pa3M6ID;6-
HH6 no CTpaHe. 

COBPEMEHHOE COCTORHHE 
3nEHTP03HEPrETHHH B CCCP 

B CCCP scer)l;a np:o:,ll;aBaJiocb nepsocTeneHHoe 
3Ha'leH:o:e aJieKTp:o:4>:o:Kan;uu crpaHH. CoseTCKHH 
Coi03, noJiy'IHB B HacJie)l;:o:e oT n;apcKoii Poccu:o: 
HH'ITOiRHOe aHepr6TH'I6CK06 X03HHCTBO :0: Ha'laB 
c Bhlpa6oTKH B 1921 r. scero 0,5 MJip,ll;. ~om. tt, 
,ll;OBBJI Bhlpa60TKY 3JI6KTp03HeprHH B 1940 r. ,ll;O 
48,3 MJip,ll;. ~om· tt H ycTaHoBJIBHHYIO MOID;HOCTb 
Ha 3JI6KTpOCTaHD;HHX ,ll;O 11,2 MJIH. ~om. 

IIocJie OKOH'IaHHH BTopoii M:o:posoii BOHHhi pa3-
BHTHe aHepreTHKH BHOBb nomJIO BBCbMa 6hiCTp1>1-
MH TeMnaMH, KaK <ITO BH,ll;HO :0:3 Ta6JI. 1 

Ta6JI:o:n;a noKa3hiBaeT, 'ITO B Te'leH:o:e MHor:o:x JieT 
emero)l;Hhlii npupocT Bhlpa6oTKH aJieKTpoaHepruu 
:0: ycTaHOBJI6HHOH MOID;HOCTH Ha 3JI6KTpOCTaHD;H

HX YCTOH'IHBO HaXO,ll;HTCH B npe)l;eJiaX 10,5-12,5% 
:o: y,ll;BOeH:ne npo:o:cxo,ll;HJIO np:nMepHo 3a 6,5 JieT, 
a yTp06HH6 3a 10 JIBT. 3a KOpOTKHH HCTOpH'16CKHH 
cpoK CCCP ,ll;06HJICH KpynHhiX ycnexos u yme 
B 1947 r. 3aHHJI no Bhlpa6oTKe aJieKTpoaHepru:o: 
nepBOe MBCTO B Espone :0: BTOpoe MBCTO B MHpe. 

0CHOBOH aJieKTpOaHepreT:o:'IBCKOrO X03HHCTBa 
CCCP HBJIHIOTCH TenJIOBhle aJieKTpocTaHn;:o::o:, y,ll;eJib
HI>Iii BBC KOTOphiX B Bhlpa60TK6 3JI6KTpOaHeprHH 
COCTaBJIHeT 82-83%; rH,ll;pOaJieKTpOCTaHD;HH Bhi
pa6aTI>IBaiOT 18-17%. 

216 

Ta(SnHI..\a 1 

Bh!palioTJ<a YcTaHOBJieH-

roAhl 
aneRTpoaHep- H3H MO~-

IlpHMe'laHHe rHH, MJipiJ;. HOCTh, 
IIBT•'I MJIH. IIBT 

1945 43,3 11,1 
1950 91,2 19,6 
1955 170,2 37,2 
1956 191,7 43,5 
1957 209,7 48,4 
1958 235,4 53,6 
1959 265,1 59,3 
1960 292,3 66,7 
1961 327,0 73,9 
1962 369,3 82,4 
1963 411,6 92,4 
1964 455,0 102,4 llJiaH 
1965 508,0 113,0 llJiaH 

XapaKTepHoii oco6eHHOCTbiO pa3BHTHH aJieKTpo
CTaHn;:o:ii B nocJie,ll;HHe ro,ll;hl HBJIHeTCH yKpynHeH:o:e 
HX MOID;HOCTH, 'ITO CTaJIO H606XO,ll;HMhiM np:o: 
6McTphiX TeMnax pa3BHTHH aHepreT:nKH. H3secT
HO, 'ITO B CCCP nocTpoeHhi caMhle MOID;Hhle B MHpe 
r:o:)l;poamm:TpocTaHn;:o::n - BoJimcKaH :o:M. B. H. Jie
HHHa MOID;HOCTbiO 2300 Mom, BoJimcKaH HMBHH 
XXII C1>63,ll;a RIICC MOID;HOCTbiO 2530 Mom :o: 

BpaTcKaH Ha AHrape, MOID;HOCTb KoTopoii B Ha
'laJie1964r. ,ll;OCTHrJia 3600Mom. R Ha'laJiy 1964r. 
yme ,ll;BHCTBOBaJIH 5 TenJIOBhiX aJieKTpOCTaHD;HH, 
Kam)l;aH MOID;HOCTbiO 1000 Mom :o: 6oJiee, :o: K 
KOHD;Y 1965 r. 'IHCJIO TaKHX <lJIBKTpOCTaHD;HH 
B03paCT6T ,ll;O 11 1 a MOID;HOCTb O,ll;HOH H3 HHX 
npeBhiCHT 2000 Mom. 

YKpynHeH:ne MOJD;HOCTH TenJIOBhiX aJieKTpocTaH
n;:o:ii npOHCXO,ll;HT Ha OCHOBe YB6JIH'I6HHH 6,ll;HHH'I
HOH MOID;HOCTH Typ6oreHepaTopoB H KOTJIOB. Yme 
B HaCTOHJD;ee BpeMH mHpOKO np:o:MBHHIOTCH 6JIOKH 
MOID;HOCTbiO no 150 u 200 Mom; B 1963 r. 6hiJIH 
ycTaHOBJieHhi nepBhle 6JioKH no 300 Mom; Halla To 
H3rOTOBJIBH:o:e 6JIOKOB no 500 H 800 Mom. O,ll;HO
BpeMeHHO npo:UCXO,ll;HT UOBhlill6HH6 pa60'IHX napa
MeTpOB napa. Ha:o:6oJiee pacnpocTpaHeHo B Ha
CTOHID;ee BpeMH np:UM6H6HH6 napa C Ha'laJibHhiMH 
napaMeTpaMH 130 ama 565° C, a 6JIOKH 300 Mom 
nocTpoeHhi ,ll;JIH pa6oThi Ha 240 ama 560° C; np:nMe
HHeTcH npoMemyTO'IHhiH neperpeB napa ,ll;O 565° C. 
0,ll;HOH H3 xapaKTepHhiX OC066HHOCT6H HBJIH6TCH 
m:o:poKoe pa3BHTHe TenJioaJieKTpon;eHTpaJieii, Ha 
KOTOphiX OCYID;BCTBJIHBTCH KOM6HHHpOBaHH06 npo-
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H3BOACTBO aneRTpoaueprHH H Tenna B BH~e napa 
AnH TexuonoruqecKHX uymA npoMhlmneHHLIX npe~
npHHTIIH II B BIIAe ropHqeil: BOALI AnJI OTOUneHIDI 
aAaHHH 11 Anii ROMMyuanhH0-6LITOBLIX uym,u,. Ta
RIIe TennoaneKTpon;euTpanH, AaiOm;ue auaquTenb
HYIO 3ROHOMHIO TonnHBa, COCTaBnHIOT OROnO 30% 
Mom;uocTH ocex TeimoBLIX aneRTpocTaun;llii. Ha 
TennoaneKTpon;eHTpanHX illHpOKO npHMeHHIOTCH 
Typ6oreHepaTOpL1 C OT6opaMH napa MOUJ;HOCTbiO 
no 100 Mem, paapa6oTaHLI H B 6nHmaiimue 
rOALI 6YAYT ycTaHaBnHBaThCH Typ6oreHepaTOpLI 
no 250 Mem. 

Ha aneKTpocTaHD;HHX npuMeHJIIOTCH paanHqHLie 
BHALI TOTinHBa. 0CBOeHO 3~~eKTHBH09 ClliHI'aHHe 
caMLIX paaHoo6paaHLIX COpTOB TBepAOI'O TOnnH
Ba- aHTpaD;HTOB, KaMeHHLIX H 6ypLIX yrneii 
ocex MapoK, OTXOAOB yrneo6oram;eHHH, Top~a, 
cnaun;eo. CTpyKTypa TOnnuoonoTpe6neHHH ane
KTpocTaHD;HHMH B 1960 1'. 6Lina TaKOBa (B %): 
yronh - 65, npHpOAHLiii raa - 12, MaayT - 9, 
TOp~ - 7, npoqHe BHALI TOnnHBa - 7. 

B TeqeuHe nocneAHHX neT BoapacTaeT AOnJI 
npHpOAHoro raaa, MaayTa H CHHmaeTcH YAenhHLiii 
sec yrna. 

PaaBHTHe aneKTpoauepreTHKH CCCP ua Bcex 
aTanax xapaKTepHayeTcJI n;euTpanHaan;ueii auep
rocua6meuHH nyTeM coa~aHHH aueprocucTeM H HX 
KpynHLIX o6'L9AHHeHHB, OXBaTLIBaiOID;HX 3HaqH
TenhHLI9 TeppHTopuu. CoaAaHa KpynueiimaJI o6'Le
AHHeuuaa aueprocHcTeMa, oxBaTLIBaiOm;aH 6onn
myiO qacTb EoponeiiCKHX paiioHOB CCCP H Ypana, 
cyMMapHOH MOID;HOCTbiO OROnO 50 MnH. 1\:Bm; 
C03AaHLI o6'L9AHHeHHLie 3HeprOCHCTeMLI paBOHOB 
Ceoepo-3anaAa, 3aRaBRaabJI, 3anaAHOH 11 Boc
Toquoii Cu6upH, CpeAueii Aauu. Ocuoooii o6'Le
~uueuHLIX aueprOCHCTeM HBnHeTCH ~OCTaToquo 

mupoKaa ceTb aneKTponepeAaq uanpRmeuueM 500 
H 880 11:6; UOCTpoeHa H OCBaHBaeTCJI aneRTpO
nepeAaqa nOCTOHHHOI'O TOKa HaUpJilli9HHeM 800 11:8, 

coeAHHHBmaH )J;ou6acc H BonrorpaA; CTpOHTCJI 
nepoaa aneRTponepeAaqa nepeMeHuoro ToRa Ba
npHmeBHeM 750 11:6 B paiioue MocKBLI. 

nEPCnEHTHBblPA3BHTHA 
SnEHTPOSHEPrETHHH B CCCP 

EcnH paccMaTpHBaTb npoMLimneHBYIO npo-
rpaMMY paaBHTHJI aTOMHOB 3Bepr9THKH, TO npaK
TuqecRHB HHTepec npeACTaBnHeT nepcneKTHBa 
paaBHTHH auepreTUKH ua 6numaiimue 15-20 neT. 
PaccMoTpeuue 6onee oT~aneBHLIX aTanoB BeHa-
6emuo npHHHMaeT OTBneqeuuLiii xapaRTep, no
CRonhRY 6LICTpLIB nporpecc BayKH H TeXBHRH 
MOmeT OTRpLITb BOBble B03M01KBOCTH, KOTOpLie 
B BaCTOHm;ee BpeMH npeAYCMOTpeTb em;e BenbaJI. 

OcuoBuLie aaAaqu paaBHTHJI oceii aKOBOMHKH 
CCCP Ba nepuo~ AO 1980 r. 6LinH ycTaBOBneuLI 
B IlporpaMMe KIICC, npHBJITOii B ORTJI6pe 
1961 r. 

Onepema10m;ee paaBHTHe aBepreTHKH no-npem
BeMy OCTaeTCJI OABOB H3 OCBOB 3KOBOMHqaCKOI'O 
paaoHTHJI cTpauLI. Ecnu o6'LeM oceii npoMLimneB
Boii npo~yRD;HH aa 20 neT c 1960 no 1980 r. 

AOnmeB yoenuqHThCJI Be MaBee qeM B 6 paa, 
TO ro~oBaJI BLipa6oTRa aneKTpoaueprHH aa aToT 
nepuo~ ~oJimua ooapacTH B 9-10 paa. Ypooeub 
BLipa6oTKH aneKTpoaueprHH o 1970 r. onpe~eneu 
B 900-1000 MnPA. 1\:Bm ·lt. H B 1980 1'.- B 2700-
3000 MnPA· 1\:Bm · lt. }J;nH o6ecneqeHHH 3TH X 
ypooueii BLipa6oTKH aneRTpoaueprHH emeroAHLiii 
BBOA MOUJ;HOCTH Ha aneKTpOCTBHD;HHX ~onmeH 

BOapaCTH R 1970 r. ~0 18-20 MJIH. 1\:Bm H K 
1980 r.- AO 35-40 MnH. 1\:Bm. 

TaKHe aaAaqu ononue peannHLI. )J;nH ~ocTHme
HHH BLipa60TRH aneKTp03Hepi'HH B 1980 1'. 
2700-3000 MnPA· 1\:Bm ·It ueo6XOAHM cpe~HHii 
emerOAHLiii npupocT nopH~Ka 11%, a TaRoii TeMn, 
KaK UOKR38HO BLime, npaKTHqeCKH HMeeT MeCTO 
B CCCP B TeqeuHe MHOI'HX neT. HenpepLIBHO 
BOapacTaeT emero~HO BBOAHMRH 8 AeiiCTBHe MOID;
HOCTb HB aneKTpOCTRHD;HHX, H 8 HaCTOHUJ;ee BpeMH 
oua cocTaBnJieT yme 10 MnH. 11:em. 8ueproMamH
uocTpOHTenbuaa npoMLimJieuuocTb ue TOnhKO non
HOCTbiO o6ecneqHB89T CTpOHUJ;H9CJI aneKTpOCTaH
D;HH BC9M o6opyAOBaHH9M, HO H 3KCnOpTHpyeT 
qacTb cooeii npo~yKIJ;HH B APYrHe cTpauLI. 

TexuuqecKHii ypooeub paaBHTHH aneKTpocTau
n;Hii B paCCMBTpHBaeMLIH nepliOA ~0 1980 1'. 
6yAeT xapaKTepuaooaThCH npemAe ocero ~aJib
ueiimHM ux yRpynueuueM. HaMeqeuo coopymeuHe 
KpynHLIX 1'11Ap03neKTpOCTaBD;HB MOID;HOCTbiO no
PJIARa 5000-6000 Mem KalliABJI H uaqaTa noA
I'OTOBKa R CTp011T9nbCTBY HeKOTOpLIX H3 HHX 
ua EHHcee H Aurape. )J;na HOBLIX TennoBLIX 
aneKTpOCTaHD;HB 8 HaCTOJim;ee Bp9MJI npliHJITLI 
THnOBLie Mom,uocTH B 1200 H 2400 Mem, uaqaTo 
CTpOIITenhCTBO ueCKOnbRHX aneKTpOCTaHD;HB MOID;
HOCTI>IO nopaAKa 3000 Mem, a ~na o~uoro Ha 
paiiouoo Cu6upH npoeKTHpyeTcH aneKTpocTaHn;HH 
Mom;uocTbiO 4000 Mem. 0AuoopeMeuuo HAeT no
BLimeuue e~uuuquoii Mom;uocTH arperaToB. B 6JIII
maiimee nJITllneTH9 1966-1970 1'1'. OCHOBBLIMH 
THnaMH 6YAYT auepreTHqeCKHe 6JIORH MOID;HOCTI>IO 
no 200 H 300 Mem; Bene~ aa 9THM nOAI'OTaBnH
BaeTCJI muposuii nepexo~ ua 6noKH no 500 
H 800 M em, H HX y~enbHLiii oec B o6m;eM BBo~e 
HOBOH MOID;HOCTH Ha ROH~eHCBD;HOHHLIX aneRTpO
CTBHD;HJIX B 3TOT nepHO~ AOCTHI'HeT 90%; uaqaTa 
KOHCTPYKTHBHaH paapa6oTKa 6noKOB 6onbmeii 
MOID;HOCTH H HayqaiOTCH n;enecoo6pa3HLI9 MaC
illTa6LI HX npHM9H9HHJI. IJpeAB8pHTenbHLI9 pac
qeTLI noKaaanH, qTO paaBHTHe aneKTpOCTRHD;HH 
B paCCMaTpHBaeMLIH nepHOA MOllieT 6LITb AOCTa
Toquo 3ROHOMHqBO pemeHO npH UpHM9HeHHH yme 
OCBOeBHLIX napaMeTpOB napa, H em;e BeT 3ROHO
MHqecKHX OCHOBaBHH npe~ycMaTpHBaTb B CROnb
KO-HH6yAh 3BaqHT9nbHLIX paaMepaX npHM9B9HH9 
6onee BLICOKHX napaMeTpoB napa. 
O~BospeMeBBO BaMeqaeTCH caMoe mupoKoe paa

BHTHe aueprOCHCTeM H HX 06'Le~HH9HHH BnnOTb 
~0 COa~aBHJI 9AHBOH 3B9preTH'I9CKOH CHCTeMLI 
CooeTcKoro Co10aa, KOTopaJI o6'LeAHHHT Eoponeii
CKHe paiioBLI u Ypan c Cu6HpbiO H Cpe~Beii 
Aaueii. HapHAY c aneKTponepe~aqaMH nepeMeB
Boro TOKa 750 "11:8 MOID;HOCTbiO nopJI~Ka 2500 "11:6m 

Ba o~BY n;enb paaoepuyTLI BayqBLie H npoeKTHo-
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KOHCTPYKTopcKne pa6oTLI no coa,D;aHHIO aJieKTpo
nepe,D;aq nOCTOHHHOrO TOKa 1500 K6 npOTHiReH
HOCTbiO 3000-4000 K.M C B03MOiRHOCTbiO nepe,D;aqn 
no Kam,D;oii n;enn nopH,ll;Ka 6000 M em. TaKne 
aJieKTponepe,D;aqn 6y,D;yT cJiymHTb ,ll;JIH nepe6pocKH 
aJieKTpOaHeprHH H3 paii:OHOB C ,D;emeBLIMH B paiio
HLI c 6oJiee ,D;oporHMH aHepropecypcaMH. 

TaKHM o6paaoM, B TeXHHqecKOM OTHOIDeHHH 
nporpaMMa paaBHTHH aHepreTHKH ,ll;O 1980 r. 
onnpaeTcH Ha yme ocBoeHHLie TexHnqecKne pe
meHHH. Haps,D;y c aTHM Be,D;yTcH mnpoKHe nccJie
,ll;OBaHHH no H3LICKaHHIO HOBLIX OOJiee a<f><f>eKTHB
HLIX cnOCOOOB H D;HKJIOB npOH3BO,ll;CTBa BJieKTpO
aHeprHH H HOBLIX pa6oqnx TeJI. ¥cnemHoe 
paapemeHne HOBLIX HayqHLIX H TexHnqecKHX npo-
6JieM paccMaTpnBaeTcH KaK peaepB H 6y,D;eT cno
co6cTBOBaTb 6oJiee aKOHOMHqHoii H 6LicTpoii peaJIH
aan;HH nporpaMMLI paaBHTHH BHepreTHKH. 

3AAA~J.1 ATOMHO~ SHEPrETHHH 
J.1 TPE60BAHHA H A TOMHbiM 

SREHTPOCTAHU,HAM 

,I:\JIH BLinOJIHeHHH HaMeqeHHOH nporpaMMLI paa
BHTHH aHepreTHKH nOTpeoyiOTCH 3HaqHTeJibHLie 
nepBHqHLie aHepreTnqecKne pecypcLI. CCCP pac
noJiaraeT BeCbMa 6oraTLIMH COOCTBeHHLIMH BHep
reTnqeCKHMH pecypcaMH B BH,ll;e rn,D;poaHeprnn, 
yrJIH, He<f>Tn, rrpnpo,D;Horo raaa, Top<f>a, roproqnx 
CJiaH:QeB, paaMepLI KOTOpLIX II03BOJIHIOT pemHTb 
Jiro6yro aHepreTnqecKyro aa,D;aqy. 0,D;HaKo npn
po,D;Hoe paaMeiD;eHne aHepreTnqecKHX pecypcoB 
no orpOMHOH TeppHTOpHH CTpaHLI HepaBHOMepHO, 
npnqeM OCHOBHaH qaCTb paaBe,D;aHHLIX K HaCTOH
ID;eMy BpeMeHH pecypcoB, K TOMY me HaHOOJiee 
,D;emeBLIX H JierKO ,ll;OCTYIIHLIX, paCUOJiaraeTCH 
B BOCTOqHLIX paiioHaX CTpaHLI. 

B CHJIY aToro BoaHHKaeT n;eJiecoo6paaHOCTb 
npHBJieqeHHH )l;JIH paHOHOB, He paCIIOJiaraiOIIJ;HX 
cooCTBeHHLIMH aKOHOMHqHLIMH aHepropecypcaMH, 
HOBLIX HCTOqHHKOB aHeprHH H B nepByiO oqepe,D;b 

H,D;epHoii aHeprnn. 
fn,D;poaHepreTnqecKne pecypcLI CCCP aHaqn

TeJibHO npeBLIIDaiOT pecypcLI JIIOOOH ,ll;pyroii CTpa
HLI H paaMepLI TeXHHqeCKH B03MOiRHOH K HCIIOJib
SOBaHHIO rH,ll;pOaHeprHH Onpe,D;eJIHIOTCH B HaCTOH
ID;ee BpeMH B 2100 MJip,ll;. K6m·'t B rO)l;. 0,D;HaKO 
B EBporreiicKHX paiioHax CCCP HaXO,ll;HTCH TOJibKO 
oKOJIO 15% rn,D;po:mepropecypcoB CTpaHLI, a 
85% - B Cn6npn, Cpe,D;Heii Aann H Ha ,I:\aJII.HeM 
BocToKe. HcnOJILaoBaHne TOJILKo Han6oJiee aKo
HOMHqHLIX rH,D;popecypCOB, Ha 6aae KOTOpLIX 
MOryT OLITb nOCTpOeHLI KpynHLie f(:)C npH CTOHMO
CTH CTpOHTeJibCTBa Ha 1 K6m ycTaHOBJieHHOH 
MOID;HOCTH Ha ypOBHe TeUJIOBLIX 3JieKTpOCTaHD;HH 
H CTOHMOCTH OTnyiD;eHHOH aJieKTpOaHeprHH 0,03-
0,04 KOn/ K6m · tt, II03BOJIUT noBbiCHTb BLipaOOTKY 
aJieKTpoaHeprnn Ha rn,D;poaJieKTpocTaHn;HHX CCCP 
K 1980 r. no KpaiiHeii Mepe B 3-4 paaa no cpaB
HeHHIO c 1965 r. Ho npn aToM rn,D;poaHeprope
cypcLI EBponeiicKHX paiioHOB CCCP He TOJibKO 
OTHOCHTeJibHO HeBeJIHKH no CBOHM paaMepaM 

H He cMoryT nrpaTI> 6oJILmoii poJIH B 6aJiaHce 
3JieRTpOCHa6meHHH 3THX paii:OHOB, HO H 3HaqH
TeJibHO MeHee a<f><f>eKTHBHLI BKOHOMHqeCKH. 

Beci.Ma BeJIHKH aanacLI yrJieii B BOCToqHLIX 
paii:oHaX, rrpnqeM He TOJibKO B MaJI~,ll;OCTynHLIX 

B HaCTOHID;ee BpeMH ceBepHLIX panoHax, r)l;e 
o6HapymeHLI KoJioccaJibHLie aanacbl yrJieii, HO H B 
OOiRHTLIX paiioHaX. IloMHMO H3BaCTHOrO 1\yaHe:Q
KOrO KaMeHHoyroJII>Horo 6acceiiHa B n;eHTpaJib
Hoii n BOCToqHoii Cn6npn, BOJIHaH meJieaHLIX 
,D;opor, n B l\aaaxcKoii CCP, a TaKme B HeKoTopLix 
,D;pyrHX paiioHaX HMeiOTCH CTOJib KpynuHLie MeCTO
pom,D;eHHH 6ypLIX H KaMeHHLIX yrJieH, qTO TaM 
B03MOiRHO B cpaBHHTaJibHO KOpOTKHe CpOKH Opra
HH30BaTb )l;OOLiqy yrJIH B paaMepe HaCKOJibKHX 
COTeH MHJIJIHOHOB TOHH B rO)l;. IlpnqeM BCH ,ll;OOLiqa 
6y,D;eT opraHnaoBaHa B OTKPLITLIX Kap~>epax 6oJib
moii npOH3BO,ll;HTeJibHOCTH npH OTHOCHT~JibHO He
OOJibiDHX KannTaJIOBJiomeHHHX H HH3KOH CTOHMO
CTH ,ll;OOLIToro yrJIH. B EBponeiicKHX paiioHax 
CCCP TaKme HMeiOTCH aanacLI yrJieii, HO xapaKTep 
nx aaJieraHHH n ycJIOBHH ,D;o6Liqn MeHee 6Jiaro
npHHTHLI, Tpe6yroTcH 6oJILmne KannTaJioBJiome
HHH Ha CTpOHTeJibCTBO rJiyOOKHX maXT H CTOH
MOCTb ,ll;06Liqn yrJieii BLICOKa. B ps,D;e EBponeii
CKHX paiioHOB CCCP HMeiOTCH aHaqnTeJILHLie 
aanacLI Top<f>a H roproqnx cJiaHn;eB, npnMeHeHne 
KOTOpLIX pacmHpHeTCH B Mepy 3KOHOMHqecKOH 
:QeJiecoo6paaHOCTH, HO KOTOpLie He 6y,D;yT HrpaTb 
KpyrrHoii poJIH B o6ID;eM TonJIHBHOM 6aJiaHce. 

BLicTpLie TeMnhl pocTa ,D;o6LiqH He<f>TH H npn
po,D;Horo raaa ,ll;O HaCTOHIIJ;ero BpeMeHH o6ecneqn
BaJIHCb rJiaBHLIM oopaaOM aa cqeT MBCTOpOiR)l;aHHH 
EnponeiicKHX paiioHOB CCCP. PeayJII>TaTLI ycnem
HLIX reOJIOrnqecKHX paaBe)l;OK nOCJIB,ll;HHX JieT OT
KpLIBaiOT OOJibillHB nepcneKTHBLI ,ll;OOLlqH He<f>TH 

H raaa B Cn6HpH H B Cpe,D;Heii AaHH. 
B HaCTOHID;eM ,ll;OKJia,D;e He npe,D;cTaBJIHeTcJI 

B03MOiRHLIM npHBeCTH nO,ll;pOOHLIB KOJIHqecTBeH
HLie, KaqeCTBBHHhle H BKOHOMaqeCKHe XapaKTe
pHCTHKH TonJIHBBLIX pecypcoB CCCP. 0,D;HaKo 
oqeBH,ll;HO, qTO XOTH BTHX pecypCOB B D;BJIOM 
,ll;OCTaToqHO ,ll;JIH paaBHTHJI BKOHOMHKH CTpaHLI 
Ha ,ll;JIHTBJibHLIH nepHO,ll;, HO B peayJibTaTe HepaBHO
MepHOCTH pa3MBID;6HHH aanaCOB no TeppHTOpHH 
CTpaHLI HMBIOTCH ,ll;OBOJibHO illHpOKHe nepcneK
THBLI npnMeHeHHH H,D;epHoii aHeprnn. BMecTe c TeM 
HCHo, qTo ,ll;JIJI CCCP Bonpoc o paaBHTHH A8C -
3TO B OCHOBHOM BOnpOC BKOHOMHqeCKHH H qTo 
CCCP pacrroJiaraeT ,ll;OCTaToqHLIM BpeMeHeM ,ll;JIJI 
oTpa6oTKH Han6oJiee n;eJiecoo6paaHLIX nyTeii paa
BHTHH aTOMHOH 3HepreTHKH H ,ll;JIH H30emaHHJI 
cJiyqaiiHLIX pemeHHii. 

8KoHoMnqHoCTb A8C onpe,D;eJIHeTCH B Hx cono
cTaBJieHHH C TenJIOBLIMH BJIBKTpOCTaHD;HHMH, pa
OOTaiOID;HMH Ha o6LiqHoM TOnJIHBe. "YKaaaHHoe 
BLime paaHOOOpaaHe YCJIOBHH TOnJIHBOCHa6meHHH 
npe,D;onpe,D;eJIHeT cyiD;eCTBeBHoe paaJinqne aKono
MnqecKHX IIOKaaaTeJieii ,ll;JIH TenJIOBLIX 3JieKTpO
CTaH:QHH B paaJinqHLIX paiioHax cTpaHLI. B TaOJI. 2 
UpHBO,ll;HTCH ycpe,D;HeHHLie 3KOHOMHqeCKHe noKa
aaTeJIH, KOTOpLie MoryT cqnTaTbCH xapaKTepHLIMH 
,ll;llJI OOLiqHLIX TeUJIOBLIX aJieKTpOCTaHD;HH pac-
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cMarpHBaeMoro nepuo~a ~nH qerwpex yKpynuea
uwx aoH CCCP. IIpuBe~eHa ce6ecroHMOCTL orny
CKaeMo:ii :meKrpoauepruu, B KoropyiO BKRIO'laiOrcn: 
CTOHMOCTL TOnRHBa, OCTaRLHMe aKCnnyara~HOH

HMe paCXO~hl H OT'lHCneHHH Ha aMOpTH3a~HIO 

o6opy~oBaHHH H coopymeHu:ii. IIpuBe~eHM raKme 
pac'leTHLie aarparLI, KoropLie npHHHTM B CCCP 
B Ka'leCTBe KOMnneKCHOrO 91\0HOMH'leCKOrO noKa
aarenH u KoropLie KpoMe uenocpe~crBeHHMX pac
xo~oB, CBH3aHHhlX C npOH3BO~CTBOM aneKTp0-
9HeprHH, yqurLIBaiOT paaMepLI KanuranoanomeHuii 
~nH coopymeHHH aneKrpocraH~HH, o6ecneqeaun 
~OGLI~H TOnRHBa H ero rpaHcnoprHpOBKH. 

Hau6onee BhlCOKHe noKaaarenu, KaK H cne~o
Bano omu~aTL, nony'laiOTCH ~nH EBponeiicKux 
pa:iiouoa CCCP, u HMeHHO B arux paiioHax cne~y
er npem~e Bcero paaMem;aTb A8C. ITo Mepe ynyq
meHHH cBoux aKOHOMH'leCKHX noKaaareneii A8C 
cMoryr nony'lHTh Bee 6onLmee pacnpocrpaueaue 
a arux paiioHax, a aareM ua:iiru MecTo u B ~pyrux 
pa:iioaax crpaHLI. 

Ce6ecTon- PacqeTHhle 
30Hhl MOCTb, aaTpaThl, 

ROll/KBT• 'I ROll/RBT•'I 

EBponeil:cKne paHOHLI 0,40-0,45 0,70-0,75 
'YpaJI 0,24-0,28 0,45-0,50 
Cn6HpL 0,17-0,21 0,35-0,40 
Cpe~HHH A3HH H Kaaax-

cKaH CCP 0,12-0,15 0,30-0,35 

PacnpocrpaHeHHIO A8C u ycKopeauiO reMnoa 
ux crpourenbcraa 6y~er cnoco6craoaarb npHBJie
'leHHe B aHepreTHKY B COOTBeTCTBHH C aaHBJieHHeM 
CoaercKoro npaBurenbCTBa or 21 anpeJIH 1964 r. 
~OnOJIHHTeJILHhlX KOJIH'leCTB ypaHa, panee npe~
HaaHa'laBlllHXCH ~nH o6opOHHhlX ~eneif:. 

CoBpeMeHnLie A8C em;e ~oporu, u y~enLHaH 
croHMOCTL crpourenLcraa A3C KaK B CCCP, TaK 
H B ~pyrHX CTpaHaX 3Ha'lHTenLHO Bhlllle 06hl'IHMX 
TerrnoBLIX aJieKTpocTaH~Hii. Ho ua~o Y'lHTLIBaTb, 
'ITO A8C Haxo~HTCH no cym;ecTBY B uaqan.I.Hoii 
CTa~HH pa3BHTHH 1 B TO BpeMH KaK TeiinOBhle 
aneKTpOCTaH~HH npOlllJIH ~JIHTeRLHhlH nyTL paa
BHTHH H coBepmeHCTBOBaHHH. IIoaToMy rrpHMoe 
COIIOCTaBneHHe IIO COBpeMeHHhlM ~aHHhlM HerrpaBO
MepHO. Heo6xo~HM aaaJina rrpH'IHH coBpeMenHoii 
BLICOKoii CTOHMOCTH A3C H aoaMomHLIX nyTeii 
ee cuumeHHH. B CCCP H B ~pyrux crpanax aa no
cJie~Hee ~eCHTHJieTHC HaKOIIJICH aHa'lHTenbHhlH 
orrLIT npoeKTHpoBaHnH u cTpOHTeJI.bCTBa A8C 
C peaKTOpaMH pa3JIH'lHhlX THIIOB, 'ITO MomeT 
cnymHTb Ha~emHOH OCHOBOH ~JIH onpe~eneHHH 
crroco6oa n peanLHLIX rrepcrreKTHB rroaLimeHHH 
aKOHOMuqaocru A8C. 

Cym,ecrBeHnoe ana'leHue ~JIH cnumenuH y~enL
uoii CTOHMOCTH CTpOHTeJibCTBa A8C HMeeT yBeJIH
'leHHe ee Mom;uocru. Mom;uocTL coBpeMeauwx 

A8C uaxo~HTCH B npe~enax ~o 600 Afem, a ro 
BpeMH KaK ~nH o6M'IHLIX rennoBLIX aneKTpocrau
~Hii MaCCOBOH CTaHOBHTCH MOIIl,HOCT.b B 1200-
2400 Af em u ~ame 6onee. Pacqerw npuMenurenL
no K BenonpcKo:ii u HoaoBopoHemcKoii A8C 
noKaaaJiu, 'ITO y~aoenue MOIIl,HOCTH A8C Momer 
3Ha'IHTCRLHO nOHH3HTL y~enLHMe KaiiHTanOBRO
meHHH. Yaenuqeuue Mom;nocru A8C ~onmao 
06JiaarenLHO OCHOBMBaTLCH Ha nOBhllllCHHH C~H
HH'IHOH MOIIl,HOCTH peaKTOpOB H ryp6oreHepaTO
poB. llpu yBenH'leHHH MOIIl,HOCTH peaKTOpOB 
B 1,5-2 paaa BeCLMa cym,eCTBCHHO CHHmaiOTCH 
y~enLHLie Karruranoanomeuun. 

Y'lHTMBaH aru reu~en~uu, ua BenoHpcKo:ii 
u HoBoBopouemcKoii A8C aaqarw pa6orw no 
CTpOHTenLCTBY HOBhlX 9HepreTH'leCKHX 6JIOKOB 
C peaKTCJpaMH aJieKTpH'leCKOH MOIIl,HOCTLIO ~0 350-
400 Afem. Coa~auw uay'lnLie u rexnuqe
CKHe npe~ITOChlRKH ~nH C03~aHHH peaKTOpOB 
3Ha'lHTenLHO 6onLllle:ii MOIIl,HOCTH, a TaKme ~nH 
crpourenLCTBa A8C Mom;uocrLIO 1000 Af em 
H 6onee H yme BC~YTCH KOHKpCTHMe npoeKTHO
KOHCTpyKTOpCKHe pa6oTM B 9THX HanpaBne
HHHX. 

Cym;ecraeHHLIM cpe~cTBOM ynyqmeHH>I aKoao
MH'lecKnx noKaaareneii HBnJiercn noawmenue pa-
6o'IHX napaMerpoa napa anepreruqecKoro ~HKna 
A8C, 'ITO uapH~Y c ynyqmenueM K. n. ~· A8C 
o6ecneqHT B03MOmHOCT.b IIOBhlllleHHH C,!I,HHH'IHOH 
MOIIl,HOCTH ryp6oreaeparOpOB H CHHmeHHH y~enL
HOro pacxo~a napa H TCM CaMLIM ~OIIORHHTCRLHOe 
CHHmCHHe CTOHMOCTH CTpOHTenLCTBa. Heo6xo
~HMO nepeXO~HT.b K 6onee BhlCOKHM TCMrrepary
paM TeiiJIOHOCHTenH Ha BhlXO~e H3 peaKTOpa, 
a raKme BHe~pHTL rreperpea napa. llpaKruqecKHH 
onLIT pa6orw A8C c n~epHLIM rreperpeaoM napa 
B CCCP n pa6oTLI no noaLimenniO reMneparypw 
TeiinOHOCHTenH B peaKTOpaX ~pyrHX THIIOB n03BO
JIHIOT paCC'lHThlBaTL, 'ITO B peaynbTaTe 6y~eT 
o6ecrreqeua aoaMomnocrb npuMeHeHHH Ha A8C 
pa6oqero napa rex me rrapaMeTpoB, 'ITO u ua co
apeMeHHMX TennOBhlX 9JICKTpOCTaH~HHX. 

OrneBoii neperpea napa Ha A8C c npuMeHenueM 
o6M'!HOrO TOIIRHBa BpH~ RH MOmeT paCCMaTpH
BaT.bCH KaK nepcneKTHBHoe nanpaaneHne, no
CKOnLKy 3TO BeC.bMa ycnomHHeT KOMIIOHOBKY 
u aKcnnyara~uiO A8C u B ro me apeMH ue ~aer 
cym,eCTBeHHOrO 3KOHOMH'leCKOrO a<fllfleKTa no CpaB
HeHHIO c ucnonLaoaaaueM aroro ronnuaa ua o6Liq
HhlX aJieKrpocraH~HHX. 

PeaepBM CHHmeHHH CTOHMOCTH A8C HMeiOTCH 
raKme B rexuonoruqecKHX cxeMax n KoacrpyK
~HHX. IIocrpoeHHLie H crpoHm,uecn A8C 6LinH 
aarrpoeKTHpOBaHhl C HeKOTOphlMH ycnomHeHHHMH 
B cxeMax H KOHcrpyK~HHX anpe~b ~o HaKOIIJie
HHH npaKTH'lecKoro onwra aKcnJiyara~HH. OnLIT 
npoeKrupoBaHHH, CTpourenLcTBa H aKcnJiyaTa~HH 
IIOKa3biBaeT, 'ITO B ~anLHe:iimeM MOmHO 6y~eT 
6ea ym;ep6a ~nH ua~emuocru pa6orw u pa~ua
~HOHHOii 6eaonaCHOCTH Cyiil,CCTBeHHO ynpOCTHTL 
aam;HTHble crponTenLHLie KOHCrpyK~HH, YMCHb
IDHTb KORH'leCTBO ~OpOrHX KOHCTpyK~HOHHMX Ma-
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TepuaJIOB 1 KaK 1 uanpuMep1 uepmasem~eii eTa

JIB H T. II. 
TaKOBLI KOHKpeTBLie uanpaBJieHHJI1 KOTop~>~e 

IIOBBOJIJIIOT B cpaBBHTeJILBO BeOOJILIUOii CpOK 
cy~eCTBeHBO CBHBHTL CTOHMOCTL CTpOHT6JI:&CTBa 
A9C. XapaKTepH0 1 'ITO 9TH nyTu npHBD;HIIHaJIL
BO COBIIMaiOT C IIYTJIMH COBepmeBCTBOBaBHJI 
u y~emesJieHHJI o6LI'IJBLIX 9JieKTpocTaun;uii. 

BMecTe c reM o'leBH~Bol 'ITO see 9TH BoaMom
BOCTH CTaHyT e~e OOJiee peaJILH:biMH IIO Mepe 
nocJie~osaTeJI:&Boro coopymeBHJI n;eJioii cepuu 

A9C1 'ITO o~uospeMeuuo 6y~eT e~e O,l(HHM cy~e
CTBeBHLIM peaepBOM CBH)I(6BHJI CTOHMOCTH CTpOH
T6JILCTBa aa C'leT cepuiiuoro npouaBo~cTBa o6o
py~oBaBHJI BM6CTO HarOTOBJI6BHJI ~OpOrHX e~H

HH'IBLIX ycTaBOBOK. 
BMecTe co cuumeuueM CTOHMOCTH cTpouTeJIL

CTBa 6y~eT CBHii\aTLCJI H CTOHMOCTL 9JI6KTp09Bep
rHH1 BLipa6aTLIBaeMoii A9C1 IIOCKOJILKY npu 9TOM 
CHHmaeTCJI IIOCTOJIHHaJI COCTaBJIJIIO~aJI CTOHMOCTH 
9JI6KTp09HeprHH1 aaBHCJIIIl;aJI OT CTOHMOCTH CTpOH
T6JI:&CTBa. KpoMe Toro1 u B em;e 6oJILmeii cTene
HH 1 CHH)I(6HH6 CTOHMOCTH 9JI6KTp09HeprHH ~OJI)I(
HO H MOiR6T IIOHTH DO IIYTH YM6H:&meHHJI ee TOII
JIHBBOH COCTaBJIJIIO~eii. 3Ba'IHT6JILHYIO ~OJIIO CTOH
MOCTH TOIIJIHBa Ha A9C COCTaBJIJieT CTOHMOCTL 
He TOJI:&Ko caMoro Jl~epuoro rop1011ero 1 BO u uaro
TOBJieHHJI KOHCTpyKD;HH T6DJIOBLI~6JIJII01Il;HX 9Jie
M6HTOB. lloMHMo 6oJILIUHX soaMomuocTeii yco
sepmeucTsosauuH u y~emeBJieHHJI KOHCTpyKn;uoK
HLIX MaTepuaJIOB CHHiR6HHe CTOHMOCTH 6y~eT 
npoucxo~HTL TeM 6LICTpee1 11eM 6oJILmue MacmTa-
61>1 6y~eT npuHuMaTL cTpouTeJI:&eTBO A9C H cooT
seTcTseuuo OOJiee MaCCOBLIM H cepHHHLIM CTaHeT 
uaroTOBJieuue TonJIHBHLIX c6opoK. Cy~ecTBeBBLie 
B03MO.)I(BOCTH y~eill6BJI6HHJI 9JI6KTp09HeprRH CO
~epa<aTCJI TaKme B yseJiu'leHHH rJiy6HH:bl BLiropa
HHJI H~epuoro rop1011ero. On~>~T noKaaLIBaeT1 'ITO 
npaKTR'IeCKH MoryT 6LITL ~OCTHrHyT:bl 6oJILmue 
rJiyORBLI BLiropaHRJI1 '16M nepBOHa'laJI:&BO npe~
IIOJiaraBWH6CJI. 
O~uospeMeHBo c yJiy'lmeuueM 9KOBOMR'ICKHX 

noKaaaTeJieii A8C Heo6xo~uMo TexBu'leCKoe ux 
cosepmeBCTBOBaHHe1 uMeJI B su~y 1 'ITO A9C1 
KaK H BCJIKaJI ~pyraJI 9JI6KTpOCTaHD;RJI 1 ~OJiiRBa 
o6ecne'IHBaTL 6ecnepe6oii:aoe 9JieKrpocaa6meuue 
noTpe6uTeJieii H Ha~emao pa6oTaTL npu Bcex 
soaMomaLIX 9KcnJiyaTaD;ROHBLIX pemuMax. CJie
~yer cTpeMRTLCJI K TOMY 1 'IT06LI peaKTOpBaJI 
ycTaHOBKa B npe~eJiaX CBOeH npoeKTHOH MO~BO
CTH ~onycKaJia peaKue c6pocLI aarpyaKu aa JIIO-

6oM 9Taiie KaMnaBHH aKTHBHOii aOBLI c BeMe~JieB
Boii rOTOBBOCTLIO K IIOBTOpHOMy IIO~'I>eMy MO~HO
CTH u 6LicTpLiii aa6op MO~HOCTH 1 'IT06LI nycK 
H3 XOJIO~BOrO COCTOJIBHJI 86 Tpe6oBaJI OOJILmero 
Bp6M6BH1 '16M aa COBpeMeBHLIX RpyDHLIX 9JI6-

KTpH'16CKHX 6JioKaX1 pa6oTaiO~HX Ba o6LI'IHOM 
TOIIJIHBe. a\eJiaTeJILH01 1Jto6LI KOHCTPYKD;HJI peaK
Topa D03BOJIJIJia IIpOH3BO~HTL neperpyaKy aKTHB
HOH aoaLI 6ea ueo6xo~HMOCTH ~JIHTeJI:&Boii ocTa
HOBKH peaKTOpa CO CHJITHeM ~aBJieBHJI H paCXO
Jiaii\HBaHH6M. Heo6xo~HMO ynpom;aTL TexaoJioru
'lecKue CX6MLI1 yMeHLillaT:& KOJIH'IJ6CTBO BCIIOMO
raTeJILBLIX arpe'raTOB 1 paaJIH'IHLIX annapaTOB 
u apMaTypLI. BecLMa BamB01 'IT06LI coBepmeu
CTBOBaaue A9C npouaBO~HJIOCL 6ea y~ep6a ~JIJI 
o6ecne'leHHJI IIOJIHOH pa~uan;uouaoii 6eaonacHo
CTH 9KCIIJiyaran;uouaoro nepcouaJia A9C1 a TaR

me uaceJieBHJI1 cllayuLI u ciiJiopLI paiioua. Pa6oTLI1 
KOTOpLie npOBO~JITCJI BO BCeX nepe'IHCJieHBLIX 
aanpaBJie8HJIX1 a TaKme HM6IO~HHCJI OIILIT 
noKaa&IBaiOT1 'ITO 9TH ycJIOBHJI MoryT OLIT:& o6ec
neqea:&~. 

Kap~uHaJILBoe aaa'leHue &MeeT Bonpoc o TH
nax 9HepreTH'IeCKHX peaKTOpOB, KOTOpLie ,l(OJI.)I(H:bl 
6LITL npuaHTLI aa ocHoBy KaK ~JIJI nepsoro 9Tana 
AOBe,l(eBHJI A9C AO Tpe6yeMoro ypoBHJI 9KOBO
MH'IBOCTH1 TaR H ~JIJI IIOCJie,l(yiO~eii nporpaMMLI 
mupoKoro ux crpouTeJI:bcTBa. llpu pemeuuu 9Toii 
aa,l(a'lu cJieAyer Y'~HTLIBaT:& 1 'ITO AeiicTBuTeJILBO 
II6pCII6KTHBBOH aTOMHaJI 9BepreTHKa MOii\eT CTaT:& 
TOJI:&KO npu ycJioBuu o6ecne'IJeBHJI A9C caMoii 
mupoKoii TOIIJIHBBOH 6aaoii. TaKoii: 6aaoii He Mo
meT cTaT:& npuMeaeaue &a A9C TOJI:&Ko uaoTona 
U'86

1 'ITO JIBHJioc:& 6LI cosepmeaao aepaayM
B:biM ucnoJI:&aoBa&ueM n;eHaoro npupo.l(aoro ypa
ua, co,l(epma~ero B ce6e orpoMaLie noTean;uaJIL
BLie 9aepreruqecKue BoaMomaocru. llpu 6oJIL
mux MacmTa6ax u reMnax paaBHTHJI Bceii 9aepre
THKH A9C Moryr BHecru cym;ecrseaHLiii BKJiaA 
B TODJIHBB0-3BepreTH'I6CKHH 6aJiaBC H Ba ,l(OCTa

TO'IJHO ,l(JIHT6JILHLIH nepuoA TOJILKO npu ycJiosuu 
HCIIOJIL80B8HHJI B Ka'IJ6CTB6 TOIIJIHBa BCero IIpH
pO,l(HOrO ypaaa. 9Ty aa~aqy ae Moryr pemuTL 
COBp6M6HBL16 98epreTR'IeCKH6 peaKTOpb1 1 pa6o
TaiOIIl;H6 aa T6DJIOBLIX B6HTpOBaX1 D03TOMY 8aCTOJI
T6JI:&BO B600XO~HMLIM CTaHOBHTCJI OCB06BR6 H BH6-
.l(peHH6 peaKTOpOB-pa3MHOiRHT6JI6H. 

TaKOBLI aa~a'lu aToMaoii aaepreTHKH u Tpe6o
BaauJI K aTOMHLIM 3JI6KTpOCTa8D;HJIM 1 BLIT6KaiO
Ill;H6 ua KOHKperaLix ycJioBuii paaBHTHJI sceii 
9JieKTpo9aepreTHKH CoBeTcKoro Comaa. 

ABSTRACT- RESUME- AHHOTA~Io-iSI- RESUMEN 

A/316 USSR 

Development of electric power in the USSR 
and atomic power plants 

By A. M. Nekrasov and G. S. Zelevinsky 

Present power development in the USSR is 
characterized by a rapid growth of power capacity 

arising from the construction of large hydroelectric 
and thermal power stations, incorporating large 
units, and from the integration of separate power 
networks into larger power complexes. 

The availability of practically unlimited resources 
of coal, oil, gas and hydroelectric power in the 
USSR makes it appropriate at the present time to 
build only prototype atomic power plants with 
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various reactor systems in order to accumulate 
experience in design, construction and operation of 
such plants. 

The enormous scale of power development 
provided for in the USSR programme, and the 
unequal distribution of power-demanding regions 
and energy sources, will, however, make it neces
sary in the future to build a number of large atomic 
power stations, mainly in those districts where 
resources of fuel and hydroelectric power are limited. 

The paper discusses the necessary conditions for 
the integration of atomic plants into the power 
networks of the USSR, and the main requirements 
that these plants will have to meet in order that 
their extensive introduction into the networks is 
economically justifiable. 

A/316 URSS 

Developpement de l'energie electrique en URSS 

et centrales nucleaires 

par A. M. Nekrasov et G. S. Zelevinsky 

Le developpement actuel de la production ener
getique en URSS se caracterise par un rapide 
accroissement des puissances installees, du a la 
creation de grandes centrales hydroelectriques et 
thermiques avec des groupes a puissance unitaire 
elevee, et a la reunion de differents reseaux en de 
tres gros complexes energetiques. 

L'existence en URSS de reserves enormes de 
charbon, de petrole et de gaz, et de ressources 
hydrauliques, lui permet pendant un certain temps 
de se limiter a Ia construction de centrales nucleaires 
prototypes avec differents types de reacteurs en vue 
d'accumuler de !'experience dans l'etude, Ia cons
truction et !'exploitation de ces centrales. 

Le developpement a grande echelle de 1' energe
tique, prevu dans le programme du Parti commu
niste, et la repartition inegale des regions de con
sommation d'energie electrique ainsi que des sources 
energetiques, exigeront a l'avenir la construction 
d'une serie de grosses centrales atomiques, surtout 
dans les regions manquant de reserves de combus
tibles et de ressources hydrauliques. 

Le memoire expose certaines conditions neces
saires a !'introduction de centrales nucleaires dans 
le reseau energetique de l'URSS, et les principales 
exigences auxquelles doivent satisfaire les centrales 
pour que leur large introduction dans les reseaux 
energetiques soit economiquement rentable. 

A/316 URSS 

Desarrollo de Ia energetica electrica en Ia URSS 
y centrales nucleares 

por A. M. Nekrasov y G. S. Zelevinsky 

El desarrollo energetico actual de la URSS se 
caracteriza por el n!pido aumento de las potencias 
instaladas mediante la entrada en funcionamiento 
de potentes centrales termo e hidroelectricas con 
unidades de gran potencia, y tambien por la unifi
caci6n de diversos sistemas en complejos energe
ticos muy potentes. 

La existencia en la URSS de reservas practica
mente ilimitadas de carbon, petr61eo, gas y de 
recursos hidraulicos permite limitarse, durante un 
cierto periodo de tiempo, a la construcci6n de cen
trales experimentales con distintos tipos de reac
tores, a fin de ir acumulando experiencia en el 
proyecto, construcci6n y explotaci6n de dichas cen
trales nucleoelectricas. 

El enorme desarrollo energetico previsto en el 
programa del Partido Comunista de la URSS y la 
irregularidad de la distribuci6n de las zonas de 
consumo de energia electrica y de los yacimientos 
de recursos energeticos requeriran, en el futuro, Ia 
construcci6n de una serie de grandes centrales nu
cleares, principalmente en las zonas que no disponen 
de reservas de combustible suficientes, ni de recur
sos hidraUlicos. 

En Ia memoria se consideran algunas premisas 
para Ia introducci6n de centrales nucleares en los 
sistemas energeticos de Ia URSS y los requisitos 
fundamentales que tendran que cumplir dichas 
centrales para que este justificada econ6micamente 
una amplia introducci6n de las mismas en estos 
sistemas. 



P/606 Sweden 

Studies of the frequency and power regulation 
of a power system containing nuclear 
and water power stations 

By D. Jungnell and T. Spanne * 

The regulation properties of different types of 
nuclear power stations have been thorougly studied 
by many authors. However, the conditions when 
the nuclear power stations are connected to a power 
system have normally not been considered. As the 
share of nuclear power in the power systems grows, 
it will be increasingly important that the nuclear 
power stations are able to take a considerable part 
of the frequency control of the power system. 
Therefore it is important to study the suitability of 
using nuclear power stations for frequency regulation 
and their co-operation with water power stations. 

The factors mentioned above are dependent on 
the properties of the nuclear power stations and 
the power system, for which reason no general rules 
can be given. However, as the procedure of inves
tigating the frequency regulation is independent of 
the power system, a study of a special power system 
can be of general interest, and will therefore be 
described in this paper. 

Description of the Swedish power system 

At present 95% of the electrical energy production 
in Sweden consists of hydro power. The total 
installed hydro power connected to the network in 
1963 was about 8 600 MW and the thermal power 
was about 2 100 MW. The total electrical consump
tion this year was somewhat more than 40 X 
109 kWh. During the 1970s most water falls will be 
harnessed and nuclear power will mainly be used to 
cover the additional power demand. The hydro power 
stations are very suitable for frequency regulation. 
However, to get an accurate frequency control, the 
power of the frequency regulating stations must be a 
considerable part of the power of the system. Most of 
the hydro power stations are very small and there 
are only seven stations with a power above 200 MW. 
This number will not increase much because most 
of the big water falls are already harnessed. It is 
therefore desirable that the nuclear power stations 
will be able to take part in the automatic frequency 
control in the future. 

Experimental investigations of the Swedish net
work by frequency analysis have been made [ 1] . 

* Swedish State Power Board, Stockholm. 
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They indicated that the transfer function from power 
to frequency during times with high loads could 
be written with good approximation. 

1 
f/Pn = Gn = Rn(1 + Tns) (1) 

The first term in the denominator represents the 
frequency rigidity of the power system. The total 
kinetic energy of the system per MW generating 
capacity is equal to ~RnT n· Studies made on later 
occasions prove that the changes of the characte
ristic properties of the network are so small that 
this formula is still approximately valid. For the 
present and the future network one can approxima
tely write Rn = 2.0, Tn = 7.5 seconds. The low 
value of the frequency rigidity means that the self
regulating effect of the network is very small. The 
power change for a frequency change of 1 Hz will 
be only 4%. 

A power system is always subject to rather large 
slow load changes during the day and the night. 
Smaller random load changes caused by connecting 
and disconnecting loads and generators are super
posed on the slow larger changes. In the Swedish 
network the rapid load fluctuations are normally 
lower than 1 % of the total load. The load consumers 
can demand that the frequency variations caused 
by these load variations are kept within very small 
limits. During normal operation the frequency is 
therefore kept within + 0.1 Hz in the Swedish 
network according to international practice. With 
this condition the frequency variations will not give 
any inconvenience even to the most frequency
sensitive consumers. 

The frequency control of the power system 

In the Swedish power system only electrically 
operated turbine governors are used in the fre
quency regulating power stations, which has 
influenced the method applied for frequency control 
[2]. The electrical regulator is in many respects 
superior to the mechanical regulator used in many 
countries. Thus the permanent and temporary statism 
can easily be adjusted and adopted to the conditions 
of the power system. All the stations which take 
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part in the frequency regulation can be given a 
weak permanent feedback. Therefore the frequency 
regulation is carried out in such a way that a small 
permanent statism down to 0.4% is introduced in 
a great number of larger stations so that the regu
lation work will be suitably distributed at the same 
time as the frequency error will be small. Normally 
the frequency regulation is chosen so that the 
permanent change in power production will be 
somewhat over 50% of the total power at a fre
quency change of 1 Hz, being equivalent to a 
permanent statism of less than 4% calculated on 
the total power of the system. A load change as 
large as 2% of the total power will then give a 
stationary frequency change of only about 0.04 Hz, 
hence an adequate margin from the permissible 
change. The self-regulation of the network is then 
less than 10% of the total contribution to the power 
adjustment. 

The following transfer function between servo
motor piston displacement and frequency is valid 
for an electrically operated turbine governor with 
a temporary feedback [3]. The notations are defined 
in the end of the report. 

The transfer function from frequency to power 
at the water power stations also contains the inertia 
of the water as well as the relation between the 
servomotor piston displacement and the turbine 
power [3-4]. The transfer function from frequency 
to turbine power in the nuclear power stations can 
be determined from the differential equations of the 
reactor, turbine, and control systems as described 
in the following paragraph. It is assumed that all 
frequency regulating nuclear power stations are 
similar and that the same is true of the regulating 
water power stations. The system can then be repre
sented according to Fig. 1. 

The dynamic model of nuclear power stations containing 
reactors with heavy water moderator and coolant 

The Swedish work within the nuclear power field 
has hitherto mainly been concentrated on pressure 
vessel, heavy-water-moderated reactors with pres
surized and boiling heavy-water as coolant. In the 
studies reported in this paper it has therefore been 
assumed that the nuclear power stations are of these 
types. A simplified description is shown in Figs. 2 
and 3. The fuel elements consist of rods of uranium 
oxide canned in Zircaloy and put into a tube. The 
coolant first flows into the moderator and then to 
the fuel element tubes. It has been necessary to 
give a fairly detailed description of the nuclear 
power stations. 

For lack of space the equations describing the 
nuclear power reactors cannot be given here in 
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detail but some comments will be made. We can 
also refer to a report of the Swedish State Power 
Board containing a detailed description of the 
equations. 

At the rather slow and small transient deviations 
from steady state which will occur when nuclear 
power stations take part in the automatic frequency 
regulation, and as the reactor core will not be 
studied in detail but only the influence of the reactor 
on the rest of the system, it will be sufficient to 
write the kinetic equations of the reactor in one 
neutron energy group model and point geometry. 
The delayed neutrons are represented by four groups, 
where the most short-lived emitters are put together 
in one group and the most long-lived ones, which 
are of only little yield, in another group. Reactivity 
changes caused by changes of fuel temperature, void, 
moderator temperature, xenon poisoning and posi
tion of control rods are considered. 

For the pressurized water reactor with steam 
generator according to Fig. 2 thermodynamic equa
tions of point model have been used for this study. 
These equations are similar to those normally used 
for pressurized reactors [ 5] . 

For the boiling heavy water reactor with natural 
circulation according to Fig. 3 linearized equations 
of point model are used. The equations are based 
on many assumptions which cannot be related here 
for lack of space. Similar models for boiling reactors 
have been described in great detail in literature 
[ 6-9] . The pressure drops are dealt with in the 
same way as in ref. [ 10] . The relation between 
relative void, steam quality and pressure in the 
boiling channels is based on data given by Marti
nelli-Nelson [ 11]. 

The turbine uses saturated steam and the turbine 
system is designed according to Fig. 4. Throttle 
regulation is assumed and the valve characteristic 
is chosen linear within the range of interest. For 
the feed water heaters according to Fig. 4, equations 
are written in point model with one equation for 
each heater. The transport lag in the feed water 
pipelines is approximated with complete mixing of 
the water in the pipe. In the pressurized water 
reactor case the transport lag in the feed water 
pipelines is so large that three equations for 
successive mixing have been chosen to represent 
the time delay from the feed water heater to the 
steam generator [ 12-13]. 

The following principle has been chosen for the 
control system of the nuclear power stations. The 
frequency change is assumed to influence only the 
turbine valve. A permanent but no temporary feed
back from the piston displacement is assumed 
according to equation (2) with G3 = 0. The reactor 
power is adjusted to the turbine power by a conti
nuously acting control system consisting of an 
integrating stabilizing circuit for the neutron flux 
according to the equation 

(3) 



224 SESSION 1.6 P/606 

PL - Pn I I Gn 
I J + + 

f 

L-------IJ Pnw. • GA 11-----+ 
I A.. J 

.___ ____ --II PnRo • Ga lr---' 
l Pno I 

Figure 1. Block diogram of a power system with frequency 
regulating water and nuclear power stations 

When a combined regulation of the outlet tem
perature of the reactor and the pressure of the steam 
generator is used in the pressurized water reactor 
the reference value cf>r is formed in the following way 

cf>r = K2WmT- Ka ' OmRe- K4 • Pms 

- f (Ka · OmRe + K6 · Pms)dt (4) 

For the pressurized water reactor investigations 
are also made when only the outlet temperature of 
the reactor is regulated (K2 = K6 = 0) and when 
only the pressure of the steam generator is regulated 
(K3 = K 5 = 0). For the boiling reactor a regulation 
of the pressure of the reactor (K3 = K 5 = 0) is 
used. For describing the primary elements for 
measuring temperature, pressure and flow simple 
time constants have been used. 

For the control of the feed water flow the following 
simplified equation has been used 

Wt + Trwr = K1 (wT - Wr) + Ka f(wT - Wr)dt (5) 

Summary of studies performed 

With the dynamic model developed a power system 
containing water and nuclear power stations can be 

Figure 3. Simplified diagram of the boiling 
reactor 
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Figure 2. Simplified diagram of the pressurized water reactor 
plant 

investigated by different methods, e.g., by step dis
turbances or by frequency analysis. 

A great number of studies have been carried out 
where the disturbances were step load changes. Only 
some characteristic studies can be shown here for 
lack of space. Some introductory studies of the 
regulation properties of water power stations were 
carried out by using detailed equations. It could be 
shown that the temporary feedback, which reduces 
the tendency to oscillations but has only little 
influence on the magnitude of the first swing, could 
be neglected without any great error in this study; 
this can also be done with the inertia of the water. 

The results of positive step changes of 2% of 
the total load, shown in Figs. 5-8, will give a good 
idea of the behaviour at the greatest conceivable 
fast load disturbance. Comparison has been made 
between cases with only water power, only nuclear 
power and half of each as regulating power and 
with different values of this power. The behaviour 
by using either boiling or pressurized water reactors 
with different control systems or self-regulation of 
the reactor has been studied. The control systems 
used at the investigations have been roughly opti-

Figure 4. Simplified diagram of the steam and feed water heater 
circuits 
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Figure 6. Frequency and power changes by a step change of + 296 in load in a system a>ntaining frequency regulating water power and pressurized reactor power stations 
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Figure 7. Various transients in frequency regulating boiling water reactor stations by a step change of +2% in load 
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Figure 8. Various transients in frequency regulating pressurized reactor power stations by a step change of +2% in load 
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mized during some introductory tests. The permanent 
statism and the characteristic time of the turbine 
valve have been varied (Figs. 5 and 6). Many of 
the parameters of the nuclear plants have been 
registered; Figs. 7 and 8 are shown as examples. 

Discussion 

To obtain a comparison between water and nuclear 
power stations as frequency regulating stations, a 
number of studies were made with the same data 
of the turbine regulators for the two types of 
stations. If the nuclear power stations are equipped 
with a suitable control system for the reactor one 
will in this case get about the same frequency 
regulation whether the· regulation is carried out by 
only nuclear, only water or a combination of nuclear 
and water power stations (Figs. 5 and 6). 

At a load change of 2% of the total power and 
a regulating power of 15 or 30% a frequency 
deviation greater than 0.1 Hz will only be obtained 
during a time of about 30 or 15 seconds respectively. 
One of the reasons for this insignificant difference 
between nuclear and water power stations is, that 
the former stations are equipped with such large 
steam drums that the pressure before the turbine 
valves will change very slightly after a disturbance; 
at the same time a change in the production of 
steam will occur immediately, which will adjust the 
reactor power. 

For the first transient frequency deviation it does 
not matter if the reactors are equipped with power 
control or not. However, it is important for the 
stationary frequency deviation and for the distribu
tion of the load between water and nuclear power 
stations that the reactor power is regulated in a 
suitable way. Nuclear stations with boiling reactors 
having constant pressure regulation are very good 
in this respect. 

When using pressurized water reactors the fre
quency regulation will be as good as in the case 
mentioned above if the pressure of the steam 
generator is regulated. At a load increase the outlet 
temperature of the reactor will increase, however, 
and if this increase cannot be allowed one has to 
regulate the temperature instead. In this case the 
regulation will not be much better than that obtained 
when using a self regulated reactor. If the pressurized 
water reactor is to be used for frequency regulation 
it has to be designed so as to allow pressure 
regulation. 

As can be seen from Figs. 5 and 6, a self regulated 
reactor cannot be accepted if the nuclear stations 
alone carry out the frequency regulation, since the 
stationary frequency deviation will be too great. If 
water and nuclear power stations regulate in co
operation and if the water power stations can endure 
the overload, the frequency regulation would be 
acceptable as the latter station would take a compa
ratively greater power. 

An· important factor which has to be considered 
when choosing the data of the control system is that 
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owing to the thermal strain, the power of the steam 
turbine is not allowed to change too rapidly. The 
demands are particularly severe for the high pressure 
turbines which should normally not be exposed to 
more rapid load changes than 4% per minute, but 
which on special occasions can endure about 10% 
per minute. Turbines for more moderate pressures, 
which will be used in these types of nuclear power 
stations, can endure higher load changes, instan
taneously 10% and greater changes at a rate of 
normally 10% per minute and maximum 20% per 
minute. As can be seen from Figs. 5 and 6, the 
maximum change is about 15% in half a minute 
in the most unfavourable case whether the nuclear 
power stations regulate alone or together with water 
power stations and whether the power of the regu
lating stations is 15 or 30% of the total power. 
Thus the regulation is too rapid in this case and 
cannot be allowed. The initial rate of the turbine 
power change is particularly influenced by the 
characteristic time of the turbine valve. If one 
chooses a greater value of this parameter in the 
nuclear than the water power stations, one will get 
greater frequency variations when the nuclear power 
stations take the whole or a part of the frequency 
regulation than when only water power stations do 
this. When water and nuclear power stations work 
together the former will take a greater part of the 
regulation during the transient. In the case shown 
in Fig. 6, with a characteristic time of 2 seconds 
for the steam turbine regulators and 0.5 seconds 
for the water turbine regulators, the load change 
of the steam turbines will be 12% per minute. A 
shorter characteristic time than 2 seconds could 
therefore be allowed. 

In order to be equivalent to water power stations 
the nuclear power stations in the case mentioned 
above should be able to endure a load change of 
about 30% per minute. If, for example the per
manent statism and the characteristic time of the 
turbine regulator are chosen 50% greater than in 
the case shown in Fig. 5, and if the regulating 
nuclear power is also increased by 50%, one should 
get the same frequency regulation as in Fig. 5 at 
the same time as the total power change at the 
steam turbines would be somewhat less than 10% 
and the load change rate about 20% per minute, 
which are acceptable values. This gives a measure 
of the difference in regulating efficiency between 
water power stations and nuclear power stations 
equipped with pressure vessel heavy water reactors 
when used for frequency regulation. 

A problem which is important not at the rapid 
load changes around the equilibrium state but at 
the slow larger load changes during day and night 
is the xenon poisoning. One has to supervise and 
adjust the power production by connecting and 
disconnecting stations at great load changes so that 
each individual station does not get such a high 
remaining load decrease that the xenon poisoning 
will be too large and the station will be shut off. 
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However, the same procedure has to be used in a 
network with only water power stations for fre
quency regulation as it is desirable to operate all 
the stations as near as possible to the optimum 
efficiency. Therefore there is no important difference 
in the supervision requirements in these cases. 

Summary 

Studies of frequency regulation by nuclear power 
stations containing heavy water reactors in co
operation with water power stations have been 
carried out on an analogue computer. For this reason 
a dynamic model of the total power system con
taining nuclear and water power stations with their 
control systems is developed. 

The studies show that it is always possible to 
design a control system for the nuclear power 
stations studied so that these stations will be suitable 
for frequency regulation and that they will co
operate well with frequency regulating water power 
stations. However, owing to limitations caused by 
the thermal strain of the steam turbines the valve 
characteristic time of the nuclear stations cannot be 
made as low as that of the water power stations 
for which reason one has to use a greater frequency 
regulating nuclear power to get an equivalent fre
quency control. The types of nuclear power stations 
studied in this paper should have about 50% greater 
regulating power in order to be equivalent to water 
power stations. 
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SYMBOLS 

Constant parameters 

G = transfer function 
K = control coefficient 
R = frequency rigidity of the 

unregulated network 

T = time constant, time de
lay 

a = statism of regulator 
T = characteristic time of 

regulator 

Variables 

The following symbols denote without index "0" devia
tions from corresponding steady state values ; these are 
indicated with the same symbol using index "0". The sym
bols f, P, 11 and ¢ represent changes divided by their steady 
state values. 

f = frequency of power 
system 

P =power 
p =pressure 
t =time 
w = total mass flow 

a = void fraction 
11 = piston displacement of 

main servomotor 
fJ =average temperature 
¢ = mean neutron flux in 

the fuel 
a k =reactivity 

Indices 

c =control 
e = outlet, spec. outlet of 

channels in reactor 
F =fuel 
f = feed water 
M = Moderator 
m =measuring unit, prim

ary element 
n =network 
0 =steady state 

R = reactor, nuclear power 
station 

r = reference, set point 
s = at saturation, spec. sat

urated steam from boil
ing channels in reactor 
and steam generating 
zone in steam genera
tor 

T =turbine 
t =temporary feedback 
W =water power (station) 
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ABSTRACT- RESUME- AHHOTAU~SI- RESUMEN 

A/606 Suede 

Etudes sur Ia regulation de frequence et de 
puissance d'un reseau de distribution electrique 
comprenant des centrales nucleaires et des 
centrales hydrauliques 

par D. Jungnell et T. Spanne 

Au fur et a mesure que la part de l'energie 
d'origine nucleaire augmente dans un reseau de 
distribution electrique, les centrales nucleaires 

joueront un role plus important dans le controle 
de la frequence de ce reseau. En raison de la pre
cision requise en matiere de controle de frequence, 
des exigences speciales seront imposees aux centrales 
nucleaires assumant ce role. 

Pour cette raison, le memoire etudie dans quelle 
mesure il est convenable d'utiliser des centrales a 
reacteurs a eau lourde sous pression ou bouillante 
en meme temps que des centrales hydrauliques pour 
la regulation de la frequence sur le reseau suedois. 
A l'heure actuelle, ce reseau assure une puissance 
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totale de 8 000 MW. Les variations rapides de la 
charge ne depassent pas en general 1 % . Dans les 
centrales de regulation de frequence, on utilise des 
regulateurs electriques dont le statisme permanent 
peut etre aussi bas que 0,4%. La regulation de 
frequence est generalement choisie de telle sorte 
que le changement permanent de production d'ener
gie electrique ne depasse guere 50% de la puissance 
totale pour une variation de frequence de 1 Hz. 

Des etudes sur la regulation de frequence par des 
centrales nucleaires couplees avec des centrales 
hydro-electriques ont ete effectuees a l'aide d'un 
calculateur analogique, et l'on met au point pour 
cela un modele dynamique du reseau. Les centrales 
nucleaires assurant la regulation de frequence et les 
autres centrales de regulation de frequence sont 
considerees comme etant deux elements distincts, et 
le reste du reseau est represente par une fonction 
de transfert empirique simplifiee entre puissance et 
frequence. Etant donne que l'action compensatrice 
apportee par la contribution du reste du reseau au 
contr6le de la frequence est faible par rapport a la 
contribution des centrales regulatrices de frequence, 
la precision de ce modele du reste du reseau peut 
etre consideree comme suffisante. On admet que les 
reacteurs des centrales nucleaires regulatrices de 
frequence sont du type a eau lourde bouillante ou 
sous pression. Pour ces centrales on utilise un 
modele analogique detaille, comprenant des modeles 
partiels du reacteur avec les appareillages de con
tr61e et les turbines a vapeur avec vannes et 
regulateurs, de maniere a pouvoir etudier les varia
tions transitoires de la puissance, de la pression et 
de la temperature dans les differentes parties du 
systeme du reacteur. 

On a etudie les conditions de puissance reglee 
et non reglee du reacteur pour differentes valeurs 
du statisme des regulateurs des turbines. On a etudie 
aussi differents principes de regulation pour l'ajus
tement de la puissance du reacteur a la charge ainsi 
que !'influence des variations transitoires sur le 
reacteur et ses principaux elements. II a ete procecte 
a une comparaison entre les centrales nucleaires et 
les centrales hydrauliques utilisees pour la regulation 
de frequence. La cooperation entre ces centrales 
lors de differentes perturbations de la charge a ete 
!'objet d'un examen particulier. 

Les etudes montrent qu'il est toujours possible 
d'imaginer un systeme de contr6le pour les reacteurs 
des centrales nucleaires pour que celles-ci convien
nent pour la regulation de frequence et cooperent 
bien avec les centrales hydro-electriques regulatrices 
de frequence. Cependant, compte tenu des limitations 
imposees par les contraintes thermiques dans les 
turbines a vapeur, Ia regulation de !'admission ne 
peut etre aussi rapide dans les centrales nucleaires 
que dans les centrales hydrauliques. II faut done 
une puissance installee nucleaire plus grande pour 
avoir une regulation de frequence equivalente. Les 
centrales nucleaires etudiees dans le memoire doivent 
avoir une puissance superieure de 50% environ a 
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celle des centrales hydro-electriques pour donner 
une regulation de frequence equivalente. 

A/606 WB94HR 

HayYeHHe npo6neM~ cra6HnHaHpoaa
HHfl YaCTOTbl H MOutHOCTH 3neKTp0-
3HepreTHYeCKOH CHCTeMbl, BKntOYatO
uteH aTOMHble H rHApOsneKTpOCTaH~HH 

,A. toHrHenn, T. CnaHHe 

B CBHaH c pocToM ponn HAepuoii: auepreTHKH n 
:meKTpoaHepreTH'IeCIWH CHCTeMe OHa 6yAeT Hl'

paTh BCe 6onee BaiKHYIO pORh B CTa6HRH3HpOBa

HHH qacTOThl. BBHAY TO'IHOCTH, Heo6xoAHMOH ARH 

CTa6HRH3HpoBaHHH tJaCTOThl, OCOOhle Tpe6oBaHUH 

OYAYT npeA'hHBRHThC.fl K CTa6unuanpyiO~eH qacTo-

Te aTOMHhlX aneKTpOCTaHIWH. 

lloaTOMY B HaCTO.fl~eM AOKRaAe paccMaTpH

HaeTCH BOIIpOC 0 u;enecoo6pa3HOCTH HCll0Rh30Ba

HHH B aneKTpoauepreTH'IecKoii: cncTeMe IIIBeu;un 

anepreTntJecKnx peaKTopoB c BOAOH IIOA AaBnenn

eM H KHllH~HX T.fliKeROBOAHhiX peaKTOpOB BMeCTt' 

C rHApOaReKTpOCTaHIJ;HHMH ARH CTaOHRH3HpoBa

HHH 'IaCTOThl. B HacTo.a~ee BpeMH o6~aH Mon~
HOCTh aneKTpOaHepreTH'IeCKOH CHCTeMhl UJBeiJ;HH 

cocTaBnHeT oRono 8600 Mer. BhiCTphre naMeHeHHH 

uarpyaKH o6LI'IHO He rrpeBLimaiOT 1%. Ha cTaH

u;nHx, llOAAepiKUBaiO~HX aaAaHHYIO tJaCTOTY, HC-

110RL3YIOTCH aneKTpH'IeCKHe peryR.fiTOphl C 110-

CTOHHHLIM CTaTH3MOM He OORee 0,4%. I\aK npa

BHRO, CTaOHRH3HpOBaHHe 'laCTOTbl BhlOHpaeTCH 

TaKHM o6pa30M, 'IT06hi IIOCTO.fiHHOe HaMeHeHHe B 

Bhlpa6aTbiBaeMOH :meKTpOaHeprHH COCTaBHRO 

Rllillb HeMHOrHM 60Rhille 50 Ofo o6~eH MO~HOCTH 
upH HaMeHeHHH 'laCTOThl Ha 1 e!f. 

Hay'leHHe cTa6HnHaau;HH 'laCTOThi nyTeM HC

JJORJ>30BaHHH aTOMHLIX aneKTpOCTaHIJ;HH B CO'IeTa

IIHH C CHApoaneKTpH'IeCKHMH CTaHIJ;HHMH 6yAeT 

npoBeAeHO npu llOMO~H aHanoroBOH Bhl'IHCRH

TeRJ,HOH MamHHhl. ,ll;nsr aToro 6hlna paapa6oTaHa 

AIIHaMH'IeCKa.fl MOAeRh. aneKTpOaHepreTH'IeCKOH 

CHCTeMhl. AToMHhie aneKTpocTaHIJ;HH, perynHpyiO

HIHe 'laCTOTy, H ApyrHe CTaOHRH3HpyiO~H£' 
'laCTOTY CTaHIJ;HH paCCMaTpHBaiOTCH KaK ABe OT

)(eRhHhle 'laCTH, TOrAa KaK OCTaBmaHCH 'laCTh aneK

Tp03HepreTH'IeCKOH CHCTeMbl npeACTaBReHa ynpo

~eHHOH 3MIIHpH'IeCKOH rrepeXOAHOH lf>yuKu;Heii 

MeiKAY MO~HOCThiO H 'laCTOTOH. lloCKORhKY KOM· 

HeHCHpyiO~HH BKRaA OCTaRhHOif 'laCTH 3JieKTpo

:-mepreTH'IeCKOH CHCTeMLI B CTa6HJIH3HpoBaHHe 

'laCTOThl HCBeRHK DO CpaBHeHHIO C BKRaAOM CTaH

l~HH, CTaOHJIH3HpyiO~HX 'laCTOTy, TO TO'IHOCTb 

aTOH MOAeRH OCTaRhHOH 'laCTH aneKTpoanepreTH

'IeCKOH CHCTeMhl MOiKeT C'IHTaTbCH AOCTaTO'IHOH. 

OpHHHMaeTCH, 'ITO na perynupyiO~Hx qac

TOTY aTOMHbiX 3JieKTpOCTaHIJ;H.fiX HCllOJib3YIOTCH 

TaKHe THllhl peaKTOpOB, KaK KHllH~HH peaKTOp H 

peaKTop c THiKeJioii: B<>AOH noA AaBJieHHeM. ,ll;nH 



232 SESSION 1.6 P/606 

3THX aTOMHhlX ::JJieKTpOCTaHIJ;HH HCllOJih3yeTCH 

nop,po6naH ananoroBaH Mop,eJih, BKJIIO'IaiOn~aH 
6JIO'IHhle MOP,eJIH peaKTOpa C CHCTeMOH ynpaBJie

HHJI H napOBble Typ6HHbl C KJianaHaMH H CH

CTeMOH ynpaBJieHHH, ll03BOJIHIO~aH H3Y'IHTh 

nepeXOP,Hhle pemHMhl MO~HOCTH, p,aBJieHHH H TeM

nepaTypbl B pa3JIH'IHbiX 'laCTHX peaKTOpHOH 

CHCTeMhl. 

llay'leHhl TaKme yCJIOBHH KaK perynupyeMoii, 

TaR H HeperyJIHpyeMOH MO~HOCTH peaKTOpa rrpH 

pa3JIH'IHhlX 3Ha'leHHHX CTaTH3Ma Typ6HHHbiX pe

ryJIHTOpOB. lfccJieP,OBaHhl pa3JIH'IHhle npHHIJ;Hllhl 

peryJIHpOBaHHH P,JIH COrJiaCOBaHHH MO~HOCTH pe

aKTOpa c narpyaKoii, a Ta«me BJIHHHHe rrepexop,

HhlX pemHMOB Ha peaKTOp II ero OCHOBHhle yaJihl. 

llpoBep,eHO cpaBHeHHe Memp,y aTOMHhiMH H fHP,

poaJieKTpOCTaHIJ;HHMH, HCITOJib3yeMhiMH P,JIH CTa-

6HJIH3HpOBaHHH 'laCTOThl, H 6yp,eT oco6o paCCMOT

peHO B3aHMOP,eHCTBUe Memp,y ::JTHMH CTaHIJ;UHMH 

HpH pa3JIH'IHhlX H3MeHeHHJIX Harpy3KH. 

lfccJieP,OB3HHH IIOK333JIH, 'ITO BCerp,a UMeeTCJI 

B03MOmHOCTh C03P,3Th T3KYIO CHCTeMy peryJIUpO

BaHHH P,JIH H3y'laeMhiX aTOMHhlX aJiei<TpOCTaHII;Hfl, 

tfT06hi aTH CTaHIJ;HH MOmHO 6LIJIO HCITOJib30BaTh 

iJ.JIH peryJIHpoBaHHH 'laCTOThi H 'IT06hi OHH MOfJIH 

pa60T8Th OP,HOBpeMeHHO CO CTa6HJIII3HpyiO~HMH 
tfaCTOTY fH,!.I,pOaJiei<TpOCTaHIJ;HHMH. 0,I.J,HaKO BCJie,I.J,

CTBHe orpaHH'IeHHH, o6ycJIOBJIHBaeMhlX TepMH'Ie

CKHMH HaiipHmeHHHMH B rrapOBbiX Typ6HHaX, 

xapai<TepHCTH'IeCKOe BpeMH KJiaiiaHOB Ha aTOM

HhlX ::JJiei<TpOCTaHIJ;HHX HeJih3H C,I.J,eJiaTb TaKHM me 
MaJihiM, KaK Ha fH,!.I,pO::JJiei<TpOCTaHIJ;HHX, H3-3a 'le

ro llpHlliJIOCb 6hi ,I.J,JIH TaKOH me CTa6HJIH3ali;HH 'la

CTOThl llO,!.I,KJIIO'IaTh CTaHIJ;HIO 60JibllieH MO~HOCTH. 
lfay'leHHhle B HaCTOH~eM ,I.J,OKJia,I.J,e THllbl aTOMHhiX 

aJieKTpOCTaHIJ;HH Tpe6yiOT rrpHMepHO Ha 50% 
60JihllieH MO~HOCTH ,!.I,JIH CTa6HJIH3aiJ;HH 'laCTOThl, 

'leM fHP,p03Jiei<TpOCTaHIJ;HH. 

A/ 606 Suecia 

Estudios sobre Ia regulacion de frecuencia y 
energia en un sistema generador constituido 
por centrales nucleares e hidraulicas 

por D. Jungnell y T. Spanne 

En un sistema de energia electrica la proporcion 
de energia nuclear crece y como consecuencia tendni 
un papel mas importante en el control de frecuencia 
de este sistema. A causa de la precision requerida 
en el control de frecuencia sera necesario exigir 
condiciones especiales a las centrales nucleares que 
regulen la frecuencia. 

Por esta razon, en esta memoria se estudia la 
conveniencia de emplear centrales con reactores de 
agua pesada en ebullicion y bajo presion en union 
de centrales hidraulicas para la regulacion de fre
cuencia en la red electrica sueca, que, actualmente, 
tiene una potencia total instalada de unos 8 600 MW. 

D. JUNGNELL and T. SPANNE 

Las variaciones rapidas de carga no superan nor
malmente el 1 % . En las centrales reguladoras de 
frecuencia se emplean reguladores electricos con un 
estatismo permanente inferior al 0.4 %. Normal
mente se elige la regulacion de frecuencia de manera 
que la variacion permanente en la produccion de 
energfa sea un poco mayor del 50 % de la energfa 
total si el cambio de frecuencia es de 1 Hz. 

Se han realizado en un computador analogico 
estudios de regulacion de frecuencia mediante las 
centrales nucleares en combinacion con centrales 
hidraulicas, para lo cual se desarrollo un modelo 
dinamico del sistema generador. Las centrales 
nucleares reguladoras de frecuencia y el resto de las 
centrales que efectuan el mismo papel se tratan 
como dos partes separadas, mientras que las restantes 
del sistema electrico se representan por una funcion 
de transferencia, empfrica y simplificada, entre 
energfa y frecuencia. Como el resto de la red con
tribuye muy poco a compensar el control de 
frecuencia en comparacion con las centrales de 
regulacion de frecuencia, se considera suficiente la 
precision del modelo del resto de la red. Se supone 
que los reactores de las centrales nucleares regula
doras son de los tipos de agua pesada a presion y 
ebullicion. Para estas centrales se emplea un modelo 
analogico detallado, incluyendo modelos puntuales 
del reactor con sistema de control y de las turbinas 
de vapor con valvulas y sistema de control, de modo 
que puedan estudiarse en las diferentes partes del 
reactor los estados transitorios de potencia, presion 
y temperaturas. 

Se estudian las condiciones de la potencia del 
reactor, tanto regulada como sin regular, para dife
rentes valores del estatismo de los reguladores de 
la turbina. Se investigan distintos principios de 
regulacion para ajustar la potencia del reactor a la 
carga, asi como la influencia de los estados transi
torios en el reactor y los componentes principales. 
Se efectua una comparacion entre las centrales 
nucleares y las hidraulicas empleadas para regula
cion de frecuencia y se considera, especialmente, 
la cooperacion entre estbs dos tipos de centrales 
para diferentes perturbaciones de carga. 

Este estudio demuestra que siempre se puede 
proyectar un sistema de control para las centrales 
nucleares de modo que sirvan para regular la fre
cuencia y que de ese modo colaboren adecuada
mente con las centrales reguladoras de frecuencia 
hidraulicas. Sin embargo, no se pueden conseguir 
con una central nuclear tiempos muertos de las 
valvulas tan pequeiios como los de una central 
hidraulica a causa de las limitaciones termicas de 
las turbinas de vapor, por lo que se necesita mayor 
potencia reguladora nuclear para obtener el mismo 
resultado. Los tipos de centrales que se estudian 
en este trabajo habrian de tener como un 50 % mas 
de capacidad de regulacion para poderlas considerar 
equivalentes a las centrales hidraulicas. 
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Analysis of the technical and economical aspects of the 
inclusion of a nuclear power station in electric networks 
of various sizes for self-producers or national distribution 

By S. Pittori,* C. Del Tredici,* D. Dini,* G. Mussari,** L. Orsoni,** L. Biondi** and A. Vaudo** 

"Nuclear power is on the threshold of economic 
competitiveness." This is the view of a number of 
reports over the last few years beginning with that 
of USAEC in December 1962 and taking us up to 
the most recent estimates of plant manufacturers. 
Specifications accompanying nuclear power stations 
offered for sale by the latter include unit-cost 
estimates which are already competitive, assuming 
a utilization factor of between 7 000 and 8 000 
hours yearly. The fact remains, however, that the 
crit~~ia for judging a given nuclear plant to be com
petltlve cannot be sought exclusively in a mere com
parison with a thermoelectric station of comparable 
power rating and for identical load factors, but 
demands that, taken over the entire life of the plant, 
the total of fixed and operating costs of the entire 
electric system of which it forms part shall be lower 
than that for any alternative method of production 
including that of the conventional thermal plants. 
The final problem facing a self-producer company 
or a state generating board accordingly reduces to 
that of covering future power requirements in a 
manner that shall be technologically and econo
mically the most sound, whether the solution be to 
have thermoelectric units, nuclear units or a mixture 
of the two. Nuclear energy, therefore, must demons
trate its competitiveness in the framework of a 
"programme" [50-51]. 

The purpose of this paper, therefore, is to put 
forward a method of comparing from a technological 
and economical standpoint the alternative plants -
hydroelectric, thermoelectric and nuclear - pro
posed as a means of supplying the power needs 
of an expanding network. Using the method pro
posed here it will be possible to frame a programme 
and, concomitantly, evaluate the economics of its 
major features (overall costs of the alternative 
solutions, the different formulae for combining 
nuclear and thermoelectric production, load factors 
of each generating unit, transmission losses and 
utilisation of hydroelectric potential). 

.* .~omitato ~azionale per t:Energia Nucleare (CNEN), 
Dlvlstone Atfan Internaztonah e Studi Economici Ufficio 
Produzione Elettro-nucleare. ' 

** Montecatini S.p.A., Divisione Energia. 
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Outline of methodology 

The present paper is based on a methodology 
that follows practice evolved in other countries in 
particular the United States, in the matter of 'the 
technical planning of electric systems. Of the various 
possible methods, the one adopted here is close to 
those that, although under different names, set out 
to analyse the technical and economic characteristics 
of a power station construction programme. Such 
analyses proceed by reproducing all network load 
and demand conditions, assuming the feeding of 
sue? generating stations into the grid, and simulating 
thetr co-ordinated operation. Experience shows that 
once the system is perfected, the analysis of its 
e~onomic rate . and of the technical efficiency of the 
different solutions that may be tried out can be 
performed rapidly, calling for a relatively small 
number '?f machine hours on a high-speed computer. 
The findmgs are always very numerous and require 
careful interpretation [ 4 9] . 

A more detailed description of the phases over 
which the .plann~ng meth~ may be deployed, by 
means of simulation techmques, has been explained 
in a previous CNEN report [53] . The present paper, 
nevertheless, follows a line that departs somewhat 
from the above mentioned report by introducing a 
certain number of simplifications. 

STUDY OF A NUCLEAR PLANT PROGRAMME 

Introduction 

Following from the above described aims, this 
part of the paper consists of an example of a 
progr~ming operation for a relatively simple 
electncal system. We shall here consider a mixed 
hydrofthermoelectric system of the kind likely to be 
found in an industrial self-producer group or in a 
developing country. 

The following need to be known: (a) the installed 
power suitable for the system in question, adequate 
to cover th~ po~sible future load-growths; (b) 
whether considerati?n should be given to including 
nuclear power stations among those envisaged in 
the programme. If so, what is the most economic 
proportion for nuclear production?; (c) the appro-
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priate scheduling of starting operation date of future 
units; (d) total capital cost and annual operating 
expenses for the entire system, for each alternative 
under consideration; (e) the role of the different 
generating units in the system, the load factor of 
each, the incremental costs of the energy produced 
and the transmission losses; (f) the determination 
of the programme of new stations likely to possess 
the best technical and economic characteristics. 

Accordingly, the methodology which has been 
described in a CNEN report [53 ] will be followed. 
This methodology is summarized in Fig. 1. For the 
calculation performed in the present report, the 
following simplifications have been adopted. 

Outline of simplifications adopted 

The characteristics of power stations existing in 
year zero - the beginning of the programme - have 
been exactly represented in a computation code; 
the curves showing specific consumptions, efficiencies 
and incremental consumptions for each of the hydro
electric and thermoelectric plants in the system will 
be found in the figures that follow. 

As far as the forecasting load is concerned, only 
one growth-load trend is assumed as known, and 
probable deviations will not be computed. As 
regards the choice of the alternatives, the number 
of the latter has been restricted to three. In order 
to arrive at their determination, certain criteria for 
a first approximation have been followed. These 
have been assembled and described in a report 
CNEN-Montecatini, already available [54]. That 
part of the methodology relating to the scheduling 
of operation starting date of the new generating 
plants has been handled on probabilistic principles, 
as described in a previous CNEN report [55] . In 
computing the net available power it has been 
assumed that no forced outage occurs during days 
of peak load. For the distribution of the load among 
the plants, a code has been developed to simulate 
a co-ordinated operation of the entire system of 
hydroelectric, thermoelectric and electronuclear 
plant supplying the grid, hour by hour, for all 
characteristic days of the years envisaged by the 
programme. The operational principles of the com
putation code appears in a EURATOM report 
already published [52]. 

With the foregoing provisions established there 
now follows, as an example, a trial planning for an 
imaginary electric system, though one having 
characteristics very close to those of one sector 
of the Italian grid. The method set forth here, how
ever, may be applied to any system, whether in the 
hands of concerns, self-producer companies or public 
generating and distribution boards. The main point 
of the example below is to put forward a method 
of appraising the economics of bringing into the 
generating system one or more electronuclear plants 
with a view to testing the ability of the latter to 
compete under operational conditions. 

S. PITTORI et al. 

Example of planning 

Phase 1 - Reproduction of plant characteristics 

The assumption is made of a hypothetical system, 
but one possessing characteristics very similar to 
those of a known existing system. In the year of 
the start of the programme, the system is taken as 
composed of 6 thermoelectric units for a generating 
capacity of 534 MW(e), 13 reservoir hydroelectric 
plants providing 342 MW(e) peak availability, 
distributed between two equivalent generating 
stations respectively, of 158 and 184 MW(e) 
rating, and 5 equivalent run-of-river plants, for a 
total installed capacity of 250 MW(e). 

Briefly, the network (see Fig. 2) is constituted by 
the following plants: T1 (1 X 60 MW inst.); T2 

(2 X 177 MW inst.); Tg, T4 and T5 (1 X 64 MW 
inst.). We have for the equivalent hydroelectric 
reservoir plants: I1 (Pelton 2 X 55 + Francis 
2 X 55 MV A); I2 (Pelton 5 X 20 + 2 X 30 + 
Francis 2 X 25 MV A). In Figs. 3 to 6 are given, 
by way of example, the characteristics of some hydro 
and thermoelectric units in the system. The system 
is presented as a closed loop consisting of 220 kV 
transmission lines. In the region served by the net
work in question, the water regime is assumed as 
being seasonal, beginning in late October and con
tinuing until the summer droughts of the following 
year. The storage is assumed as beginning to fill in 
the winter months, completing the process in 
February /March, when the peak flowrates on the 
year normally occur. The water regime year is 
divided into three distinct periods: Period N-F: 
November to February inclusive; Period M-M: 
March to May inclusive; Period J-0: June to Oc
tober inclusive. For more details concerning either 
the characteristic days and the water availability in 
the reservoir and run-of-river plants, during the 
different periods of the year, see Ref. [52]. 

Phase 2 - Forecasting load 

The year has also been divided into the same 
periods N-F, M-M and J:-0 for the purpose of load 
evaluation. Three days typical of the year and one 
of each period have been taken into consideration. 
The daily load curves for year zero (year of the 
start of the programme) are taken as in Fig. 7. 
Load growth forecasts have been computed over a 
five-year period with an assumed expansion rate of 
7% per year. Accordingly, peak annual loads appear 
as in Fig. 8. The load curves for the three days 
characteristic of the year five, are given in Fig. 9. 

Phase 3 -Selecting construction alternatives 

By way of determining, as a preliminary step, 
the total power need for the five years of the pro
gramme and in order to establish what proportion 
between nuclear production and total power needs 
shall be accepted as a first approximation- suffi
ciently close, that is, to the optimum solution - a 
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POWER SYSTEMS PLANNING- OPERATIONAL DIAGRAM 

INSTALLED CAPACITY ALTERNATIVE EXPAN-
MAINTENANCE DATA FORECAST LOAD DATA DATA SION PATTERN 

Costs and technical Preliminary designs of: 
features 

- Thermoelectric plants Forecasts rei at1 ve to Possible load-growth curves 
- Thermoelectric pi ants scheduled and forced Forecast annual load peaks 
-Nuclear plants -Nuclear plants 

maintenance outages Forecast month I y load peaks 
-Hydraulic plants -Hydraulic plants 

·Transmission lines 
... Transmission lines 

~ / 
CAPACITY SIMULATION FORECAST LOAD DATA 

Load simulation by histo-
Simulation of forced, scheduled maintenance and economy rical data and forecast 

outages for generation capacity determination load anticipation 

\ --------------EXPANSION MODEL DETERMINATION 

1) Reserve margins determination 
spinning reserve 
installed reserve 

2) Checking: load+ reserve margins =generation capacity need 

3) Determination for new capacity addition dates 

CHECKING OF TRANS-
MISSION SYSTEM 

1) Analysis of actual 
transmission U!it::S SYSTEM OPERATIONAL 
system SIMULATION 

2) PI enning of new trans-
mission lines to Generation schedul i_ng and 
equate them to new 

daily dispatching. Determi• 
generator additions nation of operation co s·ts for 

each pi ant 

CAPITAL COSTS J I OPERATION COSTS I 

~ / 
ANALYSIS OF COST DATA FOR 
EACH EXPANSION PATTERN 

Games theory 

I 
PATTERN CHOICE 

Figure 1. Power systems planning- operational diagram 
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preliminary calculation has been made following the 
methodology described in Ref. [54]. From this 
procedure, still as a first approximation, the total 
power need is shown to be around 450 MW(e). 
The most appropriate solution should be: 

Alternative 1-Construction of one BWR nu
clear generating station of 300 MW(e) rating and 
having the specifications set forth in Figs. 4, 5 and 6 
together with one thermoelectric plant of 150 MW(e) 
rating and having the specifications given in the 
same figures. Nevertheless, the following alter
natives may be considered. 

Alternative 2- Construction of one 150 MW(e) 
nuclear power station with specifications as in 
Figs. 4, 5 and 6 together with two thermoelectric 
plants identical to that in Alternative 1. Lastly the 
comparison alternative: 

Alternative 3- Construction of three thermo
electric stations of 150 MW(e) rating of identical 
specifications to those proposed in the foregoing 
alternatives. 

Phase 4- Schedule of the starting operation date of 
the new plants 

Risk indices have been computed as described 
in a CNEN report already published [55] . Calcula
tion results are shown in Tables 1 and 2. Figures 10 
and 11 reproduce (broken line) the loss-of-load 
probability of the system, expressed as a number 
of days per annum. On the assumption that the 
loss-of-load probability does not represent a figure 
in excess of 3 days/ 10 years during the year 5 of 
the programme, the rate at which new stations 
would be inserted has been computed (Figs. 10 
and 11). 

Phase 5 - Simulating coordinated operation of system 

Coordinated operation of the system under con
sideration has been simulated for each of the three 
alternatives under the programme. For each charac
teristic day of the programme year and for each 
alternative solution, computed (Bendix G-20) output 
sheets have been obtained. On these output sheets 
figure the following items for each generating station 
in the system: the operating power at different 
hours of the days characteristic of the years covered 
by the programme, and the daily operating costs 
for the system as a whole. Since the simulation 
procedure described here is purely for the purpose 
of example, only those results pertaining to the last 
year of the programme are given. Similar calculations 
are to be understood as being carried out for the 
intermediate years. The results are also set forth 
in Figs. 12, 13 and 14. 

Results 

The numerical computation, conducted by way 
of example, of the proposed methodology in applic
ation, considers the three possible alternatives, each 
of them confined within a five-year period. 
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Table 

Zero year First year 
Capacity 
outage Time per Loss-of-load Time per Loss-of-load 
(MW) Probability of outage unit probability unit probability 

0 0.8858420 0 0 
65 .. 0.0633136 0 0 

125. 0.0022134 0 0 
140 .. 0.0361568 0 0 
190 .. 0.000030 0 0.19 0.00000570 
205. 0.0029512 0 0.22 0.00064926 
250 0.0000001 0.19 
270 ... .. 0.000090 0.21 0.0000189 0.33 0.0000297 
280 . . . . . 0.0003689 0.23 0.0000848 0.34 0.00012543 
330 ...... 0.0000008 0.33 0.00000026 0.42 0.00000034 
345 ...... 0.000030 0.35 0.0000105 0.45 0.0000135 
390 ...... 0.000000 
410 ...... 0.0000006 0.48 0.00000029 0.67 0.0000004 
470 . . . . 0.000000 
535 .... 0.000000 

0.000011475 0.00082433 
X 365 = X 365 = 

0.0418 day/year 0.301 dayjyear 

Table 2 

Alternative 1 

Peak Loss-of-load 
load Capacity Reserve probability 

Years (MW) (MW) (MW) (days/year) 

0 410 635 225 0.0418 

1.. 490 635 145 0.3018 
785 295 0.0253 

2 ... 550 785 235 0.111 

785 150 0.459 
3 ..... . . 635 1 085 450 0.0067 

4 ..... . . 720 1085 365 0.106 

5 ..... .. 810 1 085 275 0.89 

Alternative 1-Construction of one 150 MWe 
conventional plant and one 300 MW nuclear plant; 

Alternative 2- Construction of two 150 MWe 
conventional plants and one 150 MW nuclear plant; 

Alternative 3- Construction of three 150 MWe 
conventional plants. 

The corrected economic evaluation of a develop
ment programme should be carried out, as pointed 
out at the beginning of the paper, over an approxi
mately long period of time, computing overall costs 
involved in the programme for each year, and 
computing the present worth of all expenses for a 
determinate reference year. In the interests of 
brevity, the example given here confines each 
programme within a period of five years and per
forms the economic evaluation only in year five. 

Assuming a conventional fuel cost of 1 lire/103 

kcal and, for nuclear fuel of 0.75 lire/103 kcal, 

Alternative 2 

Loss-of-load 
New units Capacity Reserve probability New units 

(MW) (MW) (MW) (days/year) (MW) 

635 225 0.0418 

+ 150 
635 145 0.3018 + 150 785 295 0.0253 

785 235 0.111 

+ 300 
785 150 0.459 + 150 935 300 0.0163 

935 215 0.215 

935 125 2.742 + 150 1 085 275 0.137 

the overall production costs calculable by means of 
simulating operation come to, for the respective 
alternatives (Fig. 15): 

Alternative 1: 11 500 million/lire per year; 
Alternative 2: 12 115 million/lire per year; 
Alternative 3: 12 330 million/lire per year. 
Now, taking the installation cost of a conventional 

thermoelectric unit of 150 MW rating as lire 70 000/ 
kW, and those of a nuclear unit station of 150 MW 

·and 300 MW rating as lire 150 000/kW and lire 
130 000/kW respectively, the overall installation 
cost for the three possible programmes comes to: 

Alternative 1: 150 X 103 X 70 X 103 + 300 
X 103 X 130 X 103 = 49.5 billion lire; 

Alternative 2: 2 X 150 X 103 X 70 X 103 

+ 50 X 103 X 150 X 103 = 43.5 billion lire; 
Alternative 3: 3 X 150 X 103 X 70 X 103 

= 31.5 billion lire. 
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Figure 12. Alternative 1 - Annual service 
factors of some plants of the system 

Figure 13. Alternative 2 -Annual service 
factors of some plants of the system 

Figure 14. Annual system operating cost 

Writing A to represent the yearly cost due to 
construction of plant existing prior to year zero, 
and assuming an amortization interest rate of 14% , 
we have a capital cost in year 5, for each of the 
three possible programmes, as follows: 

Alternative 1: 
A + 14% 49 500 = A + 6 930 million lire/year 

Alternative 2: 
A + 14% 43 500 = A + 6 090 million lire/year 

Alternative 3: 
A + 14% 31 500 = A + 4 410 million lire/year 

The overall costs (installation plus fuel) in year 
5 are therefore : 

Alternative 1: A + 18 430 million lire/year 
Alternative 2: A + 18 205 million lire/year 
Alternative 3: A + 16 740 million lire/year 

It is clear, therefore, that, with the fuel and 
installation costs here contemplated, Alternative 3 
(installation of thermoelectric station only) is to be 
preferred in absolute terms. It is worth noting, 
however, that Alternative 2 being more advantageous 
than Alternative 1, should it nevertheless be wished, 
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Figure 15. Alternative 1 - Extra capital charge compensated by 
savings on operating costs 

for reasons other than those of a strictly economic 
nature, to construct a nuclear generating station, 
it would be better to plan a 150 MW rating in 
preference to a 300 MW plant. The above situation 
would be changed where nuclear costs were lower. 
Let it be assumed, for instance, that with conven
tional thermoelectric costs remaining stable, the 
costs of nuclear fuel comes down from lire 0. 7 5 I 103 

kcal to lire 0.70/103 kcal, and that the capital 
cost for: 

a nuclear plant (300 MW) = lire 120 000 kW; 
a nuclear plant (150 MW) = lire 140 000 kW; 
a conventional plant (150 MW) =lire 70 000 kW. 

In the above case, Alternative 3 (thermoelectric 
stations) is still to be preferred, in absolute terms, 
but the order between Alternative 2 and 3 is now 
reversed, the installation of 300 MW nuclear plant 
being more economical than that of a 150 MW 
nuclear plant. In view of the uncertainty of current 
costs, it was thought appropriate to compute the 
operational costs of the system for different cost 
figures per nuclear calorie (see again Fig. 14 ). 
Accordingly, Figs. 15 and 16 have been compiled 
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Figure 16. Alternative 2- Extra capital charge compensated by 
savings on operating costs 
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in order to evaluate the cost figure of the nuclear 
calorie under which a plant may become competitive. 

In this way one is placed in a position to calculate 
what maximum additional costs can be accepted for 
the construction of a nuclear plant instead of the 
conventional one, assuming identical overall opera
tional costs. For example, the diagram of Fig. 15 
shows at A a non competitive situation for a BWR 
of 300 MW, while at B and C the same nuclear 
plant should be competitive. For a BWR of 150 MW 
the competitivity solutions (at D, E and F) are 
reported in Table 3. 

Table 3a 

Capital cost Fuel cost 

Solutions Lire/kW $/kW Lire/kWh mills/kWh 

Solution 1 (see point D) 110 000 177 1.68 2.71 

Solution 2 (see point E) 130 000 210 1.31 2.12 

Solution 3 (see point F) 150 000 242 1.05 1.7 

a See also Figs. 15 and 16. 

Conclusions 

The planning exercise developed in the previous 
part of this paper enable us to draw the following 
conclusions as regards the economy of a nuclear 
power plant: 

(a) One may not reasonably consider a priori 
a 7-8 000 hours/year load factor for a nuclear 
power plant. The diagrams appearing in Figs. 14 and 
15 show that the load factors depend strictly on 
the fuel costs of nuclear plants, as compared to the 
corresponding thermoelectric costs, and also on the 
relationship between the capacities involved. The 
same diagrams show that the role of thermoelectric 
stations operating in parallel with the nuclear plants 
may vary so much as to affect the total operating 
costs of the whole system. It is sufficient to consider 
the various load factors of the 64 MW thermoelectric 
plant when the nuclear capacity varies, as in the 
two cases compared. 

(b) Each system has a maximum amount of 
nuclear capacity whose operation at full efficiency 
can be guaranteed. The diagram of Fig. 14 shows 
that under the conditions of the network, and load 
considered, the installed capacity of 300 MW station 
would already be excessive; as a matter of fact, the 
service factor is always below 1. The demonstration 
that nuclear energy is competitive, on the basis of 
large-capacity plants able to operate for long periods 
of time is not, in itself, a determining factor. Such 
large-capacity plants may satisfactorily be incor
porated in networks (not numerous today) which 
supply heavy and concentrated consumers. 

(c) Furthermore, the introduction of high-capa
city nuclear plants entails a higher probability of 
forced outage with the result that, the installed 
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capacity being the same, the loss-of-load probability 
increases as the nuclear unit capacity increases. A 
comparison between the diagrams appearing in 
Figs. 10 and 11 shows that by introducing 300 MW 
units into the network under study, the loss-of-load 
probability is much higher in the fifth year of the 
programme (0.8 day I annum, which is not satis
factory) than that obtained, always in the fifth year, 
by inserting 150 MW nuclear units (0.12 day/ 
annum, which is fairly satisfactory). The introduction 
of large-capacity nuclear units would therefore 
require the addition to the system of some reserve 
capacity the cost of which might offset the lower 
unit capital cost of nuclear plants with a larger unit 
capacity. For any given network there is an optimum 
nuclear power plant capacity. A mistake in the 
assessment of such capacity may lead to an incorrect 
judgement regarding the ability of nuclear power to 
compete. 

(d) Finally, the diagrams in Figs. 12 and 13, 
which relate to the use of the plants included in the 
network, and the diagrams appearing in Figs. 14, 
15 and 16 show that the total operating cost of 
the network is a complex function of all cost 
parameters of the plant making up the system 
(i.e., thermoelectric, hydroelectric and nuclear). 
Therefore the total annual operating costs of the 
network are complex functions; they reflect, in fact, 
the frail equilibrium of fuel costs during the various 
days of the year. 

The diagrams thus show that a study concerning 
the convenience of installing a nuclear power plant 
whose capital cost exceeds that of a corresponding 
thermoelectric station but whose fuel is cheaper 
must be conducted by simulating a co-ordinated 
operation of the whole network during all the years 
of the plant's life. It should moreover be ascertained 
that the total amount of fixed expenditures and 
operating costs in respect of the entire network 
incorporating the nuclear plant is inferior to the 
total amount entailed by the alternative electric 
system which includes the conventional thermal 
station. 

In other words, nuclear energy ought to prove 
its ability to compete, within the framework of a 
programme. 
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ABSTRACT - RESUME - AHHOTALOI1SI - RESUMEN 

A/731 ltalie 

Etude des aspects techniques et economiques de 
!'insertion d'une centrale nucleaire dans des re
seaux electriques de tailles diverses pour les au
toproducteurs ou pour Ia distribution nationale 

par S. Pittori et al. 

Dans la premiere partie du memoire, on considere 
les aspects techniques et economiques du probleme 
de !'insertion d'une centrale nucleaire dans un reseau 
energetique national ou dans un reseau desservant 
un ensemble de societes autoproductrices, eu egard 
specialement a la distribution geographique de la 
consommation et de la production, aux variations 
saisonnieres, hebdomadaires et joumalieres des dia
grammes de charge, et aux echanges avec d'autres 
reseaux. 

L'objet principal du memoire est de presenter 
une methode amelioree de comparaison de divers 
types de centrales: hydro-electriques, thermiques et 
nucleaires. Les methodes employees precedemment 
pour analyser les caracteristiques techniques et 
economiques d'un programme de construction de 
centrales reproduisent toutes les conditions de 
demande et de charge sur le reseau en admettant 
la foumiture de courant au reseau par ces centrales, 
puis simulent leur fonctionnement coordonne. L'ana
lyse peut etre faite en quelques heures seulement 
avec un calculateur rapide. Les resultats demandent 
cependant une interpretation soigneuse, et la me
thode actuelle introduit une serie de simplifications. 

Cette methode est illustree en detail par l'etablis
sement d'un plan concernant un reseau imaginaire. 
Celui-ci presente des caracteristiques tres voisines 
de celles d'un secteur du reseau italien, mais la 
methode peut etre appliquee a un reseau de taille 
quelconque. L'interet principal de cet exemple est 
d'evaluer !'aspect economique de !'integration dans 
le reseau d'une ou de plusieurs centrales nucleaires 
et d'eprouver leur valeur competitive dans les 
conditions d'exploitation. 

A/731 lo1TanHR 

AHanHa rexHHK0-3KOHOMHYeCKHX · ac
neKTOB BKfliOYeHHR aTOMHOH aneKTpO
CTaHI.(HH B 3fl8KTpHY8CKHe CHCTSMbl 
paanHYHbiX paaMepos AflR noKpbiTHR 
co6crseHHbiX HY>HA npOH3BOAHTeneH 
3HeprHH HnH AflR Hai.(HOHanbHoro pac
npeAeneHHR 

11. OHOHAH et at. 

,[(oKJia~ cocToHT ua Tpex 'laCTCH. B nepnoii 'la

CTH paccMaTpHBaiOTCH TeXHHK0-3KOHOMH'IeCKHe 

acneKThl npo6JieMbl IIO~KJIIO'IeHHH aTOMHhiX a.rreK

TpOCTaH~HH K 6oJihiiiOH Ha~HOH8JibHOH aHepreTH

'IeCKOH cucTeMe. Bo BTopoii 'laCTH paccMaTpHBa

IOTCH B03MOiRHhie xapaKTepHCTHKH 3HepreTH'IeC

IiOH CHCTeMhi, o6cnymuBaiO~eii pH~ KOMllaHHH, 

KOTOphie llpOH3BO~HT 3HeprHIO ~JIH C06CTBeHHOI'O 

IIOTpe6JieHHH. IlpH 3TOM OC06oe BHHMaHHe y~e
JIHeTCH reorpalf>H'IeCKOMY pacrrpe~eJieHHIO IIOTpe6-

JleHHH H IIpOH3BO~CTBa 3HeprHH, Ce30HHhiM, He

AeJibHhiM H cyTo'IHhiM ~uarpaMMaM HarpyaKH, 

B3aHM006MeHy C BHeiiiHIJMH CHCTeMaMH H T. ,!1,. 

IJo~'lepKHBaeTCH, 'ITO TaKaH CHCTeMa, KOTopaH, 

fieayCJIOBHO, MeHhiiie ITO pa3Mepy H HMeeT 60Jih

IIIe oco6ennocTeii, 'leM Ha~HoHaJILHaH aneprocu

CTeMa, MOiReT npHBeCTH K B03HHKHOBeHHIO CIIe

~Hif>H'IeCJ\HX npo6neM, 1\0TophH' Tpy~nee pernnn. 

C TO'IKH apeHHH 31\0HOMJJ'IHOI'O BI\JIIO'IeHJJH UTOM

HhiX 3Jiei\TpOCTaH~HH. 

YKaaannaH IIOP.;BO~HMaH MO~HOCTh, o6hl'IHO 

11pOH3BO~HMaH B 6oJihiiiiJX 1\0JIH'IeCTBaX H npH 

3Ha'IHTeJibHOM 1\0alf>lf>H~HeHTe HCllOJib30BaHHH yc

TaHOBJ\H, MomeT npHBeCTH K HapyiiieHHIO B 60Jih

IIIeH HJIH MeHhiiieH CTeneHH npOH3BO~CTBa 3JieK

Tp03HeprHH Ha ~pyrHX CTaH~HHX 06hi'IHOI'O THlla. 

AnanuaupyiOTCH Tpe6oBaHHH, KOTOphiM ~onmna 
OTBe'laTb BhiiiieynOMHHYTa11 anpHOpHaH CHCTeMa, 
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'IT06bi HaH60Jiee 31\0HOMH'IHO npHHHM8Tb 3TOT 

HOBbiH BH,!I, aHeprHH. 

Oco6oe BHHMaune y,D,eJIHeTcH npo6JieMaM naaH

Moo6MeHa H llOMO~H, 1\0TOpbie MoryT B03HHRHYTb 

B CBH3H C IIO.HBJieHHeM H,D,epHOH 3HepreTHKH Me

JR,D,y CHCTeMaMH, 1IpOH3BO,!I,HII~HMH 3JieKTp03Hep

rHIO ,D,JIH co6cTBeHHhlX uym,D,, H nuemHHMH auep

rocncTeMaMH. 0TCIO,D,a He06XO,!I,HMOCTb llOJIHTHKH 

coTpy,D,HH'IecTna Mem,D,y nponano,D,HTeJIHMH auep

rnn ,D,JIH co6cTBeHHhlX uym,D, H auepreTH'IeCKHMH 

KOMIIaHH.HMH. 

B TpeTbeil qacTH ,!J,OKJia,D,a onHCbiBaeTc.H Ko~ 
,!I,JIH aJieKTpOHHblX ~H«f>poBhlX Bbi'IHCJIHTeJibHLIX 

MaiDHH, paapa6oTaHHhiH AJIH anaJIHaa 31\0HOMH'le

cRHx xapaKTepHCTHK aTOMHOH 3JieKTpOCTaH~IIH, 
BKJIIO'IeHHOH B CHCTeMy JII06oro pa3Mepa II XapaK

Tepa. 

A/731 ltalia 

Analisis de los aspectos tecnicos y economicos 
de Ia inclusion de una central nuclear en redes 
electricas de distintas capacidades para auto
consume o su distribucion nacional 

por S. Pittori et a/. 

En la primera parte de este trabajo, el autor 
discute brevemente los aspectos tecnicos y econ6-
micos de los problemas que encierra la elecci6n de 
una central nuclear y su inclusion en a) una red 
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electrica nacional y b) una red electrica que sirva 
a varias compaiiias que producen energia para su 
propio consumo, tomando en consideraci6n especial
mente la distribuci6n geogn1fica del consumo y 
producci6n, las variaciones de carga estacionales, 
semanales y diarias y los intercambios con redes 
externas. 

El prop6sito principal del trabajo es presentar 
un metodo revisado para comparar los distintos tipos 
de central (hidroelectrica, termica y nuclear) como 
generadores de energia. Los metodos anteriores 
encaminados a analizar las caracteristicas tecnicas 
y econ6micas de un programa de construcci6n de 
centrales, reproducen todas las condiciones de carga 
y demanda de la red suponiendo que se conectan a 
ella tales centrales y luego simulan su funciona
miento coordinado. El analisis exige solamente unas 
cuantas horas en una calculadora rapida. No 
obstante, los resultados se deben interpretar cuida
dosamente y el metodo que se presenta introduce 
varias simplificaciones. 

El metodo se explica en detalle siguiendo un 
ensayo de planificaci6n en un sistema electrico 
imaginario que se supone de caracteristicas muy 
parecidas a las de un sector de la red italiana, 
aunque se puede aplicar a un sistema de cualquier 
tamaiio. Este ejemplo se propone principalmente 
evaluar el resultado econ6mico de introducir en el 
sistema una o mas centrales nucleares a fin de poner 
a prueba su capacidad para competir bajo condi
ciones de funcionamiento. 
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Integration de l'energie nucleaire 
dans le reseau electrique fran~ais 

par R. Janin* 

Malgre ses progres continus sur le plan technique, 
l'energie nucleaire n'a pas encore atteint, sous !'angle 
economique, des resultats suffisamment assures 
pour declencher son introduction massive dans les 
programmes d'equipement. L'experience acquise, les 
centrales en fonctionnement, !'evolution des tech
niques foumissent des espoirs serieux. Mais il est 
encore trop tot pour savoir quand et comment sera 
effectivement franchi le seuil de rentabilite, et par 
suite a quelle date "le nucleaire" interviendra d'une 
maniere substantielle dans le developpement de 
l'energie electrique. 

L'integration dans Ie reseau de centrales nu
cleaires prototypes ne pose guere de probleme. La 
faiblesse de leur puissance rend les bilans energe
tiques assez peu sensibles a leur mode de fonc
tionnement. D'autre part leur caractere experimental 
conduit a les faire fonctionner pour obtenir quasi 
uniquement une connaissance meilleure de leurs 
performances, dut-il en couter une depense supple
mentaire en exploitation. Ce surprix eventuel cons
titue, comme le supplement d'investissement, 1e cout 
de !'experience necessaire pour acquerir une con
naissance suffisante du nouveau domaine. Au total, 
ces centrales prototypes sont en quelque sorte 
exploitees pour elles-memes et non pour leurs livrai
sons au reseau. 

Au contraire, un developpement important d'une 
ou de plusieurs filieres conduira a des choix dans la 
repartition des moyens de production pouvant affec
ter non seulement le nucleaire mais aussi les moyens 
concurrents et complementaires. II parait done indis
pensable de se preparer a !'evolution des structures 
puisque Ie point de depart d'un developpement 
accelere parait se rapprocher, bien qu'on soit encore 
incapable de Ie fixer. 

Nous porterons notre attention essentiellement sur 
les modifications qu'imposera Ia nouvelle forme 
d'energie dans le systeme de production d'Electricite 
de France, sans envisager le probleme connexe des 
consequences pour l'industrie du developpement 
rapide de certaines branches. Au terme de ce rap
port, nous ne pourrons done conclure sur le meilleur 
programme a engager sous !'angle national, puisque 
nous n'aurons examine que le point de vue du pro-

* Electricite de France, Direction des etudes economiques 
generales. 
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ducteur d'electricite mais pas celui de l'industrie des 
biens d'equipements. 

Le probleme que nous envisageons n'est certes 
pas nouveau; certaines tendances qui se sont peu 
a peu affirmees dans la composition du cout de 
l'energie nucleaire- outre les espoirs qu'elles auto
risent- permettent aujourd'hui de prevoir avec 
moins d'incertitudes ce que pourront etre les con
sequences de son developpement quelle qu'en soit 
la date. 

NATURE DES PROBLEMES 

Le placement de l'energie d'origine nucleaire 
dans un systeme de production se fera differemment 
selon la forme de Ia courbe de charge et selon Ia 
nature des autres moyens de production. L'utili
sation d'une centrale nucleaire, qui a un role deter
minant dans sa rentabilite compte tenu de !'impor
tance des investissements, ne sera done pas syste
matiquement Ia meme selon les pays (influence de 
la courbe de charge), ce qui est largement admis, ni 
selon les epoques, ce sur quoi !'accent n'a peut-etre 
pas ete mis. 

Or Ia decision qui conduirait a engager des pro
grammes nucleaires importants doit reposer sur 
!'assurance de leur rentabilite et par voie de con
sequence de leur perspective d'utilisation, qui depend 
elle-meme des programmes portant sur les differents 
moyens de production. 

Cette "iteration logique" entre le placement de 
l'energie et les decisions n'a rien qui doive sur
prendre puisque le nucleaire est suppose venir 
bousculer largement les structures de production, 
done nos habitudes. Elle met seulement en evidence 
!'interet de !'analyse des problemes souleves par les 
nouveaux moyens de production et montre en 
passant que le probleme de Ia competitivite du 
nucleaire n'est pas aussi simple qu'il y parait, et ceci 
independamment des hypotheses economiques nom
breuses qu'il faut introduire dans les calculs pra
tiques. II va de soi que !'etude doit porter non seule
ment sur le facteur de charge qui constitue un facteur 
quantitatif, mais aussi sur le plan qualitatif, en ce 
qui conceme la securite et la souplesse du fonc
tionnement des installations nucleaires. 

II est bien connu que la taille des amenagements 
est un element fondamental pour le cout d'inves-
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tissement et par suite pour la rentabilite; indepen
damment des difficultes techniques de mise au point, 
queUe est la puissance unitaire que le reseau permet? 
On retrouve ici encore l'enchainement entre le place
ment de l'energie et l'economie du nucleaire. 

En ce qui concerne la souplesse, Ia relation est 
quelque peu differente: selon que le nucleaire pourra 
plus ou moins facilement ( du point de vue tech
nique) participer aux variations de charge, les autres 
moyens a mettre en reuvre pour faire face au dia
gramme de consommation seront differents. La 
nature meme des criteres de base fixant les possi
bilites du reseau en sera affectee. 

Avant d'exposer la situation fran~aise, il parait 
bon de s'arreter sur Ia necessite d'adopter une atti
tude prospective malgre les difficultes inherentes a 
toute prevision des lors qu'elle doit porter sur une 
longue duree. 

Pour etre interessant, c'est-a-dire utile, l'essai de 
prevision doit porter sur une duree recouvrant au 
moins Ia duree de vie des premieres centrales nu
cleaires considerees comme industrielles. Comme 
l'on s'accorde generalement pour admettre que la 
duree de vie d'un nucleaire rentable sera au moins 
de vingt ans et que par ailleurs le coup d'envoi des 
programmes massifs de developpement nucleaire n'a 
pas ete donne, il faut considerer au minimum une 
periode s'etendant jusqu'en 1985 ou 1990. 

Ces dates qui paraissent relativement proches 
pour notre probleme ont l'avantage de s'accorder 
avec des etudes entreprises par le Commissariat au 
plan fran~ais qui envisagent !'horizon 1985. 

Tenter de prevoir !'evolution des structures d'un 
systeme de production pour une telle duree est 
neanmoins une entreprise delicate. Ceci non seule
ment par suite de !'incertitude qui regne sur le 
nucleaire, mais parce qu'interviennent dans ce pro
bleme un ensemble d'elements tres divers dont la 
quasi-stabilite constatee pour le passe n'est pas tou
jours un gage de perennite. 

Pour la demande d'energie electrique, !'evolution 
est suffisamment constante, et si fondamentalement 
liee aux processus de developpement economique 
que l'on ne voit aucune raison a une rupture 
brutale dans le rythme exponentiel de la consom
mation. Une erreur sur le taux d'accroissement, 
voisin du doublement en dix ans, ne conduit d'ail
leurs qu'a une erreur de quelques annees sur Ia date 
d'obtention de l'objectif de consommation. En ce 
qui concerne la France, on peut s'en tenir a un 
objectif de 500 TWh* pour !'horizon 1985-1990 
a considerer pour notre probleme. 

Une prevision precise est beaucoup moins aisee 
en ce qui concerne Ia forme de Ia courbe de 
demande. Par le passe, on a pu constater une aug
mentation progressive de !'utilisation du reseau, a 
un rythme qui a ete accelere dans les dernieres 
annees par une action tarifaire. Il n'est pas certain 

*La consommation de l'annee 1963 a atteint 88,8 TWh. 
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que cette tendance se conserve, ni meme que les 
resultats actuels soient definitivement acquis. Sur 
une periode aussi longue, il n'est pas exclu que se 
manifestent des besoins nouveaux des modes de vie 
differents ou des structures industrielles inusitees qui 
conduisent a des modifications imprevisibles meme 
quant a leur sens de variation. Fort heureusement 
!'evolution dans chaque pays, ainsi que les compa
raisons entre pays ayant des habitudes tres variees, 
montrent que !'utilisation annuelle ne s'ecarte jamais 
beaucoup d'une valeur de 5 500 heures. Lorsqu'on 
envisage les differents moyens de production qui 
seront utilisables dans vingt ans, on est tente de ne 
considerer que ceux actuellement connus. Or, ne 
peut-on pas imaginer que sur une aussi longue 
periode puissent se developper telle source d'energie 
ou telle innovation technique actuellement im
previsibles? 

L'argument qui consisterait a dire que les nom
breuses reftexions faites jusqu'a ce jour permettent 
d'eviter ce risque ne parait pas valable puisque par 
hypothese tout inventaire repose sur les connais
sances de l'epoque ou il est fait. 

Plus forte parait etre Ia constatation maintes fois 
mise en lumiere et confirmee par 1' experience du 
nucleaire que Ia mise au point de l'echelle indus
trielle, done sur le plan economique, demande de 
tongues annees. Le progres technique dans tous les 
domaines rend plus difficile peut-etre qu'autrefois la 
competition a toute nouvelle source d'energie. Quoi
qu'il en soit, il ne parait pas imprudent d'affirmer 
que pour !'horizon 1985-1990, d'eventuels nou
veaux moyens de production non recenses actuelle
ment, ne depasseront en aucun cas le niveau de 
prototypes experimentaux. En consequence, la posi
tion du nucleaire doit se faire par rapport au ther
mique sous la forme de centrales utilisant les turbines 
a vapeur ou les turbines a gaz, l'hydraulique sous 
ses differentes formes en y incluant les centrales de 
pompage et l'energie des marees. 

PLACEMENT DE L'ENERGIE NUCLEAIRE 

Depuis longtemps tes producteurs d'electricite ont 
!'habitude de decomposer le prix de revient de 
l'energie produite par une usine en: 

un terme fixe constitue par les charges de capital 
et les charges d'exploitation (a !'exclusion du 
combustible) qui sont les unes et les autres 
invariables quelle que soit la production de la 
centrale; 

un terme proportionnel correspondant essentielle
ment a la consommation de combustible di
rectement liee a la fourniture d'energie. 

Cette decomposition s'impose pour effectuer a 
chaque instant la repartition optimale de la pro
duction entre les diverses usines en service. L'hy
draulique dont le cou.t proportionnel est pratique
ment nul sera toujours place par priorite, les cen
trales thermiques n'etant sollicitees que dans la 
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mesure ou toutes les centrales ayant un cout pro
portionnel moindre seront deja en service. 

Compte tenu du progres continu dans le rende
ment des groupes classiques, ceci amenait pratique
ment a classer les centrales selon leur age, la four
niture de l'energie de pointe etant devalue aux 
centrales les plus anciennes. 

Quelques correctifs s'imposent bien entendu en 
pratique par rapport a cet "empilage" theorique 
tenant a la situation particuliere de certains groupes. 
Les pertes dans le reseau de transport ainsi que le 
cout de l'approvisionnement en combustible prennent 
egalement un role de plus en plus predominant au 
fur et a mesure que les progres techniques s'ame
nuisent en valeur relative. 

Le schema theorique de l'empilage reste une 
image suffisamment valable pour voir comment le 
nucleaire se comporte vis-a-vis des autres moyens. 

Il faut noter dans ce qui precede que seul le cout 
proportionnel intervient dans cette repartition, ce 
qui distingue par consequent ce probleme de celui 
de la rentabilite ou seul le cout global intervient. 

Un point commun a toutes les estimations rela
tives au nucleaire parait etre la faiblesse relative de 
ce cout proportionnel par rapport au thermique 
classique. Cette conclusion parait valable pour toutes 
les filieres ayant a l'heure actuelle re<;u une sanction 
industrielle, pour les reacteurs utilisant !'uranium 
enrichi et, a fortiori, pour ceux qui consomment 
!'uranium nature! comme la filiere fran<;aise graphite
gaz carbonique. Cette constatation sera encore 
valable semble-t-il pour les reacteurs rapides dont 
on attend un emploi plus pousse de !'uranium. 

Ainsi, sans prendre parti sur la ou les filieres 
nucleaires qui seront developpees dans les vingt ou 
trente prochaines annees, on peut affirmer sans 
risque d'erreur qu'elles seront utilisees par priorite 
pour fournir l'energie de base, apres le fil de l'eau 
hydraulique, supplantant dans ce role les centrales 
thermiques classiques. 

Certes, une hypothese comme celle-ci pourrait 
etre mise en defaut soit parce que les tendances 
actuelles du nucleaire ne se confirmeraient pas, soit 
parce qu'une evolution rapide en baisse du cout 
proportionnel du thermique classique se produirait. 

Mais l'ecart actuel entre les deux couts propor
tionnels est suffisamment net (de l'ordre du simple 
au double pour la situation fran<;aise actuelle) pour 
laisser place encore a un progres thermique notable 
sans modifier !'hypothese de base. 

D'autre part, compte tenu du supplement de prix 
d'investissement par kW installe qui semble etre 
general pour le nucleaire, ii faut bien admettre que 
le cout proportionnel en est plus faible lorsque l'on 
envisage son developpement massif. 

De meme que l'on envisage d'avoir simultanement 
dans un systeme de production des moyens ther
miques classiques sous forme de turbines a gaz et 
de turbines a vapeur, chacune mieux adaptee pour 
fournir economiquement l'energie de pointe ou 
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l'energie de base respectivement, de meme on peut 
envisager que plusieurs filieres, disons deux pour 
etre realiste, trouvent chacune un developpement 
economique a divers niveaux d'utilisation, compte 
tenu d'une repartition differente entre couts fixes et 
proportionnels. 

Le diagramme de charge d'une journee pourrait 
etre celui de la figure 1 ou le niveau relatif des 
differents moyens sera bien entendu variable selon 
la saison. 

On con<;oit qu'il n'est pas exclu que deux filieres 
puissent coexister si l'on pouvait representer leur 
rentabilite relative avec !'utilisation annuelle comme 
indique schematiquement sur la figure 2. 

Compte tenu de !'importance que revet le cout 
proportionnel, il est interessant de !'analyser rapide
ment. On peut l'ecrire (en F /kWh): 

avec: P 

r 
I 

p- P, 
p = r I 

cout (en francs) du kg d'uranium gaine 
valeur residuelle (en francs) du kg de 
combustible rejete 

rendement thermique de la centrale 
irradiation de rejet du combustible 
(en kWh thermique par kg)* 

A tout moment, P et r sont, en general, parfaite
ment determines. Mais Pr et I ne sont connus que 
bien a pres que le combustible ait ete consomme: 
en effet, Pr depend de l'etat du marche du pluto
nium, au moment du rejet des elements combustibles 
irradies et I des performances metallurgiques du 
combustible et des possibilites neutroniques du 
reacteur. 

L'uranium en pile est constitue par des lots de 
combustibles de prix differents, eventuellement de 
caracteristiques differentes, dont les elements disse
mines dans le reacteur ne fourniront pas la meme 
quantite d'energie* *. II est alors delicat de calculer 
le cout marginal instantane bien que le cout pro
portionnel moyen, obtenu par constatation de la 
quantite et du prix de !'uranium brUle soit, apres 
coup, d'obtention plus aisee. 

En toute rigueur d'ailleurs la difference entre 
cout fixe et cout proportionnel n'est pas nette: 
meme si le combustible est renouvele a l'identique 
et au meme prix, la valeur a attribuer au com
bustible immobilise dans le reacteur se modifiera 
avec la quantite et la qualite du plutonium en pile. 
La valeur du stock qui intervient dans les coftts 
fixes se trouve ainsi modifiee, du moins en theorie, 
par la production d'energie. 

* 1 kWh thermique par kg est ega! a 1/24 MW jour par 
tonne. 

** Les differences proviennent d'une part des elements 
decharges precocement (par suite de rupture de gaine par 
exemple), et d'autre part pour les elements "normaux" de 
l'impossibilite de decharger tous les elements centraux et 
peripheriques a Ia meme irradiation quelle que soit Ia 
filiere. 
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Figure 1. Diagramme de charge journalier 

1, Usines hydrauliques au fil de l'eau et usines thermiq~es 
integrees dans un processus de fabrication; 2, Nucleatre 
(filiere 1); 3, Nucleaire (filiere 2); 4, Thermique a vapeur; 
5, Usines hydrauliques a reservoir saisonnier; 6, Moyens 
de pointe (turbines a gaz, usines de pompage et eclusees); 

7, Consommation des usines de pompage 

Cout de 
l'energte 

Nucleatre 

-+----------'------''---!~ Utilisation onnuelle 
Zone 

opfimo!e 
pour le 

thermtque 

Zone 
opttmate 
pour Ia 

filiere 2 

Zone 
opt1motc 
pour Ia 

fil•ere 1 

Figure 2. CoOt de l'energie en fonction de !'utilisation onnuelle 

Tout ceci peut se resumer en constatant que le 
cout proportionnel ne sera pas parfaitement connu 
au moment ou l'on "brUle" le combustible, ce qui 
est un fait sans precedent*; cette situation pourra 
s'ameliorer avec nos connaissances, mais l'exploitant 
futur sera amene de ce fait a considerer Ia repar
tition de Ia charge entre les diverses centrales nu
cleaires comme une decision dans le domaine de 
l'incertain. 

Pour ce qui suit nous n'entrerons pas dans ce 
detail; il sera suffisant de considerer que le cout 
proportionnel du nucleaire (quel qu'il soit) est 
toujours compris entre celui des energies au fil de 
l'eau (hydraulique et thermique fatal) et celui de 
l'energie des turbines a vapeur. 

EvOLUTION DU SYSTEME FRAN<;:AIS 

Nous examinerons done l'horizon 1985-1990 
represente par une consommation de 500 TWh. 
La forme du diagramme de charge est plus delicate 
a apprecier, mais pour fixer les idees no us no us 

* Les melanges de charbon dans les pares des centrales 
portent sur des quantites parfaitement determinees dont le 
prix d'achat est connu lors de !'utilisation du combustible. 
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refererons a l'utilisation de Ia pointe actuellement 
constatee, ce qui conduit a considerer a cette 
echeance une valeur de l'ordre de 90 GW. Il est 
important de constater que le rapport des puissances 
entre Ia pointe et le minimum de charge de l'annee 
est de l'ordre de 2 environ, ce qui necessite une 
puissance continue de base de 45 GW environ. 

Jusqu'ici l'energie hydraulique et l'energie ther
mique se sont partage sensiblement par moitie la 
fourniture de Ia consommation, ce qu'on a pu de
montrer correspond a un optimum economique. 
Ceci a donne au systeme de production franl(ais 
une allure assez stable minimisant les "a-coups" sur 
les secteurs industriels des biens d'equipement. 

Depuis quelques annees, toutefois, les programmes 
hydrauliques sont restes pratiquement a un niveau 
constant en valeur absolue a un rythme compris 
entre 1 ,5 et 2 TWh par an. 

D'apres l'inventaire du gisement hydroelectrique 
franl(ais, le potentiel economiquement equipable est 
estime a environ 80 TWh alors que fin 1963 les 
usines en fonctionnement avaient un productible de 
42,6 TWh et que les chantiers ouverts representent 
un productible d'environ 5 TWh supplementaires. 
Si l'on avait cherche a conserver Ia parite entre 
hydraulique et thermique, l'epuisement des res
sources naturelles se serait produit en quelques 
annees, ce qui aurait ete deraisonnable pour les 
industries interessees. En adoptant un rythme cons
tant qui assure une continuite pour une vingtaine 
d'annees encore, les transitions sont beaucoup mieux 
assurees. Pour l'horizon retenu, on peut admettre 
que Ia totalite de cet hydraulique possible sera ins
talle. En ce qui concerne les maremotrices, apres 
mise en service de la Rance, il restera essentielle
ment le gisement du mont Saint-Michel. Mais il 
parait vraisemblable que pour l'epoque envisagee 
cet equipement ne sera pas en service, a supposer 
qu'il ait ete engage. 

Les autres energies fatales, en designant ainsi 
toutes les sources qui, integrees a un processus de 
fabrication (charbonnages, siderurgie, papeteries, 
etc.) doivent etre utilisees par priorite, peuvent etre 
estimees pour l'horizon etudie a environ 30 TWh 
(contre 20 TWh environ actuellement). 

Ainsi la totalite des moyens que l'on peut admettre 
comme parfaitement definis represcnte de l'ordre de 
110 TWh laissant un peu mains de 400 TWh a 
fournir par le thermique classique et le nucleaire. 

Si l'hydraulique conservait sa structure actuelle 
Ia contribution a la puissance de pointe du reseau 
en hiver sec serait de l'ordre de 13 GW; mais les 
projets futurs, actuellement en cours d'etude, sont 
orientes vers un surequipement en puissance de 
pointe. A vee Ia contribution du thermique "fatal" 
estimee a 5 GW, la contribution des moyens au 
til de l'eau s'etablit a environ 20 GW laissant 
90 - 20 = 70 GW a fournir par les centrales 
classiques, le nucleaire et les moyens de pointe 
(turbines a gaz et usines de pompage). 
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Les valeurs precedentes font apparaitre une evo
lution sensible du role des energies thermique et 
nucleaire: le thermique EDF avait jusqu'ici un role 
de regulation en ne fournissant qu'une fraction 
faible de Ia consommation (en 1963 25,1 TWh soit 
mains de 30%) alors qu'en 1985-90 ce sera environ 
80%. En consequence si jusqu'a present les utili
sations des diverses centrales thermiques EDF pou
vaient etre schematisees par un triangle, on est 
actuellement dans une phase de transition ou se 
developpe une forme de trapeze dans lequel l'ener
gie de base represente une fraction de plus en plus 
elevee (figure 3). 

Ce changement de forme a une importance con
siderable pour le placement du nucleaire. Si le 
schema passe etait reste valable, le nucleaire en se 
developpant aurait reduit son utilisation moyenne 
et chaque centrale nucleaire aurait eu la perspective 
d'une diminution progressive de son utilisation 
annuelle. 

Le schema probable est heureusement plus ras
surant pour le nucleaire: tant que le niveau de 
puissance du nucleaire ne depassera pas le seuil S, 
son utilisation annuelle sera aussi longue qu'elle 
pourra l'etre technologiquement*. Si l'on pose que 
le niveau de ce seuil est de l'ordre de 40 a 
45 GW* *, on voit que pour la France une expan
sion moyenne a un rythme annuel legerement infe
rieur au doublement taus les trois ans serait possible 
a partir de Ia situation de 1970 sans que Ia centrale 
Ia plus ancienne voit son utilisation se reduire pour 
l'horizon etudie. 

D'une maniere plus generale il faut suivre les 
evolutions relatives du niveau s et de la puissance 
nucleaire installee. La puissance de base se deve
loppera tres rapidement dans les prochaines annees, 
mais a partir de 1985 la predominance thermique 
et nucleaire sera telle que le niveau S, voisin de Ia 
puissance minimale appelee par le reseau, se deve
loppera au rythme de Ia consommation sauf modi
fication de structure de celle-ci. 

II est bien evident que le developpement du nu
cleaire avec doublement en trois ans, s'il devait etre 
envisage, ne pourrait se maintenir au-dela du seuil 
puisque tres rapidement non seulement !'utilisation 
diminuerait, mais encore le thermique serait com
pletement chasse du diagramme. 

II est aise de voir que la duree annuelle d'utili
sation du nucleaire le plus haut dans le diagramme 
est a ce stade tres sensible au taux de developpement 
du nucleaire au-dela du seuil et meme plus pre
cisement a Ia difference entre le rythme du nucleaire 
et celui du niveau du seuil. On peut ainsi arriver 
aisement a des hypotheses qui fassent decroitre l'uti-

* Le diagramme trapezoidal trace suppose que !'utilisa
tion annuelle technologiquement possible est Ia meme pour 
le thermique et le nucleaire. 

** Ce chiffre est obtenu en deduisant du minimum du 
diagramme de charge ( 40 a 45 GW) les energies au fil de 
l'eau, et en divisant ce chiffre par le facteur de charge 
techniquement admissible. 
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lisation de centrales ayant moins de dix ans d'age. 
Bien entendu, il peut se faire que malgre cette 

reduction, l'energie nucleaire puisse apparaitre ren
table si le cout global calcule avec cette utilisation 
reste plus faible que celui du thermique, comme on 
peut le montrer par un exemple tres schematique. 

En effet, en appelant: 
ft Ia charge fixe annuelle de 1 kW thermique 
t p le cout proportionnel de Ia meilleure centrale 

thermique 
nf et nl> les memes quantites pour le nucleaire; 

En regime "stationnaire" !'utilisation U qui realise 
l'egalite des couts est: 

u = nv - tp 

quantite tres sensible aux variations des differents 
termes. 

Le probleme reel est notablement different de 
cette formulation: il faut tenir compte du deve
loppement continu a partir d'une situation eloignee 
de l'equilibre et surtout la plupart des parametres 
ne sont pas connus d'une maniere certaine (la duree 
de vie par exemple). II est aise de voir cependant 
que la sensibilite restera tres grande. 

Notons au passage que dans un systeme de ce 
genre Ia centrale thermique classique la plus recente 
n'est utilisee qu'avec une utilisation reduite lors de 
sa mise en service. 

La conclusion qui ressort de l'examen precedent 
conduit a penser qu'il n'y aura pas de probleme de 
placement de l'energie nucleaire pendant au moins 
quinze ans. Ceci n'assure pas pour autant que toutes 
les centrales du programme auront leur pleine utili
sation au-dela. 

Fort heureusement les decisions seront a prendre 
a l'origine sur les equipements dont Ia pleine utili
sation est Ia mieux assuree au depart, le coefficient 
d'actualisation donnant par ailleurs un poids rela
tivement faible aux dernieres annees. Mais plus les 
programmes nucleaires se developperont et plus il 
faudra prendre garde a ne pas construire des cen
trales trop vite declassees. La meilleure connaissance 
des filieres permettra fort a propos de mieux definir 
les options de l'epoque. 

Du point de vue methodologique, l'exemple traite 
montre clairement que Ia notion de rentabilite doit 

Puissance 

UTILISATION 
(Posse) (Fufl.lr) 

Figure 3. Diagramme d'utilisatian annuelle des centrales thermiques 
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s'apprecier non seulement en fonction de la forme 
de la courbe de charge mais aussi d'apres le role 
assigne au nucleaire: le cas de la centrale nucleaire 
unique est tout different de celui du programme 
massif, et les modes de calcul doivent etre adaptes 
en consequence. 

QUELQUES CONSEQUENCES 

Parti de la simple hypothese d'un cm1t propor
tionnel nucleaire plus faible que celui du thermique 
classique - et ceci quel que soit le nucleaire -on 
arrive ainsi a la conclusion que pour quinze ans au 
moins le nucleaire ne fournira que de l'energie 
de base. 

Ceci a quelques repercussions sur le nuclt!aire lui
meme qui peut, au mains a l'origine, avoir assez peu 
de souplesse. Augmenter la reserve de reactivite 
pour passer un pic xenon du a des modulations 
hebdomadaires ou quotidiennes de la puissance 
presente peu d'interet puisqu'il en resulte un surprix 
sans compensation utile. La participation au reglage 
du reseau devrait meme etre reduite au minimum. 

Le choix du dechargement, en marche ou a l'arret, 
se pose dans un contexte clair: on ne peut compter 
sur des periodes de faible demande pour modifier 
les elements combustibles. 

En ce qui concerne Ia taille des equipements, dont 
le role est fondamental dans l'economie du nucleaire, 
les chiffres precedents montrent que pour le reseau 
fran<;ais Ia limite parait provenir du cote constructif 
et non du reseau. 

Pour les installations nucleaires de puissance 
elevee le schema unitaire est difficile a envisager, 
et ne parait pas s'imposer puisque c'est !'augmen
tation de la taille du reacteur qui est la source prin
cipale des economies d'investissements. 

Les risques d'indisponibilites d'une installation 
proviennent pour Ia plupart des appareils tournants 
(pompes, souffiantes, turbines, alternateurs, etc.) et 
non du reacteur proprement dit. Par consequent, si 
les circuits attenant a un reacteur sont suffisamment 
independants pour que la reparation de l'un d'entre 
eux soit possible les autres etant en fonction, la taille 
maximale a considerer pour le reseau est unique
ment celle d'un circuit et non de leur ensemble. 
C'est Ia une simplification puisque le risque n'est 
pas nul d'avoir l'appareil de chargement indisponible 
lorsque se produit une rupture de gaine a evolution 
rapide. Quoiqu'il en soit, au moment ou l'on vient 
de commander les premiers groupes de 600 MW 
thermique classique qui seront mis en service dans 
un reseau de 20 GW environ solidement inter
connect€ avec les reseaux voisins, il n'est pas exclu 
de penser que dans des conditions analogues, cinq 
ans plus tard, un reseau de 30 GW pourrait accueillir 
une installation nucleaire composee d'un reacteur 
ayant deux et meme quatre groupes d'une puissance 
voisine. 
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L'etude de !'horizon 1985-1990 permet de tirer 
quelques enseignements sur les moyens de pro
duction autre que nucleaire: le kWh marginal sera 
encore produit a toute epoque par le thermique 
classique. Le cout de la calorie classique sera done 
!'element directeur pour les calculs economiques de 
dimensionnement des projets hydrauliques ou pour 
l'energie consommee par le pompage. Ceci n'est pas 
sans importance pour les decisions actuelles. On 
pourra enfin noter qu'a cette epoque le thermique 
classique le moins utilise sera vraisemblablemcnt 
constitue par les premiers groupes du palier 125 MW 
dont la consommation specifique est d'environ de 
2 550 calories par kWh. 

CONCLUSION 

Les valeurs qui precedent ne sont que des ordres 
de grandeur qui permettent cependant de rendre 
compte valablement de l'environnement dans lequel 
le nucleaire pourra se developper. Au cours des 
travaux preparatoires du cinquieme Plan d'equipe
ment, les perspectives seront precisees mieux qu'il 
n'a pu etre fait ici en tra<;ant avec plus de detail 
la courbe de charge de !'ensemble thermique clas
sique et nucleaire. Mais les conclusions que nous 
avons degagees resteront valables. 

11 serait bien tentant d'essayer de batir a partir 
de ces donnees ce que pourrait etre un programme 
de developpement nucleaire. Mais pour depasser le 
stade que nous avons analyse, il devient indispen
sable de faire de nombreuses hypotheses eco
nomiques. 

Que ce soit pour les analyses marginales qui per
mettent d'estimer !'interet d'un equipement, que ce 
soit pour des calculs globaux donnant la repartition 
optimale des divers moyens de production, ou encore 
pour l'etude de Ia date du demarrage d'un pro
gramme massif en tenant compte de !'incertitude 
sur le progres technique, pour tous ces problemes, 
il faut disposer d'un ensemble d'hypotheses portant: 

sur revolution des coii.ts du nucleaire; 
sur !'evolution des coiits des moyens de pro

duction concurrents; 
sur !'evolution de la structure meme du reseau 

de production. 

Pour !'instant il nous parait de beaucoup plus 
important de degager les evolutions quasi-certaines. 
II n'est deja pas si mal de pouvoir tirer cette con
clusion que le risque concernant !'obsolescence des 
premieres centrales nucleaires est pour les quinze 
ou vingt prochaines annees infiniment moindre que 
les incertitudes economiques qui regnent encore sur 
les filieres les plus evoluees et qu'en consequence 
lorsque les efforts d'amelioration du nucleaire auront 
porte leurs fruits, son developpement ne sera pas 
entrave en France par les caracteristiques du reseau 
electrique. 
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A/43 France 

Integrating nuclear power into France1s 
electricity network 

By R. Janin 

Compared to fossile thermal power, nuclear power 
involves a higher capital cost, at least in its present 
stage of technical development. Nuclear power 
stations are therefore particularly preferable when 
they can operate for long periods. 

Study of the possibilities of developing this new 
form of energy must be based on the load curve of 
the network. 

Until now, hydro and thermal power have equally 
shared the task of supplying the French network. 
Allowing for its limited potential development, 
hydropower is now expanding at a constant rate, 
whereas consumption is increasing exponentially. 
The proportion to be supplied by fossile-based and 
nuclear fuel thermal power will therefore rise. 

New hydrogenerating methods will, as far as 
possible, be more and more directed towards the 
generation of small units of power. Increased rating 
of existing power stations will also contribute 
towards proper operation of thermal and nuclear 
stations by supplying peak loads. 

Since the ratio between the maximum and 
minimum points on the daily load diagram is 
about 2, the possibility of integrating basic nuclear 
power naturally involves no problem at present. It 
has been verified that, even with the highest possible 
expansion which may reasonably be expected for 
this power, it will not exceed the zone of maximum 
use during the next twenty years. It is therefore not 
the requirements of the load curve that are now 
hindering rapid development of this new source of 
power, but rather the uncertainty, now diminishing, 
regarding the physical and economical performance 
of the new power stations. 

8KJ1104eHHe 
rpocraH~HH 
rpocerb 

M. }t{aHeH 
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3HeprHH aTOMHbiX 
BO ~paH~Y3CKyto 

Ilo CpaBHCHHKJ e TCIIJIOBhJMU 3JICKTpOeTUHQII.R
MH, pa6oTUKliJJ;IIMU: Ha YfJIC, UTOMHhiC :JJICJiTpo
eTaHQHH Tpe6yroT 3HU'JI1TCJihHO 60JihlliHX KUIIIITU
JIOBJI<HIH'HifH no Kpafincii Mepc ua eonpcMeHHOM 
yponne TexnnqecKoro nporpecca. CJII:>,n:onaTeJJhHO, 
UTOMHhiM 3JICJ>TpOCTUHJ~I1.RM MOa\HO OT;(UTL IIpC;(-

I101{TCHHC JIHillh B TOM CJiyqae, eeJIH OHU 6yp,yT 
pa6oTUTh iJ,JIIITCJibHhrli nepHO;J; npeMCHH. 

Jf3yqenne n03MOa\HOeTeii pa3BHTIIH 3TOfO HODO
ro nllf.(a :JHeprHH ,D;OJia\HO OeHOBhiBUThCH Ha KpH
noif rpalf>JIKa Harpy3HH 3JieHTpoeeTH. 

,ll;o HUCTOHII~ero npeMCHII fli,D;panJiuqeeime I{ 

TeTIJIOnble ::lJieKTpoeTUHQHH IIO'ITJ{ npn 0;.\HHUHO
nhiX narpyaHax Bbipa6aTI>IBaJIH aneprnro .n;nn 
lf>panu;yaeKoii 3JICHTpoeeTn. B enJiy orpamPien
HhiX B03MOa\HOCTeil: pa3niiTHH rnp,paBJIH'IeCHIIC 
3JICKTpOeTaHQIIH n IIaeTOH~ee npeM.R pa6oTUKlT B 
IIOeTOHHHOM pHTMe, TOfP,a KaK ITOTpe6JieHne 3JICK
Tp03Heprmr aKerronenu;naJihHo noapaeTaeT. C.'JeiJ,o
naTeJihHO, yp,eJJhHb!H nee anepriin nhipaoaTLmac
MOH TenJionhiMn aJieKTpocTanu;u.RMU, pa6oTUKlllllf
Mn Ha yrJie, a TUKa\e UTOMHhiMH 3JICKTpoeTaHQHH
MU, 6yp,eT nenpephiBHo noapaeTaTh. 

fn,n:poaJJCKTpOeTaHQHH llO Mepe n03MOa\HOeTU 
6y,n;yT nee 60JihillC II 60JJbillC OpiieHTHpOBUThCH Ha 
npoHano,n:eTno :meprnu np11 nJJanno MCH.RKJII~nxc.R 
uarpyaKax. 

Ilepeo6opy,n;onanne ey111eeTnyro~nx aano;~,on 6y
.n;eT TaKme CllOeo6eTBOnaTh pa3nHTHKJ TeiiJIOBhiX II 
UTOMHhiX 3JieKTpoeTaHQHii, KOTOphie 6y.n;yT paoo
TaTh npn MaKenMaJihHo.H narpyaKe rpalf>nKa. 

IloeKOJibKY eOOTHOillenne Memp,y Mai>eiiMUJih
HhlM II MUHHMaJibHhlM rpalf>nKaMH narpy3KU eo
eTanJIHCT npnMepHO 2, n03MOa\HOeTh nnJIKJ'iCHHH 
OeHOnHOH UTOMHOi[ 3JICKTp03Heprnn B rocy;:.~;apCT
nennyro 3JieKTpoeeTb HC IIpeP,CTan.'IHeT, IIO-BIIiJ,H
MOMy, HHKUKOii IIp06JICMhl Ha eerOP,HHillHHii ;'J;CHL. 
BLmo yeTanonJieno, qTo np11 caMoM 6hiCTpoM pa3-
BUTHH, KOTOpoe TOJlhKO MOa\110 rrpe,n;eTaBUTb, aTOM
Hh!C ::meHTpocTaHQHII ne nhiHiJ.YT 3a upep;e.'Ihi MaK
enMaJILHoro rpalf>nKa narpyaKn n 6mmmiimne 
20 JJCT. CJw.n;onaTeJILno, 6LreTpoMy paannTnro :no
ro nonoro HCTO'iHUKa aneprnu MemaeT ne nanpa-
1Kenne rpalf>nKa narpyaKn, a neyBepenHOCTh, Ko
Topaa, XOTH H HeeKOJihl\0 YMCllhlliliJiaeh Ha CCl"O,D;
HHillHHH ,D;eHh, nee e111e eyiQeeTBYCT n OTHOillCHJIH 
lf>naiiqCeKHX II 3KOHOMJI'iCeKUX xapaKTCpiieTHK HO
nh!x 3JieKTpoeTauu;nir. 

lntegraci6n de Ia energia nuclear 
en Ia red electrica francesa 

por R. Janin 

A/43 Francia 

La energfa de origen nuclear, comparada con la 
termica de combustible f6sil, presenta unos gastos 
de primer establecimiento mas elevados, al menos 
en el estado actual de desarrollo tecnico. Por tanto, 
una central nuclear es particularmente sensible al 
tiempo de utilizaci6n. 

El estudio de las posibilidades de desarrollo de 
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esta nueva energia debe basarse en la curva de carga 
de la red. 

Hasta el presente, las energias hidraulica y termica 
han contribuido con cargas sensiblemente iguales al 
servicio de la red francesa. La hidniulica, dadas sus 
limitadas posibilidades de crecimiento, se desarrolla 
actualmente a un ritmo constante, mientras que el 
consumo continua creciendo exponencialmente. En 
consecuencia, la proporci6n de energia termica, 
tanto de combustible f6sil como nuclear, tiene que 
aumentar. 

Los nuevos medios de producci6n hidraulicos se 
orientaran cada vez mas, dentro de lo posible, 
hacia la producci6n de energia de utilizaci6n baja. 
La renovaci6n del equipo de algunas centrales ya 
existentes contribuira tambien, al cubrir las puntas 
del diagrama de carga, a que las centrales termicas, 
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tanto clasicas como nucleares, funcionen con un 
buen factor de utilizaci6n. 

La posibilidad de integraci6n de la energia nu
clear de base no presenta, evidentemente, ningun 
problema en la hora actual, dado que la relaci6n 
entre la punta y el minimo del diagrama diario de 
carga es aproximadamente 2. Se ha comprobado 
que, aun con el desarrollo mas nipido que pueda 
imaginarse razonablemente, la energia nuclear no 
sobrepasani Ia zona de maxima utilizaci6n durante 
los pr6ximos veinte afios. No es, pues, la forma de 
Ia curva de carga lo que limita, actualmente, un 
rapido desarrollo de esta nueva fuente de energia, 
sino la incertidumbre, si bien hoy ya disminuida, 
que reina todavia sobre las caracteristicas de fun
cionamiento, tanto fisicas como econ6micas, de las 
nuevas centrales. 



P/561 United Kingdom 

Planning for nuclear power in the Central 
Electricity Generating Board's system 

By P. W. Cash and F. Faux* 

This paper presents an up-to-date account of the 
integration of nuclear power into the system of the 
Central Electricity Generating Board, from the in
ception of the original programme to present plans 
extending to 1970. 

The British Government announced in February 
1955 a provisional programme of nuclear generation, 
then envisaged as providing some 2 000 MW of 
capacity by 1965. The nuclear power stations were 
to be owned and operated by the Electricity Au
thorities, it being evident that most of the stations 
would be installed in England and Wales on the 
system of what is now the Central Electricity 
Generating Board. Subsequent modifications in the 
programme led to an announcement in June 1960 
of a target of about 5 000 MW by 1968. 

In February 1955 the system comprised 275 
power stations with an aggregate output capacity 
just over 17 000 MW of which over 99% was 
thermal and under 1 % hydroelectric plant. At that 
time it was estimated that the growth of demand 
would require expansion of plant capacity to about 
34 000 MW by the winter of 1965/66. The first 
sections of the 275 kV grid were then just coming 
into operation to strengthen the interconnection 
capacity of the transmission system. Among the 
other plans already settled were those for providing 
a number of major coal-fired stations near the highly 
productive East Midlands coalfield with a measure 
of bulk transmission of electricity to the south of 
the country, where little coal is produced. 

The next year (1956) saw a departure from the 
post-war standard designs for generating units 
(30 MW and 60 MW) with the bringing into service 
of the first of the more advanced stations containing 
100 MW units with steam conditions of 1 500 lb/in2 

and 565°C. 120 MW units were expected to be in 
operation by 1957, 200 MW units by 1959 and 
larger units in the early 1960s. 

Such was the shape of the system into which 
nuclear power was to be introduced. Once the 
decision of principle had been made, investigations 
leading to the siting of the first two stations were 
compressed into the shortest possible time. Sub
sequent experience has improved knowledge of some 

* Central Electricity Generating Board. 
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of the siting factors and others have been modified 
by advances in reactor sizes, but broadly the original 
concepts of how best to integrate nuclear power into 
the system still hold good. 

THE NUCLEAR PROGRAMME OF THE CEGB 

The original announcement of the British pro
gramme stressed that it was to be regarded as provi
sional and subject to change in the light of events. 
An early change was an increase in size of reactor 
contemplated. Other decisions were subsequently 
made which influenced the rate of commissioning. 
Whereas originally an extrapolation from Calder 
Hall to reactors having a net electrical output of 
7 5 MW was envisaged, the evolution of designs 
showed that it was technically feasible and eco
nomically attractive to roughly double the size for 
the first two stations, and site requirements were 
quickly amended. It was recognised that the system 
could accept even larger units, and, by continuation 
of the same trend of reactor engineering develop
ment, the next stations have reactors each giving 
250-300 MW(e) net output, whilst the latest station 
for which a contract has been placed has reactors 
with a net output of 590 MW(e). Each of the stations 
has two gas-cooled graphite-moderated reactors 
fuelled by natural uranium clad in Magnox. The 
first seven stations have steel pressure vessels, while 
the two latest incorporate pre-stressed concrete 
pressure vessels. 

Eight nuclear stations have been planned in 
England and Wales by the Central Electricity 
Generating Board; two have been operating since 
1962 and the others are under construction. A list 
of these stations is given in Table 1. One station 
having a net output capacity of 300 MW(e) has 
recently been commissioned at Hunterston in 
Scotland for the South of Scotland Electricity Board. 
The Calder Hall and Chapelcross stations of the 
UK Atomic Energy Authority, each having four 
reactors and an output of 180 MW(e), feed surplus 
electricity into the English and Scottish systems 
respectively. 

Nuclear stations represent about 12% of the 
CEGB programme of new generating plant capacity 
over the 10 years from 1961 to 1970. On the latest 
load estimates the total plant capacity required to be 
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Table 1. CEGB nuclear power stations 

Year of commissioning 
first reactor Station 

Berkeley 
Bradwell 

Location 

Net output capacity 
of station 

MW 

1962 
1962 
1964 
1964 
1964 
1965 
1966 
1968 

Hinkley Point "A" 
Trawsfynydd 
Dungeness "A" 
Size well 

Severn Estuary 
Essex Coast 
Bristol Channel 
North Wales 
Kent Coast 
Suffolk Coast 
Severn Estuary 
Anglesey 

275 
300 
500 
500 
550 
580 
600 Oldbury 

Wylfa 1180 

4 485 

The first reactor in Dungeness "B" is provisionally proposed for commissioning in 1970. 

in service in 1970 in England and Wales is about 
67 000 MW of which about 5 000 MW will be 
nuclear, so that the proportion of nuclear plant 
will be about 7.5%. The total cost of these stations 
with their initial fuel charges will be over £600 
million. 

SYSTEM CHARACTERISTICS 

The daily and seasonal variations of the simul
taneous load demand on the CEGB system follow 
a consistent pattern on which is superimposed sub
stantial short-term fluctuations in response to tem
perature changes. The seasonal variation is closely 
related to the normal seasonal temperature but is 
also influenced by changing hours of sunset and 
sunrise. At present the weekly minimum demand, 
which occurs at night at weekends, is about 25% of 
the corresponding weekly maximum demand. The 
annual minimum demand, which occurs on a sum
mer weekend, represents some 13% of the winter 
peak demand. Fig. 1 illustrates the range of 
variation. 

In Fig. 2, curve A shows the annual load-duration 
curve as estimated for 1970/71. The annual system 
demand load factor, at present about 47%, is 
expected to have risen to 50%. 

The system has a high load density (about 1 000 
kW per sq. mile in 1970/71) and, because of the 
moderate transmission distances, it has proved 

100 
lE 
::> 

~ 
>< ... 10 
lE 

~ ... 
::> 
z 60 z ... 

WEELY ~AX!MUM~~ v I' 
~ v 

r--

" v v 
v ... 

0 

.- 40 
I 

0 
z 
c 
lE 20 ... 
0 

WEEKLY MINIMU) 
j..--o.. ~ r--

""""""' -~ 
0 

APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR 

figure 1. Typical weekly maximum and minimum load demands 

economic to interconnect strongly all power stations 
through 132 kV and 275 kV (later 400 kV) net
works, thereby minimizing the proportion of spare 
generating plant needed. Because of the differences 
in production costs of the various coalfields, in 
transport distances to the power stations and in 
thermal efficiencies, fuel costs per kWh vary over a 
wide range, as shown in Fig. 2, curve B. This gives 
scope for substantial operating savings by selective 
loading of generators in merit order as a single 
integrated system. Full exploitation of merit-order 
loading is a cardinal feature of CEGB operation. 

UTILISATION OF NUCLEAR PLANT 

On account of increasing reactor size and other 
technological improvements, capital costs (inclusive 
of all site services but exclusive of first fuel charge) 
are expected to fall from £180 per kW for the first 
stations to £100 per kW for the later stations. There 
is also expected to be a fall in fuel replacement 
costs from 0.25d (pence) per kWh to 0.15d 
per kWh. 

At the same time considerable progress is being 
made in the development of conventional plant. Ten 
conventional power stations, each having four 
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500 MW generating units, which are expected to be 
commissioned in the period 1965-1970, are estim
ated to have a capital cost of about £37 per kW 
(the average for units ranging from 100 MW to 
275 MW commissioned in 1962 was about £50 
per kW) and fuel costs, depending on fuel source 
and transport distance, of between 0.35d per kWh 
and 0.50d per kWh. However, these advances are 
less dramatic than those achieved by nuclear plant, 
so the gap between the costs of nuclear and con
ventional power is being closed steadily although 
at a slower rate than was originally anticipated 
in 1955. 

Curve B of Fig. 2 shows the fuel cost of successive 
increments of plant plotted against cumulative plant 
capacity in 1970/71. The abrupt change of shape 
in the lower part of the curve represents the 
transition from nuclear to conventional stations and 
emphasises the economic importance of operating 
nuclear plant at the highest possible load factor. 

The modest system load factor which results from 
low night and summer loads could militate against 
high utilisation of base-load plant, but the capacity 
of nuclear plant so far in hand falls well below the 
point where limitation begins. From Figs. 1 and 2 
it is clear that the only restriction on utilisation of 
a nuclear component amounting to 7.5% of the total 
capacity, adequately connected to the fully integrated 
system, will be the availability of the plant itself. 
With only limited operating experience it has been 
considered prudent to take for planning purposes 
what is believed to be a pessimistic assumption of 
75% for the annual average availability of nuclear 
plant and of 85% at the time of system maximum 
demand. 

The capacity of the system to accept a higher 
proportion of nuclear plant in the future has been 
examined in the course of periodic studies of possible 
ranges of development of the complete power system 
over periods of 20 to 30 years ahead. Such studies 
involve estimates (which become more speculative 
with time) of system power and energy growth, pro
portions and capital costs of different types of plant 
(nuclear, conventional and peaking) and the cost 
and availability of nuclear, coal and oil fuels. It has 
been deduced that, with a system demand load 
factor of 50% and making due allowance for 
probable out-of-merit running of some conventional 
plant because of inflexibility or transmission restric
tions, the proportion of nuclear plant could approach 
30% of the total system capacity before its annual 
load factor fell below 7 5% . This is on the assump
tions that the average power level of the reactor 
can be reduced to 70% during daily off-peak hours 
without poisoning out and that the time to pick up 
to full load is no longer than for conventional 
plant. 

Energy storage, if economical, could facilitate 
larger-scale base-load nuclear generation. A 320 MW 
pumped storage scheme, which has recently been 
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constructed at Ffestiniog in North Wales, was 
decided upon prior to the nuclear power programme. 
Other schemes are being actively considered. At 
present, the night pumping power is supplied by con
ventional generation, but when the proportion of 
nuclear plant on the system exceeds some 30% of 
the total generating capacity a substantial part of 
the pumping power can be supplied by nuclear 
generation to considerable economic advantage. 

A difficulty in economic evaluation of alternative 
new plant projects in an integrated system arises 
from the fact that they may have appreciably 
different load factors which also change to differing 
extents during the course of their lives. The simple 
approach comparing costs at a single load factor 
may be satisfactory when very similar projects are 
to be compared, e.g., different tenders for the same 
plant items, but for more complex studies involving 
different types of plant it is necessary to assess the 
difference in operating cost of the entire system with 
the alternative developments. Assessments are made 
for each year in the life of the plant under review 
and summed using the "present value" concept. 

INFLUENCE OF ENERGY SOURCES 

The rate of growth of the system is such that, 
despite the increasing proportion of energy supplied 
by nuclear power stations, the consumption of coal 
is expected to rise from 49 million tons in 1960/61 
to over 80 million tons by 1970/71, the latter out 
of a total national production of about 200 
million tons. 

Table 2 shows the estimated contributions of 
various sources towards meeting the power and 
energy requirements of the CEGB system in 
1970/71. For comparison the' corresponding figures 
for 1960/61 are also shown. 

The geographical pattern of electricity demand 
relative to the coalfields, in particular the highly 
productive central coalfields of the East Midlands 
and South Yorkshire, has an important influence on 
the siting of the nuclear stations. 

Fig. 3 illustrates the main energy flows for elec
tricity supply as estimated for the year 1970/71. 
The divisions shown are those of the Grid Control 
Areas (GCAs) used in operating the system, except 
that, for clarity of presentation, the Bristol Area 
is sub-divided to show the difference in coal pro
duction on opposite sides of the Severn Estuary and 
the two Thames Areas are combined. The Thames 
Areas and the South Western Zone account for 
40% of the total electricity consumption of the 
country, but have negligible coal resources. The 
large energy surpluses in the Birmingham and Leeds 
Areas arise from the growing production in the 
central coalfields of cheaply mined coal which is 
suitable for electricity generation. 

The surplus coal in the Newcastle Area is planned 
to be moved to the Thames Estuary by sea because 
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Table 2. Sources of power and energy for CEGB 

Net output capacity Energy production 

1960/61 
Power sources for 

electricity generation MW % 

Nuclear 
Pumped storage 
Hydro 63 small 
Oil 3 155 12 
Coal 23 849 88 

Total 27 067 100 

coastwise transport is the cheapest method of energy 
movement where there are ports close to the coal
fields and the receiving power stations can be served 
by collier. In contrast the central coalfields are some 
60 miles from the coast, and a combination of coal 
transport by rail and overhead transmission of elec
tricity is the cheapest method. The development of 
permanently-coupled block-train working together 
with rapid unloading at the power stations (one 
hour turn round for a complete train) has provided 
scope for economic generation at medium load factor 
in new stations at medium distances from the central 
coalfields. But, despite this tendency, it is economic 
to move the bulk of the energy surplus in the 
Birmingham Area to the Thames Areas by electrical 
transmission from stations sited close to the coal
fields. In 1970/71 the total transfer of energy from 
the three exporting areas to the importing areas is 
estimated to be about 40 million tons coal equivalent, 
of which about half will be in the form of 
electricity. 

Oil and nuclear generation are being introduced 
into the south of the country and to a lesser extent 
in the Manchester Area, which is also an energy
importing area, thus limiting the growth of ex
penditure on long-distance transport of coal or 
transmission of electricity. The deployment of oil 
is influenced by the location of the main oil terminals 
and refineries. Two major oil-fired stations and one 
dual-fired station are at present being constructed 
in the south. 

All the nuclear stations are in the energy-importing 
areas since nuclear fuel transport costs are virtually 
the same wherever the station is located. Within 
these importing areas the actual sites chosen follow 
a somewhat different pattern from that of coal-fired 
stations by reason of the siting factors discussed in 
the next section. Fig. 4 shows the location of the 
245 stations that will exist in 1970. 

SITING REQUIREMENTS 

Collectively, the siting requirements of nuclear 
power stations are so exacting that the desired 
combination of physical characteristics is geo
graphically rare in England and Wales. 

1970/71 1960/61 1970/71 

MW % % % 

4 930 7.5 12 
920 1.5 
110 small small small 

10 080 15 18 12 
50 690 76 82 76 

66 730 100 100 100 

Technically the most important requirement is an 
adequate supply of cooling water. The steam con
ditions of nuclear stations are materially lower than 
those of modern conventional stations but, despite 
the improvement in thermal efficiency of the later 
nuclear stations, they still require well over 
50 per cent more cooling water than conventional 
plant. 

The largest English rivers have insufficient dry
weather flows for direct cooling of even the smallest 
nuclear station. Inland water resources can best be 
used in supplying cooling water for conventional 
stations, usually in the form of make-up for cooling 
towers. Hence all the nuclear stations, with the 
exception of Trawsfynydd which employs surface 
cooling oa a large reservoir, are located on the coast 
or major estuaries. 

Those conventional stations which are located on 
the coast have usually been sited on harbours or 
estuaries, or near to oil refineries, where sea-borne 
fuel supplies can be unloaded from vessels with 
sheltered berthing facilities and where cooling water 
works are not unusuallv difficult. The use of more 
exposed sites for nuclea'r stations has brought many 
added problems. As cooling water tunnels can cost 
several thousands of pounds per yard, it is important 
to have deep water fairly close in-shore. The intake 
and outfall structures, and any associated works 
such as dredging, must be devised so as not to 
endanger navigation or permit changes in the littoral 
drift regime which might result in scour, erosion or 
accretion of sections of the coastline. 

Foundation conditions are important since a 
reactor structure can weigh around 60 000 tons and 
impose bearing pressures of up to 12 tons/ft2

• In 
the west of the country, rock at Hinkley Point, 
Trawsfynydd and Wylfa, and marl at Berkeley and 
Oldbury, provide firm foundations. On the east 
coast, more difficult conditions have had to be 
accepted; clay at Bradwell, shingle at Dungeness 
and sand at Sizewell have all introduced a variety 
of foundation problems. 

A site should be flat and at about high-tide level 
in order to avoid excessive pumping head. There 
should be no danger of flooding and, although the 
buildings themselves may occupy no more than 
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Figure 3. Estimated energy transfers in 1970/71 

25 acres, additional land is essential for rapid 
construction and to permit prefabrication of large 
components. Broadly, sites of 100-200 acres have 
been selected; in most of these cases there is sufficient 
space for further development, in at least one 
instance up to 3 000 MW or more. 

Transportation of heavy and bulky construction 
loads presents problems. Good road access is essen
tial but, even so, in some cases it has been found 
more convenient to float complete heat exchangers, 
having dimensions of the order of 80 ft long and 
20 ft diameter, by sea from the makers' works. For 
some sites special port facilities have been built as 
close to the site as practicable to permit large and 
heavy components to be transported by coastwise 
shipping. Rail access cannot be justified for trans
portation of fuel as the limited amounts handled 
can easily be taken by road to the nearest 
rail-head. 

The siting of a nuclear power station is further 
restricted by safety considerations. Although in 
normal operation nuclear plants produce very little 
addition to the normal background radioactivity 
and it is a major objective of design and operation 
to guard against every credible combination of faults, 
it nevertheless remains impossible to guarantee 
absolute immunity from an accident leading to an 
escape of radioactivity. Wide population-exclusion 
areas are not feasible in England and Wales with 
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an average population density of 800 per square 
mile. Initially sites were classified in accordance 
with population groups of a few people, 500, 10 000 
and 1 00 000 being contained within certain dis
tances. 

Experience revealed that a more refined approach 
was required to allow a fair comparison to be made 
between sites around which population is distributed 
in very different ways. Experimental work and the 
study of accidental releases, in particular that from 
one of the air-cooled reactors at Windscale in 1957, 
established that the inhalation of radioactive iodine 
presented the greatest hazard for immediate control, 
while contamination of milk would be the most 
widespread hazard. The basis of the siting policy 
subsequently adopted has been published by the 
UKAEA [ 1]. Four classes of site have been defined 
corresponding to population densities equivalent to 
6%, 12%, 25% and 50% of the maximum obtain
able in a built-up area. All the sites so far selected 
conform to Class 1 (equivalent population density 
6% of maximum) although recent assessment of the 
additional safety afforded by concrete pressure 
vessels will permit the use of Class 2 for Magnox 
stations incorporating this feature. 

Special consideration has to be given to the 
hazards that might arise within 1 mile of the site. 
The population in any sector must be considered 
in relation to the ease or difficulty of control or 
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evacuation should a release of radioactivity occur. 
Only a few people should be resident in a 30° sector 
within 0.3 mile and not more than 500 within 
1 mile. 

In addition to the technical and economic factors, 
great importance attaches to considerations of town 
and country planning. Indeed, the Board have a 
statutory duty in considering possible sites to have 
regard to the effect a power station may have on 
what is usually known as "amenity". Nuclear stations 
do not need tall chimneys, facilities for handling 
large quantities of coal or ash nor, if on the coast, 
large cooling towers; and in these respects they are 
less objectionable than conventional stations. How
ever, coastal sites which are sufficiently remote 
are often in areas that are particularly highly 
prized. 

In England and Wales, over 40% of the total 
land area and 30% of the coastline is protected in 
the form of green belts, national parks, nature 
reserves, etc., and much of the remaining land is 
of good agricultural quality. In addition, on the 
south coast particularly, much of the coastline is 
built up. The siting of power stations, therefore, 
involves consultations with a wide range of interests 
such as the statutory Planning Authorities, Govern
ment Departments, River Boards, the Nature Con
servancy and the National Parks Commission. It is 
as difficult to find sites having a reasonable com
bination of the desired technical and safety features 
as it is easy to see the objections to them, and the 
choice of the right compromise is a matter of some 
delicacy. There are elaborate procedures for 
obtaining statutory consent, including provision for 
discussion at public inquiries. By this means the 
public interest is fully safeguarded, though the 
procedures have not always proved entirely com
patible with the speed of decision required in con
nection with the nuclear power programme. 

lOCATION OF STATIONS 

The influence of energy sources, which has been 
previously discussed, indicated a need for nuclear 
power stations in the south, particularly in the 
Greater London area and, to a lesser extent, in the 
north-west. Figure 4 shows the locations that have 
actually proved possible having regard to the factors 
discussed in the previous section. 

The nearest suitable site to London was at 
Bradwell, on the Blackwater Estuary, where one of 
the first commercial stations to be commissioned in 
England and Wales ha!i now been operating for 
nearly two years. Apart from the usual objections 
to putting a power station in a rural area, the public 
discussions of this proposal centred mainly on the 
risk that warming and chlorination of the condenser 
cooling water would harm the oyster industry of 
the estuary. Actual conditions are being monitored 
to determine whether it will be possible to extend 
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the station at some future date; experience to date 
is encouraging. 

Dungeness and Sizewell are open coastal sites 
further from the heaviest load centres, both with 
a large ultimate potential for generation. Both are 
in areas of interest to naturalists and special arrange
ments have been made to minimise disturbance and 
afford preservation. The central south coast has 
built-up areas with heavy electrical demands and, 
being remote from the coalfields, is clearly one of 
the most advantageous positions for nuclear gener
ation. It is unfortunate that the limited siting 
possibilities found on this coast have raised issues 
of such difficulty as not to be soluble in time to 
enable them to form part of the present nuclear 
power programme. 

In the south-west, the Severn Estuary brings tidal 
cooling water well inland and, apart from the city 
of Bristol and its port of A vonmouth, the shores 
are not heavily built up. Berkeley Power Station is 
already operational whilst Hinkley Point and 
Oldbury, the first station to utilise pre-stressed con
crete pressure vessels, are under construction. The 
physical features of the estuary result in swift 
currents and a tidal rise and fall of about 40 ft in 
most places; exceptionally heavy silt burdens are 
encountered, 5% being not uncommon. The 
designing of reliable cooling-water systems as in
expensive as possible is an exacting task. The 
Oldbury site has been chosen to take advantage of 
a large rock shelf at about half-tide level in the 
estuary; a shallow 350 acre tidal reservoir is being 
constructed on it to supply cooling water during the 
lower half of the tidal cycle. A large hydraulic model 
of the estuary has been used to study siltation 
problems and the cooling-water conditions at 
Oldbury, also in association with Berkeley, and 
to assist in solving the problems associated with 
establishing further stations on the estuary in the 
future. 

The remaining stations in the course of con
struction are in North Wales, inland at Trawsfynydd 
and at Wylfa on the Island of Anglesey. The former 
station, which is the exception to coastal siting, is 
600 ft above sea level in a mountainous area of 
heavy rainfall, and will use an existing CEGB hydro
electric storage reservoir some two square miles in 
area for surface cooling. The site is in the Snowdonia 
National Park in a district of some scenic beauty. 
Here, as in most cases, the Board have engaged the 
services of a landscape consultant from the outset 
to advise, in conjunction with an eminent architect, 
on the treatment of the site and its setting in 
developing the design and layout. 

Further sites are under consideration on the east 
and south coasts, the Severn Estuary and in North 
Wales. The broad picture that emerges is of nuclear 
stations being sited in the coastal areas remote from 
the coalfields, with transmission lines to carry power 
to inland load centres. 
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TRANSMISSION 

The main transmission system in England and 
Wales comprises a national 275 kV network inter
connecting the various regional 132 kV networks. 
The existence of this system made it relatively easy 
to integrate nuclear power stations with a large 
capacity of conventional plant, thus providing scope 
for long-term operation at the highest attainable 
load factor and extracting the maximum benefit 
from the high investment in nuclear plant. Only 
slight adaptation of the preconceived development 
of the transmission system has been needed to 
accommodate the nuclear stations so far constructed 
or planned. 

Beginning in 1965, the voltage of most of the 
national network will be raised to 400 kV and, by 
1970, 275 kV will be confined to the extreme north 
and to certain routes around the principal conur
bations. Fig. 4 shows the network configuration 
planned for 1970; it will comprise some 3 400 miles 
of 400 kV line and some 1 400 miles of 275 kV 
line, all of double-circuit construction. The network 
will have wide geographical coverage and, as well as 
interconnecting the principal load and generating 
centres, it will be used to distribute supplies over 
the intervening territories where the loads are large 
but dispersed. 

The station siting problems, as well as economic 
considerations, make it desirable to provide for 
development of individual nuclear sites to the limit 
of their capabilities, and in some cases over 
3 000 MW can be envisaged. For stations of such 
size to be operated at high load factor the trans
mission connections must permit distribution of the 
output over wide areas at light-load periods. Over
head lines as well as power stations have an impact 
on amenity, and this factor combines with economic 
considerations to dictate the use of few circuits of 
high voltage for connecting the nuclear stations. 
For these reasons the transmission arrangements for 
all but one of the stations provide for connection 
at 400 kV. 

The transmission distances for this purpose are 
comparatively short and yield circuit capabilities 
of 1 000 MW to 1 500 MW, which, in most cases, 
allow the overhead-line routes from each site to be 
kept to two in number. Also, the requirements for 
wide distribution of the generated output are readily 
satisfied because of the national coverage of the 
400 kV network. 

Berkeley, the smallest of the nuclear stations, is 
connected into the 132 kV network. Bradwell, 
Sizewell and Oldbury, connected at 132 kV initially, 
will have transmission lines of 400 kV construction 
with a view to future uprating if further stations are 
sited nearby. The remaining nuclear stations will be 
connected into the 400 kV network. Hinkley Point 
will be connected by means of a short deviation of 
a line being constructed to reinforce supplies to the 
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extreme south west of the country. Trawsfynydd will 
share the use of a line being built to link the 
Ffestiniog pumped-storage station with the main 
system. Dungeness will similarly share the use of 
the connexion to the Cross Channel cable, though 
a second line will extend westwards to reinforce 
supplies along the south coast. Oldbury is close to 
the 275 kV overhead crossing of the Severn Estuary 
and to a future 400 kV line which is being provided 
to strengthen the ties to South Wales. Only in the 
case of Sizewell and Wylfa will substantial addi
tional spur lines be required. The connection for 
Sizewell will be two lines of 400 kV construction 
leading westwards and that for Wylfa will be a 
single 400 kV line to the mainland, joining 
with an extension from Trawsfynydd and con
tinuing eastwards to complete a ring around 
North Wales. 

CONClUSIONS 

A closely knit high-voltage system like that of 
the CEGB, on which fully integrated operation of 
all the power stations is well established, provides 
favourable conditions for the introduction of nuclear 
power. A system capacity of 67 000 MW will permit 
the fullest utilisation of the 5 000 MW of nuclear 
plant planned for 1970, and with a transmission 
circuit capability of 1 000 to 1 500 MW there is 
no difficulty in accepting reactor units of 600 MW 
of electrical output. 

A lack of potential water power and an uneven 
geographical distribution of indigenous fuel resources 
are further circumstances favourable to the intro
duction of nuclear power, provided that sites suit
able for nuclear power stations can be found in 
high fuel-cost areas. Despite the remoteness of the 
stations to meet exacting safety requirements, very 
little reorientation of transmission development has 
been entailed. 

The continuing scale of installation of nuclear 
plant on the CEGB system will depend upon 
appraisals of fuel resources and relative economics 
that go beyond the scope of this paper. Although 
the consumers' load factor does not yet exceed 50% 
the system as a whole is well suited to it; for 
example, even the largest and most efficient coal
fired units have been designed with an eye to nightly 
shutting down as they become relegated to lower
load-factor working. A substantial amount of addi
tional nuclear plant could be utilised to the limit of 
its availability, and if larger reactors could effect 
worth while capital savings without sacrifice of 
reliability the system would be able to accept 
them. 
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A/561 Royaume-Uni 

Plan d'inh~gration de l'energie d'origine 
nucleaire dans le reseau du Central 
Electricity Generating Board 

par P. W. Cash et F. Faux 

Le Royaume-Uni a entrepris un large programme 
de construction de centrales nucleaires, dont Ia plus 
grande partie releve du CEGB. Deux centrales nu
cleaires ont ete mises en service et fonctionnent 
d'une fa<;on satisfaisante. Six autres sont en cons
truction et une est a !'etude. En 1970, la puissance 
installee d'origine nucleaire devrait etre de quelque 
5 000 MW sur une puissance totale d'environ 
67 000 MW fournie au reseau de distribution elec
trique de l'Angleterre et du Pays de Galles. 

L'integration des centrales nucleaires dans le 
reseau pose des problemes economiques, techniques 
et sociaux. Des decisions fermes sur Ia puissance, 
!'emplacement des nouvelles centrales et les !ignes 
de transport doivent etre prises cinq ans avant leur 
mise en service, compte tenu du taux d'augmen
tation de Ia demande, de la forme de la demande, 
de Ia securite du reseau et de la disponibilite de 
sites convenables. La valeur economique des divers 
projets est comparee compte tenu de Ia duree de leur 
vie utile, et eu egard au developpement d'ensemble 
possible, a l'aide des concepts actuels de valeur. 

La distribution geographique de la demande d'e
lectricite par rapport aux regions houilleres a un 
efiet marque sur !'implantation des centrales au 
charbon et des centrales nucleaires dans le pays. 
Un nouvel accord de transport ferroviaire a rendu 
!'utilisation du charbon hors des regions houillcres 
plus attrayante, mais un important transport d'e
nergie electrique vers le Sud-Est, avec un facteur 
de charge eleve, demeure rentable. Les grandes 
centrales au mazout sont situees a proximite des 
importantes raffineries de petrole. 

Les considerations pratiques, tel que le fait de 
trouver des emplacements convenant techniquement 
pour les centrales nucleaires, sont egalement impor
tantes. L'eau de refroidissement presente Ia prin
cipale difficulte et c'est pour cette raison que jusqu'en 
1970 toutes les centrales sauf une sont prevues sur 
la cote ou dans de grands estuaires. Les fondations 
doivent pouvoir supporter les fortes charges impo
sees par les structures des reacteurs. II faut disposer 
d'un terrain suffisant pour les batiments et pour 
permettre une construction rapide; un acces facile 
est egalement essentiel. Le choix d'un emplacement 
est restreint aussi par des considerations de securite. 
La politique fixee par les pouvoirs publics veut que 
ces premieres centrales soient situees dans des zones 
a faible densite de population. 

Jusqu'a present les centrales ont ete installees 

dans Jes zones importatrices de courant du Sud et 
du Nord-Ouest du pays. II est cependant possible 
que les futures centrales puissent etre situees ailleurs. 
Faute d'un reseau national de transport a 275 kV et 
fortement interconnect€, maintenant en cours de 
conversion a 400 k V, l'energie d'origine nucleaire 
n'aurait pas pu etre introduite a son echelle actuelle. 

A/561 CoeAHHeHHOe KoponeBCTBO 

nnaHbl HCnOnb30BaHHH aTOMHOH SHep
rHH B CHCTeMe ~eHTpanbHOrO 3Hepre
TH4eCKOrO ynpasneHHH 

n. Y. K3w, CD. COoKe 

BeJIHKo6pnTaHHH ocyiiJ;eCTBJIHeT mnpoKyiO rrpo
rpaMMY 110 aTOMHoii :mepreTHKe, npnqeM CTpOH
TCJihCTDO 3HaquTeJibHOi( qaCTH CTaHU,HH B03JIOiKe
HO Ha QeHTpaJibHoe :mepreTnqecKoe yrrpanJieHne. 
,Ibe aTOMHhiC aJieKTpOCTaHU,HH yme BBep;eHhi Jl 

cTpoii n ycrreumo pa6oTaiOT. B nacTomu,ee npeMK 
cTponTCH eii~,e mecTL HAepnLrx aJieKTpocTaHu,nii 
n mrannpyeTCH CTpOHTeJILCTBO eiii,e o/];Hoii. Omrt
/];aeTCH, qTo I< 1970 ro)J;y o6IIJ;aH MOII~HOCTh aTOM
HhiX CTaHU,HH COCTaBHT OKOJIO 5000 M 6T npH 06-
IIJ;eH ycTanonnenHoii Moiii,HOCTH B Annmn n YaJih
ce rrpn6Jin3nTeJibHO 67 000 MBr. 

BKJIIOqenne aToMHhiX cTaHu,nii n o6Ill,yiO ceTL 
npe/];CTaB.lJHeT 3KOHOMIPieCKUe, TeXHifqecKHe If 

cou,naJibHhie rrpo6JieMLI. 0KoHqaTeJihHbie peme
HHH OTHOCifTeJibHO MOIIJ;HOCTH II paaMeiU,eHUH HO
BhlX cTanu,nii, o6opyAoBaHHH no rrepe/];aqe aJieK
Tpoaneprnn /];OJiiKHbi npUHHMaTbCH 3a IUITb .JieT 
/];0 TOI'O MOMenTa, KOrlJ,a OHH IIOTpcoyiOTCH, yqn
TbiBaH yneJiuqenne crrpoca, ero pacnpep;eJienne, 
CHCTeMy TCXHHKH 6e3oiiaCHOCTH If HaJinqne IIOlJ,-
XOJI.HIIJ;HX TIJIOIIJ;a/];oK. Ha ocnonaHIIH coBpeMeHRLix 
CTOHMOCTHhiX ,n:aHHbiX cpaBHHBaiOTCJI 3KOHOMUqe
CKHe acneKTbl OT/];CJlhHbiX npoeKTOB Ha nepHOlJ, HX 
HCIIOJib30BaHHH B paMKaX npe)J,llOJIOil{HTeJibHOrO 
o6IIJ;ero paannTnJI aneprenn<n. 

feorpawuqecKoe pacnpeAeJienne cnpoca na 
aJieKTpoaneprHIO B aanncnMoCTH oT pacnoJiome
HHJI rJiaBHhiX KaMeanoyroJILHhiX aaJiemeii oKa3LI
naeT CHJibHOe BJIHHHHe Ha pa3Melll,eHHe B CTpano 
3JieKTpOCTaHU,HM, KaK pa6oTaiOIIJ;IIX Ha KaMeHHOM 
yrJie, TaK n Ha Hll.epnoM TOIIJinne. XoTH HoBoe co
rJiamenue OTHOCHTeJibHO nepeB030K llO iKCJIC3HhiM 
;noporaM 11 crroco6cTnonaJio yBeJIHqennro npoH3-
BOACTBa aJieKTp03HeprHH CTaHU,HHMH, pa6oTaiOIIJ;U
MH na yrJie, OAHaKo rrepe,n:aqa auaquTeJILnoro Ko
JmqecTBa rrponaBOAHMOII aJieKTpo3neprnn Ha roro
nocToK rrpn BhiCOKOM Koa¢¢nu,neHTe uarpyaKn 
nee me ocTaeTCH aKoHoMnqnoil. OcnoBHhie aJiei\
TpocTaHU,HH, pa6oTaiOIIJ;He Ha ne¢Tn, pacnoJiara-
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JOTCJI npeHMyiqeCTBeHHO B6JIH3H KpyliHhlX Heljne

O'IHCTHTeJihHbiX 3aBO,!J;OB. 

PaBHbiM o6paaoM BamHI>IMJJ npe,n.cTaBJIJIJOTCH 

npaKTH'IecKne coo6pameunH, TaKHe, uarrpHMep, 

KaR Haxomp;eHIIe TIO,D.XO,D.HIQIIX C TCXHIPieCKOH 

TO'IKH 3pCHHH TIJIOiqaJJ;OK JJ;JIH CTpOHTeJibCTBa 

aToMHblx aJieRTpocTaH~Hii:. HaJIH'IHe BO/l,hi ,D.JIJI 

OXJiam,D;eHHH HBJIHeTCH caMhiM 60JihliiHM 3aTPYA

IfCHHCM, H noaToMy IW 1970 ro,D;a Bee 3JICRTpo

cTanu.Hn, 3a IICRJIJO'IeHHe~ O)l;HOH, 6yp;yT CTpO

UTbCH Ha 6epery MOpH HJIH B YCTbHX 60JihiiiHX 

peK. fpynT p;oJimen BhiAepmnBaTh 6oJihiiiYJO ua

rpyaRy OT/l,eJihHI>Ix yaJioB peai<Topa, npwreM uc

o6xo)l;IIMo paCliOJiaraTh ,ll;OCTaTO'IHl>IM 3CMCJihHhiM 

yqacTROM ,D.JIH paaMeiQeHHH rroMeiqemdi H AJIH 

6hiCTporo CTpOHTeJihCTBa; CYIQCCTBCHHOC 3Ha'Ie

HHC HrpaiOT TaKme yp;o6HhiC liO,ll;'hC3,ll;HhiC nyTH K 

IlJIOiqa)l;KC. IlpH Bhi6ope MCCTa ,ll;JIH CTpOHTCJihCT

Ba peaRTOpa CJiep;yeT rrpHUHMaTh BO BHHMaHHC 

IIpo6JieMy 6eaorraCHOCTII. IlpaBHTCJihCTBO TpeGy

CT, 'IT06hi rrepBhiC aTOMHhiC 3JICKTpOCTaHIJ.IIU pac

liOJiaraJIJICh B paifoHaX C HC3HalfHTCJlhHOii IIJIOT

HOCThJO HaCeJICHHH. 

,[(o HaCTOHiqero BpeMCHH 3JICRTpOCTaHIJ.HII 

cTponJIHCh ua rore n ceBepo-aarrap;e CTpaHhi, TO 

t'CTh B pail:ouax, HMliOpTnpyiOJ.QIIX 3JICKTp03HCp

rnJO. Op;uaRo rrpep;cTaBJIHeTCH, 'ITO 6yp;yJ.Qne cTau

u.nn MOryT CTpOHTbCH B JIJ06biX MCCTaX. J1CliOJih-

30BaHIIC HJJ;epuoii aueprnn B ee TerrepemneM Mac

IIITa6e 6hiJIO 6hi JICOCYIQCCTBIIMhiM 6e3 HaJIHlfHH 

o6J.Qerocyp;apcTBeHnoil: cncTCMhi nepep;aqn auep

rnn nanpamenneM B 275 ~>6, npn'IeM 3Ta ceTb n 

nacTom~ee npeMH nepecTpannaeTCH Ha 400 ~>6. 

A/561 Reino Unido 

Planificacion de Ia energia de origen nuclear 
en el sistema de Ia Central Electricity 
Generating Board 

por P. W. Cash y F. Faux 

El Reino Unido ha emprendido un amplio pro
grama de energia nuclear, cuya realizaci6n esta 
encomendada en su mayor parte a la CEGB. Se han 
puesto en marcha dos centrales nucleares que estan 
funcionando con buenos resultados. Hay otras seis 
en construcci6n y una mas en proyecto. Se espera 
que en 1970, de 1a potencia total instalada, que en 
Inglaterra y Gales sera de unos 67 000 MW, se 
encontrani en servicio una potencia nuclear de 
5 000 MW aproximadamente. 

La integraci6n de las centrales nucleares en el 

P. W. CASH and F. FAUX 

sistema presenta problemas de orden econ6mico, 
tecnico y social. Con cinco afios de antelaci6n a su 
entrada en servicio, hay que tomar decisiones en 
firme sobre la capacidad y emplazamiento de las 
nuevas centrales de producci6n de energia y lineas 
de transporte, teniendo en cuenta el ritmo de creci
miento de la demanda, la distribuci6n de esta, la 
seguridad del sistema, asi como la disponibilidad 
de emplazamientos adecuados. Se compara la eco
nomia de cada uno de los proyectos a lo largo de 
sus vidas utiles en relaci6n con un supuesto des
arrollo que utiliza el concepto del valor actual. 

La distribuci6n geognifica de la demanda de elec
tricidad en relaci6n con las regiones carboniferas 
tiene un efecto importante sobre el emplazamiento, 
dentro del pais, tanto de las centrales nucleares 
como de las termicas de carbon. Un nuevo acuerdo 
sobre transporte por ferrocarril ha hecho mas atrac
tiva la generaci6n fuera de las regiones carboniferas; 
sin embargo, resulta aun econ6mico el transporte 
en cantidad de energia electrica al sureste del pais, 
con un factor de carga elevado. Las centrales impor
tantes alimentadas con fuel-oil o gas-oil se situan 
actualmente en lugares muy pr6ximos a las grandes 
refinerias de petr6leo. 

Son igualmente importantes consideraciones de 
tipo pnictico tales como el problema de encontrar 
emplazamientos tecnicamente adecuados para las 
centrales nucleares. El agua de refrigeraci6n pre
senta la dificultad principal; por esta raz6n todas 
las centrales, excepto una, que entren en explota
ci6n hasta 1970, se han situado en Ia costa o en 
grandes estuarios. La cimentaci6n debe ser capaz 
de soportar las pesadas cargas impuestas por las 
estructuras del reactor; hay que disponer tambien de 
terreno suficiente para distribuir los edificios y per
mitir una rapida construcci6n, siendo esencial que 
el emplazamiento posea buenos accesos. La elecci6n 
de un emplazamiento esta ademas restringida por 
consideraciones de seguridad. La politica del Go
bierno impone que estas primeras centrales esten 
situadas en areas de baja densidad de poblaci6n. 

Hasta ahora las centrales se han emplazado en 
zonas de gran consumo y sin recursos energeticos, 
como son el sur y el noroeste del pais. Es posible, 
sin embargo, que las futuras centrales se emplacen 
en otras regiones. Sin la existencia de un sistema 
de transporte de energia a 275 kV, ampliamente 
interconectado por todo el pais, que actualmente se 
encuentra en proceso de conversion a 400 kV, no 
hubiese sido posible la introducci6n de la energia 
nuclear a su escala actual. 
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Current methods for long-term planning 
of electricity supply in Sweden 

By N. Holmin,* G. Lindstrom** and M. Martensson*** 

In 1962 a study was made of the probable 
structure of the electricity supply industry in Sweden 
during the seventies in order to determine the most 
economic allocation of future power production be
tween various sources [1]. This study, referred to 
here as the 1962 CDL study, was initiated by the 
Central Operating Management (CDL)-the joint 
organisation for the Swedish State Power Board and 
the private and municipal undertakings. The purpose 
of this paper is to illuminate the background for the 
study [2-11]. In particular we will deal with the 
procedures used by the power companies for the 
optimum operation of their power systems as well as 
the problems involved in planning for expansion of 
supply. 

Hitherto the Swedish power system has been based 
almost entirely upon hydro power, and this situation 
will prevail for some years to come. However, as 
the cheap hydro power resources are being de
veloped, new generating capacity will mainly be 
thermal in the sev.enties. As cheap power resources 
have been harnessed, the marginal costs of electricity 
may increase and this may compel the consumer 
to choose other energy forms. Thus, for example, 
oil has already begun to gain in importance in 
industry, and this trend may continue. The main 
concern of the power companies in their long-term 
planning is the consideration of nuclear power as 
an alternative power source which might possibly 
reverse the trend towards greater use of oil and 
lower the marginal costs of electricity. 

Since industry is responsible for about two-thirds 
of the total consumption of electricity in Sweden, 
development in this section is particularly important. 
In forecasting industrial demand, CDL uses the 
method of questioning directly all large consumers 
as to their views regarding future power require
ments. In addition, CDL makes separate forecasts, 
using econometric models, mainly based upon 
extrapolation of historical trends of different charact
eristics decisive for power consumption. 

Outside industry, electricity is required for trac
tion and retail consumption. Development in the 

* State Power Board, Stockholm. 
** AB Skandinaviska Elverk, Stockholm. 
''' * * AB Atomenergi, Stockholm. 
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former section has come to a standstill and is 
assumed not to influence consumption to any degree 
in the near future. On the other hand retail con
sumption, amounting at present to 30% of the 
national total, the greatest part being household 
consumption, is of considerable interest, both from 
social and economic points of view. About three 
million subscribers are now responsible for house
hold consumption, and CDL uses different methods 
for predicting the increase in their consumption, for 
example, by considering (a) the changes of housing 
structure and specific consumptions for dwellings of 
different sizes and types; (b) the saturation tenden
cies in the use of electrical equipment and the 
annual consumption per unit of each type of equip
ment; and (c) the tendencies for electrical tarrifs, 
and in particular in relation to the price of oil. 

The annual rate of increase in total electricity 
consumption in Sweden has been slightly over 6.5% 
since 1910, while the total energy requirements have 
increased at the rate of 3% per annum. At present 
electricity is responsible for about 40% of the total 
energy consumption in Sweden, and the possibility 
of further increasing electricity's share of the energy 
market appears to be rather limited. Thus a reduc
tion of the annual increase in consumption seems 
almost inevitable. The latest CDL estimate concludes 
that the increase will be reduced to slightly below 
6 per cent by 1970. This reduction is likely to 
continue during the seventies. As electric power may 
capture hitherto untapped sectors of the energy 
market, however, this development may be counter
balanced. In the 1962 CDL study it was assumed 
that the most probable annual increase during the 
seventies would be 5.5%, the uncertainty range 
being + 1% (Figs. 1 and 2) [2, 11]. 

The power industry in Sweden is subdivided 
among a large number of concerns. Through the 
Swedish State Power Board, the State is responsible 
for about 42% of the production whilst municipal 
undertakings produce 8%; 20% of the capacity is 
operated by industry and 30% by investor-owned 
companies. The separate utilities co-operate in ex
changing power between their systems. This power
pooling has the advantage of smoothing our deficits 
during dry years, and also of balancing the produc
tion of separate companies at different stages of 
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Figure 1. Electricity consumption and production in Sweden: energy 
demand, hydro energy production and installed thermal power 

development. The exchange of power is facilitated 
by the well-developed transmission grid which has 
been built for the task of transmitting power from 
the northern parts of the country, where the hydro 
power resources are concentrated, to the load centre 
in the more densely populated southern part (Fig. 3). 

The expected trends of power costs from different 
sources 

At present the economic conditions in Sweden 
imply a nominal interest rate of 7% , or somewhat 
lower. This is consistent with the policy adopted by 
the State Power Board [12], and is also in accordance 
with the financing principles generally applied by 
the private undertakings. The 1962 COL study 
assumes that the same level of nominal interest 
would be justified also for future planning. 

Hydro power 

The total hydro-power resources in Sweden are 
estimated to be capable of yielding some 200 TWh 
per annum, if exploited completely. Most of these 
resources are uneconomic, however, and a realistic 
evaluation suggests an upper limit of 87 TWh per 
annum for hydro power, exploitable under reason
ably economic conditions (Table 1). 

N. HOLMIN et a/. 
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Figure 2. Production and consumption of electric supply in 1970 
in per cent of primary load 
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Figure 3. The main transmission grid about 1970 

The installation costs given in Table 1 are based 
upon existing engineering practice. About 55% of 
the total costs are costs of civil works. During the 
fifties, by adopting improved methods, considerable 
reductions of these costs could be achieved. Great 
reductions were in particular obtained by substi
tuting earth for concrete dams, and by improved 
excavating techniques. Other improvements during 



SESSION 1.6 P/604 

Table l. The costs and potential of hydro power 
resources remaining for development by 1970 

Installation costs 
dollar/kW • 

less than 260 
260-320 
320-370 
370-420 

greater than 420 
no information available 

Total 

Fixed costs 
dollar/kW, annum b 

less than 22 
22-28 
28-32 
32-36 

greater than 36 

TWh 

5.0 
8.0 
7.6 
4.0 
3.2 
6.2 

34.0 

a Including costs of water storage reservoirs but excluding costs 
of transmission. 

b Assuming 7% interest and 40 years' depreciation. 

this period were better knowledge of hydrographic 
conditions, enabling new hydro-power stations to be 
better adapted to meet these conditions, improved 
methods of soil investigation and reinforcing tech
niques, permitting smaller constructional volumes 
and more economic arrangements. 

These improvements were estimated to have 
resulted in total installation cost reductions amount
ing to 2% per annum during the past decade. This 
trend is expected to continue, though at a somewhat 
reduced rate [3, 13]. 

Thermal power 

Separate studies were made of the future costs 
of nuclear power and conventional thermal power 
[6, 7]. In both cases, an analysis was made of the 
costs of plant in operation, under construction or 
planned. The tendencies for such plant show that 
cost reductions occur due to technical progress and 
the simultaneous increase of unit ratings. These 
different trends could be distinguished by means of 
statistical methods. With the information obtained 
in this way, and on the basis of definite tenders from 
manufacturers of thermal aggregates to be in opera
tion in the late sixties, it was possible to estimate 
the costs of reference stations assumed to be com
missioned in 1970. 

Starting from the cost situation in 1970 for the 
various types of station, developments during the 
seventies were assessed by extrapolation. In so doing, 
decelerated rates of technical progress were assumed, 
compared with that during the sixties, especially as 
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Table 2. Costs for conventional thermal power 

Date of completion 1970 1975 1980 

Size of station, MW 4x3oo 4X450 4X600 
Total installation cost, $/kW 124 112 100 
Fixed costs, $/kW, annum a 14.2 13 11.8 
Running costs, mills/kWh if 

fuel costs 1.8 $jGcal 4.4 4.4 4.4 
fuel costs 1.4 $/Gcal 3.6 3.6 3.6 

• Assumzng 7% interest and 28 years, depreciation. 

regards reactor types which by 1970 will have 
already attained a high level of development. Similar 
arguments were applied when estimating the cost 
reductions obtained due to increased ratings during 
the seventies. 

The main results of these studies are shown in 
Tables 2 and 3. The costs given in these tables were 
used as basis for the 1962 CDL study. 

The operation of a predominantly hydro-electric system 

A hydro-electric system may be described in terms 
of two fundamental quantities, the hydro-power 
ratio and the storage ratio. The first magnitude is 
the ratio between hydro-power production, including 
surplus, during a year of average hydrographic 
conditions (the "normal" year) and the load. The 
latter is the total volume of the water storage 
reservoirs in proportion to the mean annual inflow. 
The present tendency in Sweden is a decline of the 
hydro-power ratio (from a value at present above 
one), while the storage ratio is substantially un
changed. 

Since the running costs of hydro power are low 
compared with those for thermal power, the main 
objective in operating a hydro-electric system is to 
minimize the costs of thermal energy production. 
This means maximum utilization of the natural water 
inflow and is obtained by optimum management of 
the water storage reservoirs. 

As shown in Fig. 4 the seasonal variation of the 
natural inflow differs widely from the seasonal load 
variations. By means of storage reservoirs, however, 
the flow can be more or less completely adapted to 
the load. Fig. 4 is typical for the Swedish system in 
a stage of development, when the hydro-power ratio 
just exceeds one. Since ideal regulation of the 

Table 3. Costs for nuclear power 

Date of completion 1970 1975 1980 

Size of station, MW 2 X 300 2 X 450 2 X 600 
Type of reactor BWR/PWR PHWR BWR/PWR PHWR BWR/PWR PHWR 
Total installation cost, 157 224 139 200 

$/kW 182 272 
Fixed costs, $/kW, annum a 25 32.2 21.6 26.6 18.8 23.4 
Running costs, mills/kWh __ 2.4 1.6 2.2 1.4 2.0 1.2 

a A<Ssuming 7% tnterest and the depreciatiOn period to Increase from 23 years for reactors commissioned 
m 1970 to 28 years for reactors put into service by 1980. 
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Figure 4. The State Power Board's annual variation in load and 
run-off during different hydrological years, making certain assump-

tions about hydro-capacity and regulating conditions 

A: Surplus hydro power, including power balance spilling; 
B: required additional energy in thermal power; curve 1: 
load; curve 2: regulated run-off; curve 3: natural run-off 

(mean year only) 

storages cannot be fully realized, there will be some 
surplus during the summer and a deficit during the 
winter. The primary function of the thermal power 
in a predominantly hydroelectric system is therefore 
to complement the energy production from hydro
power sources during dry periods. Furthermore, the 
conventional steam power in Sweden is designed for 
peak-load production, to some extent even during 
wet years. 

The objective of minimizing the costs of thermal 
energy production over the year is subject to an 
important restriction, imposed by the need to guaran
tee the reliability of supply up to a certain degree 
of probability. This means that thermal power pro
duction must be started early enough in the autumn 
or winter to enable the total production of thermal 
energy until the next spring flood to be sufficient 
to replace all deficiencies of hydro energy, even 
though the water shortage during the winter should 
be serious and extended. Obviously, this means that 

N. HOLMIN et al. 

a certain risk of producing thermal energy in vain 
must be taken. When this happens, a certain amount 
of thermal energy produced during the winter will 
be lost due to overflow of an equivalent amount of 
water from the storage reservoirs during the spring 
flood. On the other hand, in periods of plentiful 
water supply, surplus hydro production can be 
delivered for secondary, non-obligatory load. 

The operation scheme will be more complicated 
when the different thermal plants have different 
running costs. In order to reduce the total costs of 
energy generated by thermal power, generation by 
the units with the highest running costs should be 
postponed as long as can be ventured with regard 
to the reliability of supply. In particular, since the 
running costs of nuclear power is generally much 
lower than those of conventional thermal power, a 
system containing each of them as a supplement to 
hydro power has to be operated so that nuclear 
energy production replaces as much as possible the 
conventional thermal energy production. This can be 
achieved by means of a deliberately early start of 
the nuclear energy production and a corresponding 
delay in the generation of energy by conventional 
thermal units. At any time during the year, a certain 
probability exists that thermal energy production 
will be necessary later in order to avoid a deficiency 
before the next spring flood. This probability is 
primarily given by the contents of the storage reser
voirs and the expectation of future inflow, as based 
upon statistics. As soon as the probability exceeds 
a predetermined value, production of nuclear energy 
should begin. An operation scheme of this nature 
means in fact that the production of nuclear energy 
will be extended over the year, regardless of tem
porary requirements, and that hydro production will 
be saved to an equivalent extent. This means in 
turn that water will be stored in the reservoirs and 
utilized later in periods when water shortage other
wise would have arisen and made necessary produc
tion of conventional thermal energy. The net result 
is that nuclear energy will supersede conventional 
thermal energy with higher costs. The important 
consequence will be that it is possible to attain an 
economically high load factor for the nuclear power 
installations in spite of the average load factor for 
all thermal power being low. 

The starting point, when solving numerically the 
problem o~tlined, is to evaluate the expected incre
mental value of stored water by statistical methods. 
This value is determined from the statistics for the 
inflow, and from such system characteristics as the 
hydro-power ratio, the storage ratio, load variations, 
the capacities of different kinds of installations, the 
different running costs of thermal power and the 
possible income from secondary, non-obligatory load. 
It is obtained as a function of the contents of the 
storage reservoirs and the time of year. The primary 
principle of operation is that the different thermal 
plants should be operated when their individual 
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running costs are lower than the instantaneous incre
mental water value. However, several constraints 
set limits to the complete realization of this principle, 
the most important being the restraints in thermal 
power production imposed by unregulated water 
inflow, and those restrictions that result from the 
variation of daily and weekly load. 

The problem is solved in Sweden by two separate 
methods which differ with regard to the procedures, 
applied to ensure reliability of supply. In one of the 
methods a certain amount of storage is kept in 
reserve until all thermal power plants are in produc
tion. The magnitude of this reserve is a function of 
time and determined by inflow statistics, the expected 
load before next spring flood, and the available 
thermal capacities [14]. In the other method, a 
certain penalty cost is assumed for rationed power. 
By an appropriate choice of this cost, the probability 
of rationing can be given a predetermined value [15]. 

Planning for expansion of a hydro-electric system 

Some detailed examples 

The diagrams in Fig. 5 show a possible develop
ment of a typical hydroelectric system during a five
year period. The Swedish system as a whole would 
grow in a similar manner in the late seventies if 
the future tendencies of power consumption and 
production were to follow the assumptions made in 
the 1962 CDL study.* The representation shown 
here is simplified to illustrate the fundamentals 
only.** 

The diagrams in Fig. 5 show the the load-duration 
curve and the superimposed blocks of energy 
generated by different capacities. The appropriate 
energy production from different sources was 
obtained by simulation procedures. To take into 
account unpredictable variations in water inflow, 
these were based upon statistics of inflow, gained 
from observations over a thirty-year period. For each 
year of this sequence the operating principles out
lined above were followed. The diagrams represent 
the annual mean values obtained by averaging over 
the thirty-year period. 

The energy generated by hydro power derives 
from inflow of two kinds: (a) run-of-river flow, and 
(b) inflow which can be stored. The first group in 
turn is divided into flow originating downstream 
from the storage reservoirs, and flow which passes 
the reservoirs but cannot be stored because a certain 
minimum river flow has been prescribed. The run
of-river flow amounts on an average to about 25% 
of the total inflow and, owing to its compulsory 
nature, it is used for base load. The inflow of the 
second group is stored and then utilized in the 

''' The examples given in this section correspond in detail 
rather to the Power Board System than to the Swedish 
system as a whole. The scales of size and growth are 
however appropriate to the integrated Swedish system. 

**For instance, back-pressure production is excluded from 
consideration. 
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Figure 5. The introduction of nuclear power in a hydro·power 
system 

manner, described above, which normally means use 
for primary load. In periods of plentiful water 
supply, the expected incremental water value will 
decrease and, when it reaches a certain level, pro
duction of hydro energy for secondary load is justi
fied. When overflow of the reservoirs occurs, the 
corresponding water may be utilized for primary or 
secondary load, if demand exists, but otherwise it 
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must be spilled. These distinctions as regards the 
behaviour of the different kinds of hydro power to 
the load are further illustrated by Fig. 5. 

At the early stage of development (Fig. Sa), the 
load factors for the individual thermal plants range 
from between 0.80 for nuclear power and 0.07 for 
the conventional thermal plant with the highest 
running costs. These figures are mean values and 
would apply to normal years. When years with 
different hydrographic conditions are studied, great 
variations appear. Fig. 6 gives the possible variations 
of the load factors for nuclear power and conven
tional thermal power, if it is assumed that any of 
those yearly hydrographic conditions, which have 
occurred in Sweden during the past 30 years, were 
to appear once again during the early stage of 
nuclear power development. The reason for the 
differences in behaviour between nuclear and con
ventional thermal power is that the variations of 
hydro-power production, amounting to + 15-20% 
as compared to the mean annual inflow, are for the 
most part counterbalanced by the variations of con
ventional thermal energy production. However, this 
will not necessarily be true for a later stage of 
development (Fig. 5b). 

The drastic relegation of conventional thermal 
plants to progressively higher positions in the load 
curve is a result of the optimum management of the 
system, and it is possible to this extent, thanks to 
a high storage ratio (0.6 in the examples given 
here). As already mentioned, the important con
sequence will be a high load factor of nuclear power. 
On the other hand, it must be recognized that the 
scope of nuclear power is limited in a hydro-electric 
system with high hydro-power ratio. 

During the five-year development, illustrated in 
Fig. 5, it is assumed that all additions of new plant 
are nuclear. It may be noticed that during this 
transition period, which involves a decline of the 
hydro-power ratio from 0.90 to 0. 70, the surplus 
Load 
factor 
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figure 6. The variations in load factor for different thermal stations 
in the early stages of nuclear power introduction ond for years 

with different hydrographic conditions 
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hydro power vanishes, since it can be utilized for 
primary energy demand. Obviously, this change is 
favourable with regard to the marginal costs of 
electricity. Another important change is the conti
nued displacement of conventional thermal plant 
from loading priority. The same effect will be 
obtained in a purely thermal system, but is much 
more pronounced in a hydro-power system with high 
storage ratio. The replacement of existing produc
tion of conventional thermal energy favours the 
introduction of nuclear power. 

The procedures of planning 

The main criterion of planning adopted in the 
1962 COL study is that the incremental costs of 
supply for a defined expansion should be minimized. 
These incremental costs are made up by the sum of 
the fixed costs of additional power and the running 
costs of the whole system, including existing plants. 
The problem has several degrees of freedom corre
sponding to the different kinds of plant available 
for extension. A simplified approach was used con
sidering only three kinds of power: hydro power, 
conventional thermal power and nuclear power.* 
The latter was assumed to have a "harmonized" cost 
characteristic, obtained by taking the mean values 
of the fixed and running costs of the types of reactors 
given in Table 3. 

When planning for extensions during a period of, 
for instance, five years, a number of main alter
native hydro-power developments are first con
sidered. The remaining power and energy demanded 
has to be supplied by the appropriate addition of 
new thermal power. Within each main alternative, 
the proportions of new nuclear and conventional 
thermal power are varied and the incremental costs 
for each possible combination determined. In order 
to obtain the running costs of thermal power the 
above mentioned simulation technique must be 
applied to each possible combination. In this way 
a suboptimum to each main alternative is deter
mined, given by the minimized sum of fixed costs 
of additional thermal power and the running costs 
of all thermal power. When sale of surplus power 
occurs the corresponding income should be credited. 
By adding the fixed costs of additional hydro-power 
(including costs of transmission), the total optimum 
is readily obtained, i.e. the most favourable division 
of additional power between the three kinds 
considered. 

Results and conclusions 

The final result will be greatly dependent on the 
cost assumptions. The two main uncertainties con-

~' A more detailed analysis would take into account 
different possibilities for peak load production, for instance, 
by gas turbines or marginal hydro-power installations. 
Such an analysis would influence the division of power 
with some 100 megawatts or about 10-20% of the total 
demand of additional power. 
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siderably affecting the calculations are the future 
trends for the installation costs of nuclear power 
and the price of fossil fuels. To investigate the effect 
of different tendencies, the 1962 CDL study made 
calculations for deviations with -+ 15% from the 
basic assumptions of fixed costs, given in Table 3, 
and for two levels of fuel price corresponding to 1.4 
and 1.8 dollar per Gcal. 

A typical result of these calculations is shown in 
Fig. 7. 

Some of the conclusions that can be drawn from 
the figure are: 

(a) Variations in the price of oil and the fixed 
costs of nuclear power do not affect to any great 
extent, within the range considered, the optimum 
balance between hydro-power and thermal power, 
whether conventional or nuclear. Assuming the 
higher price of oil and the mean alternative for 
nuclear costs, an addition of some 600 to 1 000 MW 
hydro-power would be consistent with optimum 
balance in the system. Only small differences in the 
incremental costs are caused, when the additions of 
hydro-power are varied within these limits. Sup
posing for instance, that the nuclear share of addi
tional thermal power is always one-half (regardless 
of the hydro-power addition), the operating condi
tions of the system would follow the line 1 1' 1 ", 
when the additional hydro-power increases from 

0 to 1 600 MW. Similar stationary conditions will 
be obtained for other alternative thermal costs and 
other combinations of thermal power. These con
clusions do not apply generally, but apply only to 
a certain stage of development in a hydroelectric 
system, when the costs of remaining hydro-resources 
approach the exploitable limit (as compared to 
thermal alternatives). As long as these costs increase 
only slowly, a certain addition of hydro plant will 
always be justified. 

(b) Assuming a certain addition of hydro power, 
for instance 600 MW (Fig. 7b), the problem of 
establishing the optimum division of thermal power 
remains. This is greatly influenced by the assumption 
that if the price of oil were to remain at the lower 
level in the future, and the costs of nuclear power 
were to develop unfavourably, the appropriate addi
tions of thermal power would correspond to point 2 
(additions of about fifty-fifty nuclear and conven
tional); in the other extreme, corresponding to the 
higher price of oil and a favourable development of 
nuclear power costs, we arrive at 2' (only nuclear 
additions). Thus the problem of finding the optimum 
combination of additional thermal power appears 
to be subject to great uncertainty. 

(c) The balance between nuclear and conven
tional thermal power must therefore be based on 
certain assumptions which may later appear 

Incremental 
costs 

YJ1 Sjyeo• 

a. No hydro power addit1on b. 600 MW hydro power addition c. 1600 MW hydro power addition 
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Figure 7. Incremental costs obtained by extension of the system by 4 000 MW 

Assumptions: Three main alternative hydro-power developments are considered (addition of 0 600 and 1 600 MW 
respectively). The remaining power demand is assumed to be supplied by different combinations of nuclear and con
ventional thermal power. The price of oil is supposed to be 1.8 $/Gcal (continuous lines) or 1.4 $/Gcal (dotted lines). 
Each family of curves corresponds to + 15%, ± 0 and - 15% of the nuclear costs, given in Table 3. Sale of surplus 
power is assumed. 

(Note that this affects the relative course of the curves in particular so that the total costs will be lower for the higher 
price of oil when nuclear power approaches 100% of additional thermal power.) 
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erroneous. It is therefore also necessary to assess 
the consequences of any actual development which 
differs from that assumed. As may be deduced from 
Fig. 7, such consequences can vary considerably, 
depending on the actual course of events. If, for 
example, the costs of nuclear power should develop 
in a favourable way, appreciable differences in 
general result around the optimum points (for 
example, point 2') by varying the contribution of 
nuclear power. This may be a significant dis
advantage, if the balance between nuclear and con
ventional thermal power should prove to be in
correct (compare, for example, the points 2' and 3). 
On the other hand, if nuclear power costs should 
develop unfavourably, the differences compared with 

N. HOLMIN et a/. 

conventional power will be less marked, and the 
optima will be less clearly defined (for example, 
point 2 compared to 3'). Thus if planning were 
based on an unfavourable course of development for 
nuclear power, the opportunities of taking advantage 
of nuclear power may be limited, if the true course 
of development should prove more favourable. But 
if planning were based on a more favourable alter
native, advantages would result if the premises were 
fulfilled, and if not, no hard setback would be 
suffered, assuming that the costs remain within the 
limits considered here. By means of these arguments, 
a basis for judging extensions of the system is 
obtained, despite the prevailing uncertainty regarding 
the price of fossil fuels and nuclear costs. 
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ABSTRACT- RESUME- AHHOTAUIASI- RESUMEN 

A/604 Suede 

Methodes utilisees en Suede pour Ia meilleure 

determination a long terme de Ia production 
d'electricite 

par N. Holmin et a/. 

La production d'electricite en Suede est a present 
presque entierement basee sur les ressources hydrau
liques, mais, ces ressources a bon marche etant uti
lisees, les sources nouvelles pour la production d'elec
tricite seront, apres 1970, principalement d'origine 
thermique. 

Le memoire expose les methodes appliquees par 
les entreprises d'electricite en fonction des conditions 
suedoises, pour atteindre l'optimum dans la gestion 
de leurs reseaux. 

Diverses methodes pour la prevision a court et a 
long terme de la consommation d'electricite sont 
mentionnees. L'importance pour la gestion a long 
terme de parametres tels que les couts de capitaux, 
de main-d'reuvre, de combustible et autres est sou
lignee. Les fonctions de couts pour les diverses pos
sibilites de production d'electricite, soit des centrales 
hydrauliques, reservoirs compris, des centrales ther
miques et des centrales nucleaires, et de transmission 
sont donnees ainsi que les methodes appliquees pour 
Ia prevision des tendances futures possibles des 

emits relatifs. Le probleme de la puissance de reserve 
en tant que facteur de limitation de la grandeur de 
l'unite de production est examine. 

D'apres des evaluations de la demande et des 
couts, la composition la plus economique du systeme 
futur de production d'electricite est determinee par 
des methodes fondees sur les programmes utilises 
par les entreprises d'electricite pour realiser !'utili
sation optimale de la capacite d'accumulation d'eau. 

Une presentation detaillee est faite des methodes 
employees pour atteindre l'optimum de coordination 
d'un reseau comprenant des centrales thermiques 
classiques et nucleaires avec diverses caracteristiques 
de couts pour completer la puissance installee hy
draulique. La distinction entre un reseau principale
ment hydraulique et un reseau entierement ther
mique pour ce qui est du role de la puissance ther
mique, et nucleaire en particulier, est discutee. Dans 
un reseau hydroelectrique, la puissance installee nu
cleaire doit etre adaptee non seulement a l'energie 
thermique classique mais egalement aux reservoirs 
d'accumulation d'eau et a leurs caracteristiques d'ali
mentation. Ainsi, il est possible d'atteindre un facteur 
de charge eleve pour les centrales nucleaires au 
moyen du systeme d'accumulation et d'un schema 
d'exploitation fonde sur !'evaluation des valeurs 
marginales de 1' eau. 

Des exemples numeriques sont donnes pour les 
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conditions suedoises et particulierement pour les 
desavantages economiques qui resulteraient si les 
cotlts evoluaient dans une direction autre que celle 
prevue comme optimale. 

N. HOLMIN et al. 271 

HJIOBoif :=meprne:H, Ho npn STOM cJie~yeT Y'~HThi
naTh H COOTBeTCTBYIOIIJ;He xpaHHJIHJ~a ~JI.fl BOL(hl H 

C.TRTHCTHKY rrpHTOKa BOL(hl B HHX. IlpH 3TOM MOlli

HO L(OCTH'Ih BhiCOKOfO KOS!}>qmn;HeHTa Harpy3KH 

L(JIH aTOMHOH SJieKTpOCTaHIJ;HH, eCJIII yqecTh, 'ITO 

caMa cncTeMa aarracann.fl BOLJ:hl n cxeMa sKCrrJiy-

A/604 WaelVtR aTaiJ;HH OCHOBaHhl Ha OIJ;eHRe 3Ha'!eHH.fl rrpHTOKa 

CospeMeHHbre MeTOAbl nepcneKTHB
HOro nllaHHpOBaHHH npOH3BOACTBa 
aneKTpoaHeprHH s UUse~HH 

H. XonMHH et al. 

B HacToamee npeMH sHepreTH'IeCKa.fl cncTeMa 

lllBeiJ;HH fiO'ITH fiOJIHOCThiO OCHOBaHa Ha fHL(pO

;meprHH, HO, fiOCKOJihKY HCITOJib30BaHbi L(emeBhll' 

liCTO'IHHKH fHL(p03HeprHH, HOBbie rrpoH3BOL(CTBeH

Hhle MOIIJ;HOCTH B 1970-e fO~hi 6y~yT OCHOBhiBaTh

CH fJiaBHbiM o6pa30M Ha TeiTJIOBOH 3HeprHH. 

C yqeTOM oco6hiX ycJioBnii: llineu;nn orrncaHhi 

MeTOL(hl, HCfiOJih30BaHHble 3HepreTH'IeCKHMH KOM -

rraHH.fiMH L(JIH OITTHMH3aiJ;HH HX 3HepreTH'IeCKHX 

CHCTeM. 

IlpHBe/],eHbl pa3JIH'IHble MeTOL(hl, HCITOJih30BaH

IIhle L(JI.fl orrpen:eJieHH.fl 6Jinmaii:mnx n OTL(aJieH

HhiX rrepcrreKTHB rroTpe6JieHH.fl sHeprnn. 06cy

m.uaeTC.fl BamHOCTh rrepcrreKTHBHOfO ITJiaHHpOBa

HH.fl TaKHX rrapaMeTpOB, KaK KaiTHTaJIOBJIOmeHlUt 

H aapa6oTHa.fl ITJiaTa, TOfiJIHBHa.fl COCTaBJI.fiiOIIJ;a.fl 

n n:p. II pnnen:eHhi !}>yHKIJ;HH CTOHMOCTH ~JIH paa

JIH'IHhiX CITOC060B fiOJIY'JeHHH 3HeprHH, a HMeH

no: ru.upo:=meKTpocTaHu;nn, BKJIIO'Ia.fl coopymenne 

BOL(OXpaHHJIHIIJ;; 06bi'IHble rrapoBhie ::lJieKTpOCTaH-

1\HH; aTOMHhle SJieKTpOCTaHIJ;HH H JIHHHH rrepe

,!Ia'l, a TaKme OfiHCaHbi MeTOL(hl, HCIIOJih30BaHHhle 

,!IJI.fl rrpen:BapHTeJihHOH on;eHKH B03MOlliHhiX 6yn:y-

1IJ;HX TeH,UeHIJ;HH pa3BHTH.fl OTHOCHTeJibHhiX paCXO

llOB. PaccMaTpunaeTca rrpo6Jie:Ma coa.uaHH.fl pe

BepBHhiX MOIIJ;HOCTeH KaK orpaHH'IHBaiOIIJ;HH !}>aK

TOD no oTHomeHHIO K paa:Mepy on:Horo arperaTa. 

Ha ocnoBe rrpen:napnTeJibHhiX on;eHoK rroTpe6-

HOCTeif B 3HeprHH H ee CTOHMOCTH ITPH fiOMOIIJ;H 

MeTO)lOB, OCHOBaHHhiX Ha rrporpa:MMaX, rrpHMeH.fle

MhiX 3HepreTH'IeCKHMIJ KOMITaHH.fiMH )lJI.fl L(OCTH

meHH.fl OfiTHMaJihHOfO HCfiOJib30BaHHH aarraCOB 

BO)Ihl B BOIIOXpaHHJIHIIJ;aX, paCC'IHTaH HaH6oJiee 

~KOHOMH'IHhlH BapnaHT 6yn:yiiJ;eH 3HepreTH'IeCKOH 

CHCTeMbl. ,ZleTaJibHO OITHCaHbl MeTOllbl, HCITOJib30-

llaHHbie )lJI.fl OfiTHMH3aUHH CHCTeMbl, COCTOHIIJ;eif 

ll3 IIpOH3BOITCTBeHHhiX MOifiHOC'l'eH B BHL(e o6hi'I

HOH rraponon sHeprHH n HLJ:epHoii: sHeprHH c paa

JTH'IHhiMH XapaKTepHCTHKaMH CTORMOCTH B L(O

HOJTHeHire K rnn:po:meKTpo:=meprnu:. 06cymnaeTCfl' 

OTJIH'IHe rrpeHMYifieCTBeHHO fH)lp03HepreTH'IeCKOH 

('fi'CTeMbl OT 'IRCTO TeiTJIOBOH CRCTeMbi IIO OTHOfiie

JIHIO K !}>yHKIJHH TeiTJIOBOH ::lHeprRR, H B OC06eH

HOCTH K .fiL(epHOH :meprHH. Ilpu cpaBHeHRH C fHL(

p03HepreTH'IeCKOH CHCTeMOH HL(epHa.fl 3HeprH.fl 

JlOJIH<Ha IWHKypnpoBaTh He TOJibKO C o6hi'IHOH Te-

BO,Ubl. 

IlpnBe/],eHhl IJ;H!}>pOBhle L(RHHhle ,UJIH YCJlOBl'IH 

lliBeiJ;HH H, B qaCTHOCTH, YCJIOBHH, CBH3aHHhlX C 

aKOHOMH'IeCKHMH CaHKIJ;H.fiMH, eCJIH CTOHMOCTb 6y

;leT paaBHBaTbCH B n:pyroM narrpaBJieHBH, oTml't

HOM OT TOfO, KOTOpOe 6NJIO llpHH.fiTO rrpu OfiTH

MH3aiJ;HH ClfCTeMhi. 

A/604 Suecia 

Metodos actuales de programacion, a largo 
plazo, del suministro de electricidad en Suecia 

por N. Holmin et al. 

El sistema electrico sueco esta basado, en el 
momento actual, casi completamente en la energia 
hidroelectrica; pero, dado que los recursos hidniuli
cos baratos son los mas aprovechados, Ia nueva 
producci6n, a partir de 1970, sera principalmente 
de origen termico. En el informe se describen, refi
riendose especialmente a las condiciones de Suecia, 
los metodos empleados por las compafiias produc
toras de energia electrica para optimizar sus sis
temas energeticos. 

Se describen los diferentes metodos empleados 
para prever el consumo de energia a corto y largo 
plazo, y se discute la importancia que tienen en la 
programaci6n a largo plazo algunos parametros, 
tales como el coste de primera instalaci6n y mano 
de obra, los costes de los combustibles y otros. Se 
presenta la estructura de los costes en los diferentes 
medios de producci6n de energia, es decir, centrales 
hidroelectricas incluyendo las de embalse, centrales 
termicas chisicas y centrales nucleares, asi como en 
las lineas de transporte de la misma, y se dan tam
bien los metodos empleados para prever las posibles 
tendencias futuras de los costes relativos. Se discute 
el problema de Ia capacidad de reservas como un 
factor que limita, a este respecto, la potencia unitaria. 

Tomando como base las previsiones en lo que 
respecta a demanda y costes, se calcula la combina
ci6n mas econ6mica del futuro sistema de produc
ci6n de energia, con metodos basados en los progra
mas empleados por las compafiias suministradoras 
para lograr la utilizaci6n optima de las reservas de 
agua embalsada. Se presentan, con todo detalle, los 
metodos utilizados para optimizar un sistema que 
sirva de suplemento a la energia hidroelectrica, y 
este basado en la producci6n de energia termica, 
tanto cHisica como nuclear, con diferentes caracte
risticas de coste. Se discute la diferencia entre un sis
tema predominantemente hidroelectrico y un sistema 
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termico puro en relaci6n con la funci6n que desem
pefi.a la energia termica y especialmente la nuclear. 
En un sistema hidroelectrico, la energia nuclear 
tiene que estar equilibrada no solamente con la 
energia termica chisica, sino tambien con la pro
cedente de agua embalsada y con las fluctuaciones 
estadisticas de estas. Asi se puede lograr para la 
energia nuclear un elevado factor de carga, gracias 

N. HOLMIN et al. 

al sistema de almacenamiento y a un esquema de 
funcionamiento basado en la evaluaci6n del aumento 
de valor del agua. 

Se citan ejemplos numericos para las condiciones 
suecas y se ponen de manifiesto, en particular, las 
desventajas que se producirian si los costes evolu
cionaran en direcci6n distinta a la empleada en la 
optimizaci6n del sistema. 
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Technical and economic aspects of the use of nuclear power 

Chairman: I. H. Usmani (Pakistan) 

Paper P /216 (presented by l. H. Roddis) 

DISCUSSION* 

D. LAWLEY-WAKELIN (United Kingdom): I 
should like to put two questions to the authors of 
this paper. The first refers to the statement at the 
end of the paper that "nuclear power has met the 
economic and technical criteria for integration into 
at least 60 per cent of the power networks in the 
United States". Does this mean that in certain 
instances nuclear power costs are already compe
titive in the United States with conventional power 
costs? 

My second question refers to the statement at 
the beginning of the paper that "of the 365 reactors 
constructed under the broad-based development 
programme of the United States Atomic Energy 
Commission, 11 have been operating as network 
suppliers in varying degrees for one year or more". 
Could the authors please enlarge on this statement 
by giving factual information in terms of total 
megawatt hours of network operating experience? 
A detailed answer to this question would be most 
useful in helping to evaluate the statement referred 
to in my first question. 

L. H. Rooms (United States of America) : The 
answer to the first question is "yes". As for your 
second question, I think this has been answered in 
other sessions of the Conference. It is also covered 
in T.able 1 of the paper. There would be no point, 
I thmk, in discussing it again at the present ses
sion. 

J. P. Roux (France): Table 4 of your paper 
quotes a capital cost for Yankee of $220/kW. This 
is considerably less than the corresponding figure 
for the SENA station (266 MW(e) ), which is 
$300/kW, not counting the enriched uranium cost 
for the first load. Does the figure for Yankee include 
the cost of uranium for the first load? 

. L. H. Rooms (United States of America): I think 
1t does but I am not quite sure. The figure for 
Oyster Creek certainly does include the fuel 
inventory invested. I should emphasize that Table 4 
is merely intended to show the effect of size on 
plant investment. 

*See also this page, discussion on paper P/597. 

273 

Paper P/597 

DISCUSSION 

R. J ANIN (France) : I have a question on the 
subject of interest rates but I should like to preface 
it by one general remark. 

To ensure normal economic development, you 
must have either a money market which fixes 
interest rates on the basis of supply and demand 
or a central body which lays down a rate of return 
in the light of investment needs and resources. 
Sometimes a firm enjoys special conditions (tax 
rates, premiums, etc.) and in cases of this sort it is 
important to be clear about the fact that a certain im
balance in economic development is liable to result. 

I notice that Mr. Yusuf and the authors of paper 
P /216 quote interest rates of 4 and 4.25 per cent 
respectively. Could they perhaps indicate how these 
rates are to be understood? 

M. YusuF (Pakistan): The Rooppur Nuclear 
Power Project is sponsored by the Government of 
Pakistan. For all Government-sponsored power 
projects in Pakistan, the Government borrows money 
at a rate of generally less than 4 per cent and 
re-loans it to the projects at about 4 per cent. I 
should perhaps mention that in Pakistan nearly 
95 per cent of the power projects are Government
sponsored. This 4 per cent interest rate is also 
applied in the case of the Rooppur Nuclear Power 
Project. Incidentally, the bank rate in Pakistan is 
also 4 per cent. 

. L. H. Rooms (United States of America) : The 
mvestment rates set out in Table 3 of paper P /216 
are based on private investment, two thirds of the 
investment being in 4 34 per cent bonds and one
third in equity capital at 10 per cent. This, together 
with other items, represents an 11 per cent fixed
char~e rat~. I should add that this rate is only 
applicable m Pennsylvania and New Jersey, because 
there are no real-estate taxes there but only sales 
taxes. In the rest of the United States the fixed
charge rate is about 13 y; per cent. 

Paper P /561 (presented by F. Faux} 

DISCUSSION 

N. HoLMIN (Sweden): In any economic com
parison of nuclear with conventional power stations, 
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the question of availability is obviously of great 
importance, as has been pointed out in various 
papers. In our Swedish studies on the introduction 
of nuclear power into the electricity system, we 
have gone on the assumption that the availability 
factor will be the same for our first nuclear power 
installations as it is for our conventional stations. 
In other papers, too, the point is made that avail
ability is at least as good for nuclear as it is for 
conventional stations. 

In paper P /561 we are told that for planning 
purposes in England and Wales an availability of 
75 per cent is assumed for nuclear power as an 
annual average and 85 per cent at the time of system 
maximum demand. These figures are rather low 
compared with those usually mentioned for con
ventional stations, particularly in view of the fact 
that the reactors in question are refuelled during 
operation and that the United Kingdom now has 
a fair amount of experience in station operation. 
Assuming you adopt the usual figures for conven
tional stations, I would have thought that this factor 
would place the nuclear stations at a disadvantage 
in any real economic choice between the two types 
of plant. 

Are you, in fact, at the Central Electricity Gener
ating Board using the low figures quoted for nuclear 
station availability for the availability of conven
tional stations, e.g. for the stations with 400 and 
500 MW aggregates now under construction? 

F. FAux (United Kingdom): It has been con
sidered prudent to use this figure of 7 5 per cent 
for the average annual availability until more ex
perience has been obtained. The results of the 
experience obtained at Bradwell and Berkeley are 
described in paper P /128 * but it is much too early 
to alter the basis which we are currently using for 
our long-term planning. 

The figures we use for conventional stations are 
somewhat similar on a long-term basis, i.e. about 
77.5 per cent average annual. 

Of course, if we were talking in terms of load 
factor, the considerations would be quite different. 

N. HoLMIN (Sweden) : Does Mr. Roddis have 
any comment on this question? 

L. H. Rooms (United States of America): The 
availability of nuclear power stations in the United 
States is better than that of conventional stations -
in general it is 90 per cent or over. 

Paper P /11 (presented by P. H. G. Spray) 

DISCUSSION 

P. VERSTRAETE (Switzerland): I notice that you 
amortize over the whole life of the station the half
charge of fuel that remains in the reactor when the 
latter finally ceases to operate. It seems to me that 

*These Proceedings, Vol. 5. 

a half-charge of fuel is also lost at the time the plant 
is put into operation and that this half should be 
amortized as well. There seems to be no provision 
for any amortization of this kind nor is this initial 
half-charge included under "Commissioning and 
training", the cost estimate for which is of the same 
order of magnitude as the cost of the half-charge. 
To what extent would you say that the half-charge 
which is lost at the beginning and which is only 
partially irradiated can be used at the cessation of 
reactor operation? 

I also note that the salvage value of the heavy 
water at the end of plant operation is disregarded 
in your estimates, it being considered that this 
represents an operational bonus. If this is done 
would it not be right to disregard the final half
charge, or indeed the final and initial half-charges, 
in view of the fact that the operational bonus on 
the heavy water represents approximately the value 
of three complete fuel charges? 

P. H. G. SPRAY (Canada) : In amortizing only 
that half of the fuel charge that remains in the 
reactor at the end of the life of the plant, we assume 
that the first half is burned and this is charged to 
the operating cost since it produces revenues. In 
the estimates presented in the paper the whole of 
the heavy water is amortized over the same life as 
is assumed for the plant. It is recognized that the 
heavy water will probably have some residual value 
but it would be extremely difficult to try to make 
an estimate and we prefer our present method. 

GENERAL DISCUSSION 

G. F. KENNEDY (United Kingdom): As a power 
engineer, I find it difficult to understand the com
placency with which the supporters of certain light
water reactors are facing the problem of reactor 
shutdown for refuelling. I would submit that the 
time required for this purpose is too long and that 
the fixed period between successive shutdowns is 
very inconvenient to power-system operators. 

Let us assume that a 500 MW boiling-water 
reactor is installed in a system which also has con
siderable thermal-plant capacity. It would not be 
unreasonable to suppose that the fuel cost for the 
thermal plant used to replace the BWR during the 
refuelling period would be not less than 0.3d. 
(3.4 mils) per kWh higher than that for the reactor. 
If, as at the Dresden Station, the refuelling period 
lasts six weeks, the additional cost to the electricity 
supplier of running such a high-fuel-cost plant in 
place of the reactor would be nearly £550 000 
($1 500 000) per annum. 

I would submit further that even this is not the 
whole story. Once a year it is customary to shut 
down conventional steam boilers for about six weeks 
to comply with statutory regulations on cleaning and 
inspection. Consequently, in comparing the eco
nomics of a reactor with further conventional plant 
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with a view to an extension of system capacity, it is 
not usual to set a penalty against the reactor if it 
does not have to be shut down annually for a period 
longer than six weeks. What is the position, how
ever, if the power system concerned has already 
installed, or can install alternatively, different types 
of reactor plant which can be refuelled on load and 
which - to comply with boiler inspection regu
lations - need only be shut down every two or 
even three years at a time suitable to the require
ments of the power system? In such cases it seems 
to me that there is a deficiency in the fuel cycle 
of light-water reactors which should be taken into 
account in the balance sheet. 

It would perhaps be going too far not to assign 
any kilowatt value to the light-water reactors in a 
comparison of this sort, but it would certainly not 
be correct to set the penalty as low as the additional 
fuel costs of the thermal plant used as a replace
ment during light-water-reactor refuelling periods. 

Compte rendu de Ia seance 1.6 
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It seems to me that this is an important factor 
which needs to be taken into account when making 
economic comparisons of reactor types. 

L. H. Ronms (United States of America) : 
Speaking as a power-plant engineer and also as a 
power-company executive, I can assure Mr. Kennedy 
that fossil-fuelled plants also have shutdown periods 
for scheduled inspections and unscheduled outages 
that are quite comparable with those of nuclear 
plants. The newer water-cooled nuclear plants have 
refuelling intervals generally exceeding one year. ~nd 
reloading times of about two weeks. The pos1t1on 
is, therefore, comparable with the position for fossil
fuelled plants. 

Papers P 17 46, PI 43, PI 598 (presented by A. Leite 
Garcia) and Pl316 (presented by G. S. Zelevinsky) 

There was no separate discussion of these papers. 

Utilisation de l'energie d'origine nucleaire: aspects techniques et econo·miques 

President: I. H. Usmani (Pakistan) 

Memoire P/216 (presente par L. H. Roddis) 

DISCUSSION* 

D. LAWLEY-WAKELIN (Royaume-Uni): Je vou
drais poser deux questions aux auteurs du memoire. 
La premiere concerne la fin du document, ou il ~st 
dit que l'energie d'origine nucleaire repond roam
tenant aux criteres economiques et techniques qui 
justifieraient son integration dans 60% a~ moins 
des reseaux de distribution aux Etats-Ums. Cela 
signifie-t-il que, du point de vue du prix de . revient, 
cette energie peut deja dans certains cas fa1re con
currence a l'energie de sources classiques aux 
Etats-Unis? 

La seconde question concerne !'information don
nee au debut du memoire selon laquelle, sur les 
365 reacteurs construits dans le cadre du vaste 
programme de developpement de la Commission de 
l'energie atomique aux Etats-Unis, 11 alimentent 
deja a des degres divers les reseaux de distribution 
depuis une annee au moins. Je serais heureux si les 
auteurs pouvaient completer cette remarque et nous 
donner des renseignements concrets sur le nombre 
total de megawattheures fournis aux reseaux de dis
tribution par les reacteurs en question. Une reponse 

*Voir egalement, ci-apres, la discussion du memoire 
P/597. 

detaillee serait tres utile car elle permettrait de 
mieux mesurer la portee de la phrase a laquelle se 
refere rna premiere question. 

L. H. Ronms (Etats-Unis d'Amerique): En ce 
qui concerne la premiere question, la reponse est 
"oui". Quant ala seconde, je crois que nous y avons 
deja repondu a d'autres seances de la Conference, 
comme d'ailleurs dans le tableau I du memoire. Je 
pense qu'il est inutile de revenir sur ce point a la 
presente seance. 

J. P. Roux (France): D'apres le tableau 4 de 
votre memoire, le cout d'installation de la centrale 
Yankee a ete de 220 dollarlkW. Ce cout est sen
siblement inferieur a celui de la centrale SENA 
[266 MW(e)], soit 300 dollarlkW, sans compter le 
prix de !'uranium enrichi correspondant a la pre
miere charge. Le chiffre donne pour la centrale 
Yankee comprend-il le coO.t de !'uranium de la 
premiere charge? 

L. H. Ronms (Etats-Unis d'Amerique): Je crois 
que oui, mais je n'en suis pas certain. Le c01!t 
indique en ce qui concerne Oyster Creek comprend 
certainement celui du stock de combustible. Je dois 
preciser a ce propos que le tableau 4 a pour seul 
objet de montrer !'incidence de Ia puissance de la 
centrale sur le montant des investissements requis. 
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Memoire P j 597 

DISCUSSION 

R. J ANIN (France) : J e voudrais poser une ques
tion au sujet des taux d'interet; mais tout d'abord 
une remarque generale me parait necessaire. 

Un developpement economique harmonieux pre
suppose !'existence soit d'un marche de !'argent ou 
les taux d'interet sont fixes par confrontation de 
l'offre et de la demande, soit d'un organisme central 
qui etablit un taux de rentabilite en tenant compte 
des besoins en investissements et des ressources. II 
arrive que des conditions speciales soient faites a 
une entreprise (imposition, primes, etc.) mais, dans 
les cas de ce genre, il est important de prendre 
parfaitement conscience des desequilibres qui 
peuvent en resulter pour le developpement eco
nomique. 

Je constate que M. Yusuf et les auteurs du 
memoire p /216 mentionnent respectivement des 
taux d'interet de 4% et de 4,25%. Quelle signi
fication faut-il, se1on eux, accorder a ces chiffres? 

M. YusuF (Pakistan): Le projet de 1a centrale 
nucleaire de Rooppur est entrepris sous l'egide du 
Gouvernement du Pakistan. Pour tous les projets 
de ce type, l'Etat emprunte des capitaux a un taux 
qui est generalement inferieur a 4%' et les prete 
a un taux de 4% environ. Sans doute dois-je pre
ciser qu'au Pakistan l'Etat est le promoteur de pres 
de 95% des projets de centrales. Le taux d'interet 
de 4% a ete applique dans le cas du projet de 
Rooppur. D'ailleurs, le taux bancaire est egalement 
de 4% au Pakistan. 

L. H. Rooms ( Etats-Unis d' Amerique) : Les taux 
indiques dans 1e tableau 3 du memoire p /216 se 
rapportent aux investissements prives. En effet, les 
deux tiers des placements sont effectues en obli
gations a 4 X% et I'autre tiers se compose d'un 
capital social remunere a 10%, ce qui, compte tenu 
d'autres elements, represente un taux fixe de 
11%. J'ajouterai que ce taux n'est valable qu'en 
Pennsylvanie et dans le New Jersey, ou l'on ne 
pen;oit qu'un impot sur le chiffre d'affaires et pas 
d'impot foncier. Dans le reste des Etats-Unis, le 
taux fixe s'eleve a 13_%% environ. 

Memoire P /561 (presente par F. Faux) 

DISCUSSION 

N. HOLMIN (Suede) : Comme cela a ete souligne 
dans plusieurs memoires, toute comparaison d'ordre 
economique entre centrales atomiques et centrales 
de type classique souleve une question incontesta
blement tres importante: celle de la disponibilite. 
En Suede, lorsque nous avons etudie les modalites 
d'integration des centrales nucleaires dans le reseau 
de distribution d'electricite, nous sommes partis de 
!'hypothese que le degre de disponibilite serait le 
meme pour nos premiers amenagements nucleaires 

que pour nos centrales de type classique. En outre, 
selon d'autres memoires, la disponibilite des ins
tallations nucleaires serait au moins aussi grande 
que celle des centrales classiques. 

Dans le memoire P/561, nous voyons qu'en 
Angleterre et au Pays de Galles on a, dans des buts 
de planification, evalue a 7 5% la valeur annuelle 
moyenne de disponibilite des installations nucleaires, 
cette disponibilite atteignant 85% au moment ou 
le reseau fait !'objet d'une demande maximale. Ces 
chiffres sont assez bas par rapport a ceux que l'on 
cite generalement pour les centrales de type clas
sique, d'autant plus que les reacteurs utilises sont 
recharges en combustible pendant leur fonctionne
ment et que le Royaume-Uni a acquis une expe
rience etendue en matiere d'exploitation des cen
trales. J'aurais pense que, si l'on partait des chiffres 
normalement indiques pour les centrales classiques 
en vue d'effectuer un choix entre les deux types de 
centrales, les centrales nucleaires se trouveraient 
reellement desavantagees du point de vue eco
nomique. 

Est-ce qu'au Central Electricity Generating Board 
vous utilisez, en ce qui concerne la disponibilite 
des centrales de type classique, c'est-a-dire des 
centrales actuellement en construction ayant une 
puissance de 400 a 500 MW, des chiffres aussi peu 
eleves que ceux que vous citez dans le cas des 
centrales nucleaires? 

F. FAux (Royaume-Uni): Jusqu'a ce que nous 
ayons plus d'experience, nous avons juge prudent 
de fixer a 7 5% Ia disponibilite annuelle moyenne. 
Le memoire pI 128 * decrit les resultats obtenus a 
Bradwell et a Berkeley, mais il est encore beaucoup 
trop tot pour modifier les donnees sur lesquelles 
nous fondons actuellement nos plans a long terme. 

Les chiffres que nous utilisons pour les centrales 
de type classique sont a peu pres les memes sur 
une longue periode, soit une moyenne annuelle de 
77,5%. 

11 est evident que si nous considerions le facteur 
de charge le point de vue serait tout a fait different. 

N. HoLMIN (Suede): M. Roddis a-t-il quelque 
chose a dire a ce sujet? 

L. H. Rooms ( Etats-Unis d' Amerique) : Aux 
Etats-Unis, Ia disponibilite des centrales nucleaires 
est plus grande que celle des installations classiques; 
en general, elle est de 90% au moins. 

Memoire P /11 (presente par P. H. G. Spray) 

DISCUSSION 

P. VERSTRAETE (Suisse): Je constate que vous 
repartissez sur la vie entiere de la centrale l'amor
tissement de la demi-charge de combustible qui reste 
dans le reacteur lorsque celui-ci cesse de fonc-

*Voir les presents Actes, vol. 5. 
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tionner. 11 me semble qu'une demi-charge est deja 
perdue au moment ou la centrale est mise en service 
et que cette demi-charge doit etre amortie elle aussi. 
11 ne semble pas que cette sorte d'amortissement 
ait ete prise en consideration, ni que l'on ait tenu 
compte de cette demi-charge initiale sous Ia rubrique 
intitulee «Formation et mise en marche », ou le 
cout indique est du meme ordre de grandeur que Ia 
valeur d'une demi-charge de combustible. Pouvez
vous indiquer dans quelle mesure Ia demi-charge 
perdue au debut, qui n'est que partiellement irra
diee, peut etre utilisee lorsque !'exploitation du 
reacteur prend fin? 

Je constate egalement que votre estimation ne
glige Ia valeur de recuperation de l'eau lourde, qui 
est consideree comme representant un benefice 
d'exploitation. Dans ce cas, ne serait-il pas juste de 
negliger egalement la demi-charge finale, voire les 
demi-charges initiale et finale, puisque le benefice 
d'exploitation sur l'eau lourde represente approxi
mativement Ia valeur de trois charges de combus
tible completes? 

P. H. G. SPRAY (Canada): En ne prevoyant que 
l'amortissement de la demi-charge de combustible 
qui reste dans le reacteur au terme de !'existence 
utile de la centrale, nous supposons que Ia premiere 
demi-charge est epuisee et, puisque cette operation 
produit des recettes, nous en imputons le cout sur 
les frais d'exploitation. Dans !'estimation presentee 
dans le memoire, toute l'eau lourde est amortie sur 
une periode egale a !'existence supposee de la cen
trale. Certes, on reconnait que l'eau lourde aura 
peut-etre une valeur de recuperation, mais, comme 
il serait extremement difficile de l'estimer, nous pre
ferons nous en tenir a la methode actuelle. 

DISCUSSION GENERALE 

G. F. KENNEDY ( Royaume-Uni): En tant qu'in
genieur des centrales electriques, je m'etonne de 
l'optimisme avec lequel certains partisans des reac
teurs a eau Iegere abordent le probleme que pose 
l'arret de la pile pendant le renouvellement du com
bustible. A mon sens, le temps necessaire est trop 
long et les intervalles fixes entre chaque arret suc
cessif genent considerablement !'exploitation du 
reseau de distribution. 

Admettons par exemple qu'un reacteur a eau 
bouillante de 500 MW soit integre dans un reseau 
deja alimente par des centrales thermiques de 
grande puissance. On peut raisonnablement sup
poser que le cout du combustible destine a la cen
trale thermique que l'on substitue au reacteur, 
pendant la periode de remplacement du combustible 
nucleaire, doit etre d'au moins 0,3 penny (3,4 mils) 
par kWh plus eleve que dans le cas du reacteur. Si 
la periode en question dure six semaines, comme a 
la centrale de Dresden, le prix de revient supple
mentaire, pour le fournisseur d'electricite qui utilise 
a la place du reacteur une centrale dont le cout 
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d'alimentation est aussi eleve, approcherait de 
550 000 livres sterling (1 500 000 dollars) par an. 

Je dirais meme que ce n'est pas tout. Une fois 
par an, on doit normalement arreter pendant six 
semaines environ les chaudieres a vapeur de type 
classique, en vertu des reglements relatifs au net
toyage et a !'inspection. Par consequent, lorsque 
l'on a !'intention d'augmenter la puissance d'un 
reseau et que l'on evalue a cet effet les avantages 
economiques d'un reacteur en comparaison d'une 
nouvelle installation de type classique, on ne retient 
generalement pas comme detaut du reacteur des 
arrets annuels qui ne depassent pas six semaines 
par an. Qu'arrive-t-il lorsque l'on a deja integre ou 
lorsque l'on peut integrer dans le reseau des types 
differents de reacteurs nucleaires dont le combustible 
peut etre remplace en fonctionnement et que, pour 
se conformer aux reglements relatifs a !'inspection 
des chaudieres, on ne doit arreter que tous les 
deux ou trois ans, au moment qui risque le moins 
de perturber le reseau de distribution? En !'occur
rence, il me semble bien que, pour etablir un bilan, 
on devrait tenir compte des detauts que presentent 
les reacteurs a eau Iegere pour ce qui est de leur 
cycle de combustible. 

Peut-etre serait-il exagere, dans une comparaison 
de cette sorte, de n'assigner aucune valeur aux reac
teurs a eau Iegere comme producteurs d'energie 
electrique, mais il serait certainement errone de ne 
retenir contre eux que le montant des depenses 
supplementaires necessitees par !'alimentation en 
combustible de la centrale thermique d'appoint 
utilisee pendant le remplacement du combustible du 
reacteur a eau Iegere. 

C'est la, me semble-t-il, un facteur important dont 
il faut tenir compte quand on evalue les avantages 
economiques respectifs des differents types de 
reacteurs. 

L. H. Rooms (Etats-Unis d'Amerique): En tant 
qu'ingenieur des centrales electriques, et aussi en 
tant que cadre d'une entreprise de production d'e
nergie, je puis garantir a M. Kennedy que, du fait 
des inspections regulieres et pour d'autres causes 
imprevues, les periodes d'arret sont aussi Iongues 
ou presque pour les centrales utilisant des combus
tibles fossiles que pour les centrales nucleaires. Dans 
le cas des derniers modeles de reacteurs nucleaires 
a refroidissement par l'eau, le remplacement du 
combustible intervient generalement moins d'une 
fois par an et n'exige que deux semaines environ. 
Ces reacteurs supportent done Ia comparaison a cet 
egard avec les centrales utilisant des combustibles 
fossiles. 

Memoires P 17 46, PI 43, PI 598 (presentes par A. Leite 
Garcia) et P 1316 (presente par G. S. Zelevinsky) 

Ces memoires n'ont pas fait l'objet d'une dis
cussion distincte. 
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npoTOKOn 3aCeAaHMII 1.6 

TexHM'teCKMe M 3KOHOMM'teCKMe acneKTbl Mcnon~t3oaaHM• 
•AepHOM 3HeprMM 

flpeiJceiJameAtJ: J..1. X. Y cMaHH (naKHCTaH) 

,AoKilaA P/216 (npeACTaBH11 11. r. POAAHC) 

,D,HCKYCCHrt* 

JJ.. JIOYJII1-BEHRJUIH (Coe)J.HHeHHoe 1\opo
JieBcTBo) : MHe xoTeJioch 6hl aa)J.aTh anTopaM aT o
ro )J.OKJia)J.a )J.Ba BOIIpoca. ilepBbiH OTHOCHTC.H K 
YTBepm)J.eHHIO B KOIII~e )J.OKJia)J.a: «fl)J.epHa.H 3Hep
rHJI OTBe'IaeT 31\0HOMH'IeCKHM H TeXHH'IeCKHM 
KpHTepnHM, n03BOJIJIIO~HM HCnOJih30BaTb ee II~~ 

Kpaii:Heii: Mepe n 60% auepreTJt'IecKHX ceTeu 
CiliA». OaHaqaeT JIM no, 'ITO n HeKoTophlx cny
•raJix cTonMoCTh JI)J.epHoii: aHeprnH B CiliA ymP 
KOHKypHpyeT CO CTOHMOCThiO 3Heprnu, liOJiy'lae
JrlOH OT o6bl'IHhlX aJieKTpOCTaH~Hif? 

BTopoii: norrpoc oTHOCUTCJI K yTnepm)J.eHniO B 
Ha'laJie AORJia)J.a: <<113 365 peaRTopon, nocTpoeH
HLIX B COOTBeTCTBUH C liiHpOROH nporpaMMOH pa3-
pa60TOR, npono)J.nMoil RoMnccneii: no aTOMHO.i:i 
aHeprnn ClllA, 11 peaKTopon yme oRono ro)J.a HJIH 
60Jibliie )J.aiOT 3HepruiO B 3HepreTH'IeCJ\Ue CeTU>>. 
He 6y)J.yT JIH aBTOphi JII06e3Hhi no)J.po6Hee pa3'L
.RCHHTh no yTnepm)J.euue, npnBeAH <f>aRTU'IeCRne 
JJ:aHHhie no o6~eil Bbipa6oTRe aHeprnn )J.JIJI ceTH, 
UCXO)J.H 113 OnhiTa 3I<CIIJiyaTa~HJI? ilo)J.p06HbJH OT
neT Ha aTOT norrpoc 6hiJI 6Lr HanuoJiee rroJie3HbiM 
J];JIJI o~eHKU YTBepm)J;CHHH, Ha 1\0TOpoe .II CChiJiaJJ
CJI B MoeM rrepnoM norrpoce. 

JI. r. POJJ.JJ.MC (CiliA): 0TBCT Ha nepBblH BO
npoc- <<)J.a>>. "LJTo I<acaeTCH Bamero nToporo no
npoca, TO H )J.yMaiO, 'ITO OTBeT Ha Hero 6biJI )J.aH 
ua )J.pyrux aace)J.aHIIHX KOH<f>epeu~un. OH co)J.ep
muTc.R Tai<me n Ta6JI. 1 noro )J.ORJia)J.a. H nona
raiO, 'ITO HeT CMhiCJia o6cym)J.aTh ero CHOBa Ha Ha
CTO.H~eM 3aCe)J.aHHH. 

JJ.. n. py (<DpaH~UH): B Ta6JI. 4 Barnero )J.O
KJia)J.a IIpHBO)J.UTC.H CTOHMOCTh KanHTaJIOBJI0$0-
HHH )J.JI.H peaKT<>pa <f>npMbi <<HHKn», panHaH 
220 ao.tt.tt/1'>6T. 0Ha 3Ha'IHTeJibHO MeHhliie COOTBCT
CTBYIO~eii: ~u<f>pLI )J.JI.H aToMHoif aJieRTpocTaH~nu 
SENA n Ap)J.eHHax (300 ao.tt.tt/~'>er npu aJieRTpH-
qecRoii MO~HOCTU 266 Mer), He C'lUTa.H CTOHMO
CTH o6ora~ennoro ypana )J.JI.H nepnoii aarpyaRH. 
BNJIIO'IaeT JIH yRaaanna.H ~M<f>pa )J.JIH peaRTopa 
<f>MpMbl <<flHRU>> CTOIIMOCTh ypaHa rrepnoif aarpya
I<H? 

JI. r. POJJ.JJ.MC (CiliA): R )J.yMaiO, 'ITO Bl\JIIO
qaeT, HO HC BHOJIHC B ::ITOM ynepeH. ~n<f>pa )J.JIJl 

* CM. TaKme HHme AHCKYCCHIO 110 AOKJia)'ly P/597. 

aToMnoii: cTaH~HH n OiicTep-1\pnKe, 1\0He'lHO, 
BKJIIO'laCT 1\allUTaJIOBJIOffieHHH Ha aarpy3I<Y TOII
JIHBa. H xoTeJI 6w IIO)J.'lepRHYTh, 'ITO Ta6JI. 4 nMe
eT CBOeH ~CJihiO npOCTO nol\a3aTb BJIII.HHHe MO~
HOCTH ycTaHOBRH Ha I<aiiHTaJIOBJIOffiCHUJI. 

,D,oKilaA P /597 

,D,HCKYCCHfl 

P. iKAHEH (<DpaH~H.H): Moii noupoc KacaeTC.H 
npo~eHTOB Ha KaHUTaJI, HO BHa'laJie MHC XOTeJIOCh 
6bi c)J.eJiaTh O)J.HO o6~ee aaMe'lanue. 

Jl.JIJ'I o6ecne'leHU.H HOpMaJibHOfO 3I<OHOMII'leCI<O
ro pa3BUTHJI HC06XO)J.UMO HMeTb JIH60 )J.CHeffiHhiH 
pbiHOR, <fJHKCHpyiO~HH paaMep npo~eHTHOll CTaB-
1\H na OCHOBe npe)J.JIOffiCHHH H cnpoca, JIH60 J~eHT
paJihHYIO opraHnaa~niO, ycTaHanJinnaro~yro nop
My npn6biJIH B 3aBHCHMOCTII OT TIOTpe6HOCTeii B 
KaTIHTaJIOBJIOffieHH.HX H )J.eHeffiHhiX Cpe)J.CTBaX. 11HO
r)J.a <f>npMa nOJibayeTc.H oco6biMH npnnnnernHMH 
( CTaBI<H HaJIOfOB, npeMHH ll T. )].. ) , H B TaRHX 
CJiy'laJIX BaffiHO yJICHHTb ce6e TOT <f>ai<T, 'ITO B pe
ay.TJ.hTaTe MO$CT HMCTh MCCTO HeKOTOpaJI ney'CTOH
'IHBOCTh B 31\0HOMH'ICCKOM pa3BIITHH. 

H o6paTnJI BHHManne, 'ITO r-n 103y<f> n aBTOpbi 
.~01\Jia)J.a p /216 CCbiJiaiOTC.H Ha rrpo~eHTHbie CTaB
Kll B pa3Mepc 4 If 4,25% COOTBeTCTBeHHO. MomeT 
6biTb, OHH MOfJIH 6bi yi<a3aTb, I<al\ CJIC)J.yCT IIOHH
MaTb 3TH rrpo~eH'fLI? 

M. 103Y<D (TiaK~CTan): TipoeKT PyuuypcRoif 
aToMnoil 3JieRTpocTan~nn ocy~eCTBJIHCTCH rrop, 
pyKoBO)J.CTBOM npannTeJJhCTBa IIai<ncTaHa. llpH 
ocy~CCTBJICHHH BCCX CllOHX IIpOCKTOB IIO CTpOH
TeJILCTBy 3JICI<TpOCT3H~HH npaBHTCJlbCTBO flaKH
CTaHa 3aHHMaeT p,eHhrH IIO)J. IIpO~CHThl ( 06hi'lHO 
Menbrne 4%) n n cno10 o'lepe)J.h )J.aeT ccy)J.y l~JIR 
BbJJJOJIHCHH.H aTHX I!pOCI\TOB 110)]. IIpo~CHThl, npn-
6JIH3HTeJibHO paBH»Ie 4%. R, sepoJITHO, ~\OJimen 
YIIOMHHYTh, 'ITO B flaKIICTane IIO'lTH 95% rrpoeK
TOB 3JieKTpOCTaH~IIH .HBJI.HIOTC.H npaBHTCJihCTBCH
HbiMII. 8TH npo~eHTHbie Ha'lHCJICHli.H B paaMepe 
4% rrpnMeHHMbi 1 aKme 11 )J.JI.H rrpoeKTa coopyme
HHJI PyrrnypcRoii: aToMHoii cTaH~Hn. Mem)J.y npo
'IHM, CTaBI\a 6aHKOBCJ\Of0 y'leTa B ilaRHCTaHe TaR
me panna 4%. 

JI. r. POJJ.JJ.MC (CiliA): Tipo~eHTbl Ha 1\arrn
TaJI, rrpnne)J.enuhiC B Ta6JI. 3 )J.OKJia)J.a P/216, ocno
BaHbi Ha 'laCTHbJX KaiiHTaJIOBJIO$CH11.fJX, llpH'leM 



nPOTOKOJl 3ACE,D,AHHrl 1.6 

2/ 3 3THX KallHTaJIOBJIOmeHHH llpC,lWTaBJIHIOT co6oif 

4,25%-Hhie o6nnrau;nn, a 1/ 3 - o6hJKHOBeHHhie aK

u;nn llpH 10%. 8TOT npou;eHT BMCCTe C ~pyrHMJI 
IIpOIJ;CHTaMH OOpaayeT UpOIJ;CHTHbiC Ha'IHCJICHHH Ha 

<f>nKcnposaHHbie pacxo~bl B paaMepe 11%. MHe 

CJIC~yeT ~OOaBHTb, 'ITO aTOT npOIJ;CHT IIpHMCHHM 

TOJibKo s IIITaTax TieHCifJihBamiH n HbiO-,Amepcn, 

llOTOMy 'ITO TaM HCT H8JIOI'OB Ha HC~BHmHMOCTb, a 

TOJibKO Hanoru c o6opoTa. B ocTaJibHOH 'laCTH Co

e~uHeHHbiX IIITaToB nopMa <f>nKcnposaHnblx pac
xop;oB COCTaBJIHCT OKOJIO 13,5%. 

tl.oHnaA P/561 (npeACTaBHJl ttl. ttloHc) 

tl.IIICKYCCIIIH 

H. XOJIMMH (lllseu;1m): llpH JJI06oM aKoHo

MH'ICCKOM cpaBHCHHH aTOMHbiX 3JICKTpOCTaHIJ;HH 

c o6bi'IHblMII 6oJibiiiOe aHa'leHne, KaK yme yKaabl

BaJIOCh B pa3JIII'IHblX ~OKJia~aX, IIMCCT, O'ICBH~IIO, 

Koa<f><f>IIIJ;HCHT HCnOJib30BaHH.JI CT8HIJ;UH. flpH H3y

'ICHHH B lliBCIJ;Hll BOIIpOCa BKJIIO'ICHHH aTOMHoi[ 

3JICI\TpOCTaHIJ;HH B CHCTCMY :meprOCHa6meHHH HC

XOAHJIH H3 npep;noJiomeHHH, 'ITO Koa<f><f>H1WCHT HC

ll0Jih30B8HH.JI ~JIH nepBbiX IIIBC~CKHX aTOMHblX 

::mepreTH'ICCKJIX ycTaHOBOK 6yp;CT TaKHM me, KaK 

H ~JIH OOhi'IHhiX aneKTpocTaHu;Hii. B ~pyrHx ,TJ,O

I\Jiap;ax TaKme yKaahiBaeTC.JI, 'ITO Koa<f><J>uu;HeHT 

JicnoJih30BaHHH AJIH aToMHblX cTaHu;Hii .JIBJIHeTcH 

no KpaiiHeii: Mepe CTOJih me yp;osneTsopll'reJihHblM, 

KaK H p;nn oOhi'IHhiX aneKTpocTaHu;uii. 

B ~OKJiap;e P/561 HaMH coo6~aeTCH, 'ITO npH 

nnaHHposaHHH B AHrJIHH H Yanhce cpep;HJiii: ro,TJ,o

soii K03<f><f>HIJ;HCHT HCnOJih30BaHllH aTOMHOif CTaH

IJ;Hll npllHHMaCTCH paBHhiM 7 5% Jl 85% BO BpCMH 

MaKCHMaJibHOI'O noTpCOJICHJIH 3JICKTpOaHeprHJI B 

CHCTeMe. 8TO AOBOJlhHO HH3KJie u;n<f>pbl no cpas

HCHHIO C TCMH, KOTOpbie OObl'IHO npHBOAHTCH ~JIH 
oObl'IHhiX aneKTpocTaHu;Hii, ocooeHHo eCJIH y'leCTh, 

'ITO B peaKTOpax, 0 KOTOphiX IIACT pC'Ih, 3aMCHa 

TOIIJIHBa npOH3BOAHTCH BO BpCMH paOOTbl II 'ITO 

AnrJiliH B HaCTOH~ee speMH pacnonaraeT ~ocTa
TO'IHhiM OIIhiTOM 3KCIIJiyaTaiJ;JIII aTOMHhiX CTaHIJ;JIH. 

)l;ame CCJIH npHHHTh CTaH,l.\apTHblC 3Ha'ICHHH KO

alf!lf!HIJ;IICHTOB HcnonhaosaHHH AJIH o6hi'IHbiX aneK

TpocTanu;Hii:, TO, no MOeMy MHCHHIO, 3TH IJ;Hif!pbl 

nOCTaBHT aTOMHhie 3JieKTpOCTaHIJ;HH B HCBbii'O~HOe 

nOJIOil\CHJIC npH JIIOOOM p;eii:CTBHTCJihHOM aKOHOMH

'ICCI\OM BhiOOpe Memp;y ABYMH THIIaMJI CTaHIJ;HH. 

)l;eii:CTBJITCJihHO Jill B QeHTpaJibHOM aHepreTH'IC

CKOM yrrpaBJICHHII HCnOJih3YIOTCH HII3KIIC KOalf!

<f>nu;HeHTbi HCnOJihaosaHHH ,TJ,JIH aTOMHblX H oOhi'I

HhiX 3JICRTpOCTaHIJ;IIH, HanpHMep ,TJ,JIH CT8HIJ;HH C 

6JioKaMu Ha 400 H 500 Mer, CTpOH~liXCH B Ha
CTOHru;ee BpCM.H? 

<1>. <I>OKC (Coep;HHenHoe KoponeBCTBo): C'ln

TaCTCH paayMHhiM HCnOJih30BaTb cpep;HHH rOAOBOH 

Koalf!lf!nu;HeHT HCIIOJih30BaHHH 75% AO TCX nop, 

noRa ne 6yp;cT HaKorrneH OOJihiiiOH onbiT. Peaynh

TaTbi onhiTa, nony'leHHoro B 5pap;yanne H BepRnH, 
orrucblsaiOTCH B p;ol\nap;e P /128 *, OfiHaKo e~e 
CJIIIIIIKOM paHO H3MCIIHTh OCIIOBy, HCnOJihayeMyiO 
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HaMH B naCTOHIIJ;CC BpCMH ~JIH nepcneKTHBIIOI'O 

nnanuposaHIIH. 

QHif!phi, npHuuMaeMbie naMu AJIH o6hi'IHblX 

3JICKTpOCTaHIJ;UH, HBJIHIOTCH p;o HCKOTOpOH CTene-

1111 TaKIIMH me npu nepcneKTHBHOM nnanHposa

HHII TO eCTh cpep;HHH I'O~OBOH 1\0alf!lf!IIu;HeHT HC

llOJI~30BaHHH llpHHHMaeTCR: paBHblM 77,5%. 

Kouequo, ecn11 Obi pe'lh mna o Koalf!lf!uu;uenTe 

narpyaKu, TO cooopameHHH OhiJIH Obi cosepmeHno 

p;pyrHMH. 

H. XOJIMI1H (lliseu;nH): EcTb JIM y r-na PoA

,TJ,Hca KaKHe-nn6o aaMc'laHHH no aToMy sonpocy? 

JI. r. PO,[(,[(l1C (CiliA): Koalf!lf!Hu;neHT HC

nOJih30BaHHH aToMHhiX cTanu;nii B CiliA ny'lmc, 

'ICM y o6bl'lllbiX 3JICKTpOCTaHIJ;HH; B o6~eM OH CO

CTaBJIHCT 90% II Jill Bhlllle. 

tJ.oHJlaA P/11 (npeACTaBHJl n. X. r. CnpeH) 

AIIICKYCC~fl 

II. BEPCTPAETE (Illaeiiu;apllH): H o6paTHJI 

BHHMaHMO, 'ITO B TC'ICHHC BCCI'O CpOKa cnym6hl 

cTaHivm Bb1 aMopTHanpyPTe nonos11ny TOIIJIHBHOH 

aarpyaKn, KOTopaH ocTaeTCH B peaKTope nocne ero 

OKOH'IaTeJihHOii: ocTanosKn. MHe KameTcH, 'ITO no

nosuna TOUJIIIBHOH aarpyaKH TCpHeTCH TaKme BO 

BpCMH nycKa ycTaHOBKH U 'ITO aTa llOJIOBHHa TaK

il\C ~OJimHa aMOpTH3HpOBaThCH. fiO-BHAHMOMy, 

aMopTHaau;nH TaKoro pop;a ne npep;ycMoTpena, KaK 

n He BI\JIIO'ICHa aTa nepsona'laJihHaH aarpyaKa s 

cTaThiO <<Bso~ B aKcnnyaTau;HIO n ooyqenue o6cny

mnsaiO~ero nepcoHaJia>>, opuenTHpOBO'IHaH CTOH

MOCTh KOTOpOH TaKOH X~C BCJIII'IHHhl, 'ITO II CTO

HMOCTh noJIOBIIHhi aarpyaKH. He cKameTe JIM Bhl, 

B KaKOH CTeneHH npH npeRpa~eHHH paOOTbl peaK

Tapa MomeT ObiTh HcnonhaosaHa Ta IIOJIOBHHa aa

rpyaKH, JWTOpaH TepHCTCH BHa'laJie ll KOTOpaH 

TOJihKO 'laCTU'IHO OOJiy'IaeTCH? 

H TaKil\C o6paTHJI BHHManHe, 'ITO B Bamnx 

CMOTHhiX npep;nOJIOil\eHHHX He Y'IHTbiBaeTCH CTO

HMOCTh CllaCCHHOH THil\CJIOH BO,TJ,bl llO OKOH'IaHHH 

paooThl ycTaHoBKH, npn'leM aTa cyMMa paccMaTpH

saeTCH KaK aKcriJiyaTau;nonnoe soaHarpamp;enne. 

EcJIH aTo Tal\, TO ne 6yp;eT JIH npasnnhHbiM He 

YlJHThiBaTh KOHe'IHYIO nOJIOBHHY aarpyaKH HJIH, 

MomeT OhiTh, KOHC'IHYIO 11 nepsona'IaJibHYIO nono

BHHbl aarpy30K, llOCKOJihl\Y 3TO 31\CIIJiyaTaiJ;HOHHOe 

aoanarpamp;eHIIe, CBHaannoe co crracennoii: THme

noii BO,TJ,~H, npep;cTaBJIHOT 11pHOJIH3HTCJihHO CTOH

MOCTh Tpex nOJIHhiX aarpy30K TOllJIHBa? 

n. X. r. CfiPER (KaHap;a): flpn aMOpTH3a

ll;HH TOJihKO TOH llOJIOBHHhl TOllJIHBHOH aarpy3KH, 

KOTOpaH OCTaeTCH B peaKTOpe B KOHIJ;e CpOKa CJiy

mObl ycTaHOBKH, Mhl upep;nonaraeM, 'ITO nepsaH 

JIOJIOBHHa aarpy3KH cropaeT H ee CTOIIMOCTh OTHO

CHTCH K aKCllJiyaTall;HOHHbiM pacxop;aM, nOCKOJibKY 

oHa np11nocnT npn6hiJih. B ou;eHI\ax, rrpep;cTaaneH

HhiX B AOKJia~e, BCH THmenaH BOAa aMOpTH3HpyeT-

• HacTmm~ee B3AaHue, T. 5. 
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CJI B TelJeHHe TOrO me CpOI<a CJiym6bl, ROTOpblii: 

UpHHHMaeTCJI )J;JIH ycTaHOBRH. IJpH aTOM IIpH3HaeT

CJ1, 'ITO TJimeJiaH BOJJ;a 6yp;eT, BepOJITHO, HMCTb 

HeRoTopyiO ocTaTolfHYIO cToHMOCTb, uo o:&mo obi 

'Ipe3BbllfaHHO Tpyp;HO IIOIIbiTaT:&CJI OIJ;CHHTb ee, H 

Mbl npep;rrOlJHTaeM HaUI HaCTOHID;HH MeTO)J;. 

05W.Afl ,D,~CKYCC~fl 

;n;. <1>. KEHHE;rJ;l1 (Coep;uueuuoe KopoJieBCT

Bo): Mae, RaR uumeuepy-:mepreTURy, Tpyp;Ho no

HHT:& 6narop;yrnue, C ROTOpbiM CTOpOHHHRH HeRO

TOpbiX peaRTopoB na oo:&IlJHoii: Bop;e BCTpeqaiOT 

1Ip06JieMy OCTaHOBRU peaRTopa )J;JIH 3aMeHbl TOII

JIHBa. JI CMeiO YTBepmp;aT:&, 'ITO BpeMH, Tpe6yeMoe 

)J;JIJI 3TOH u;eJIH, CJIHIIIROM IIpO)J;OJI}f\HTeJI:&HO H 'ITO 

ycTaHOBJieHH:&IH rrepHO)J; Memp;y IIOCJIC)J;YIOIIJ;HMH 

OCTaHoBKaMH BeC:&Ma Heyp;o6eH )J;JIH onepaTopa 

aHepreTHlJeCRHX CHCTeM. 

)l,ouyCTliM, 'ITO RHIIJIIIJ;IIH peaKTOp MOIIJ;HOCT:&IO 

500 Mer JIBJIJieTCH cocTaBnoif qacT:&IO cucTeM:&I 

aueprocua6memm, KoTopaH uMeeT TaRme 3HalJH

TeJI:&HyiO MOIIJ;HOCTb 3a ClfeT o6bi1JHbiX TeiiJIOBblX 

CTaHD;HH. Pa3yMHO rrpep;IIOJIO}I\HT:&, 'ITO CTOHMOCTb 

TOIIJIHBa )J;JIH TeiiJIOBOH CTaHD;HH, HCIIOJI:&3yeMOH 

BMeCTO KHIIHIIJ;ero peaKTopa BO BpeMH 3a

Mellbl B HeM TOIIJIHBa, 6yp;eT He MeHee lJeM Ha 

0,3 nenc/ner · 'l (0,34 !fenrlner · tt) Bbiiiie cToHMO

CTH peaKTopuoro TOIIJIHBa. EcJIH, KaR Ha ,IJ;pe3p;eH

cKoii: aTOMHOH 3JieRTpOCTaHD;HH, rrepUO)J; 3aMeH:&I 

TOIIJIHBa rrpO)J;OJI}I\aeTCH IIIeCTb He)J;eJib, TO )J;OIIOJI

HHTeJI:&Hbie paCXO)J;bl <f>npMbi-IIOCTaBm;HKa 3JieKTp0-

3HeprHH, CBH3aHHbie C 3aMeno:ii: peaRTOpa o6bi1JHOH 

TeiiJIOBOH CTaHD;Heii: C 6onee BbiCOKoii: TOIIJIHBHOH 

COCTaBJIHIOIIJ;eif, COCTaBHJIII 6:&1 IIOlJTH 550000 <f>. CT. 

( 1 500 000 p;oJIJI.) emerop;no. 

JI cMeiO yTBepmp;aT:& p;aJiee, 'ITO p;ame no em;e 

He Bee. KaK npaBHJIO, pa3 B rop; o6hi1JHLie rrapOBble 

ROTJibi BbiRJIIOlJaiOTCH IIpHOJIH3HTeJibHO Ha IIIeCTb 

He)J;eJI:& B COOTBCTCTBHH C yCTaHOBJieHHbiMU rrpa

BHJiaMU p;na lJHCTKU H ocMoTpa. Cnep;oBaTeJI:&Ho, 

1IpH cpaBHeHHH 3KOHOMHlJCCRHX IIORa3aTeJie:ii: pe

aRTOpa H oo:&rquoii aneRTpocTanu;uu B u;eJIR:X yBe

JIHlfeHHH MOIIJ;HOCTH aneprocucTeM:&r oohllfHO He 

ycTaHaBJIHBaeTCH <<IIITpa<f>» Ha peaRTOp, eCJIH OR 
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He Tpe6yeT emerop;u:&rx ocTaHoBOR Ha nepuop; ue 

CB:&rllle UieCTH Hep;eJI:&. 

RaROBO me 6yp;eT nonomeuue, op;HaRo, ecnu 

paccMaTpHBaeMaJI auepreTHlfeCKaJI cucTeMa yme 

BRJIIOlJaeT HJIH MOH<eT BRJIIOlJHTb pa3JIHlJHbiC TH

llbl peaRTOpHbiX YCTaHOBOK, 3aMeHa TOIIJIHBa B RO

Top:&IX MOH<eT rrpOH3BO)J;HTbCH BO BpeMH paOOTbl 

ycTaHOBRH H KOTOp:&Ie B COOTBeTCTBHH C rrpaBHJia

MH ROTJIOHap;30pa TpeoyiOT OCTaHOBRH TOJI:&RO pa3 

B )J;Ba HJIH TpH rop;a Ha BpeMH, OTBelJaiOm;ee Tpe

OOBaHHR:M :mepreruqecRoii cucTeMhl? B TaRHX 

CJiy'IaJIX, MHC RaH<eTCH, B TOIIJIHBHOM IJ;HRJie peaK

TOpOB ua oo:&rquoii: Bop;e HMeeTCH ,1\e<jluu;HT, ROTo

p:&rii CJiep;yeT IIpHHHMaT:& BO BHHMaHHe IIpH CO

CTaBJieHHH 6aJiaHCa. 

Ilpu nop;ooHoro po,l\a cpaBHeHHH, BepoRTHO, pa-

3YMHo 6:&rJIO Obi onpep;eJIHTb CTOHMOCT:& 1 lt6T yr,

TaHOBJieHHOH MOID;HOCTH ,ll;JIJI p&aRTopoB ua oobl'l

HOH Bop;e, uo o:&mo o:&r, Rouequo, uenpaBHJI:&HO 

onpe,n;eJIHTb <<IIITpa<f>>>, paBHbiH )J;OliOJIHHTeJI:&HOH 

CTOUMOCTH TOliJIHBa ,1\JIR: OObllJHO:ii: CTaHD;HH, HC

liOJI:&3yeMo:ii: B rrepHO)J; 3aMeHLI TOIIJIHBa B peaRTO

pe ua o6:&PIHOii Bop;e. 

IJo-MOeMy, 3TO Baa<HbiH <f>aKTOp, ROTOphlH CJie

p;yeT YlfHTbiBaT:& npu cpaBHeHHH aROHOMH'lecRHX 

XapaRTepHCTHR peaRTOpOB pa3JIH1JHhlX THIIOB. 

Jl. r. PO,IJ;,IJ;MC (CiliA): RaR HHH<eHep-3Hepre

THR u RaR pyRoBo,n;ureJI:& auepreTHtJecKoii <f>upMbl 

H Mory 3aBepHT:& r-ua Keuuep;H, 'ITO aneRTpocraH

u;uH Ha HCROIIaeMOM TOIIJIHBe TaRa<e TpeoyiOT OC

TaHOBOR )J;JIH 3aiiJiaHHpOBaHHhlX OCMOTpOB H HMe

IOT He3aiiJiaHHpOBaHHble llpOCTOH, ROTOphle BIIOJI

He MOH<HO cpaBHHTb C COOTBeTCTBYIOIIJ;HMH OCTa

HOBRaMH u npocTOHMH Ha aTOMHhlX cTaHD;HJIX. B 
OOJiee HOB:&IX BO)l;OOXJiaa<p;aeMbiX JI,ll;epHhlX ycTa

IIOBKax nepHOALI Mem.n;y 3aMenaMH TOIIJIHBa oobllJ

uo npeB:&IIIIaiOT O)l;HH ro,n;, a BpeMH, HeOOXO)J;HMOe 

]I.JIH rreperpy3RH TOIIJIHBa H IIOBTOpiioro nycRa,

OKOJIO JI.Byx ne.n;en:&. TaKoe noJiomeHue, cne.n;oBa

ren:&no, MomHo cpaBHHT:& c noJiomeHHeM Ha oo:&IlJ

HhlX CTaHD;HHX. 

,l],oH:naAbl P/746, P/43, Pi598 (npeACTaeHn 
A. Jle11Te rapcHa) H AOH:naA P/316 (npe,o.
CTaBHn r. C. 3eneBHHCH:HH) 

ITo 3THM p;oKnap;aM p;ucKyccHH ne OhlJIO. 

Aspectos tecnicos y economicos de Ia utilizacion de Ia energia nucleoelectrica 

Presidenfe: I. H. Usmani (Pakistan). 

Documento P /216 (presentado por l. H. Roddis) 

DISCUSION* 

D. LAWLEY-WAKELIN (Reino Unido): Deseo 
hacer dos preguntas a los autores de este docu
mento. La primera se refiere a Ia afirmaci6n que 

figura a! fin del mismo de que "Ia energia nuclear 
ha llegado a reunir los requisitos de orden econ6-
mico y tecnico necesarios para su integraci6n en el 
60%, como minimo, de Ia red electrica de los 

* Vease tambien mas adelante Ia discusi6n sobre el docu
mento P/597. 
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Estados Unidos". d Quiere esto decir que en algunos 
casos los costos de la energia nucleoelectrica son 
ya competitivos en los Estados Unidos con los de 
la energia convencional? 

Mi segunda pregunta se refiere a la afirmacion 
con que comienza el documento de que "De los 
365 reactores construidos de conformidad con el 
amplio programa de desarrollo de la Comision de 
Energia Atomica de los Estados Unidos, 11 han 
venido funcionando para suministrar energia a la 
red electrica en mayor o menor grado durante un 
afio o mas". Ruego a los autores que amplien su 
exposicion facilitando una informacion objetiva en 
lo que respecta al total de megavatios-hora suminis
trados. Una respuesta detallada a esta pregunta nos 
ayudaria mucho a evaluar la afirmacion citada en 
mi primera pregunta. 

L. H. Ronms ( Estados Unidos de America) : La 
respuesta a la primera pregunta es afirmativa. En 
cuanto a la segunda, creo que ya se ha contestado 
a ella en otras sesiones de la Conferencia. Tambien 
figura en la tabla 1 del documento. No veo la utili
dad de examinarla de nuevo en esta sesion. 

J. P. Roux (Francia): La tabla 4 de su docu
mento indica un costo de inversion para la central 
Yankee de 220 dolares de los EE.UU. el kilovatio. 
Esto representa una suma bastante inferior a la 
cifra correspondiente de la central SENA [266 
MW(e)] que es de 300 dolares de los EE. UU. el 
kilovatio, sin contar el costo del uranio enrique
cido para la primera carga. d Comprende la cifra 
correspondiente a la central Yankee el cos to del 
uranio para la primera carga? 

L. H. Ronnrs ( Estados Unidos de America): 
Creo que si, pero no estoy seguro de ello. La cifra 
correspondiente a la central de Oyster Creek incluye 
de seguro la cantidad invertida en el acopio de com
bustible. Debo destacar que en la tabla 4 solo se 
trata de poner de manifiesto la relacion entre el 
tamafio y la inversion efectuada en la central. 

Documento PI 597 

DISCUS! ON 

R. JANrN (Francia): Tengo que hacer una pre
gunta acerca de los tipos de interes, pero quiero 
que la preceda una observacion de caracter general. 

Para asegurar el desarrollo economico normal, es 
preciso contar con un mercado monetario que fije 
los tipos de interes sobre la base de la oferta y la 
demanda o con un organismo central que establezca 
el porcentaje de los beneficios segun las necesidades 
de inversion y los medios. A veces, una firma goza 
de condiciones especiales (tasas fiscales, primas, 
etc.) y en tales casas importa dejar bien sentado 
que es probable se produzca cierto desequilibrio en 
el desarrollo economico. 

Observo que el Sr. Yusuf y los autores del docu
mento P /216 citan tipos de in teres del 4 y el 4,25%, 
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respectivamente. d Podrian explicarnos como han de 
entenderse esos porcentajes? 

M. YusuF (Pakistan) : La central nucleoelectrica 
de Rooppur esta patrocinada por el Gobierno del 
Pakistan. Para todos los proyectos de centrales 
patrocinadas en dicho pais por el Gobierno, este 
emite un emprestito a un tipo de interes por lo 
general inferior al 4% y a su vez presta el dinero 
asi obtenido para los proyectos al 4% aproximada
mente. Quiza deba indicar que en el Pakistan casi 
el 95% de los proyectos de produccion de energia 
estan patrocinados por el Gobierno. Este tipo de 
in teres del 4% es asimismo aplicable a la central 
nucleoelelectrica de Rooppur. Sea dicho de paso, el 
tipo de interes bancario en el Pakistan es tambien 
del 4%. 

L. H. Ronms ( Estados Unidos de America) : 
Los tipos de interes de las inversiones enunciados 
en la tabla 3 del documento P /216 se basan en la 
inversion privada. Dos tercios de la inversion con
sisten en obligaciones al 4,25% y un tercio en el 
capital en acciones al 10%. Esto, unido a otras 
partidas, representa un tipo fijo de imposici6n del 
11 % . Debo agregar que este tipo de interes solo 
se aplica en Pennsylvania y en Nueva Jersey, porque 
no hay impuesto sobre la propiedad inmobiliaria, 
sino (micamente impuesto sobre las ventas. En el 
resto de los Estados Unidos el tipo fijo de imposi
cion es del 13,5% aproximadamente. 

Documento PI 561 (presentado por F. Faux) 

DISCUSION 

N. HoLMIN ( Suecia): Como se ha indicado en 
diversos documentos, siempre que se trate de com
parar, desde el punto de vista economico, las cen
trales nucleoelectricas con las de tipo corriente, la 
cuestion de la disponibilidad revestira por supuesto 
la mayor importancia. En los estudios realizados 
en Suecia acerca de la introduccion de la energia 
nucleoelectrica para la producci6n de electricidad, 
nos hemos basado en la hipotesis de que el factor de 
disponibilidad sera el mismo para nuestras cuatro 
primeras centrales nucleoelectricas que para nues
tras centrales convencionales. Tambien se precisa 
en otros documentos que la disponibilidad es, cuando 
menos, tan favorable para las centrales nucleoelec
tricas como para las centrales convencionales. 

En el documento P /561 se nos dice que, a los 
efectos de la planificaci6n, en Inglaterra y en Gales 
se supone una disponibilidad de 7 5% para la ener
gia nucleoelectrica como promedio anual y 85% en 
el momento de la demanda maxima a la central. 
Estas cifras son mas bien bajas si se comparan con 
las que se suelen mencionar para las centrales de 
tipo corriente, teniendo sobre todo en cuenta que 
los reactores de que se trata se cargan de nuevo 
mientras estan en marcha y que el Reino Unido 
posee ahora una experiencia considerable en el 
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funcionamiento de centrales nucleoelectricas. En el 
supuesto de que se adopten las cifras habituales 
para las centrales de tipo corriente, me inclino a 
pensar que este factor colocaria a las centrales 
nucleares en una situaci6n desfavorable en cualquier 
elecci6n, entre los dos tipos de central, realmente 
inspirada en consideraciones econ6micas. 

d Utilizan ustedes en realidad en la Central Elec
tricity Generating Board las cifras poco elevadas 
que se citan para Ia disponibilidad de las centrales 
nucleoelectricas cuando se trata de apreciar la dis
ponibilidad de las centrales convencionales, por 
ejemplo, de las centrales de 400 y 500 MW que 
ahora se estan construyendo? 

F. FAux (Reino Unido): Se ha considerado 
prudente utilizar esta cifra de 7 5% para el promedio 
anual de disponibilidad hasta que se haya adquirido 
mas experiencia. En el documento PI 128 * se des
criben los resultados experimentales obtenidos en 
Bradwell y Berkeley, pero es demasiado pronto para 
modificar Ia base que estamos utilizando en la 
actualidad para nuestra planificaci6n a largo plazo. 

Las cifras que utilizamos para las centrales con
vencionales son un tanto analogas considerando las 
cos as a largo plazo, es decir, de un 77,5% de 
promedio anual. 

Por supuesto, en funci6n del factor de carga, las 
consideraciones serian completamente distintas. 

N. HoLMIN ( Suecia): d Desea e1 Sr. Roddis for
mular alguna observaci6n al respecto? 

L. H. RooDis ( Estados Unidos de America) : La 
disponibilidad de las centrales nucleoelectricas en 
los Estados Unidos es mayor que las de las cen
trales de tipo corriente (en general, de 90% 0 mas). 

Documento P /11 (presentado por P. H. G. Spray) 

DISCUSION 

P. VERSTRAETE ( Suiza): Observo que ustedes 
amortizan a lo largo de toda la vida de la central 
Ia mitad de la carga de combustible que queda en 
el reactor cuando este deja de funcionar. Estimo 
que la mitad de la carga de combustible se pierde 
tambien cuando la central comienza a funcionar y 
que de igual modo debe amortizarse dicha mitad. 
No parece incluirse ningun fondo para una amorti
zaci6n de este genera ni la mitad de la carga inicial 
esta incluida tampoco en la partida "Programa de 
puesta en servicio y formaci on del personal", cuyo 
calculo del costo es del mismo orden de magnitud 
que el cos to de la mitad de la carga. d Hasta que 
punto diria usted que la mitad de la carga que se 
pierde al principia y que solo es irradiada parcial
mente puede utilizarse cuando cesa el reactor de 
funcionar? 

Observo tambien que en sus ca.lculos no se tiene 
en cuenta el valor de recuperaci6n del agua pesada 

* Veanse las presentes aetas, Vol. 5. 

al fin del funcionamiento de la central, por conside
rarse que representa una prima sobre las opera
ciones. En tal caso, d no procederia hacer caso 
omiso de la mitad de la carga final, o incluso de 
las mitades final e inicial, dado que la prima sobre 
las operaciones para el agua pesada representa el 
valor de unas tres cargas completas de combustible? 

p. H. G. SPRAy (Canada) : AI amortizar solo la 
mitad de la carga de combustible que queda en el 
reactor al terminar la vida de la central, suponemos 
que la primera mitad se ha consumido, y esto se 
carga al costo de funcionamiento, ya que produce 
ingresos. En el calculo presentado en el documento, 
la totalidad del agua pesada se amortiza en el mismo 
periodo que se presume para la central. Se reconoce 
que es probable que el agua pesada tenga alg(:m 
valor residual, pero seria sumamente dificil tratar 
de hacer un calculo y preferimos nuestro metodo 
actual. 

DISCUSION GENERAL 

G. F. KENNEDY ( Reino Unido): Como ingeniero 
especializado en cuestiones de energia, se me hace 
dificil comprender la complacencia con la que los 
partidarios de algunos reactores de agua ligera 
afrontan el problema de la parada del reactor para 
repostarlo. Debo indicar que el tiempo necesario 
para ello es demasiado largo y que el periodo fijado 
entre las paradas sucesivas es muy poco conveniente 
para los que hacen funcionar las centrales. 

Supongamos que un reactor de agua hirviendo 
de 500 MW se instala en una central que posee 
asimismo una capacidad termica considerable. No 
seria absurdo suponer que el costo del combustible 
destinado a la central termica utilizada para sus
tituir al reactor de agua hirviendo durante el periodo 
de carga seria superior, cuando menos en 0,3 peni
ques (3,4 milesimas de d6lar de los EE.UU.) por 
kWh, al del reactor. Si, como ocurre en Ia central 
Dresden, el periodo de carga dura seis semanas, 
el costo adicional que para la empresa de electri
cidad representara el hacer funcionar una central 
con un combustible a un costa tan elevado en vez 
del reactor equivaldria a cerca de 550 000 libras 
esterlinas (1 500 000 d6lares de los EE.UU.) 
anuales. 

Debo indicar tambien que Ia cuesti6n no se limita 
a esto. Se tiene la costumbre de parar una vez al 
ano las calderas de tipo corriente durante unas seis 
semanas para cumplir las disposiciones legales rela
tivas a la limpieza e inspecci6n. Por consiguiente, 
al comparar los datos econ6micos relativos a una 
central nucleoelectrica con los de una central de tipo 
corriente a fin de ampliar Ia capacidad de la em
presa, solo se suele considerar como factor adverso 
el que haya que parar el reactor anualmente durante 
un periodo superior a seis semanas. Sin embargo, 
d cual es la situaci6n si Ia em pres a de que se trata 
ha instalado ya, o puede instalar, de un modo suple
torio diferentes tipos de centrales nucleoelectricas 
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cuyos reactores pueden repostarse en marcha y que, 
para cumplir con los reglamentos de inspecci6n de 
las calderas, solo hay que parar cada dos aiios, 0 

incluso cada tres, en un momenta que convenga a 
las necesidades del tipo de central? En tales casos, 
me parece que hay una deficiencia en el ciclo del 
combustible de los reactores de agua ligera que debe 
tenerse en cuenta al hacer el balance. 

Quiza seria exagerado el no asignar un valor en 
kilovatios a los reactores de agua ligera en una 
comparaci6n de este tipo, pero de seguro no seria 
correcto considerar que el factor adverso equivale 
a los costas adicionales de combustible de la central 
termica utilizada como elemento sustitutivo durante 
los periodos de carga del reactor de agua ligera. 

Me parece que esto constituye un factor impor
tante y es preciso tenerlo en cuenta al comparar 
los datos econ6micos de los distintos tipos de reactor. 

L. H. Ronms ( Estados Unidos de America) : 
Hablando como ingeniero especializado en cues-
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tiones de energia y tambien como elemento directivo 
de una compaiiia de electricidad, puedo asegurar 
al Sr. Kennedy que las centrales que utilizan com
bustibles f6siles tienen tambien periodos de parada 
para inspecciones previstas e interrupciones impre
vistas totalmente comparables a los de las centrales 
nucleoelectricas. Las centrales nucleares mas re
cientes refrigeradas con agua tienen intervalos de 
carga del combustible que, por lo general, exceden 
de un aiio y periodos de nueva carga de dos semanas 
aproximadamente. Par consiguiente, la situaci6n es 
comparable con la de las centrales que funcionan 
a base de combustibles f6siles. 

Documentos P 17 46, PI 43, PI 598 (presentados por 
A. Leite Garcia) y P 1316 (presentado por G. S. 
Zelevinsky) 

No bubo discusiones separadas sabre estos docu
mentos. 
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P /193 United States of America 

International cooperation on nuclear power 

By H. D. Smyth* 

I should like to begin by making four statements 
which I believe most of you will accept as obviously 
true. 

First: It is impossible to know what scientific 
discoveries, however abstract, will ultimately prove 
to be useful; 

Second: The general advance of scientific know
ledge is promoted by the widest possible exchange 
of information; 

Third: Industrial and military technology depend 
heavily on scientific knowledge; 

Fourth: The power and influence of nations 
depend heavily on the strength of their industrial 
and military technology. 

These facts force statesmen into a dilemma. N a
tiona! rivalries persist in a world increasingly fearful 
of war. The industrial strength of a country will be 
enhanced by international cooperation in science 
and technology, but the military strength of any one 
nation relative to its rivals may be lessened by such 
cooperation. A country confident of its power and 
righteousness may say: "Let us exchange information 
freely, let us cooperate fully to advance knowledge 
and thereby improve the lot of mankind." A country 
afraid of its neighbors or eager for power and con
quest may say: "We must keep to ourselves all the 
knowledge we have, add to it, apply it to our military 
and industrial technology so that we can. defend 
ourselves and if need be destroy our neighbors." 

The degree to which either of these extreme posi
tions makes sense depends on many other factors 
than science and technology in ways that are outside 
the scope of this paper. It also depends on the weight 
assigned to the relative importance of cooperation 
versus secrecy. This will vary from time to time, 
from place to place, and from one field of science 
and technology to another. Nor can this relative 
importance be determined by any so-called "scien
tific" method. It is a matter of judgment, a balancing 
of risk versus advantage, an evaluation of future 
probabilities as to events inherently unpredictable. 

If at any time political cooperation appears 
impossible, statesmen must consider whether sci~n
tific cooperation is desirable, weighing the questiOn 
more carefully than in the past because of the 

*U.S. Representative to the International Atomic Ene:gy 
Agency and Professor of Physics at Princeton Univers1ty, 
Princeton, N.J. 

287 

appalling power of modern weapons and their close 
dependence on current science and technology. 

This then is the problem: the balance between the 
long-run advantage of international cooperation and 
the short-run advantage of secrecy. In science this 
problem has become important only in the last 
generation. Let me review how such a change has 
come about. 

HISTORICAL BACKGROUND 

I need hardly remind you that science has always 
been linked with civilian and military technology. 
Perhaps this linkage was weakest in the eighteenth 
and nineteenth centuries, when science made great 
progress by focusing on deliberately simplified ~r?b
lems, while technology progressed by empmcal 
development and ingenious invention. The de
pendence of technology on science in this period 
was not strong, and the tradition of free inter
national exchange of scientific information became 
firmly established. 

By the time of the First World War the methods 
of science had become sufficiently powerful to attack 
complex technological problems. At the same time, 
the very complexity of these problems made progress 
without science more difficult. During that war 
scientists were used in such special fields as sound 
ranging, development of poison gases, and com
munication, but the dependence of military tech
nology on science was neither very great nor clearly 
recognized. 

The First World War marked only the beginning 
of the direct impact of science on military tech
nology, but it emphasized the indirect influence of 
science through civilian technology. The concept of 
"total war" involved civilian industrial technology 
in a nation's military strength to a much greater 
degree than formerly. 

The progress of science had not been seriously 
affected by the First World War, but did go forward 
with great rapidity in the two decades between the 
world wars, particularly in the United States. During 
that period the traditional methods of international 
scientific cooperation continued with increasing 
vigor. These methods are, of course, the exchange 
of information through publication, through inter
national conferences and symposia, and through the 
visits of scientists. So far as I am aware the exten-
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sive and fruitful international cooperation in the field 
of science during these two decades received little 
or no assistance from government sources, nor did 
the governments involved show any particular 
interest. 

By the time the Second World War broke out the 
importance of science to industrial technology, and 
the importance of industrial technology to military 
technology, had begun to be generally recognized. 
The extensive application of known science and of 
scientific methods to warfare had become inevitable. 
Every country recognized the situation and organized 
its scientists in one way or another to meet it. Great 
effort and great amounts of money succeeded in 
fashioning various tools of war out of scientific 
knowledge. I need only mention such examples as 
radar, the proximity fuse and rocket bombs. 

The moment the importance of science to weapons 
became evident, the importance of secrecy was 
accepted as a matter of course. Traditional scientific 
interchange of information was interrupted, not only 
by the inevitable restrictions of a state of war but 
by policy decisions. Such interchange as continued 
was either in secret among allies or in fields of 
science considered to have no possible bearing on 
military affairs. 

By an ironic twist of fate, the scientific discovery 
which was to impinge most violently on military 
technology and at the same time offer the greatest 
hopes for improving our peacetime lot was made 
just as war was breaking out. 

THE DISCOVERY OF THE FISSION OF URANIUM 

The discovery of the fission of uranium in the 
early months of 1939 and of the first chain reaction, 
achieved in December 1942, have often been de
scribed. Scientifically they are of enormous interest 
in terms of nuclear structure and in terms of the 
release of e~ergy from a source totally unfamiliar 
on the earth. From the point of view of technology, 
the new source of energy was immediately recognized 
as having great potential both for weapons and as 
a source of power. 

As the technology developed it became clear that 
the kind of chain reaction likely to be most useful 
in producing power for civilian uses was also a 
convenient way of producing nuclear explosives for 
use in weapons. To use a crude analogy, it is almost 
as if the ashes from coal burned in the boilers of 
a power plant could be readily converted into gun 
powder. 

THE POST-WAR PERIOD 

At the end of the war in 1945, when the cloak 
of secrecy was partially withdrawn, it was clear that 
the world was confronted with a totally new situation. 
Weapons had been developed thousands of times 
more powerful than any previously known. The 
same material from which they were made was 

potentially a more plentiful source of energy for 
civilian use than all the coal and oil in the world. 
The technologies of making nuclear explosives and 
of making nuclear power plants were inextricably 
mixed. 

Six years later, it was shown that even more 
powerful nuclear weapons could be built using the 
nuclear fusion of hydrogen instead of the nuclear 
fission of uranium. Here again the possibility existed 
that this source of energy could be used for civilian 
purposes. But the technologies involved in fusion 
were quite different, and the problem of controlling 
nuclear fusion as a practical source of electric power 
is still to be solved. 

Emphasis on the close relation between nuclear 
power technology and nuclear explosives technology 
is essential to an understanding of the difficulties 
encountered in the promotion of international 
cooperation in the field of nuclear power. These 
difficulties have affected the history of such cooper
ation and still pose an important dilemma. 

Immediately after the Second World War a great 
effort was made by the United States to establish 
international control of atomic weapons. Primary 
responsibility for this effort was focused in the 
United Nations, and an atomic energy commission 
was established in the United Nations in 1946. This 
Commission was charged with an attempt to work 
out an acceptable method of international control. 
The plan proposed by the United States, commonly 
known as the Baruch Plan, was not accepted. Several 
years of negotiation failed to bring agreement and 
the United Nations Atomic Energy Commission 
was finally dissolved in 1952. 

During the period from the end of the Second 
World War to the end of the Korean War, the 
United States, the United Kingdom and the USSR 
devoted their efforts principally to the development 
of weapons and the build-up of stockpiles. The 
Russians exploded their first atomic bomb in the fall 
of 1949 and the British in 1952. Although the 
United States Atomic Energy Commission had been 
set up under civilian· control in 194 7, its civilian 
power program made relatively little progress in 
this period. Such international cooperation as did 
exist was largely in the military field although both 
the British and the Canadians had undertaken 
programs looking toward the development 9f civilian 
nuclear power. 

On 26 May, 1953, the United States Atomic 
Energy Commission presented a statement of "Policy 
on Nuclear Power Development" to the Joint Con
gressional Committee. By this time a number of 
small research, or testing, reactors had been built 
and put into operation. These included the experi
mental breeder reactor which generated small 
amounts of electric power in December 1951. This 
reactor and several others were at the United States 
National Reactor Testing Station in Idaho, which 
had been established in 1949. There were also 
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research or development reactors at the Argonne 
National Laboratory and elsewhere. A reactor 
training school had been established at Oak Ridge 
and a considerable effort had been made to dis
seminate information among industrial groups which 
might be interested in the future of nuclear power. 
Numerous study or research projects had been 
fostered in preparation for a serious effort to develop 
peacetime nuclear power. 

In summary, one can take the year 1953 as 
marking the end of the preparatory period for 
nuclear power and the beginning of major effort. 
Such major effort was to include not only domestic 
power plants but the dissemination of information 
throughout the world and the gradual establishment 
of research reactors under bilateral arrangements 
for the exchange of information and materials. 

THE ATOMS FOR PEACE PROGRAM 

On 8 December 1953, President Eisenhower 
delivered an address before the General Assembly 
of the United Nations entitled "Atomic Power for 
Peace." This speech has become known as the 
Atoms for Peace Speech, and marked the beginning 
of the era of extensive international cooperation in 
the use of atomic energy. Basically, the speech 
reviewed the terrible dangers of a nuclear arms race, 
the great benefits to mankind inherent in the dis
covery of nuclear fission, and the desirability of 
both controlling the arms race and promoting the 
peaceful uses of atomic energy. 

The speech was a notable success; particularly 
striking was the enthusiastic reception which it 
received all around the world. Evidently, by 1953, 
many governments and many peoples had become 
aware of the terrible dangers of nuclear weapons 
and welcomed with enthusiasm both a proposal to 
reduce these dangers and the spirit in which it 
was given. 

Specifically, this speech led directly or indirectly 
to three major steps toward international cooper
ation. First, plans were begun for an international 
conference on the peaceful uses of atomic energy 
under the auspices of the United Nations. Second, 
steps were taken to establish an International 
Atomic Energy Agency to promote peaceful uses 
of atomic energy. Third, the United States Congress 
in the summer of 1954 revised the U.S. Atomic 
Energy Act drastically, to encourage the develop
ment of nuclear power in the United States and 
to permit the worldwide dissemination of information 
and the negotiation of agreements of cooperation 
between the United States and other countries for 
the development of the peaceful uses of atomic 
energy. 

The First International Conference on the Peace
ful Uses of Atomic Energy was convened by the 
United Nations in Geneva, 8-20 August 1955. This 
conference was unique in a number of respects. 
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Seventy-three nations, plus eight specialized agencies 
of the United Nations, sent to the conference a total 
of 1 428 delegates. In addition to the regular 
delegates there were 1 334 official observers, prin
cipally from non-governmental organizations, aca
demic institutions and industrial concerns. There 
were also present 902 representatives of the news 
media of the world. These numbers alone offer 
testimony to the impression that President Eisen
hower's speech of December 1953 had made on 
the world. 

But of course the President's speech and the 
calling of the conference simply highlighted the 
extraordinary situation in which the world's scientific 
and industrial community found itself. The dis
covery of nuclear fission in 1939 offered a new and 
vast source of energy. Industrial progress was 
dependent on the use of conventional fuels as a 
source of energy, and it was becoming apparent 
that the reserves of such fuels were not unlimited. 
In the sixteen years that had elapsed since the 
discovery of nuclear fission, normal channels of 
interchange of information had been interrupted by 
war, by subsequent political tensions, and by the 
secrecy imposed because of the military importance 
of nuclear weapons. Here at Geneva was the first 
opportunity in fifteen years for the scientists and 
engineers of many countries to meet together. Here 
was their first opportunity to discuss this great 
discovery, here great amounts of information 
developed in the various countries in a period of 
fifteen years were to be revealed for the first time. 

One could hardly expect the misunderstandings 
and barriers of secrecy to be swept away by a single 
conference, but remarkable progress was made and 
this first Geneva meeting will certainly go down in 
history as a great step forward toward international 
cooperation from both a political and a scientific 
point of view. 

The establishment of a new international or
ganization is necessarily a slow business. Never
theless, by October 1957 the International Atomic 
Energy Agency had been established with head
quarters in Vienna and an initial membership of 
fifty nations. I shall return to a discussion of the 
Agency later. 

In order to carry out the Atoms for Peace 
Program, the United States Atomic Energy Com
mission established a Division of International Affairs 
in 1955. By 1957 bilateral agreements had been 
made with more than twenty countries for cooper
ation in the peaceful uses of atomic energy. It is 
unnecessary to list these bilateral arrangements or 
similar arrangements made by the United Kingdom, 
the USSR, Canada and France. Arrangements made 
by the United States are presumably typical and 
cover a wide range. Where the other bilateral partner 
was already scientifically and industrially well
developed, scientific and technical information, 
designs for research reactors or such reactors them-
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selves, could readily be put to use. In some cases 
only information was supplied; in others material 
or reactors themselves. In certain lesser developed 
countries small research reactors were set up to 
stimulate general scientific interest and education. 
The financial arrangements were of various kinds 
although usually involving some degree of subsidy. 

One of the first countries to embark on an atomic 
energy program aimed solely at peaceful purposes 
was Canada. Cooperation between the United States 
and Canada has been continuous since the early 
days of the war. In the postwar years exchange of 
information between the two programs has grown 
constantly. Canada chose to concentrate its efforts 
to develop nuclear power on reactors using heavy 
water as a moderator or coolant, or both. Although 
the United States had built several heavy water 
reactors for the production of plutonium, the trend 
of interest among our power plant engineers was 
in the direction of other types of reactors. It became 
obvious that it would be mutually advantageous to 
the two countries to exchange information in the 
power reactor field and to let the Canadians take 
the lead in the development of heavy water reactors. 
A mutual understanding to this effect was formalized 
in 1960 and has continued to operate to the satis
faction of both countries. 

Another example of international cooperation is 
remarkable for the number of countries participating. 
This is the so-called DRAGON Project for the 
development of a high-temperature gas-cooled re
actor. This is a project of the Organization for 
European Economic Cooperation. It involves par
ticipation by eleven countries in Western Europe, 
plus a certain amount of cooperation by the United 
States. 

More immediately aimed at the construction of 
nuclear power plants, the EURATOM group was 
formed in 1957 and agreement for cooperation with 
the United States was signed a year later. The 
membership of this group is identical with that of 
the Common Market and the Coal and Steel Com
munity. Their initial plans for the construction of 
power plants were based on the over-optimistic 
ideas of cost prevailing at the time the group was 
formed. Later appraisals were more realistic and the 
program is now going forward with several power
plants in operation or under construction. 

Shortly after the war Japan embarked on a 
vigorous program of nuclear power development. 
This was particularly appropriate because con
ventional fuels are costly in Japan and there is a 
solid background of scientific, engineering and 
industrial competence on which to build. The 
program initially consisted of a number of small 
research reactors but has now moved into the phase 
of construction of power reactors. Assistance from 
other countries comes in various forms through a 
series of bilateral arrangements, including one with 
the United Kingdom and one with the United States. 
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A unique feature of the Japanese program is its 
insistence by action of parliament on the limitation 
to peaceful uses and on international inspection to 
guarantee that this limitation is effective. 

The United States now has arrangements with 
thirty-five individual countries, covering more than 
sixty reactors or critical assemblies which it has 
furnished wholly or in part. The United States has 
supplemented its formal cooperative arrangements 
by setting up training schools at Oak Ridge and at 
the Argonne Laboratory which are open to students 
from foreign countries. These schools have been 
well-attended by men of appropriate previous educa
tion who have then returned to their native coun
tries to help in establishing atomic energy programs 
and in operating research reactors or whatever 
facilities may be available. 

As a final example of bilateral or multilateral 
cooperation and one of great importance I should 
cite the exchange of visits between leading figures 
in the atomic energy activities of the USSR and the 
United States. These visits began in 1959 and have 
continued under a series of different agreements 
until the present time. Not only has the information 
exchanged been mutually beneficial, but cordial 
personal relations have been established. 

THE SECOND GENEVA CONFERENCE 

All the types of international cooperation which 
I have been describing are still continuing. In addi
tion there are of course many international scientific 
conferences arranged by various organizations. 
Since general international cooperation in the 
field of atomic energy really began with President 
Eisenhower's speech in 1953 and the First Geneva 
Conference in 1955, it seems appropriate to close 
this description of the kinds of international 
cooperation by mentioning the Second Geneva 
Conference which was held in September 1958. Like 
the First Conference, it was devoted to the peaceful 
uses of atomic energy and, again, covered a very 
wide range of topics. The success of the first con
ference in stimulating work in this field throughout 
the world is shown by the fact that the second 
conference, only three years later, was nearly double 
the size of the first in terms of participants and 
number of papers submitted. 

It is probable that so large a conference will not 
occur again. Certainly the present conference, as 
you well know, is more limited in subject matter, 
size and exhibits. In a sense, the limited nature of 
the present conference recognizes that many aspects 
of the peaceful uses of atomic energy have been 
absorbed into the general corpus of scientific and 
engineering activity. The scientific and technical 
activities related to atomic energy are now so 
numerous and so widespread as to make it 
impracticable to cover them in detail in a single 
conference. 
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The central theme of the present conference is 
nuclear power. In spite of the close relation of 
nuclear reactors to nuclear physics, to materials 
technology, to chemical technology, and to en
gineering, there is one aspect of nuclear power which 
requires that it be treated separately from its com
ponent parts. We must recognize that nuclear power 
plants are usually producers of nuclear explosives. 
The proliferation of nuclear power plants means 
the proliferation of potential sources of weapons 
material, and therefore poses political problems of 
a quite different kind from those associated with 
the progress of science and technology in other fields. 

I believe that all the Nuclear Powers have 
recognized the possibility and grave danger of the 
proliferation of nuclear weapons and are eager to 
prevent it. Certainly this has been a concern of the 
United States since it started making bilateral 
arrangements for the dissemination of information 
and materials. Every bilateral agreement that the 
United States has signed which involves any signi
ficant amount of nuclear material has provisions for 
safeguarding that material against diversion to 
military use. The Statute of the IAEA recognizes 
the necessity for a system of safeguards and instructs 
the Agency to set up such a system. Article II of 
the Statute describes the Agency's objectives as 
follows: "The Agency shall seek to accelerate and 
enlarge the contribution of atomic energy to peace, 
health and prosperity throughout the world. It shall 
insure so far as it is able that assistance provided 
by it or at its request or under its supervision or 
control is not used in such a way as to further any 
military purpose." Thus the Agency has a dual 
purpose. It must promote and it must restrain. 

THE INTERNATIONAL ATOMIC ENERGY AGENCY 

In earlier parts of this paper I have made several 
references to the IAEA. Originally suggested in 
President Eisenhower's 1953 speech, the Agency 
~ally came into existence in 1957. Though it is 
mdependent of the United Nations organization, it is 
required to submit reports of its activities to the 
General_ Assembly of the United Nations and, when 
appropnate, to the Security Council. The main point 
of the relation of the Agency to the United Nations 
is that the Agency should not be concerned with 
political questions bearing on the maintenance of 
international peace and security, but should have 
a responsibility for calling to the attention of the 
United Nations any such questions which might arise 
from the Agency's activities. The Agency is con
trolled by a Board of Governors originally composed 
of the representatives of twenty-three nations, now 
enlarged to twenty-five, to give greater representation 
to the African nations. 
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One of the two principal objectives cited in the 
Statute as quoted above appeared to be of little 
importance in the early days of the Agency. There 
was not much point in safeguarding the materials 
in nuclear power plants if there were not any nuclear 
power plants. Nevertheless, the Agency undertook 
to set up a system of safeguards. Such a system, 
limited to reactors of less than 100 MW thermal 
power, was approved by the Board of Governors 
in January 1961. Most of the members recognized 
that such a system would be worse than useless 
unless it was really effective and that to be effective 
it must include some sort of inspection by officers 
of the Agency. Nevertheless, several member nations 
found such a system repugnant and voted against 
it. It is perhaps just as well that the demand for 
such a system did not come rapidly. The years 
between 1961 and 1964 provided an opportunity 
to put the limited system into practice on a few 
small low-powered reactors and to find that it is 
neither onerous nor offensive to national dignity. 
In this same period the peoples and governments 
of the world have gradually become more aware of 
the dangers of nuclear warfare and have become 
more willing to accept some form of international 
control. 

Whatever the reason, the impressive fact is that the 
extension of the IAEA safeguards system to large 
power reactors was tentatively approved by the 
Board of Governors in June 1963 with only three 
abstentions and no negative votes, was approved by 
the General Conference in September 1963 with 
only a handful of negative votes and abstentions, 
and was finally approved by the Board of Governors 
in February 1964, unanimously. 

THE PRESENT STATUS OF NUCLEAR PO'Hc-ER 

Let me digress a moment to adduce evidence that 
nuclear power is about to become important around 
the world. In the fall of 1962, the United States 
Atomic Energy Commission released a study of the 
present and prospective costs of nuclear power. It 
was on the whole optimistic, even in terms of the 
United States where conventional power is cheaper 
than in most areas of the world. Since that time 
greatly reduced prices for the capital cost of such 
plants have been announced by United States indus
try indicating that prices are falling more rapidly 
than anticipated. 

More direct evidence for the increasing importance 
of nuclear power is the recent announcement of 
plans for new power plants in Japan, India, the 
United States, the United Kingdom, western Europe 
and elsewhere. 

A new development of potential importance is 
the idea of nuclear reactors for the dual purpose of 
desalting water and producing power. At present, 
such reactors appear to be economically feasible 
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only in very large sizes, but studies are going 
forward both as to costs and possible sites. 

NUCLEAR POWER: BENEFITS AND DANGERS 

At the beginning of this paper I defined the con
flict between the advantages of international scientific 
cooperation in a peaceful world and the potential 
hazards of such cooperation to nations fearful of 
war. Let me now restate this conflict in terms of 
nuclear power. 

Nuclear power plants may be of enormous benefit 
to the peoples of the world in the next half century. 
Nuclear power plants of the types most likely to be 
practicable produce nuclear explosives. Although 
the techniques of converting such materials to 
weapons are intricate if we are concerned with 
efficiency, primitive atomic weapons could probably 
be made by many countries without assistance from 
the great Nuclear Powers. 

The question before the world is simple though 
the answer to it may not be. Can the world enjoy 
the benefits of nuclear power without promoting 
the proliferation of nuclear weapons? 

We in the United States believe this is possible. 
We believe that a system of safeguards can be set up 
which could prevent the proliferation of nuclear 
weapons. We believe this can be done without 
serious interference with the sovereignty of nations 
and without significant interference with the con
struction and operation of nuclear power plants. We 
believe that such a system is best administered by 
an international agency and can be effective if the 
world recognizes its necessity. 

Our convictions are based on twenty years of 
experience with nuclear reactors, large and small, 
on ten years of experience with bilateral safeguards, 
on three years of experience with the safeguards of 
the International Atomic Energy Agency, and on 
exhaustive studies by technical and political experts. 

The operation of a nuclear power plant under a 
safeguard system must meet three requirements. The 
first, to operate efficiently, is common to all indus
trial plants and is the responsibility of management. 
The second requirement, also common to many 
industrial plants, is to operate the plant safely for 
its workers and without polluting the environment. 
Responsibility for meeting this requirement is shared 
by management with government authorities either 
city, state or national, depending on the nature of 
the potential dangers. Regulations must be laid down 
and must be enforced by responsible officials using 
whatever system of review and inspection is agreed 
upon as necessary. 

Both efficiency and safety are obviously important 
in nuclear power plants. Many of the procedures 
that promote safety also promote efficiency. Both 
technically and in terms of responsibility these 
requirements overlap. 

The third requirement, to safeguard a power 

reactor against diversion to military use, involves 
techniques generally similar to those needed for safe 
and efficient operation. Regardless of the techniques 
necessary, there is one inherent and fundamental 
difference between this third requirement and the 
first two. A system of effective safeguards against 
diversion of nuclear material to military use involves 
much wider responsibility than ordinary safety and 
efficiency of operation, and therefore implies a wider 
authority than local, state or national government. 

The whole world is involved, and the whole world 
must be assured that no material in any nuclear 
power plant is being diverted to bombs. Such 
assurance will be accepted only if it comes from a 
source outside the country where the nuclear power 
plant is located. That source must base its assurance 
on whatever review of inventories, study of reports 
and inspection of plants have been agreed upon as 
necessary. 

It is the conviction of the United States that a 
safeguard system, to insure against diversion of 
nuclear material to military purposes, or to detect 
such a diversion should it occur, is best administered 
by an international agency. 

It is also our belief that an international safeguard 
system is more likely to be effective if it is applied 
at every step of the series of processes involved, for 
example, isotopic enrichment, fuel fabrication, fuel 
use in a nuclear reactor and chemical reprocessing. 
We recognize that this may not be practicable, but 
we are sure that thorough inspection of records and 
of the physical plant at least at two stages is 
desirable. An ineffective system is worse than 
useless. 

The IAEA has at present a safeguards system 
fully described in IAEA documents. It requires 
record keeping, reports, and inspection. By action of 
the Board of Governors it is now applicable to 
nuclear reactors of any power level. In the United 
States we have used this system for small reactors 
and have now asked that it be applied to one of 
our big power reactors. We have found the reports 
and inspections neither burdensome nor offensive. 
We recognize that the review of the system presently 
under way in the Agency is appropriate especially 
in terms of clarification of principles and procedures. 
We shall do our best to see that the revised system 
is clear and reasonable. We shall also do our best 
to assure that it is effective. Above all, we urge the 
other members of the Agency to do likewise. 

We have no illusions. To set up a safeguard sys
tem is not enough. It must be generally accepted 
and generally applied. It may be only a small step 
toward arms control, but it is a significant one. 
Further steps must follow and be followed in turn 
by actual disarmament. Such further steps may be 
facilitated by the experience gained from the estab
lishment of a system of control and inspection in the 
limited field of nuclear explosives produced by 
nuclear power plants. 
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CONCLUSION 

The world moves haltingly along the path toward 
assured peace. The way leads through a jungle of 
inherited feuds, conflicting commercial interests, 
clashing political faiths and mutual distrust. One 
small segment of the world community, the segment 
represented at this conference, shares a common 
language and a common tradition of cooperation. 

You are here to explore the means by which 
nuclear energy, one of the greatest discoveries of 
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science, can be developed to benefit all nations. You 
are well aware that such a development can be 
dangerously perverted. I am urging you to do every
thing in your power to prevent that happening. It 
does not need to happen. It will happen if petty 
pursuit of personal ambition, or blind insistence on 
commercial advantage, or exaggerated sensitivity 
about national sovereignty prevent far-sighted and 
generous cooperation. It is my profound conviction 
that in the use of nuclear energy, the whole world 
is involved. 
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A/193 Etats-Unis d'Amerique 

Cooperation internationale dans le domaine de 
11energie nucleaire 

par H. D. Smyth 

La decouverte de la possibilite de liberation de 
l'energie nucleaire par une reaction neutronique en 
chaine dans !'uranium marqua le point culminant 
de la recherche scientifique en cooperation entre 
plusieurs nations. Ironiquement, cette decouverte 
survint precisement au moment ou le nuage noir de 
laguerre s'etendait sur le monde, rampant le courant 
normal des echanges d'informations au sein de la 
communaute mondiale de la science. 

Les echanges internationaux d'informations sur 
l'energie nucleaire furent retablis lentemeilt apres la 
guerre a cause de l'effrayante puissance destructrice 
des armes nucleaires et a cause de !'atmosphere 
d'instabilite et de suspicion mutuelle. En 1945, les 
Etats-Unis commencerent a liberer le plus possible 
d'informations en accord avec la securite militaire 
et, dans le cadre du plan Baruch, proposerent un 
projet destine au controle des armes nucleaires et 
au progres des utilisations pacifiques de l'energie 
nucleaire. 

Le plan Baruch ne fut pas accepte, mais gra
duellement des echanges d'informations s'etablirent 
grace a des accords bilateraux comprenant l'echange 
de visiteurs, grace aux voies normales de publication, 
et grace a des conferences internationales. Les plus 
completes de ces conferences furent celles tenues a 
Geneve en 1955 et en 1958. Les comptes rendus de 
ces conferences, qui furent publics, constituent un 
monument notable a la cooperation internationale. 

Les principes de base d'un reacteur de centrale 
nucleaire sont tres simples. Ceci peut expliquer 
l'optimisme du debut concernant les possibilites 
immediates d'obtention d'electricite d'origine nu
cleaire a bon marche. En fait, la realisation de 
reacteurs de centrales nucleaires surs et pouvant 
entrer en competition economique avec Ies autres 
sources d'energie s'est montree difficile. En con-

sequence, l'echange d'informations scientifiques, tech
niques et economiques a joue un role essentiel. 

II existe de nombreux accords bilateraux ou multi
lateraux pour la construction de centrales nucleaires. 
Du point de vue de la cooperation, ces arrangements 
vont d'un extreme represente par un pays recevant 
seulement des informations a l'autre extreme repre
sente par une livraison "presse-bouton" complete 
d'un reacteur de centrale, equipement auxiliaire, 
accords pour le traitement de combustibles epuises 
et la garantie de la fourniture de combustible de 
rechange. 

Les exemples d'accords cooperatifs comprennent 
le projet "DRAGON" pour la mise au point d'un 
reacteur a haute temperature refroidi par un gaz. 
Le projet DRAGON est unique au point de vue du 
grand nombre de pays participants. Un autre exemple 
est !'accord bilateral entre le Canada et les Etats
Unis, accord par lequel le Canada ouvre la voie 
dans !'etude des reacteurs a eau lourde avec la 
pleine cooperation des Etats-Unis. 

Le Groupe de !'EURATOM fut forme en 1957 
dans le but plus immediat de construire des cen
trales nucleaires et un accord de cooperation avec 
les Etats-Unis fut signe un an plus tard. Le change
ment dans le programme de !'EURATOM depuis 
son etablissement initial montre bien le glissement 
de l'optimisme exagere du milieu des annees 
cinquante au point de vue plus realiste actuel. 

Le J apon est en train de construire une serie de 
reacteurs de tailles et de types divers dans le cadre 
de divers accords avec un certain nombre de pays. 

Les Etats-Unis ant des accords avec plus de trente 
pays couvrant plus de soixante reacteurs ou 
"ensembles critiques" fournis entierement ou en 
partie par les Etats-Unis et assujettis a des restric
tions contre la deviation vers des utilisations mili
taires. La plupart de ceux-ci etant de petites dimen
sions, les restrictions ne seront pas tres importantes 
en pratique mais sont tres importantes du point de 
vue du principe. 

II existe de nombreux problemes concernant la 
sante et la securite, la responsabilite en cas d'acci-
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dents, !'elimination des dechets, etc., lies aux accords 
mentionnes. La garantie de non-utilisation militaire 
est d'importance primordiale. Beaucoup de ces pro
bh~mes concernent la communaute des nations toute 
entiere et non pas seulement le pays ou le reacteur 
est situe. 

Pour cette raison, un controle international coope
ratif est essentiel au developpement sur des centrales 
nuch!aires. Un tel controle peut et doit etre exerce 
avec le soutien vigoureux de l'Agence internationale 
de l'energie atomique. 

A/193 CWA 

MemAyHapOAHOe corpyAHH~ecrso s 
o6naCTH HCnOflb30BaHHH aTOMHOH 
3HeprHH 

r . .n.. CM•IT 

0TI>phiTHe Toro, 'ITo B peayJihTaTe ueuuoii pean:-
1\HH B ypaHe MOii<HO JIOJIY'IHTI> aTOMHYIO 3HeprHIO, 
uhiJio peayJihTaToM coBMecTHhlX uay'IHLIX ycnJinii 
MHOrHX CTpaH. flo HpOHHII CY)J.hOhl 3TO OTKphiTHC 
6hiJio c)J.eJiauo KaK paa B To BpeMH, Kor)J.a Mnp ObiJr 
uorpymeu B Boiiuy, rrpepBaBIIIYIO HOpMaJihHhiii o6-
MeH nuiJJopMa~neii Mem)J.y y'leHhiMII pa:mhlx 
cTpau. 

llocJie Boi!Hhi Mem)J.yuapof:~Hhlii o6Meu nucf>op
Ma~neii TIO aTOMHOH 3HeprHH HaJiaii<UBaJICH O'ICHb 
MC)J.JICHHO KaK H3-3a KOJIOCcaJihHOM paapyiiiHTeJIJ,
HOH CHJihi aTOMHOii auepnUI, Tal> II H3-3a HanpH
i«CHHOCTH MCii<)J.yHapO)J.HOM o6CTaHOBKH H B3aHM
HorO He)J.oBepHH Mem)J.y rocy)J.apcTBaMH. B 1945 ro
JIY CiliA Ha'laJin npe,L~.aBaTb rJiacuocTu MaJ\Cn
MYM nuiJJopMa~nn, KOTophiii: Momuo 6hiJIO ony6-
JIHKOBaTh B rrpe)J.eJiax o6ecne•reunn 6eaouacuo
CTH BoopymeHHbiX CHJI CTpaHhl. B TO me BpeMH 
OhiJI upeJI,Jiomeu <mJiaH Bapyxa>>, KOTOphlii: npe
AYCMaTpHBaJI CHCTeMy KOHTpOJIJI aa aTOMHhlM opy
ii\HeM H HCIIOJih30BaHHe aTOMHoii :meprnn B MHp
HhiX ~CJIHX. 

«llJiaH Bapyxa» ue ohm upHHHT, uo Bee me 
OOMCH nHiJJopMa~neii: IIOCTCIH'HHO Ha'laJI paCIIIII
pHThCH rryTeM o6oiO)J.HhiX · corJiaiiieunii: o BaanM
HhiX BH3HTaX Hay'IHhiX paOOTHHKOB, HOpMaJihHOM 
ooMeHe uay'luoii JIHTepaTypoii u oprauuaa~uu Me
m)J.yuapOJJHhiX Kou4Jepeu~ni1:. fJiaBHhie ua aTnx 
J\OHiJJepeH~HH COCTOHJIHCh B llieHeBe B 1955 ll B 
1958 roJI,ax. 11a)J.aHHLie TPYJl.LI aTnx KouiJJepeHIJ,nii 
1!BJIHIOTCH Baii<HhiM Bl\Jiaf:\OM B MCiK)J.yHapO)J.HOe 
COTPYAHH'IeCTBO. 

OcuoBHhle npnHIJ,HIIhi ycTpoii:CTBa HJ!epHhiX 
3HepreTJi'ICCKHX peaKTOpOB O'ICHh IIpOCThl. 3THM 
OtYhHCHHCTCH paHHHH onTHMH3M B OTHOIIICHHH Obl
CTpOrO nonyqennn p;erneBoi't n)J.epnoii aueprnn. B 
r~eitCTBHTCJihHOCTH OKaaaJIOCh, 'ITO C03J]aHHC H)J.Cp
HhiX 3HepreTnqecKUX peaRTOpOB, KOTOpblC MOrJIH 
ohl uaJ]emno n aKonoMuo I>an«ypupoBaTL c APY
rnMn HCTO'IHHKaMH 3Heprnu, npe)J.CTaBJIHCT COOOH 
o'IeHh TPYil:IfYIO aa)J.a'Iy. lloaToMy JI,aJihHeiirnuif 

OOMCH Hay'IHOH, TCXHH'ICCI\011: H 31\0HOMU'IeCJWH 
HH~OpMaiJ,ueii: HBJIHCTCH HCOOXO)J;HMhlM. 

CyiQecTnyeT ~eJIMii pH)J. JI,BycToponnux n MIIo·
rocTopouunx corJiaiiiennii: no CTponTeJILCTBY 
HJI,epnLIX anepreTnqecKnx peaKTOpoB. B O)J.HHX 
CJiyqaHX 3TH COrJiaiTieHHH CBO)J.HTCH IIpOCTO 1\ IIO
JIY'ICHHIO CTpaHOH-TIOKynaTeJieM O)J.HOii Jllllllh HII-
4JopM3IJ,HH DO )J.3HHOMy BOIIpocy, a B JI,pyrnx
npeJI,yCM3TpUB3CTCH ITOCTaBKa rOTOBhiX :mepreTH
qecKHX pea:KTOpOB H BCITOMOraTCJihHOro o6opy)J.o
BaHHII, a Ta:Kme o6ecueqeune nepepa6oTKH oTpa-
6oTaBIIIero TOTIJIHBa ll rapaRTHH IIO ITOCTaBKe HO
BOl'O TOIIJIUBa. 

llpnMepoM KOJIJICKTHBHoro )J.orosopa o coTPYA
nnqecTBe B OOJiaCTH aTOMHOH 3Heprnn MOII\CT 
cnymHTh npoeKT DRAGON- paapa6oTKa BLrco
KoTeMnepaTypnoro peaKTopa c raaoBLIM oxnam
J]enneM. ,nanHLiii npoeKT OTJIH'I.aeTCH oT )J.pyrnx 
TeM, 'ITO B neM rrpnHHMaeT yqacTne n,eJihlii pnn 
cTpau. BTophlM rrpnMepoM HBJIHCTCH ,IJ;BYCTopon
uee corJiarnenne Mem)J.y l\aua)J.oii u CIIJA, no Ro-
1'0poMy Raua)J.e oTBeJ]eua BeJI,yll.(aH poJih B paapa-
6oTKe peaKTOpOB ua THii<CJIOH BO)J.e npu aKTHBIIOii 
IlOMOU~H co CTOpOIIbl CiliA. 

B 1957 ro,1..1y 6LIJIO coa)J.auo Esponeii:cKoe coo6-
IIJ,ecTBo no aToMuoii aueprnn (EBpaToM) c n,eJihiO 
HCIIOCpc)J.CTBCHHOrO CTpOHTCJihCTB3 3HepreTU'IC
CKHX peaKTOpOB, KOTOpoe rOJ] CITYCTJI IIOJ]IIHCaJio 
JI,oroBop o coTPYAHH'IcCTBe c CiliA. Maveuennc 
nepsona'laJihnoii: nporpaMMhi EnpaToMa y:Ka3hJBa
eT ua nepexoA oT qpeaMepuoro onTnMnaMa, xa
paKTepuoro )J.JIH cepeJ]HHhl 50-x ro)J.OB, K 6oJiee pe
aJIHCTH'ICC:Koft noauu;uu nacTOH.~.Qero npeMenn. 

B nacTOJI.~.Qee BpeMH HnounJI CTponT pnp; peaK
Topos pa3JIH'IllhlX THIIOB U MOIIJ,HOCTCll B COOTBeT
CTBHH C COrJiaiiieHHJIMH C pa3HhlMH CTpaHaMH. 

Coe)J.HHeHHhle iliTaTM CBJI3aHhl 6oJiee 'leM c 
TPHAIJ,aTLIO cTpauaMn J!OroBopaMn ua nocTaBKY 
( IJ,CJIHKOM HJIH 'I3CTH'IHO) CBhlllle IIICCTH)J.CCHTJI 
peaKTOpOB H KpHTH'ICCKHX c6opo:K, IIpH'ICM ilTH J]O
rOBOpbi npeJI,yCMaTpHBaiOT o6ecnetJCHHe COOTBeT
CTBYIOIIJ,HX rapaHTHii UpOTHB HCITOJib31ilB3HHH no
CTRBJIHCMOrO H)J.CpHoro o6opyJI,OBaHHH ll MaTepna
JIOB )J.JIH noeuuLix n,eJieii. TaR KaK 6oJILIIIHHCTBo 
3THX peaKTOpOB HMCIOT HCOOJlhiiiYIO MOIQHOCTL, 
TaKne rapanTnn nMeiOT cKopee npunn.urruaJihHOe, 
qeM rrpaKTn'Iec:Koe, anaqeune. B CBHan c aaKJIIO'Ie
HneM ,IJ;OrOBOpOB IIO peaKTOpaM B03Hlll\JIO MHOrO 
npOOJlCM, CBH3aHHhiX C oxpaHOH 3)J.OpOBhJI H TeX
HHROH 6eaonacuocTn, rapaHTHHMH ua cJiyqaii 
H,IJ;epuoii anapnn, yJI,aJieuneM paJI,noaKTHBHhiX oT
xoJI,oB n T. lJ:. Oco6enuo namuo npeJI,oTnpaiiJ,enne 
HCIIOJII>SOBaHHH peaKTOpOB )J.JIJI BOeHHhlX IJ,CJlCV. 
Muorne na ;nnx nonpocon ue TOJihKO KacaiOTCH 
CTpaH, rJ]e IIOCTpOeH peaKTOp, HO J1 HMCIOT MCiK)J.Y
napO)J.HOe anaqeune. 

lloaToMy )J.JIH o6ecrreqeuun 6eaonacuocTn paa
BHT:UH aTOMHOH auepreTnKn ueo6xo)J.nMo ycTaHoB
Jieune KOJIJICKT:UBHOrO MemJI,yuapOJ]HOrO KOHTpO
JIH. TaKoii KOHTpoJIL MomeT n )J.OJimeu 6LITL coa
JI,aH nyTeM aneprnquoii IIO)J;)J.CpiKKH JICHTCJihHOCTH 
Mem)l:yuapoJ]noro arenTCTBa no aToMuoii: aneprnH. 
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A/ 193 Estados Unidos de America 

Cooperaci6n internacional en Ia 
energia nuclear 

por H. D. Smyth 

El descubrimiento de que Ia energia nuclear puede 
ser producida por una reaccion neutronica en cadena 
en el urania fue Ia culminacion de los trabajos de 
investigacion Ilevados a cabo con Ia cooperacion 
de muchas naciones. Ironicamente, este descubri
miento ocurrio justamente cuando Ia amenaza de 
guerra envolvia Ia tierra, hacienda imposible el 
intercambio de informacion en el mundo de la 
ciencia. 

El intercambio internacional de informacion acer
ca de la energia nuclear se desenvolvio de una 
manera leota despues de la guerra, debido al 
espantoso poder destructivo de las armas nucleares 
y a Ia atmosfera de inseguridad y sospecha que 
prevalecio durante los aiios de Ia posguerra. En 
1945 los Estados Unidos empezaron a suministrar 
el maximo de informacion que su seguridad mili
tar permitia, y en el plan Baruch presento un 
proyecto destinado al control de las armas nucleares 
y al desenvolvimiento de los usos pacificos de la 
energia nuclear. 

El plan Baruch no fue aceptado, pero Ia informa
cion ha sido diseminada gradualmente a traves de 
tratados bilaterales, incluyendo el intercambio de 
visitantes, a traves de vias normales de publicacion 
y a traves de conferencias internacionales. De estas 
conferencias, las que cubrieron el mayor numero de 
temas fuerqn las que se celebraron en Ginebra en 
1955 y en 1958. Las Aetas de estas conferencias 
son un monumento notable a la cooperacion inter
nacional. 

Los principios en que se basa un reactor nuclear 
son muy simples. Esta simplicidad puede haber sido 
la causa del optimismo que prevalecio al principia 
acerca de las perspectivas inmediatas de energia 
nuclear a bajo costo. En realidad, el desarrollo de 
reactores nucleares confiables y que pudieran com
petir economicamente con otras fuentes de energia 
ha sido una tarea dificultosa. Por consiguiente, el 
intercambio de informacion cientifica, tecnica y 
economica ha sido esencial. 

Hay muchos tratados bilaterales y multilaterales 
relacionados con la construccion de plantas nu-
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cleares. Estos tratados van desde el caso en el que 
un pais obtiene solamente informacion basta el caso 
opuesto, en el que se suministra de golpe un reactor, 
su equipo auxiliar, acuerdos para el tratamiento del 
combustible gastado y garantia de abastecimiento 
de combustible nuevo. 

Un ejemplo de tratado de cooperacion es el 
proyecto DRAGON para el desarrollo de un reactor 
de alta temperatura, refrigerado por gas. Una 
caracteristica unica del proyecto DRAGON es el 
gran numero de paises que participan. Otro ejemplo 
es el tratado bilateral entre los Estados Unidos y 
Canada, por el cual el Canada va a la cabeza en 
el desarrollo de reactores de agua pesada con Ia 
cooperacion plena de los Estados Unidos. 

Mas inmediatamente encaminado a la construe
cion de plantas nucleares, el grupo Euratom se 
formo en 1957, y el aiio siguiente se firmo un 
tratado de cooperacion con los Estados Unidos. El 
cambio en los planes del Euratom, desde su forma
cion, es un ejemplo de la transformacion del opti
mismo exagerado de Ia mitad del decenio de 
1950-1960 a Ia posicion mas realista de hoy en dia. 

El J apon esta construyendo una serie de reactores 
de diferentes tipos y tamafios bajo diferentes trata
dos con varios paises. 

Los Estados Unidos tienen acuerdos con mas de 
treinta paises que cubren mas de sesenta reactores 
o plantas criticas que han sido suministrados total
mente o en parte por los Estados Unidos y que 
estan sujetos a garantias frente a su utilizacion para 
fines militares. Puesto que la mayoria de estos reac
tores o plantas criticas son pequeiios, esta garantia 
no es importante en la pnictica, pero es extremada
mente importante en principia. 

En conexion con los acuerdos mencionados hay 
muchos problemas rehicionados con Ia salud y segu
ridad, seguro contra accidentes, manejo de residuos, 
etc. Un problema importante es la vigilancia para 
que estas instalaciones no se usen con fines militares. 
Muchos de estos problemas conciernen a la comuni
dad total de las naciones, no solamente al pais donde 
el reactor esta instalado. 

Por esta razon, la cooperacion en el control inter
nacional es esencial para un desenvolvimiento seguro 
de las plantas nucleares. Tal control puede y debe 
ser ejercido por medio de un vigoroso apoyo al 
Organismo Internacional de Energia Atomica. 
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~e•AyHapOAHOe coTPYAHM~ecTao a o6nacTM 
QTOMHOM 3HeprMM 

M. A. Mopoxoa, I B. C. KaHAOPMU.KMAf, 10. B. ApxaHrenbCKMA • 

BpeMH1 Dpome]:\mee Mem,T:\y BTopoii H TpeTLeii 
Mem]:\yHapO]:\HLIMH KOHcpepeHD;HHMH DO MHpHOMY 
HCDOJI.b30B8HHIO aTOMHOH aaeprHH, xapaKTepH
ayeTCJI 3H8'1HTeJILHLIM DpOrpeCCOM B DpHMeHeHHH 
aaepruu aTOMa ,T:\JIH 6nara qenoneKa. AocTnme
HHH 6ypHO paaBHnaiOID;eHCJI aTOMHOH HayKH H TeX
HHKH1 nee 6oJILmee onJia]:\eane aTOMHOii aaeprneii 
H nHe]:\peHne ee DO'ITH no nee OTpaCJIH HayKH 
H BKOHOMHKH paanHTLIX CTpaH C]:\eJiaJIH noaMO)R
HLIM DpaKTH'IBCKOe HCDOJI.b30naHHB ee H B CTpaHaX1 
KOTOpLie CpanHHTeJILHO He]:\anHO nCTYDHJIH Ha 
DYTL Hay'IHOrO H BKOHOMH'IBCKOrO paanHTHJI. 
C pacmupeaueM DpHMeaeann aTOMaoii aaeprHH 
yKpeDHJIOCL H paCmHpHJIOCb MemAyHapO,T:\HOe CO
TPYJ:\HH'IeCTnO n BToii namaoii o6JiaCTH. 

3a HCTeKmne Docne BTopoii il\eaencKoii KOH
cpepean;un 6 neT B aameii CTpaae aeyKJIOHHO DpH
naraJIHCL 6oJILmne ycnJIHH K TOMY I 'IT06LI nce
Mepao paanunaTL Mem]:\yaapO.t\HOe coTPYJ:\HH
'IecTno H HaJiamnnaTL KOliTaKTLl y'leHLIX n ]:\eJie 
MHpaoro HCDOJILaonaHHH H,T:\epaoii aaeprnn. 

OcMEH B3AHMHbiMH BH3HT AMH 
B aayqao-nccJie]:\onaTeJILCKHX HHCTHTyTax 

CCCP 1 aaauMaiOID;HXCH namHLIMH Dpo6neMaMH 
H,T:\epHOH cpHaHKH H 8TOMHOH TeXHHKH1 aa nOCJie]:\
Hee npeMH no6LIBaJIH pyKoBOJ:\HTBJIH aTOMaoii 
npoMLimJieaaocTH n nLI,T:\aiOID;Hecn yqeaLie pn,T:\a 
cTpaa. B cooTneTcTnHH c aaKJIIO'IeHHLIMH corname
HHHMH 6LIJIH npOBeAeHLI BaaHMHLle nH3HTLl Hay'I
HLIX AeJieran;nii CCCP, con;naJIHCTH'IecKHX CTpaH1 
CillA1 Aarnnn, lhaJIHH, <I>paan;un H ,D;aann. 

TecaLie KOHTaKTLI ocyiD;eCTBJIHJIHCL c ytJ:eHLIMH 
con;uaJIHCTH'IeCKHX cTpaH. ConeTcKne aay'IHLie 
H HCCJieAOnaTeJILCKHe OpraanaaD;HH1 rAe AeiicT
nyiOT aTOMHLie peaKTOpLI, ycKopnTeJin H APYrne 
HAepaLie ycTaaonKH, noceTHJIH nHAHLie pyKono
AHTeJIH, yqeaLie a nameaepLI ua qccPI PHPI 
BHPI r,[(P, llHP, HPB H APYrHX CTpaH. 8TH 
BH3HTLI nocJiy>KHJIH A8JILHeiimeMy yKpenJieHHIO 
H pacmnpeanro aay'IHhiX CB.flaeii coneTCKHX yqe
HhiX C y'leHLIMH AaHHLIX CTpaH. 

rocTHMH ConeTCKOrO Coroaa 6LIJIH: nepxon
Hhlii KOMHCCap no aTOMHOH BHeprHH <l>paHD;HH 
c rpynnoii cnen;naJIHCTOB; npeACeAaTeJIL Ynpan
neaun no aTOMHOii aaeprnn BeJIHK06pnTaHnn; 

* focyAapcTBeHHLI:ii: KOMHTeT no HCnOJib30BaHBIO 
aTouaoii anepruu CCCP, MocKBa. 
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DpBAOOAaTBJIL 1\0MHCCHH no aTOMHOH aaeprHH 
CillA C rpynnoii ytJ:eHLIX n 1959 H 1963 rr.; AeJiera
D;HJI 1\oMnccnn no aTOMHOii aaeprnn RaaaALI; npeA
ceAaTeJIL 1\0MHCCHH no aTOMHOH BHeprHH <l>nH
JIHHAHH; npeACeAaTeJIL RoMnccuu no aTOMaoii 
aaeprun Aaanu; npeACeAaTeJIL RoMnccun DO 
aTOMHOH aaepruu AcpraancTaaa; aaMeCTHTeJI& 
DpeACeAaTeJI.fl 1\0MHCCHH no aTOMHOH aaeprHH 
PecDy6JIHKH raaa c rpyDDOii ytJ:eHLIX H APYrHe 
ocpnn;naJILHLie nnn;a. 

B 1959 r. rpyDDa coneTCKHX ytJ:eHLIX 1 noarnan
JI.ReMa.fl Dpe]:\00]:\aTeJieM rocyAapCTneHHOrO KO
MHTeTa DO HCDOJib30naHHIO aTOMHOH BHeprHH 
CCCP1 DoceTnJia CoeAHHeHHLie IIITaTLI AMepaKH 
H <I>paan;nro. B 1960 r. coneTcKa.fl ]:\eJieran;nH 
yqeaLix DOCeTnJia AarJiniO. B 1962 r. c orneT
HLIM BH3HTOM n illnen;nro H Hopnernro nLieamana 
Aeneran;un no rnane c DepBLIM aaMeCTHTeJieM 
DpeACeAaTeJI.fl rocy]:\apCTBeHHOrO KOMHTeTa DO 
ncDOJILaonaauro aTOMHOii aaeprnu CCCP I a B 
1963 r.- B 1\aHaAy. B 1962 r. AJIH o6cymAeHHH 
BODpOCOn DO cllH3HKe peaKTOpOB H peaKTOpaM 
aa 6LICTPLIX aeiiTpoaax B AarJIHIO nLieamana 
AeJieran;un, uoarnanJI.fleMaH aaMeCTHTeJieM DpeA
ceAaTeJI.fl rocKOMHTeTa. 

B 1963 r. AeJieran;nu coneTCKHX yqeHLIX-aTOM
HHKOB BO rJiaBe C npe]:\CeAaTeJieM rocyAapCT
BeHHOrO KOMHTeTa no HCIIOJIL80B8HHIO aTOMHOH 
aaeprun CCCP 11oceTHJIH CoeAnaeaaLie illTaTLI 
H llOJILCKYIO HapOAHYIO Pec11y6nnKy. 

ConeTCKHii Coroa o6MeannaJICH TaKme aay'IHLIMH 
pa60THHKaMH c AJIHTeJILHLIM 11pe6h1naaneM nx (Ao 
OAHOrO rDAa) B Hay'IHLIX yqpemAeHH.fiX p.RAa CTpaH. 

OcMEH HAY'-IHO-TEXHH'-IECKOA 
HHttJOPMAU.HEA 

ConeTcKuii Coroa, npHAaBaJI 6oJILmoe aaa'le
HHe pacmupeHHIO Hay'IHhlX KOHTaKTOB H paCIIpO
CTpaaeHHIO Hay'IHO-TeXHH'IeCKOH HHcpOpMaD;HHI 
lly6JIHKyeT emerOAHO AO 4000 CTaTeii 110 aTOMHOH 
TeMaTHKe KaK n 06ID;eTeXHH'IeCKHX, Tal\ H n Clle
D;HaJibHLIX mypaanax. B CCCP cyiD;ecTByeT clle
n;naJILHOe H3AaTeJibCTBO 110 aTOMHOH TeMaTHKe -
ATOMHaAaT1 noMepmHBaiOID;ee rnHpoKnii MemAY
HapOAHLiii KHHr006MeH. 

06ID;enaaecTHa HHnn;naTHBa ConeTcKoro Coroaa 
DO pacceKpe'IHnaHHIO TepMOHAepHLIX HCCJie]:\0-
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sauuii. OrpaHu'leHHH ua OTKpb1TYIO ny6JiuKai\HIO 
8THX pa60T 6b1JIH CHBTbl BO BCOM MHpe BDepBble 
nocJie nop;po6uoro JJ;OKJiap;a aKap;eMuKa H. B. Ryp
'laTOBa 0 COBOTCKHX pa60TaX CBOHM aHrJIHHCKHM 
KOJIJieraM B XapyaJIJie B 1956 r. Ro BTopoii 
wemp;yuapop;uoii KOB<l>epeHI\HH B iKeuese B 1958 r. 
KpOMe JJ;OKJiaJJ;OB 0 TOpMOHJJ;epBbiX HCCJIOJJ;OBaHHHX, 
BblDOJIHeHHblX B CCCP, 6uJI nop;rOTOBJieu 'leTu
pexTOMBHK pa60T no aToii TeMaTHKe. TpyJJ;bl 
il\eueBCKHX KOH<i>epeBI\HH, BBJIBIOm;HXCB Kpyn
HblM BKJiap;oM B paaBHTHe Memp;yuapop;uoro co
Tpyp;uuqecTBa, peryJinpuo uap;aiOTCB B CoseTCKOM 
Co10ae u nOJib3YIOTCH aacJiymeuublM ycnexoM. 

HapBAY c JIH'IBblMH KOHTaKTaMH CoseTCKHH 
Co10a npoBOJJ;HT mHpOKHii o6Meu uayquoii Hu<PopMa-
1\Heii c COJ\HaJiucTu'lecKHMH crpauaMH. ITo ABYCTo
pouuuM corJiameBBBM oprauuaosau TaKme o6Meu 
uayquoii u Texuu'lecKoii uu<PopMaJ\ueii c CillA, 
BeJIHKo6puTauueii u JJ;pyruMH rocyJJ;apcTsawu. 

CoseTcKHe yqeuble H cneJ\uaJIHCTbl aa npomeA
muii nepHOA npuHBMaJiu caMoe AOHTeJibHOe y'la
CTHe B MemJJ;yBa pOJJ;BbiX H BaJ\HOBaJibBLIX KOB<i>e
pOBI\HHX, CBMD03HyMaX H COBem;aBHHX, BblCTyDaJIH 
Ba BBX C Bay'IBblMH JJ;OKJiaJJ;aMH B JIOKI\HBMH, 
y'laCTBOBaJIH B pa3JIH'IBLIX JJ;BCKYCCHBX, pacm:u
pBB H yKpeDJIBB TeM CaMblM uay'IBLIO CBB3H 
u MemJJ;yuapoJJ;uoe COTPYABH'Iecrso c yqeuLIM:u 
pa3JlB'IBbiX CTpaB MHpa. 

,D;m1 nonynnpHaai\HH uJJ;eii npuMeueuun auep
ru:u aTOMa B MHpBbiX 1\eJIBX focyJJ;apcTBeBBLIH 
KOMHTeT DO HCD0Jib30BaBHIO aTOMBOH aueprHH 
CCCP npoBOAHT orpoMuyro pa6ory no noKaay 
Bay'IBO-TOXBH'IOCKHX BLICTaBOK, HJlJllOCTpH
pyiOm;BX TY DOJILay, KOTopyiO MOmeT DOJIY'IHTb 
qeJIOBO'IeCTBO OT sp;epuoii: aueprHB. 8TH BLICTaBKH 
JJ;eMoucrpuposaJIHCb MuoroKpaTBO KaK B CCCP, 
TaK :u B 39 CTpauax EsponLI, Aauu, A<i>pHKH, 
JlaTHBCKOH AMepuK:u, a TaKme B CillA. CoseTcKue 
BLICTaBKH DOCeTHJIO 6oJiee 22 MBJIJlHOBOB qeJIO
BeK. 

.ABYCTOPOHHHE 
ME}HnPABHTEJlbCTBEHHbiE 

COr JlAWEHHR 
HnHuan c 1955 r. CCCP oKaaLisaeT uay'IBYIO 

H MaTepuaJibBO-TOXBH'IeCKYIO DOMOm;b no MHp
BOMY HcnoJIL30BaBHIO aTOMBOii auepruu APYfHM 
rocyp;apcTBaM KaK nposep;euueM ucCJiep;osauuii, 
TRK H nyTeM nOCTRBKH o6opyp;OBRBHB H TeXBH
'IOCKOH ,noKyMeBTai\HH. 3a aTo speMH CoseTcKuii 
Co10a aaKJIIO'IHJI 30 ,nsycropouuux Memnpasu
TeJILCTBeuuux corJiameuuii u npoTOKOJIOB c 
15 cTpauaMu: Hapop;uoii Pecny6JIHKOH BoJirapueii, 
BeurepcKoii Hapo,nuoii Pecny6JiuKoii, lloJILCKOii 
Hapo,nuoii Pecny6JIHIWH, fepMaBCKOH )J.eMOKpa
TH'IeCKOH Pecny6JI:uKoii, PyMLIBCKoii Hapop;uoii 
Pecny6JiuKoii, qexocJioBaJ\KOii Coi\HRJIHCTB'IecKoii 
Pecny6JIHKOii, R:u,.-aiicKoii Hapo,nuoii Pecny6-
JIHKOii, RopeiicKoii Hapo,nuo-,D;eMoKparuqecKoii 
Pecny6JiuKoii, COI\HaJIHCTH'IecKoii Cl>e,nepaTHB
uoii Pecny6nuKoii IOrocJiaBueii, 06'bep;uueuuoii 
Apa6cKoii Pecny6JIHKoii, Pecny6JiuKoii HpaK, 
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Pecny6JIHKOii Hu.noueaun, Pecny6JIHKOH raua, 
Pecny6nuKoii Hu,n:ua u AcprauucrauoM. 

'YKaaaBBbie cornameuun npe,nycMarpusaiOT 
CJieJtyrom;ue o6aaaTeJILCTBa co cTopouu CCCP: 

OKaaauue TexuuqecKoii noMom;u s coopymeuuu 
HCCJie,nOBaTeJlbCKHX RTOMBbiX peaKTOpOB, YCKO
pHTeJieii, pa,nHOXHMH'IeCKHX, H30TODBLIX H cpu-
3H'IeCKHX Jia6opaTOpuii, Ha 6aae KOTOpLIX C03JJ;a
IOTCH HaJ\BOBaJibHbiO uay'IHO-HCCJiep;OBaTeJlbCKHe 
aTOMBble DeHTpLI; 

no,nrOTOBKY BaJ\HOBaJibBLIX KRJJ;pOB DO BOnpo
CaM 3KCDJiyaTRJ\BB aTOMBbiX YCTaBOBOK B npo
BeJJ;OHHH Ba BHX 3KCnepHMOBTaJibHhiX pa6oT; 

OKaaauue TeXBB'IeCKOH DOMOm;H B CTpOHTeJib
CTBe aTOMBLIX uccne,nosaTeJILCKux, aKcnepuMeH
TaJILBhlx H auepreTH'IeCKHX peaKTOpOB; 

COBMeCTBYIO paapa60TKY OTJJ;eJILBhiX Bay'IBLIX 
npo6JieM, npu6opos, o6opy,nosauua u aam;uTuoii 
TeXBHKH; 

cosMecTuoe paccMOTpeuue u o6cym,neuue una
HOB BayqHblX H HCCJieJJ;OBaTeJibCKBX pa60T DO 
HCD0Jlb30BRBHIO aTOMBOH aueprHH B AfHpBLIX 1\e
JIHX; 

06MeB ODbiTOM DO Dp0H3BOJJ;CTBY pa,nuOaKTBB
BbiX H30TODOB H HaJiy'laTeJieii H MOTOJJ;8M HX 
DpHMeBeBHB. 

CoseTcKue uayquue, KOHCTPYKTOpcKue u npo
eKTBLie oprauuaai\BH paapa6oTaJIH u cnpoeKTupo
BaJIH JJ;JIH coa,nasaeMux B ,npyrux cTpauax c no
MOm;LIO CCCP uayquo-uccJieJJ;OBaTeJILCKHX 1\eBT
pos DHTb THDOB BCCJie,nosaTeJibCKHX QTOMHLIX 
peaKTOpOB - TBmeJIOBOJJ;BbiH (TBP), BOJJ;O-BOJJ;H
HOH (BBP), peaKTop norpymuoro Tuna (HPT), 
yqe6uo-uccJie,noBaTeJILCKHii peaKTOp ua 50 u 
100 ~£Bm; ycKopuTeJIL aJieMeHTapHLIX 'laCTHI\ ua 
25 M aB c cpuauqecKoii Jia6opaTopueii; aJieKrpocra
TH'IecKuii reueparop; pa,nuoxuMu'lecKyro (uao
ronuyiO) Jia6oparopuro; no,nKpuTu'lecKyro c6opKy 
,nJIH yqe6HLIX 1\0Jieii; 6erarpou ua 30 M aB; Mom;
uyiO K06aJILTOBYIO ycTaBOBKY. 

Ha CoseTCKoro Coroaa B yKaaauuue CTpauu JJ;JIH 
COOpymeBHB aTOMBLIX ycTaBOBOK DOCTaBJieBO 60JIL
moe KOJIH'IOCTBO CJIO)KHOro YHHKaJibHOrO o6o
py,noBaBBB, npu6opos u cneJ\HaJILHHX MaTe
puaJIOB. Oco6euuocTbiO aTux nocTaBOK HBJIBeTCB 
TO, 'ITO CosercKuii Coma ocym;ecTBJIBOT ux ua 
OCHOBe 06LI'IHHX CJJ;OJIOK KYDJIH-npop;amu 6ea 
DpOJJ;'bBBJIOHHB KaKHX-JIH60 DOJIHTH'IOCKHX, 3KO
HOMH'IeCKHX H HHbiX YCJIOBHH. 8TO B nOJIHOH Mepe 
OTHOCHTCB H K DOCT8BKaM JJ;JIH npOBeJJ;OHHB Hay'I
HO-HCCJIOJJ;OBaTOJILCKHX pa60T pacm;eDJIBIOm;BXCB 
MaTepBaJIOB, a TaKme KOMDJieKTOB TeDJIOBLIJJ;e
JIHIOm;BX aJieMeBTOB AJIB aTOMHHX uccJieJJ;OBaTeJib
cKHX peaKTOpOB. 

)J.JIH OKaaaHHB DOMOm;B B CTpOHTOJlbCTBO, MOB
Tame, BaJia,nKe B DYCKe B 3KCDJiyaTRJ\BIO DOCTRB
JieHBOrO o6opyAOBaHHB 6LIJIO KOMaHJJ;HpOBRHO 
B yKa3RHBLie BLIID6 CTpRHLI CBblme 700 BLICOKO
KBaJIB<i>BI\HpOBaBBLIX COBOTCKHX CDOI\HaJIHCTOB. 

C 1957 r. c noMom;biO CoseTcKoro Co10aa eoopy
meuLI H nym;eBLI B 3KCDJiyaTai\HIO 9 aTOMHbiX peaK
TOpOB, 6 1\BKJlOTpOHOB, 7 pap;HOXHMH'IeCKBX B <l>H-
3H'IeCKHX Jia6opaTOpBH, OJJ;HH aJieKTpOCTaTH'Ie-
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CKHii reueparop 11 no,IJ;KpHTH'IecKaJI c6opKa, ua 
6aae KOTOpLix B PyMLIHHH, qexocJioBaKHH, IloJIL
me, Beurpnn, BoJirapnn, r,n;P, RHP, IOrocJia
Bnn n OAP coa,IJ;aHLI ua~nouaJILHLie uay'IHO
ncCJie,IJ;oBaTeJILCKne RTOMHLI9 ~eHTpLI. 

Coa,IJ;aiOTCJI raKme aTOMHLie ~eurpLI B RH)J.P, 
HpaKe, liH,IJ;OHeann, raue, r,IJ;e 6yp;yT coopymeHLI 
13 RTOMHLIX ycTaHOBOK, B TOM 'IHCJie: peaKTOpLI, 
pa,IJ;noxnMH'IecKne n <Jlnan'lecKne Jia6oparopnn, 
yCKOpHT9JIH, MOID;HaJI KOoaJibTOBaJI ycTaHOBKa, 
UO,IJ;KpHTH'I9CKaJI COOpKa H paaJIH'IHLI9 BCIIOMO
raT9JibHLI9 coopymenuJI. 8ruM CTpanaM nepe,D;a
HLI paapaOOTRHHLie COB9TCKHMH rrpoeKTHLIMH Op
raHH3R~HJIMH KOMIIJI9KCHLie paOO'IHe IIpOeKTLI, 
Ha OCHOBe KOTOpLIX B aTHX CTpaHaX DpOBOJ);HTCJI 
CTpOHT9JibCTBO Hay'IHO-HCCJiep;OBRT9JibCKHX aTOM
HLlX :Q9HTpOB. rpa<JlnKaMH CTpOHTeJibCTBa rrpe
p;yCMOTpeHbl CJie,IJ;yiOm;ne CpOKH nycKa HCCJie
,IJ;OBaTeJibCKHX peaKTopoB: B HpaKe, B RH,ll;P 
H B raue- B 1965 r., B liH,IJ;OH93HH- B 1966 r. 
H BBO,IJ;a B aKCDJiyaTR:QHIO pa,li.HOXHMH'IeCKHX H30-
TOIIHbiX Jia6opaTopnii: B HpaKe n RH,ll;P
B 1965 r., B raue- B 1966 r. 

Ilo rrpoeKTaM, npe,IJ;cTaBJieHHLIM CCCP, ocy
m;ecTBJIJieTCJI TaKme CTpOHT9JibCTB0 BCIIOMOra
TeJibHbiX a,IJ;aunii n coopymeunii B arnx :QeHTpax, 
B TOM 'IHCJie: CTaH~HH aaxopoHeHHJI H p;eaaKTHBa
~HII pa,IJ;HORKTIIBHbiX OTXO,!J;OB, cne~IIRJibHbiX npa
'le'IHLIX, CaHHTapHbiX nponyCKHHKOB. 

B ceHTHope 1963 r. Mem.u;y CCCP n A<JlraHIICTa
HOM OLlJIO no,IJ;nncauo corJiameHIIe o corpyp;HII
qecrBe, KOTOpLIM npe.u;ycMorpeuo oKaaaune rex
HII'IecKoro CO,IJ;eHCTBHJI B CTpOHTeJibCTBe no,u;KpH
TII'IeCKOH c6opKn, B opraHnaa~nn <Jlnan'IecKoii 
Jia6oparopnn, a raKme B nop;roroBKe a<JlraHcKnx 
cne:QnaJIIICTOB AJIJI pa60Tbl B o6Jiacrn IICnOJILao
BaHHJI aTOMHOii aHeprnll B MnpHbiX :QeJIJIX. Co
opymeHne nO,!J;KpHTH'IeCKOH COOpKH Ha'IHeTCJI 
B 1964 r. H 6yp;eT 3RKOH'I9HO B nepBOM noJiyrO,IJ;HH 
1965 r. 

3a nocJie,IJ;Hne rO,IJ;LI c pJI,IJ;OM crpaH no,IJ;rrncaHbl 
HOBble corJiameHnH, KOTOpble npe,D;ycMaTpnBaiOT 
He TOJibKO OKaaaHH9 TeXHII'IeCKOH nOMOID;H B npo-
9KT11pOBaHHH H CTpOnTeJibCTBe aTOMHbiX ycTa
HOBOK 11 oo'beKTOB, HO n rJiaBHLIM o6paaoM corpy.u;
Hn'lecrBO nyTeM COBMecTuoro pemennJI mnpoKoro 
Kpyra Hay'IHbiX npooJieM B o6Jiacrn npnMeHeHnJI 
II HCnOJib30BaHHJI aTOMHOH aueprnn B MHpHLIX 
~eJIJIX. TaKne corJiameunn aaKJIIO'IeHbl c BeHrep
cKo.ii Hapo.u;uoii PecnyoJinKoii, qexocJioBa:QKoii 
Co~naJincrn'IecKoii PecnyoJinKoii, Co~naJincrn
qecKoii <l>e,IJ;epaTnBuoii PecnyoJinKoii IOrocJiaBneii, 
PyMbiHCKOH Hapo.u;uoii PecnyoJIHKOH, repMaHCKOH 
,II.eMoKpaTH'IecKoii PecnyoJIHKOii n IloJILCKoii Ha
po.u;noii Pecny6JinKoii. 

B cooTBeTCTBHH c HOBbiMH corJiameHHHMn co
rpy.u;uu'IecTBO C CO~HaJIHCTH'IeCKHMH CTpaHaMH OCy
m;eCTBJIJieTCJI nyTeM DpOB9]1;9HHJI COBM9CTHLIX Hayq
HLlX HCCJiep;OBaHHH, nO]J;fOTOBKH Ha~HOHaJibHbiX 
Kap;poB no corJiacoBaHHbiM nJiaHaM n nporpaMMaM 
KOMaup;npOBaHHJI COB9TCKHX cne~naJIHCTOB B aTH 
CTpaHbi]J;JIJI npoBe,IJ;eHnJI KOHCYJibTa~IIH, COBM9CT
HOH pa60TLI no OTp;eJibHLIM uay'IHbiM npo6JieMaM 

H. JI.. MOPOXOB H ,ll.p. 

II no paapa60TKe aKcnepnMeHTaJibHbiX ycTaHOBOK, 
npoBep;eHHJI KOHCYJILTa~nii cne~naJIHCTaM yKa
aaHHbiX CTpau B CoBeTCKOM Coroae, nepep;aqn 
COBeTCKOH TeXHH'IeCKOH ]J;OKyMeHTa~HH, nOCTaBOK 
ooopyp;oBaHHJI II aKcnepTH3bl npoeKTOB. 

CoBercKne yqeuble n y'leHble co~naJincTn'lecKnx 
CTpaH OOMeHHBaiOTCJI ODbiTOM aKCnJiyaTa~HH 
HCCJiep;OBaTeJibCKHX peaKTOpOB, peayJILTaTaMH BLI
nOJIHeHHbiX Ha aTHX ycTaHOBKaX paoOT Ha COB
MeCTH.biX paOO'IHX COBem;aHmlX H KOH<JlepeH~HJIX, 
paCCMaTpHBaiOT H KOOpp;HHnpyiOT nJiaH.bl Hay'IHbiX 
pa6or n o6cymp;aiOT aKTyaJILHLie Hay'IHLie npo-
6JieM.bl. 

CoBeTcKne y'leHble n cne~naJIHCT.bl npnHnMaJin 
yqacTne B o6cym.u;eunn nepcneKTHBH.biX nJiaHOB 
pa3BHTHJI aTOMHOH HayKH H TeXHHKH B r,IJ.P, 
qCCP, IIHP, BHP, PHP. Onn paccMarpnBaJin 
n ,IJ;aBaJin KOHCYJILTa~nn no npoeKTaM cTponTeJIL
CTBa B aTHX CTpaHaX HOBLIX aTOMHbiX peaKTOpOB 
H nop;KpHTH'IeCKHX COOpOK. 

HanpnMep, npn Koncym,Ta~un coBeTCKHX y'Ie
H.biX H cne~HaJIHCTOB nOJibCKHe y'leHble H cne
~HaJIHCTLI aaHHMaiOTCJI no,u;rOTOBKOH K peKOH
CTpyK~HH p;eiicTByrom;ero peaKTOpa Tnna BBP-C, 
KOTopyiO HaMe'IeHo npoBecrn B p;Ba aTana. Ha 
nepBOM aTane, ocym;eCTBJIJieMOM COBMeCTHO CO 
cne~naJincraMn qccP, npe.u;ycMoTpeno no
B.blmeuue Mom;nocTn peaKTOpa .u;o 4000-4500 nem 
nyTeM YB9JIH'IeHHJI CKOpOCTH TeUJIOHOCHT9JIJI B aK
THBHOH aoHe, KaK ObiJIO c,u;eJiano npn peKOHCTpyK
~HH coBeTcKoro peaKTOpa BBP-2. 8ror aran 
p;oJimeu OLITb aaKOH'IeH B 1964 r. 

BTopoii aran peKoHcrpyK~Hn HaMe'leHo BLI
noJIHHTb Ha OCHOBe paapaoOTOK CDe~naJIHCTOB 
qccp. II pe.u;ycMarpnBaeTcJI noJiuaJI nepep;eJIKa 
aKTHBHOH 30HLl peaKTOpa H nepexop; Ha HOBble 
Tpyo'IaTble TBaJibl THDa TBaJIOB COBeTCKOfO peaK
TOpa BBP-M c 36% -HLIM o6oram;euneM ypauoM-235. 
Ilpn ocy~eCTBJieunn aToro aTarra, aanJiannpoBaH
HOro Ha 1966 r., MOID;HOCTb peaKTOpa oyp;eT ]1;0-
Be,IJ;eHa )J;O 10 000 nam, 'ITO ooecne'IHT 3Ha'lnTeJI:r,
HOe IIOBbiiDeHne IIJIOTHOCTH HeHTpOHHOrO UOTOKa. 
EcTecTBeHHO, 'ITO BTopo:ii aTan peKoncTpyK~nn 
BBP-C norpe6yer cym;ecTBeHHbiX .u;onoJIHeunii 11 
naMeueuuii TexnoJiornqec~oro o6opyp;oBaHHJI. Ho
Bble TBaJibl 6yp;yT nocraBJieH.bl CoBeTCKnM CoroaoM. 

B cooTBeTCTBnn c nomeJiauneM RoMnccnn no 
aToMnoii aueprnn OAP B RanpcKOM ~eHTpe no 
aToMuoii aueprnn B Teqeune pHp;a JieT apaocKnMn 
H COBeTCKHMH yqeHLIMII npOBO,!J;JITCJI COBMeCTHLie 
Hay'IHO-HCCJiep;OBaTeJibCKHe pa60T.bl Ha aTOMHOM 
peaKTope n ua p;pyrnx ycTaHOBKax aroro ~enrpa. 
Ilo HeKOTOpLIM npOBep;eHHLIM COBMeCTHO COBeTCKH
MH II apaoCKHMH Cne~HaJIHCTaMH HRY'IHLIM paoo
TaM obiJIH cp;eJiaHbl ny6JinKa~nll B apa6cKoii nco
BeTcKoii ne'IaTn n ne'laTn p;pyrnx cTpan. 

B HaupcKOM ~eurpe no aTOMuoii aueprnn cJio
iKHJICJI XOpOIDIIH KOJIJieKTHB Hay'IHbiX COTpyp;HH
KOB, COCTOJIID;HH rJiaBHbiM OopaaOM H3 MOJIO]J;biX <Jln-
3HKOB. CoBeTcKue yqeuue npo'InTaJin ap;ec:r, 6oJJee 
300 JieK~HH no pa3JIH'IHLIM npOOJI9MaM <JlnaHKH. 
CncTeMaTn'leCKH npoBO)J;nTCJI npaKTHKYM no 
pap;nOaJieKTpOHIIK9 II no pa)J;HOXHMHH H30TOnOB .. 

' 
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,I(JIJI :MaTapH8JILHO-TaXHH'IaCKOf0 o6eCDa'laHHJI 
uay'IHLIX H ~mcDepu:MeHTaJILHLIX pa6oT B OAP 
ua CoaeTcKoro Coxoaa DOCTaBJieuo aHa'IHTaJIL
uoe KOJIH'IaCTBO o6opyAOBaHHJI, aDDapaTypLI, 
CDa~HaJILHLIX H pac~eDJIHIO~HXCH MaTepua
JIOB. 

ME}t{,llYHAPO,llHOE 
COTPY ,llHVI4ECTBO B OHfiH 

HpKHM Dpu:MepoM uayquoro coTpyp.uuqecTBa 
:Ma>KAY CO~HaJIHCTH'IaCKHMH CTpauaMH JIBJIJiaTCJI 
yqpemAeuue :Mem)lyuapOAHOH oprauuaa~HH -
06'LaAHHeHHOfO HHCTHTyTa HAapHLIX HCCJieAOBa
HHH B ,I(y6ue. CoaeTcKoe npaauTeJILCTBO e~e 
B 1956 r. nepeAaJIO B Aap 3TOMY HCCJiaAOBaTeJIL
CKOMy ~euTpy ABa yuuKaJILHLIX yCJwpuTeJIH: 
cuuxpo~HKJIOTpou ua 680 Mae H cuuxpocpaaoTpou 
Ha 10 rae. c TOrO BpeMeHH APY>KHLIH Me>KAYHapOA
HLIH KOJIJieKTHB OJUIM nocTpOHJI HOBLie HAepHLie 
ycTaHOBKH: HMDYJILCHLIH peaKTOp ua 6LicTpLix 
ueii:TpOHax, ~liKJIOTpOH MHOroaapHAHLIX HOHOB. 
CoaAaHLI HOBLie Jia6opaTopuu, DOCTpoeHLI :Mexa
HH'IeCKHe MacTepcKue H Apyrue coopymeuun. 
B uacTon~ee apeMH B aTOM HHCTHTyTe KpOMe co
BeTCKHX yqeHLIX pa6oTaeT HeCKOJILKO COT Y'I6HLIX, 
npuexaamux a ,I(y6uy ua Apyrux CTpau - 'IJie
HOB OMHM. lly6JiuKyeMLie OMHH pa60TLI pac
CLIJiaiOTCH ao ace KpynuLie uay'IHLie ~eHTPLI Eapo
DLI, Aauu, AcppHKH, CiliA, JlaTHHCKOH AMe
pHKH. 

B cTpauax - yqacTHH~ax OMHM npoaonnTCH 
aKTyaJILHLie Hay'IHLie pa60TLI Ha HCCJI6AOBaTaJIL
CKHX peaKTOpax. B CBH3H C 3THM DOCTaBJiaH BODpOC 
0 DJiaHHpOBaHHH pa60T, pa~HOHaJILHOM BLI60pe 
uanpaBJieHHH HCCJieAOBaBHH, KOOpAHHa~HH COB
MeCTHLIX uay'IHLIX pa60T. ,I(aJILHeUIDHM paCIDH
peHHeM uayquoro COTPYAHH'IaCTBa Ma>l<AY CTpa
uaMH- yqacTHH~aMH OMHM HBHJIOCL coaAaHue 
ceK~HH DO HAepHOH cpH3HKe HH3KHX aueprHH 
DPH }'qeuoM coaeTe HHCTHTyTa. 3ana'laMH ceK~HH 
HBJIHIOTCH BLipa60TKa Hay'IBLIX peKOMaHAa~HH 
DO OTAaJILHLIM BODpOCaM HnepHOH cpH3HKH HH3KHX 
aueprHH, paCCMOTpaBHe DJiaHOB pa60TLI H OT'IaTOB 
0 COBMeCTBLIX HCCJieAOBaHHHX, 06MeH HHcpOpMa
~HeH 0 Hay'IHLIX H MeTOAH'IeCKHX paapa60TKaX 
nyTeM npoBeAeBHH KOHcpepeH~HH, pa60'IHX COBe
~aHHH H T. D. 

ITo cpuanKe u .TexuuKe HCCJieAOBaTeJILCKHX 
peaKTOpOB 6LIJIO DpOBaA6BO HeCKOJILKO KOHcpepeu
IJ;HH H coae~aHHH. 

B 1960 r. B I(eHTpaJILBOM HHCTHTyTe nnepBOH 
cpH3HKH B ,I(peaAeHe (r,I(P) COCTOHJiaCL KOHcpepeH
~HH DO BOllpOCaM 3KCDJiyaTa~HH H HCUOJIL30Ba
HHH uccJieAOBaTeJILCKHX peaKTopos. Ha KOHcpe
peu~uu npiiCYTCTBOBaJIO 01\0JIO 150ytieHLIX H HH>Ke
HepOB ua AeBHTII cTpaa. Pa6oTa npoxoAHJia B ae
CKOJILKHX CeR~HHX, rAe paCCMaTpHBaJICH ODLIT, Ha
KODJieHHLIH CTpaHaMH-y'laCTHH~aMH DO 3KCDJiy
aTa~HII HCCJieAOBaTeJILCKHX peaKTOpOB, pac
mupeHHIO HX 3KCnepHMeBTaJILHLIX B03MOiKHOCTeH 
II HCDOJIL30BaHHIO AJIH npoBeAeHHH Hay'IHhiX 
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pa6or. CeK~HH nnepuoii cpuaHKH H cpuaHKH TBep
noro TeJia o6cymAaJiu peayJII>TaTw DepBWX uayq
HLix HCCJieAOBaHHH, BLIDOJIHaHHLIX Ha 9THX peaK
TO pax. Roucpepe~IIH B~BHHYJia pnn uay'IHLIX 
II TaXHH'IeCKHX npo6JieM, KOTOpLie HY>KHO peiDHTL 
B 6JIII>Kaiimee Bpa:MJI, npH'IaM HeKOTOpLIM CTpa
BaM, HCXOAH 113 IIMaiO~erOCJI y HHX ODLITQ H 
cJiomuameiicn cne~uaJiuaa~uu, 6LIJIO npenJio
meuo BaRTL ua ce6n pemeuue OTAaJILHWX BO
npocou. 

B HOH6pe 1961 r. B ByxapecTe (PHP) COCTO
HJIOCL COBe~aHHe DO cp113HKe H TaXHHKe HCCJie
AOBaTeJILCKHX peaKTopoa. B HeM yqacTBOBaJio 
80 cneu;uaJIHCTOB ua neBHTH cTpau. BLIJIO npen
cTasJieuo 68 AOKJiaAOB DO CJiaAyiO~HM OCHOBHLIM 
BODpOCaM. 

1. OnLIT aKcnJiyaTa~uu HcCJieAoBaTeJILCKHX pe
aKTopoa, HCDOJIL30B8HHe H pacmupeHHe HX 3KCDe
pHMaHTaJILHLIX B03M0iKHOCTeH. 

2. TeopeTutiecKaJI H aKcnepu:MeuTaJILHaJI cpu
auRa H TaXHHKa peaKTOpOB: 

a) TapM8JIH38~HH HaiiTpOHOB; 
6) paauuTue H DpuMeueuue :MeTona peaKTOp

uoro oc~IIJIJIHTOpa AJIH HaMepeuuii acpclleKTIIBHLIX 
ceqeuuii aaxaaTa ueH:Tpouoa paaJIH'IHLIMH ue~ecT
uaMH H HayqaHHH KHHaTH'IaCKHX napaMeTpOB 
peaKTOpoa; 

e) npu:Meueuue nyJILCHpyxo~ux ueiiTpOHHLIX 
HCTO'IHHKOB AJIH uayqeuua cpuauqecKHX DapaMeT
poa aaMeAJIHTeJieii; 

e) npuMeueaue aHaJiuaa cpJiyKTya~HH ueii:Tpou
uoro DOTOKa AJIH Hay'leHHfl AIIHaMH'IeCKHX xapaK
TapHCTHK pemeTOK; 

0) H3Y'I8HHe DOBaAaHHH peaKTOpOB B DepeXOA
HLIX pemuMax; 

e) uayqeuue npocTpaucTBeuuoro pacnpeAeJieHHJI 
CDeKTpa HaHTpOHOB H raM:Ma-HaJiy'leHHH. 

3. PactieTLI, coaAaHHe H npnMeueaue nOAKpu
TH'IecKHX H KpHTH'IaCKHX c6opOK H peaKTOpOB 
HyJieBOU MO~HOCTH. 

4. TeopeTu'leCKHe H aKcnepuMeHTaJILHLie aoDpo
cLI, CBHaaHHLie C :MeTOAHKOH HaMepeHHH HaHTpOH
HLIX DOTOKOB H raMMa-DOJie:ii. 

06CY>KAaHHe AOKJiaAOB DpOBOAHJIOCL Ha DJie
HapHLIX aaCeAaHHHX H B OTAaJILHLIX CaK~HHX H 
rpynnax. 

Ha coae~aHHH 6LIJIH npuHJITLI peKO:Meuna~uH 
DO yCOBepmeHCTBOBaHHIO aKTHBHOH 30HLI peaK
TOpOB H 9KCDepHMaHTaJILH.biX KaHaJIOB; DO paa
pa60TKe BCDOMOraT6JILHLIX ycTpOHCTB C ~eJILIO 
pacmHpHTL aKcnepu:MeHTaJILHLie BOaMO>KHOCTH AJIJI 
nposeneuua uay'IHLIX u npuKJianuLix pa6oT; no 
DOCTpOnKe H DpHMaHaHHIO KpHTH'IeCKHX c6opOK 
B ~eJIHX paarpyaKH peaKTOpOB OT pa60T, Tpe6y
IO~HX MaJihiX MO~HOCTeii; DO DOBLIIDaHHIO MO~
HOCTH peaKTopou BBP-C H DO uanpaaJieHHHM 
pa60T Ha HCCJieAOBaTeJILCKHX peaRTOpax. 

CJieAyiO~aa KOHcpepeH~HH no cpuauKe H TeXHHKe 
peaKTOpOB COCTOHJiaCL B anpeJie 1963 r. B fipare 
(qCCP). B ueii DpHHHJIH yqacTue 89 cne~uaJIHCTOB 
Ha AeBHTH cTpau. Pa6oTa npouonuJiaCL B ABYX ceK
~unx: TexuuqecKoii H cpuauqecKoii. BLIJIH pacCMOT
peHLI CJiaAYIO~He BODpOCLI. 
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B T6XHH'I6CKOH C6KD;HH: 

a) OnLIT 3KCDJiyaTall;HH HCCJI6)J;OBaT6JILCKHX pe

aKTOpOB; 

6) ycOB6piD6HCTBOBaHH6 T6XHOJIOrH'I6CKHX CxeM, 

CHCT6M ynpaBJI6HHH H KOHTpOJIH peaKTOpou; 

6) pea.KTOpHLl6 neTJIH; 

a) KOHCTpyKD;HH H CHCT6MLI ynpaBJI6HHH KpH-
TH'I6CKHX c6opoK; 

o) T6XHHKa pap;HaD;HOHHOH 6eaonaCHOCTH. 

B <I>H3H'I6CKOH C6.Kll;HH: 

a) T60pHH peaKTOpOB; 

6) KpHTH'I6CKHe aKcnepHM6HTLI; 

e) nOBLliD6HH6 MOID;HOCTH )1;6HCTBYIOID;HX HCCJI6-

p;OBaT6JILCKHX peaKTOpOB; 

a) peaKTOpHLl6 OCD;HJIJIHTOpLI, H3M6p6HH6 KOH

CTaHT H H6HTpOHHLIX nOTOKOB; 

o) <I>H3H'l6CKH6 3KCn6pHM6HTLI Ha H6HTpOHHLIX 

ny'IKax; 

e) H6HTpOHBLI6 cneKTphl. 
Ha KOH<I>epeau;uu 6LIJIO paccMOTpeao 115 p;oK

Jiap;ou, H3 HHX Ha nJieHapHLIX aacep;aHHHX 6LIJIO 

aacJiyiDaHO 6 p;OKJiap;OB, B KOTOpLIX H3JiaraJIHCb 

uonpocLI nouLimeunn MOID;HOCTH peaKropou BBP-C 

H HPT, onLITa aKcnJiyarau;nu BBP-M, uccJie

p;ouaunH xapaKrepucrnK nMnyJILCHoro peaKTOpa 

HBP ua 6LicTpLix ue:Hrpouax. 
BoJILmoe KOJIH'I6CTBO AOKJiap;ou 6LIJIO nocBHID;e

uo COap;aHHIO KpHTH'I6CKHX c6opOK, a TRK)I(6 H6KQ

TOpLIM peayJILTaTaM 3KCnepHM6HTOB Ha HHX; BOD

pocaM peryJIHpOBaHHH H aaiD;HTLI peaKTOpOB 1 T60• 

puu peaKropoB. HecKOJILKO p;OKJiap;oB KacaJIHCb 
)1;6HCTBYIOID;HX neTJI6BLIX ycTaHOBOK Ha HCCJI6)1;0· 

BaT6JlbCKHX peaKTOpaX. 

Rou<Pepeuu;nH paapa6oraJia peKOMeup;au;uu no 

C0Tpyp;HH'I6CTBY B o6JiaCTH peaKTOpHOH T6XHHKH. 

Ha Rou<J>epeuu;nnx H pa6oqnx eoueiD;aHHHX 

o6cymp;aiOTCH H6 TOJibKO peayJibTaTLI yme BLtnOJI

H6HHLIX pa60T, HO H paCCMaTpHBRIOTCH DJiaHbl 

Ha 6yp;yiD;e6 1 B TOM 1JHCJI6 nJiaH.hl COBM6CTHLIX 

HCCJI6)1;0BaHHH1 BOnpOCLI ROOnepaD;HH no npoeKTH

pOBaHHIO u uarorouJieuuro yunKaJILHOii annapa

rypLI. 
B uaeroniD;ee BpeMH eoap;aHHLie c nOMOID;biO 

CoueTcRoro Coroaa u;eHTpLI peaKTOpHLIX nccJie

p;ouauuii B cou;uaJinernqecKHX crpauax craJIH noJI

uou;euHLIMH Hay'IHLIMH opraHH38ll;HHMH 1 BHOCH

Ill;HMH 3Ha'IHT6JILHLIH BKJiap; B MHpOBYIO HayKy 
u o6ecnequuaroiD;HMH aanpoeLI uapop;uoro xo

aniicTBa euoux rocyp;apcTB. 

ME>-HAYHAPO,AHOE 
COTPY,AHI;14ECTBO no fl,AEPHOA 

SHEPfETI;1KE 
TexHHKO-aKoHOMH'!ecKHe uonpocLI aTOMHOii auep

reTHKH HM6IOT 60JibiD06 3Ha'l6HH6 }:\JIH BC6X CTpaH 

COD;HaJIHCTH'l6CKOrO CO,I:\pymeCTBa, noaTOMY nepc

neKTHBRM pa3BHTHH 3TOrO BH}:\a auepreTHRH yp;e

JIH6TCH 6oJILmoe BHHMauue. Ha cneu;naJILHOM 

coueiD;aHnn yqeuux H cneu;uaJincrou eou;uaJIHC

TH'16CRHx CTpaH 6biJIH paCCMOTpeHLI H o6cym]:\6HLI 

H6KOTOpLie BODpOCLI, CBH3aHHLI6 C pa3BHTH6M Hp;ep

HOH auepreTHKH. 

11. ,n. MOPOXOB H .~~:p. 

ATOMHaH aaepreTHKa rpe6yer TID;aT6JibHOro, 

Hay'IHO 060CHOB3HHOrO nepcneKTHBHOrO nJiaHH

pOBaHHH. PaaBHTHe ee AOJimuo yunauuaTLCH c paa

BHTH6M Hay'IHO-T6XBH'l6CKOH 6a3LI, C03}:\aHH6M 

CD6D;HaJIH3HpOBaHHLIX np06KTH0-.KOHCTpyKTOpc

KHX opraHHaau;nii, npHBJI61J6HH6M MaiDHHOCTpO

HT6JILHLIX aaBOp;OB K H3rOTOBJI6HHIO o6opyp;o

BaHHH1 pemeuneM uonpoeou nepepa6oTKH Hp;ep
uoro TODJIHBa H c pemeaueM TaKoii uamueiimeii 

npo6JI6MLI, RaK yp;aJI6HH6 pa}:\HOaKTHBHLIX OTXO

)J;OB. 
,[I;OCTaTO'IHO T01JHLI6 cpaBHHT6JlLHLI6 T6XHHK0-

3KOHOMH'l6C.KH6 nOKaaaT6JIH aTOMHLlX 3JI6KTpOCTaH

ll;HH MO)I(HO nOJIY'IHTL TOJILKO Ha OCHOB6 mnpOKO

ro ODLITa HX npOMLIIDJI6HHOrO npHM6H6HHH. 

PeaJILHLiii nyTL pemeuuH aroii npo6JieMLI cocrour 

B paapa60TK61 CTpOHT6JlbCTB6 H BC6CTOpOHH6M 

aHaJIH36 pa60TLI OnLITHO-npOMLIIDJI6HBLIX aTOM
HLIX 3JI6KTpOCTaHD;HH pa3JIH1JHLIX THnOB. 

ilJiaHOBLlH xapaKT6p COD;HaJIHCTH1J6CKOH 3KO

HOMHKH n03BOJIH6T npOBOp;HTb aHaJIH3 H6 H30-

JIHpOBRHHO, a B KoMnJieKce, c yqeroM BOaMomBLIX 

H H606XO)J;HMLIX T6MnOB paaBHTHH 3H6pr6THKH 

H Bcex ueo6xOAHMLlX AJIH o6ecne'I6HHH paaBHTHJI 

npOH3BO}:\CTB, BKJIIO'laH npep;npHHTHH TOnJIHBHOrO 

ll;HKJia H aaBO}:\LI no npOH3BO}:\CTBY pea.KTOpHOrO 

o6opy,I:\OBaHHH. 
ToJibKO aa ocaoue TaKoro aHaJiuaa MOmao on;e

HHTL CTOHMOCTL ycTaHOBJI6HHOrO KHJIOBRTTa MOID;

HOCTH A3C H CTOHMOCTb KHJIOBRTT-'laCa 3JI6KT• 

pH'16CKOH aueprHH 1 BLt6paTb T6XHH'l6CK06 Ha
npaBJI6HH6 H T6Mn pOCTa MOID;H0CT6H aTOMHLIX 

3JI6KTpOCTRHD;HH 1 a TRK)I(6 npOB6CTH 06ID;HH T6X

HHK0-3KOHOMH'l6CKHH aHaJIH3 OTpacJieii X03JIHCT

Ba, CBHaaHHLI:X. C paaBHTH6M HA6pHOH a&epre

THKH. 
CoueTCKHii Coroa OKaauuaer rexauqecKyro no

MOID;L qexocJiouau;Koii Cou;uaJIHCTH'lecKoii Pec

ny6JinKe H repMaHCKOii ,[l;eMORpaTH'I6CKOH Pec

ny6JIHK6 B CTpOHT6JILCTB6 aTOMHLlX 3JI6KTpOCTaH

ll;HH MOID;HOCTLIO: B qCCP - 150 TLIC. ~Wm C pe

aKTOpOM KOpnyCHOrO THDa Ha npHpO}:\HOM ypaHe, 
TH)I(6JIOH B0}:\6 H C raaOBLIM T6nJIOHOCHT6JI6M, B 

f,[I;P- 70 TLIC. 'n6m C peaKTOpOM Ha o6oraiD;eH

HOM ypaae H C 06LI'IHOH BO}:\OH B Ka'l6CTB6 aa

M6)1;JIHT6JIH H T6nJIOH0CHT6JIH. 

CoueTCKHe, qexoeJiouau;Kue H HeMeu;Kue cne

u;uaJIHCTLI COBM6CTHO pemaiOT CJIO)I(HL16 T6XHH

'16CKH6 BOnpOCLI1 CBH3aHHhl6 C np06RTHpOB8HH6M, 

CTpOHT6JILCTBOM H H3rOTOBJI6HH6M o6opyp;OBRBHH 

p;JIH aTOMBLIX aJieKrpocraau;uii. CouMecruo npo

uop;uTcH IDHpOKHH Kpyr 3KCD6pHM6HT8JILHLlX H 

Hay'IHLlX HCCJI6)1;0BRHHH 1 pemaiOTCH HH)I(6H6pHO

T6XHH'l6CKH6 BOnpOCLI, CBH3aHHLI6 CO CTpOHT6Jlb

CTBOM aTOMHLIX 3JI6KTpOCTRHD;HH. 

CrponTeJILCTBO aTOMHLIX aJieKTpocTaHD;Hii B 

CCCP, qccp H r,n;P p;acT B03M0)1(H0CTb nocJie 

HaKOnJI6HHH }:\OCTaTO'IHOrO OnLITa HX aKCnJiy

aTaD;HH BLI6paTL HaH60JI66 T6XHH'l6CKH COB6piD6H

HLI6 H 3KOHOMH'I6CKH BhlrOp;BLI6 THnLI peaKTOpOB, 

KOTOpLie 6LIJIH 6LI HaH60JI66 Bap;6)1(BLIMH H KOHKy

p6HTOCnOC06HLIMH B cpauueHHH e ApyrnMn TH

naMH aaepr6TH'l6CKHX ycTaHOBOK. 
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COTPYAHH~ECTBO no no.ctrOTOBHE 
HAAPOB 

BoJir,myro noMom;r, CCCP ORaaLIBaer B no~ro
TOBRe uannouaJILHLIX Ra~pos. Ha 111HBapSI1964 r. 
B CoseTCROM Coroae no~roTOBJieuo 1680 nHOCT
paHHLIX cnen;naJIHCTOB, B TOM 'IHCJie: 

i!KCnJiyatan;HOHHoro nepcoaaJia AJIH peaRTo
poB. H flHKJIOTpOHOB, a TaKlRe lflH3HROB-
HCCJie)J;OBaTeJieii: H pa)J;HOXHMHROB • • • • 930 

Cnen;naJIHCTOB llO llpHMeH6HHIO pa)J;HOORTHB-
HLIX H30TOllOB H H3JiyqeHHB: 

B llpOMblillJieHHOCTH • • • • • • • • • 370 
B Me)J;HnHHe, 6HOJIOfHH H CeJibCROM XQ-
3HHCTBe • • • • • • • • • • • • • • • 380 

flo~r.OTOBRa cnen;HaJIHCTOB npOBO~HTCSI no cne
D;HaJILHO paapa6oTaHHOH nporpaMMe, H3~aHHOH 
Ha pyCCKOM H aHrJIHHCKOM 113LIKaX. 

ME}t{.D,YHAPO.D,HOE 
COTPY .D,HH4ECTBO 8 MAr A T3 

CoaeTcKnii: Coroa npnHHMaeT aRTHBHoe yqacTue 
B pa6oTe Mem,IJ;yuapo,IJ;uoro areHTCTBa no aTOMHOii 
aueprnn, B npoao,IJ;Sim;nxcSI aToii: opraunaan;neii 
KOHlf>epeHD;HSIX, CHMnOaHyMaX, CeMHHapaX H CO
BeD.J;aHHSIX no paaJIH'IHLIM npo6JieMaM aTOMHOH 
HayKH H TeXHHKH H acneKTaM HX paaBHTHSI. 

TaR, B 1960 r. coaeTcKne yqenhle n cnen;aaJIHCThl 
npHHSIJIH y'IaCTHe B KOHlf>epeHD;HH no MaJihlM 
H Cpe,IJ;HHM auepreTH'IeCKHM peaKTOpaM H B CHM
nOaHyMe no HCCJie)J;OBaHHSIM B 06JiaCTH lf>naHKH 
npa nOMOD.J;H ueii:TpOHOB, noJiyqaeMLIX B peaKTO
pax. 

CoaeTcKne aKcnepTLI pa6oTaJia ua coaem;aunn 
no Bhlpa6oTKe uacTaaneHHSI no 6eaonacuoii aKc
nnyaTan;an RpHTH'IeCKHX c6opoK n nccJie~oaa
TeJILCKHX peaKTOpOB, aaKOH'IHBIDeMCSI npHHSI
THeM pyKOBO)J;CTBa no 3KCnJiyaTaD;HH TaKHX ycra
HOBOK, a TaKme Ha COBem;aHHH no OTBeTCTBeH
HOCTH aa HCnOJIL30BaHne aTOMHhiX cy~OB, nOJIO
mnsmeM HaqaJIO Bhlpa60TKe COOTBeTCTByiOm;eii 
KOHBeHD;HH. 

B 1961 r. coaercKne npe~craanreJiu yqacraoaa
JIH B CHMnOaHyMaX no paapa60TKe nporpaMM 
HCnOJIL30BaHH11 HCCJie~oBaTeJILCKHX peaRTOpOB H 
no OnhiTHhiM aueprernqecKHM peaRTOpaM, a TaR
me B ceMnHape no !f>aanRe peaRropos ua 6blcTphlx 
H npoMemyTO'IHhiX ueiirpouax. ITo aTHM sonpocaM 
6hiJIO npe,IJ;CTaBJieHO 19 COBeTCRHX ~ORJia~OB. 

,[(eJieran;nSI CoaercRoro Coroaa npnHSIJia aKTHB
uoe y'IaCTHe H BhiCTynnJia C ~BYMSI ~ORJia~aMH 
Ha CHMnOaHyMe nO 6eaonaCHOCTH peaRTOpOB H 
MeTO,IJ;aM OD;eHRH OnacHOCTH, COCT011BilleMC11 B 
1962 r. B Beue. B TOM me ro~y ua coaem;aunn no 
npoeRry ~oJirocpoquoro nJiaua pa6or no aTOMHOii 
auepreTHRe COBeTCRHH aRcnepT BHeC pSI,IJ; npe~JIO
meHnii, CnOC06CTBOBaBmHX COCTaBJieHHIO ROHKpeT
HOrO nnaua MArAT8 B aroH: o6nacrn. 

B 1963 r. npe,IJ;cTaBnrenn CCCP npnHSIJIH yqac
Tne so scex MeponpHSITHSIX AreuTCTBa, nMeBmnx 
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n;eJir,ro o6cym~euue aonpocoa paapaoOTRH n aRc
nJiyaTan;un peaRTopoB. }'qeHble n cnen;uaJiucrw 
npe~cTaBJISIJIH CoaeTcRnii Coroa ua ROH!f>epeHD;USIX 
no om>ITY aRcnJiyaran;nn auepreTn'IeCRHX peaRTO
poB H no TeXHOJIOfHH HOBhiX SI~epHblX MaTepna
JIOB, BRJIIO'IaSI HeMeTaJIJIH'IeCRHe TenJIOBbi)J;eJISIIO
ID;He aneMeHTLI, B cnMnoanyMax no aRcnoueu
n;naJILHLIM H RpHTH'IeCRHM 3KCnepnMeHTaM H no 
npo6JieMaM !f>naHRH n Bw6opa MaTepnaJIOB ~JISI 
peryJiupyrom;nx cTepmueii: peaRTOpoa. Ha aTux 
!f>opyMaX OHH BLICTynHJIH C 20 ~ORJia~aMH. 

CoBeTCKHe aKcnepTLl o6MeunBaJIHCL MHeHHSIMH 
H OnLITOM C liHOCTpaHHhlMH cnen;naJIHCTaMH Ha 
cosem;aun11X no TSimeJIOBO~HLIM pemeTRaM, no 
XHMH'IeCRHM HCCJie~OBaHHSIM Ha HCCJie~OBaTeJIL

CRHX peaRTOpax, no BLlpaoOTKe rapaHTHH )J;JISI 
peaRTOpoa MOID;HOCTLIO BLlme 100 M «m, no aKo
HOMn'IeCRHM np06JieMaM BRJIIO'IeHHSI aTOMHLIX 
aJieRTpOCTaHD;liH B auepreTH'IeCRHe CHCTeMLl H Ha 
ceMnuape )J;JISI a,IJ;MHHHCTpaTHBHOro nepcouaJia 
B o6Jiacrn aTOMHOii aueprnu. 

COTPY.D,HH~ECTBO H MHPHAR 
nonHTHHA CCCP 

CoaercRnii: Coroa, aepRLlii JieRnRCRHM npuu
n;nnaM BHemHeii: nOJIHTHKH - nOJIHTHRH MHpa, 
,IJ;pym6w n mnpoRoro corpy,IJ;HH'Iecrua co BCeMu 
cTpauaMn, uaRonnJI 6oJILmoii onLIT B o6JiaCTH 
MHpHOfO HCnOJIL30BaHH11 aTOMHOH aueprHH BO 
BCex OTpaCJISIX aapO,IJ;HOrO X03SIHCTBa, BLICTynaJI 
H BLICTynaeT aa IDHpOROe pa3BHTHe .MemyuapO)J;HQ
ro coTpy~anqecTBa B aToii: o6nacTn. 

Ocym;ecTBJISISI nonnTnRy MHpa, CoseTcRoe npa
BHTeJILCTBO, COBeTCRHH BapO)J; H aapO)J;Ll COnHaJiuc
TH'IeCROrO CO,IJ;pymeCTBa CO BOOMH BapO,IJ;aMH MHpa 
c oOJILillHM YAOBJieTBopeuneM n O,IJ;06peuneM BCTpe
THJIH no,IJ;nncauae MocROBcRoro ,IJ;orouopa o 
aanpem;eunn ucnhiTaunii SI,IJ;epuoro opymna B ar
MOc!f>epe, B ROCMH'IeCROM npOCTpaHCTBe H UO)J; 
BO,IJ;oii: RaR nepuLiii mar R ycnemaoMy paapemeunro 
npo6neMLI aceo6m;ero n nonuoro paaopymean11. 
CouercRne JIIO)J;H rop,IJ;Ll TeM, 'ITO nMeauo a MoeRBe 
OLIJI no,IJ;nncau Aorosop, noJiomnamnii uaqano 
KOHIJ;y pa,IJ;HOaRTHBHOrO aapameHHSI 3eMJIH. 

HouLIM maroM B uanpaBJieunn paaopymeaua 
SIBJISieTCSI pemeune CoBeTCKoro npaunTeJILCTBa 
0 COKpaiD;eHHH npOH3BO)J;CTBa pacm;enJISIIOID;HXCJI 
MaTepHaJIOB )J;JISI BOeHHLIX n;eJieH H RanpaBJieRHH 
60JILmero ROJIH'IeCTBa pacm;enJIJIIOID;HXCJI MaTe
pHaJIOB )J;JIJI HCnOJIL30BaRH11 B MHpHLIX n;eJIJIX -
Ha aTOMHhiX aJieKTpOCTaHD;HJIX, B npOMhlillJieHRQ
CTH, CeJILCKOM X0311HCTBe, B Me,IJ;HD;HHe, B ocym;ecT
BJieHHH RpynBhiX uayquo-Texun'IeCRHX npoeRTOB. 

BennKoe aasoeaaune qeJioaeqecRoro paayMa -
noRopeune aTOMa - ,IJ;OJimuo oLITL ncnoJILaouauo 
Ha OJiaro H TOJILKO Ra 6Jiaro JIIO~eii; aTOMHaJI 
aueprna - Moryqee cpe,IJ;CTBO uayquo-rexuuqec
ROro nporpecca qeJioaeqecraa - ,IJ;OJimua ncnoJIL
aOBaTLCSI TOJILKO ~JISI MHpHLIX n;eJieii. 
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A/295 USSR 

International co-operation m the field of atomic 

energy 

By I. D. Morokhov et a/. 

Widespread interest in the problems of the peace
ful uses of atomic energy as a powerful means of 
scientific and technical progress is now evidenced 
in an ever-increasing number of countries. The 
achievements scored in recent years in this rapidly 
developing field of science and technology and the 
utilization of atomic power in almost all branches 
have enabled various practical applications of this 
power in countries with different levels of scientific 
and economic development and have promoted and 
expanded international co-operation. 

Planning of research work in the field of nuclear 
physics, mastery of reactor engineering, training of 
personnel and of many young scientists with initia
tive is what is necessary to enable a number of new 
countries to place atomic science at the service of 
human progress. 

The years which have passed since the Second 
United Nations International Conference on the 
Peaceful Uses of Atomic Energy have witnessed a 
marked expansion of international ties and scien
tific and technical co-operation between Soviet 
scientists and scientific establishments and the 
scientists and scientific establishments of various 
countries. 

International scientific and technical co-operation 
of the USSR with other countries in the field of the 
peaceful uses of atomic energy extends virtually to 
all branches of science - from the building of 
atomic power plants and research reactors to the 
training of technical and scientific personnel, the 
exchange of scientific and technical information and 
the setting up of "Atoms for Peace" exhibitions. 

The Soviet Union has concluded new agreements 
and expanded scientific and technical exchanges 
with twenty-two foreign countries. 

The first agreements on the problems of the 
utilization of atomic power were concluded by the 
USSR with all socialist countries. These agreements 
provided for the rendering of assistance in setting up 
large research centres equipped with modern facili
ties including experimental reactors and modern 
physics and radiochemical laboratories and in 
training personnel for these countries in the USSR. 
The second stage of these agreements related to 
co-operation between the countries in the further 
development of joint scientific research in nuclear 
physics and radiochemistry, in the use of isotopes 
for national economy, in the field of atomic power 
generation and in the development of new reactors. 
What is new in these agreements is that they envisage 

not only the rendering of assistance but also the 
carrying out of joint research both on a bilateral 
basis and within the framework of the Council of 
Mutual Economic Assistance. In the new agree
ments, such as those signed with the Korean People's 
Democratic Republic, Ghana, Indonesia and Iraq, 
the USSR undertakes to build, in these countries, 
research reactors, physics and radiochemical labor
atories, and to train national personnel to work in 
these centres. 

The Joint Institute of Nuclear Research which 
was set up in the town of Dubna on the "open 
door" principle is functioning successfully, its inter
national associations are widening and its equip
ment and facilities are growing. The Joint Institute 
of Nuclear Research widely practices joint studies 
with the scientists from other countries. 

Soviet experts and scientists take an active part 
in international congresses, conferences and sym
posia, a number of such conferences and symposia 
being held in the Soviet Union. 

Guided by Lenin's principles of foreign policy -
the policy of peace, friendship and co-operation with 
all countries - and having accumulated vast ex
perience in international co-operation in the field of 
the peaceful utilization of atomic energy, the Soviet 
Union calls for the further development of scientific 
and technical co-operation in this field. Following 
the policy of peace, the Soviet people and the 
peoples of the socialist countries warmly welcomed 
the signing of the Moscow Treaty, banning nuclear 
tests in the atmosphere, in cosmic space and under 
water, as the first step towards the successful solu
tion of the problem of general and complete dis
armament. 

A/295 URSS 

Collaboration internationale dans le domaine 

de l'energie atomique 

par I. D. Morokhov et al. 

Un nombre croissant de pays manifestent un 
grand interet pour !'utilisation pacifique de l'energie 
nucleaire, en tant que facteur puissant du progres 
scientifique et technique. Les realisations recentes 
de la science et de la technique, qui se sont deve
loppees prodigieusement, !'utilisation croissante de 
l'energie atomique dans presque taus les domaines, 
qui a permis une serie d'applications pratiques dans 
des pays plus ou moins developpes du point de vue 
scientifique et economique, ant renforce et deve
loppe la collaboration internationale. 

La realisation methodique d'essais en matiere de 
physique nucleaire, la mise au point de la tech
nologie des reacteurs, la formation de specialistes 
et !'apparition de toute une pleiade de jeunes savants 
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pleins d'initiative permettront a une nouvelle serie 
de pays de mettre la science nucleaire au service du 
progres. 

Depuis la deuxieme Conference internationale des 
Nations Unies sur !'utilisation de l'energie atomique 
a des fins pacifiques, les relations internationales 
et la collaboration scienfique et technique entre 
savants et organismes scientifiques de l'URSS et 
savants et organismes scientifiques d'une serie 
d'autres pays se soot considerablement accrues. 

La collaboration scientifique et technique inter
nationale dans !'utilisation pacifique de l'energie 
atomique porte sur toutes les branches, depuis la 
creation d'installations productrices d'energie d'ori
gine atomique et de reacteurs de recherche jusqu'a 
la formation de specialistes et de cadres scienti
fiques, l'echange d'informations scientifiques et tech
niques, et !'organisation des expositions « Atome 
pour la paix ». 

L'Union sovietique a conclu de nouveaux accords 
et a developpe ses echanges dans le cadre de la 
collaboration scientifique et technique avec 22 pays. 

Les premiers accords concernant !'utilisation de 
l'energie atomique ant ete conclus entre l'Union 
sovietique et taus les pays socialistes. lis concer
naient 1' octroi d'une aide pour la creation de grands 
centres scientifiques et techniques, equipes d'appa
reils modernes, y compris des reacteurs experimen
taux et des laboratoires de physique et de radio
chimie modernes, ainsi que la formation de spe
cialistes en URSS. Le second stade de ces accords 
prevoit Ia collaboration des pays en vue du deve
loppement futur d'etudes scientifiques communes en 
physique nucleaire et radiochimie, sur !'utilisation 
d'isotopes dans l'economie nationale, dans l'energe
tique atomique et pour la creation de nouveaux 
reacteurs. La nouveaute de ces accords consiste non 
seulement en l'aide octroyee, mais aussi en la pour
suite de travaux de recherche scientifique communs, 
sur le plan bilateral et dans le cadre du Conseil 
d'aide economique mutuelle. Par exemple, les nou
veaux accords avec la Republique populaire demo
cratique de Coree, le Ghana, l'Indonesie et l'Irak 
prevoient la construction dans ces pays, avec l'aide 
de l'Union sovietique, de reacteurs de recherche, de 
laboratoires de physique et de radiochimie, ainsi que 
la formation de cadres nationaux pour ces centres. 

L'Institut unifie de recherches nucleaires, a 
Doubna, fonde sur le principe des « partes ou
vertes », se developpe avec succes et accroit son 
equipement technique. II realise avec des savants 
etrangers des recherches scientifiques communes a 
grande echelle. 

Les specialistes et savants sovietiques participent 
activement aux conferences internationales, aux 
congres et symposiums, dont une serie a egalement 
eu lieu en URSS. 

L'Union sovietique, guidee par les principes leni
nistes en matiere de politique exterieure - politique 
de paix, d'amitie et de cooperation avec tous les 
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pays-, acquiert beaucoup d'experience en matiere 
de cooperation internationale pour !'utilisation paci
fique de l'energie atomique, et elle envisage d'aug
menter encore la collaboration scientifique et tech
nique dans ce domaine. 

Dans le cadre de cette politique de paix, le peuple 
sovietique et les peuples des pays socialistes ant 
chaleureusement approuve la signature du traite de 
Moscou sur !'interdiction des essais d'armes nu
cleaires dans !'atmosphere, dans l'espace et sous 
l'eau, en tant que premier pas vers la solution du 
probleme du desarmement general et complet. 

A/295 URSS 

La colaboraci6n internacional en el campo de 
Ia energfa at6mica 

por I. D. Morokhov et al. 

El gran interes bacia la utilizaci6n pacifica de la 
energia at6mica como media poderoso para el 
progreso cientifico-tecnico se manifiesta cada vez 
en mayor numero de paises. Los adelantos de los 
ultimos alios en este campo de la ciencia y de la 
tecnica, que esta en rapido desarrollo, y la adapta
ci6n del empleo de la energia at6mica a casi todas 
sus ramas, lo cual hace posible sus aplicaciones 
practicas en paises con diversos grados de desarrollo 
cientifico y econ6mico, todavia han reforzado y 
ampliado mas la colaboraci6n internacional. 

La realizaci6n planificada de las investigaciones 
en el campo de la fisica nuclear, la puesta a punta 
de la tecnica de los reactores, la instrucci6n de espe
cialistas y la preparaci6n de toda una pleyade de 
cientificos j6venes de iniciativa, son las condiciones 
que permitiran a una serie de pafses poner la ciencia 
at6mica al servicio del progreso. 

En el tiempo que ha transcurrido desde la segunda 
Conferencia Internacional de las Naciones Unidas 
sabre la utilizaci6n de la energia at6mica con fines 
pacificos, se han ampliado significativamente los 
lazos y la colaboraci6n cientffico-tecnica de los hom
bres de ciencia sovieticos y los organismos cienti
ficos de la URSS con los hombres de ciencia y los 
organismos cientificos de otros paises del mundo. 

La colaboraci6n cientifico-tecnica de la URSS 
con otros paises para la utilizaci6n pacifica de la 
energia at6mica abarca, en realidad, todas las ramas 
y direcciones posibles en este campo: desde la 
construcci6n de centrales nucleoelectricas y reac
tores de investigaci6n basta la preparaci6n de espe
cialistas y cuadros de cientificos, intercambio de 
informacion cientifico-tecnica y organizaci6n de las 
exposiciones "Atom as para la paz". 

La Union Sovietica tiene acuerdos y mantiene 
amplio intercambio en el campo de la colaboraci6n 
cientifico-tecnica con 22 paises. 

Los primeros acuerdos, relativos a la utilizaci6n 
de la energia at6mica, fueron firmados par la Union 
Sovietica y todos los paises socialistas. Esto~ acuer-
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dos fueron los de ayuda para la creacion de grandes 
centros de investigacion cientifica equipados con 
medios modernos, entre ellos un reactor experi
mental y laboratorios fisicos y radioquimicos roo
demos, y la preparacion de especialistas, para ellos, 
en la URSS. La segunda etapa de estos acuerdos 
preve la colaboracion de los distintos paises en el 
progresivo desarrollo de las investigaciones cienti
ficas conjuntas en el campo de la fisica nuclear y 
de la radioquimica, en la utilizacion de isotopos en 
la economia nacional y en el campo de la energia 
atomica, para la construccion de nuevos reactores. 
La novedad de estos acuerdos es que no solo esta
blecen la prestacion de una ayuda, sino tambien la 
realizacion de trabajos comunes de investigaci6n 
cientifica, tanto sobre una base bilateral como 
dentro del marco de Consejo de ayuda mutua eco
nomica. Por ejemplo, en los nuevos acuerdos con 
la Republica Popular Democnitica de Corea, Ghana, 
Indonesia e Irak, se preve Ia construccion, en estos 
paises, con ayuda de la Union Sovietica, de reac
tores de investigacion y Iaboratorios fisicos y radio
quimicos, y la preparacion de cuadros nacionales 
de cientificos para que trabajen en dichos centros. 

Funciona con exito y ampHa sus lazos interna
cionales, el Instituto Internacional de Investiga-
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ciones Nucleares de Dubna, organizado de acuerdo 
con el principio de "puerta abierta", y que esta 
fortaleciendo su base material y tecnica. Son muchos 
los trabajos de investigacion conjuntos de este Insti
tuto con cientfficos de otros pafses. 

Los especialistas y los cientificos sovieticos toman 
parte activa en las conferencias, simposios y con
gresos internacionales. Muchas conferencias y 
simposios de esta clase se han celebrado en la 
URSS. 

La Union Sovietica, que se rige por los principios 
de politic a exterior de Lenin: politic a de paz, de 
amistad y colaboracion con todos los paises, ha 
acumulado gran experiencia en la colaboracion inter
nacional en el campo de Ia utilizacion pacifica de la 
energia atomica, y emprende un mayor desarrollo 
de Ia colaboracion cientifico-tecnica en este campo. 
Poniendo en practica una politica de paz, el pueblo 
sovietico y los pueblos de los paises de la amistad 
socialista, con todos los paises del mundo, firmaron 
con gran aceptacion el pacto de Moscu para la 
supresi6n de los experimentos de armas nucleares 
en la atmosfera, en el espacio c6smico y bajo el 
agua, como un primer paso para el exito subsi
guiente de la resolucion del problema del desarme 
total universal. 
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Investigations on site selection for the 
first UAR nuclear power station 
By M. A. EI-Guebeily, K. E. A. Effat, K. A. Mahmoud, 
M. F. EI-Fouly~ A. Ayoub, M. E. Aly and M. Obeid * 

The UAR Electricity Authorities are undertaking 
a vast program of electrification of the country [1], 
which includes the installation of the High Aswan 
Dam Power Station (2 100 MW) and many con
ventional thermal stations. The total installed capa
city will reach 4 000 MW in 1970 compared with 
400 MW in 1952, corresponding to an increase 
in the total generated energy from 1 000 to 
11 000 GWh with the generated energy per capita 
rising in the same period from 47 to 350 kWh. The 
detailed studies made in this connection indicate 
that these projects will satisfy the electrical energy 
requirements of the country until the year 1972, 
after which an average additional 150-200 MW(e) 
will be installed annually. In spite of the fact that 
nuclear power, in the present conditions of the UAR, 
is neither imposed by an economic urgency, nor 
expected to compete favourably at the anticipated 
sizes-up to 200 MW(e)-with conventional thermal 
power, the decision has been taken to install the 
first nuclear power station for integration into the 
general electric 220 kV grid system by 1969. The 
object of this project, in addition to the production 
of electricity, is to introduce nuclear power tech
nology and experience, and to train personnel in the 
various disciplines required to face the needs of an 
expanding nuclear power program starting from 
1972. For this project, various technical, economic 
and site investigations have been undertaken. 

The present report deals only with the maiiJ. prob
lems involved in the selection of a suitable site and 
outlines the principal lines of investigations which 
were carried out for the comparative evaluation of 
the various possible sites. These problems arose 
from the facts that: 

(a) Being the first project of its kind in the UAR, 
safety aspects had to be particularly emphasized; 
and that 

(b) The reactor type not being defined the selected 
site should satisfy the main requirements for various 
types of power reactors. 

ORGANIZATION 

The site selection studies have passed through 
three main distinct stages-namely, the initial survey 
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stage, the detailed technical investigation and 
evaluation stage, then the international consultation 
and final conclusion stage. These stages are diagram
matically represented in Fig. 1. During all these 
three stages the work has been organized by the 
Siting Committee composed of senior staff members 
of the UAR Atomic Energy Establishment. 

The initial survey stage of the site studies was 
concluded by a recommendation that the three most 
promising sites for detailed investigations were the 
Burg El-Arab, Inshas and Wadi Hof areas. At a 
later stage, it was decided to add a further two sites, 
namely the Fayoum and El-Tahrir areas, as next 
in priority, in order to widen the scope of the 
detailed evaluation studies for the sake of complete
ness with respect to the first nuclear power station, 
and for the possible use of this data for future 
nuclear power projects. 

In the detailed technical investigation and evalu
ation stage, the Committee organized various tech
nical study groups composed of qualified experts 
from specialized national institutes and organizations 
to carry out the detailed studies concerning the above 
mentioned sites. Periodic meetings were organized 
between the Committee and these study groups to 
discuss the technical data required for comparative 
evaluation. This stage was concluded by the pre
paration of comparative evaluation reports on the 
five sites. 

In the third stage of international consultations, 
the UAR Atomic Eriergy Establishment invited an 
IAEA panel of international experts to meet in 
Cairo in May 1963 for discussions and consultation 
on site selection. In addition, the consulting en
gineers, Kennedy and Donkin, were requested to 
prepare a detailed report on the siting of the nuclear 
power station. All technical reports of the study 
groups and the Committee have been presented to 
the IAEA panel and to the consulting engineers. 

The final decision on the site shall be made on 
basis of the comparative evaluation reports of the 
Committee [2-4], the IAEA panel report [5] and 
the consulting engineers report [6]. 

Initial general survey 

In order to simplify the studies on site selection 
and to restrict the detailed investigations to the 
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STAGE I STAGE II 

Initial survey 
a. General survey 
b. Recommendations 

Detailed investigations 
and comparative evaluation 
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Figure 1. Organization chart for site studies 

minimum number of best possible sites, studies were 
started by a preliminary general survey of the 
different possible sites in various regions of the UAR. 
This survey aimed at excluding areas and locations 
which appeared from the available general technical 
data to be either rejectionable or less favourable 
from the safety or economic viewpoint. Twelve 
different sites from different regions were examined; 
these were: Cairo, Alexandria, Damanhour, Talkha, 
El-Tahrir, Inshas, 40 km NE of Cairo, Ismailia, 
Port Said, Burg El-Arab, Wady Hof and Fayoum. 
Fig. 2 shows the geographical location of these sites. 

This survey led to the conclusion that there was 
no area or site which could be considered as perfect 
from all aspects and had full priority over the others. 
Consequently, the main problem was to balance the 
various priorities and to ensure that the sites to be 
chosen for detailed investigation should not con
tradict any major aspect concerning the electrical, 
safety or constructional and operational require
ments. In the light of these considerations and the 
available technical data, the following areas were 
excluded: 

(a) Southern Egypt, to the Fayoum area, because 
of the cheap hydroelectric power which will be 
available from the High Aswan Dam Project; 

(b) The Suez Canal area (Port Said and Ismailia) 
for reasons of navigation safety and because of the 
proximity of the National Oil Field which reduces 
transportation costs of fuel for conventional power 
station; 

(c) Big cities (Cairo and Alexandria) because of 
the high population density and the high con
centration of industrial, commercial and cultural 
centres; 

(d) The Delta region {Talkha and Damanhour) 
to avoid possible risks to the population and agri
culture, which are mainly concentrated in this 
region; 

WESTERN DESERT 

EASTERN DESERT 

tf 220 kV sub-statiOn 

• r.~~o::1.~~:~~ for 
0 S•tes mvest1gated 

Figure 2. Possible site locations and the 220 kV grid in lower Egypt 
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(e) Some desert regions, which are favourable 
from the safety point of view (50 km SE of Cairo), 
but do not fulfil the main requirements such as the 
availability of the required amounts of water neces
sary for condenser cooling, make-up, etc. 

The general survey concluded with the recom
mendation to concentrate further investigations on 
three areas to which the two areas next in priority 
were added at a later stage for the reasons indicated 
earlier. These five areas were: 

(a) Inshas on the Ismailia Canal 40 km NE of 
Cairo; 

(b) Burg El-Arab on the Mediterranean coast 
about 30 km W of Alexandria; 

(c) Wady Hof on the River Nile about 20 km S 
of Cairo; 

(d) Fayoum on Lake Quaroun about 80 km SW 
of Cairo; 

(e) El-Tahrir on one of the canals near to and 
branching from the Rozetta branch of the River Nile 
about 60 km NW of Cairo. 

TECHNICAL REPORTS AND CRITERIA FOR SITE 

EVALUATION 

Certain general criteria have been adopted for 
site evaluation. These criteria were taken as the 
main guide for the detailed technical data required 
to be included in the technical reports prepared 
by the various study groups. These technical reports 
(about thirty) covered the main fields of: electric 
power generation, transmission and distribution in 
the UAR [1, 7], population density distribution 
[8, 9], meteorological information [10, 11], geology 
[12-17], soil formation [18], hydrology [19-24], 
hydrographic information [25-27], seismic con
siderations [28, 29], water requirements [30, 31], 
transportation requirements [32, 33], civil construc
tional considerations [34] and water temper
atures [35]. 

The main criteria adopted for comparative 
evaluation are given in the following sections. 

Electrical considerations 

In this connection due consideration has been 
given to the short- and long-term policies of electric 
power development, to the future establishment of 
the general 220 kV electrical grid system, to the 
future generation of cheap hydroelectric power from 
the As wan High Dam and to the·. distribution of 
load centres in the various areas. Furthermore, the 
cost incurred in connecting the nuclear power station 
to the 220 kV grid and in supplying the site with the 
required electric power for the construction and 
testing periods, as well as the transmission losses, 
have also been considered in the analysis. 

Safety considerations 

These include: 
(a) Population density. The main criteria for 
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population density studies were based on con
siderations of the distance of a given site from highly 
populated areas and of the population density dis
tribution around each site, for which the site rating 
treatment of F. R. Farmer (The Evaluation of Power 
Reactor Sites) was taken as basis. 

(b) Meteorology. The main criteria were based 
on the following concepts: (i) radioactive con
tamination of the atmosphere may arise from any 
of a wide variety of accidents or incidents starting 
from a small release up to a maximum credible 
accident and (ii) the fundamental basis of evaluation 
is the restriction of arrival of hazardous levels to 
any living environment. Therefore, the meteoro
logical evaluation included analysis of wind speed 
and direction as well as the frequency of occurrence 
of miscellaneous weather phenomena such as mists, 
rainfall, calm, light variable winds, temperature 
inversions, sand storms, sand rising, gales and 
thunderstorms. Some of these phenomena favour the 
spread of any radioactive release to the atmosphere 
while others favour its localisation around the site. 

(c) Geology. The criteria for the geological data 
include their implications in the following aspects: 
(i) safety aspects involving the decontamination by 
soils and clay minerals of radioactive waste and 
accidental releases, hydrology and seismic effects 
and (ii) civil considerations concerning the soil 
bearing capacity. 

(d) Hydrology. The basic criterion in this con
nection is the role the hydrological conditions of 
every site would play in eliminating or minimising 
the spread of hazardous radioactive contamination 
to people directly or indirectly through water to the 
food chain or otherwise. Consequently, particular 
stress was given to the analytical evaluation of the 
following hydrological factors: (i) the present picture 
of the water table and the expected changes due 
to future projects; (ii) the direction of flow, the 
velocity of the ground water and the hydraulic 
properties of the ground water; (iii) types and 
varieties of materials crossed by the ground water 
in its flow and (iv) hydrographic parameters for 
coastal sites, particularly sea water currents and 
their directions and some related ecological problems 
such as fish migration, sponge beds, etc. 

(e) Seismic effects. The UAR being generally a 
quiet country from the seismic point of view, the 
sites were evaluated in this respect with regard to 
their proximity to internal seismic sources and to 
the local microseismic effects which are important 
for civil constructions. 

Constructional and operational requirements 

These include: 
(a) Water requirements. The criterion applied is 

the availability and the cost of providing the station 
with the required amounts of fresh or salty water 
for cooling the turbine condensers and fresh water 
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for the make up of the reactor and the steam and 
accessory circuits, facilities, general utilities, etc. 

(b) Transportation requirements. The adopted 
criterion is the comparative cost evaluation of trans
portation to different sites. In all modes of trans
portation special trailers, wagons or tugs have to be 
available. In addition, for railway and road trans
portation special measures regarding bridge rein
forcement may be necessary in some cases. Extra 
measures may also need to be taken in the case of 
road transportation, to remove obstacles or to adapt 
certain parts of roads to suit the extra loads and 
dimensions. Harbour facilities of main ports such as 
stationary and floating cranes have also to be 
considered. 

(c) Civil construction considerations. The criteria 
for evaluation, involve the cost incurred due to the 
following: (i) the availability of constructional 
materials such as cements, concrete aggregates, steel 
bars and bricks and (ii) the soil bearing capacity 
required for heavy structures. 

(d) The availability of skilled labour in the area 
and the proximity to industrial and scientific centres 
which are important for the rapid realisation and 
low cost of the project. 

COMPARATIVE EVALUATION 

In the light of the above mentioned criteria, 
comparative evaluation of the five chosen sites has 
been carried out and is outlined below. 

From the point of view of the electrical con
siderations, the four areas of Burg El-Arab, Inshas, 
El-Tahrir and Wady Hof are quite suitable, being 
near to important load centres, sufficiently far from 
the cheap hydroelectric power of the High Dam 
(see Fig. 2) and having low or acceptable costs for 
connection to the 220 kV grid and for supply with 
the required electric power during the construction 
and installation period. The Fayoum area, although 
not rejected yet, is the least favourable in this 
respect, since it offers smaller possibilities of local 
load development and because of the much higher 
expenses involved in transmitting the generated 
power to Cairo and in supplying the area with power 
in the construction and testing stage. 

From the safety standpoint, Burg El-Arab stands 
out as the best area, having a Class 1 population 
density distribution and being characterised by 
favourable meteorological, hydrological, soil fixation 
properties and seismic conditions. The Fayoum site 
west of Lake Quaroun is comparable with Burg 
El-Arab, with the only drawback that the Fayoum 
area proved to be the epicentre for intermediately 
destructive earthquakes; however, they are quite rare 
and could be faced by the appropriate measures in 
construction and design. East of the lake, the condi
tions are similar with an added disadvantage in 
meteorological conditions, since about 70% of the 
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prevailing winds are directed towards the Fayoum 
agricultural province. The Inshas area, although less 
favourable than Burg El-Arab, satisfies the safety 
requirements to a reasonable degree. It is charact
erised by Class 2 sites, and Class 1 sites could be 
found (see Fig. 3) but would involve additional 
costs. The meteorological, soil and seismic condi
tions are comparable with Burg El-Arab while the 
hydrological conditions are acceptable though less 
favourable. As to the Wady Hof and El-Tahrir 
areas, they present serious objections from the safety 
point of view. Although Class 2 sites could be found 
in these areas, the hydrological data present serious 
objections and make these two areas unacceptable, 
at least for the first nuclear power station. These 
data indicate that in the W ady Hof area, the ground 
water forms a continuous water body with the Nile 
water and it flows towards the Nile during eight 
months of the year (see Fig. 4). The presence of this 
area just south of Cairo (population of 3.5 million) 
and the Delta (80% of the cultivated land in the 
country) may represent a serious hazard in case of 
a major accident. Similarly in the El-Tahrir area, 
the ground water also forms a continuous body with 
the Nile and Delta ground water, appreciable 
amounts (35 X 106 m3) flowing towards the Delta 
during four months, representing about one-tenth of 
the ground water used for irrigation in the central 
Delta. Furthermore, in the El-Tahrir area, about 
33% of the prevailing winds are directed towards 
the Delta. 

Concerning the constructional and operational 
requirements of the nuclear power station, they can 
be satisfied in the various areas at a variety of costs. 
Condenser cooling water is available from the Nile, 
Lake Quaroun or the Mediterranean with additional 
expenses for the intake system in some sites. The 
required amounts of fresh water for make up or 
other purposes are obtainable from the Nile and its 
main canals, with the necessity of long pipeline con
nections in certain cases. Transportation facilities 
are or could be made available in all cases for all 
kinds of equipment including those having the 
biggest weights or dimensions. Additional roads 
would be required which vary from one site to 
another. The bearing capacity of the soil varies from 
2 kg/em~ in the sandy areas to 20 kg/cm2 in the 
limestone areas and technical solutions for found
ations could be found in all cases. Building materials 
could be supplied to all five areas. Similarly, qualified 
personnel and skilled labour could be made avail
able for the project at all the sites. In general, the 
El-Tahrir area would be the least expensive in these 
respects and Fayoum West would be the most 
expensive, while the other sites would be inter
mediate in cost. 

On the basis of the above considerations, although 
Wady Hof and El-Tahrir areas are quite attractive 
from the economic point of view, they have been 
rejected as sites for the first nuclear power stations 
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Figure 3. Population density around lnshas site 

on safety grounds, due to the seriousness of the 
hydrological objections which are of special im
portance in a country like the UAR where agri
culture represents an important factor in the national 
economy and is based on irrigation from the Nile 
and the ground water. Three areas have therefore 
been left for the final choice, namely, Burg El-Arab, 
lnshas and Fayoum. 

Burg El-Arab is the safest site. It is economically 
suitable and would incur acceptable expenses. The 
installation of the first nuclear power station in this 
site would promote industrial and scientific develop
ments in the Alexandria area. 

Inshas is also an acceptable site from the safety 
standpoint. Economically, it is comparable with the 
Burg El-Arab site, involving expenses of the same 
order. The choice of this site would be favoured 
from the point of view of promoting nuclear power 
technology in the UAR, due to its proximity to the 
Atomic Energy Establishment and to the industrial 
and scientific centres at Cairo. 

Fayoum is comparable with Burg El-Arab from 
the safety point of view, especially the western site. 
It is economically the least favourable of the three 
areas, the eastern site being in this respect more 

Figure 4. Block diagram showing drainage structure and water 
movements for the Wadi Hof area 
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advantageous than the western site. The choice of 
this area would support the general policy of decen
tralization and the creation of major industrial and 
cultural centres outside the Cairo and Alexandria 
areas. 

At the time of writing this paper, the final selec
tion of the site for the first UAR nuclear power 
station is under consideration, taking into account 
the balance of the relative merits and drawbacks of 
the proposed three areas. 
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A/840 Republique arabe unie 

Etudes sur le choix du site pour Ia premiere 
centrale nucleaire de Ia RAU 

par M. A. EI-Guebeily et at. 

Le memoire expose les principaux problemes ren
contres dans le choix d'un site convenable pour Ia 
premiere centrale nucleaire de la RAU ainsi que les 
principales etudes qui ont ete entreprises en vue ?e 
!'evaluation comparative des differents sites. La pms
sance prevue pour Ia centrale est de 100 a 
200 MW(e), et elle sera integree dans le reseau 
general a 220 kV. 

Les problemes essentiels du choix du site pour 
cette centrale resultent des faits suivants: i) s'agis
sant du premier projet de centrale nucleaire de Ia 
RAU Ia securite doit recevoir une consideration 
partiduliere; ii) le type du reacteur n'etant pas 
encore defini, le site a choisir doit satisfaire les 
besoins principaux de differents types de reacteurs. 

Les etudes pour le choix du site ont ete effectuees 
par le Comite du site de Ia RAU pendant les deux 
dernieres annees et les resultats de ces etudes ont ete 
presentes, pour consultation, au groupe d'experts de 
l'AIEA reuni au Caire en mai 1963. En plus, 
d'autres etudes ont ete faites sur le choix du site 
depuis mai 1963 par les ingenieurs conseils ~ennedy 
et Donkin, nommes consultants pour ce pro]et. 

Les etudes ont comporte initialement une revue 
generale, qui a conduit a exclure certaines regio~s 
pour des raisons evidentes de securite ou d'economre. 
Ces regions sont I'Egypte du Sud a cause du bon 
marche de l'energie hydro-electrique fournie par le 
haut barrage d' Assouan, la zone du canal de Suez 
pour Ia securite de Ia navigation, l~s grand,es. villes 
pour la densite elevee de la population, la regiOn du 
Delta pour Ia securite de Ia population et de !'agri
culture et quelques regions desertiques pour le 
manque d'eau de refroidissement, etc. 

Les etudes de site ont done ete concentrees sur 
les cinq regions suivantes: . 

i) Inshas, sur le canal d'Ismallia, a envuon 
40 km au nord-est du Caire; 

ii) Burg El-Arab, sur la Mediterranee, a environ 
30 km au sud-ouest d' Alexandrie; 

iii) Wady Hof, sur le Nil, a environ 20 km au 
sud du Caire; 

iv) Fayoum, sur le lac Quaroun, a environ 80 km 
au sud-ouest du Caire; 

v) El-Tahrir, sur un canal se branchant sur le 
bras Rosette du Nil, a environ 60 km au 
nord-ouest du Caire. 

Ces regions ont ete soumises a une analyse et une 
evaluation detaillees du point de vue des aspects 
suivants: 

i) Les facteurs relatifs a l'electricite, comprenant 
la demande d'electricite, la distance de la centrale 

hydro-electrique du haut barrage, le cm1t de con
nexion au reseau de 220 kV et le cout de fourniture 
d'energie electrique necessaire pour la construction. 

ii) Les facteurs de securite, comprenant la den
site de la population, la meteorologie, l'hydrologie, 
les proprietes de fixation du sol et les phenomenes 
sismiques. 

iii) Les besoins en matiere de construction et 
d'exploitation, comprenant l'approvisionnement en 
eau, les facilites de transport, les consideration~ de 
genie civil et la disponibilite de personnel techmque 
competent. 

Les differents facteurs mentionnes ci-dessus ont 
fait !'objet de rapports techniques detailles presentes 
par des experts qualifies representant des instituts 
specialises du pays. Les donnees contenues dans ces 
rapports ont ete utilisees comme base pour !'eva
luation comparee des differents sites. A Ia lumiere 
de ces evaluations, trois regions sont considerees 
comme convenables pour une centrale nucleaire: 
Burg El-Arab, Inshas et Fayoum. Cependant, cer
taines differences existent entre ces regions du point 
de vue des aspects securite et economie. Au moment 
de la redaction du memoire, le choix final du site 
est a l'examen, compte tenu des avantages et incon
venients relatifs des trois sites proposes. 

A/840 OAP 

HccneAOBaHHfl no Bbl6opy nno~aAKH 
AJlfl crpoHrenbCTsa nepsoH aroMHOH 
aneKrpocraH~HH 06beAHHeHHOH Apa6-
CKOH Pecny6nHKH 

M.A. 3nb-re6eHnH et al. 

B AaHHOM AOKJia;J.e paccMaTpHBaiOTCH ocHoBHhH~ 
upo6JICMhl, CBH3aHHhle C Bh16opoM ~OAXOAHII~e~ 
IIJIO~a;J.RH ;J.JIH CTpOHTCJihCTBa nepBOH aTOMHOM 

:meKTpocTaH~HH 06'bCAHHCHHoii Apa6cKoii Pec

ny6JIHKH, H ;J.aCTCH o6aop OCHOBHhlX HCCJIC;J.OBa

HHH, npose;J.eHHhlx c ~eJihiO ocy~eCTBJieHHH cpas

IIHTeJihBoii O~CHRH pa3JIHqHhlX IIJIO~ap;oK. flpe,[\

ITOJiaraeTCH1 qTo aTOMBaH CTaH~HH 6y;J.CT HMCTh 

aJieRTpuqecKyiO MO~HOCTh oT 100 p;o 200 MBr 11 

p;aBaTh aJieKTpoaueprHIO B o6~y10 aHeprocHcTeMy 

HaiipHiKCHHCM 220 lt6T. 

OcBOBBhle npo6neMhl Bh16opa tiJio~ap;KH AJI.H 

p;aBBOH aTOMHOH aJICKTpOCTaH~HH CB.H3aHhl CO 

cnep;yiO~HMH <f>aKTopaMH: a) nocKoJihKY AJIH 

OAP aTo nepBhlii npoeKT nop;o6Horo pop;a, To oco-

6oe BHHMaHHe p;onmuo 6hiTh yp;eneuo sorrpocaM 

6eaorraCHOCTH H 6) IIOCROJihKY THII peaKTOpa 

p;JI.H 3JICKTpOCTaH~HH IIOKa e~e HC onpep;eJICH, Bhl-

6pauna.H HJio~ap;Ka p;onmaa yp;oBJICTBop.HTh rnaB

HhiM Tpe6oBaHHHM, npep;'bHBJIHCMhlM K pa3JIHq

HhlM THUaM auepreTHqeCKHX peaKTOpOB. 
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B Te'leHue nocnep;uux ABYX neT l\oMHTeT no 
BLI6opy cTpOHTenhHLIX nnoll\a)J;oK OAP npoBop;un 
HCCnep;OB8HHH no O~eHKe nnOiq8)1;0K )J;nH nepBOH 
RTOMHOH aneKTpOCTaH~HH, H flOJiy'leHHble peayJih
TaTLI 6LIJIH npep;CTaBneHLI ll,nH paCCMOTpeHHH 3KC
nepTHOMY KOMHTeTy Memp;yuapop;uoro areHTCTBa 
no aTOMHOH auepruu, KOTopLIH aacep;an B Kaupe 
B Mae 1963 rop;a. KpoMe Toro, «<JnpMaMH <cl\ou
canTHHr aup;muunpa Keuuep;n• n <c,[J;OHKHH,., ua
aua'leHHLIMH B K8'1eCTBe KOHCynLTaHTOB npoeKTa 
CTpOHTenhCTBa aTOMHOH aneKTpOCTaH~HH, C Mafl 
1963 rop;a npoBO)J;HTCH p;aJJbHeHmHe HCCJie)J;OBaHHH 
llO Bhi6opy CTpOHTenbHOH nnOll\a)J;KH. 

llepBoHa'lanLHo pa6oTLI no BLI6opy cTponTenL
HLIX DnOll\ll)J;OK BKniO'Ianu npoBe)WHHe o6rqero 
npep;BapuTenLuoro uayqeuua, B peayJJLTaTe KOTo
poro pap; paiiouoB 6Lin ucJmiO'IeH no aKolloMn'le
CKHM coo6pameuuaM unn no npuquuaM 6eaonac
HOCTH. I{ TaKHM paHOHaM OTHOCHTCH: IO)KHafl 
traCTh ErunTa BBHAY uanutrua TaM p;emeBoii rup;
poaJieKTpoauepruu, o6ecne'IHBaeMoi npoeKTOM 
BLicOTHoii nnoTHHLI; aoua Cya~Koro KaHana no 
DpH'IHHe o6ecne'leHHH 6eaonaCHOCTH HaBHra~HH; 
KpynHLie ropop;a Ha-aa BLICOKOH nnOTHOCTH Hace
JieHHH, paioH p;enLThi Huna no npuquue o6ec
netreuua 6eaonacuocTn p;na uaceneuua u paaBn
THH CeJJbCKOro X0311HCTB8, a TaKme HeKOTOpLie ny
CTLIHHLie paHOHbl ua-aa He)J;OCTaTKa BOJJ;LI p;nH OX
JJamJJ;eHHH. 

lloaTOMY HCCJie)J;OBaHHH CTpOHTenhHbiX nnorqa
,l.\OK 6LIJIH CKOH~eHTpHpOBaHLI Ha UHTH paiioBaX: 

1. ll&mac, pacnonomeBHLiii B paiioBe llcMa-
unLcKoro KaHana, npu6nuanTenLBO B 40 I£M K ce
Bepo-BOCTOKY or Kaupa; 

2. Bypr :3nL-Apa6, pacnonomeHHLIH ua 6epery 
Cpep;uaeMBoro Hopa, npn6nuanTenLuo B 30 """ K 
aanap;y oT AneKcaup;puu; 

3. Bap;u Xo«<J ua peKe Hun, npu6nuanTenLHO B 
20 II'.M K 10ry or Kaupa; 

4. <l>auyM ua oaepe 1:\yapyu, npu6nuaHTenLHO 
u 80 K.M K IOro-aanaJJ;y or Kaupa; 

5. :3nL-Taxpup, pacnonomeHHLIH Ba OJJ;HOM ua 
KaHanoa, HAYll\HX OT peKu PoaeTTLI, HBnHIOrqei
cH pyKaBoM Huna, uaxoJJ;HTCH npu6nuauTeJILHo u 
60 I£M K ceBepo-aanap;y oT Kaupa. 

,lJ;eTanhHLIH auanua H o~eHKa 3THX paHOHOB 
ocyrqeCTBJIJinHCb C TO'IKH apeHHH Cnep;yiOll\HX ac
IIeKTOB: 

1. lloTpe6uocTeii B aneKrpoaHepruu, BKJIIO'IaK 
HarpyaKy, paCCTOHHHe OT HCTO'IHHKOB aneKTpO
aueprHH BLICOTHOH nnOTHHLI, CTOHMOCTb DO)J;CO
e)J;HHeHHH K o6rqei cncTeMe aueprocua6meHHH 
HanpameHHeM 220 11:6T H CTOHMOCTb ll0)1;8'1H aneK
TpOaHeprHH B nepHO)J; CTpOHTenhCTBa. 

2. TpeooBaHui o6ecneqeuua pap;ua~uouuoi 
6eaonaCHOCTB, BKniO'IaJI nnoTHOCTb BaceneHHH, 
MereoponorB'IeCKHe ycnoaBH, BonpocLI rup;pono
ruu, «<JBKCHPYIOll\Be CBOHCTBa DO'IBLI H CeHCMH'Ie
CKBe xapaKTepBCTHKH. 
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3. CTponTenLHLIX u aKcnnyaTa~HoHHLIX rpeoo
Bauui, BKni0'18fl HanH'IHe BO)J;HLIX pecypCOB, 
cpep;CTB TpaucnopTa, coo6pameuua rpamp;aucKoro 
CTpOHTenLCTBa H HanH'IBe KBaJIH«<JH~HpOBaHHOH 
pa6o'leii cunLI. 

PaanH'IHLie «<JaKTOpLI, BXOAHll\He B Bhlmeyno
MHHYTLie acneKThl, HBnHIOTCH npep;MeTOM o6cy
mp;eHHH B p;eTanhHbiX TeXHH'IeCKHX OT'IeTaX, 
npep;cTaBnaeMLIX KBanu«<Ju~upoBaHHhiMH aKcnep
TaMH CUe~HaJIH3HpOBaHHbiX HHCTBTYTOB CTpaHLI. 
,lJ;aHHble, C0)1;epmaiqHeCH B 3THX TeXHH'IeCKBX OT
'IeTaX, nernB B OCHOBY cpaBHHTenhHOH o~eHKH 
paanH'IHLIX crpourenLHLIX nnoll\ap;oK. B c»eTe ra
KHx o~euoK rpu paioua 6Linn npuauaubl npurop;
HLIMH 11;n11 CTpOHTeJihCTBa aTOMHOH aneKTpOCTaH
~HH, a nMeuuo: Bypr :3JJ&-Apa6, llumac H <l>au
yM. MemJJ;y aTHMH paioHaMH cyll\eCTBYIOT, KOHe'l
uo, HeKOTOpble paanH'IHH C TO'IKH apeHHH 6ea
onaCHOCTH H 3KOHOMHKH. I{ MOMeHTY HaDHCaHHJI 
p;aHHOrO )J;OKnap;a BOUpOC 06 OKOH'IaTenhHOM Bbl
oope CTpOHTenhHOH nnOll\a)J;KH p;nH nepBOH aTOM
HOB aneHTpocTaH~nu OAP uaxoAHTCH B crap;uu 
paCCMOTpeHHH C ytJeTOM OTHOCHTenhHbiX )J;OCTO
HBCTB H HeJJ;OCT8TKOB Tpex npe)1;UOnaraeMhiX paJio
HOB CTDOHTenbCTBa. 

A/840 Republica Arabe Unida 

lnvestigacion sobre Ia seleccion del emplaza
miento de Ia primera central nuclear de poten
cia de Ia RAU 

por M. A. EI-Guebeily et al. 

Este informe trata de los problemas mas Impor
tantes relativos a Ia selecci6n de un emplazamiento 
apropiado para Ia primera central nuclear de 
potencia de la RAU, y esboza las principales inves
tigaciones efectuadas para la evaluaci6n comparativa 
de los diversos emplazamientos. La potencia prevista 
de la central es de 100 a 200 MW(e), y sera inte
grada en la red electrica general de 220 kV. 

Los principales problemas que aparecen en el 
emplazamiento de esta central son debidos a: i) ser 
el primer proyecto de esta clase en la RAU, donde 
las cuestiones de seguridad tienen que ser acentuadas 
de un modo particular, y a que ii) al no haber 
escogido aiin el tipo de reactor, el emplazamiento 
elegido debe satisfacer los principales requisitos de 
los diversos tipos de reactores de potencia. 

Los estudios para la evaluaci6n del emplaza
miento han sido llevados a cabo durante los dos 
iiltimos afi.os por el Comite de Emplazamientos de 
1a RAU, y los resultados de estos estudios han sido 
sometidos al informe de un grupo de expertos de 
Ia OlEA que se reuni6 en El Cairo en mayo de 
1963. Ademas, Ia firma de ingenieros asesores 
Kennedy and Donkin, que fue nombrada asesora de 
este proyecto de energia nuclear, ha llevado a cabo 
desde mayo de 1963 estudios posteriores sabre la 
selecci6n del emplazamiento. 
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Las investigaciones sobre el emplazamiento com
prendian, al principia, un examen general preliminar 
que dio Iugar a Ia exclusion de ciertas regiones, 
debidas a razones obvias de economia o seguridad. 
Estas eran: el Egipto Meridional, por Ia potencia 
hidroeletrica barata obtenida en Ia Presa de Asmin; 
Ia zona del Canal de Suez, por Ia seguridad de Ia 
navegac.i6n; las grandes ciudades, por su gran densi
dad de poblaci6n, Ia region del Delta del Nilo, por 
Ia seguridad de Ia agricultura y de Ia poblaci6n, 
algunas regiones desiertas, por falta de agua para 
refrigeraci6n, etc. 

Por lo tanto, los estudios de emplazamiento se 
han concentrado en cinco regiones, o sea: 

i) lnshas en el Canal de Ismailia, a unos 40 km 
al NE de El Cairo; 

ii) Burg El-Arab, en la costa mediteminea, a 
unos 30 km al 0 de Alejandria; 

iii) Wady Hof, en el Rio Nilo, a unos 20 km 
al S de El Cairo; 

iv) Fayoum, en el lago Quaroon, a unos 80 km 
al SO de El Cairo; 

v) El-Tahrir, en uno de los canales que parten 
del cercano Roseta, afluente del rio Nilo, a unos 
60 km al NO de El Cairo. 

Se ha efectuado el amllisis detallado y la evalua
ci6n de estas regiones desde los siguientes puntos 
de vista: 

i) Las necesidades electricas, incluyendo los fac-
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tores de carga, la distancia a Ia central electrica de 
la Presa de Asmin, el coste de la conexi6n a la red 
de 220 kV y el coste del suministro de energia elec
trica durante la construcci6n; 

ii) Los requisitos de seguridad contra la radia
ci6n, incluyendo Ia densidad de poblaci6n, la meteo
rologia, Ia hidrografia, las caracteristicas de esta
bilidad del suelo y los fenomenos sismicos; 

iii) Los requisitos de construcci6n y funciona
miento que incluyen la disponibilidad de agua, las 
facilidades de transporte, las consideraciones sobre 
Ia construcci6n de la infraestructura y la disponibi
lidad de personal competente y experto. 

Los diversos factores incluidos en los aspectos 
mencionados arriba han sido objeto de informes 
tecnicos detallados, efectuados por expertos compe
tentes que representan institutos especializados del 
pais. Los datos incluidos en estos informes tecnicos 
han sido tornados como base para la evaluaci6n 
comparativa de los diferentes emplazamientos. En 
vista de estas evaluaciones, se han considerado aptas 
para la construcci6n de una central nuclear, tres 
zonas, a saber: Burg El-Arab, Inshas y Fayoum. 
No obstante, entre ellas existen ciertas diferencias 
desde el punto de vista de seguridad y de economia. 
En el momento en que se escribe este trabajo aun 
esta en estudio, teniendo en cuenta el balance de 
meritos y desventajas relativos de los tres lugares 
propuestos, Ia selecci6n final del emplazamiento de 
la primera central nuclear de potencia de la RAU. 
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The NPY Proiect, 
a co-operative research programme in reactor physics 
between Norway, Poland, Yugoslavia and IAEA 

By V. 0. Eriksen,* N. RaiSic,** F. Zelazny*** and B. Semenov**** 

An agreement has been signed by Norway, Poland, 
Yugoslavia and the International Atomic Energy 
Agency in Vienna on co-operation in the field of 
reactor physics. This project, the NPY Project, is 
just one of a large number of international co-opera
tive efforts which are being undertaken in various 
branches of science and technology, but it deserves 
particular attention because of the special character 
of the co-operation and the catalyzing role played 
by the IAEA 

The present report describes the motivation for 
starting this project and outlines the objectives of 
the Co-operative Programme together with a short 
description of the organizational features of the 
Project and of the various tasks undertaken in 
implementing its aims. 

GENERAL MOTIVATION FOR CO-OPERATIVE EFFORTS 
IN REACTOR PHYSICS 

Reactor physics is a field which is well suited for 
international co-operation both because of its funda
mental character and because it is less bound by 
commercial strings than other fields of nuclear tech
nology. The mass of scientific information and its 
rate of development make it almost mandatory for 
physicists to get together to review the pace of 
progress, review the status of various branches of 
the field, try to avoid unnecessary duplication of 
efforts and recommend future actions. 

The need for co-operative efforts among different 
regional groups of countries has already found 
practical ways of establishing various bodies for 
securing the necessary international exchange of 
information. Whatever the individual national motiv
ation is, there are some aspects which are quite 
general and deserve closer attention. 

Development of nuclear power reactors is a 
formidable task and very expensive. In fact, only a 
few of the larger countries can afford full coverage 
of all aspects of their nuclear development pro
grammes through national efforts. The smaller coun-

,,. Jnstitutt for Atomenergi, Kjeller. 
*'' Boris Kidrich Institute, Vinca. 
*':·.:· Instytut Badan Jadrowych, Swierk. 
,,_,._,,< International Atomic Energy Agency, Vienna. 
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tries should realize that the concentration of their 
nuclear development efforts on a limited number 
of key tasks is a prerequisite for the most efficient 
implementation of their nuclear power programme. 
Complementary fields must be deliberately left un
covered in their own development work and reliance 
placed upon access to the information obtained 
through contacts established with other countries. 

Accepting this philosophy, it would then appear 
natural that groups of countries which could together 
cover essential parts of nuclear development work 
would find a Co-operative Programme on selected 
tasks to be of mutual benefit. Since one of the 
objectives of the IAEA is to encourage and promote 
such international co-operation, the NPY Project 
has been organized with the active participation of 
this organization. 

MOTIVATION OF THE NPY PROJECT 

The NPY Project between Norway, Poland and 
Yugoslavia is a relatively modest undertaking and 
its scope is limited to reactor physics. It establishes 
co-operation between three countries which have 
found that they have national programmes in reactor 
physics sufficiently overlapping and complementary 
to benefit from a co-operative effort. 

It is therefore the primary motivation for the 
NPY Project to establish co-operative research in 
reactor physics on an advanced scientific level and 
of a scope which certainly would be beyond the 
possibilities of any of the individual countries. The 
Co-operative Programme is to be developed through 
a harmonization and co-ordination of the aims of 
those parts of the national programmes made avail
able for the Project. 

It is believed that the Co-operative Programme 
can contribute substantially both to the general 
progress of reactor physics and to the needs of the 
national power reactor development programmes. 

Since the NPY Project hardly has any parallel 
elsewhere, it might in a way be considered an experi
ment of its own. 

In addition to the main consideration for estab
lishing the Co-operative Programme, there are a 
number of other reasons for co-operation. 
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A practical motivation for the NPY Project has 
been that the parties will have access to a larger pool 
of special equipment than would be available to a 
country working independently. This includes large 
computing facilities and critical and subcritical as
semblies. Efficient utilization of such equipment and 
a helpful service between laboratories concerned 
should effect a considerable saving in costs. 

Exchange of personnel between laboratories will 
give staff members a greater stimulus and a wider 
background of experience than they would obtain 
by working in the comparative isolation of an 
independent laboratory. 

Mutual criticism of each other's physics pro
grammes could also give refreshing stimuli for the 
future work. 

From the point of view of the Agency such a 
programme would allow more of the Agency's 
research activity to be based upon co-ordination of 
selected fractions of existing national programmes, 
rather than on research of its own. The NPY Project 
is one practical way of doing this. 

THE CO-OPERATIVE PROGRAMME 

The essence of the NPY Project is the establish
ment of a Co-operative Programme to be conducted 
in the various national laboratories. The main objec
tives of this Co-operative Programme are the 
development and testing of theoretical models and 
methods used in lattice calculations and in inter
pretation of experimental data. Further, the parties 
co-operate in the development of experimental tech
niques and test their applicability in various fields 
of reactor physics. 

The actual work has been concentrated on a 
number of tasks. The choice of the tasks reflects the 
joint interests of the three parties and is an illu
stration of the fact that co-operation is directed to 
specific problems with well defined aims. 

The first tasks of the Co-operative Programme 
agreed to are : 

Task 1: Establishment of a consistent set of nuclear 
data 
The purpose of Task 1 is to ensure that theoretical 

models and calculation techniques can be compared 
without the discrepancies caused by the use of 
different sets of nuclear data. A common set of 
nuclear data has therefore been prepared and 
accepted as a basis for comparative calculations. 

Task 2: Calculation of thermal neutron distributions 
and reaction rates in lattice cells and comparison 
with experiments 
The object of Task 2 is to review critically the 

present methods used for the calculation of thermal 
neutron distributions and reaction rates in lattice 
cells. The three laboratories presently use different 
methods and together they are able to present a 
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choice of theoretical models, and the corresponding 
experimental programmes provide a wide variety of 
test cases for the theories. In another paper to this 
Conference a preliminary report of the work included 
under Task 2 is given [1]. 

A good comparison of the relative merits of the 
theories is obtained since each party is using its 
calculational models on each other's experiments. 

Task 3: Resonance absorption effects 
The object of this task is to study generally 

resonance absorption effects. Emphasis has been put 
on resonance absorption effects in closely packed 
water moderated lattices. Two different experimental 
techniques are being studied. A radiochemical 
separation technique has been developed in Norway 
and has been used extensively while the use of a 
reactor oscillator technique is under preparation in 
Poland and Yugoslavia. The results obtained using 
both techniques will be compared and evaluated. 

Task 4: Buckling measurements and interpretations 
The object of this task is to review methods being 

used for measurements of material bucklings, to 
investigate the validity of the concept of the buckling 
as such and to provide an experimental programme 
for testing of the theoretical models. 

The NPY -Project has at its disposal four critical 
facilities, namely, NORA in Norway, ANNA and 
MARYLA in Poland and the RB reactor in 
Yugoslavia. An extensive series of critical experi
ments is being carried out with these reactors 
[2,3,4,5]. Development of experimental techniques 
like the substitution technique is being undertaken 
in Yugoslavia. A different kind of substitution tech
nique is being applied in Norway. The results will be 
exchanged and jointly analyzed. 

Task 5: Study of void-reactivity effects 
The purpose of this task is t~ study methods for 

evaluation of void-reactivity coefficients for boiling 
water power reactors. This is a task where only one 
of the parties (Norway) is actively working. The 
other parties will be kept informed. 

Task 6: Neutron thermalization and slowing down 
This task is closely related to Task 2, but includes 

more fundamental studies of neutron space-energy 
spectra and development of experimental techniques 
for such investigations. First results related to this 
task are included in other papers presented to this 
Conference [1, 6]. 

Task 7: Pulsed neutron techniques and determination 
of microscopic lattice parameters 
Task 7 involves a study on the determination of 

microscopic and diffusion parameters by means of 
pulsed neutron techniques (impulsator, fast chopper) 
and application of different theoretical models 
for their interpretation (eigenfunction expansion 
method). 
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Task 8: Reactor kinetics studies 
Problems studied under Task 8 are related to the 

question of reactor stability. Emphasis is put on the 
interpretation of reactor noise experiments and on 
the study of spatial dependence of reactivity-power 
transfer functions. 

Task 9: Development of a nuclear design code 
The objective of Task 9 is to develop a nuclear 

design code to be used in optimization studies of 
nuclear power plants. It is too early to conclude to 
what extent development of such a design code 
can be subject to co-operative effort because of 
diversified individual national interests. Large pro
portions of such a design code are, however, of 
general applicability and could be dealt with under 
Task 9. 

It is felt that a development job like Task 9 
would be ideally suited as a framing task for the 
Co-operative Programme, since new tasks could be 
selected according to how they contribute, directly or 
indirectly, to the buildup of the design code. 

IMPLEMENTATION OF THE CO-OPERATIVE 

PROGRAMME 

Exchange of staff, services and equipment 

The actual practical measure taken for the imple
mentation of the Co-operative Programme includes 
exchange of staff for various specific tasks for 
shorter or longer periods. The purpose of such a 
visit could be to study a technique in which the 
visited establishment is active, or to carry out specific 
research for which the permanent facilities of the 
establishment visited are better suited to the task 
than those of the home institute. Carrying out cal
culations on computing facilities available at the 
establishment visited is an example of this. The 
laboratories will thus provide services for each 
other. 

Special provisions are made in the Agreement for 
the exchange of personnel, materials, equipment and 
services. The IAEA makes a number of fellowships 
available for the Project. 

Seminars on various task problems 

The necessary contacts between the staff members 
of the co-operating institutions are established 
through the organization of seminars or panel 
meetings. One seminar on resonance absorption 
effects has been held in Belgrade with a lecturer 
from outside the three countries provided by the 
Agency, and one on reactor kinetics at Kjeller. 
Seminars on other subjects are planned. 

The purpose of these seminars is to exchange 
experience and information, present the status in the 
field, plan further work and work out proposals for 
possible joint publications of the results. 
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International Advanced Summer School in Reactor 
Physics 

An International Advanced Summer School in 
Reactor Physics will be organized this year (Sep
tember 1964) in Zakopane, Poland, within the 
framework of the NPY Project and with IAEA as 
a co-sponsor. The course is open for participants 
outside the Project. The lectures will be kept on a 
high scientific level. Scientists from Sweden, USA, 
the United Kingdom and USSR have been invited 
to give lectures at the School. 

ORGANIZATION OF THE NPY PROJECT 

The Co-operative Programme is worked out and 
supervised by a Joint Committee consisting of one 
representative from each of the three countries and 
two members from the Agency. The Joint Com
mittee meets at least twice a year. Each of the 
parties also appoints a Programme Supervisor, who 
is responsible for the implementation of the national 
contribution to the Co-operative Programme. 

The Joint Committee shall provide the scientific 
guidance of the Co-operative Programme by estab
lishing the research programme and assign portions 
of it to each of the parties within such budgetary 
limits as the Government concerned may establish. 

As a rule, each of the parties cover their own 
expenditures on the Co-operative Programme and 
the Joint Committee can only recommend actions 
to be taken by the parties. 

CONCLUSION 

There has already been close contact between the 
nuclear laboratories of Norway, Poland and Yugo
slavia for a number of years. The NPY Project 
implies an extension and accentuation of this co
operation in reactor physics. 

It is, however, too early to judge the importance 
and usefulness of an undertaking like the NPY 
Project. The outcome of the Project will ultimately 
give an answer to this. The authors consider that the 
Project starts out with a Co-operative Programme 
whose objectives are of sufficiently general interest 
and specific enough to make it a worth-while effort 
and it is believed that work originated in smaller 
groups will gain in scientific value if considered in 
a wider context. The value of the Co-operative 
Programme is therefore expected to be higher than 
the sum of its individual contributions if carried out 
independently. The performance of work under the 
various tasks will take this duly into account. 

The importance of IAEA as a catalyzer for this 
Project is greatly acknowledged. 
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ABSTRACT- RESUME- AHHOTAUiftSI- RESUMEN 

A/596 Norvege 

Le projet NPY - Un programme de recherche 
en physique des reacteurs entrepris en coope
ration entre Ia Norvege, Ia Pologne, Ia You
goslavie et I' AIEA 

par V. 0. Eriksen et a/. 

On attend de nombreux avantages de la coordi
nation des programmes de recherches de differentes 
institutions nationales dans le domaine de la phy
sique des reacteurs, les problemes d'interet commun 
etant abordes de concert. Le pro jet NPY, entrepris 
par Ia Norvege, la Pologne et la Yougoslavie, avec 
l'aide de l'AIEA, vise a explorer les avantages d'un 
effort commun dans Ie domaine de la physique des 
reacteurs. 

Les principaux buts du projet NPY sont d'etablir 
entre les signataires une cooperation dans la mise au 
point de techniques experimentales en physique des 
reacteurs, de verifier et controler les possibilites d'ap
plication ainsi que !'exactitude et la validite de ces 
techniques et de mettre au point aussi des methodes 
et modeles theoriques pour le calcul des reseaux et 
!'interpretation des donnees experimentales et de 
verifier l'etendue de leur validite. 

Le memoire donne un aper~u des taches entre
prises en commun. 

A/~96 HopserMA 

npoeKT Hnto. nporpaMMa COTPYAHH
'"IeCTBa 8 o6naCTH Hay'"IHO•HCC11eAOBa
Te11bCKHX pa60T no ~H3HKe peaKTOpOB 
Me >KAY HopserHeA --- nonbweA --- toro
cnasHeA H MAr AT9 

B. 0. SpHKCeH et a/. 

( ,LI.OXJI8A npe;(CTat:IJieH l1HCTHTYTOM 8TOMHOJ1 anep
l'lfH, Hopueran) 

Ilpe;(nonaraeTCH, 'ITO KoopAHH8QHR uporpaMM 
uay'IHO-HCCJieAoBaTeJihCJ<MX pa6oT no cllMaaKe pl•
aJ<Topou, npOBO,[(HMhiX paaJJH'IHhiMH H81.\HOH8Jih
llhiMH yqpemAeHHRMH, Mo>KeT A8TL ana1JnTeJihHhll' 

npeMMYll.\eCTB8, 'ITO ll03BOJIHT CJ<OHQeHTpHpOB8TL 
ycanan na pewenKu npo6neM, npeACTaBJIRIOII.\HX 
o611.\HH nnTepec. IlpoeJ<T HlliO coTPYAHH'IeCTBa 
MeH<AY HopBerueif - llonhweii: - IOrocnauueii u 
MAr AT8 u Ka'leCTBe «J<aTanuaaTopu RBnReTc.R 

IIOnbiTJ<OU H3BJie'lb npeHMYII.\eCTB8 H3 COBMeCTHbiX 
ycunuii: B pa6oTax no cllnanJ<e peaKTopou. 

OcnoBHhiMH aa;:ta1JaMn npoeKTa HIIIO RBJIIIJOT
cn cneAYIOII.\He: COTPYAHH'IeCTBo AOroBopnBmuxcn 
CTOpOH B paapa60TJ<e aKcnepHMeHT8JibHhiX MCTO
J\OB no cllnanKe peaJ<TopoB, npoBepKa H ucnhiTa
uue HX Ha IIpHMeHHMOCTb, o60CHOB8HHOCTb, TO'I
HOCTb If A8JihHeHUiee p83BHTHe TeopeTH'IeCJ<IfX 
MOAeneii: u MeToAoB, ucnonbayeMhiX npu pacqe
Tax pemeTJ<H, upn HHTepnpeTaQHH aJ<cnepuMeH
TaJibHhiX A8HHbiX, H npoBepKa CTeneHH HX cnpu
BeAJIHBOCTH. 

B AOKJia]le npuBeAeH KpaTKHH o6aop o<TheAn
JJeHHhiX paooT. 

A/596 Noruega 

El proyecto NPY, programa cooperative de in
vestigaciones en ffsica de reactores concertado 
entre Noruega, Polonia, Yugoslavia y el OlEA 

por V. 0. Eriksen et a/. 

Es de esperar que una coordinacion de los pro
gramas de investigacion de instituciones cientificas 
de diferentes paises, que permitiria abordar armoni
camente los problemas de interes comun, brinde 
multiples ventajas. EI proyecto NPY, concertado 
entre Noruega, Polonia y Yugoslavia, y en el que 
el OlEA actua, por asi decir, como catalizador, 
representa un intento de evaluar practicamente los 
beneficios de Ia cooperacion en materia de fisica de 
los reactores. 

La finalidad de proyecto NPY consiste en que 
los signatarios colaboren en el desarrollo de las 
tecnicas experimentales de la fisica de reactores, en 
el ensayo y Ia verificacion de su campo de aplica
cion, de sus limites de validez y de su grado de 
precision, asi como en el desarrollo de los modelos 
y metodos teoricos utilizados en el ca.lculo de los 
reticulados, en Ia interpretacion de los datos experi
mentales y en la comprobacion de su validez. 

Se presenta una resefta de las tareas emprendidas 
en comun. 
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The DRAGON Proiect 

By C. A. Rennie, G. E. Lockett and R. E. Reynolds* 

The OECD High Temperature Gas Cooled 
Reactor Project (DRAGON) is a joint undertaking, 
under the sponsorship of the European Nuclear 
Energy Agency, in which twelve countries have 
joined together to investigate the high temperature 
gas-cooled reactor system. The project is therefore 
an exercise in international co-operation as well as 
a scientific and technical investigation into a novel 
reactor system. A committee was set up in 1958 
to examine the most fruitful and practical methods 
of collaboration among OEEC countries in the field 
of experimental and prototype reactors, and its work 
resulted in the DRAGON Agreement of March 
1959 [1], signed by representatives of Austria, 
Denmark, Euratom, Norway, Sweden, Switzerland 
and the United Kingdom. This Agreement, which 
provided for five years' work from 1 April 1959, 
at an estimated cost of £13.6 million, was to include 
research in connexion with high temperature reactors 
and the design, construction and operation of a 
reactor experiment [ 1-4]. By the Revised Agreement 
of November 1962 [ 4], the signatories agreed to 
extend the period for a further three years to 31 
March 1967, and to continue and broaden the 
original programme. The project now has the addi
tional aim of providing the signatories with in
formation leading to the design of an economic, 
land-based, gas-cooled, carbon-moderated, high 
temperature reactor. The estimated total cost of the 
revised programme for the eight-year period is 
£25 million. 

FORMATION 

The United Kingdom Atomic Energy Authority 
had begun to examine the high temperature reactor 
system in 1956, and agreed to make available to 
the proposed project both the information which it 
had gained and the team of about fifty currently 
employed on the work. It was also agreed that the 
project should be sited at the UKAEA Establish
ment at Winfrith, Dorset, where facilities such as 
offices, workshops and site services could be 
provided on a repayment basis. An immediate start 
on the project's work could have been delayed, how-

* OECD High Temperature Reactor Project, Winfrith, 
Dorset, England ; this project is one of the joint under
takings of the European Nuclear Energy Agency. All the 
authors were seconded by the United Kingdom Atomic 
Energy Authority. 

ever, if it had been necessary for the project to be 
constituted as a new international body with its own 
legal entity. This was avoided by an agreement that 
the United Kingdom Atomic Energy Authority 
should execute all legal acts arising in connexion 
with the project on behalf of the signatories. 

FINANCE 

The project's funds are provided by the signa
tories on an agreed scale, whereby Euratom will pay 
£11.5 million, and the United Kingdom Atomic 
Energy Authority £10.2 million out of the total of 
£25 million. The balance of £3.3 million will be 
paid by the other signatories in agreed proportions. 

MANAGEMENT 

Over-all control of the project is exercised by a 
Board of Management which consists of represen
tatives from all the signatories and from the 
European Nuclear Energy Agency, and which deter
mines the programme of work and the budget for 
each year. The Board is assisted by a General 
Purposes Committee, comprised of senior technical 
specialists representing signatories, which is charged 
with the supervision of the carrying out of the 
programme and with the approval of all important 
contracts. The detailed conduct of the project is 
entrusted to the Chief Executive, who, together with 
other senior staff, is appointed by the Board. The 
arrangement whereby the UKAEA acts as the legal 
agent of the project does not in any way affect the 
control of the project's affairs by the signatories and 
this arrangement has been found to be an entirely 
workable solution to a difficult problem. 

ORGANIZATION AND STAFFING 

318 

Since it has no separate legal existence, the project 
itself cannot employ staff but receives them on 
secondment from their parent organizations, paying 
for their services at standard reimbursement rates. 
During the period of secondment, the allegiance of 
the staff is entirely to the project. The staff are 
subject to the directions of the Chief Executive, may 
not disclose their work outside the project except 
with his permission, and must assign all the results 
of their work, including any patents, to the project. 
Secondment is normally for two years but is subject 
to extension by agreement. Extra ancillary staff 
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required for short-term work are usually obtained 
by contract with local firms. This system has 
facilitated flexibility in staffing a comparatively short
term project. It has also enabled the international 
character of the organization to be emphasized by 
selection of staff from all the countries taking part. 
Only minor difficulties have been experienced in the 
assembling of the team and in the working relations 
between individuals with very different backgrounds. 
This system enjoys the advantage that new people 
with new ideas can join in the work, but also suffers 
from the disadvantage of having a higher turnover 
rate in staff. 

The nucleus of staff provided by the UKAEA was 
rapidly built up to about two hundred professional 
and technical staff, of whom about half came from 
the United Kingdom and half from the other parti
cipating countries. In addition, about fifty ancillary 
staff were obtained under contract and there were 
about fifty administrative staff mostly from the 
United Kingdom. Initially, the project was organized 
into an Engineering Division and a Research and 
Development Division of about equal size, with an 
Administrative Division of about fifty. As the reactor 
design and construction neared completion, the 
Engineering Division was reduced in strength but 
new staff joined to assist in the work on assessment 
studies for large power-plants. The project now has 
three technical divisions, Physics, Materials and 
Chemistry, and Engineering, each of which will 
play its own part in the continuing tasks on research 
and the use of the reactor experiment, and will also 
take part in the assessment work. 

PROGRAMME 

One of the main tasks placed upon the project 
in 1959 was the design, construction and operation 
of the reactor experiment and the engineering work 
is described in more detail in another paper for this 
Conference [ 5 ] . It was agreed that the reactor 
should be designed in such a way as to enable it 
to be used as a major tool in the over-all programme 
for the development of a high temperature reactor 
system. For this reason it was decided that the 
design work should be centred at Winfrith and 
undertaken by the international staff of the project. 
With the object of spreading the manufacture of 
the components widely throughout the signatory 
countries, and so that advantage could be taken of 
the specialist facilities available in those countries, 
it was further decided that a larger number of 
medium-sized contracts should be placed, rather 
than a smaller number of large contracts. The 
project team has, therefore, had to be responsible 
for the design of the reactor in considerable detail 
and for co-ordinating the work of all the contractors. 
In the event, some one hundred important contracts 
for reactor plant were placed, as well as several 
hundred contracts for smaller items. Having assumed 
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this major responsibility, the project made arrange
ments with the Engineering Group of the United 
Kingdom Atomic Energy Authority for them to 
undertake the design and procurement of the more 
conventional items of plant, to carry out the design 
and construction of the building and civil engineering 
work, to provide the required inspection and 
progress services for all plant, and to be responsible 
for the erection and testing of the plant which had 
been designed and purchased by the project. 

The second task of the project was the research 
and development programme which involved support 
both for the reactor experiment in providing design 
information and testing principles adopted in design, 
and a broader general investigation of the problems 
of high temperature reactors. This work is described 
in more detail in another paper for this Con
ference [ 6] . It was realised that to achieve our 
objectives within the project's life it was necessary 
to have the full participation of research establish
ments, industry, and other organisations throughout 
the Signatory countries. The project's own research 
was limited, therefore, to the tasks necessary for the 
co-ordination of a broad programme, and to the 
tasks which could be executed more satisfactorily 
and economically at Winfrith. The remainder of the 
work was carried out under contract, the project 
being fortunate in having access to the scientific 
and technical resources and experience available 
throughout twelve countries. Considerable effort has 
had to be put into co-ordinating the work but the 
project has found that the co-operation and mutual 
stimulation between different contractors and be
tween contractors and project staff have contributed 
much to our work. 

OBJECTIVES 

The high temperature reactor seeks to exploit 
three advantages which the system has with the 
object of reducing the cost of nuclear power. The 
first of these is to achieve a sufficiently high reactor 
gas outlet temperature that the most modern design 
of steam turbine plant can be used. The high gas 
outlet temperatures also lead to smaller sizes of 
heat exchanger. The second advantage is to achieve 
a high power density in the core as this reduces the 
size of the reactor pressure vessel and biological 
shield. A reduction in size also enables higher 
pressures to be used which reduce the pumping 
power required to circulate the coolant. The third 
advantage is to use a ceramic-type fuel element 
which can withstand a high burn-up in the reactor 
with a consequent long life. This could mean that 
fuel changing need only be carried out when the 
plant was shut down for routine maintenance and 
provision for on-load refuelling would not be neces
sary. The use of a ceramic-type fuel in which the 
fissile material, the fertile material and the moderator 
are mixed together also eases the problem of heat 
removal from the fuel. 
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The use of unclad fuel with graphite as moderator 
requires an inert gas such as helium to be used as 
the coolant. Because helium is expensive and because 
some fission product activity will be released into 
the coolant, it is necessary to achieve a high degree 
of leak tightness in the primary circuit of the reactor. 
Further, since parts of the graphite moderator will 
be at high temperatures, any impurities in the helium 
coolant will react with the graphite giving rise to 
problems of carbon transfer. In order to reduce 
these effects, it is necessary to purify the helium 
continuously. 

Initially, it was felt that the best approach to the 
fuel problem would be to have a fuel element which 
emitted as many fission products as possible and to 
remove these from the coolant circuit by means of 
a fission product trapping system. In this way, the 
maximum reactivity benefit could be obtained by 
removing neutron poisons from the fuel, at the 
expense of a complicated purification plant. How
ever, work has shown that it is not easy to get many 
of the important fission products out of the fuel 
even at the high temperature at which it operates, 
so that little benefit is obtained in this way. 

Meanwhile, there were important developments 
in making coated particle fuels which retained the 
fission products in the fuel. In these coated particle 
fuels the fissile and fertile materials are made into 
small spherical particles and each particle is then 
coated individually with pyrolytic carbon. These 
coated particles are then formed into compacts with 
more carbon so that the fuel consists of a matrix of 
carbon or graphite with the coated particles em
bedded in it. Experimental work has shown that 
these coated particle fuel compacts have good 
fission product retention properties and work is now 
going on to try and establish the operating limits 
at which such fuels can be used. One possibility 
would be to use these fuels in a reactor where the 
fuel compacts are cooled directly by the main 
coolant. The DRAGON Reactor Experiment was 
based on the concept of a purged fuel element as, 
at the time, it was thought that this principle was 
essential. However, the reactor experiment should be 
suitable for testing both purged and unpurged fuel 
elements. 

REACTOR DESCRIPTION [ 1-4] 

Some of the more important parameters of the 
reactor experiment are given in Table 1, and Fig. 1 
gives a general view of the reactor experiment and 
the reactor building. In the main pressure vessel 
containing the primary helium cooling circuit, the 
hot outlet gas is routed so that it is always isolated 
from the vessel walls by the cooler inlet gas. Fuel 
elements are mounted at their lower ends on 
mounting spikes, each making connections to the 
fission product purging line. ':!:'he upper ends of the 
fuel elements are mutually in contact, and kept 
together by the effect of the pressure drop of the 
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Table 1. DRAGON reactor experiment: general data 

Thermal output 
Helium coolant pressure 
Inlet coolant temperature 
Outlet coolant temperature 
Mean power density of core 
Cooling channel voidage 
Mean surface heat flux over core 
Core length 
Core diameter 
Fuel element length 
Fuel rods on 6.35 em (2.5 in) tri-

20 MW 
20 atm (294 lb/in2) 
350°C (66ZOF) 
750oC (1382°F) 
14 MWjm3 
13% 
24 W/cm2 
160 em (5 ft 3 in) 
107 em (3 ft 6 in) 
254 em (8 ft 4 in) 

angular pitch 259 
Fuel elements, each consisting of a 

cluster of seven fuel rods 
Reflector length 
Reflector diameter 
Number of control rods in reflector 
Diameter of control rod pitch circle 
Pressure vessel diameter around core 
Pressure vessel thickness around core 

37 
244 em (8 ft 0 in) 
289 em (9 ft 6 in) 
24 
123 em (4 ft 0 in) 
350 em (11 ft 6 in) 
5 em (2 in) 

coolant across the reactor core. A shield plug is 
situated in the nee!<: of the pressure vessel and an 
extension of the vessel above this point forms a 
lower temperature region housing the charge machine 
and control rod winding heads. The various mech
anical drives are contained in their own pressure 
enclosures at the end of extension pipes in accessible 
positions. 

HEAT REMOVAL SYSTEM 

A schematic arrangement of the various heat 
removal circuits is shown in Fig. 2. There are six 
primary heat exchangers mounted on six connecting 
ducts and a gas bearing primary coolant circulator 
is attached to each heat exchanger shell. A by-pass 
through the centre of each heat exchanger is closed 
by a valve which can be opened as necessary in 
order to control the core inlet temperature under 
various reactor load conditions. The same valve can 
be raised beyond its normal control range so that 
a given circuit can be isolated if it is required to 
work with less than six heat exchangers. Circulator 
speeds are controlled by varying the supply fre
quency from a variable frequency generating set. 
Each primary heat exchanger transfers its heat to 
a secondary circuit loop of the forced circulation 
boiling type. Water is partly evaporated in the 
primary heat exchangers and the steam/water 
mixture is carried to the secondary heat exchangers 
where it is condensed and recirculated by canned 
rotor pumps. Shutdown heat can be transferred by 
natural circulation. 

A single tertiary circuit, of the pressurised water 
type, is used to carry the heat from the six secondary 
heat exchangers to a finned-tube, forced-draught, 
air-cooler bank outside the reactor building. In 
addition there is an emergency tertiary circuit con
nected to each secondary heat exchanger comprising 
a natural circulation boiling water loop in which 
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29 FUEL ELEMENT DISCHARGE CHUTE 

lO CANNING CELL 
ll PRIMARY HEAT EXCHANGERS 
ll LOAD FACILITY TRANSFER FLASK 

ll PRIMARY CIRCULATOR 
l4 COMPRESSOR &LOCK 
]5 ION CHAMBERS 

36 CORE 
]7 NEUTRON SHIELDS 

18 SEA.L SUNG 
l9 MAIN PRESSURE VESSEL 

-40 CORE BED PLATE 

41 FISSION PRODUCT PIPES 
41 REFLECTOR 
4] ABSORBER RODS 

+4 MAIN SHIELD PLUG 

45 THERMOCOUPLE JH~LI:'M TEMP) 

Figure I. General arrangement af DRAGON reaCTor 

steam is condensed in air radiators mounted at high 
level outside the reactor building. The emergency 
circuit is always in operation and the rating is such 
that shutdown heat can be dissipated in case of 
power failure. 

HELIUM PURIFICATION PLANT 

After leaving the fuel elements, the purge flow 
passes through the mounting spikes into a common 
flow path and through a pre-cooler mounted on the 
reactor vessel before entering a group of fission 
product delay beds. To check that fuel elements are 
neither broken nor unseated, a branch capillary from 
each spike unit is used for indication and this also 
permits sampling of the purge gas from any 
individual fuel element. 

The delay beds which follow the pre-cooler con
sist of a series of water-cooled charcoal traps which 
delay fission products sufficiently for their activity 
and heat generation to decay to acceptable levels. 
The helium purification system which follows the 
delay beds is fed from a pipe manifold to allow 
various routing possibilities. Any of three similar 
plants may be used and each consists of a high 
temperature section followed by a low temperature 
section, the selected plant receiving the purge flow 
after leaving the delay beds. The two remaining 
plants are available for either regeneration or 
stand-by. 

In the high temperature section the gas is heated 
and fed through copper oxide beds in which 

hydrogen and carbon monoxide are oxidised. The 
gas is then cooled and passed to the low temperature 
process where it passes through a freezer heat 
exchanger to trap out ice and carbon dioxide as 
solid deposits. The gas then passes through a liquid 
nitrogen-cooled charcoal trap to remove xenon and 
krypton before returning through a regenerative 
route where it is warmed up to room temperature 
by heat from the incoming dirty gas before being 
fed back through a circulator to the reactor. 

REACTOR BUILDINGS 

A general indication of the reactor building is 
also given in Fig. 1. An inner steel shell, to provide 
primary containment, surrounds the reactor and 
encloses units of plant which are closely associated 
with the primary circuit. These plant units include 
secondary heat exchangers, charge/discharge ma
chinery, hot fuel element storage and fission product 
and gas purification plant. All these areas are appro
priately shielded to allow entry for certain operations 
such as fuel element changing but it is normally 
not necessary to enter the containment shell. The 
steel shell is surrounded by an outer building of 
sealed concrete construction. Air is admitted to the 
outer building and exhausted to a stack through 
valves which can be closed in the event of an 
incident. 

A separate reactor control building containing 
the main control room is situated adjacent to the 
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I PRIMARY HEAT EXCHANGER. ONE OF 6 
2 SECONDARY HEAT EXCHANGER. ONE OF 6 
3 SECONDARY CIRCUIT PUMPS. TWO OF 12 
4 NATURAL CIRCULATION BY-PASS 
5 QUENCH TANK. ONE OF 2 
6 SECONDARY CIRCUIT SAFETY VALVE 
7 SECONDARY CIRCUIT DUMP VALVE 
8 SECONDARY CIRCUIT PRESSURE CONTROLLER 
9 SECONDARY CIRCUIT PURGE AND VENTING POINT 

10 EMERGENCY CIRCUIT 
II AIR RADIATORS 
12 MAIN TERTIARY CIRCUIT. ONE ONLY 
13 TERTIARY CIRCUIT DRUM 
14 TERTIARY CIRCUIT PRESSURISER 
IS TERTIARY CIRCUIT CIRCULATING PUMPS 
16 FORCED DRAUGHT FINNED TUBE AIR COOLERS 
17 CONTROL VALVE 
18 PRE-SET TRIMMING VALVES 
19 SAFETY VALVES (TERTIARY AND EMERGENCY CIRCUIT) 
20 ISOLATION VALVES 
21 PILOT VALVES 
22 PUMP HOUSE 
23 INNER CONTAINMENT SHELL 
24 OUTER WALL OF REACTOR BUILDING 

-~;ffi ::---------------
12 

17 
22 

Figure 2. Heat disposal circuit 

reactor building and a services building is provided 
to house general plant such as stand-by diesel 
generators, batteries, variable frequency generating 
sets and other electrical machines. A storage building 
is provided for fuel elements, loading flasks and 
other items of a potentially active character. This 
building also contains changing rooms and a 
laboratory for the analysis of gas, water or other 
samples from the reactor. Attached to this building 
is the fuel element production laboratory in which 
the fuel inserts are made and the complete fuel 
elements assembled. 

OPERATION 

The DRAGON Reactor Experiment achieved 
criticality during the summer of 1964 and should be 
operating at power early in 1965. During the 
remaining period up to March 1967, the two main 
objectives of the project will be to make the best 
possible use of the Reactor Experiment and to carry 
out a programme of assessment studies. In addition 
to obtaining information on the behaviour of the 
various components of the reactor and obtaining 
confirmation of the design principles on which it is 
based, the Reactor Experiment will be used as a test 

bed for the improved reactor fuels which are being 
developed by the project. This programme of fuel 
element development work should give sufficient 
information to enable reliable cost estimates to be 
made for the different fuel cycles which are possible 
in a large power reactor system. 

ASSESSMENT STUDIES 

The assessment study work will be concentrated 
on the design of a land-based, gas-cooled, carbon
moderated, high temperature reactor with an elec
trical output of at least 500 MW. Two preliminary 
design studies have already been purchased by the 
Project. The first of these was carried out by the 
United Kingdom Atomic Energy Authority some 
three years ago and was based on the original con
cept for the DRAGON Reactor Experiment, that is, 
the use of purged fuel elements. This study gave 
quite encouraging capital cost estimates and, at the 
same time, it showed that there should be very real 
possibilities of achieving low fuel cycle costs. 

A further preliminary design study was commis
sioned from a Joint Group comprising AGIP 
Nucleare of Italy and Indatom of France. As a result 
of the research and development work carried out 
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on coated particle fuel the Joint Group was asked 
to assume, as a starting point for this later study, 
that a fuel element could be developed which could 
be directly cooled by the main helium coolant and 
would not need a fuel element purging system. This 
assumption meant a considerable simplification in 
the reactor concept and the Joint Group was asked 
to make a preliminary assessment of the design and 
the cost on this basis, developing their study from 
the outline schemes prepared by the Project. 

Although both studies must at the moment be 
regarded as preliminary, it is of interest to note that 
while the earlier purged fuel element study gave a 
cost of about £7 5 per installed kilowatt, the later 
unpurged fuel element study gave a cost of about 
£50 per installed kilowatt. In each case, these cost 
figures exclude the site work which would normally 
be carried out by the customer and so correspond 
to preliminary estimates of the tender price. The 
fuel costs might be slightly higher in the latter case, 
but the effect of the reduction in capital cost would 
far outweigh any increase in fuel cost. At the moment 
the Project is engaged on further research and 
development work to try and prove the assumptions 
which have been made for this latter study, and 
it will then carry out a more detailed design study 
using the information which becomes available. 
There is every hope that the later estimates of cost 
will be near the figure of £50 per installed kilowatt. 

The difference in capital cost between the two 
studies is not entirely due to the change in concept 
from purged to unpurged fuel. The UKAEA study 
was based on a 1 000 MW (thermal) non-integrated 
design using a steel pressure vessel with multiple 
charging standpipes and a pressurised charge 
machine of a similar type to that used for existing 
natural uranium reactors. A containment shell sur
rounds the reactor area and an outer building 
surrounds this shell as in the DRAGON Reactor 
Experiment. In general, the fuel elements and their 
mounting spikes follow closely the DRAGON 
Reactor concept. 

The Joint Group study is for a 1 250 MW 
(thermal) design and in addition to the change from 
purged to unpurged fuel, the design has been based 
on the use of a pre-stressed concrete pressure vessel. 
The assumed fuel performance, together with the 
safety precautions in the vessel and penetration 
design, allow the reactor to be housed in a normal 
industrial-type building. The higher coolant pressure 
which can be accommodated by the concrete pressure 
vessel allows useful reductions to be made in heat 
exchanger size and in coolant pumping power 
requirements. The simplification of the helium 
coolant processing plant to a by-pass system on the 
main coolant flow also reduces the cost. Further 
gains are made by carrying out only fuel changing 
during annual maintenance periods when the reactor 
is shut down and depressurized, as this simplifies the 
charging machine requirements. 
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COLLABORATION WITH USAEC 

The Project has a Collaboration Agreement with 
the United States Atomic Energy Commission, 
under which information emanating from the Project 
is made available to the USAEC in exchange for 
information arising from the USAEC programme on 
high temperature gas-cooled reactors. This Agree
ment is being extended and broadened to include 
much of the additional work under the Revised 
DRAGON Project Agreement and much of the 
work which the USAEC is doing in this field in 
addition to the Peach Bottom Reactor Project. 

INFORMATION 

The results of the Project's work are distributed 
to the signatories of the project by means of 
individual reports and regular summary reports. 
These documents are the property of the signatories 
who have the right to disclose the information as 
they wish to persons and undertakings established 
in their own territories, but disclosure to others is 
permissible only with the agreement of all the 
signatories. The reports are supplemented by con
ferences and symposia at which the signatories, the 
project's contractors and the project's staff are 
represented, the information provided at these 
meetings again being given on a confidential basis. 
More general descriptions of the project's work are 
given in the Annual Reports [ 1-4] which are 
published, and detailed results in some areas of 
work are published from time to time in the 
literature. 

INTERNATIONAL ASPECTS 

The international character of the project which 
is reflected in its constitution and system of manage
ment, has been emphasised in its staffing arrange
ments, in the policies which have been adopted for 
the execution of its tasks, and in its arrangements 
for the placing of contracts. As an international 
organisation the project has enabled the participating 
countries, some of whom could not easily mount 
so large an effort individually, to take an active and 
detailed part in a major investigation of an important 
reactor system. It has also enabled the project to 
benefit from the knowledge and specialist facilities 
available throughout a large part of Europe. Ex
perience has shown that co-operation between 
individuals, firms and other organisations in a 
number of countries can be established to mutual 
benefit, and that the co-ordination of the efforts of 
many and widespread contractors in both research 
programmes and in complex engineering tasks can 
be achieved. The creation of an integrated scientific, 
technical and administrative staff with clearly defined 
objectives, within a fixed time scale and within a 
fixed budget, has engendered the necessary feeling 
of unity of purpose and concern for the early 
achievement of the tasks on an economical basis. 
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Finally, the system of staffing has enabled people 
of the kind required for the task in hand to be made 
available on a temporary basis and for the com
position of the team to be varied as necessary 
although, inevitably, some difficulties have arisen 
through staff changes at inconvenient times. 

The project has now completed five years of its 
appointed eight year life, and its form of organisation 
is considered to be well adapted for the tasks 
required of it. As the prospect of an economic power 
plant grows nearer it could well be that the differing 
interests of industry in a number of countries would 
involve major difficulties for a joint undertaking. 
However, for a project in a comparable stage of 
development to that of the high temperature reactor 
system a similar collaboration arrangement to that 
covered by the DRAGON Project Agreement would 
seem to offer many advantages and few dis
advantages. 

CONCLUSION 

The overall programme of research and develop
ment, and in particular the work on fuel elements, 
is proceeding well and giving valuable results. Pre
parations are now being made for using the reactor 
experiment to confirm our earlier work and to obtain 
further results under realistic operating conditions. 
Some preliminary assessment studies of the cost of 
electricity from large high temperature power re
actors have been made. The detailed figures for the 
cost per kilowatt hour which have emerged from 
these studies are not given in this paper as there are 
at present too many uncertainties and assumptions 
in them to justify publication, even though they are 
very encouraging. The Project will continue its work 
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on assessment studies and this further work, together 
with actual operating experience on the reactor 
experiment, should enable most of the present un
certainties and assumptions to be resolved. 

The reactor experiment has reached the stage of 
criticality and preparations are well advanced for 
operation at power early in 1965. No insuperable 
difficulties have been encountered in our develop
ment of this reactor system over the past five years. 
Solution of many of the problems which loomed 
large in the early days has proved to be less trouble
some than had been expected, and we are now 
satisfied that the engineering techniques which have 
been developed will be adequate for future large 
power reactors. There is good ground on which to 
base our hope that the detailed design study which 
the project will carry out will confirm the very en
couraging figures for cost per unit of electricity 
obtained in our preliminary studies. 
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ABSTRACT- RESUME- AHHOTALI~SI- RESUMEN 

le Projet DRAGON 

par C. A. Rennie ef a/. 

A/121 Royaume-Uni 

Le Projet DRAGON est une entreprise commune 
de douze pays europeens, creee sous les auspices de 
l'Agence europeenne pour l'energie nucleaire de 
!'Organisation de cooperation et de developpement 
economiques; son but est d'entreprendre un pro
gramme de recherche et de mise au point dans le 
domaine des reacteurs a haute temperature moderes 
au graphite et refroidis a l'helium. L'histoire du 
Projet est d'abord decrite, ainsi que les points prin
cipaux de !'Accord initial conclu en mars 1959 pour 
une periode de travaux de cinq ans a partir d'avril 
1959 et de l'Accord revise de novembre 1962, 
couvrant une periode de huit ans jusqu'en mars 
] 967. 

Les taches de l'entreprise, son organisation et les 

principes suivis pour !'execution de ces taches sont 
resumees; l'etat actuel des travaux est expose. 

Les aspects internationaux du Projet sont evoques 
et leur influence sur la marche des travaux est dis
cutee. Les avantages et inconvenients inherents a 
la forme d'organisation de l'entreprise sont passes 
en revue. 

Les buts et objectifs du programme de recherche 
et de mise au point entrepris sont resumes. Ces 
travaux ont d'abord vise a obtenir des reponses aux 
problemes specifiques qui se posaient pour Ia mise 
au point du projet de reacteur experimental, puis, 
dans toute la mesure possible, ils ont ete etendus a 
des problemes plus generaux interessant les reac
teurs a haute temperature. Un des aspects les plus 
importants des travaux de recherche et de mise au 
point de l'entreprise a ete et demeure !'etude des 
elements combustibles pour ces reacteurs. 

Une description du reacteur experimental en cons
truction a Winfrith est donnee, portant en particulier 
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sur les elements du reacteur experimental pouvant 
servir a resoudre les problemes relatifs aux futurs 
reacteurs a haute temperature. 

Enfin, un aperc,:u des etudes entreprises concer
nant les grands reacteurs a haute temperature est 
donne. Les hypotheses sur lesquelles ces etudes sont 
basees sont indiquees et les mesures prises pour 
verifier ces hypotheses sont decrites. 

An~ CoeAHHeHHoe KoponeecTeo 

npoeKT peaKTopa DRAGON 

K. A. PeHHH etaL 

CTpoHTeJihCTBo peaKTopa DRAGON HBJIJieTC.H 
COBMeCTHhiM npoeKTOM ,li,BeHa,rv~aTH eBponeftCKHX 
cTpaH rro,u, py«oeo,u,cTBOM EeporreiicJ<oro areHTCT
na no H;r~epnoif :meprnn OpraHnaaqnn 31\0HOMH
•wcKoro COTpy,ll,HU'leCTBa H pa3BHTHR. flpoeKT Ha
llpaBJJeH Ha BhiJIOJUICHHe rrporpaMMhJ pa6oT IIO 
C03]:1aHIUO HhiCOKOTeMIIepaTypHblX peaKTOpOB C 
rpa<{>HTOBhJM 3aMe,U,JIHTCJICM H reJIHCBhiM TeJIJIOHO
CHTCJieM. Buepehle onncaua HCTopnR paapa6oTKU 
upoeJ<Ta H Han6oJiee namHhiX ycJIOBHii rrepeoHa
••aJihHoro corJiameHn.a oT MapTa 1959 ro,u,a, pac
(~'lHTaHiwro Ha IIHTh JICT HaqHHaR C arrpeJIR 1959 
rol(a, H nepecMoTpeHaoro corJiarnemm oT aoJI6pn 
1962 I'O,ll,a, paCC'IHTaHHOI'O Ha BOCCMh JICT BllJIOTh 
J\O MapTa 1967 ro,u,a. PaccMaTpHBaroTcR aa,u,a'ln 
11pOCKTa, opraHH3aQHOHHhle Mephl If UJiaH, IIpHHR
Thle ]IJIR OCyiQeCTBJieHHR 3THX 3a]la'f, a TaKme 
11pHBO,ll,li.TCH OTqeT 0 COCTORHJHf pa6oT 110 3TOMY 
npoeKTY B HaCTORIQee BpcMH. 

B ,ll,OHJia,u,e o6cym,u,aroTcH Mem,u,yuapo,u,Hhle ac
neKThl upoei\Ta lf HX BJIHHHlle Ha ero OCYIQCCTBJIC
IIHC, a Ta«me cpamnueJihHhle npeHMYIQCCTBa H 
Jie]:IOCTaTHH <f>opMhl opraHH3aiV1H pa6oT, npe,u,y
CMOTpCHHLIX IlpOei{TOM. 

,[I, a eTCH «paT«Hii o6aop r~eJieii 11 porpaMMhi Ha
Y'lHo-nccJie,u,oeaTeJJhCHHx n oiThlTHO-JWHCTPYKTOp
cKnx pa6oT, BhlllOJIIHICMLJX B COOTBCTCTBlllf C 
npoeKTOM. llepeonaqaJihHo B :lTHX pa6oTax npe
,u,ycMaTpneaJioch pernenne cneqn<f>H'IecKnx npo
tiJieM, B03HHKalO~HX Ha CTa)'VUI npocKTHpOBa
HHR 3KCIICpHMCHTaJibHOI'O peai\Topa, 110 3aTCM 
OHH 6hiJJH pacnmpeHhi, r,u,e aTo noaMomno, c Qe
Jrbro paapernennJI 6oJJee o6IQHX upo6JieM, CBR
aaHHhiX C BhiCOI\OTeMIIepaTypHhlMH peai\TOpaMH. 
O,u,HHM H3 caMhiX eaH<HhiX nay'lHo-nccJm,u,oeaTcJih
cKHX JI OllhiTH0-1\0HCTpyHTOpCKHX HanpaBJJeHHii 
fihlJJO H OCTaeTCH H3Y'lCHHC TCIIJIOBhlAC.TIHIOII~HX 
::meMCHTOB HJUI peaHTOpOB TUKOrO Tli.Ua. 

B ,u,oHJia,u,e ,u,aeTCH onHcanne a«cnepHMeHTaJII,
noro peaKTopa, cTpoHI.QerocJI B Yna<f>pnTe, npn
~eM oco6oe BHHMaHHC yp;eJIHeTCH TeM xapaKTCpH
CTHI\aM 3TOrO peai\TOpa, HOTOphle ,li,OJI)J{Hhl IIOMO'Ih 
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B pemeHHH IIp06JJCM 6y,u,y~HX BhlCOKOTeMOcpaTyp
llhiX peai\TOpOB. 

B aaHJIIO'Ienne coo6IQaeTCR o6 nccJie]loBaHH.JIX, 
npo,u,eJiaHHLIX B COOTBeTCTBIIH C DpOCKTOM B IIU
rrpaBJICHHH C03,ll,aH:UH HpynHhlX BhlCOKOTCMDepa
TypHhiX peaKTopoe. PaccMaTpHBaiOTC.JI Te npe]IJIO
meHHR, Ha 1\0TOphiX OCIIOBhlBalOTCH pa60Thl, H Me
phi, Hpe,U,ITpHHHMaCMhJC p;JI.JI llO,ll,TBcpmp;eHHH 3THX 
npe,U,IJOJIOH<eHHH li.JIH OTKa3a OT HHX. 

A/121 Reino Unido 

El proyecto DRAGON 

por C. A. Rennie et a/. 

El proyecto DRAGON es un proyecto comun de 
dace paises europeos, patrocinados por el Organismo 
Europeo de Energia Nuclear de la Organizaci6n de 
Cooperaci6n y Fomento Econ6micos, para la reali
zaci6n de un programa de trabajo en el campo de 
los reactores de temperatura elevada, moderados por 
grafito y refrigerados por helio. Se describe en primer 
lugar la historia del proyecto, juntamente con las 
disposiciones mas importantes del Convenio original 
de marzo de 1957 para ordenaci6n del trabajo 
durante un periodo de cinco alios a partir de abril 
de 1959 y el convenio revisado de noviembre de 
1962 que abarca un periodo de ocho alios, hasta 
marzo de 1967. 

Se resumen las tareas del proyecto, asi como la 
organizaci6n y programas para su ejecuci6n, y se 
informa sabre el estado actual de las actividades. 

Se examinan los aspectos internacionales, y se 
discuten sus efectos sabre los trabajos del proyecto. 
Se mencionan las ventajas y desventajas relativas del 
sistema de organizaci6n. 

Se da un resumen de las directrices del programa 
de investigaci6n y del trabajo de desarrollo realizado. 
La actividad inicial se dirigi6 hacia la soluci6n de 
problemas especificos que se plantearon durante la 
etapa de proyecto de la experiencia critica, pero se 
han extendido, en lo posible, a aspectos mas gene
rales en reactores de alta temperatura. Un aspecto 
muy importante de la investigaci6n ha sido, y es, el 
estudio de los combustibles de estos reactores. 

Se ofrece una descripci6n del reactor experimental 
que se encuentra en construcci6n en Winfrith, insis
tiendo particularmente sabre los aspectos que pu
dieran ser utiles para resolver problemas de los 
futuros reactores de alta temperatura. 

Finalmente, se da cuenta de la contribuci6n del 
proyecto al diselio de reactores grandes de tempera
tura alta. Se especifican las hip6tesis en que se basa 
el estudio, y se indican las medidas que se estan 
tomando para demostrarlas o desecharlas. 
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Review of research and development work 
for the DRAGON Proiect* 

By L. R. Shepherd,** H. de Bruijn, *** K. 0. Hintermann**** and R. A. U. Huddle** 

The original concept of the high temperature gas
cooled reactor which has formed a basis for the 
OECD DRAGON Project was presented in a paper 
at the previous Geneva Conference [ 1 ] . The present 
paper is one of three which deal with the general 
objectives and organisation of the project [2], the 
engineering problems in the design and construction 
of the DRAGON Reactor Experiment [3], and in 
this report, the programme of research and develop
ment which has been carried out. 

The dual objective of the research and develop
ment programme has been the general investigation 
of problems inherent in high temperature gas-cooled 
reactors, and the particular problems that are 
associated with the 20 MW Reactor Experiment 
which has been constructed at Winfrith. The Reactor 
Experiment itself has a major role in the general 
research programme, which is directed primarily 
towards the eventual application of high temperature 
reactors to large electricity generating stations. This 
role embraces reactor physics, engineering and 
coolant chemistry problems and, in particular, the 
testing under reactor conditions of fuel elements and 
their constituent materials. 

In a report of the present length it is impossible 
to cover all aspects of the work carried out by the 
Research and Development Division of the DRA
GON Project. No attempt has been made to include 
engineering studies on special components such as 
gas-bearing circulators, on dry and lubricated 
bearings operated in pure helium and on the special 
demountable seals, valves and welds which have had 
to conform to a standard of leak tightness hitherto 
unprecedented in high pressure equipment. No 
reference is made in this paper to the work that was 
carried out in the field of heat transfer, the assess
ment of the safety of the Reactor Experiment, or to 
the miscellaneous but very important developments 
in high temperature techniques and measurements. 

In the ensuing sections, the aspects of the work 
which have been examined include only a part of 

'' OECD High Temperature Reactor Project, Winfrith, 
Dorset, England : this project is one of the Joint Under
takings of the European Nuclear Energy Agency. 

**Seconded by the United Kingdom Atomic Energy 
Authority. 

* ,,. * Seconded by the Reaktor Centrum Nederland. 
* * ''' * Seconded by the Swiss Federal Institute for Reactor 

Research. 
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the reactor physics investigations, graphite and fuel 
element development, and studies on the chemical 
problems associated with the coolant. Even these 
features are examined only in outline, and the 
discussion of them confined to a few selected topics 
which are considered to be of major significance. 
In particular, the discussions have been directed 
primarily to those problems which concern the 
Reactor Experiment. 

REACTOR PHYSICS OF THE DRAGON REACTOR 
EXPERIMENT 

U-Th cycle in power reactors 

One of the main purposes of the DRAGON 
Reactor Experiment is to test fuel elements suitable 
for large power reactors. In doing so it has been 
considered important to simulate, as closely as 
possible, in the test elements, the composition that 
might be anticipated in the elements of a power 
reactor. Preliminary theoretical investigations have 
been made on the uranium-thorium fuel cycle in 
order to establish the likely range of core compo
sitions as well as the conditions and duration of 
exposure in the reactor. 

It has been assumed, initially, that the cost of 
fuel reprocessing and refabrication will be sufficiently 
high to create a need for having a high burn-up, 
in terms of fissions per initial fissile atom (fifa), 
and a correspondingly long duration of exposure in 
the reactor. Fig. 1 illustrates the interdependence 
between burn-up and core composition obtained 
from a typical set of calculations. Each point on 
this diagram represents· a particular average com
position of a core, at any time, for a 1 000 MW(th) 
reactor, which is run with continuous fuel recharging. 
Results suggest that the fuel compositions which 
would be of greatest interest would involve thorium 
to uranium atomic ratios of N = 10 or above, and 
that the fuel should be exposed sufficiently long in 
the reactor to give a burn-up of fifa > 1.5. 

The first core of the DRAGON Reactor Experiment 

Certain difficulties have been encountered in 
finding a means for testing fuel elements of repre
sentative power reactor composition in the 20 MW 
Reactor Experiment. These arise from the disparity 
in the expected size of core of a large power reactor 
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and that of the Reactor Experiment. The core of 
the latter consists of 3 7 fuel elements in a hexagonal 
lattice, each being a cluster of 7 identical fuel rods 
(Fig. 2), 244 em long, the centre 160 em forming 
the fuel bearing part leaving 40 em at each end 
for the bottom and top reflector. The equivalent 
core radius is 53.6 em, the radial reflector thickness 
91 em. Each fuel rod contains 54 g of uranium-235 
in a total uranium-235 loading of 14 kg. 

The reactor is controlled by 24 control rods, 
inserted in vertical holes within •the radial reflector 
10 em from the core reflector boundary. 

Due to the small size of the core, the leakage 
losses are considerable. The hot depleted and 
poisoned core, just critical, with control rods with
drawn, loses 32% of the neutrons by leakage. As 
a result, the over-all thorium to uranium-235 ratio 
(N-value) for the DRAGON core must be con
siderably lower than in large power reactors where 
leakage losses are around 2% for a 1 000 MW(th) 
system. 

The over-all N-value for the first charge is about 
3 compared with 10 or more for a power reactor. 
Consequently, the mean conversion ratio is very 
low and the lifetime short. In order to provide a 
useful test facility in spite of the above-mentioned 
drawback, the core will be loaded with two types 
of fuel elements. The seven centre elements will be 
representative of a power reactor with an N-value 
of 15. The remaining 30 elements will contain no 
thorium at all using zirconium instead to dilute the 
uranium-235 in the particles. These outer elements 
will serve merely as driver elements and must be 
replaced by fresh ones every 180 full power days. 
In this way the centre elements can be irradiated 
for several years, accumulating fifa comparable to 
that required in a power reactor. 
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Calculation procedures were developed using 
basic data only to determine keu of the Reactor 
Experiment. The accuracy of the calculation methods 
was checked with experiments on the ZENITH zero 
power reactor [ 4] at the Atomic Energy Establish
ment, Winfrith. 

The calculation starts with a 43-group computa
tion of the neutron spectrum for the two core zones 
and the reflectors. With these spectra group, cross
sections for six-group criticality calculations with a 
two-dimensional R-Z-description of the reactor geo
metry were evaluated. These calculations yielded 
the k.a and the flux distribution in a few groups. 
From the latter, energy dependent leakage coeffi
cients for the different reactor zones were calculated 
and fed back into the spectrum calculations, the 
same sequence of calculations being repeated. 
Experience showed that running through this loop 
twice gave good convergence. 

The spectrum calculations utilised free gas 
scattering kernels above a moderator temperature 
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of 1 200°K and a crystalline kernel below that 
temperature. Because of the very diluted fuel 
cartridges only slight flux depressions (less than 2% 
for 2 200 m/s neutrons) are observed. This is taken 
care of in the form of energy dependent disadvantage 
factors, calculated with an s4 approximation for the 
transport equations. 

Extrapolation lengths for control rods were 
calculated with the method of Kushneriuk and 
McKay [ 5] . The distortion in spectrum caused by 
the control rods were treated by the same iteration 
procedure outlined above. 

The effective resonance cross-sections for thorium 
were calculated according to Adler, Hinman and 
Nordheim [6] and checked with Monte Carlo 
calculations, which yielded almost equal results. 

Fig. 3 shows the neutron spectra for the central 
and outer regions of the core in the cold (300 °K) 
state. The epithermal part of an infinite region 
spectrum without resonance absorption would be 
horizontal. The marked deviation from this shape 
demonstrated the strong influence of the net leakage 
of neutrons due to the smallness of the system, and 
by thorium resonance captures in the inner region.* 

The variation of kett with burn-up is shown in 
Fig. 4, which shows also the recovery of reactivity 
on reloading the driver element zone. The temper
ature coefficient of kerr, evaluated from the calcul
ations is 
akett = - 5.76 X 10-5 (

0 C)- 1• The contributions 
to the temperature coefficient are: 

40% due to increased in-leakage; 
35% due to spectrum changes (decrease of 'IJ£); 
25% due to increase of the resonance absorption 

of the central seven elements (decrease of p). 
The high degree of under-moderation (initial fuel 
to moderator atom ratio is 1:3 000) causes a thermal 
flux and power peak at the core reflector edge 
which demonstrates the necessity of a multigroup 
calculation in combination with a multizone 
spectrum calculation to be able to cope with the 
rapidly varying spectrum. 

Fig. 5 gives the uranium-233 and uranium-235 
contents, the conversion ratio and fifa values of the 
test elements in the central position as a function 
of burn-up. The comparatively slow burn-out of 
the fuel is reflected by the rather high but only 
slowly increasing conversion ratio. 

FUEL ELEMENT DEVELOPMENT 

Graphite fuel tube materials 

The original concept of the DRAGON Reactor 
Experiment was evolved before the possibility of 
fission product retaining fuel had been investigated, 

'· The spectra on Fig. 3 are normalized at u = 4 to pro
vide the same fission source for both spectra. The much 
higher thermal flux in the outer region originates from the 
in-leakage of thermal neutrons being slowed down in the 
reflector. The central core zone spectrum is very near to 
that of an infinite medium spectrum. 
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and the possibility of copious fission product emission 
had to be taken into account. This led to the 
adoption of the purged fuel element (Fig. 2) and 
the development of special graphite tubes having 
appropriate pore characteristics to make the purge 
effective. Initially, the problem was considered in 
relation to commercially available graphite, and the 
only material that appeared to be suitable was the 
Morgan Crucible Company's EY9 rendered more 
impermeable by impregnation with an appropriate 
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high carbon yield resin. The furfuryl alcoh~l im
pregnation process developed by the Royal Aucr~ 
Establishment, Famborough, was adapted for thts 
purpose. Subsequently, the DRAGON Project p~o
ceeded with its own development of a graphite 
having a relatively low over-all permeability (of the 
order of 10-2 to 10-3 cm2 /s) [7]. To this end, 
laboratory experiments were carried out on the 
Harwell Experimental Graphite Plant and at Com
pagnie Pechiney's plant at Chedde, Haute-Savoie, 
to determine the relationship between the compo
sitional variables, fabrication procedures and the 
final pore size distribution and to produce specimen 
materials. 

The use of carbon black as a major constituent 
of all compositions was necessary to give the required 
pore characteristics. Unfortunately, it was found that 
this constituent enhanced the shrinkage of the 
graphite under irradiation at high temperatures. 
Because of this and difficulties inherent in manu
facture, the development of graphite involving car
bon black was abandoned, though the furfuryl 
alcohol impregrated Morgan graphite will still be 
used in the first DRAGON core. 

In the initial concept of the fuel element, the 
object had been to develop an almost impermeable 
graphite fuel tube, purged by permitting a small 
flow of helium to enter the top of the element and 
pass down to an extract at the bottom. The alter
native was to use a more permeable graphite which 
allowed the purge flow to enter through the pores 
and to limit the back diffusion of fission products 
by having an appropriate pore size distribution. For 
this purpose a new graphite has been developed by 
the Project in collaboration with its contractors, 
AERE and Compagnie Pechiney, leading to the 
pilot scale production at Chedde, of a material 
designated G.5 having a basic composition approxi
mating to two-thirds 60 mesh graphite powder, and 
one-third micronised graphite powder. Experiments 
on this base material have shown that by employing 
two pitch impregnations the desired pore characte
ristics can be achieved; a reduction of Bo from 
7 X 10-11 cm2 to 6 X 10-12 cm2 and Ko from 
9 X 10-6 cm2/s to 7 X 10-7 cm2/s, in terms of 
the coefficients of the Carman Equation [ 8] in a 
typical specimen, indicating the effect of the impreg
nation. Fig. 6 shows a typical pore size distribution. 

Although laboratory experiments have confirmed 
the theoretical predictions, the effectiveness of the 
back-sweeping principle in G.5 fuel tubes cannot be 
proved until the fuel elements are in service in the 
reactor. However, the degree of irradiation shrinkage 
of the carbon black materials was such as to give 
cause for concern regarding their integrity, and in 
this respect the G.5 material and its derivatives are 
markedly superior.* 

* Irradiation tests on specimens heated to 650 o, 900 o 

and 1 200 o C are carried out in the High Flux Reactor at 
RCN Petten in the Netherlands. 
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Chedde, France) 

Fission product retention 

The purpose of the purged fuel element is to 
transfer fission products as directly as possible from 
the fuel material to a trapping system. It was hoped, 
initially, that the evolution of these fission products 
from the fuel bodies would be so rapid and nearly 
complete that an effective de-poisoning of the system 
could be achieved, leading to a significant increase 
in the attainable bum-up of each fuel charge. In 
the event, in-pile loop experiments (q.v.) with so
called fission product emitting fuels, did not confirm 
the possibility of effective de-poisoning, and any 
possible advantage of emitting fuel disappeared. 

From 1957 onwards, exploratory experiments had 
been carried out by AERE and later by the DRA
GON Project to investigate the feasibility of retain
ing fission products at their source, utilising t~e 
principle of the coated particle. Parallel work m 
the USA during 1960 yielded promising results 
and the DRAGON effort to produce effective coated 
particle fuel was accelerated in close collaboration 
with its contractors, notably: RAE Farnborough, 
England; SGAE Seibersdorf, Austria; Metallwerk 
Plansee, Reutte, Tyrol; CEN Mol, Belgium. The 
programme has included the development of process 
to fabricate fuel particles consisting of mixed 
uranium-thorium dicarbides as well as uranium
zirconium monocarbide particles (for the 'driver
elements'); the coating of these particles with pyro
carbon and silicon carbide and the consolidation of 
the coated particles into graphite fuel bodies. The 
investigations have led to the choice of the powder 
metallurgy agglomeration process for fuel particle 
fabrication, the fluidised bed process for pyrocarbon 
or silicon carbide coating, and the resin bonded 
matrix principle for consolidation. 

The powder metallurgy agglomeration technique 
has many advantages, having a high yield and a 
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degree of flexibility of composition essential in the 
early stages of development. The work on coating 
was divided into laboratory scale experiments for 
investigating the major parameters involved in the 
coating process as well as for the preparation of 
irradiation specimens and the development of pro
duction equipment for working with charges up to 
a kilogram. A summary of this work to May 1963 
has already been given by one of the authors [9]. 

Parallel with the development of fabrication 
techniques, a programme to determine the behaviour 
of the consolidated fuel particles under irradiation 
has been undertaken using three types of irradiation 
test facilities: 

The high power density capsule (HPD) involves 
a cylindrical specimen approximately 12 mm dia
meter, 10 mm long, having a small central hole for 
temperature measurement. Twelve such specimens 
are irradiated in the rig, the temperature of each 
specimen being controlled by its fissile content and 
by the design of each specimen carrier. Irradiation 
is carried out in a hollow fuel element within the 
core of DR3 at Ris¢, Denmark. Specimens have 
been irradiated at temperatures up to 1 750 °C. 

Full scale ''proving'' capsule. This utilises fuel 
specimens of similar dimensions to the components 
of the fuel cartridges for the Reactor Experiment. 
Irradiation is carried out in the core of DIORIT at 
Wiirenlingen, Switzerland. 

The purged capsule. In this experiment, specimens 
similar to those employed in the HPD rig are 
irradiated in the R2 reactor at Studsvik, Sweden and 
a small purge flow is maintained over the specimen 
which carries any gaseous or volatile fission products 
emitted from the fuel into a monitoring system. By 
such means a knowledge of the fission product 
emission is obtained during the actual irradiation. 
Temperature is controlled by fuel composition and 
by varying the proportions of helium and neon in 
the purge gas. 

The PLUTO Loop (AERE Harwell). This ex
periment is basically a single fuel rod of the DRA
GON Reactor Experiment developing around 30 kW 
of heat which is removed by flowing helium at 
10 atmospheres pressure. It includes a number of 
features of the primary circuit of the Reactor 
Experiment, including the purge system. The 
specimen is geometrically similar to a full size fuel 
rod except that the active length of fuel is reduced 
by 40%. The PLUTO Loop is not primarily a fuel 
testing facility, its main purpose being to investigate 
problems concerning the coolant, particularly puri
fication, carbon transport and the problems asso
ciated with fission product emission and control. 

The early results of the irradiation experiments 
showed that the coated particles failed by a process 
resulting in removal of the carbon from the interior 
of the coating, a so-called "spearhead" penetrating 
to the surface [10]. The mechanism of spearhead 
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attack is not yet fully understood, but a major factor 
may be shrinkage of the inner low density pyro
carbon coating. In general the situation can be 
summarised as follows: 

(a) The attack is a maximum in the range 1 000 o 

to 1 400 oc, becoming negligible at temperatures 
above 1 600 oc; 

(b) The presence of excess carbon in the fuel 
particle reduces the severity of attack; 

(c) The penetration of the spearhead can be 
limited by a discontinuity in the coating, the most 
effective procedure to produce a discontinuity being 
to stop the coating process at some stage, cool, 
expose the particles to air, then subsequently resume 
coating; 

(d) Silicon carbide coatings do not appear to be 
subject to spearhead attack; 

(e) The consolidation of the particles may have 
some influence. 
The irradiation programme has so far been mainly 
directed towards understanding and eliminating 
spearhead attack. Typical examples of specimens 
illustrating the nature of the attack are shown in 
Fig. 7. 

Measurements carried out during irradiation in 
the PLUTO Loop and the Studsvik facility are 
concerned primarily with the emission of rare gas 
isotopes. Most of the other fission products have 
to be determined by post-irradiation radio-chemical 
measurements. It has been found that barium and 
strontium diffuse readily through pyrocarbon coat
ings, and these metal fission products, as well as 
caesium, can be relatively mobile in migrating 
through and out of the fuel elements. Silicon carbide 
coatings around the fuel particles appear to be 
particularly effective in preventing the escape of 
these species. 

It has been found that even if the pyrocarbon 
coatings fail, some degree of fission product retention 
is maintained, e.g., the rate of emission over birth 
rate (R/B) for a long-lived gas such as xenon-133 
may still be as low as 10-2• In unbroken coated 
particles the emission appears to be determined 
mainly by the contamination of the coatings by 
fissile material which occurs during the manufac
turing process. With some multiple (silicon carbide 
plus pyrocarbon) coated particles irradiated at 
temperatures of 1 400 °C and above, values of R/ B 
as low as 10-''-10-6 have been observed with 
long-lived gaseous fission products. Measurements 
on Studsvik loops, which are also in agreement with 
results that have been obtained in America, e.g., 
at ORNL, indicate, within the limits of experimental 
error, that RIB for gaseous fission products varies 
with the half-life of the isotope concerned- a result 
which would be expected from a diffusion process. 
AERE Harwell, SGAE Seibersdorf, CCR Ispra and 
CEA Saclay have collaborated in the diffusion 
studies. 
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Figure 7. Coated particle fuel after irradiation 

Fuel element production 

A major aspect of the DRAGON fuel programme 
has been the development and setting up of facilities 
to produce and assemble the fuel elements for the 
Reactor Experiment. The initial production, covering 
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the requirements of the first charge, consists of 
thirty driver elements with zirconium-uranium (N 
= 5) fuel coated with pyrocarbon, and ten test 
elements of thorium-uranium (N = 15) fuel having 
silicon carbide/pyrocarbon coatings. The processes 
used can be summarised as follows. 

After characterization, the appropriate powders 
are fabricated into spheres, using either a rotary 
sieving technique in the case of the zirconium fuel 
and a planetary sieving technique for the thorium 
fuel. These spheroids are reacted and sintered at 
temperatures up to 2 300 oc to form the fissile
fertile particle. After coating in a fluidised bed the 
particles are mixed with a resin bonded graphite 
powder and pressed into annular fuel inserts. The 
inserts are heat treated to decompose the resin and 
finally degassed at 1 800 o C. The finished inserts 
are assembled into previously degassed fuel tubes, 
the final process being the assembly of the completed 
rods into a fuel element cluster as shown in Fig. 2. 

CHEMICAL PROBLEMS OF THE COOLANT 

Graphite corrosion and carbon deposition 

The presence in the helium of chemically active 
gaseous impurities cannot be avoided. Oxidizing 
impurities such as carbon dioxide and water may 
lead directly to corrosion of graphite, while other 
impurities, e.g., carbon monoxide and hydrogen, 
may be converted in certain areas of the primary 
circuit into oxidizing species by carbon deposition 
reactions. These impurities attack the exposed hot 
graphite core and give rise to carbon transport from 
the core to other regions of the primary circuit of 
the reactor. In this process a number of variables are 
involved including temperatures, types and concen
trations of reactants, influence of catalysts, helium 
flow rates, fast neutron fluxes and gamma radiation 
intensities and, since graphite is a porous medium, 
diffusion coefficients in the pores of the material. 

To investigate the effects of such a large range of 
variables, a series of loops and laboratory rigs in 
which all variables are well defined have been 
constructed and developed. These include one large 
in-pile facility for investigating the possible influence 
of gamma radiation and fast neutrons in the BR2 
reactor at Mol. 

Fig. 8 illustrates a test rig for large sized 
electrically heated graphite samples operating at 
1 atm helium pressure at well defined graphite 
temperatures between 850° and 1 500 °C. Water 
and carbon dioxide are the reactants, at concentra
tion levels between 20 and 2 000 vpm and a helium 
flow rate up to 300 //min, corresponding to a 
Reynolds' number of 3 000, is achievable. 

Gas analysis and a carbon-14 labelling method 
have been applied to make it possible to follow 
corrosion rates during burn-off. A similar test loop 
operating at high pressure in order to simulate more 
closely the flow conditions expected in a gas-cooled 
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Figure 8. Carbon transport loop (1 atm helium) 

reactor has also been employed. In Fig. 9 a diagram 
is given of a differential reactor used in the Institute 
of Physical Chemistry at the University of MUnster 
for obtaining basic information on the pure chemical 
reactivity of the graphites of interest, the order of 
reaction, the proper activation energies and the rate 
decreasing influence of reaction products. 

The equipment used for examining the influence 
of reactor irradiation on the corrosion rate consists 
in principle of a closed loop with two branches, one 
going through the BR2 core and one by-passing 
the reactor. Apart from the neutron and gamma 
flux the samples in both branches are under exactly 
the same conditions (temperature, gas composition, 
gas flow rate) (Fig. 10). 

Results of experiments with the various loops 
have shown that the resin-impregnated graphites are 
chemically more reactive than the non-impregnated. 
Chemical purity of the graphite is important, e.g., 
vanadium and certain other impurities locally dis
tributed can give rise to severe pitting corrosion. 

Work at the Central Institute for Industrial 
Research, Oslo, has revealed that certain fission 
product metals can have a considerable catalytic 
influence on the reaction of graphite with water 
vapour, e.g., catalytic factors of 1 000 and more 
have been established with small amounts of barium 
(0.05% by weight). On the other hand, it has been 
observed that correspondingly small quantities of 
silica or alumina can inhibit this catalytic activity. 
Iron is also an important catalyst for the reaction 
between graphite and water vapour to an extent 
that depends both on the oxidation state in which 
iron is present, and on the water vapour and 
hydrogen concentration in the helium. 

In order to calculate the corrosion rate of graphite 
in different areas of the reactor core, it is essential 
to have proper information on the graphite-water 
and graphite-carbon dioxide reaction and also on 
the order of the reactions as far as reactants and 
reaction products are concerned. These basic data 
were obtained with the differential reactor men
tioned above. It was observed that the Hinshelwood 
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Figure 9. Munster differential reactor 

equation could be used for the interpretation of the 
data. The data on the reaction rates obtained with 
the high pressure loop have given information on 
the transition temperatures from pure chemical 
reaction to in-pore diffusion control, e.g., 950 o to 
1 050 oc for C02 in a typical specimen of resin 
impregnated fuel tube graphite, and of the transition 
to the so-called mass transfer controlled regime, e.g., 
750 oc for 0 2 and 1 100 o to 1 200 oc for C02 

and H20 in helium at 20 atm. 
In parallel with the work on graphite corrosion, 

investigations on the rates of carbon deposition on 
various metallic surfaces have been carried out for 
the Project at AERE Harwell and SERAI Brussels. 
This work is still in an early stage. 

All the results mentioned above have been 
obtained with the out-of-pile rigs. However, the 
experiments in BR2 show the need for caution in 
applying the data obtained with out-of-pile experi
ments in assessing the carbon transport problem in 
a reactor. An appreciable influence of irradiation 
has been observed due to the transfer of gamma 
radiation energy via the helium atoms to reactant 
molecules like carbon dioxide, leading to increased 
reaction rates particularly at the lower graphite 
surface temperatures (below 1 000 oc). 

Helium. processing 

An assessment based on the results of the various 
experiments leads to the specification of certain 
maximum levels of impurity concentration in the 
reactor coolant. The investigation of processes by 
which the helium may be treated in order to achieve 
and maintain the necessary degree of purity, has 
formed an important part of the DRAGON pro
gramme. In the Reactor Experiment, the purification 
of the primary circuit helium is combined with the 
removal of fission products in the fuel element purge, 
the successive stages of the combined process being 
as follows: 

(a) Removal of volatile fission product metals 
and delay of halogens in a trap at the bottom of 
each fuel element; 
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(b) Condensation of entrained fission product 
metals in a pre-cooler; 

(c) Trapping of residual halogens and delay of 
noble gases in large charcoal delay beds operating 
at ambient temperatures; 

(d) The oxidation of hydrogen and carbon mo
noxide with copper oxide; 

(e) The freezing out of water and carbon dioxide 
at sub-zero temperatures; 

(f) The trapping of long-lived xenon and krypton 
together with any nitrogen, methane or argon impu
rities by adsorption on charcoal at liquid nitrogen 
temperatures. 

Each stage of the purification process has been 
the subject of investigations, both in small laboratory 
equipment and in a large scale pilot plant. Labora
tory scale experiments related to stage (a) have 
shown that even at temperatures up to 450 oc active 
charcoal was quite adequate for delaying halogens 
released from the fuel. The delay beds operating at 
ambient temperature have been found to tolerate a 
water content of the charcoal up to 0.5% without 
appreciable effect on their function. 

In the pilot plant, stages (d), (e) and (f) have been 
investigated with particular attention to the freezing 
out of water and carbon dioxide and to the delay 
and trapping of xenon and krypton. Two different 
freezer designs have been examined, a "tube in 
tube" type of freezer and a "tube in shell" type of 
freezer with extended surface. The latter has been 
found to give the better performance. 

The delay and trapping of fission product noble 
gases in the presence of other gases has been 
examined, not only in the pilot plant, but also with 
dynamic adsorption measurements on a laboratory 
scale, with the collaboration of Battelle Memorial 
Institute, Geneva, and by basic studies on the 
relevant adsorption equilibria and adsorption rates. 

It has been found that the single gas adsorption 
equilibrium data obtained for xenon and krypton 
could be fitted into an equation related to Dubinin's 
extension of Polanyi's theory (Fig. 11 ). This makes 
it possible to extrapolate adsorption data over a 
wide range of temperatures. It was also observed 
that a characteristic curve for the charcoal used, 
which represents its properties as an adsorbent for 
single gases regardless of the adsorbates used, could 
be obtained following Dubinin's procedure. 

In all the investigations in which it has been 
necessary to specify or control helium purity, a 
considerable amount of gas analysis has been in
volved. Since the permissible concentrations of 
oxidising impurities in helium are extremely low, 
existing methods including infra-red absorption, gas 
chromatography, mass spectrometry, ionisation 
gauges, etc., have had to be extended to the limit 
of their capabilities. In order to extend further the 
sensitivity of detection of impurities pre-concentra
tion of these before analysis by conventional equip
ment has been investigated. One of the methods 
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Figure 11. Triple point and 0.9 critical temperature xenon and 
krypton isotherms (BMI} extrapolated with the entropy method and 

plotted according to Dubinin 

which has been successfully developed for the 
Project by the FOM Laboratory, Amsterdam, in
volves pre-concentration by thermal diffusion. 
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A/122 Royaume·Uni 

Revue des travaux de recherche et de mise au 
point dans le projet DRAGON 

par L. R. Shepherd et a/. 

Le cycle uranium-thorium dans les grands reac
teurs de puissance moderes au carbone est decrit 
brievement. 

Dans le reacteur experimental DRAGON, le 
creur est petit et il est apparu judicieux d'em
ployer deux types de combustible disposes en 
deux zones: l'un est un melange d'uranium-235, de 
thorium-232 et de carbon:: dans des proportions qui 
peuvent etre considerees comme valables pour le 
combustible d'un grand reacteur de puissance; 
l'autre contient de l'uranium-235 et du zirconium 
sous forme de monocarbures, et constitue environ 
les trois quarts du creur. On decrit les principales 
caracteristiques de ce creur du point de vue physique 
des reacteurs. 

L'adoption pour le reacteur experimental DRA
GON d'elements combustibles draines a necessite 
la mise au point de graphites speciaux. Les pro
blemes que pose !'obtention des caracteristiques 
physiques voulues pour ce~ graphites et les difficultes 
de production sont exposes brievement. Bien que 
le gaz de refroidissement soit l'helium, la presence 
d'impuretes oxydantes en1ra'ine une corrosion et un 
phenomene de transfert de masse a la surface du 
graphite. Ce phenomene a ete etudie experimenta
lement a l'echelle du laboratoire et aussi avec des 
boucles hors pile et en pile. 

Un programme complementaire de travaux sur la 
purification de l'helium pour eliminer les impuretes 
chimiques et les produits de fission entraines a aussi 
ete entrepris a l'echelle du laboratoire et dans une 
installation pilote. 

La diffusion des produits de fission et leur com
portement a haute temperature dans les combustibles 
a base de graphite et de carbures est un des prin
cipaux problemes dans des reacteurs de ce type. 
Une solution a ce problem.e consiste a utiliser des 
particules enrobees de carbone pyrolytique et de 
carbure de silicium. Les resultats d'experiences 
d'irradiation d'echantillons divers de combustibles 
constitues de particules de monocarbures d'uranium 
et de zirconium et de bicarbures d'uranium et de 
thorium enrobees sont exposes. 

La fabrication des combustibles formes de parti
cules enrobees et !'assemblage des elements combus
tibles pour le reacteur e:xperimental DRAGON sc 
fait sur le lieu d'implantation du reacteur. Une 
description sommaire du procede de fabrication est 
donnee. 

A/122 CoeAHHeHHOe KoponeecTeo 

Q6aop HayLJHO·HCClleAOBaTeJlbCKHX H 
OnbiTHO-KOHCTpyKTOpCKHX pa60T, CBH
aaHHbiX C npoeKTOM C03AaHHH peaK
Tapa DRAGON 

Jl. P. WenepA et al. 

,naeTC.R KpaTI\Oe onucauue ypaH-Topuenoro 

I\HKJia AJIH Kpynuoro auepreTH•IecKoro peaKTopa 

c rpalf>HTOBLIM aaMeAJIHTeJieM. B ::mcnepuMeiiTaJII,

HOM peaKTope DRAGON aKTHBHaH 301Ia ue6ont.

mas, H OKa3aJIOCh :11\CJiaTCJibHbiM HCIIOJib30BaTh 

p,na nup,a .Rp,epuoro Tonnuna, pacnonomeuuoro B 

.1\BYX 30Hax. 0,1\UH Blf,!\ TOllJIHBa COCTOUT U3 U235, 

Th232 H rpalf>HTa B UpOIIOpl\HHX, KOTOpbie MOrJIH 

61>1 CTaTb THIIU'IHhlMH ,1\JI.R KpyiiHI>IX auepreTH'IOC

RHX peaKTOpOB. ,npyroft BUP, TOIIJIHBa BKJIIO'IaOT 

U235 
11. 1\HpKoHHH B lf>opMe MoHoKap6Hp,on; npn

•IeM 3TOT BHA TOIIJIHBa 3aHIIMaeT OKOJIO Tpex lfOT

liOpTOH aKTIIBHoii: 30HLI peaKTopa. B p,oKnap,e pac

CMaTpHBaiOTCH OCHOBHhle OC06eHHOCTH lf>U3HK11 

)\aHHOH aKTUBHOH 30HI>I peaKTOpa. 

l1CIIOJib30BaHUe B 3KCIIepHMOHTaJihHOM peai\TO

pe DRAGON TeiiJIOBhiACJIHIOil\HX 3JIOMeHTOB, ox

Jia:ll\p,aeMhiX IIOTOKOM ra3a, IIOTpe60BaJIO pa3pa6oT

KH CIICJ.\HaJihHhiX copToB rpalf>nTa. B p,mwap,e 

KpaTKO OIIHChiBalOTCH npo6JICMbl P,OCTH:II\OHHH Tpe-

6yeMbiX lf>H3H'IOCHHX xapaKTepncnm rpa<pnTa n 

TPY.!\HOCTH ero npon3BOACTBa. XoTa n Ka•IOCTne 

TCIIJIOHOCHTCJIH B peai\TOpe HCIIOJih3YOTCH fOJIHH, 

OP,Hai\O npucyTCTBHe 01\HCJI.RlOIIJ;JfX IIpHMeCOti BJ,J-

3hiBaeT KoppoaHro H nepeuoc Macchi c nonepxuo

CTH 06Jiy'IaOMOl'O rpalf>HTa. (ho HBJIOHHO H3yqa

JIOCh B Jia6opaTOpHbiX 31\CIIOpHMOIITaX, a TaiGKO D 

HCIIhiTaToJihHhiX neTJIHx nne H nuyTpu pcal\Topa. 

B na6opaTopHHX H Ha OIILITnoi1 ycTauonHe 6I>IJia 

upone.o;eua p,onoJIHHTOJibiiaH nporpaMMa paooT no 

oqHCTI\C fOJIHH OT XHMH'IOCI\HX 11pHMOCeii U yn.TJe

KaCMbiX nppp,yKTOB ,1\0JIOIIHH. 

0,1\HOH 11.3 fJIUBHbiX npo6JIOM, KaCaiOil\HXCJf pe

ai\Topa p,aHoro Tuna, .RBJI.ROTCH npo6JieMa T~Hif>
t~Y3HH IIpop,yHTOB P,CJICHHH H HX BbiP,CJICIIHH H:l 

rpalf>HT-Hap6HP,IIOfO TOIIJIHBa npu BbiCOI\HX TO~me
paTypaX. PerneuHe :noll: npo6neMhi narnnn n Hc

HOJih30BaHHH TOIIJIHBHbiX rpaHyJI, IIOKpbiTLIX IlH

porpalf>HTOM H Kap6HP,OM :KpeMHH.R. PaccMaTpH

BaiOTCH pe3yJibTaTbl :.mcnepHMOHTOB 110 06Jiyqe

HHlO pa3JIH'IIIblX o6pa3J.\OB TOllJIHBa 113 rpanyJI,

IIOKpbiTbiX ypaH-1\HpHOUHCBbiM MOHOHapOHP,OM J1 

ypaH-TOpHCBbiM ,!\HHap6IIP,OM. 

fipOH3BO)\CTBO TOIIJIHBa l'J3 TaKHX rpaHyJI ll 11.3-

rOTOBJICIIHO 11.3 Hero TCIIJIOBhl,!\OJI.RlOil\HX 3JIOMOH

TOB P,JI.R 31\cnepHMeHTUJihHoro peaKTopa DRAGON 
OCYil\CCTBJIHOTCH Ha MCCTe COOpy}I\OllllH peaKTOpa; 

,o;aeTCH OllHCaHHC IIpOll3BOP,CTBOHHOf0 IIpO~OCCa. 
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A/122 Reino Unido 

Resumen del trabajo de investigacion y 
desarrollo para el proyecto DRAGON 

por L. R. Shepherd et a/. 

Se describe brevemente el ciclo del uranio-torio 
en un reactor de gran potencia con moderador de 
carbona. En el experimento del reactor DRAGON, 
el nucleo es pequeiio, y se ha considerado conve
niente emplear dos tipos de combustible, dispuestos 
en dos zonas. Un tipo consiste en uranio-235, 
torio-232 y carbona, en proporciones que pueden 
ser tipicas de la composici6n en un reactor de gran 
potencia. El otro tipo de combustible contiene 
uranio-235 y circonio en forma de monocarburos, 
y constituye aproximadamente las tres cuartas partes 
del nucleo. Se describen las principales caracteris
ticas fisicas de esta disposici6n del nucleo. 

La adopci6n del elemento combustible purgado 
en el experimento del reactor DRAGON ha exigido 
la producci6n de grafitos especiales. Se repasan 
brevemente los problemas que presenta el lagro de 
las caracteristicas fisicas apropiadas en estos grafitos, 
y las dificultades de producci6n. Aunque se usa hello 
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como refrigerante, la presencia de impurezas oxi
dantes produce corrosion y transporte de masa en 
las superficies de grafito descubiertas. La investiga
ci6n de este fen6meno se ha llevado a cabo en 
experimentos a escala de laboratorio, y tambien en 
circuitos exteriores e interiores a la pila. Se ha 
realizado igualmente, a escala de laboratorio y en 
una planta piloto, un programa de trabajo comple
mentario sabre la purificaci6n del helio para eliminar 
las impurezas quimicas y los productos de fisi6n 
arrastrados en la purga. 

La difusi6n de los productos de fisi6n y su ex
tracci6n de los elementos de grafito/carburo a altas 
temperaturas, es uno de los mayores problemas en 
reactores de este tipo. Se ha buscado una soluci6n 
al problema en la utilizaci6n de particulas revestidas 
de pirocarbono y carburo de silicio. Se repasan los 
resultados de las experiencias de irradiaci6n sabre 
distintas muestras de combustibles de monocarburo 
de uranio/circonio y bicarburo de uranio/torio, 
hechos de particulas revestidas. 

El proyecto lleva a cabo, en la sede del reactor, 
la producci6n de combustibles de particulas reves
tidas y su adaptaci6n al elemento combustible del 
experimento del reactor DRAGON. Se da un bos
quejo del proceso de producci6n. 



P/515 Belgique 

L'essai en puissance d'un noyau VULCAIN 

par J. Storrer* et S. Rigg** 

Le Programme anglo-beige de recherche et de 
developpement du reacteur VULCAIN comprend 
notamment l'essai en puissance d'un creur de ce 
type. Cette experience aura lieu de 1965 a 1968 
a Mol (Belgique) dans la centrale atomique BR3 
du Centre d'etude de l'em:rgie nucleaire (CEN) et 
constitue une des etapes importantes en vue de la 
construction d'un prototypt: de reacteur VULCAIN 
compact [ 1]. 

Le fonctionnement du reacteur VULCAIN est 
fonde sur le principe de Ia moderation variable: le 
refroidissement et la moderation du camr sont 
notamment assures par un melange d'eaux lourde 
et Iegere dont on reduit periodiquement la teneur 
en eau lourde pour compem.er les pertes de reactivite 
resultant de l'epuisement du combustible. Ce procede 
permet de fonctionner en puissance sans barres 
absorbantes dans le camr elt conduit par consequent 
a une meilleure economie neutronique et a une 
duree de vie accrue. 

Les buts principaux de l'essai BR3/VN peuvent 
se resumer comme suit: i) observer le comportement 
du combustible a des taux d'epuisement eleves, 
ii) relever les caracteristiques operatoires d'un creur 
VULCAIN tout au long de sa vie, iii) essayer des 
circuits d'eau lourde a haute pression, iv) eprouver 
divers equipements particuliers tels que les meca
nismes hydrauliques de barres d'arret. 

Le present memoire decrit brievement le creur 
BR3 /VN et son instrumentation. 11 souligne de plus 
les principaux problemes rencontres lors de !'adap
tation des circuits primaires du BR3 a l'emploi de 
melanges D 20/H20; ces circuits avaient en effet 
ete construits a l'origine pour de l'eau sous pression, 
et c'est la premiere fois non seulement que l'on 
realise pareille conversion, mais egalement qu'un 
reacteur utilise de 1' eau lo llrde a des pression et 
temperature aussi elevees qu~ 140 kg/cm2 et 262 oc 
respectivement. On trouver a pour terminer quel
ques remarques sur le programme d'exploitation 
envisage. 

La centrale BR3 fonction ne en puissance depuis 
octobre 1962 avec son premier creur qui sera epuise 
en aout 1964. Les modifications VULCAIN pren
dront alors cinq mois qui seront suivis de la periode 
d'essai des circuits avec de l'eau Iegere et au cours 

*Chef de Departement, BelgoNucleaire. Bruxelles. 
** Deputy Chief Engineer, UKAEA, Risley. 
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de laquelle on chargera le combustible. Apres 
d'autres essais avec le melange initial de D20/H20, 
Ia centrale BR3 /VN doit etre mise en service au 
cours de l'ete 1965 et fonctionnera pendant environ 
trois ans. 

PROBLEMES DE CONCEPTION 
ET DE MISE AU POINT 

DES INSTALLATIONS BR3/VULCAIN 

La puissance electrique nette de 1a centrale BR3 
est egale a 10,5 MW et correspond a une puissance 
thermique de 40,9 MW au reacteur. L'eau pressu
risee a 140 kg/ cm2 alimente le generateur de vapeur 
a une temperature de 269 °C et retoume ensuite 
au reacteur par deux tuyauteries comportant chacune 
sa pompe de circulation et son clapet antiretour. 
Le debit primaire atteint 2 800 m3 /h dont 90% 
traversent le camr. Les circuits auxiliaires, a !'excep
tion evidemment du circuit de mise sous pression, 
sont a basse pression (10 kg/cm2 maximum) et se 
trouvent dans une cave adjacente au batiment du 
reacteur. 

Les modifications aux installations existantes, et 
les problemes de conception et de mise au point 
qui en decoulent, proviennent de l'emploi d'un creur 
completement different et utilisant un melange a 
base d'eau lourde pour son refroidissement et sa 
moderation. La cuve du reacteur, notamment, doit 
etre munie de nombreuses traversees supplementaires 
et ses parties internes doivent etre remplacees. On 
a du mettre au point non seulement des assemblages 
de combustible, des tubes « moderateurs » en zir
caloy, des barres absorbantes et leurs mecanismes, 
mais egalement une instrumentation tres complexe du 
creur. Un systeme original d'aspersion a ete con~u et 
eprouve pour assurer le refroidissement du combus
tible pendant la purge du melange D20 /H20 et 
!'introduction de l'eau Iegere qui doit permettre 
l'emploi du systeme actuel de remplacement du 
combustible sous eau. Enfin, les circuits d'eau 
primaire ont ete modifies pour recueillir les fuites, 
reduire les pertes vers l'atmosphere et vers les 
circuits d'eau Iegere et eviter tout risque d'ac
cident de reactivite par injection intempestive 
d'eau Iegere. 

Ces questions ont ete etudiees en detail et les 
solutions retenues ont fait l'objet d'analyses et 
d'essais permettant de verifier leurs possibilites de 
realisation et de reduire leur cout. 
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CUVE ET PARTIES INTERNES DU REACTEUR (fig. 1) 

Les nouveaux equipements ne peuvent etre intro
duits dans le batiment du reacteur que par le sas 
d'entree de 1,04 m sur 1,97 m. Le couvercle du 
reacteur ne pouvait des lors etre remplace et on a 
du inserer un collier de 305 mm de hauteur (dia
metre exterieur 1 715 mm) entre les brides de la 
cuve pour permettre les nombreuses traversees 
necessaires a !'instrumentation, au circuit d'aspersion 
et aux mecanismes de barres hydrauliques. Soixante
seize traversees sont prevues et leurs diametres sont 
compris entre 17 et 54 mm. Cette derniere dimension 
est limitee par l'intervalle entre les goujons assurant 
la fermeture de la cuve; les 32 goujons existants 
doivent par ailleurs etre remplaces par des pieces 
plus longues. Le collier est en acier au carbone, 
plaque, sauf sur sa partie exterieure, de 7 mm d'acier 
inoxydable auquel les tuyauteries de traversee de 
meme metal sont soudees. 

Le couvercle du reacteur possede douze traversees 
pour mecanismes de barres a verins magnetiques. 
Dix de ces mecanismes seulement seront utilises, 
de maniere a liberer deux traversees pour le raccor
dement d'appareils de mesure du flux neutronique 
comme indique plus loin. 

Toutes les parties internes, a !'exception de l'ecran 
thermique, seront done remplacees. Ces nouvelles 
pieces sont en acier inoxydable 18/8 et compren
nent: i) un panier de support du camr prenant appui 
a hauteur de la bride de la cuve, ii) une plaque de 
maintien du creur avec caisson d'arrosage, iii) les 
plaques attachees au collier et portant les gaines 
des mecanismes de barres magnetiques ainsi que le 
« panier » qui contient les tubes guides pour !'instru
mentation du camr. Une enveloppe en acier inoxy
dable entoure le camr et le separe du reflecteur. Elle 
est nervuree horizontalement et verticalement de 
maniere a reduire la quantite de matiere neutro
phage, l'epaisseur de sa paroi ne depassant pas 
1,6 mm. 

DESCRIPTION GENERALE DU CCEUR 

Le creur (fig. 2) comprend des assemblages de 
combustible et des tubes « moderateurs », ces der
niers permettant !'introduction de barres neutro
phages. On a choisi un reseau de cellules hexagonales 
toutes identiques. Cette solution permet de ne 
decider de !'emplacement respectif du combustible 
et des barres qu'a un stade avance de l'etude, et se 
prete facilement a !'obtention de creurs plus grands 
par ajout de cellules peripheriques. Bien que le 
reacteur VULCAIN ne doive comprendre que des 
barres d'arret [1], le creur BR3/VN sera muni de 
barres qui pourront etre utilisees aussi bien pour 
le reglage que pour l'arret, de maniere a assurer un 
maximum de souplesse de fonctionnement. Deux 
cellules ont ete situees a l'aplomb de mecanismes 
existants de barres BR3 et leurs positions ont fixe 
le pas du reseau des 91 cellules. Les huit autres 
mecanismes BR3 utilises seront legerement decen-
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tres par rapport aux barres qu'ils actionnent. II y a, 
de plus, huit tubes moderateurs dont quatre con
tiennent des barres hydrauliques. 

L'eau traverse le creur de bas en haut. Son debit 
est de 2 500 m3 /h, dont 2,5% seulement parcourent 
les tubes moderateurs. Le refrigerant et le mode
rateur ne sont d'ailleurs separes que dans le creur 
et leur vitesse y atteint 2 m/s et 0,2 m/s respecti
vement. 

On sait que les barres absorbantes seront norma
lement hors du creur lors du fonctionnement en 
puissance; afin de maintenir le reacteur critique tout 
au long de sa vie, la teneur du melange D20/H20 
sera graduellement reduite de 85 a quelques pour 
cent. L'enrichissement initial de 7% en 235U doit 
permettre d'atteindre environ 25 000 MWj/t U, soit 
quelque 15 000 heures a pleine puissance, malgre 
les pertes de reactivite dues a !'instrumentation du 
creur et aux nombreux echantillons a irradier. On 
pourra augmenter en fin de vie la reactivite dispo
nible en modifiant la disposition des assemblages 
combustibles ou en remplac;ant certains de ceux-ci 
par du combustible neuf. Ceci doit permettre d'irra
dier certains barreaux combustibles jusqu'a rupture 
de gaine. 

Les calculs et experiences de physique font l'objet 
d'une communication separee [2]. Les etudes de 
flux de claquage (burn-out) ont ete basees sur les 
formules courantes et sur les resultats experimentaux 
obtenus lors d'essais speciaux. 

ASSEMBLAGES DE COMBUSTIBLE 

Le barreau de combustible est constitue essentiel
lement d'un empilement de pastilles d'U02, d'un 
diametre de 7,5 mm, dans des tubes a soudure 
longitudinale en acier inoxydable 18/8 ecroui de 
0,5 mm d'epaisseur. II doit permettre d'atteindre 
un minimum de 40 000 MWj/t U dans les pastilles 
les plus sollicitees. Cependant les marges de securite 
sont telles que des taux de combustion nettement 
plus eleves devraient pouvoir etre atteints par en
droits, ce qui en fait constitue un des principaux 
sujets d'interet de !'experience BR3/VN. 

Le barreau est obture aux deux bouts par des 
bouchons soudes et sa longueur totale atteint 1 235 
mm, dont 1 000 mm de combustible. La densite 
des pastilles a ete limitee pour tenir compte du 
gonflement et chaque pastille possede en outre une 
cuvette a chaque extremite pour assurer un espace 
libre supplementaire, dont une partie est d'ailleurs 
comblee par la dilatation thermique de l'U02. De 
cette maniere, la gaine ne sera pas mise sous tension 
pour un taux de combustion atteignant 40 000 
MWj/t U. Ceci suppose que l'U02 remplira les 
cuvettes, ce que !'experience deja accumulee tend a 
demontrer. On a prevu egalement un espace libre 
au sommet du tube pour eviter que la pression des 
gaz de fission ne depasse la pression de l'eau pri
maire meme en fin de vie. Un ressort en alliage 
refractaire comprime la colonne de combustible par 
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l'intermediaire d'une pastille d' Al20a. Une pastille 
de meme materiau et longue de 100 mm se trouve 
sous la colonne et reduit la quantite de materiaux 
structuraux dans le reflecteur inferieur. 

La densite de puissance et flux thermique moyens 
du barreau atteindront respectivement 15,2 kW par 
metre de longueur active et 57 watts par cm2 de 
gainage. On a calcule qu'avec le remplissage a 
!'helium la temperature centrale de la pastille la plus 
chaude ne depassera pas 1 750 °C. 

Six des 73 assemblages combustibles sont cons
titues de barreaux de meme diametre exterieur que 
les autres mais de paroi reduite a 0,38 mm. Ceci 
permettra d'observer la tenue de gaines ayant une 
plus faible marge de securite a l'ecrasement. 

La disposition generale d'un assemblage combus
tible est representee aux figures 3 et 4. 11 comprend 
une botte hexagonale de 37 barreaux au pas de 
13,7 mm. Ces barreaux sont retenus a leur base 
par une plaque perforee permettant le passage de 
l'eau et soudee a l'interieur d'une enveloppe en acier 
inoxydable ecroui. Cette enveloppe est percee de 
trous triangulaires qui ont ete choisis apres des 
essais de resistance et d'ecoulement. 

Cinq grilles et deux pieces d'extremites sont 
soudees dans l'enveloppe. Les grilles permettent la 
dilatation axiale des barreaux tout en empechant 
leur deplacement radial et leur flexion due aux 
gradients thermiques. La tete de !'assemblage est 
con~;ue de maniere a permettre le passage des 
barreaux. Ceux-ci peuvent ainsi etre charges en tout 
dernier lieu. Cette operation se fera d'ailleurs sur 
le site pour eviter toute deformation des grilles lors 
du transport. 

Le volume total de materiaux structuraux dans 
le camr ne depasse pas 20% du volume des gaines 
de barreaux. 

Des etudes et des essais pousses ont permis la 
mise au point des differentes pieces constituant 
!'assemblage combustible. Parmi ces essais, men
tionnons le cyclage thermique de barreaux, la veri
fication de la tenue des grilles et la sollicitation de 
l'enveloppe en compression, torsion et flexion. Un 
assemblage prototype a finalement ete soumis dans 
une boucle d'essai aux conditions de temperature, 
pression et debit regnant dans le BR3. 

La moitie des assemblages combustibles est fournie 
par le « Production Group » de la UKAEA, tandis 
que l'autre moitie est fabriquee par la societe beige 
MMN a partir de poudre d'U02 fournie par « Metal
lurgie Hoboken ». Cette derniere a ete approvi
sionnee en UF 6 par la UKAEA. 

TUBES MODERATEURS, BARRES DE CONTROLE ET 
D'ARRET ET LEURS MEcANISMES 

Sur un total de 18 tubes moderateurs, i1 y aura 
14 tubes courts (1,4 m) et 4 tubes longs (2,5 m), 
ces derniers guidant les barres neutrophages com
mandees hydrauliquement. Ils sont fabriques en 
zircaloy 4 qui absorbe mains l'hydrogene que le 
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zircaloy 2. Les tubes ont un diametre interieur de 
80 mm et un contour hexagonal de 85,4 mm sur 
pans. Ils sont obtenus par fi1age et etirage et sont 
recuits sous vide. Seuls les longs tubes sont ensuite 
usines interieurement. Taus les tubes sont finalement 
decapes et recouverts en autoclave d'une couche 
protectrice d'oxyde noir. La partie superieure des 
tubes longs aurait pu etre constituee d'acier inoxy
dable puisqu'elle ne se trouve pas dans le creur 
mais le temps disponible n'a pas permis de mettre 
au point un joint satisfaisant entre ce materiau et le 
zircaloy. 

Chaque tube est centre a la base par un trou 
circulaire dans la plaque de support du creur et le 
debit d'eau y est regie par un orifice approprie. 
Les tubes sont par contre ouverts au sommet: les 
tubes courts y sont maintenus en place par la plaque 
de maintien du creur tandis que les tubes longs 
sont centres par les assemblages des vannes de 
commande des mecanismes hydrauliques, comme 
decrit plus loin. 

Quatre tubes courts ne contiendront pas de barres 
mais seront munis d'instrumentation, d'echantillons 
a irradier et d'une source primaire et d'une source 
secondaire de neutrons. 

Un des desavantages de materiaux tels que l'acier 
au bore pour les barres neutrophages de reacteurs 
de puissance provient de leur consommation sous 
irradiation, avec comme consequence une perte 
d'efficacite et un certain gonflement. Ceci est evite 
dans le cas d'un reacteur VULCAIN puisque ses 
barrcs sont hors du creur lors du fonctionnement 
en puissance et retirees a une distance suffisante 
pour que meme leur base ne soit exposee qu'a des 
flux de neutrons thermiques acceptables. 

Les barres tubulaires BR3/VN de 68/78 mm de 
diametres et 1 035 mm de longueur sont du type 
trappe a neutrons. Elles sont coulees par centrifu
gation en acier inoxydable 18/16 non gaine, con
tenant 2% en poids de bore, et l'epaisseur brute de 
15 mm est reduite a 5 mm par usinage. La resistance 
de ces barres a ete eprouvee par de nombreux essais. 
C'est ainsi par exemple qu'une piece tubulaire d'une 
longueur de 40 mm a resiste a une force de com
pression radiale de 1 200 kg avant !'apparition de 
fissures. Une autre piece d'essai, longue de 220 mm 
et reposant sur des aretes vives distantes de 160 mm, 
a ete soumise en son milieu a !'impact d'un mouton 
de 18 kg tombant de 1 metre de hauteur; des 
amorces de fissures ne sont apparues qu'apres une 
douzaine de chocs et uniquement aux appuis et au 
point d'impact. 

L'excentricite de huit des dix mecanismes est 
comprise entre 35 et 80 mm (fig. 5). La base de 
la barre coulisse dans un tube moderateur court 
en zircaloy tandis que son support en acier inoxy
dable est guide dans une gaine de meme materiau. 
La gaine des mecanismes excentres a une section 
horizontale en forme de 8 tout au long de la course 
de la tige de commande. Le grappin peut etre ouvert 
a distance lors du dechargement du combustible, la 
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barre prenant alors appui a sa base sur un ressort 
prevu au pied du tube moderateur. Les gaines sont 
centrees a leur partie inferieure par la plaque de 
maintien du creur et suspendues a la plaque de 
support attachee au collier. Elles reprennent le choc 
des parties mobiles des mecanismes de controle lors 
de la chute (scram) quand l'amortisseur solidaire 
de chaque tige de commande heurte la butee attach6e 
a la gaine; la flexion de la tige de commande est 
empechee par des patins situes de part et d'autre 
de l'amortisseur et coulissant dans la gaine. Des 
essais hors pile en eau froide ont permis de verifier 
le bon fonctionnement de ces dispositifs peu cou
rants. 

Quatre barres sont roues hydrauliquement (fig. 6). 
Elles sont semblables aux autres barres mais sont 
pourvues d'un fond muni d'un petit trou et de deux 
colliers en zircaloy reduisant le jeu entre tube et 
barre. 

Dans ce type de mecanisme hydraulique la barre 
monte ou reste en position haute par suite de la 
difference de pression entre l'entree du tube et 
l'endroit ou l'eau primaire quitte la cuve et auquel 
le sommet du tube est relie par l'intermediaire d'une 
vanne de commande. Cette derniere permet egale
ment de relier le sommet du tube a l'entree d'eau 
dans la cuve, ou regne une pression plus elevee; 
le debit de moderateur est alors inverse et provoque 
la chute assistee de la barre de 10 kg, celle-ci etant 
ralentie en fin de course par un amortisseur appro
prie. Les tuyauteries de raccordement de la vanne 
de commande aux sources BP et HP sont done 
entierement situees a l'interieur de la cuve, tandis 
que la servo-pression actionnant la vanne est amenee 
de l'exterieur par une conduite traversant le collier. 
Cette conduite est branchee par une soupape pilate, 
soit a une source de haute pression, soit a une source 
de basse pression, de maniere a pJacer la vanne 
principale dans la position commandant respecti
vement la levee ou la chute de la barre. Le systeme 
est done intrinsequement sur puisque toute chute 
de la servo-pression, due par exemple a la rupture 
de sa conduite, provoque !'insertion de la barre 
dans le creur. 

La servo-pression haute peut etre reglee (fig. 6) 
par deux vannes manuelles 1 et 2 a toute valeur 
comprise entre les pressions amont et aval d'une 
pompe primaire. La vitesse de retrait de la barre 
depend en effet non seulement, entre autres causes, 
de la densite de l'eau primaire, mais aussi de la 
position intermediaire de la vanne de commande 
qui est determinee par la valeur de la servo-pression 
agissant sur un ressort. 

La servo-pression basse devant assurer l'arret 
d'urgence (scram) peut etre reglee entre la pression 
amont de la pompe et la pression atmosph6rique. 
Le temps de reponse de la vanne de commande, et 
partant le delai d'arret d'urgence, est en effet lie a 
la valeur de la servo-pression basse. 

La position et la vitesse de chaque barre sont 
indiquees par un dispositif electromagnetique. 
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Chaque barre est en outre munie de son propre 
systeme de vanne de commande et soupape pilote 
afin d'assurer un maximum de souplesse. Les vannes 
de commande et leurs tuyauteries de raccordement 
a l'interieur du reacteur font partie de !'assemblage 
du collier; les jonctions avec les tuyauteries HP et 
BP et avec les tubes moderateurs longs munis de 
leurs barres sont assurees par des joints munis de 
segments d'etancheite. 

Un des quatre mecanismes hydrauliques est pour
vu d'instruments de mesure pour !'enregistrement de 
ses principales caracteristiques d'operation. 

Les mecanismes hydrauliques ne sont installes 
que pres de la peripherie du creur afin de reduire 
la reactivite reprise par les barres de ces systemes 
experimentaux, de raccourcir leurs tuyauteries et de 
faciliter le passage de !'instrumentation du creur. 

Un mecanisme hydraulique prototype a ete essaye 
a temperature ambiante dans du kerosene, dont la 
densite est proche de celle de l'eau primaire a sa 
temperature de service. II sera aussi essaye dans un 
bane d'essai a chaud, parallelement a la mise en 
service des mecanismes dans le reacteur BR3 en 
!'absence de combustible, les pertes de charge dues 
au creur etant simulees par des etranglements prevus 
dans la plaque de maintien du creur. 

Les dix barres a mecanismes magnetiques per
mettent l'arret a froid du reacteur sous D20/H20, 
a l'aide, si necessaire, d'une petite quantite d'acide 
borique dissout dans l'eau qui peut etre enlevee par 
un demineraliseur lon; du redemarrage. Ces barres 
peuvent done assurer le controle complet du reacteur 
et sa securite, ce qui a ete juge indispensable du 
fait que les mecanismes hydrauliques doivent encore 
etre eprouves. Les barres de ces derniers contri
bueront cependant a augmenter la marge d'a'lti
reactivite disponible a l'arret. 

INSTRUMENTATION EN PILE [3] 

On sait que le but essen tiel de !'experience BR3 I 
VN est d'etablir les caracteristiques d'un creur VUL
CAIN jusqu'a des taux de combustion eleves. Un 
grand nombre d'instruments de mesure est done 
necessaire pour verifier la validite du modele thea
rique et garantir une marge de securite adequate 
durant le fonctionnement du reacteur. 

Les points de mesure (fig. 1) sont les suivants: 
a) Temperature de l'eau (thermocouples en chro

mel-alumel): i) entree et sortie du creur ( 5 + 16 
points); ii) reflecteur, fond et sommet de la cuve 
(3 points); iii) sortie du moderateur (2 points); 
iv) si possible, sortie des chenaux chauds (2 points). 

b) Flux neutronique: i) distribution axiale du 
flux thermique (1/v) en 16 points dont 2 dans 1e 
moderateur et 14 dans des tubes rempla~ant des 
barreaux combustibles (dysprosium et manganese); 
ii) mesures locales du spectre neutronique par ma
teriau fissile en 6 quelconques des 16 points ci
dessus; iii) mesure locale du flux neutronique par 
six chambres de fission. 
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c) Vitesse de l'eau: debit ala sortie de 3 assem
blages combustibles, par mesure du temps de 
transport de l'eau entre 2 thermocouples espaces de 
quelque 23 em. 

d) Temperature de gaine: par thermocouples 
enrobes dans les gaines de quelques barreaux com
bustibles; ce type de mesure est a l'etude. 

Le raccordement de chaque detecteur a l'interieur 
de la cuve (fig. 7) est guide par un tube. Les entrees 
se font par le collier de la cuve, sauf pour les 
mesures de flux qui utilisent deux traversees existant 
dans le couvercle. L'etancbeite de chaque traversee 
est assuree par deux joints comprimes munis d'un 
collecteur de fuite intermediaire. Apres depressuri
sation on peut remplacer n'importe quel detecteur 
sans ouverture de la cuve. 

Les thermocouples d'eau et les chambres de fission 
sont immerges tandis que les detecteurs de flux 
coulissent a l'interieur de doigts de gant a double 
paroi (epaisseurs 1,75 et 1,25 mm) avec manometre 
intermediaire signalant tout percement du doigt de 
gant exterieur. Les doigts de gant plongent jusque 
dans le camr et les detecteurs qu'ils abritent sont 
manreuvres, individuellement ou en groupe, par une 
machine situee sur les dalles de blindage surplom
bant le reacteur et munie de 16 moteurs commandes 
a distance. Apres irradiation dans le camr et refroi
dissement en dessous des dalles de blindage, les fils 
activables sont retires par la machine, individuelle
ment ou par paire, a travers 16 tubes disposes sur 
un cercle de 112 mm de diametre. Les activites 
peuvent alors etre mesurees sur place en une 
vingtaine de points par til au moyen d'un ou deux 
compteurs a scintillation montes sur une plaque 

~
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Figure 7. Trajets d'instrumentatian 
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tournante. Les mesures sont transmises a la salle 
de comptage et permettent d'etablir les cartes de 
flux. Les echantillons fissiles par contre doivent etre 
retires manuellement de la machine sous la pro
tection d'ecrans appropries et portes a la salle de 
comptage. La periodicite des mesures sera de l'ordre 
de 10 et 40 semaines respectivement pour les fils 
activables et les echantillons fissiles. 

Un processeur a 50 entrees, a 20 scrutations par 
seconde au maximum, recueillera les donnees des 
thermocouples, des chambres de fission et des appa
reils de mesure les plus importants montes sur les 
circuits exterieurs a la cuve. 

On etudie egalement la possibilite d'installer un 
oscillateur de reactivite dans un double doigt de 
gant special descendant jusque dans un tube mode
rateur et prenant la place d'une des dix barres de 
controle. Cet oscillateur serait base sur le principe 
du mouvement alternatif d'un tube a l'interieur d'un 
autre, chacun de ces tubes comprenant des bandes 
successives d'acier inoxydable avec et sans bore. 
Cet oscillateur doit pouvoir provoquer des pertur
bations totales de I0- 31lk/ k avec des frequences 
comprises entre 0,005 et 1 Hz. 

DECHARGEMENT ET RECHARGEMENT 
DU COMBUSTIBLE 

Le reacteur BR3 actuel se decharge sous eau. 
Cette methode pourrait etre utilisee en fin de vie 
du creur BR3/VN puisque l'eau primaire ne con
tiendra pratiquement plus d'eau lourde a ce moment. 
Elle n'est evidemment pas directement applicable 
lors de dechargements intermediaires dont l'even
tualite ne peut etre ecartee a priori. 

Diverses methodes ont ete examinees. L'une de 
celles-ci consiste dans l'emploi d'une machine blindee 
de dechargement, le melange 0 20 /H20 demeurant 
dans le reacteur. Le dispositif actuel peut egalement 
etre utilise a condition de remplacer prealablement 
le melange primaire par de l'eau Iegere sans inter
rompre pour autant le refroidissement du creur. 
Trois methodes de substitution ont ete etudiees: 
i) dilution progressive du melange 0 20/H20 par 
de l'H20; ii) purge du melange D20/H20 par un 
liquide intermediaire que l'on separe ensuite par 
centrifugation ou evaporation, et purge de ce 
liquide par de l'H20; iii) purge sous pression de 
gaz, suivie de !'introduction d'H20, avec refroidis
sement intermediaire par le gaz ou une recirculation 
du melange D20/H20 aspergeant le combustible. 

Cette derniere methode, dite « d'aspersion », a ete 
choisie dans le cas qui nous occupe. L'efficacite de 
!'aspersion a ete demontree dans un bane d'essai 
(fig. 8) utilisant un assemblage de combustible 
postiche. Chacun des 17 tubes contenait une chauf
ferette electrique pouvant fournir une puissance 
maximale de 300 watts, equivalente a six fois la 
puissance moyenne degagee par un barreau une 
semaine apres l'arret du reacteur. Dix de ces tubes 
etaient munis chacun de cinq thermocouples enrobes 
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Figure 8. Bane d'essai d'aspersion de combustible 

dans la gaine et raccordes par l'interieur des tubes 
afin d'eviter toute perturbation de l'ecoulement. 

De l'eau a 15 oc et :l. 95 oc a ete pulverisee a 
l'aide de divers pommeaux sur des tubes chauffes 
ou non, et collectee separement a la base de chaque 
tube. Les tensions aux bornes des 50 thermocouples 
etaient relevees en 2 secondes, amplifiees et envoyees 
a un oscilloscope dont on pouvait photographier 
l'ecran. 

La solution retenue consiste dans l'emploi d'eau 
a temperature ambiante pulverisee a travers des 
trous de 1,5 et 1, 7 mm de diametre prevus dans un 
caisson solidaire de la partie inferieure de la plaque 
de maintien du c~ur. On a constate qu'avec ce 
dispositif la temperature moyenne des thermocouples 
s'etablissait aux environs de 55 oc (la temperature 
maximale atteignant 108 °C) pour une puissance 
unitaire de 300 watts par barreau et un debit par 
assemblage aussi faible que 5 1/min. Ce procede de 
refroidissement offre done toute garantie d'efficacite. 

Des plaquettes de diverses epaisseurs et pourvues 
de trous de 0,7 a 3 mm de diametre ont ete installees 
dans le BR3 pour mettre en evidence un colmatage 
eventuel. 

Notons que durant la purge de l'eau du reacteur 
le niveau d'eau est indiq lle par une sonde introduite 
apres retrait d'un doigt de gant d'instrumentation. 
Le systeme d'aspersion comprend deux circuits a 
l'exterieur du reacteur, l'un pour le melange D20/ 
H 20 et l'autre pour de l'eau Iegere boriquee. Chacun 
de ces circuits est muni d'un reservoir de stockage, 
de deux refrigerants et de deux pompes et n'est 
raccorde a la cuve que lors des purges d'eau. Le 
caisson d'aspersion est cependant relie en perma
nence au systeme d'injection de securite qui doit 
submerger le c~ur dans le cas de la rupture d'une 
tuyauterie primaire. 
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Apres rechargement du combustible l'eau boriquee 
est remplacee de la meme maniere par le melange 
D20/H20. 

CIRCUITS D'EAU PRIMAIRE 

L'adaptation des circuits primaires a constitue un 
des problemes majeurs lors de la conversion du 
BR3 en raison du cm1t eleve de l'eau lourde. On a 
du en effet verifier soigneusement 1' etancheite des 
circuits existants et etudier les possibilites de reduire, 
non seulement les pertes d'eau, mais egalement les 
fuites recuperables qui augmentent la charge des 
circuits de recueil et de reinjection. 

Les pertes d'eau primaire ont ete mesurees en 
operation par difference entre les quantites d'eau 
d'appoint et de recuperation et par detection d'eau 
tritiee dans l'air de ventilation. D'apres les premiers 
resultats obtenus ces pertes seraient inferieures a 1 
ou 2 kg/h. On s'efforcera d'en reperer les sources 
lors des travaux d'adaptation et de les supprimer 
dans toute la mesure possible. Aux raccordements 
entre circuits de D20 et de H20, des systemes a 
trois vannes avec tuyaux de collecte intermediaires 
assureront l'isolement necessaire. 

Les tiges de vannes etaient munies de doubles 
garnitures avec collecteurs de fuites maintenus sous 
une Iegere depression. Ces fuites ont ete mesurees 
a l'aide d'appareils con<;us specialement et se sont 
revelees negligeables; celles qui atteignaient quelques 
cm3 /h ont ete supprimees apres rem placement des 
garnitures. 

En plus de !'installation du nouveau systeme 
d'aspersion deja cite, les modifications aux circuits 
existants ont porte en ordre principal sur: i) le 
circuit de purge et d'events, avec recuperation de 
l'eau en circuit ferme et decharge a la cheminee a 
travers une trappe froide reduisant a 0,2% l'humidite 
des gaz rejetes; ii) le circuit d'appoint, ou l'on doit 
empecher toute introduction intempestive d'eau 
Iegere pouvant conduire a un accident de reactivite; 
iii) le circuit d'injection de securite, ou l'eau utilisee 
doit etre boriquee des les premiers instants. 

EXPlOITATION 

La centrale BR3 est exploitee par le « Groupe 
industriel pour !'exploitation du BR3 » sous le con
tr6le du CEN. Le programme d'exploitation BR3/ 
VN devra simuler dans la mesure du possible les 
conditions de fonctionnement d'un reacteur VOL
CAIN et comprend notamment: i) !'exploitation du 
reacteur toutes barres dehors, avec addition perio
dique d'eau legere. Les variations de reactivite a 
court terme seront compensees par les barres de 
controle bien que le systeme VULCAIN sera essaye 
regulierement: il s'agit d'un reglage par variation de 
Ia. temperature moyenne de l'eau et par poison 
soluble pour compenser respectivement l'effet Dop
pler et l'empoisonnement Xenon. Son emploi per
manent n'est pas possible au BR3 par suite de 
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limitations propres a !'installation; ii) Ie fonction
nement periodique a pression reduite jusqu'au niveau 
(90 kg/cm2) proche de !'ebullition a Ia sortie du 
chenal Ie plus chaud; iii) le cyclage thermique du 
combustible pour simuler le fonctionnement d'un 
reacteur marin qui est une des applications les plus 
prometteuses du reacteur VULCAIN. 

L' etude de ces essais sera grandement facilitee 
par !'instrumentation du creur. 
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A/515 Belgium 

The VULCAIN core power experiment 

By J. Storrer and S. Rigg 

The Joint Anglo-Belgian programme of research 
and development on the VULCAIN reactor calls 
for the power operation of a VULCAIN core. This 
experiment will take place from 1965 to 1968 in 
the BR3 nuclear power plant at Mol, Belgium, on 
the site of the Centre d'etude de l'energie nucleaire 
(CEN). 

The VULCAIN reactor type is based on the 
variable moderation principle, using varying propor
tions of light and heavy water to compensate for 
the decreases in reactivity due to fuel depletion. 
It permits power operation with all absorber rods 
out of the core, leading to improved neutron 
economy and longer core life. 

The main objectives of the experiment can be 
summarized as follows: (i) to determine the fuel 
behaviour at high burn-ups, (ii) to verify the design 
parameters of a VULCAIN core and its behaviour 
during the whole core life, (iii) to gain experience 
in high pressure D20 systems and (iv) to test various 
pieces of equipment. 

The modifications to the BR3 plant will take 
place during the latter part of 1964, after the first 
pressurized water core has been used up. They 
consist mainly in the adaptation of (i) the BR3 
reactor vessel to the use of a VULCAIN core and 
(ii) the primary plant to the use of a H20-D20 
mixture. 

The internal equipment of the reactor vessel is 
to be completely replaced. Ten absorbing rods will 
be operated by the existing magnetic jack me
chanisms located on the vessel lid, special eccentric 

holding devices being required to connect eight of 
the rods which are offset. Four prototype hydraulic 
mechanisms will also be used. Extensive in-pile 
instrumentation is provided: (i) the flux wires slide 
inside thimbles attached to two vacated rod mecha
nism penetrations in the vessel lid and (ii) the 
thermocouples and fission chambers are immersed 
and connected through a "collar" which is added 
between the vessel flanges. 

The main problem concerning the primary sys
tems is due to the use of a D20-H20 mixture. It is 
intended to operate BR3, which was originally 
designed as a H20 plant, up to 2 000 psia (140 
kg/cm2) and 500 °F (260 oq which is higher than 
any existing D20 reactor. Extensive tests have 
therefore been performed on the BR3 plant to trace 
the leaks and determine their size, in order to 
determine the necessary improvements. 

The VULCAIN core consists of 91 theoretical 
cells of the same hexagonal cross section. Seventy
three cells each contain one fuel assembly, while 
the remaining cells each accommodate one Zircaloy 
tube which may guide a circular flux-trap type 
absorber rod. The initial D20-H20 mixture rises 
through the core almost entirely in the fuel zone 
with only a small part entering the Zircaloy "mode
rator" tubes. The fuel assemblies have been deve
loped and supplied, half by the UK and half by 
Belgium, each manufacturer starting from UF6 gas 
supplied by the UKAEA. 

The operating programme will comprise many 
cycling and perturbation tests to subject the fuel 
to conditions similar to those encountered in a land
based or ship propulsion unit and obtain sufficient 
experimental data to arrive at a satisfactory mathe
matical model of the core behaviour. Various reactor 
control and water treatment methr will also be 
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experimented, and the core will be operated at 
various pressures, down to the lowest pressure 
compatible with safe operation. 

A/515 5enbrHFt 

VICnbiTaHHH Ha MOIJ..4HOCTH aKTHBHOH 

30Hbl peaKTOpa VL'LCAIN 

CooMeCTHaH aHrJio-6eJJLrniicKaH nporpaMMa no 

peaKTopy VULCAIN npe.n;ycMaTpuuaeT ucnLITa

HH.fl Ha MOlll;HOCTH aKTHBHOH 30Hbl TaKoro THna. 

3TH HCllbiTaHHH HaMe'leliiO npOBCCTH B 1965-
1968 ro.n;ax Ha aTOMHoii :'lJieKTpocTaH~HH BR-3 B 
Hayquo-uccJie.n;ooaTeJibCimM ~eHTpe no aToMHoii 
auepruu (CEN.) B Mo.rie, BeJihrHH. 

,lJ;JIH KoMneuca~HH yM·ElHbiiieHHH peaKTHBHOCTH, 

Bb13biB8eMOH noTpe6JieHHeM TOllJIHBa, B peaKTOpe 

TaKoro THlla HCIIOJib3YCTCH aaMCl!;JIIITeJib U3 CMe

CH TH:IKCJIOH H o6bi'IHOH BO,ll;bl, COOTHOIIIeHHe KO

TOpbiX H3MCHHCTCH B npo~ecce pa60Tbl peaKTOpa. 

llpHMenenue cMeiiiaunoro aaMe.n;JIHTeJIH noauoJia

eT yBeJIH'IHTb CpOK CJiylR6hi aKTHBHOH 30Hbl 11 

.n;aeT B03MO:IKHOCTb 3KCIIJiyaTHpoBaTb peaKTOp Ha 
MOlll;HOCTH 6ea norJIOlll;aiOlll;HX CTepmHeH B aKTHB

HOH aoue, 'lTo aua'IHTCJibHO YJIY'IIIIaeT aROHOMHIO 

HeHTpOHOB. 
OcHoBHLie aa.n;a'ln, nocTaBJieHHble nepe.n; aTuM 

3RCnepHMeHTOM, CBO)l;HTe.fl K CJie.n;yiOlll;CMy: 

1) onpe.n;eJieuue nouenenua TOIIJIIIBa npn BhiCo

RHX CTeneHHX Bhlropanna; 2) npouepRa napaMeT

pou aKTHBHoii aoHhl peaJ:Topa VULCAIN H ee no

ae.n;eHn.fl B Te'leuue ucero cpoKa cJiym6hl; 3) npn
o6peTeHue OllbiTa pa60Tbl C TH)f(eJIOBO)l;HbiMH CH

CTeMaMH BbiCOROrO ,ll;aBJI•ElHHR; 4) HCnhiT8HHC paa

J!H'IHbiX 'laCTeii o6opy.n;oBaHHH. 
MaMeueHHH na aTOMHoii aJieKTpocTan~un BR-3 

6y.n;yT npOH3Be)l;eHbl B IIOCJie)l;HHe MCCH~bl 
1964 ro.n;a, nocJie Toro KaR 6y.n;eT uapacxo.n;oaaua 

nepBaH aRTHBHaH 30Ha peaRTOpa C H36hlTO'IHbiM 

.n;aoJieuneM. B ocnoono1~ naMeHeHnH 6y.n;yT aa

RJIIO'laTLCH u npucnoco6Jieuuu Ropnyca peai<Topa 

R ycTanooRe aKTHBHoii annhl peaKTopa VULCAIN, 

c o.n;uoii cTopoHhl, H u npucnoco6JieHHH neponq

Hf>IX RonTypou K ucnoJIJJ.aouanniO cMecu D20/H20, 
C .n;pyroii CTOpOHbl. 

BuyTpeuuee o6opy.n;oBauue Ropnyca 6y.n;eT aa

Meueuo noJIHOCTLIO. ,D;ecHTh norJio.w;aiO.w;nx cTepm

ueii 6y.n;yT npHBO,ll;HTbCH B )l;CHCTBHe cy.w;eCTBYIO

lll;HMH MeXaHH3MaMH ( G MarHHTHl>IM npHBO)l;OM}, 
paCnOJIO)f(eHHbiMH Ha KJlbiiiiKe ROpnyca, 'ITO Tpe

oyeT cne~HaJibHbiX coe.n;uHeHHH )l;JI.II BOCbMH 

CTepmHeH, ~eHTpbl KOTDpbiX CMe.rn;eHhl no OTHO

IIIeHHIO K ux MexaunaMaM. By.n;yT TaKme ucnoJIL
aooaHbl 'leTblpe ODhiTHhiX ru.n;paBJIII'IeCKHX npu

oo.n;a. B peaRTope npe,r{yCMoTpeua cJiomua.R an
napaTypa: DpOBOJIOKH )l;.IIH H3MepeHU.II IlOTORa ne

peMelll;aiOTC.II B II8Jib~B1X MaHHDYJIHTOpa, coe.n;u-
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HeHHhlX C ,ll;BYM.II RpeCTOBHHaMH RpbiWKH, KOTOpble 
paHbiiie HCnOJib30BaJIHCb ,ll;JIH npHBO)l;OB CTep>K

HeH, TepMonapbl H KaMephl .n;eJieHHH norpymeHbl 

B Bo.n;y, H HX COe,ll;HHeHHH npOXO,ll;HT qepe3 «XOMY

TOR», YCTaHOBJieHHbiH Mem.n;y 6opTaMH KOpnyca. 

McnoJILaouauue cMecu THmeJioii u o6LI'IHoii oo

Ahl coa.n;aeT CJIOmHyiO npo6JieMy. ,D;eucTBHT()JlbHO, 

nepBH'lHhle ROHTYPLI peaRTopa BR-3 6hiJIH CROH

CTpyupoBaHLI TOJibKO ,ll;JIH HCDOJib30BaHHH o6hl'l

ROH BO,ll;hl. RpoMe Toro; peaRTop 6y.n;eT aRcnJiya

THpooaTLCH DpH TCMnepaType 260° C H .n;aBJICHHft 

140 1£e/CJ~.2, T. e. npH 3H3'lHTeJibHO 6oJiee BbiCOKHX 

napaMeTpax, 'leM R8KOH-JIH6o If3 cy.w;eCTBYIOlll;HX 

peaRTOpOB, HCnOJih3YIO~HX T.fl)f(CJIYIO BO)l;y, flo-

3TOMY 6hiJIH npoBC)l;CHbl Tlll;3TeJihllhJe HCilhiTaHHH 

ROHTypoB peaRTopa BR-3 c ~eJihiO OThlCRaHHH Te

'feii H onpe.n;eJieHH.fl ux paaMepa, c TeM 'fT06bl 

onpe.n;eJIHTh ueo6xo.n;HMhie ycooepmeucTBOBaHH.fl. 

ARTHBHa.ll 30Ha COCTOHT H3 91 H,ll;CHTif'IHOH Teo~ 
peTH'leCKOH H'leHRH IIICCTHyrOJihHOrO CC'ICHH.II. 

73 .II'ICHKH 3allOJIH.fiiOTC.fl TODJIHBHhiMH C60pKaMH, 

a OCT3JihHble - Tpy6KaMH H3 ~IipR8JIO.II, KOTOpbiO 

MoryT cJiymHTh nanpaoJI.RIOlll;eii RpyrJioro norJio

.w;aiO.w;ero CTepmH.fl THna HeiiTpOHIIOH JIOBYIIIKH. 
TiepuouaqaJihHa.R CMCCh D20/H20 nocTynaeT B aR

THBHYIO 30HY CHH3y, IlO'lTH IlOJIHOCThiO IIpOXO)l;HT 
'1Cpe3 30HY TOilJIHBa H TOJihKO ne6oJibiiiQ.II 'IQCTL 

'fepea TpyoKH ,ll;JI.II 3aMe)l;JIHTCJI.II H3 ~HpKaJlOH • 
TioJioBHHa c6opoR 6hiJia paapa6oTana u nocTaBJie
Ha AnrJiueii u noJioBHHa BeJILrueif, npu'leM Ram

.n;hlii H3rOTOBHTeJib OCy.rn;eCTBJIHJI IIOJIHhiH ~HKJI 
npouaoo.n;cTBa, ucxo.n;a ua UFs, KOTopMii 6biJI no
CTaBJien YnpaBJieHHeM uo aToMnoii aHepnm Anr

JIHH. 

flporpaMMa 3KCilJiyaTU~HH 6y.n;eT BKJIIO'IQTh 
ooJibiiioe ROJIH'leCTBo ucnhiTaHHH no ~HRJIH'lec
RHM H3MeHeHHHM H B03MYlll;CHH.fiM, 8TO neo6xo

)l;HMO )l;JI.fl TOrO, 'lT06bl no.n;ueprHyTh TOIIJIHBO B03-

)l;eHCTBHIO ycJiouuii, auaJiorH'lHhiX ycJIOBHHM, xa

paKTepHhiM )l;JI.II HaaeMHOH CHJIOBOH YCTUHOBKH, H 

IIOJIY'lHTh )l;OCT3TO'lHOe ROJIH'leCTBO 3KCUepHMeH

TQJibHbiX )l;3HHbiX, 'lT06bl HaRTH Y)l;OBJieTBOpHTeJII>
HyiO MaTeMaTH'leCRYIO Mop;eJib IIOBC)l;CHHH aKTHB

HOH aoHhi. By.n;yT TaRme npoue.n;enhl aRcnepuMen

Thl ITO pa3JIH'lllhiM MeTO)l;aM ynpaBJieHHH peaKTO

poM H MCTO,ll;aM BO,ll;OIIO)l;rOTOBKH; QRTHBH3H 30Ha 

6y.n;eT pa6oTaTb npu paaJIU'lllhlX .n;aoJieHHHX 

nnJIOTh .n;o naHMeHLIIIero, npu KOTopoM nee e.w;e 

ooaMomHa 6eaonacna.11 pa6oTa peaRTopa. 

A/515 Belgica 

Ensayo en reg1men de potencia de un 
nucleo tipo VULCAIN 

por J. Storrer y S. Rigg 

En el programa comun anglo-belga de estudio y 
perfeccionamiento del reactor VULCAIN figura el 
ensayo en regimen de potencia de un nucleo de 
este tipo, que se desarrollani desde 1965 hasta 
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1968 en la central nucleoelectrica BR3 de Mol, 
Belgica, donde se encuentra el Centre d'etude de 
l'energie nucleaire (CEN). 

En el reactor de tipo VULCAIN se utiliza la 
moderacion variable, realizada especialmente me
diante mezclas de agua pesada y agua ligera, a fin 
de compensar las disminuciones de reactividad 
debidas a1 agotamiento del combustible. Gracias a 
esto es posible su funcionamiento sin necesidad de 
barras absorbentes, lo cual mejora apreciablemente 
la economia neutronica y prolonga la vida del nucleo. 

Los principales objetivos del ensayo pueden 
resumirse de la siguiente manera: i) comprobar el 
comportamiento del combustible para grados de 
quemado elevados; ii) verificacion de los panimetros 
de un nucleo VULCAIN y de su manera de con
ducirse en todo el curso de su vida; iii) adquirir 
experiencia en sistemas de 0 20 bajo presion, y 
iv) ensayos de diversas partes del equipo. 

Las modificaciones de la central BR3 se efec
tuanin en los ultimos meses de 1964, una vez que 
se haya agotado el combustible del primer nucleo 
de agua bajo presion. Dichas modificaciones con
sisten esencialmente, par una parte, en adaptar el 
recipiente del reactor BR3 de modo que pueda 
utilizarse un nucleo VULCAIN, y, par otra, en 
reajustar los circuitos primarios para que pueda 
emplearse una mezcla D20/H20. 

Se ha de reemplazar completamente el equipo 
interno del recipiente del reactor. El accionamiento 
de diez barras absorbentes se bani par medio de 
los mecanismos ya existentes (gatos magneticos) 
situados sabre la tapa del recipiente, pero que exigen 
el empleo de piezas de conexion especiales para las 
ocho barras situadas excentricamente con respecto 
a su mecanismo. Par otra parte, se usanin cuatro 
prototipos de mecanismos hidraulicos. Se ha pre
parado para el interior del reactor un equipo de 
instrumentos muy completo; los cables para la 
medicion del flujo se deslizan por el interior de 
canaladuras unidas a dos traviesas de la tapa que se 
utilizaban anteriormente para los mecanismos de las 
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barras, mientras que las camaras de fision y los 
termopares estan sumergidos, atravesando sus co
nexiones un "collar" montado entre las bridas del 
recipiente. 

El empleo de una mezcla de agua pesada y agua 
ligera origina un serio problema. En efecto, los 
circuitos primarios del reactor BR3 habian sido 
construidos para utilizar agua ligera unicamente; 
ademas, en el nuevo reactor se alcanzaran presiones 
de 140 kg/cm2 y temperaturas de 260 oc, es decir, 
que las condiciones seran mas severas que las de 
cualquier otro reactor existente de agua pesada. 
Par tal motivo, se han ensayado escrupulosamente 
los circuitos de la instalacion a fin de localizar las 
fugas y determinar su importancia para, en con
secuencia, aportar las mejoras pertinentes. 

El nucleo VULCAIN consta de 91 celdas teoricas 
de la misma seccion hexagonal; 73 de estas celdas 
contienen un conjunto combustible cada una y las 
restantes alojan cada una un tuba de Zircaloy que 
puede servir de guia a otra barra absorbente de 
seccion circular. La mezcla primaria de D20/H20 
penetra en el nucleo por su parte inferior y casi 
todo el caudal atraviesa la region del combustible, 
mientras que solo un poco pasa par los tubas 
« moderadores » de Zircaloy. Los conjuntos combus
tibles se han desarrollado y construido par partes 
iguales en el Reina Unido y en Belgica, y cada 
fabricante realiza el ciclo completo a partir del UF 6 

gaseoso suministrado par la UKAEA. 
El programa de operacion comprendera diversos 

ensayos de ciclado y perturbacion para someter al 
combustible a condiciones parecidas a las que se 
encuentran en una unidad con base terrestre o de 
propulsion naval, con lo que se obtendr:in datos 
experimentales suficientes para conseguir un modelo 
matematico satisfactorio del comportamiento del 
nucleo. Tambien se ensayaran varios metodos de 
control del reactor y de tratamiento del agua. 
Ademas, se har:i funcionar el nucleo a presiones 
distintas, basta la presion mas baja que sea com
patible con su operacion sin riesgo. 
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The SEFOR reactor- aspects of international cooperation 

By W. Schnurr* and J. R. Welsh** 

The implementation of the SEFOR project has 
added a new variation to international cooperation 
in the field of the peaceful use of nuclear energy. 
For the first time, a non-US group is participating 
in the construction of a reactor and in the execution 
of a research and development program financed 
by the United States Atomic Energy Commission 
(USAEC). On the American side, the project is 
carried through by Southwest Atomic Energy As
sociates (SAEA) and General Electric Company 
(GE), in addition to the USAEC, and the European 
side by Gesellschaft fiir Kernforschung mbH (Federal 
Republic of Germany) and the European Atomic 
Energy Community (EURATOM). The main reason 
for instituting this interna1ional cooperation is the 
scientific and technical significance of the develop
ment of fast breeder reactors. The project constitutes 
an important part of the fast breeder programs of 
USAEC, EURATOM, and Gesellschaft fiir Kern
forschung. SAEA is the first group of electric com
panies in the United States to participate in a 
plutonium-fueled fast reactor experiment. 

This paper aims firstly to describe the SEFOR 
reactor, then gives a historical survey of the project 
up to the formulation of 1he contracts, and finally 
gives an account of its implementation. It illustrates 
the obstacles along the way, starting from an 
existing common volition and winding up in a series 
of contracts acceptable to partners pertaining to 
different nations and different legal systems and 
pursuing different interests. It was considered 
advisable, therefore, to devote special attention to 
the design of the contracts and the explanation of 
their most important features. The paper is con
cluded by a survey of th~ intended execution of 
the project. 

DESCRIPTION OF SEFOR 

The Southwest Experimental Fast Oxide Reactor 
(SEFOR) is a sodium-cooled fast experimental 
reactor which will serve the following main purposes: 

(a) Gathering experience for the operation of 
large Pu02-U02 reactors; 

(b) Investigating and measuring the Doppler 
effect in steady state: operation; 

* Gesellschaft fiir Kernforschung m.b.H., Karlsruhe. 
** Southwest Atomic Energy Associates, Little Rock, 

Arkansas. 
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(c) Investigating and measuring the Doppler 
effect by power excursions; 

(d) Determining safety criteria for large pluto
nium-fuelled power reactors. 

The reactor will have a thermal power of 20 MW 
but is not intended to generate electricity. The core 
is housed in a double-walled vessel and will comprise 
some 660 fuel rods in stainless-steel cans, the rods 
being grouped in clusters within the core. The fuel 
consists of a mixture of Pu02-U02 , with a pluto
nium content of approximately 15 per cent, some 
2 200 kg of fuel being needed. The rods have an 
outside diameter of 2.54 em; 84 em (roughly corre
sponding to the core height) are filled with pellets 
of the Pu02-U02 fuel. The rod ends are made of 
steel and act as axial reflectors. The radial reflectors 
are made of Inconel and contain eighteen movable 
cylinders for controlling the reactor. The cooling 
system has two inner sodium cycles, a third cycle 
transmitting the heat to the air. The valves of the 
cooling system have been designed in such a way 
as to enable the sodium level to be lowered during 
refuelling operations. The steel reactor containment 
building is cylindrical in shape with a spherical top 
and will withstand an internal pressure of 3 atm. 
Core and cooling system are housed in this building. 
The ventilating plant is over the fuel testing rooms 
in the operations building. The ventilators are con
nected to an exhaust stack 53 m high standing by 
itself. On top of the core, a shielded cell has been 
installed for checking fuel rods, handling is by means 
of manipulators and operations may be viewed 
through lead glass windows. 

Neutron lifetime is about 5 X 10-7s. The neutron 
spectrum is a relatively soft one, having 20 per cent 
fission below the limit of 10 kV. The Doppler 
coefficient (T dk/dn is approximately -0.008. 
These characteristics definitely point to a future 
oxide-fuelled power-reactor. 

The reactor installation will be built on a site 
of 250 ha (620 acres) in Arkansas, USA, some 
20 miles southwest of Fayetteville, a small university 
town of 20 000 inhabitants. The site location is 
poorly cultivated and only sparsely populated. The 
plant consists of a one-story operations building, 
partly topped by the ventilation room. The opera
tions building contains the necessary offices, con
ference rooms, storage facilities, workshops and, in 
the part facing the reactor building, the control 
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room. A fuel storage area has also been provided. 
For operating and servicing the reactor there is 

a staff of thirty persons and in addition there is a 
technical and scientific staff for taking care of the 
research and development program. 

HISTORY OF THE PROJECT 

The concept of SEFOR was developed by GE 
in a contract with the Atomic Energy Commission. 
This contract, which is still in effect, covers work 
on the fast ceramic reactor, and the major activity 
includes a broad investigation of ceramic fuels and 
the physics of fast reactors. The contract was 
awarded to General Electric as a result of com
petitive bidding in 1959. The SEFOR concept was 
first proposed to the USABC in April 1961 and 
disclosed to the scientific public for the first time 
at the Conference on Power Reactors in October 
1961 in Vienna, when GE presented a paper on 
the topic. Design and purpose of the reactor 
project aroused the special interest of members of 
Gesellschaft flir Kernforschung m.b.H. (Karlsruhe 
Nuclear Research Center)* attending the conference. 
They had been conducting studies on a fast breeder 
project since 1960. The research work done so far 
in Karlsruhe had shown the necessity of building 
an experimental facility for testing specifically the 
dynamic behavior of fast reactors, and reactor 
POWDER GODIVA was to be built on the premises 
of the Karlsruhe Nuclear Research Center for that 
purpose. However, as the GE project not ~~ly 
extended beyond the aims of the Karlsruhe facility, 
but, in addition, was to pursue scientific aims 
interesting the Karlsruhe group, the possibility of 
participating in the GE project was ventilated. 

The enterprise was heavily supported by SABA, 
a group of seventeen utility companies in the south
west of the United States, which had given financial 
support to research programs aimed at the develop
ment of breeder reactors since 1957. After nego
tiations with GE, SABA agreed to assume part of 
the cost of reactor construction. 

At General Electric's suggestion, Karlsruhe visited 
the USABC in company with General Electric in 
February 1962. The German offer of participation 
to the amount of $2 million in financing the research 
and development program met with a favorable 
reception. 

By the fall of 1962, the SEFOR project had 
been expanded in the scientific realm. In a seminar 
on fast dynamic test reactors in Washington from 
October 31st to November 2nd 1962, it was 
expressly stated that the F ARET and SEFOR 
projects would be excellent supplements to each 
other and might thus well be parts of one program. 

* Gesellschaft fiir Kernforschung mit beschriinkter 
Haftung is a non-profit corporation supported 75 per cent 
by the Federal Republic of Germany and 25 per cent by 
the state of Baden-Wurttemberg. 

On the basis of the Report to the President of 
November 1962 it was possible to expand the 
USAEC program. This report contained some ideas 
on the development of fast reactors with oxide fuel 
containing plutonium which were considered im
portant, and it contained some far-reaching deliber
ations on tapping new sources of energy. 

The expansion of the USABC fast breeder 
program produced a positive solution to the SEFOR 
financing problem: USABC bore the cost of carrying 
out the research and development program, whereas 
the other partners financed the cost of constructing 
the plant. However, this required a considerable 
increase in the contribution of Gesellschaft flir 
Kernforschung. 

In the course of the negotiations, the coopera
tion between Gesellschaft fiir Kernforschung and 
EURATOM in the field of fast reactor development, 
laid down in an agreement of association, became 
important. Within the framework of that agreement, 
EURATOM participates in financing the research 
work done at Karlsruhe. It was possible to include 
the SEFOR plant in the association between 
EURATOM and Gesellschaft ftir Kernforschung 
thereby supplementing the series of experimental 
facilities provided for this program. The result 
of the negotiations between SABA, Gesellschaft, 
EURATOM, and GE was a Memorandum of Under
standing signed by SAEA and Gesellschaft on March 
18th 1963, which may be regarded as the nucleus 
of all following negotiations. In this Memorandum, 
Gesellschaft ftir Kernforschung and EURATOM 
agreed to pay the sum of $5 million. The preliminary 
negotiations could be regarded as finished when, 
in December 1963, the USABC agreed in a Memo
randum of Understanding with SABA to finance the 
research and development program. 

Before the final contracts were elaborated by the 
partners working on the project, various kinds of 
contracts were discussed and checked. From the 
point of view of implementation of the project, the 
actual relationship between the partners would have 
been reflected best by founding a new company, with 
an independent legal status, out of the companies 
financing the project, especially SABA and Gesell
schaft. This new company then could have entrusted 
GE with planning and constructing the SEFOR 
installation and carrying out the research and 
development program. 

This solution would have been a clear one and 
a very desirable one, also from the legal point of 
view, but it could not be realized because of the 
Atomic Energy Act of 1954. This law prohibits the 
USAEC from licensing construction and operation 
of a reactor project which is "controlled" by a non
national enterprise. The term "control" in the 
meaning of this provision has a very wide signi
ficance in the US, even today. It means any type 
of co-ownership, or something even like ownership, 
in a reactor installation in the USA, and the pos-
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sibility of influencing construction or operation of 
such a reactor by direct orders to the manufacturer 
or operator. As one of the participants in the new 
company, Gesellschaft fi.lr Kemforschung certainly 
would have had a right in the reactor similar to 
ownership. 

Thus, a way had to be found which would be 
within the limits set by American legislation, but 
also guarantee the interests of the European partners 
in relation to their financial and scientific con
tributions. 

LEGAL ASPECTS 

Contracts 

Four contracts have been worked out and have 
now become effective; these are: 

(a) Contract between SABA and USABC (sub
sequently called AEC Agreement; 

(b) Contract between SABA and GE on planning 
and constructing the SEFOR plant (sub
sequently called SEFOR Contract); 

(c) Another contract between SABA and GE 
on the execution of the research and develop
ment program (subsequently called Program 
Contract); 

(d) Contract between SABA and Gesellschaft 
fiir Kernforschung m.b.H. (subsequently 
called SAEA-Gesellschaft Agreement). 

Figure 1 illustrates the system of contractual 
relations. As can be seen, SABA is the central 
figure in the combination of these contracts. All 
legal relationships of the four parties are joined in 
SABA. USABC, Gesellschaft fiir Kernforschung 
and GE have no direct contractual relations with 
each other and are only related via SABA. 

The contents of the four contracts can be briefly 
summarised as follows. The AEC Agreement is the 
fund~ental contract. In this contract, USABC 
agrees to finance the research and development 
program as well as make fissile material and certain 
reactors of national research laboratories available 
for fuel element tests. SABA in this contract have 
agreed to build the SEFOR plant; in discharging 
this obligation, SABA will make use of GE. The 
conditions of carrying out this work are laid down 
in detail, and the agreement also contains an express 
provision on the right of Gesellschaft ftir Kern
forschung to have active scientific and technical 
cooperation in the project. Moreover, it is said that, 
in signing and executing this contract, SABA also 
acts for the benefit of Gesellschaft fiir Kernforschung. 
A corresponding provision is contained in the con
tract between SABA and GE. 

In the SEFOR Contract, SABA have charged GE 
as the main contractor with planning and con
structing SEFOR and, in the Program Contract, 
with carrying out the research and development 
program. 

In the SAEA-Gesellschaft Agreement, the basis 

Figure 1. The system of contractual relations for the SEFOR reactor 

for cooperation between SABA and Gesellschaft 
fiir Kernforschung has been laid down. SABA and 
Gesellschaft ftir Kernforschung must consult and 
agree on all matters of policy and on all questions 
affecting costs which are to be decided or determined 
by SABA. In the event of disagreement, such ques
tions will be decided by arbitration. 

The whole project is financed in the following 
manner. The cost of planning and constructing 
SEFOR, including the cost of purchasing the site, 
is borne by SABA to a total of $5.9 million and 
by Gesellschaft fiir Kernforschung to a total of 
$5.0 million. All costs exceeding $10.9 million will 
be borne in full by GE. The cost estimate for the 
construction of the reactor (without development of 
fuel elements, which is part of the research and 
development program) provides for a sum of $12.35 
million. 

As has been mentioned earlier, USABC finances 
the whole research and development program upon 
indication up to a total of some $12.7 million. In 
case reaching the objectives of the program will 
require higher expenditures, these will be borne 
by GE. 

Title, warranty, and liability 

The site for erecting the reactor installation is 
owned by SABA. Th« installation proper is owned 
by GE during the construction phase. With the first 
fueling procedure, title in the reactor installation 
also passes to SABA. 

The warranties assumed by GE for construction 
of the reactor and execution of the research and 
development program are far-reaching ones. GE 
warrants to build the reactor in such a way as to 
enable the research and development program, 
especially the tasks described in close detail in the 
AEC Agreement and the Program Contract, to be 
carried out and the intended objectives to be reached. 

The nuclear and non-nuclear liability risk of the 
parties to the project, apart from ABC, is covered 
by insurance as far as possible. The cost of insurance 
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is borne by GE; part of it will be refunded to GE 
by the AEC within the framework of the financing 
of the research and development program after the 
passing of title in the SEFOR installation to SAEA. 
Moreover, GE will be held blameless by the US 
Government, in accordance with Section 170 of the 
Atomic Energy Act of 1954. GE has agreed to 
indemnify SAEA and Gesellschaft against liability 
to the extent not covered by insurance and to the 
extent not caused by acts or omissions by SAEA or 
its members or acts or omissions of Gesellschaft. 

COMMITTEES 

SAEA and Gesellschaft ftir Kernforschung will be 
in close contact, through the Project Review Com
mittee and the Technical Policy Committee, with 
the construction of SEFOR and the research and 
development program at all times. 

The Project Review Committee is composed of 
representatives of the managements of SAEA and 
Gesellschaft ftir Kernforschung. It will meet at least 
twice a year. The function of this Committee will be 
to review performance under the SEFOR Contract 
and under the Program Contract and to review 
generally information supplied by GE. 

The Technical Policy Committee has been created 
especially to view the execution of the research and 
development program. Its members are one leading 
scientific representative from each of Gesellschaft 
fiir Kernforschung and GE. It will also meet semi
annually. Members of SAEA and USAEC may 
attend its meetings. 

GE is obliged to make detailed reports before 
both committees, showing the work performed since 
the last meeting and the work planned for the 
following six months. 

EVALUATION OF KNOWLEDGE 

As it is not the aim of the SEFOR project to erect 
the prototype of a power reactor, but, essentially, 
to carry out an experimental program with a reactor 
specially built for the purpose, the results to be 
expected will consist, in the first instance, of new 
knowledge and technical knowhow. Thus, it was 
necessary to find ways enabling each of the parties 
to the contract to obtain this information to the 
extent desired. It was also necessary to determine 
arrangements for the treatment of patentable inven
tions and the consequent utilization of industrial 
rights. Due to the material cooperation of USAEC, 
it followed most automatically that the treatment 
developed by the Commission in the US for fixing 
rights to the knowledge obtained became the basis 
of the contractual provisions. Soon it became ap
parent that the existing regulations were flexible 
enough to leave space for the wishes of the non-US 
partners. Now, the contract provides that practically 
all partners have free access to the knowledge, 

including all patentable inventions. This knowledge 
may be disseminated to the partners by the con
tractor erecting the plant in the form of reports or 
notes as well as drawings or similar data. They may 
be liberally used in the proper fields of interest, save 
for the restriction that this utilization has to be in 
accordance with the provisions of the Atomic Energy 
Act of 1954. 

In view of the special interests of the European 
partners for their own economic area, it was provided 
that information can be freely communicated and 
used industrially in the countries of the European 
Community without additional provisions in the 
contracts. 

Moreover, the European partners have the pos
sibility of delegating trained experts for participation 
in the designing, constructing, and testing stages 
of the work so that they may become fully con
versant with the details of all problems. In order 
to make this cooperation effective, the groups 
cooperating in the United States are supposed 
to have so-called "correspondence groups" in 
Karlsruhe. By using this structure, the European 
partners are in a position to evaluate the com
municated results and, if they choose to do so, 
make suggestions. 

With respect to any invention or discovery not 
made or conceived in the course of or under the 
AEC Contract or the SEFOR Contract and covered 
by a patent or patent application owned or con
trolled by GE and which invention or discovery is 
actually incorporated or embodied in SEFOR or its 
fuel by GE, GE has agreed to grant non-exclusive 
licenses under non-discriminatory, customary com
mercial terms and conditions to the other partners 
and other responsible parties for the use of such 
invention in fast nuclear reactor power plants. 

The provisions for issuing publications correspond 
to the usual regulations. 

EXECUTION OF THE PROJECT 

In the contract it has been foreseen that building 
the SEFOR reactor will take three years. Concurrent 
with the construction work, the first phase of the 
research and development program, which is going 
to supply important data for the design of the 
reactor and the core, will be carried out. 

After insertion of the first core, the second phase 
of the research and development program will start; 
its completion will take a period of three to five 
years. In that time, experiments with the reactor 
and theoretical investigations should have been 
carried out up to the point where the objectives of 
the program have been reached. The second phase 
ends in decommissioning the reactor. However, the 
contracts provide for the possibility of continuing 
cooperation between SAEA, Gesellschaft, and GE 
within the framework of another research program. 
Each of the partners may carry out such a program 
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by himself, or together with other partners, under 
complete assumption of the responsibility for the 
reactor. The partners not joining this new program 
are entitled to make full use of the results derived 
from this research program free of charge. 

CONCLUSIONS 

This paper shows that a relatively complicated 
network of contracts had to be established in order 

to safeguard the highly diverse interests of the 
industrial and non-profit making organizations, 
cooperating here as partners, in relation to their 
contributions, and in order to stay within the legal 
provisions of national and supranational authorities 
on both sides of the Atlantic. In formulating the 
contracts the partners have taken pains to make 
them simple and clear. The future will show whether 
the type of cooperation that was chosen here will 
prove to be satisfactory. 

ABSTRACT- RESUME- AHHOTAUII1St- RESUMEN 

A/533 Republique federale d'AIIemagne 

Le reacteur SEFOR: 
les aspects d'une collaboration internationale 

par W. Schnurr et J. R. Welsh 

Le reacteur SEFOR (Southwest Experimental 
Fast Oxide Reactor), d'une puissance thermique 
de 20 MW, est en construction a Fayetteville 
(Arkansas), aux Etats-Unis. 11 est refroidi au sodium 
et utilise des combustibles .3. Pu02-U02. 11 est cons
truit par l'Atomic Power Equipment Department 
de la General Electric pour le compte de Southwest 
Atomic Energy Associates avec une importante 
contribution financiere de la Gesellschaft flir 
Kernforschung m.b.H., de Karlsruhe. 

Le but de ce reacteur est de demontrer la surete 
des caracteristiques d'exploitation et la securite inhe
rente d'un grand reacteur de ce type. L'installation 
servira a realiser un vaste programme de recherche 
et de developpement. Sous l'egide de l'Atomic 
Energy Commission, il sera execute par la General 
Electric en tant que sous-traitant de Southwest 
Atomic Energy Associates. 

Les principaux motifs de cet ample effort de 
cooperation ont ete les suivants: Le Centre de 
Karlsruhe avait deja un programme actif dans le 
domaine des surregenerateurs a neutrons rapides, et 
avait envisage des 1960 la construction d'un reac
teur experimental du meme genre. 

La Southwest Atomic Energy Associates (groupe 
de 17 fournisseurs d'electricite du sud des Etats
Unis) patronnait depuis longtemps le developpement 
dans le domaine nucleaire. Vu !'interet croissant que 
suscitent les surregenerateurs rapides, elle a decide 
d'appuyer Ia mise au point de ce type de reacteur. 

L' Atomic Power Equipment Department de la 
General Electric, comme le Centre de Karlsruhe, 
avait saisi la grande importance d'un tel programme 
experimental et avait etudie un projet de construc
tion qui fut presente tout d'abord a la Conference 
de l'AIEA a Vienne en 1961. 

De 1961 a 1963, une sc::rie de negociations entre 
ces partenaires, l'USAEC et !'EURATOM aboutis-

saient a un accord sur la construction du reacteur 
et !'execution du programme de recherche et de 
developpement. 

Etant donne les interets differents des groupes 
participants et le fait que SEFOR est le premier 
reacteur a etre construit aux Etats-Unis avec une 
aide substantielle de groupes non americains, les 
negociateurs ont eu a faire face a de nombreux pro
blemes difficiles et durent chercher des solutions 
nouvelles. 

Apres une discussion detaillee des motifs tech
niques et scientifiques mentionnes ci-dessus et un 
historique du projet, le memoire decrit les relations 
juridiques entre les divers partenaires. En plus, il 
traite des problemes financiers et de !'organisation 
creee pour garantir a tous les partenaires !'influence 
et le droit de controle voulus. Enfin, la question de 
!'utilisation des renseignements et des brevets 
obtenus ainsi que 1' echange de personnel et des 
connaissances sont discutes, eu egard en particulier 
aux accords internationaux existants. 

PeaKTop SEFOR - acneKTbl 
HapOAHOro COTPYAHH4ecrea 

B. WHypp, lo-1. P. 83J1W 

A/533 OJPr 

B Cl>a:iieT-BHJIJie, IDT. ApKanaac, CIIIA, cTponT
CH IOro-aana~HLIH <lKCOepnMeHTaJibHLIH peaKTOp 
Ha 6LICTpLIX HeihpoHaX C TOIIJIHBOM B BHP,e CHCTe
MLI PuOz - UOz H HaTpneBLIM oxJiam~enueM. Te
nJioBaH MOII\HOCTb 3TOro peaKTOpa COCTaBJIHeT 
20 Mer. PeaKTop cTpouTCH oT~eJioM aTOMHo-anep
reTnqecKoro o6opyp,onaHHH lf>npMLI «,lJ,menepaJI 
aJieKTpnK» AJIJI 10ro-3anap,no:ii anepreTuqecKoii 
acco~ua~uu. 3naquTeJihHYIO ~OJIIO lf>unancupona
HHJI ocy~eCTBJIHeT AK~nonepnoe o6Il\eCTBO JI~ep
HLIX uccJie~onanuii, 1:\apJicpya. 3an.aqe:ii coap,aHHH 
aToro peaKTopa JIBJIJieTcJI ~eMoHcTpa~n» na~em
HLIX l)KCDJiyaTa~HOHHLIX xapaKTepHCTHK H npucy-
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~eft 3TOH CHCTeMe 6eaonaCHOCTH Ha 60JihiiiOM 
peai\TOpe Ha 6hJCTphiX HeHTpoHaX C IIJIYTOHllH
ypaHOBhiM TOIIJIHBOM. Ha :JToii ycTaHOBRe 6yp,eT 
IIpOBOP,HThCH 60JihiiiaH nporpaMMa HayqHO-HCCJie
P,OBaTeJihCI\HX H OllhiTH0-1\0HCTpyRTOpCRHX pa6oT. 
3Ta nporpaMMa 6yP.eT ocyll.\eCTBJIHThCH nop, pyRo
BOACTBOM HoMuccuu no aToMHoii :mepruu lfJup
Moii <<,l'J;iKeHepaJI :meRTpHR>> no cy6ROHTpaRTY 
lfJupMhl «CayTBeCT aTOMHI\ aHepP,iKH aCCOIIIHHTC)). 

OcHOBHhiMH no6yp,uTeJihHhiMH MOTHBaMu /.VIH 
TaRoro IIIHpOiwro COTPYAHH'!ecTBa 6wJiu cJieAYI0-
11.\He. 

QeHTp B HapJicpya nMeeT aRTHBHYIO nporpaM
MY B o6JiaCTH paapa6oTI\H aHepreTuqecRux peaR
TopoB-paaMHomuTeJieii: Ha 6hiCTphlx HeiiTpoHax u 
yme B 1960 rop,y paccMaTpnBaJI Bonpoc o cTpou
TeJihCTBe AHHaMH'leCI\OfO OnhiTHOrO peai\Topa Ha 
6wcTphlx HeiiTpoHax. 

<l>npMa «CayTBeCT aTOMHI\ aHep.r~am aCCOIIIH
IITC» - rpynna H3 17 1\0MMyHaJihHhiX npep,npH
HTIIH, o6cJiymuBaiOII.\HX lOr Coep,uHeHHhlx III Ta
TOB, pyRoBOAHT nepcneHTHBHOii: paapa6oTRoii npo-
6JieM HP.epHOH aHepruu. }'qnThiBaH paCTYII.\HH HH
Tepec I\ aHepreTnqecRnM peaRTopaM-paaMHomuTe
JIHM Ha 6hiCTpbiX HeiiTpOHaX, lfJupMa peiiiHJia IIOA
p,epmaTh paapa60TI\Y peaRTOpa 3TOfO TUna. 

0TAeJI aToMHO-aHepreTuqecHoro o6opyAoBaHnn: 
lfJupMhl «,l'J;iKeHepaJI aJieHTpHR», nOA06Ho aTOM
HOMY ~eHTPY n HapJicpya, coaHaBaH muaHeHHYIO 
namHOCTh nporpaMMhl, npoBeJI npoeRTHoe uayqe
HHe, 1\0TOpOe BnepBhle paCCMaTpHBaJIOCh Ha 1\0H
IfJepeH~HH MArAT3 B BeHe B 1961 rop,y. 

B nepiWA c 1961 no 1963 roA 6hiJIH npoBep,eHLI 
neperosophl Memp,y HaasaHHhiMH napTHepaMu
KoMuccueii no aTOMHoii aHepruu CiliA u HoMuc
cueii EBpaToMa. 3Tu neperosopw npuseJiu 1\ co
rJiaiiieHniO, npeAYCMaTpHBaiOII.\eMy CTponTeJihCT
BO peai\Topa u onpeAeJIHIOII.\eMy xapaRTepucTHRH 
nporpaMMhl HayqHO-HCCJieP,oBaTeJihCI\HX H OnhiTHO
lWHCTpyRTOpCRHX pa6oT. 

l1Men: B Bnp,y paaJIU'!HYIO aauHTepecoaaHHOCTh 
yqacTBYIO~HX rpyiiii U TO o6CTOHTeJILCTBO, 'ITO 
peaRTop SEFOR HBJIHeTCH nepBhiM peaRTopoM, 
1\0Topwii: fi.OJiiKeH 6hiTL nocTpoeH B CiliA c cyll.\e
cTBeHHoii nop,p,epiKHOH CO CTOpOHhl He aMepuRaH
CI\UX rpynn, p,orosapusaiOII.\Heca CTOpOHhl oKaaa
:IHCL nepep, aaTpyp,HUTeJILHhiMH npo6JieMaMH H 
AOJiiKHhl 6hiJIH H8HTU MHOfUe HOBble peiiieHHH. 

flocJie p,eTaJILHOrO o6CYiKAeHHH H83BaHHhiX Te
XHuqeCI\UX U HayqHhJX npo6JieM H o6aopa HCTO
pU'leCI\OfO pa3BHTHH 3TOfO IIpoeKTa B P,OKJiap,e 
OIIHCaHhl IOpup,uqeCKHe B3aHMOOTHOIIIeHUJI MeiKAY 
paaJIH'IHLIMU napTHepaMH. ,l'J;aJiee B P,OKJiap,e 6y
AYT naJiomeHhl npo6neMhl lfJuHaHcuposaHnH u 
opraHU3a~HH, B03HUI\IIIHe B CBH3H C Heo6xop,H
MOCThiO rapaHTHpOBBTh BCeM napTHepaM COOTBeT
CTBYIOII.\ee BJIHHHHe u HOHTpOJih. HaKoHe~. o6cy
mp,aiOTCH BOIIpOChl HCIIOJih30BaHHH IIOJiyqaeMOH 
nHifJopMa~Hii u naTeHTOB, a TaKme o6MeHa nepco
HaJioM, o6MeHa 3HaHIIRMH, IIpii'IeM OC06oe BHHMa
HUe 6yp,eT yp,eJieHO CYII.\eCTBYIOII.\HM Memp,yHapOA
IIhiM cornameonJIM. 

A/533 Republica Federal de Alemania 

El reactor SEFOR: 
Aspectos de Ia cooperacion internacional 

.por W. Schnurr y J. R. Welsh 

En Fayetteville, Arkansas, Estados Unidos, se 
esta construyendo el « Southwest Experimental Fast 
Oxide Reactor», que es un reactor rapido experi
mental de 6xido con combustible de plutonio, refri
gerado por sodio, con una potencia termica de 
20 MW. Lo construye el General Electric Atomic 
Power Equipment Department para la Southwest 
Atomic Energy Associates, contribuyendo considera
blemente a su financiaci6n Ia Gesellschaft ftir 
Kernforschung m.b.H. de Karlsruhe. El objeto de 
este reactor es demostrar las caracteristicas de opera
cion confiable y aspectos inherentes de seguridad de 
un reactor de potencia, cargado con combustible de 
uranio-plutonio. En esta instalaci6n se realizara un 
amplio programa de investigaci6n y desarrollo. Sera 
realizado por Ia General Electric, patrocinado por Ia 
Atomic Energy Commission, bajo subcontrato para 
Ia Southwest Atomic Energy Associates. 

Los principales alicientes para este amplio esfuer
zo de cooperaci6n fueron los siguientes: 

El Centro de Karlsruhe tenia un activo programa 
en el campo del desarrollo de reproductores rapidos 
de potencia y ya en 1960 concibi6 la construcci6n 
de un reactor nipido de pruebas dinamicas. 

La Southwest Atomic Energy Associates, un 
grupo de 17 empresas que sirven al Sur de los 
Estados Unidos, habfa financiado durante mucho 
tiempo el desarrollo de la energfa nuclear. En vista 
del creciente interes por los reactores rapidos repro
ductores de potencia, decidieron apoyar el desarrollo 
de este tipo de reactores. 

E1 General Electric Atomic Power Equipment 
Department - lo mismo que el Centro de Karlsruhe 
- comprendi6 Ia importancia vital de un programa 
y realiz6 un estudio de proyecto que fue presentado 
por primera vez en Ia Conferencia de 1961 del 
Organismo Internacional de Energfa At6mica en 
Viena. 

Durante los afios de 1961 a 1963 se realizaron 
una serie de negociaciones entre los grupos intere
sados arriba citados, la USAEC y Ia Comisi6n de 
Euratom, que condujeron finalmente a un acuerdo 
que comprendfa Ia construcci6n del reactor y 
la realizaci6n del programa de investigaci6n y 
desarrollo. 

En vista de los intereses diversos de los grupos 
participantes y del hecho de que el SEFOR es el 
primer reactor a construir en los Estados Unidos con 
aportaciones importantes de grupos no estadouni
denses, las partes negociadoras se enfrentaron con 
problemas diffciles y han tenido que buscarse muchas 
soluciones nuevas. 

Despues de una discusi6n detallada de los ali
dentes tecnicos y cientificos antes mencionados y 
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de un amllisis del desarrollo hist6rico del proyecto, 
el articulo describe las relaciones legales entre los 
distintos interesados. Abarca ademas los problemas 
de financiacion y describe la organizacion que fue 
creada para garantizar a todas las partes la influencia 

y control necesarios. Finalmente, se discute la cues
tion del empleo de las patentes e informaciones 
obtenidas y el intercambio de personal y conoci
mientos, considerando especialmente los convenios 
internacionales existentes. 
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Review of engineering work for the DRAGON Proiect* 

By G. Franco,** H. W. Muller,*** S. B. Hosegood**** and l. H. Prytz***** 

This paper reviews the main aspects of the 
engineering work for the DRAGON Reactor Experi
ment and discusses the design, manufacture, site 
construction and testing of the 20 MW(th) graphite
moderated, helium-cooled, high temperature reactor 
located at Winfrith, Dorset, England. In most of 
the reactor components, the work has been affected 
to different extents by the novel features peculiar 
to this type of reactor, such as the use of very pure 
helium as a coolant, the use of an uncanned ceramic 
fuel, the high coolant temperatures and the extreme 
compactness of the plant. Because of space limit
ations, attention is concentrated here on those 
features which are the most significant in a high 
temperature reactor such as DRAGON. Features 
such as the instrumentation, control rod mechanisms 
and other important components of the reactor are 
not discussed but a considerable amount of informa
tion has already been published on these particular 
topics and on the reactor facility in general in the 
Annual Reports of the DRAGON Project [1-4]. 

Construction work, carried out with the help of 
a large number of contractors and organizations in 
the different signatory countries, started in April 
1960, criticality occurred in the late summer of 1964 
and full power operation is expected early in 1965. 
The execution of the engineering work at Winfrith 
involved the selection and the recruitment of a 
maximum of 140 staff, and these engineers, draughts
men and ancillaries of different nationality and 
technical background had then to be organized into 
a working team. In addition, it was necessary to set 
up and implement the necessary co-ordination with 
the other Divisions of the Project, the Engineering 
Group of the United Kingdom Atomic Energy 
Authority, Lloyd's Register and the many con
tractors who contributed to the engineering work on 
the reactor. 

Fig. 1 outlines the construction programme where 
the "Critical Path Method" has been adopted with 

* OECD High Temperature Reactor Project, Winfrith, 
Dorset, England ; this Project is one of the joint under
takings of the European Nuclear Energy Agency. 

*':'Seconded by Comitato Nazionale per l'Energia Nu
cleare, Italy. 

* •:• * Seconded by the European Atomic Energy Com
munity. 

':'***Seconded by the United Kingdom Atomic Energy 
Authority. 

•:• * * * * Seconded by the Institutt for Atomenergi, Nor
way. 
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satisfactory results since October 1963. Fig. 2 shows 
the over-all expenditure for the engineering work, 
with the exception of the expenditure for some of 
the rigs and prototypes required for the development 
programme carried out by the Research and 
Development Division of the project. Fig. 3 gives 
the over-all engineering staff effort, i.e., engineers, 
draughtsmen and ancillaries both of the project and 
of the UKAEA Engineering Group at Risley, which 
was asked to carry out the detailed design of the 
buildings and of some plant on the basis of the 
specifications laid down by the project. Fig. 4 shows 
the labour for site work carried out by contractors 
to the project's specifications and supervised by the 
Engineering Group. 

PRIMARY CIRCUIT 

The reactor is designed to contain within its 
primary pressure barrier not only core, reflector and 
heat exchangers, but also the charge machine, gas 
circulators, control mechanisms, neutron source drive 
and viewing systems, the idea being to avoid 
mechanical shaft seals and to have only electrical 
penetrations. The primary circuit thus comprises a 
long main vessel surrounded by a number of com
municating branch vessels (Figs. Sa and 5b). The 
alignment of this complex structure was obtained 
by prescribing fairly tight tolerances, and using 
templates and jigs for the manufacture of the various 
components. In this way no serious difficulties were 
met during the site erection of the internal steelwork, 
core bed plate and main shield plug. Reflectors and 
dummy core also fitted in without trouble, having 
been carefully erected beforehand. 

At the beginning of 1964, the complete circuit 
was successfully tested with helium under a pressure 
of 370 psig (27 atm absolute) and over-all leak 
tightness was within the specified high standard of 
0.1% per day of the gas contained in the circuit. 
This success is the result of careful design of the 
vessels, valves, pipes and their joints, of extensive 
materials and welding techniques control, of con
scientious supervision of manufacture and erection, 
of progressive testing and of substantial development 
work particularly on valves, joints and electrical 
penetrations. The components of the primary circuit 
are in accordance with Class I standard of BSS 1500, 
ASME Code of Practice for Unfired Pressure 
Vessels, and Lloyd's Requirements for Nuclear 
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Figure 1. DRAGON construction programme 

Category A Vessels. The material, an aluminium 
killed open hearth quality steel, underwent ultrasonic 
tests and Pellini and Robertson tests, as well as tests 
for creep and fatigue. In order to check on damage 
due to irradiation and graphitisation, steel specimens 
will be put in the reactor. 

LEAK TIGHTNESS 

A test vessel simulating the reactor vessel top 
dome and the 6 ft diameter flanged joint was built 
and successfully tested for stresses and leak tightness 
to helium. The conclusions were that: 
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Figure 2. Over-all engineering expenditures 

(a) Welds of Lloyd's Category A Standard are 
reliably leak tight; 

(b) A 6 ft diameter unloaded seal weld feature 
remains leak tight after 250 pressure cycles; 

(c) A 6 ft diameter metal gasket maintains a leak 
tightness of about 1Q-R atm cm3 /s, provided very 
stiff flanges and high seating pressures are being 
used, i.e., 17 tons/in2 for silver and 12 tons/in2 for 
aluminium gaskets (Fig. 6); 

(d) Helium leak detection by mass spectrometer 
is a useful method even for large pressure com
ponents. 

Other experiments on smaller joints confirmed 
these observations, and it was decided that, wherever 
demountable joints were required, flanges could give 
satisfactory results. Joints for constructional pur-
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Fig. 5b. 

Cross-section of heat exchanger/circulator unit 
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poses are seal welded with an aluminium gasket 
fitted for a local leak test (Fig. 7). At joints which 
may require maintenance, a silver gasket provides 
the barrier and is backed by seal welding in high 
activity areas, and by an elastomer 0-ring in cool 
areas (Fig. 8). Metal gaskets are trapped by con
centric grooves accurately machined in the flange 
surfaces. For the main vessel, machining was carried 
out during the quiet hour~. to avoid vibrations from 
working presses and other workshop machinery. 
The flange faces were protected by steel rings during 
handling and transit, and were thoroughly cleaned 
on site prior to assembly. 

The method of double sealing proved very useful 
as it permitted local leak tt~sting progressively during 
erection. It was also used for the numerous electrical 
penetrations (Fig. 9). The seal used is an alumina 
ceramic insulator brazed to a pressure plate with 
a silicon rubber backing s·~al. Some pressure plates 
carry 240 such seals, all of which had to be soundly 
brazed in one heating operation. 

HEAT REMOVAL SYSTEM 

The layout of the heat removal system in general, 
and the primary heat exchanger/circulator unit in 
particular, has been detennined by the following 
requirements: [5] 

(a) Minimum water volume in the secondary 
circuit in order to limit graphite-water reactions in 
the core as a possible consequence of tube failure. 
This was achieved by splitting the secondary system 
into six independent circuits. This also facilitated 
accessibility and maintenance and reduced the 
primary gas flow per unit so that gas bearing cir
culators became a feasible proposition; 

(b) Removal of reactor decay heat by natural 
convection in case of power supply failure; 

(c) The high standard of leak tightness of the 
primary circuit which led to a "canned" design for 
the unit with only two demountable flanges; 

(d) Space limitations which made it necessary to 
aim for a very compact design of the heat transfer 
unit and in consequence a high heat flux. 

Primary circuit he!at exchangers 

Table 1 summarises some of the important design 
data [1-5] and Fig. Sb shows one of the six heat 
exchanger/circulator units. The evaporator tube 
bundle consists of seven multistart helicoils fitting 
into each other concentrkally. The tube's outer 
diameter is 18 mm, thickness 2 mm, and the material 
is carbon steel. By increasing the number of starts 
with helix diameter, the angles of inclination and 
the heated tube lengths are equal, despite the 
differences in diameter of the coils. The by-pass 
valve controls the gas flow through the tube bundle 
and hence the reactor inlet temperature. It also acts 
as an isolation valve for the associated circulator. 
Like all the other drives in the primary circuit the 
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valve drive mechanism is totally enclosed in a 
pressure casing with only the electrical connections 
forming a seal towards the atmosphere. A bellows 
permits access to the mechanism even with the rest 
of the primary circuit pressurised. 

Although the secondary circuit pressure is below 
the primary circuit pressure during reactor operation 
and hence the consequences of small leaks across 
the tube bundle are less severe than in high pressure 
steam generators, the number of welds per heat trans
fer unit has to be kept to a minimum. Manufacturing 
problems rendered this difficult and there are actually 
373 welds per tube bundle. Each weld was leak 
tested individually during the fabrication sequence 
and finally the total leak rates of the complete tube 
bundle were determined. The results obtained under 
the stringent conditions of the design pressure out
side and vacuum inside the bundle turned out to be 
near the sensitivity limit of the helium mass spectro
meter used for this test (2 X 10-10 atm cm3 Is). 

Circulators 

To avoid leakage and oil contamination problems 
associated with high speed rotary shaft seals, gas 
bearing circulators with motors encapsulated in the 
primary pressure system were used. Although gas 
bearing units, running mainly with 2 inch diameter 
bearings, have been successfully operated before, it 
soon became evident during the progress of the 
DRAGON circulator design that an extensive 
development and testing programme was necessary 
to ensure reliable performance of these 4 inch 
diameter bearings. Due to the experimental nature 
of the Reactor Experiment a very extensive working 
range had to be specified for the circulators [ 6]. 

Fig. 5b shows all the major parts enclosed in the 
pressure casing which fits on a flange of the heat 
exchanger shell. A single-stage type of blower with 
overhung impeller was chosen, the aiffuser being 
parallel and vaneless. The blower is driven by a 
squirrel-cage motor carried by the two radial journal 
gas lubricated bearings which are attached to flexible 

Table 1. Design data of primary heat exchangers 

Thermal duty, total . . . . . . . . 6 X 3.33 = 20 MW(th) 
Helium mass flow per unit . 3.5 tb/s ( 1.6 kg/s) 
Helium temperature, inlet heat 

exchangers ... 740 oc 
Helium temperature, outlet to cir

culator (helium by-passed 8%) 335 oc 
Working pressure, helium side, 

inlet ........... 294 psia (20.6 kg/cm2) 
Working pressure, steam side, out-

let 229 psia (16.1 kg/cm2) 
Saturation temperature at working 

pressure (outlet) 200.7 oc 
Exit steam fraction approx 17% 
Gas side heat transfer coefficient 800 kcal/m2h oc 
Gas side heat flux, inlet 440 kW jm2 
Water side heat flux, inlet 566 kW jm2 
Gas side heat flux, outlet 81.4 kWjm2 
Water side heat flux, outlet 104.6 kW jm2 
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diaphragms in the casing. At the other end of the 
shaft is the gas lubricated thrust bearing. A flexible 
suction pipe connects the heat exchanger outlet with 
the intake of the circulator preventing any thermal 
expansion or deformation. of the heat exchanger 
being transferred to the blower. 

The major problems in developing this type of 
bearing were related to the load carrying capacity 
and stability over the full running range, to the 
jacking gas system and to the compatibilities of 
bearing surfaces in clean inert gas when rubbing at 
start/ stop conditions. After methods of suppressing 
gas film instability, such as small clearances, anti
whirl grooves and bearings with a slight ovality, 
had been tried the manufacturer verified that a 
scheme employing three shallow pockets at each end 
of the journal bearings with vented grooves at the 
leading edge of the pocket proved equally satis
factory. In order to minimise the problem arising 
from rubbing surfaces at l,ow speed a molybdenum 
disulphide treatment on the shaft surface was applied 
after it had been roughened by vapour blasting [7]. 
Most of the failures which occurred during testing 
arose from thrust bearing instabilities caused by 
insufficient thrust. In addition to increasing the 
aerodynamic thrust on the impeller the manufacturer 
finally developed a counter thrust bearing which gave 
further thrust so that the specified running conditions 
could be met. 

An additional set of circulators, which use pivoted 
pad type bearings, have been ordered for the Reactor 
Experiment. Experience has shown that pad bearings 
are inherently free of instability problems, though 
their load-carrying capacity is inferior to the cylin
drical bearing. By using composite materials con
taining PTFE (Teflon) for the bearing surfaces 
excellent rubbing conditions were achieved elimin
ating the use of jacking gas but these bearing surfaces 
are more restricted in temperature and radiation than 
plain metallic surfaces. In addition to the manu
facture of these blowers, an extensive research and 
development programme on pad type gas bearings 
has been initiated to explore their use for larger 
machines in power reactors. Results so far indicate 
that a load of about 1 kg/ cm2 of projected bearing 
area appears feasible. Various bearing materials are 
being tested including molybdenum disulphide im
pregnated graphite. 

CHARGE/DISCHARGE MACHINE 

To simplify the problems associated with the 
handling of fuel elements and other reactor com
ponents, which in the Reactor Experiment mean a 
large number of operations, the charge machine has 
been permanently installed within the reactor vessel 
(Fig. Sa). This solution also reduces the amount of 
heavy shielding that would b~~ needed for a charge/ 
discharge machine outside the inner biological shield. 
As any maintenance of the driven parts would 
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necessitate the breaking of the primary circuit, the 
reliability of the machine was a very important 
factor. 

As the choice of pure helium as primary coolant 
restricts the choice of materials for sliding parts, 
such as bearings or gears, and as this problem 
becomes more severe with rising temperature, the 
more complex mechanisms have been installed in 
extensions of the pressure vessel, following the same 
philosophy as that used for other parts of the reactor 
such as the control rod mechanisms. Temperature 
and radiation levels are then low enough to allow 
lubrication with low vapour pressure mineral oil and 
greases with inorganic gelling agents. Transmissions, 
for the radial arm and the grapple, operating in 
the hotter regions of the reactor use lightly loaded 
ball bearings, and ball screws and splines that are 
effectively running dry, but trace quantities of molyb
denum disulphide improve considerably the frictional 
properties. Mechanical safety of built-in parts is 
guaranteed by torque limiting clutches. 

During reactor operation the machine is at rest 
inside the transfer chamber and protected from 
radiation and high temperature by a graphite/steel 
shield plug. When the reactor is shut down, and 
after removal of the shields from the central pene
tration of the main plug, the grapple can operate in 
the core chamber and carry out any of the following 
duties, all with a precision of the grapple positioning 
of ±0.1 in: replace used fuel elements by new ones 
in the core, remove the spike support of any fuel 
element and replace it using a "spike removal tool," 
replace any of the live reflector blocks, replace any 
of the twenty-four winding heads and related 
absorber rods, remove possible broken fuel elements 
with a special tool, handle neutron flux scanning 
devices which can be introduced into the coolant 
channels and manipulate a seal bung which increases 
leak tightness of the main entry valve. 

In order to ensure reliable performance and the 
high precision required, careful control was exercised 
during manufacture and shop testing and the latter 
was carried out in clean conditions on a rig 
simulating the pressure vessel. After alignment and 
operational checks the machine was calibrated and 
a comprehensive functional test undertaken. These 
operations were repeated and extended on site after 
the machine had been erected on a rig in clean 
conditions, this time, however, using the "upper 
bell" of the pressure vessel to enclose the machine. 
It was only after these tests were satisfactorily com
pleted that the entire machine was introduced into 
its final position inside the pressure vessel for the 
hot tests in helium, after having completed its com
missioning test in air at ambient temperature. 

LOAD/UNLOAD EQUIPMENT 

The mechanical problems associated with this 
equipment, which transports the spent fuel elements 
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from the reactor via a canning cell to storage 
facilities inside and outside the reactor containment 
and also introduces new elements, are less severe as 
these steps are usually undertaken in air or indus
trial nitrogen at ambient temperature. However, 
some special features are worth mentioning. 

Main entry valve 

This provides a gas lock between the transfer 
chamber of the pressure vessel and a movable flask. 
It is of the straight-through passage type. The gas
tight joint is made by a silver alloy faced plug 
acting on a stainless steel faced seat. These materials 
were chosen because the expected temperature and 
radiation level prohibited the use of elastomer 
gaskets. The leakage rate achieved was smaller than 
7 X 10-4 atm cm3/s per em of seal at 20 atm 
absolute pressure differential [3 ]. 

Canning cell 

The fuel elements will have to be canned imme
diately after leaving the reactor through the main 
entry valve. It was originally intended to seal the 
fuel element canisters by soldering, but a seal con
sisting of a ground metal lip inside a cone is now 
being used. The sealing forces are transmitted by 
a ball lock device. This closure mechanism, with 
its associated canning cell, which allows repeated 
opening and closing without detriment to the leak 
tightness, has been chosen because: 

(a) The can is to serve for containing both new 
and used fuel elements and hence seals have to be 
made and broken more than once; 

(b) Due to the small number of fuel elements, the 
canning facility costs should be kept low. 

The leak rates achieved under both vacuum and 
pressure conditions are of the order of 10-6 atm 
cm3/s. 

PRIMARY COOLANT CONTROL 

In any reactor a number of ancillary systems and 
components are necessary to control the quantity 
and quality of the primary coolant. In most cases 
fairly conventional components are involved, such 
as compressors, receivers and pressure controllers, 
or water treatment plants and catalytic recombiners. 
In a high temperature gas-cooled reactor, however, 
the chemical activity of the core materials at the 
very high temperatures reached, together with other 
characteristics, such as incomplete fission product 
retention by the fuel elements, necessitate the use 
of novel processes and equipment for coolant control. 

The essential functions of coolant control in a 
high temperature reactor are: 

(a) To maintain the inert coolant gas in a suffi
ciently pure state to avoid unacceptable rates of 
corrosion of the high temperature core materials; 
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(b) To trap out any fission products escaping 
from the fuel elements in such a way as to minimise 
the build-up of activity in the primary circuit of the 
reactor; 

(c) To perform the conventional functions of con
trolling pressure levels in the primary circuit and of 
providing supplies of cool, clean, primary coolant 
gas to components requiring such supplies; these 
functions include control of admission and discharge 
of gas to and from the reactor system. 

Additional functions are the detection and location 
of faulty fuel elements, the sampling and analysis 
of impurities in the coolant, and the detection and 
location of coolant leaks. For the DRAGON Reactor 
Experiment, equipment has been provided to per
form all the functions listed above. 

Purge system 

In the light of the information available in 
1959-60, it was apparent that, unless greatly im
proved fuel materials could be developed, activities 
in the primary coolant circuit would be embar
rassingly high, if the fission products escaping from 
the fuel were allowed to pass freely into the main 
coolant stream. Accordingly a purged fuel element 
design was adopted, in which an attempt was made 
to sweep away the fission products in a com
paratively small stream of helium passing through 
the fuel elements, before they could contaminate 
the main stream of primary coolant helium. The 
magnitude of the purge flow (approximately 8 g/s) 
was chosen so that it would not only be suitable for 
sweeping away the fission products, but would also 
provide a suitable rate of turnover of the primary 
circuit helium inventory (about three times every 
twenty-four hours) for continuous purification 
purposes. 

The purge stream from each fuel element is first 
sampled to permit detection and location of faulty 
fuel elements, and to provide experimental in
formation on fission product release characteristics 
of the fuel elements. The combined purge stream is 
then passed through a series of fission product traps, 
whose function is to eliminate the shorter-lived 
activities and to dispose of the resultant decay heat, 
before passing to a helium purification plant. The 
helium purification plant is designed to trap out 
substantially all the remaining (long-lived and stable) 
fission products, as well as to remove all potentially 
harmful chemical impurities, such as water vapour 
and carbon dioxide, thus providing a purified stream 
of clean, inactive helium, to be returned to the 
primary circuit, or supplied to other sub-systems and 
components as required [3]. 

In the absence of extensive experimental data, 
arbitrary assumptions had to be made and these led 
to a design decay heat load for the fission product 
traps in the region of 1% of the total thermal power 
of the reactor, with a total stored activity of about 
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eight megacuries. These assumptions also brought 
problems in ensuring guaranteed cooling, adequate 
containment and in providing for remote main
tenance of components such as valves, whose 
reliability could not be guaranteed for the life of 
the reactor. Although sollltions were found to these 
problems for the DRAGON Reactor, it was clear 
that extrapolation of such a system to power outputs 
in the range above 1 000 MW(th) would involve 
appreciable expenditure. 

Coolant purification plant 

In the DRAGON purge circuit, coolant puri
fication is achieved, once the most intense activities 
have been trapped out, by low temperature trapping. 
An oxidiser containing CuO and Cu in active form 
at about 350 oc is first used to convert CO and 
hydrogen to the more readily trapped C02 and water 
vapour. These are then removed by freezing out on 
a low temperature heat exchanger, and the remaining 
impurities and long-lived fission gases are adsorbed 
in activated charcoal traps, cooled by liquid nitro
gen. Such a low temperatuxe purification process has 
two major advantages: 

(a) The traps can easily be regenerated when 
their capacity is exhausted; 
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(b) The purified helium is virtually free from 
radioactivity, and can therefore be pumped, stored 
and distributed without difficulty. 

It would appear worthwhile to retain these 
advantages in any future large reactor, having large 
steam generators operating at a higher pressure than 
the primary coolant, where a fairly large clean-up 
flow may be necessary to keep dowrt the water 
vapour concentration in the primary circuit. Thus 
such a reactor would probably have two different 
purification systems--one taking a large flow would 
consist of fairly simple large capacity driers, for 
removal of water vapour and perhaps carbon dioxide, 
while a smaller flow would be routed to a puri
fication plant rather similar to that used in DRAGON 
for removal of the remaining impurities and 
provision of an inactive helium supply. 

It can be seen that, while advances in fuel element 
technology have eliminated many of the coolant 
purification problems faced by DRAGON, much of 
the work done will be directly applicable to future 
high temperature gas-cooled reactors. Furthermore 
the coolant control facilities provided for DRAGON 
will enable the widest possible range of fuel elements 
to be studied, as fission product emitting, as well as 
fission product retaining, types can be accom
modated. 
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A/549 ltalie 

Revue des travaux de geme industriel 
pour le projet DRAGON 

par G. Franco et a/. 

Le reacteur experimental a haute temperature 
DRAGON, de 20 MW(th), modere au graphite et 
refroidi par l'belium, est actuellement dans sa phase 
finale de construction a Winfrith (Dorset), en 
Angleterre. 

Les travaux de construction, executes avec la 
participation d'un grand nombre d'entreprises et 
d'organismes des differents pays signataires, ont 
debute en avril 1960 et la divergence du reacteur 
est prevue pour le deuxieme trimestre de 1964. 

Le memoire passe en revue les principaux aspects 
des travaux de genie industriel aux differents stades 
du projet; etudes, fabrications et construction sur le 
site, essais; ces travaux ont tous ete influences de 

differentes manieres par les caracteristiques nou
velles de ce type de reacteur, telles que !'utilisation 
de l'belium comme gaz de refroidissement, l'emploi 
de combustibles ceramiques non gaines, la haute 
temperature du gaz de refroidissement et le fait que 
!'installation est extremement compacte. 

One des caracteristiques communes a taus les 
elements du circuit primaire est la necessite d'obtenir 
un haut degre d'etancheite, qui serait normal pour 
un laboratoire mais nouveau pour une grande instal
lation. D'autres sujetions proviennent de la necessite 
de purifier !'helium de refroidissement de tous les 
produits de fission et impuretes chimiques, afin 
d'eviter toute reaction chimique avec le graphite 
chaud; cette purification impose, de plus, la mesure 
de concentration extremement faible des impuretes 
subsistant dans l'helium et ceci durant la marche du 
reacteur. 

L'utilisation d'helium extremement pur a impose 
des precautions toutes speciales dans le choix des 
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materiaux pour les paliers et les engrenages, du fait 
qu'ils ne fonctionnent pas dans une atmosphere 
oxydante comme c'est generalement le cas. 

D'une maniere generale, on a veille a ce que le 
personnel et le materiel soient de haute qualite afin 
de satisfaire les conditions de securite et d'exploi
tation et de faciliter les problemes de construction 
sur le site du reacteur experimental qui, par sa 
nature et ses objectifs, est plus complexe que ne le 
serait un reacteur de puissance. 

A/549 HTanMR 

06aop HH>HeHepHbiX pa6or no npo
eKry CTpOHTenbCTBa peaKTOpa DRAGON 

r. COpaHKO et al. 

8KciiepHMeHTaJibHhlH peaKTop DRAGON TeiiJIO

Boil MOIIJ;HOCTbiO 20 M Br OTHOCHTCH K THIIY Bhlco

KoTeMIIepaTypHbiX peaKTOpOB C rpalfJHTOBbiM aa

Mell,JIHTeJieM H reJIHeBbiM TeiiJIOHOCHTeJieM, CTpOH

TeJihCTBO KoToporo B YHHiflpHTe B rpalf!cTBe 

.[(opCeT H3XOtJ:HTCH B HaCTOHIIJ;ee BpeMH Ha aa

J<JIIOlfHTeJihHOM 3Taiie. 

<l>H3H'IeCRHH IIYCK peaKTopa IIJI3HHpyeTCH HU 

nTopoii RBapTan 1964 ro,!(a. CTpoHTeJihHhie paoo

TLI, BhiiiOJIHHeMble rrpH yqacTHH oonhrnoro qncna 

HOtJ:pHll,lfHKOB H opraHH3a~HH CTpaH, IIO,!(IIHCaB

JJJHX cornarneHHe no npoeRTY DRAGON, HatJa

JIHCh B anpene 1960 ro,!(a. 
B ,!(OKJia,o;e ocseru;aiOTCH ocHoBHble acrreKTbl HH

meHepHhiX paooT, ocyru;ecTBJIHeMLIX Ha CTatJ:HHX 

npoeKTHpOBaHHH, H3fOTOBJieHHH Y3JIOB, CTpOH

TeJihCTBa Ha MeCTe H HCIIbiTaHHH; Ha BCe 3TH pa

OOTbl B paanH'fHOH CTeneHH oKaaann BJIH.IIHHe 

HOBefiiilHe J<OHCTpyKTHBHI.Ie OCOOeHHOCTH, CBH33H

Hble C peaKTOpOM 3TOf0 THIIa, TaKHe KaK HCIIOJib
aoBaHHe reJIH.R B KatJeCTBe TeiiJIOHOCHTeJIH, 

HCIIOJih30BaHHe KepaMHlfeCKOfO TOIIJIHBa Oe3 000-

JIOlfeK, BbiCORHe paOOlfHe TeMIIepaTypbi TeiiJIOHO

CHTeJIH H HCKJIIOlfHTeJibHaH ROMIIaKTHOCTb peaR

TOpHOH YCTaHOBRH. 
Ot~:HHM Ha TpeoosaHHil, BJIHHIOIIJ;HX Ha see ROM

noHeHThl nepBHlfHOfO ROHTypa, HBJIHeTCH HeOOX0-

1JHMOCTh ooecne'!HTb OlfeHh BhiCOKYIO CTeiieHh 

repMeTHlfHOCTH, KoTopaa ohlna obi HopMaJihHOH 

ll na6opaTOpHbiX YCJIOBHHX, HO HBJIHeTCH HOBOH 

l(JIH KpynHoH ycTaHOBKH. R APYrHM TpeoosaHHHM 

OTHOCHTCH HeOOXO,!(HMOCTh OlfHCTKH reJIHeBOfO Te

JlJIOHOCHTeJIH RaR OT IIpO,!(YRTOB p;eneHHH, TaR H 

oT XHMHlfeCRHX IIpHMeceil B ~eJIHX H30emaHHH 

X HMH'leCRHX peaR~HH C ropH'IHM rpalf!HTOM H He

o6XO,li;HMOCTb H3MepeHHH KpaHHe HeaHalfHTeJih

HLIX ypOBHeH COll,ep.maHHH IIpHMeCeH B XO)J;e pa

OOTbl peaKTopa. 
J1CIIOJih30BaHHe reJIHH BbiCOKOH 'lHCTOTbl 03Ha

'laeT, '!To cnet~:yeT yp;enHTh oco6oe BHHMaHHe Bhr-

6opy MaTepHaJIOB ll,JIH IIOtJ:IIIHIIHHKOB H IlpHBO)J;OB, 

J<OTOphle IIpep;HaaHa'!eHhl ,li;JI.II pa60Thl He B OKHC

.TIHIOIIJ;eH aTMOC<jlepe, RaK 3TO o6hilfHO HMeeT 

MeCTO. 

G. FRANCO et al. 

B o6ru;eM ,o;na y,o;osneTsopeHHH Tpe6osaHHH 6e

aoiiaCHOCTH H 3RCIIJiyaTa~HH H ,IJ;JIH o6ner'feHHII 

eTpOHTeJihHbiX npooJieM Ha MeCTe, CB.II3aHHLIX C 

ll,aHHbiM 3RCnepHMeHTaJibHbiM peaRTOpOM, KOTO

pbiH 110 CBOeMy xapaKTepy H HaaHalfeHHIO .IIBJI.IIeT

C.R oonee cnomHhiM, qeM Mor Obi ohiTb :mepreTH

"<JeCRHH peaRTOp, IIOTpe6oBaJIHCh BhlCORORalfeCT

BeHHble MaTepHaJihl H BhiCOKORB3JIH<jlH~HpOBaH
JI811 pa6oqaa CHna. 

A/549 ltalia 

Obras de ingenieria del proyecto DRAGON 

por G. Franco et a/. 

El reactor experimental DRAGON, de 20 MW(t), 
es un reactor de temperatura elevada moderado por 
grafito y refrigerado por helio, cuya construcci6n 
esta terminandose en Winfrith, Dorset, Inglaterra. 

Se calcula que alcanzara la criticidad durante el 
segundo trimestre de 1964, y su construcci6n, en Ia 
que particip6 un gran numero de contratistas y 
organizaciones de los diferentes paises signatarios, 
se inici6 en abril de 1960. 

En la memoria se examinan los principales aspec
tos de las obras de ingenieria durante las sucesivas 
fases de proyecto, fabricaci6n de materiales, obras 
de construcci6n y ensayos, en todos los cuales, si 
bien en diferente medida, hubo que tener en cuenta 
las nuevas caracteristicas que distinguen a este tipo 
de reactor, tales como el uso del helio como refrige
rante, el empleo de combustible ceramico sin reves
timiento, las elevadas temperaturas del refrigerante 
y la extremada compacidad de Ia planta. 

Uno de los requisitos que afectan a todos los 
componentes del circuito primario es Ia necesidad de 
satisfacer normas muy estrictas de hermeticidad, que 
serian normales para un laboratorio, pero consti
tuyen algo nuevo para una instalaci6n de estas 
dimensiones. Otros requisitos son la necesidad de 
purificar el helio, tanto en lo que se refiere a los 
productos de fisi6n como a las impurezas quimicas 
( el helio debe ser muy puro para evitar que reaccione 
quimicamente con el grafito caliente), y Ia necesidad 
de medir las pequeflisimas cantidades de impurezas 
que aparezcan durante el funcionamiento del reactor. 

El empleo de helio muy puro ha obligado a 
prestar especial atenci6n a Ia elecci6n de materiales 
para cojinetes y engranajes, puesto que en este caso 
no trabajan, como habitualmente, en atmosfera 
oxidante. 

En general, se han establecido especificaciones 
muy estrictas para los materiales y la mano de obra, 
a fin de satisfacer los requisitos de seguridad y las 
condiciones de funcionamiento y facilitar Ia soluci6n 
de los problemas de construcci6n in situ de este 
reactor experimental que, por su propia naturaleza 
y finalidad, es mas complicado que un reactor de 
potencia de tipo normal. 
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Paper P/193 
Paper P/295 (presented by Y. V. Arkhangelsky) 
Papers P/121, P/122 (presented by C. A. Rennie) 
Paper P/596 (presented by V. 0. Eriksen) 

GENERAl DISCUSSION 

B. ToRKI (Tunisia): Mr. Smyth and Mr. Ark
hangelsky, what, in your opinion, are the areas in 
nuclear energy in which co-operation between 
different countries would be desirable in the future? 
For instance, in the construction of large power 
reactors? 

Secondly, given that co-operation means colla
boration among equals rather than assistance given 
by one country to another, are there any areas 
where co-operation of that kind is possible between 
technically advanced and developing countries? If 
so, please specify them. 

H. D. SMYTH (USA) : I am not sure I would like 
to try and name offhand any particular fields for 
co-operation so I will limit myself, if I may, to 
Mr. Torki's second question. As I understand the 
question, it is whether tht:re is any way in which a 
developing country can eo-operate in scientific or 
technical fields with a developed country on a basis 
of equal partnership. 

There are, in my view, three ways in which such 
co-operation can occur, namely, on the financial 
plane, between individual scientists and between 
groups. 

On the financial plane, the proportion of funds 
contributed to a joint project by either partner can 
be determined entirely by their relative interest in 
the project. 

In terms of individual co-operation, there is no 
reason why scientists from a developing country 
cannot meet those from a developed country on an 
equal basis. The big countries have no monopoly on 
brains. Young men from a developing country can 
compete on an equal basis as students in centres 
of learning anywhere. There may also be senior 
people in a developing country just as competent in 
a particular field as their colleagues elsewhere, 
though there will probably not be as many of them. 

In terms of group co·operation on a project, it 
would seem likely that, in particular fields, such as 
agriculture or medical investigations of specific 
diseases which may be better known in a less 

Paper P/533 (presented by W. Schnurr) 
Paper P/515 (presented by J. Storrer) 
Paper P/840 (presented by M. A. EI-Guebeily) 
Paper P /549 (presented by G. Franco) 

developed country, a combined group might have 
members from the developing country at least as 
competent as those from the developed country. In 
such joint projects, it would be difficult to say which. 
group made the greater contribution scientifically 
and technically, but the members of the group would 
be expected to contribute in terms of their individual 
experience and background of knowledge. 

Naturally as the pool of scientific and technical 
people in developing countries grows in strength, 
the chances for co-operation on an equal basis will 
increase. 
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Y. V. ARKHANGELSKY (USSR): There are, in 
principle, no difficulties about finding areas for 
co-operation with the developing countries. There 
is always scope for co-operation on a basis of 
equality in sectors of mutual interest to the coun
tries concerned. As regards specific cases, these 
would have to be formulated clearly and discussed 
jointly. 

W. B. LEwis (Canada) : I would like to con
tribute on this point. Canada's atomic energy pro
gramme, although not one of the largest, may 
claim a relatively long experience. We have found 
means for collaboration with a number of deve
loping countries. The extent of the collaboration on 
an equal basis depends on the size of the con
tribution from the minor partner. Our most exten
sive experience of such collaboration has been with 
India; first in the Canada-India Reactor project and 
now continuing with heavy-water power reactor 
technology and the construction of a 200 MW(e) 
nuclear power plant. On the other hand, sometimes 
the collaboration has amounted only to sending or 
receiving a scientist or engineer to work as a full 
member of a team. It seems that satisfactory colla
boration is possible on any desired scale over a 
very wide range of projects, from studies of cosmic 
ray neutrons or nuclear power economics to power 
reactor construction. 

F. PERRIN (Chairman): I have a few remarks 
I should like to make in conclusion. During this 
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meeting, we have been told of a number of out
standing examples of joint enterprise, such as the 
DRAGON reactor, or of co-operation going beyond 
technical assistance proper, such as the construction 
of a power reactor in Czechoslovakia, with Soviet 
collaboration, along with more general ideas. Now, 
however, I should like to say a few words from the 
standpoint of the spirit in which international colla
boration should henceforward be developed. 

As has been repeatedly stressed, this Conference 
marks the starting point for great industrial achieve
ments throughout the world and in this connexion 
we have seen the emergence of a new form of 
secrecy, one that needs to be kept to a minimum. 
The sphere of peaceful applications of nuclear 
energy was almost wholly freed from military 
secrecy by the first two big Conferences of 1955 
and 1958. But now that these forthcoming achieve
ments, particularly in the production of electric 
power from nuclear energy, involve considerable 
commercial interests, we find that much highly 
important information from the standpoint of the 
development of such power stations and assessment 
of their economic value is being kept secret on 
grounds of industrial or commercial copyright. I 
would merely like to point out that, although less 
sensational than the military form, this form of 
secrecy can be highly prejudicial to international 
co-operation, and that we all must make an effort 
to preclude abusive resort to this pretext and to 
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ensure that technical and economic data, to the 
maximum extent consistent with respect for the 
essential economic interests of all countries, are 
published or freely communicated within the frame
work of any collaborative endeavour. 

Lastly, it would, I think, be appropriate to recall 
here that in the course of this Conference we have 
had presented to us, quite apart from the projects 
for collaboration, technical assistance or joint ven
tures in regard to research and power reactors, 
ambitious projects for international collaboration 
with a view to the utilization of nuclear energy for 
desalting sea or brackish water. It is highly signi
ficant that it is this possible use of nuclear energy 
that has stimulated thoughts of international colla
boration, for although the matter in question is one 
of great importance for mankind, it is not strictly 
a nuclear one, since conventional sources of energy 
can be used more economically for the purpose, 
possibly even as a first stage. 

This observation makes, I think, a fitting con
clusion to these comments, by underlining the fact 
that international co-operation in the nuclear energy 
field, apart from the objectives and benefits proper 
to it, may have a good effect on the development 
of fruitful international collaboration in many other 
fields and would thus contribute, in an even more 
effective and far-reaching way than we could hope 
to do in the field of nuclear energy alone, to the 
progress and peace of mankind. 

Collaboration internationale dans l'etude ou !'exploitation de reacteurs nucleaires, 
y compris Ia creation de grandes installations cooperatives 

President: F. Perrin (France} 

Memoire P/193 
Memoire P/295 (presente par Y. V. Arkhangelsky} 
Memoires P/121, P/122 (presentes par C. A. Rennie) 
Memoire P/596 (presente par V. 0. Erikson) 

DISCUSSION 

B. TORKI ( Tunisie) : J e voudrais demander a 
M. Smyth et a M. Arkhangelsky quels soot, a leur 
avis, les domaines de l'energie atomique dans 
lesquels Ia cooperation entre differents pays serait 
souhaitable a l'avenir? Que pensent-ils, par exemple, 
d'un domaine tel que la construction de reacteurs 
de grande puissance? 

Deuxiemement, Ia cooperation etant entendue 
non comme une assistance d'un pays a un autre, 

Memoire P/533 (presente par W. Schnurr} 
Memoire P /515 (presente par J. Storrer} 
Memoire P /840 (presente par M. A. EI-Guebeily) 
Memoire P /549 (presente par G. Franco} 

mais comme une collaboration entre egaux, existe
t-il des domaines de l'energie atomique ou une telle 
collaboration soit possible entre pays techniquement 
avances et pays en voie de developpement? Si oui, 
quels sont-ils? 

H. D. SMYTH (Etats-Unis d'Amerique): Comme 
je ne suis pas sur de pouvoir designer immediate
ment les domaines possibles de cooperation, je me 
bornerai, si on me le permet, a repondre a la 
deuxieme question de M. Torki. 
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Si j'ai bien compris, il s'agit de savoir queUes 
possibilites existent pour un pays en voie de deve
loppement de cooperer sur un pied d'egalite avec 
un pays developpe dans les domaines scientifique 
ou technique. A mon sens, il y a trois sortes de 
cooperation possible: sur le plan financier, entre 
savants a titre individuel (!t entre groupes de savants. 

Sur le plan financier, la part de chacun des parte
naires dans le financement d'un projet commun 
depend entierement de l'interet qu'il attache a ce 
projet. 

En ce qui concerne 1a cooperation sur le plan 
individuel, il n'y a pas de raison pour que des 
savants d'un pays en voie de developpement ne 
rencontrent pas sur un pkd d'egalite leurs com~gues 
d'un pays developpe. Les grands pays n'ont pas le 
monopole de la matiere grise. Les jeunes d'un pays 
en voie de developpement peuvent rivaliser sur un 
pied d'egalite avec les autres etudiants dans des 
centres d'enseignement, ou que ce soit. Il peut meme 
y avoir dans les pays en voie de developpement des 
personnes deja experimentees et aussi competentes 
dans leur branche que leurs collegues d'autres pays, 
mais elles seront probabkment moins nombreuses. 

Quant a Ia cooperation collective en vue de 
!'execution d'un projet, il est a mon avis probable 
que dans des domaines pr(~cis, tels que !'agriculture 
ou la recherche concernant des maladies peut-etre 
mieux connues dans un pays en voie de developpe
ment, les membres d'un groupe mixte qui sont ori
ginaires du pays en question seront au moins aussi 
competents que les membres venant du pays deve
lop¢. Il est peut-etre diffidle de dire lesquels con
tribuent le plus a la realisation d'un projet commun, 
sur les plans scientifique et technique; normalement, 
Ia contribution de chaque membre du groupe depend 
de son experience et de ses connaissances. 

Il est evident que plus les savants et les techni
ciens seront nombreux dans les pays en voie de 
developpement, plus les possibilites de cooperation 
sur un pied d'egalite seront grandes. 

Y. V. ARKHANGELSKY ( URSS) : En principe, il 
n'est pas difficile de trouver des domaines de coope
ration avec les pays en voie de developpement; la 
cooperation sur un pied d'e:galite est toujours pos
sible dans des secteurs d'interet mutuel pour les 
pays interesses. Quant aux cas precis, ils doivent 
etre definis clairement et examines en commun. 

W. B. LEWIS (Canada): Je voudrais dire quel
ques mots a ce sujet. Le programme canadien en 
matiere d'energie atomique, s'il n'est pas un des plus 
importants, se fonde neanmoins sur une assez longue 
experience. Nous avons pu c:ollaborer avec certains 
pays en voie de developpement. L'importance de la 
collaboration sur un pied d''egalite avec un parte
naire moins avance depend de l'ampleur de sa 
contribution. C'est avec l'Inde que nous avons etc 
le plus loin dans ce sens, tout d'abord avec le projet 
de reacteur canado-indien, qui est maintenant suivi 
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par des recherches sur la technologic des reacteurs 
de puissance a l'eau lourde, et par la construction 
d'une centrale electrique nucleaire de 200 MW(e). 
Dans d'autres cas, nous nous sommes homes a 
envoyer ou a accueillir un savant ou un ingenieur 
qui a participe directement a des travaux d'equipe. 
Jl existe, semble-t-il, une vaste gamme de projets 
pour lesquels une collaboration est possible au 
niveau souhaite, qu'il s'agisse de l'etude des neu
trons des rayons cosmiques ou des avantages eco
nomiques de I'energie d'origine nucleaire, voire de 
la construction d'un reacteur de puissance. 

F. PERRIN (President): Je voudrais conclure par 
quelques remarques. Au cours de cette seance, on 
nous a presente, a cote de considerations plus gene
rales, quelques exemples marquants d'entreprises 
communes telles que le reacteur DRAGON, ou de 
cooperation allant au-dela de la simple assistance 
technique, comme la construction en Tchecoslo
vaquie d'un reacteur de puissance avec la collabo
ration de l'Union sovietique. Mais je voudrais main
tenant dire quelques mots au sujet de l'esprit dans 
lequel la collaboration internationale peut des a 
present se developper. 

Comme on l'a souvent souligne, la presente Con
ference marque le debut de grandes realisations 
industrielles dans le monde entier, et nous avons vu 
apparaitre a ce propos une nouvelle forme de secret 
qu'il importe de limiter au maximum. Les deux 
premieres grandes conferences, celle de 1955 et 
celle de 1958, avaient presque totalement libere du 
secret militaire le domaine des applications paci
fiques de l'energie atomique. Mais, maintenant que 
les grandes realisations prochaines, concernant no
tamment la production d'energie electrique a partir 
de l'energie atomique, mettent en jeu des interets 
commerciaux considerables, nous voyons que beau
coup d'informations de grande importance du point 
de vue du developpement et de la valeur econo
mique des centrales nucleaires sont gardees secretes 
pour des raisons de propriete industrielle ou com
merciale. Je voudrais simplement remarquer que 
cette forme de secret, quoique moins dramatique que 
le secret militaire, peut nuire gravement a la coope
ration intemationale et que nous devons tous faire 
un effort pour eviter que ce pretexte ne soit invoque 
abusivement et pour que, tout en respectant les 
interets economiques essentiels de tous les pays, le 
maximum d'informations techniques et economiques 
soient rendues publiques ou soient liberalement 
communiquees dans le cadre de toute entreprise de 
collaboration. 

Enfin, je crois qu'il serait judicieux de rappeler 
maintenant qu'en dehors de projets de collaboration 
et d'assistance technique, ou des entreprises com
munes concernant les reacteurs d'etude ou les reac
teurs de puissance, on nous a presente, au cours de 
cette troisieme Conference, de grands projets de 
collaboration industrielle en vue de !'utilisation de 
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l'energie atomique pour le dessalement des eaux de 
mer ou des eaux saumatres. ll est tres significatif 
que ce soit cette possibilite d'utilisation de l'energie 
atomique qui ait conduit a envisager une colla
boration internationale, car, bien que ce domaine 
soit d'une grande importance pour l'humanite, il 
n'interesse pas specifiquement la science atomique 
puisque les sources classiques d'energie peuvent etre 
utilisees a cette fin, peut-etre meme, dans une pre
miere etape, plus avantageusement que l'energie 
atomique. 

Il me semble bon de terminer ces quelques 
remarques sur cette observation, car elle souligne 
que la cooperation internationale dans le domaine 
de l'energie atomique peut avoir, en dehors des 
objectifs et des bienfaits qui lui sont propres, une 
influence heureuse sur le developpement d'une colla
boration internationale feconde dans bien d'autres 
domaines, et contribuera ainsi, plus efficacement et 
plus profondement encore que nous ne pourrions 
le faire dans le seul domaine de l'energie atomique, 
au progres de l'humanite et a la paix. 

~e*AyHapoAHoe cOTPYAHM~ecTao 
B o6naCTM npoeKTMpoBOHMJI JIAepHbiX peOKTOpoa, 

BKniO"'QJI COBMeCTHbl8 pa3pa60TKM no OCHOBHbiM YCTQHOBKOM 

flpeoceoame.llb.' OJ. neppeH (OJpaH~Hfl) 

.lJ,OKJlaAbl P/193 (npeACTaBHJl r . .n.. CMHT) ) 
Pt295 (npeAcTaBHil to. B. ApxaHrenbCKHH 
P/121 (npeACTaBHn C. A. PeHHH) 
P/596(npeAcraaHn B. 0. SpHKCeH) 

05l.,UAH ,D,HCHYCCHH 

B. TOPKM (TyHuc): f-H CMHT H r-H ApxaH

reJibCRHii, B R3RHX o6JiaCTHX HCIIOJib30B3HHH 3TOM

HOH aHeprHH, no BameMy MHeHHIO, meJiaTeJILHo B 

fiYAYll.\eM coTPYAHH'IecTBo MemAY paaJIH'IHhlMH 
cTpauaMH? HanpHMep, B o6JiacTH cTpOHTeJILCTBa 

RpynHhlX 3HepreTH'IeCRHX peaRTOpOB? 

Bo-BTOpbiX, ecJIH coTPYAHHqecTBo oauaqaeT co

nMeCTHYIO pa6oTy cpeAH paBHhlX, a He llOMOll.\b OA
HOH cTpaHLI Apyroii, To cym;eCTBYIOT JIH o6JiaCTII, 

rAe BOaMomuo COTPYAHHqecTBO TaRoro poAa Me
>«AY TeXHHl{eCRH paaBHTblMH H pa3BHB3IOUJ;HMHCR 

cTpaHaMH? EcJin aTo TaR, To onpeAeJIHTe nx. 

r. A· CMMT (CiliA): H He ysepeH, '{TO CMO
ry H33B3Tb 3KCllpOMTOM J\31\He-To OC06ble 06JiaCTH 

coTPYAHHqecTBa,. rroaToMy orpauHqycL, ecJIH noa

HOJIHTe, OTBeTOM Ha BTOpoif Bonpoc r-Ha TopKH. 

l\aK R nOHHM310 BOIIpOC, OH CBOil,HTCR R CJieAYI0-

11.\eMy: eCTh JIH rryTH, no RoTopLIM paaBHBaiOm;aa

cR CTpaHa MomeT COTPYAHHqaTh c paaBHToii: CTpa
Hoii: B Hay'IHOH H T9XHH'ieCKOH o6JiaCTRX Ha paB
HblX uaqaJiax? 

Ha Moii BarJIRA, cyll.\eCTBYIOT TPH soaMomHhlX 

rryTH paaBHTHR '.OO.Roro COTPYAHHqecTaa: coTpyp;-

P/633 (npeAcTasHn B. WHypp) 
P/515 (npeAcTasHn .D,m. Croppep) 
P/840 (npeACTaBHJl M. A. Snb re6el4nH) 
P/549 (npeACTasHn C. lllpaHKo) 

HH'ieCTBO no JIHHHH fl>uuaucol'l, COTPYAHH'IeCTBO 

:MemAY OTAeJILHhlMH yqeuLJ~H n COTPYAHH'IeCTBO 
:MemAY rpynrraMH yqeHhlx. 

q To RacaeTCR fl>HHaucosoro coTpyp;HH'ieCTBa, To 

CYMMhl, BRJI3il,blBaeMble .Kam;n,hlM napTHepOM B 

o6'heAHHeHHhlH npoeKT, MoryT nOJIHOCThiO onpeAe
JIRTbCR OTHOCHTeJILHOH aaHHTepecoBaHHOCTbiO B 

p;aHHOM npoeRTe. 

q To RacaeTCR nepcoHaJILHoro COTPYAHH'IeCTDa, 

To a;n,ecL ueT npHqHH, HCRJIIOqaiOm;nx COTPYAHH

qecTBo yqeHhlX pa3BHBai011.\HXCR CTpaH C y'ieHhlMH 

paaBHThlX cTpaH ua paBHhlX Ha'iaJiax. HpynHhle 

cTpaHhl He BJiaAeiOT MOHOIIOJIHeii: Ha yMhl. MoJio
AemL pa3BHB3IOUJ;eHCR CTpaHbl MomeT 33HHMaTbCR 
Ha paBHblX HaqaJiaX B RaqeCTBe CTyp;eHTOB y'le6-

HblX ~eHTpoB. B paaBHBaiOm;eiicR cTpaHe MoryT 

6blTb TaRme y'ieHbie CTapmero IIOROJieHHR, BblCTy

II3l011.\He RaR noJIHOnpaBHhle y'laCTHHKH B 

OTAeJibHO B3RTOH Q6JiaCTll nOA06Ho HX KOJIJieraM B 

p;pyrHX CTpaHaX, HO, BepOHTHO, T3RHX yqeHblX 

HeMHOrO. 

Tenepb oTHocnTeJibHO rpynnoBoro coTPYAHH'le

CTBa B ocym;eCTBJieHHH npoeKTa; rrpe]\CTaB~ReTCR 

BepORTHbiM, 'ITO B OTil,eJihHblX o6JiaCTRX, T3KHX 
K3K CeJihCKOe X03RHCTBO H Me;n,HqHHCime HCCJie®:. 

B3HHR CIIe~Hfl>uqecRHX aa6oJieBaHHM, IWTOpble MO

ryT 6blTb Jiyqme H3BeCTHhi B MeHee pa3BUTOH 
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CTpaHe, 06'Le):(HH6HH8H rpynna MO>KeT BKJIIO'IQTh 

'IJI6HOB H3 paaBHBaiO~HHCII CTpaHLI, no Kpaii:Heii: 

Mepe CTOJih me KOMne'lt'eHTHLIX, KaK H 'IJieHLI 

rpynnLI H3 paaBHTOH <:TpaHLI. llpH ocy~eCTBJie
HHH TaKHX o6'Lep;uHeHHLIX npoeKTOB TPYAHO cKa
aaTh, KaKaa ua rpynn cp;eJiaeT 6onee n;eHHLIH 

BKJia):( B Hay'IHOM H TeX.IIH'I6CKOM OTHOIII6HHIIX, HO 

Ha):(O noJiaraTh, 'ITO 'IJI6HLI TaKOH rpynnhl npHMYT 

y'laCTHe COOTB6TCTB6HHO C HX HHJ(HBHAY8JihHLIM 

OnLITOM H 3H8HHIIMH. 

EcTeCTBeHuo, 'ITO no Mepe yseJIH'IeHHa 'IHCJia 

H8Y'IfBLIX H T6XHH'IeCKHX KR,ll;pOB B pa3BHBaiO~HX

ca CTpaHax ux IIIaucLI Ha COTPYAHH'IecTBO Ha pas

HLIX H8'1aJiaX 6YAYT YBElJIH'IHBaTLCII. 

10. B. APXAHrEJibCKl1Jt (CCCP): B npHH

n;une ueT TPYAHOCTeii: B oTLICKaHHH o6nacTeii: AJIH 
COTpyp;Bll'leCTBa C pa3Blft:B810~HMHCII CTpaHaMH. 

Bcerp;a HMeeTca BoaMOH(IIOCTL cOTPYAHH'IeCTBa ua 
paBHOH OCHOB6 B o6JiaCTJIIX, npep;cTaBJIIIIO~HX B33-

HMHLIH BBTepec ,ll;JIII cTp&B-y'laCTHHD;. qTO KacaeT

CII H8THnH'IBLIX CJiy'laeEI, TO 3J(eCh OHH J(OJI>KHhl 

6LITb 'leTKO onpe):(eJleHbl H COBMeCTHO o6cym

):(8HLI. 

Y. B. JlbiOHC (Kauap;a): H 6hl xoTeJI BLicKa

aaTbca no aToMy Bonpocy. XoTa KaHa):(cKaa npo

rpaMMa no HcnOJib30B8Hll'IO RTOMHOH aueprHH H He 

RBJiaeTca caMoii o6mupuoii, uo y uac BMeeTca p;o

BOJibHO 6oJibmoii: onLIT. HaMH uaii:p;euLI nYTH co

TPYABH'IecTBa c paAOM paasuBaro~uxca cTpau. 
'ho KacaeTca coTpyp;uuqecTBa ua paBHLIX ua'la

Jiax, TO BTO 38BHCHT OT mreneHH yqaCTHII MJiap;IIIe

rO napTHepa. Ham uau6oJiee o6mupHLiii: onLIT Ta

Koro coTpyp;uuqecTBa KacaeTca Hup;HH: BHa'laJie 

B o6JiaCTH paapa6oTKH KaHa):(CKO-HHJ(HHCKOI'O npo

eKTa peaKTopa, a Tenepb B o6JlacTH paapa6oTKH 
TeXHOJIOI'HH TII)K6JIOBO,ll;HOI'O auepreTH'IeCKOI'O pe

aKTOpa H CTpOHTeJlbCTBa ELTOMHOH ;meKTpOcTaHD;HH 

MO~HOCTLIO 200 Mer. C ,:~;pyroii: CTopouLI, uuorAa 

COTPYAHH'IeCTBo aaKJiroqa.rrocL TOJILKO B nochiJIKe 

HJIH npHeMe yqeuoro HJI.H HHmeuepa KaK noJIHo
npaBuoro 'lJieua rpynnLI. Yp;oBJieTBOpHTem.uoe 

coTPYAHH'IeCTBO BoaMomuo, no-BHAHMoMy, B JII0-

6o.M meJiae.MOM MaCIIITa6e B O'leHb IIIHpOKOM p;Ha

naaoue ocy~eCTBJieHHII npoeKTOB - Ha'IHHaR OT 
HSY'IfeHHII H6HTpOHOB KOe.MH'leCKOI'O HSJiyqeHHH 

HJIH SKOHOMHKH ll,ll;6pHhiX peaKT<lpOB H KOH'Iaa 

CTpOHTeJILCTBOM peaKTOp011. 

<I>. llEPPEH (npe):(ce;r\aTeJIL): B aaKJIIO'leHHe 

H xoTeJI 6LI C,ll;eJiaTh HeCJWJILKo aaMe'laHHii. Bo 

speMa aToro aace,ll;aHua HaM paccKaaaJIH o He

CKOJihKHX HpKHX npH.Mepax npoBe,ll;eHHII COB.MeCT
IlhiX .MeponpHHTHH, HanpHMep CTpOHTeJILCTBO pe

aKTOpa DRAGON, HJIH o eOTPYAHH'leCTBe BHe pa

MOK HMeHHO TeXHH'IeCKOH noMO~H, HanpHMep 

CTpOHTeJibCTBO SHepreTH'leCKOI'O peaKTOpa B qe

XOCJIOBaKHH B cop;pymecTBt~ c CCCP Hapap;y c Ha

JIH'lHeM 6oJiee o6~ux H,ll;ElH. Ho ceii:'Iac a xoTeJI 
CKaaaTb HeCKOJibKO CJIOB OTHOCHTeJibHO QTMOC~e
pLI, B KaKOU ,ll;OJI)KHO paaBHIJ3ThCH Mem,ll;yHapo,ll;HOe 
coTpyp;HH'leCTBO. 
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KaK Heop;HoKpaTHO no):('lepKHBaJiocL, AaHHaa 

KOH~epeHD;HII SHaMeHyeT H8'l8JIO 60JibUIHX J(OCTH

iKCHHH B o6JiaCTH IIpOMLIUIJI6HHOCTH BO BCe.M MH

pe; B STOH CBHSH MLI YBHJ(eJIH, 'ITO BOSHHKJia HO
DaH ~Op.Ma C6RpeTHOCTH, KOTOpylO Heo6XO,ll;HMO 
CBeCTH K MHHHMyMy. 06JiaCTb MHpHOI'O IIpH.MeHe
HHH HJ(epHOH auepi'HH IIO'ITH IIOJIHOCTbiO CB060p;Ha 

OT CeKpeTHOCTH, IIpHCy~eii: BOeHHOMy IIpPI.MeHe

HHIO, 0 'leM CBHJ(eTeJibCTBYJOT ,ll;Be 60JibUIHe KOH

~epeHD;HH 1955 H 1958 rop;oB. Ho Terrepb, Korp;a 

3TH 6yp;y~He J(OCTHmeHHII, OC06eHHO B o6JiaCTH 

noJiyqeuua aTo.Muoii: aJieRTpoaueprHH, rrpep;cTaB

JiaroT 60JiblliOH npOMLIUIJleHHLIH HHTepec, HaMH 

o6uapymeuo, 'ITO 6oJibruoe KOJIH'leCTBo HH<f!opMa

I(HH, O'l6Hb BaiKHOH C TO'll\H apeHHII paapa60TKH 

TaKHX aTOMHLIX CTaBD;HH H OD;6HKH HX BKOBOMH
qecRHX rroKaaaTeJieii:, p;epmuTca B ceKpeTe nop; 

npep;JIOI'OM oxpaHLI QBTOpCKHX npaB B IIpOMLIID
JieHHOM HJIH ToproBoM oTuomeHHH. Mue 6LI TOJib

Ko XOTeJIOCb yKaaaTb, 'ITO STa <flopMa ceKpeTHOCTH, 

xoTa H Meuee Bne'laTJIIIJOID;aa, qeM BoeuHaa r ce

KpeTHOCTb, MO}I(eT CHJibHO IIOBpep;HTb Memp;yua

pO,D;HOMY coTpy.o;uuqeCTBY H MLI p;oJimHLI Harrpa

BHTb CBOH yCHJIHII Ha rrpep;OTBpaiD;eBHe·aJIOYIIOT
pe6JieHHH 3THMH rrpep;JioraMH H p;o6HTbCII, 'IT06LI 

f6XHH'ICCKH6 H SKOHOMH'leCKHe p;aBHLie, B MaKCH

HaJibHOH CTeneHH COBnap;aJOID;He C OCBOBHLIMH 

3KOHOJ4HqeCKHMH HBTepecaMH BCCX CTpaH, ny6JIH

KOBaJIHeb 6LI HJIB 6LIJIH 6LI ]:(OCTYIIHhi ]:(Jill CB06op;

HOfO o6MeHa B paMKaX COTpy]:(HH'l6CTBa. 

HaKouen;, a p;yMaro, ap;ecL yMecTHo uarroMHHTb, 

'ITO B xop;e p;auuoii Kou<flepeu~HH KpoMe npoeK

TOB paaBHTHR corpyp;uuqecTBa, oKaaauua rexuu
qecKoii: ITOMOID;H HJIH npoBep;eHHll OO'Le]:(HHeHHLIX 

MepoiipHIITHH B OTHOIIl6HHH HCCJI6,ll;OBaTeJibCKHX H 
aHepreTH'leCKHX peaRTopoB uaM npep;cTaBHJIH rrpe

reun;uoauLie rrpoeRTLI p;Jia Memp;yuapop;Horo co

rpyp;uuqecrna no ucrroJinaonaauro ap;epuoii auep

I'HH AJIH orrpecHeBHII MOpCKOi HJIH COJIOH'IaKOBOH 

BO,ll;bl. Kpaiiae Bamuo, 'ITO cyiD;eCTByeT o6JiaCTb 
HCllOJib30BaHHII H,ll;epHOH 3HeprHH, KOTOpaa CTHMY
JIHpyeT Memp;yaapo]:(Hoe COTPYAHH'lecTDo; 3TOT 

nonpoc HMeeT orpoMuoe aHaqeuue p;Jia Bcero qe

JioBe'leCTBa, XOTH S,D;CCL pe'Ib H,D;6T He TOJibKO 

CTporo o a]:(epuoii auepru:u, TaR KaK p;Jia aToii .u;eJIH 

31\0HOMH'lCCKH 6oJiee Bhii'OJ(HO MOI'YT IIpHMeBIITb
CH o6LI'IHble HCTO'IBllKH auepruu, oco6euuo, Be

poHTHo, Ha nepBOH CTa,ll;HH. 

H noJiararo, 'ITo ua ocHoBaHHH 3THX KoMMeHTa

pueB MO)KJIO cp;eJiaTL COOTBeTCTBYJO~HH BLIBO,ll;, 

OC06eBHO rrop;qepKHYB TOT ~aKT, 'ITO Memp;yHapop;
HOe COTpyp;HH'IeCTBO B o6JiaCTH ap;epHOH 3HeprHH 

lipOMe ero OCHOBHLIX IJ;CJieii H BLII'OA MOmeT OKR-

3aTb 6JIRI'OIIpHIITHOe BJIHIIBHC Ba pa3BHTHe IIJIO

f.\OTBOpHOI'O Memp;yuapop;Horo coTPYAHH'IeCTBa BO 

MHOI'HX p;pyrHX o6JiaCTHX H TQKHM o6paSOM 6yAeT 

cnoco6CTBOBaTL nporpeccy H ,Z~;eJiy MHpa B HHTepe

cax Bcero 'leJioBe'IeCTBa J(ame 6oJiee a~~eKTHBHO 
U: rrepcneKTHBHO, '!eM Mbl MOI'JIH 6LI HaAeRThCII, 
CCJIH 6bl pe'Ih illJIR TOJibKO 06 o6JiaCTH HCIIOJib30-

D8HHII HAepuoii auepruu:. 
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DJSCUSION GENERAl 

B. ToRKr ( Tunez) : Quisiera preguntar a los 
senores Smyth y Arkhangelsky cwiles son, a su 
juicio, los sectores de la energia nuclear en que 
convendria establecer en el futuro una cooperaci6n 
entre los distintos paises y si entre esos sectores 
figura, por ejemplo, la construcci6n de grandes 
generadores nucleares. 

Por otra parte, dado que la cooperaci6n significa 
la colaboraci6n entre iguales mas bien que la ayuda 
de un pais a otro, conviene saber si hay sectores 
en los que una cooperaci6n de esta indole sea 
posible entre paises tecnicamente adelantados y 
paises en desarrollo. En caso afirmativo quisiera 
que me dijeran cuales son esos sectores. 

H. D. SMYTH ( Estados Unidos de America): No 
querria mencionar a la ligera ningun sector especial 
para la cooperaci6n, y, par tanto, me limitare a 
contestar a la segunda pregunta del Sr. Torki. Si no 
me equivoco, lo que desea saber es de que manera 
un pais en desarrollo puede cooperar en campos 
cientificos o tecnicos con un pais desarrollado en 
condiciones de igualdad. 

A mi juicio, esa cooperaci6n puede efectuarse de 
tres maneras distintas, a saber: en el plano finan
ciero, entre hombres de ciencia y entre grupos. 

En el plano financiero, la proporci6n de los 
fondos con que cada parte habra de contribuir a 
un proyecto mixto puede determinarse sin mas que 
considerar su interes relativo en el proyecto. 

Desde el punta de vista de la cooperaci6n indivi
dual, nada impide que los hombres de ciencia de 
un pais en desarrollo colaboren con los de un pais 
desarrollado en condiciones de igualdad. Los grandes 
paises no tienen el monopolio de la inteligencia. 
Los j6venes de un pais en desarrollo pueden com
petir en condiciones de igualdad como estudiantes 
en los centros de enseiianza de cualquier parte del 
mundo. Pueden ser tambien el elemento directivo 
de un pais en desarrollo, siendo tan competentes en 
un campo determinado como sus colegas de otro 

Documento P/533 (presentado por W. Schnurr) 
Documento P /515 (presentado por J. Storrer) 
Documento P /840 (presentado por M. A. EI-Guebeily) 
Documento P /549 (presentado por G. Franco) 

pais cualquiera, aunque probablemente su numero 
sea menor. 

En cuanto a la cooperaci6n de grupo en un 
proyecto, parece probable que en esferas determi
nadas, tales como la agricultura o las investigaciones 
medicas de enfermedades concretas, que pueden 
conocerse mejor en un pais menos desarrollado, un 
grupo mixto tal vez este integrado par miembros 
del pais en desarrollo que sean, cuando menos, tan 
competentes como los miembros del pais desarro
llado. En tales proyectos comunes seria dificil decir 
que grupo contribuiria mas desde el punto de vista 
cientffico y tecnico, pero cabria esperar que los 
miembros del grupo contribuyeran conforme a su 
experiencia individual y a sus conocimientos. 

Por supuesto, a medida que aumente la cantidad 
de personal cientifico y tecnico en los paises en 
desarrollo, las posibilidades de establecer una coope
raci6n en condiciones de igualdad aumentanin 
tam bien. 

Y. V. ARKHANGELSKY (Union de Republicas 
Socialistas Sovieticas): En principia no es dificil 
encontrar sectores de cooperaci6n con los paises en 
desarrollo. La cooperaci6n en condiciones de igual
dad siempre es posible en sectores de interes mutua 
para los paises interesados. Por lo que respecta a 
los casas concretos, habria que formularlos clara
mente y examinarlos en comun. 

W. B. LEWIS (Canada): Deseo contribuir al 
examen de esta cuesti6n. El programa de energia 
at6mica del Canada, sin ser de los mas importantes, 
puede reivindicar una experiencia relativamente 
larga. Hemos hallado medias de colaborar con 
varios paises en desarrollo. La amplitud de la cola
boraci6n en condiciones de igualdad depende de la 
cuantia de la contribuci6n del pais menos impor
tante. La India es el pais con el que hemos adqui
rido una experiencia mas amplia sobre dicha cola
boraci6n. Primero en el proyecto de reactor Canada
India, y ahora con la tecnologia de reactores de 
agua pesada y la construcci6n de una central nucleo
electrica de 200 MW(e). Ahara bien, la colabora-
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cwn se ha limitado en ocasiones a enviar o recibir 
un hombre de ciencia o un ingeniero para que 
trabaje como miembro de un equipo sin restriccion 
en sus funciones. AI pareeer, se puede establecer 
una colaboracion satisfactoria en cualquier escala 
que se desee respecto de una gama muy variada de 
proyectos, que va de los estudios de los neutrones 
en los rayos cosmicos o de los factores economicos 
de Ia energia nuclear basta la construccion de gene
radores nucleares. 

F. PERRIN ( Presidente): Deseo formular algunas 
observaciones a guisa de conclusion. En esta sesion, 
se nos ha hablado de van[os ejemplos destacados 
de proyectos mixtos, tales como el reactor 
DRAGON, o de la cooperacion que traspasa los 
limites de Ia asistencia tecnica propiamente dicha, 
como Ia construccion de un generador nuclear en 
Checoslovaquia, con Ia colaboracion sovietica, asi 
como de ideas mas generales. Desearia ahora decir 
algunas palabras sobre el espiritu que debe inspirar 
en lo sucesivo Ia colaboracion intemacional. 

Como reiteradamente se ha destacado, esta Con
ferenda marca el punto inicial de grandes realiza
ciones industriales en todo el mundo, y en este 
orden de ideas hemos visto surgir una nueva forma 
de secreto, que hay que reducir a un minimo. Las 
aplicaciones pacificas de Ia energia nuclear estaban 
casi en absoluto libres del secreto militar cuando 
se celebraron las dos primeras grandes Conferencias 
de 1955 y de 1958. Pero ahora que estas inminentes 
realizaciones, en particular en Ia produccion de 
energia electrica de origen nuclear, entraii.an un 
interes comercial considerable, observamos que se 
mantiene secreta una informacion mucho mas im
portante desde el punto de vista de la creaci6n de 
esas centrales nucleoelectricas y de Ia evaluaci6n 
de su valor econ6mico, fund an dose en los derechos 
de patente industrial o comercial. Deseo limitarme 
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a indicar que, aunque esta forma de secreto es 
menos sensacional que Ia de tipo militar, puede 
perjudicar mucho a Ia cooperaci6n intemacional, y 
que todos nosotros debemos esforzarnos por impedir 
que se recurra de un modo abusivo a este pretexto 
y por garantizar que, en toda Ia medida compatible 
con el respeto a los intereses econ6micos esenciales 
de todos los paises, los datos de orden tecnico y 
econ6mico se publiquen o se comuniquen libre
mente en todos los proyectos de colaboraci6n. 

Por ultimo, estimo que convendria recordar aqui 
que en el curso de esta Conferencia, ademas de los 
proyectos de colaboraci6n, de asistencia tecnica o 
de proyectos mixtos respecto de la investigaci6n y 
los generadores nucleares, se nos han presentado 
proyectos ambiciosos de colaboraci6n internacional 
a fin de utilizar Ia energia nuclear para la desalini
zacion de agua de mar o salobre. Es muy impor
tante que esta posibilidad de utilizar la energia 
nuclear sea lo que haya estimulado Ia idea de Ia 
colaboraci6n internacional porque, aun cuando se 
trata de una cuesti6n muy importante para el 
genero humano, no es de indole estrictamente nu
clear, ya que las fuentes corrientes de energia 
pueden utilizarse a dicho efecto de un modo mas 
econ6mico, segun parece incluso como primera 
etapa. 

A mi juicio, estas palabras constituyen una con
clusion adecuada a las observaciones que he fornm
lado porque destacan que Ia cooperaci6n interna
cional en el campo de la energia nuclear, aparte de 
los objetivos y beneficios que le son inherentes, 
puede influir favorablemente en el establecimiento 
de una colaboracion internacional fecunda en otros 
muchos campos y contribuir asi, de manera mucho 
mas eficaz y trascendente de lo que cabe esperar en 
Ia esfera de Ia energia nuclear, al progreso y Ia paz 
del genero humano. 
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3AHJIIOqlfTEJihHA.H PEqh 
IIPEACE.L{ATEJIH ROHCllEPEHl.I,HH I 

TIPOCl>ECCOPA B. C. EMEJibHHOBA 

.D;aMbi H rocrro~a! 

TpeTbH Mem~yHapo~HaH KoHl{lepeHIIHH OpraHH

aaiiHH 06'be)WHeHHbiX HaiiHH no rrpHMeHeHHlO 

aTOMHOH :meprHH B MHJIHbiX IIeJIHX aaBepiiiHJIU 

CBOIO pa6oTy. 

ITo KOJIH'IeCTBY npe,n;eTaBJieHHhlX ,n;oKJia,n;oB, a 

TaKme ,n;JIHTeJihHOCTH ee pa6oTh1 TpeTbH KoHl{le~ 
peHIIHH - M8Hhllie ABYX npe,n;h!~YIIIHX, HO 3HU'Ie

HHe ee TeM He MeHee HSJIHKO. BoJihiiiOH HHTepec 

R ,ll;OKJIU,Il;UM, Cepbe3HOCTb H rJiy6HHa HX o6cym

,n;eHHH IIp8B30IIIJIH TO, 'ITO Oa{H,Il;UJIOCh. 

.lJ;pymeCTB8HHUH aTMocl{lepa, IIUPHBIIIUH BO BCeX 

aaJiaX, r,n;e npOHCXOIJ;HJIH ll;OKJia~J;hl, H ,ll;HCKYCCHK 

Mem,n;y yqacTHHKaMH HoHl{lepeHIIHH CBH,ll;eTeJibCT

BYIOT 0 6JiaronpHHTHOH UTMOcl{lepe, CJIOmHBIIIeH

CH B IIOCJie,u;Hee BpeMH, 06 yCJIOBHHX, C03tJ;aiOIIIHX 

npe~J;nocbiJIKH ,ll;JIH ycnernHoro HUY'IHO-TeXHH'Iec

Koro coTpy,u;HH'HlCTBa, a xopornaH >renJiaH noro,n;a, 

YCTUHOBHBIIIUHCH B 3TH ,!J;HH B 11\eHeBe, KOppeC

llOHf);HpOBUJia TeiiJIOTe JIIOf);CKHX OTHOIIIeHIIfi:. 

Pa6oToii: HoHl{lepeHJ11;HH HHTepecoBaJIIICb He 

TOJibKO y'IeHbie, HO TUK:~Re rocy,n;apCTBSHHbiC II o6-

Ill8CTBCHHbiC ,n;eHTSJIII, H: 3Ha'lHTCJibH08 BHHMaHHC 

e:iJ y,u;eJIIIJIII npe,n;CTUBIITCJIII IIpeCCbl. aTO MomHO 

Jlll,li8Tb H3 IIOJiylJeHHbiX B a,IJ;pec KOHcpepeHIIHII 

1IpHB8TCTBIIH, TeJierpaMM, IIHCSM H MHOfOlJIICJieH

HbiX KoppeCIIOH)J;8HIIllll, ony6JIHKOBUHHbiX B MHpO

ROH IIe'IaTH, C H3JI0a{8HII8M MHOrHX f);OKJiap;OB H 

OIIHCUHIISM 3KCIIOHaTOB, paaMeiiieHHblX Ha CTSH

):(UX BhlCTaBKH. B ,u;oRJia,n;ax H peaKIIlfH Ha HHX oT

pameHhr na,n;em,n;hr Ha To, 'ITO aToMHaH aneprna 

6y,n;eT IIpHHOCIITb JIIO,ll;HM 60JibiiiYIO IIOJib3Y, 'ITO 

3TU Mory'laH CIIJIU 6y,n;eT CJiymiiTh ,n;eJiy MHpa, 

IIpHBe,n;eT K TOMy, 'ITO HC'l83H8T CTpax ll pacceeT

CH IIOf);03pliT8JibHOCTb. 

Ha HoHl{lepeHIIIIII npncyTCTBOBaJio MHoro npe,n;

CTaBIITeJieii IIpOMbiiiiJISHHOCTll. aTO O'l8Hb XOpO

IDO. EcJIII npe~cTaBnTeJin rrpoMh!mJieHHOCTH rrpoa

BJI.HIOT liHTepec K HUY'IHbiM HCCJI8,liOBUHH.IIM, 3TO 

3Ha'IHT, 'ITO IIpOMbiiDJISHHOCTb 'IYBCTByeT apOMUT 

rOTOBOH IIHIIIH. aTO - O~HO H3 6eaOIIIH60'lHbiX 

CBII~8T8JibCTB rrpaKTH'ISCKOH IISHHOCTH TeX BOIIpO

COB, KOTOphle o6cym,u;aJIHCh ua Honcpepen:qnn. 

Ha HoHl{lepeHIIHH rrpe~CTaBJieHbi peayJibTUThi 

ltHTepeCHbiX ll Baa{HbiX liCCJie~oBaHHH 0 TOM, KUK 

6y~J;yT B 6JIHma:iJmHe ll;8C.IITHJI8TH.II IIORpbiBUTbCH 

IIOTpeOHOCTH B :mepriiH B OTf];eJihHbiX paiiOHUX 

MHpa. 

Bo MHornx ll;OKJia,n;ax aBy'IaJia yBepeHHOCTh B 

TOM, 'ITO UTOMHbiS 3JI8KTpOCTUHIIHH BO MHOl'HX 

CTpaHaX H paHOHUX MOryT yme B HUCTOHIII88 Bpe

MH IIpOH3BOf);HTh 3JI8KTp03HeprHIO ITO IIeHUM HJIH 

CpUBHHMbiM C 3Heprneii, IIOJiy'laeMOH OT 3JI8KTpO

CTUH:QHH, pa60TUIOIIIHX Ha yrJie, HJIH ,n;ame ,u;e

meBJie. 3a rnecTnJieTHHii nepno,u; npeMenn Mem,u;y 

BTopoii n TpeTbeii Honl{lepeHIIueii 6MJIO nocTpoe

uo 3Ha'IHT8JibH08 KOJIH'IeCTBO aTOMHbiX peaRTO

poB. B nacTO.HIIIee npeMH Bo BCeM MHpe ~eiicTByeT 
CBbiiiiS llHTHCOT peaKTOpOB pa3JIH'IH0l'O THIIa H 

MOIIIHOCTH, Y'IHThlBaH peaRTopM, rrpeAHaauaqen

Hhle AJIH rrpoBe~J;eHHR nccJie,n;onaTeJILCKHX pa6oT, 

HCITbiTaHH.II MaTepHaJIOB, a TaRme paapa6aTbiBae

MbiX KOHCTPYKIIHii TeiiJIOBht,n;eJI.HIOIIIHX aJieMeHToB, 

H,n;epHOfO TOIIJIHBa H ll;JI.II IIeJieii o6yqeHH.II. 

3a nocJie~HHe ro,n;M paapa6oTaH n orrpo6oBaH 

He OAHH THII aTOMHOrO peaRTopa, ROTOpbiH MOmeT 
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6niTb npMHHT ~JIH npoMhliiiJieuuoro ncnoJibaosa
HHH yme B HaCTOH~ee BpCMH. 

On:eunBaH 6y~y~ee aTOMHoii: :mepreTHKH, Mom
uo OTMeTHTb, qTo, B OTJJHqHe OT BTOpoii:, Ha TpeTh
eii: Kou<flepeun:nn 6I>IJia BhlpameHa 6oJihiiiaH yBe
peHHOCTh B TOM, 'liTO 9TOT HCTO'IJHHK 9HeprnH B 
oJinmaii:mne 10-15 JieT 6y~eT Han6oJiee ~emeshiM 
HCTO'IIHHROM 9HeprHH H ITOJiyqnT 3Ha'IIUTeJihHOC 
pa3BHTHC. 

B ~ORJia~ax Ha I\oH<flepeHU:HH npnBe,u;eubl HH
Tepecuhle CBe~eHHH o TOM, KaRHMH auepreTnqe
CRHMH pccypcaMH pacnoJiaraiOT MHorne CTpaHbl 
Mllpa, B TOM qHCJie pa3BHBaiO~HeCH CTpaHbl 
Aann, A<flpnRH H JlaTHHCRoii: AMepHRH. 

I\aR 9TO M01RHO BH,IJ;CTb H3 ,!J;ORJia,!J;OB, paCCMOT
peHHbiX Ha I\ou<flepeun:nn, MHorne CTpaHbi o6pa
In:aiOT CBOH B30pb1 1\ MOrytJeMy HCTO'IJHHKY HOBOH 
:meprnn - aHeprnn H~epHbiX npon:eccoB RaR I\ 

o~uHCTBCHHOMY HCTO'IIHHKY, cnoco6HoMy o6ecne
'IIHTb IIOTpeoHOCTH B aueprHH <lTHX CTpaH. 

Ha nJieuapHhlx aace,u;aHHHX n TeXHHtJeci<nx cec
cnHx I\ou<flepeHU:HH paccMoTpeHhi BamHLie Bonpo
Chl 0 <flopMax H BH,!I;aX H,!I;CpHoro TOnJIHBa, 0 1\0H
CTpyRIJ,HOHHbiX MaTepHaJiaX, cpep;CTBaX aaJn:HThl, 
BJIHHHHH pap;noai\THBHOfO 06JiytJCHHR Ha MaTepH
C\Jihl, npou,eccbi I<oppoann H MHoro ,u;pyrnx Bam
Hhlx BOIIpOCOB, CTOHJn:HX B nOBCCTI\C ,!I;HH MHpOBOH 
uayun H TeXHHHH, Bcex Tex opraunaau,nii:, I<on aa
nnMaiOTCH aTOMHoii: aueprneii:. 

Ha I\ou<flepeHn;nn 6niJIO npe,u;cTaBJieHo Muoro 
J(OI\Jia~OB, HMCIOJn:HX 60JibiiiOe npaKTH'IJeCROe 3Ha
'IICHHe, a 9KCnOHaTbl BbiCTaBKH nop;qepRHBaJIH pe
aJibHOCTb H OCy~eCTBHMOCTb TOro, 0 qeM paCCRa-
3hlBaJIH cnen;naJIHCThi c Tpn6yH HoH<flepenu,Hn. 

Ha BbiCTaBKe npwBe)J;eHhl He TOJibKO MaKeThi, 
Ho uan6oJiee Ba1RHbie aJieMeHTbi pa6oTaiOn~nx 
<JJieKTpOCTaHIJ,Hii, ,u;eiiCTBYIOilJ,He ycTaHOBKH no 
npeo6pa30BaHHIO TenJIOBOH ::meprHH H)J;epHhiX 
IIpOU,CCCOB B aJieKTpHtiCCKyiO, MHOrO'IIHCJieHHbiO 
npn6opbi, OCHOBaHHble Ha HCnOJih30BaHHH pa~HO
aRTHBHhlX H30TOnOB H H3JIY'IIeHHH. 

Ha BbiCTaBKe 6LIJIH noRaaaHbl paaHoo6paam.re 
ycTpOHCTBa ITO TepMOHP,CpHOMY CHHTeay, B TOM 
t{HCJie )l;eMCTBYIOJn:He ycTaliOBRH, ~OCTaBJICHHble 

npHMo Ha Jia6opaTopnii:. 
Ha RoH<flepeHIJ,HH nMeJio MCCTO o6cym)J;eune 

TaRHX npo6JieM, I\aR npo6JJeMa onpecHeHHH coJie
HbiX BO,IJ;. 

8Ta npo6JieMa RBJTHCTC.II O)J;HOH H3 Ba1RHCHIIIHX 
J(JIH Mnornx cTpau MHpa. Oua MHororpaHHa. Pe
meHHe npo6JieMbi onpecuennn coJieHbiX BOA, n 
rrpem)l;e BCero MOpCRHX BO,IJ;, He TOJibl\0 HMeeT 
6oJibiiioe aRoHoMH'tecRoe H uayqno-TeXHHtJecRoe 
anaqeuHe - pemeHHe aToii: npo6JieMhi OTRphiBa
eT HOBble B03M01RHOCTH ,!I;JIR MHpHOfO HCITOJib30Ba
HHH aTOMHOH ::meprHH. 

8To - nyTb nan6oJiee paayMuoro, HaH6oJiee 
IIJIO,!J;OTBOpuoro npHMeHeHHR ,IJ;OCTH1ReHHH aTOMIIOH 
HayRH H TeXHHRH. 

,II,JIH TpeTLeii Ron¢epeHIJ,HH xapaRTepuo To, 
<ITO ua Heii: coBeprneHHO He obiJIO cHoBanHOCTH, 
RoTopaR npoHBJIRJiacb ua llepsoii: RoH<flepeHn:nu 
H nMeJia MeCTO TaRme n Ha BTopoii:. 

,l],HCRYCCHH HOCHJIH CBOOO,IJ;HbiH XapaRTep H Ra
CaJIHCb HC TOJibKO 3aROH'IIeHHbiX HCCJIC,!J;OBaHHH, 
HO TaRme H Bep;yllJ,HXCH, TaRHX, HO ROTOpbiM e~e 
HCT OROHqaTCJibHbiX peayJibTaTOB. 

qpe3BbitJaii:HO OTpa)l;HO 6biJIO CJihliiiaTh, RaR BO 
BpeMH )l;HCRYCCHH no IIp06JieMe TCpMOH,!I;epHoro 
cnnTeaa 6biJIH aaTponyTbi ne TOJihRo aasepmen
Hbie pa60Tbl, HO TaRme TC, 'liTO npe)l;CTOHT BbiiiOJI
HIITb B 6JTnmaiirneM 6yp;yJn:eM. 

B rrpo6JieMax aToMnoii: aHepreTHRH, HMeiO~Hx 
nepBocTeneHnoe anaqenne )l;JIH o6ecrre'leHHH 'le
JioBetJeCTBa nencqeprraeMbiMH pecypcaMn auep
rnH, Mbl HMeeM 6JiaronpHfiTHhlC B03M01RHOCTH ):\Jifl 
a<fl<fleRTHBHoro Mem)J;ynapop;Horo COTPYAHH'IIeCTBa 
yqeubiX BCeX CTpaH MHpa. 

I\oHif>epeHIJ,HR CBH,!J;CTeJibCTBYCT 0 TOM, 'liTO Ha
YtJHhlC CBH3H paCIIIHpJIIOTCH H KperrnyT, a Mem~y
napo)l;HaJI nOJIHTHKa, HCXO,!I;HilJ,aH H3 IIOJI01RCHHfl 
0 B03M01RHOCTH MHpHOfO cocy~eCTBOBaHHR rocy
p;apCTB C pa3JIH'IIHbiM CO~HaJibHhlM CTpoeM, fiB
JIHeTCfl e,IJ;HHCTBeHHO paayMHOH nO.:IHTHKOH. 

B 1958 ro11;y na BTopoii: Ron<flepeHI~HH BblcRa-
3biBaJIHCb onaceHHH:, 'liTO ROJIHqeCTBO yqaCTHHI\OB 
n ,u;oRJia)l;OB na TpeTLeii: RoH<flepeHu,nn 6y11;eT Tal\ 
JJeJIHRO, lfTO ee npaRTH'IIeCRH HeJib3H 6y)l;eT C0-
3BaTb, HCXBaTHT HH MCCTa ,!I;JIH BCCX 1!\eJiaiO~HX 

Ha Heii npncyTCTBOBaTb, HH BpeMeHH )l;JIH aacJiy
IIIHBaHHH ,u;oRJia~oB. TaRaJI orracHoCTh p;eii:CTBH
TCJibHO cy~eCTBOBaJia, HO ee y,o;aJIOCb YCTpaHHTb. 

BoaMomHoCTH ,!J;Jifl opraunaau,nn RoH!llepenu,nu 
UhiJIH Haii,u;euhl, a HHTencnBnaH pa6oTa ee yqacT
HHROB, nanOJIHCHHaJI fJIYOORHM co,u;epmaHHCM, 
CBH,ll;CTeJibCTByeT 0 60JibiiiOH npe~BapHTCJibHOJi pa
OOTe, rrpoBe)1;eHnoii )l;O coah!Ba RoHif>epeHu,nn. 
CoaBaTh RoH<flepeHIJ,HIO n .o6ecneqHTb ee ycnex 
6bmo 6bi HeBoaMomno, ecJin 6bl R Heii: He npoJIB
JIHJICH rJiyoORHH HHTepec CO CTOpOHhl feHepaJibHO
ro CeRpeTapH Oprannaau,nn 06'Lep;nnennhlx Ha
u,nii r-na Y TaHa. Ero Memp;yHapo,IJ;Hhlii: aBTopn
TeT, BHHMaHHC H ORaaannaH IIOMO~h 3Ha'lHTeJih
HO cop;eiicTBOBaJIH ycnexy. 

BoJibiiiOH BRJia,u; B oprannaa~HIO RoH<flepeHn;nn 
CBOHM HCIIOCpe,!I;CTBCHHhlM ylfaCTHeM B ee IIO)l;fO
TOBKe H paayMHhlMH COBeTaMH BHeC TaRme 3aMe
CTHTCJib H npep;cTaBHTeJib feHepaJibHOroCeKpeTa
pR OOH r-H <I>nJIHIIII p;e Ceii:H, ROTopoMy oRaabi
BaJIH IIOMO~h 3aMeCTHTCJih p;npeRTopa EBponeii:
CRoro oTp;eJieHnfl OOH H ero coTpy,u;HHRH. 

IIo,u;roTOBRa nporpaMMhi Kon<flepenu,nn n Bcero 
,MexaHnaMa ee pa6oThl fiBJIJieTCJI peayJII>TaToM 
60JibiiiHX YCHJIHii, npHJI01RennbiX renepaJibllhlM 
~npeRTopoM Mem,u;yHapo,n;Horo arenTCTBa no aToM
HOM aHeprnn p;oKTopoM 3nrBap~oM 8I<Jiyn,u;oM, 
KOTOpbiH, BhliTOJIHJIJI O)l;IIOBpeMeHHO o6HaaHHOCTH 
feHepaJibHoro p;npeRTOpa Mem,n;yHapo,u;noro aTOM
noro areUTCTBa, B3HJI Ha CCOH ,u;onoJIHHTeJibHYIO 
OTBeTCTBeHHOCTb aa no,IJ;rOTOBRY nporpaMMbi I\on
<flepeHIJ,HH n ee npoBe,u;eHne. 

3uaqHTCJibUOe CO):\CHCTBHe H IIOMO~b B opra
HH3alJ,HH pa6oThl I\onlf>epeHu,nn obiJIH oKaaaHhi 
TaRme ero Cneu,naJibHhlM noMollJ,HHROM. THmeJioe 
GpeMH npHHRJI na cBon HJieqn HaytJHhlii: ceRpe-



nPOTOKOJl 3ACEAAHHfl H 

TapuaT RoH<flepeHD;HH, BoarJiaBJIJ'IeMI:.IH npo<flec

copoM Hro,nHHbiM. 

liM npnrnJIOCh pernaTb TPY.L(Hhie aap;aqu o TOM, 
KaRHM IIyTeM HaH60Jiee paayMHO HaiiOJIHHTh )1;0-

KJia,D,aMH IIJieHapHI:.Ie H TeXHHqeCRHe ceCCHH C TeM, 

'IT06I:.I IIOKa3aTb HaH60Jie<e HpRO H 06'heRTHBHO 
peayJihTaTI:.I MHpOBOH uayRH H TeXHHRH B 06Jia
CTH MHpHOrO aToMa. 

EoJiblllaH pa6oTa rrpon,ep;eHa TeMu y'IeHbiMH, 

Ha ,L(OJIIO ROTOpi:.IX JierJia OTBCTCTBeHHOCTb aa py

IWBO,!l.CTBO paOOTOH RaK IIJieHapHhiX, TaR H TCX
IIH'ICCJ-(HX CCIH~HH. 

liM 6hTJIO He06XO,!I.HMO 6biCTpO H TO'IHO ,D,eJiaTI, 

BblBO,L(bl ll3 ,!I.HCRYCCHH H IIO,!l.BO,!l.HTb HTOrH. 

,D;npeKTOp Enporrenciwro OT,D,eJieHHH OOH 

r-u Cnuuemm RaR ,D,O Ha'IaJia RoH<f!epeu~uu, TaR 

H BO BpeMH ee pa60Tbl IlftOHBJIHJl aa60TY H ORa3bi
UaJI 6oJibrnyro rroMO~h, eo,D,eiicTBYH ycnexy Ron

<flepeHivm. 
3a,D,oJiro 11..0 OTRpbiTHH 1\oH<flepeH~HH HaqaJib

HHR a,D,MHHHCTpaTHBIIbiX CJiyiK6 IIpHCTYIIHJI R IIpH

HHTHIO BCCX Heo6XOP,HMblX Mep C TeM, qTo6LI IIpH

BCCTH B ,L(CHCTBHC BCCh CJIOiKHI:.IH MeXaHH3M ee 

o6cJiymnsaHHH; c rroMOI[J;hiO ncex cnoux coTpy,D,
HHKOB - YCTHbJX H ll~ICI,MCHHI:.IX nepeBO,!I.lfHROB, 

coTpyp;uuxws cJiym6hi ,D,oRyMeHTan;uu, ,D,emypui.Ix 

B aaJiaX aaCe)J;aHHH, (',C'KpeTapeft II MailiHHHCTOK, 

npe,D,ocTaBJieHnhiX Enponeii:cRHM OT,D,eJienneM 

OOH, Memp;yHapo)J;HbiM areHTCTBOM no aTOMHoii 

:meprHH H ,D,pyriiMH opraHH3aD;HHMH, - OH MHOfO 
noTpy)J;HJICH c TeM, qTo6LI o6ecrreqHTL rrosce)J;HeB

nyro pa6oTy Hou<flepeHI:vm. 
IT pe,D,cTaBHTeJIH rrpecchl oRaaLIBaJIH co)J;eiicTBJie 

Kou<flepenn;un, rniipoKo ocae~aH ee pa6oTy. Ha 

HX ,!l.OJIIO BLIITaJia CJIO>KHaH MHCCHH rrepeBO,!I.HTh 

Tpy)J;Hhle IIOHHTHH COBpeMCHHOH HayRH Ha ,L(OCTYII

HhlH ,!I.JIH BCeX H3hlR. 
OT HMeHII ncex yqaeTHHROB Ron<flepeH~HH H 

XOTCJI 6bi BhlpaaHTb BCeM CO,D,eHCTBOBaBIIIliM ycrre

xy HoH<flepeH~HH 6Jiaro,'lapHoCTL. 

H xoTeJI 6Lr rrooJiarop;apHTh rrpaBIITeJibCTBo 

lliBeiin;apiiH H BJiaCTH ropop;a iKeneBI:.I aa oRaaaH

noe fOCTenpHHMCTBO H BHHMaHHe. 

,lJ;aMLI H rocrro,D,a! 

Roa<flepenn;IIH aaRonquJia caoro pa6oTy, u Mbi 

MO>KeM CRaaaTL, qTo OHa yme llpiiHeCJia 6oJILIIIYIO 

noJihay, ROTopyiO TPYl(HO B HeCROJihRHX cJioBax 

oxapaRTepH30BaTh, HO e~e 60JILIIIYIO IIOJih3Y OHa 

npuneceT B ,D,aJILHeifrueM. 

HoH<flepeHn;HH, no,noi5Ho aRKYMYJIHTopHo:ii cTan

r~HH, aapH,!I.HJia nac HoBoii 3Heprueii: H B,!I.OXHOBH
Jia Ha HoBLie HayqnLxe H HH>KeHepHble uccJie,noaa

nuH. 0Ha CBH3aJia HaC HeBH.IJ;HMI:.IMH HHTHMH Baa

HMHOH )J;pym6LI H cuMnaTHii. 0Ha y6e,IJ;HJia Hac a 
TOM, qTo MLI MHoroe MO>KeM C,L(eJiaTb. eCJIH yM

HOiKHM HalllH ycHJIHH e TeM, 'IT06hl aTOMHaH :mep

I'HH CJIY>KHJia TOJihKO .IJ;CJIY MHpa H nporpecca. 

Hou<flepeHn;HJ-I uoRa<:aJia, RaRne orpoMHI:.Ie noa

MomnocTH TaHT n ce6e aTOMHble H~pa. YqeHLie, 
IIpH6blllJIIHe B JI\eueny H3 MHOfHX CTpaH MHpa, 
IIORaaamt HaM IIYTH I\ peBOJIIO~HOHHhlM rrpeo6pa-

30BaHHHM BO MHOfHX 06JiaCTHX nayRH, TeXHHRH, 
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B ::monoMnRe, 3l(panooxpaHeHHH, l\YJILType. Ho 
MLI ne MomeM aa6LIBaTh, 'ITO aToM n name npeMH 

HOCHT ,D,Be <flopMbl - rpa>K,D,aHCRYIO H BOeHHyiO. 
li, RaR o6pa3HO CRaaaJI B CBOCM IIpHBCTCTBH\1 

ylfaCTHHI\aM uarueii Hou<flepeHn;Hn ITpe,D,Ce,lWTeJix. 

ConeTa MnniicTpoB CoseTCRoro Coro3a HuKH'ra 

CepreeBH'I Xpy~en, <<BoenHhiii: aToM upenHTCTBy
eT IIOJIHORpOBHOMY pa3BHTHIO aTOMa MHpHoro. 

BoT noqeMy namHo peiiienn:e npo6JieMbi sceo6-

~ero H IIOJIHOrO paaopymeHJIH H OTRaa OT JII06hiX 

ruarOB, ROTOpbiC BeJIH 6hl R paCIIOJI3aHHIO H,rJ;ep

HOfO opymHH ua narneii: uJianeTe>>. Heo6xo,D,nMo 

CHHTb C aTOMa BOCHHYIO tflopMy, ~\eM06HJIH30BaTL 
Pro. 

HamJ-~Lrii pac~enJieHuhiii II Ra>KAhlii cn:uTeanpo
BaiiHhiii aTOM ,l1.0JI>Kllbl CJJY>KHTb TOJILKO ,D,eJJy Mll

pa - <ITO ,!I.OJI>KHO CTaTh HaiUHM ,D,eBH30M. 

Translation 

CLOSING ADDRESS BY MR. V. S. EMELYANOV, 

PRESIDENT oF THE CoNFERENCE 

Ladies and Gentlemen, 
The Third United Nations International Con

ference on the Peaceful Uses of Atomic Energy has 
finished its work. 

Judged by the number of papers submitted and 
by its length, the Third Conference has been . 
smaller than its two predecessors; but this in no way 
diminishes its importance. The great interest shown 
in the papers, and the seriousness and depth of the 
discussions, have exceeded expectations. 

The friendly atmosphere which has reigned in all 
the meeting rooms in which the papers were 
presented, and the discussions between the partici
pants in the Conference, bear witness to the agree
able atmosphere which has grown up in recent years 
and to conditions creating the sine qua non for 
successful scientific and technological co-operation, 
while the fine warm weather which has blessed 
Geneva for the past few days has matched the 
warmth of the human relations at the Conference. 

The work of the Conference has been of interest 
not only to scientists, but also to government and 
social workers; and the representatives of the Press 
have given much attention to it. This can be seen 
from the messages, telegrams and letters addressed 
to the Conference, and from the numerous articles 
published in the world press expounding many of 
the papers and describing the exhibits displayed on 
the stands at the Exhibition. Both in the papers 
themselves and in the discussions to which they have 
given rise, the hope has been expressed that atomic 
energy will bring mankind great blessings, that this 
mighty force will serve the cause of peace, abolish 
fear and dispel suspicion. 

The Conference has been attended by many 
representatives of industry. This is a very good thing. 
If the representatives of industry show interest in 
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scientific research, that means that industry scents 
the savour of a hot meal. This is an unerring testi
mony to the practical value of the questions that 
have been discussed at the Conference. 

The results of interesting and important research 
into the problem of how the energy requirements 
of various regions of the world will be met in the 
coming decade have also been presented to the 
Conference. 

Many papers rang with the conviction that in 
many countries and regions of the world atomic 
power stations are already able to produce electricity 
at prices either equal to or lower than those of 
energy produced in coal-burning plants. A con
siderable number of atomic reactors have been built 
during the six years that have elapsed between the 
Second and Third Conferences. At the present time, 
there are already in operation in all parts of the 
world more than 500 reactors of various types and 
capacities, including those designed for carrying out 
research and for testing materials, as well as for the 
design and construction of fuel elements, the de
velopment of nuclear fuels, and, lastly, training 
purposes. 

In recent years, more than one type of atomic 
reactor that can already be used for industrial pur
poses has been designed and tried out. 

As to the future of atomic energy, it may be 
observed that, in contrast to the Second Conference, 
great confidence was expressed at the Third that 
within the next 1 0 to 15 years this will become the 
cheapest source of energy, and will be very con
siderably developed. 

Papers presented at the Conference gave in
teresting information about the energy resources of 
many countries of the world, including the de
veloping countries of Asia, Africa and Latin 
America. 

As can be seen from the papers considered at 
the Conference, many countries are fixing their 
sights on this powerful new source of energy - that 
released by nuclear processes - as the sole source 
capable of meeting their energy requirements. 

At the general and technical sessions of the Con
ference important questions have been discussed 
relating to the forms and types of nuclear fuel, to 
constructional materials, to protective media, to the 
effects of irradiating materials and to corrosion, as 
well as many other important problems on the 
agenda of peaceful science and technology of all 
the organizations that are concerned with atomic 
energy. 

Many papers of great practical significance were 
presented at the Conference, while the displays on 
the stands at the Exhibition emphasized the reality 
and realisability of what the experts said on the 
podium. 

At the Exhibition, not only models, but also the 
most important parts of actual electric power 
stations, working apparatus for the conversion of 

the thermal energy of nuclear processes into elec
tricity, and many types of apparatus and instru
ments based on the use of radioactive isotopes and 
irradiation, were on display. 

Various types of installation for thermonuclear 
fusion, including working apparatus brought straight 
from the laboratory, were also to be seen at the 
Exhibition. 

Such problems as that of the desalination of salt 
water were discussed at the Conference. 

This is a most vital problem for many countries. 
It has many aspects. The solution of the problem 
of producing fresh water from salt water, and in 
particular from sea water, is not only of great eco
nomic, scientific and technological importance, it 
also opens up new possibilities for the peaceful use 
of atomic energy. 

This is the path of the most intelligent and most 
fruitful application of the achievements of atomic 
science and technology. It is typical of the Third 
Conference that there has been absolutely none of 
the restraint that marked the First Conference and 
persisted into the Second. 

The discussions have been entirely free and have 
referred not only to completed research, but also 
to that still in course where no definite results have 
yet been achieved. 

It was particularly pleasant during the discussion 
of the problem of thermonuclear fusion to hear not 
only finished research described but also studies 
that are on the verge of completion. 

In the problems of the place of atomic energy in 
general energy policy, which are of vital importance 
for guaranteeing to mankind inexhaustible resources 
of power, we have propitious opportunities for effec
tive international collaboration among scientists of 
all countries. 

The Conference has borne witness to the fact 
that scientific links are being extended and 
strengthened, while an international policy based 
on the possibility of peaceful coexistence of States 
with different social systems is the only intelligent 
policy. 

In 1958, at the Second Conference, fears were 
expressed that there would be so many participants 
and papers at the Third Conference that it would be 
a practical impossibility to convene it, since there 
would be neither room for all those who would 
wish to attend, nor time to listen to all the papers. 
Such a danger certainly existed, but it has been 
successfully averted. 

Possibilities of organizing the Conference were 
devised, and the intense activity of all those taking 
part in it, full of vital matter, bears witness to the 
thorough preparations made before the Conference 
assembled. 

It would have been impossible to convene the 
Conference and ensure its success but for the deep 
interest shown in it by the Secretary-General of the 
United Nations, U Thant. His international au-
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thority, and the attention and assistance he has 
given to the project, have contributed substantially 
to the Conference's succes~ .. 

The Under-Secretary a][ld representative of the 
Secretary-General, Mr. Philippe de Seynes, sup
ported by the Deputy Director of the European 
Office and by his own staff, also made a great con
tribution to the organization of the Conference, both 
by the direct part he played in the preparations and 
by his wise counsels. 

The preparation of the Conference programme 
and of the whole machine:ry of its deliberations is 
the outcome of great eJiorts put forth by the 
Director General of the Int•ernational Atomic Energy 
Agency, Mr. Sigvard Eklund, who, while still dis
charging his functions as Director General, assumed 
the additional responsibility for preparing the Con
ference programme and seeing it through. Substan
tial assistance and co-operation in the organizational 
work of the Conference were also given by his 
Special Assistant. Another Scientific Secretariat of 
the Conference, with Professor Y agodin at its head, 
assumed the heavy burd(:n of the scientific pre
paration of the Conference. 

They succeeded in solving the difficult problem 
of the best and most intelligent way of allocating 
papers to the general and technical sessions in order 
to bring out in the sharpest and most objective focus 
the achievements of world. science and technology 
in the field of the peaceful atom. 

The Scientific Secretaries, on whom fell respon
sibility for the conduct of the general and technical 
sessions, have also done great work. They were 
faced with the difficult task of making a rapid yet 
accurate summary of the discussions and of evalu
ating the outcome of each session. 

Both before the Conference and during it, the 
Director of the European Office of the United 
Nations, Mr. Spinelli, has devoted much care to its 
preparation and has lent great assistance which has 
greatly contributed to its success. 

Long before the Confe renee opened, the Chief 
Conference Officer was busy taking all the necessary 
steps to set the complex servicing machinery into 
motion; and, with the devoted support of all his 
staff- the interpreters, translators, document and 
conference room officers, and secretarial staff, drawn 
both from the European Office and the International 
Atomic Energy Agency themselves and from out
side - he has worked hard to maintain the daily 
functioning of the Confere:nce. 

The representatives of information media have 
also made a substantial contribution to the Con
ference by shedding a generous light on its work. 
They had the difficult job of translating the esoteric 
concepts of modern science into a language that can 
be understood by all. In the name of all participants 
in the Conference, I would like to express our 
gratitude to all of those who have contributed to 
its success. 
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I would also like to thank the Swiss Government 
and the authorities of the City of Geneva for the 
hospitality they have extended to us. 

Ladies and gentlemen, 
The Conference has finished its work, and we 

can affirm that it has already brought great benefits, 
which it is difficult to describe in a few words; but 
it will bring even greater benefits in thee future. 

The Conference, like a giant accumulator station, 
has charged us with new energy and inspired us 
to undertake new scientific and engineering research. 
It has bound us together with the invisible threads 
of mutual friendship and understanding. It has con
vinced us that we can do much, if only we renew 
and intensify our efforts to ensure that atomic energy 
serves only the cause of peace and progress. 

The Conference has revealed the enormous pos
sibilities locked up in the atomic nucleus. The 
scientists who have come to Geneva from many 
parts of the world have shown us the way to revolu
tionary progress in many branches of science, tech
nology, economics, public health and culture. But 
we cannot forget that in our time and day the atom 
has two aspects -the civil and the military. And, 
as the Chairman of the Council of Ministers of the 
USSR, Nikita Sergeevich Khrushchev, said so 
graphically in the message which he addressed to 
the Conference: "The military uses of the atom 
represent an obstacle to the full development of its 
peaceful uses. Hence the importance of solving the 
problem of general and complete disarmament and 
refraining from any measures which might lead to 
the dissemination of nuclear weapons on our planet." 
We must divest the atom of its military form, we 
must demobilize it. 

Our slogan must be "Every atom split and every 
atom fused shall serve the cause of peace alone." 

CLOSING ADDREss BY MR. SIGV ARD EKLuND, DIREcroR 
GENERAL OF THE INTERNATIONAL ATOMIC ENERGY 
AGENCY 

Mr. President, Ladies and Gentlemen, 
It is appropriate that this Closing Session should 

have been preceded by one devoted to international 
collaboration in atomic energy projects. It has very 
fittingly sounded the "last post" of the Third Geneva 
Conference, since the Conference itself has been a 
further example of international collaboration by 
men of good will, having common interests and 
similar objectives. 

It might be said that the Conference now closing 
has been unspectacular when compared with the 
1955 and 1958 ones. But what has impressed me 
is the fact that there is so much less of speculation 
now, so much more of information based upon 
experience. It can be said that we have reached the 
stage in atomic energy where we are consolidating 
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our gains, and we are approaching the point at 
which we shall be chasing the last few per cent, 
which will yield the most valuable returns the 
achievement of which in any technology requires 
the greatest effort. 

In bidding you farewell I would not want this 
opportunity to pass without expressing to the host 
organization, the United Nations, and especially to 
the European Office, my sincere thanks for their 
unfailing effort in providing all of us with the best 
possible service. The smooth way in which the Chief 
Conference Officer has conducted the complicated 
conference machinery cannot but create admiration. 

Allow me also to express on behalf of the organi
zation I am serving my sincere thanks to you, 
Mr. President, for the magnificent example you 
have given us all through your sustained interest in 
all facets of the operations of the Conference. 

I will conclude by wishing you, both delegations 
and observers, a safe return to your countries, with 
the hope that you have found your visit to Geneva 
to be well worth-while. 

DECLARATION DE CLOTURE DE M. P. P. SPINELLI, 

REPRESENTANT DU SECRETAIRE GENERAL DE L'OR

GANISATION DES NATIONS UNIES 

Monsieur le President, Mesdames, Messieurs, 
Au nom du Secretaire general, qui ne peut mal

heureusement etre present parmi nous aujourd'hui, 
je tiens a dire combien nous sommes heureux d'avoir 
ete les hotes, pendant ces dix derniers jours, de la 
troisieme Conference internationale sur !'utilisation 
de l'energie atomique a des fins pacifiques. 

Nous estimons, et nous esperons que vous par
tagez ce sentiment, que la troisieme Conference 
a ete, comme les deux precedentes, couronnee de 
succes, et qu'elle a contribue a l'echange de con
naissances scientifiques dans un domaine qui est 
manifestement d'une importance capitale. Comme 
vous le savez, !'Organisation des Nations Unies et 
les institutions qui lui sont reliees consacrent une 
grande partie de leurs efforts et de leurs ressources 
a encourager la diffusion des connaissances scien
tifiques et techniques par-dela les frontieres na
tionales. La presente Conference marque une etape 
importante dans la poursuite de ces efforts, dont 
l'objectif final est d'elever les niveaux de vie dans 
le monde entier et de contribuer de la sorte a atte
nuer les tensions et a assurer une paix durable. 

Avant de terminer, je ne veux pas manquer de 

feliciter, au nom du Secretaire general et en mon 
nom personnel, le professeur Emelyanov de la ma
niere dont il a preside cette importante Conference, 
et d'exprimer une fois de plus notre sincere grati
tude a l'Agence internationale de l'energie atomique, 
et en particulier a M. Eklund, pour la collaboration 
etroite et harmonieuse qu'ils ont apportee a !'Orga
nisation des Nations Unies dans la preparation et 
1' organisation de la Conference. 

En exprimant l'espoir que vous rentrerez dans 
vos foyers enrichis par votre participation a la pre
sente Conference, je vous souhaite bon voyage. 

Translation 

CLOSING STATEMENT BY MR. P. P. SPINELLI, REPRE

SENTATIVE OF THE SECRETARY-GENERAL OF THE 

UNITED NATIONS 

Mr. President, Ladies and Gentlemen, on behalf of 
the Secretary-General, who unfortunately cannot be 
with us today, I wish to say how happy we are to 
have been the hosts of the Third International Con
ference on the Peaceful Uses of Atomic Energy 
during the last ten days. 

We consider, and we trust you agree, that the 
Third Conference, like its two predecessors, has 
been a success, and has contributed towards the 
exchange of scientific knowledge in a field which is 
clearly of vital importance. As you know, the United 
Nations and its associated organizations devote much 
of their effort and resources to promoting the diffu
sion of scientific and technical knowledge beyond 
national frontiers. The present Conference consti
tutes an important stage in the pursuit of these 
efforts, the ultimate objective of which is to raise 
standards of living throughout the world, thereby 
contributing towards reducing tension and ensuring 
lasting peace. 

Before concluding, I should like to congratulate 
Professor Emelyanov, on behalf of the Secretary
General and on my own behalf, on the manner in 
which he has presided over this important Con
ference, and to express once more our sincere 
gratitude to the International Atomic Energy 
Agency, and especially to Mr. Eklund, for their 
close and harmonious co-operation with the United 
Nations in the preparation and organization of the 
Conference. 

I hope that you will return home the richer for 
having attended this Conference and I wish you all 
a pleasant journey. 



Evening Lecture 



Summary of tht~ Conference 

By Glenn T. Seaborg * 

It is a great honor to be assigned the task of 
summing up this memorable Conference. After 
attempting to digest the enormous and diversified 
content of the sessions, I assure you that the chal
lenge is equal to the honor. I therefore approach 
the task with humility. I ask the indulgence of the 
distinguished scientists and engineers assembled here; 
for in attempting to distill the essence from this 
notable meeting, I am painfully conscious that I shall 
be forced to leave out reference to work and points 
of view that are highly significant for world nuclear 
science and development. Fortunately, the deficien
cies of this summary will be repaired by the pub
lication of the full procee:dings. Actually, I believe 
we shall all be affected by the Conference for a long 
time to come, and that we shall be able to assimilate 
the profusion of technical material presented here 
only after reflection in the weeks and months ahead. 

Before I begin my discussion of the Conference 
itself, I should like to remark briefly upon a matter 
of historical significance which has been noted by 
other speakers. We have met in approximately the 
twenty-fifth anniversary y{:ar of the great discoveries 
which are responsible for our being here today. 

Fittingly, we have seen during this anniversary 
year the first ripening of our labors. We have 
achieved economic nuclear power in limited but 
important geographical areas. I believe this Con
ference marks the beginning of the age of nuclear 
power. We can now foresee the end of the spectre 
of an energy shortage which has haunted the world 
since the beginning of the Industrial Revolution. As 
nuclear power technology progresses, I believe we 
can provide in the future enough energy for all of 
the peoples of the world -- the energy that is central 
to the banishment of hunger, poverty and fear of 
the future. 

The magnitude of tht~ accomplishment in this 
quarter of a century can be appreciated by retro
spection. Some of you will recall, as I do, the 
impact on nuclear scienc:e laboratories around the 
world of the startling reports in late 1938 and early 
1939 of the discovery in Germany of nuclear fission 
by Otto Hahn and Fritz Strassman, with elucidations 
by Lise Meitner and Otto Frisch. Within only four 
years, the late Enrico Fermi and his colleagues 
operated a reactor. Even so, in this period many of 

* Chairman, United States Atomic Energy Commission. 
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United States of America 

us would have been content with the thought that 
nuclear power might be an economic reality by the 
turn of the century. I find it astonishing that so much 
bas been accomplished in only twenty-five years. 

The contribution of the three International Con
ferences to the progress which has been achieved 
bas 'been substantial. The first conference, in 1955, 
dropped the shrouds of secrecy from many aspects 
of nuclear energy, and led to renewed com
munication among nuclear scientists and engineers 
of the world. In the second conference, com
munications and international cooperation were 
further expanded, and fusion research was removed 
from the pale of secrecy. This third Conference bas 
made us all aware that we have reached the borders 
of the age of economic nuclear power, and it might 
well be called the Conference of Fulfilment. 

And, now, let me turn to my attempt to distill 
the essence of this notable Conference. 

GENERAL REMARKS 

Let me begin with some general remarks, directed 
first to world power needs and the place of nuclear 
power in meeting those needs, and second to what 
some of us consider to be the three phases of nuclear 
power development. 

The Conference has dramatized the fact that the 
world will require huge increases in available energy 
during the remainder of the century. The accelerating 
pace of the Scientific Revolution in the developed 
countries will require huge new increments of power. 
At the same time, we sorely need to bring the 
developing nations into the orbit of today's tech
nologies. As Secretary-General U Thant reminded 
us in his opening remarks: "The main theme of 
the present Conference is nuclear power and this is 
a key issue for the long-term development of over 
half the world. If per capita consumption of elec
tricity in the developing areas in our day is to 
compare with that now found in the major indus
trialized nations, the amount of additional power 
required will be so vast as to dwarf even the earth's 
immense reserves of fossil fuels and hydroelectric 
power." 

Dr. Bhabha of India observed: "There is no 
power as expensive as no power." 

What does the Conference seem to have con
cluded regarding the advantages of nuclear power 
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in meeting these energy needs? The Conference has 
shown that economic nuclear power is coming of 
age, but its advantages go beyond economics alone. 
They permit nations to manage wisely their fossil 
fuel resources as irreplaceable raw materials rather 
than as sources of heat. As President Emelyanov 
observed in his opening remarks: "The raw ma
terials for the chemical industry, for the manufacture 
of plastics, fabrics, artificial leather and similar 
products are natural gas, oil and coal. Organic fuels 
provide the chemical industry with its primary 
materials. If we go on using oil at the present rate, 
all our oil will soon be burnt up, and the chemical 
industry will be deprived of a most important source 
of raw material." 

Let us see how the Conference gives us reason 
to believe in the future of nuclear power. Perhaps 
the most impressive indication of progress can be 
seen in Table 1. Here one can see how the installed 
nuclear capacity of the world has grown; from 1955 
with only 5 megawatts, to 1958 with 185 megawatts, 
to 1964 with about 5 000 megawatts. The future 
prognosis is also excellent. One can see that by 
1970 the total world nuclear power capacity will be 
about 25 000 megawatts and that by 1980 this 
will have increased to 150 000 to 250 000 mega
watts. 

As Commissioner Tape of the United States 
observed: "In the next century, nuclear power could 
well, as wood, coal and fluid hydrocarbons have 
all in their turn done, furnish over one-half of the 
nation's energy." 

The testimony of the technical papers to the fact 
that nuclear power has come of age is supported 
by corridor discussions reflecting the entry of com
mercial competition. This in itself is a strong sign 
of economic arrival and I should like to think that 
it has not intruded too heavily on the Conference. 
However, competition-sometimes aggressive-in
evitably accompanies economic development. It 
plays an important role in driving costs down. 
Perhaps it is pertinent to note the observation of 

Table 1. Nuclear power- past, present and future 

Belgium 
Canada 
France 
Germany 
Italy 
Japan 
Sweden 
UK 
USA 
USSR 
Other 

Total 

(Electrical megawatts af installed capacity) 

1955 1958 1964 1970 

5 

12 
20 

150 
15 

525 
12 
9 

120 2 300 
60 1 160 
5 900 

1980 

5 185 5 103 25 000 150 000/ 
250 000 

G. T. SEABORG 

one delegate which implied that aggressive tech
niques are sometimes needed to convince con
servative financiers and utility engineers of the value 
of new developments. 

It should be noted that our projections of nuclear 
power development do not assume a break-through 
in controlled thermo-nuclear fusion or in any now
unknown energy source. Such a development is not 
on the horizon, but could occur. If fusion does 
become practical and if it is economical, I am sure 
there will be time to modify our plans. 

The subject of my second group of general 
remarks deals with reactors as we find them today 
and as we expect them to be in the future. Many 
of the delegates to this Conference view nuclear 
power in three phases, as shown in Fig. 1. 
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UroniUITI and Thonum Resources ,......_ 

THERMAL 

Var1ous Coolants 
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Figure I. Evolution of nuclear pawer reactors 

The first phase-reached in the past year or so
has been the development to economic competitive
ness of three types of reactors: the graphite 
moderated, gas cooled reactor; the heavy water 
moderated, heavy water cooled reactor; and the 
light water moderated, light water cooled reactor. 

The second phase will be the development of the 
improved or advanced converter reactors, including 
near breeders. These reactors, as indicated in Fig. 1, 
run a gamut of types-including heavy water 
moderated, graphite moderated, light water moder
ated, and even types using a variable moderation 
of heavy and light water. This phase of nuclear 
power development promises to bring greater fuel 
utilization, preparation of fuel for breeders at a 
faster rate and potentially even lower cost power 
than today's reactors. It must be recognized, how
ever, that continued improvement of the presently 
economic reactor types will probably make them 



SUMMARY OF THE CONFERENCE 385 

increasingly formidable competitors during most of 
the period when the advanced converters are being 
developed and used. 

The third phase of nuclear progress, somewhat 
concurrent with the second phase, is the develop
ment of breeder reactors. This Conference has heard 
considerable discussion of fast breeder reactors 
using the plutonium and uranium-238 fuel cycle. 
Perhaps less discussion than they merit has been 
given to thermal breeders fueled on the thorium and 
uranium-233 fuel cycle. In either case, these breeder 
reactors promise to extend by an order of magnitude 
or more the fuel utilization of our uranium and 
thorium resources since they will produce more 
fissionable material than they consume. In essence, 
they are our key to unlocking the energy stores in 
the non-fissionable but extremely abundant isotopes 
uranium-238 and thorium-232. 

It is important to note that not all delegates agree 
that these three phases can be arranged in a progres
sion from the presently economic reactors to 
improved converters capable of even greater econo
mies to a somewhat concurrent pursuit of a longer 
term program on breeder reactors. Some delegates 
feel there is no need for the intermediate converter 
phase and that nuclear power development programs 
of the respective countries should proceed directly 
to the breeder reactor phase as shown by the left
hand dashed line in Fig. 1. But the uncertainties 
still associated with the long-term economic outlook 
of breeder reactors would seem to provide a strong 
rationale for many countries to develop improved 
converters. Conversely then! are some delegates who 
feel that no appreciable effort should be expended 
on breeders at this time ~.ince the present reactor 
types and improved converters could provide 
abundant power for many decades to come. If, as 
reported to the Conference by the United Kingdom, 
it will be possible to produce uranium from sea
water at prices not higher than $20/lb of UaOs, 
this view may be considerably strengthened. 

Clearly, the Conference shows that the aim of 
all of the nations is to achieve abundant economic 
nuclear power. We are approaching this goal in 
different ways, and it appears fortunate that alter
native explorations are being made. It seems likely 
that the world's nuclear power base will for some 
time consist of a number of different systems. We 
are not likely to find a sharp cut-off point at which 
one type of reactor will cease to be useful. More
over, it is unlikely that any advanced system--con
verter or breeder -will be widely adopted if it does 
not become economical. In my opinion, we will not 
see breeders in wide use, J[or example, if the tech
nology is not advanced to the economically com
petitive stage. And, one can see circumstances in 
which breeders could only become economic if the 
price of nuclear fuel is driven up high enough. 

The proceedings here show that the emphasis on 
nuclear power development today is on units with 

capacities of about 500 megawatts of electrical 
output each. Plans for even larger units of 1 000 
electrical megawatts each are just quietly assumed. 
When we look toward the reactors for desalination 
of sea-water-one of the most remarkable future 
human benefits spilling from the cornucopia of 
nuclear energy-we consider unit sizes as large as 
2 500 MW(e). But the other end of the spectrum 
also requires attention. Not all countries can use 
power in such large blocks. Hopefully, one of the 
outcomes of the large scale development of nuclear 
power will be the advent of economic power reactors 
in the smaller sizes more suited to many of the 
developing countries. As we have heard, nuclear 
reactors below the 500 megawatt size already appear 
capable of showing economic benefits in certain of 
these countries. 

ECONOMICS OF NUCLEAR POWER 

Let me turn now to some more detailed con
siderations. I would like to consider first some 
economic aspects of the reactor types developed in 
what I have described as the first phase. Table 2 
attempts to give cost comparisons for the three 
presently developed types of nuclear power plants, 
as reported to the Conference. I feel a word of 
warning is necessary here since some in the audience 
will be tempted to compare the figures from one 
country with those of another. Without considering 
the specifics that go into making up these figures, 
it is very much like comparing apples and oranges. 
One should consider, for example, the influence on 
these estimates of such factors, varying among 
nations, as the cost of money, taxes, and the plant 
lives assumed in estimating costs. I might state it 
in another way, which I overheard during the Con
ference: these are the opinions upon which I base 
my facts. 

As you know, the cost of power from any 
generating station, nuclear or conventional, is 
generally governed by four main factors: construc
tion costs, operating costs, fixed or carrying charge 
rates, and system characteristics which determine 
the plant capacity factor. Except for the fixed charge 
rate, these subjects have been extensively discussed 

Table 2. Economics of currently designed nuclear plants 

(Data presented at Conference) 

Canada (P /10) 
France (P/37) 
USSR (P/294) 
UK (P/559) ... 
USA (P/192, P/247) . 

Approximate 
construction 
cost-$/kW 

250 
255 
255 
280 
140 

Approximate 
running cost 

mills/kWh 

1.3 
2.3 

a 

2.3 
2.8 

• USSR nuclear power costs were presented in P/294, but these 
appear to be total power costs rather than running costs. 
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in various sessions of the Conference. It is perhaps 
unfortunate that more consideration was not given 
to fixed charges, since apparently much of the con
troversy over the relative merits of various reactor 
systems stems from different assumptions regarding 
this fixed charge rate. In fact, greater efforts toward 
international standardization of the bases for com
puting nuclear power costs would probably have 
been welcomed. The work which IAEA has done 
in this field represents a commendable start. 

Technical and economic factors have restricted 
the number of reactor types that are well enough 
developed to be candidates at present for immediate 
large-scale power programs. The reported prospec
tive construction costs for the three predominant 
reactor types in the world today are only about one
half the costs of the first large reactors. 

These construction costs range from $140 to 
$280 per kilowatt, not including the value of fuel 
inventory. Running costs range from 1.3 to 2.8 mills 
per kilowatt hour. I have not attempted to combine 
construction and operating costs to arrive at total 
power costs due to the difference in fixed charge 
rates between countries. The significant fact is that 
those systems which tend to have high capital costs 
tend to have low running costs. Those countries 
which have concentrated on the development of 
reactors with low fuel costs have low fixed charge 
rates which tend to offset their higher capital costs. 
In fact, the lower carrying charges were one of the 
main reasons which made these lines of reactor 
development attractive. It speaks well for these 
reactor technologies that they have been able to 
become more competitive with other fuels in their 
own countries in spite of increases in some elements 
of the fixed charges such as the interest rate increases 
noted by both Dr. Lewis and Sir William Penney. 
This has been very severe in the case of the United 
Kingdom program where the rate of earnings used 
for economic assessment of reactor costs has risen 
from 4% in 1955 to 7~% at present. 

All three of these reactor types still have con
siderable potential for economic improvement 
through increased unit size, through multiple unit 
stations, through large-scale production by re
plication of designs, and through steady engineering 
improvements of the type that have substantially 
reduced the cost of conventional stations over the 
years. The reported improvements by the United 
Kingdom in their initial 5 000 MW(e) national 
power program based on the magnox reactors are 
illustrative of this. 

Experience has also demonstrated that many 
power reactors can operate safely at power levels 
considerably higher than their initial design ratings, 
thus substantially reducing unit costs. The Yankee 
reactor has had its power level increased from an 
initial 110 MW(e) to 175 MW(e). Reactors now in 
the design and construction stage still have this 
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"stretch capability". For example, the Oyster Creek 
plant has a minimum capability of 515 MW(e) but, 
if the expected power density is achieved in the 
core, 640 MW(e) is possible. Soviet experience with 
the first 210-megawatt unit at Novovoronezh has 
made it possible to increase the capacity of the 
second unit, which is a modernized version of the 
first, to 365 megawatts or more. As experience 
accumulates, new plants will increasingly be rated 
initially closer to their ultimate capacity. 

The reports have further indicated that there 
remains the possibility of substantial reductions in 
fuel1 cycle costs. The reductions to be achieved 
between the fuel cycle costs we have experienced up 
to now and future costs may be much greater than 
the 50% by which we have already reduced capital 
costs, although the amount of reduction will vary 
with reactor type. Fuel fabrication costs will be 
greatly reduced as we go on to develop improved 
fabrication techniques and increase the scale of the 
fabrication industry. Illustrative of this is the United 
Kingdom experience in fabricating alniost two 
million magnox elements. The French reports on 
scaling up their fabrication efforts are also note
worthy. Increases in irradiation levels, which reduce 
fuel cycle costs, are also in prospect for all types of 
reactor fuels. The recent increase of the guaranteed 
irradiation level of the magnox fuel from 3 000 to 
4 000 MWd/t illustrates the potentialities in this 
regard. 

As far as the cost of fuel itself is concerned, 
possibilities for further reductions have also been 
reported. Natural uranium prices are currently well 
below the cost of the uranium used in the early 
cores of existing reactors. The widely quoted $6/lb 
figure is probably only an upper limit at present. 
Over a period of years, lower uranium prices will 
help the economics of reactors fueled with both 
natural uranium and enriched uranium. Utilization 
of increased percentages of the uranium material 
mined, as conversion ratios increase, will also tend 
to reduce costs. However, certain of these potential 
reductions in fuel cycle costs may require some 
concomitant increase in capital costs just as the 
choice of natural uranium fueled reactors neces
sitates higher capital costs to start. 

Perhaps the most encouraging evidence that 
nuclear power costs are coming down lies in the 
projections of nuclear power growth given to this 
Conference. It appears quite certain that nuclear 
energy will play an increasing role in meeting the 
electrical power needs of many countries. The role 
of nuclear power will vary from country to country 
depending upon the extent and costs of their con
ventional resources. In this respect, the relative 
economics of nuclear power will be most important. 
The managers of the electric utility systems in all 
countries seem to insist, quite naturally, on economic 
competitiveness before they will engage in large 
scale nuclear power programs. 
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FUTURE OF NUCLEAR POWER DEVELOPMENT 

The three types of pow,;!r reactors which have 
already achieved economic status represent only a 
first step. Many reports on forthcoming converter 
reactors promise substantial improvements in eco
nomics and fuel utilization. While opinions may 
differ on the paths to pursue for the future, there 
is substantial agreement that we must develop 
improved converters to obtain these greater effi
ciencies. In looking toward ultimate future needs, 
there is also almost general agreement as to the 
need to develop breeder reactors although some 
nations like Canada support the opinion that breeder 
reactors may not be required for many years in the 
future, if at all. The general consensus, however, is 
evidenced by the program plans reported upon by 
the United Kingdom, the Union of Soviet Socialist 
Republics, France, Germany and the United States. 

A variety of improved converter reactor types 
are presently under study and development in many 
parts of the world. Some of the potential advantages 
of these reactors include such properties as high 
conversion ratios, high spedfic power with resultant 
lower fuel inventory, high temperature and high 
thermal efficiency, larger slngle unit capacity, more 
efficient use of natural uranium, thorium and pluto
nium, and a potential contribution toward ultimate 
breeding systems. In some cases, these converter 
concepts are based on design variations and exten
sions and combinations of the technology of the 
proven reactor types. In other cases, they represent 
innovations in technology. 

As an example, heavy water moderated reactors, 
long of interest to many countries, represent a class 
of reactors which has good long range -as well as 
short range potential. Reported at the Conference 
were extensions of the heavy water moderated tech
nology to designs which are under study and 
development, incorporating such coolants as gas, 
organic compounds, water and steam. The organic 
cooled, heavy water con<:ept, being developed by 
Euratom in the ORGEL ]project, the OCDRE pro
ject in Canada, the DON project in Spain, the DOR 
project in Denmark, and the recently planned 
program in the United States in connexion with 
desalting all appear to otier considerable promise, 
as do the French and Czechoslovakian programs 
using gas cooling with a heavy water moderator 
and the United Kingdom work with steam cooling. 
It is clear from the scope: of organic work planned 
that many countries have now mastered the handling 
of organics as coolants by establishing and main
taining satisfactory purity standards in the cooling 
system. 

Other examples of the evolution of advanced 
converter reactors from the present types of large 
power reactors are the spectral shift reactor design 
(employing a variable mixture of light and heavy 
water) such as the Belgian-UK VULCAIN project, 

the Swedish designs for pressurized and boiling 
heavy water reactors, the seed and blanket pres
surized water concept, and nuclear superheating. 
The experience in Sweden in achieving a very low 
heavy water leakage rate is very encouraging. The 
work in superheating appears to be particularly 
advanced in the USSR with the operation of the 
Beloyarsk power station. 

Advanced versions of graphite moderated gas
cooled reactors are also being developed leading to 
high temperature, improved fuel cycle and higher 
conversion ratio performance. The AGR and 
DRAGON projects in the United Kingdom (the 
latter a broad multi-nation effort) and the HTGR in 
the United States represent principal efforts in this 
direction. 

We find substantial development effort is also 
being undertaken with sodium-cooled reactors. The 
development of the sodium-cooled graphite-mod
erated reactor in the United States has as its prime 
objective an economic, high temperature large power 
reactor system; in addition it is also contributing 
a significant amount of sodium technol9gy which is 
applicable to the sodium-cooled fast reactor sys
tems. It is noteworthy that the Hallam Nuclear 
Power Facility in the United States, a reactor of 
this type, is the largest sodium-cooled reactor in 
operation today. Germany is developing the KNK 
reactor project which will use a sodium-cooled and 
zirconium hydride moderated reactor. The USSR 
program also indicates substantial development of 
sodium components. 

Various reports indicate that emphasis on fast 
reactors has increased spectacularly in many coun
tries during recent years. Germany, the United 
Kingdom, the United States and the USSR all have 
announced or reaffirmed their intentions to proceed 
with prototype fast reactors of several hundred 
MW(e) capacity. We have heard reports from the 
USSR and the United Kingdom on their operating 
experience with the BR-5 and Dounreay plants, 
respectively. The integrated power of Dounreay has 
reached a total of 9 080 MWd and its total electric 
power production is over 36 million kWh. Dounreay 
has been successfully demonstrated at full power 
and its continued use as a fuel test facility should 
contribute significantly to the United Kingdom's 
fast reactor program. 

It was reported that the EBR-II at the US Nat
ional Reactor Testing Station is now producing 
power. It is anticipated that this reactor, as well as 
the Enrico Fermi plant, will produce valuable 
information on fuels, components performance and 
systems reliability of fast breeders. The RAPSODIE 
fast reactor being constructed in France will give 
important data on physics behavior, including the 
kinetics of fast reactor cores. In Germany, an inten
sive evaluation is being made of the various coolants 
and systems which may be applied in fast reactor 
technology. 



388 EVENING LECTURE 

In the programs just described, major emphasis 
has been placed on the eventual use of the pluto
nium and uranium-238 cycle with which high 
breeding ratios appear feasible. Both metallic and 
ceramic fuels are being evaluated with regard to 
their potential for achieving high efficiency, low cost 
performance. This has led to the development of 
strong programs directed toward evaluation of the 
neutronics and the inherent safety of such fast 
reactor fuel systems. 

On the fuel evaluation side, we find that a series 
of experimental fuel assemblies are being irradiated 
in the UK Dounreay reactor. Fuel material also has 
been irradiated to some 6% burnup in the USSR's 
BR-5. There are firm plans to carry out sample and 
fuel subassembly irradiations in the very near future 
in RAPSODIE, FERMI, EBR-II and in the fast 
flux loop in Belgium's BR-5. The United States is 
also building a fast test reactor, FARET, in which 
valuable physics measurements will be made and in 
which small cores can be tested at high power 
densities and to high burnups. The USSR also has 
announced plans for their 60 MW(e) reactor, BR-60, 
in which it hopes to demonstrate fuel burnups in 
excess of 10%. 

To evaluate the safety of fast reactor systems, 
Doppler and sodium void coefficient measurements 
are under theoretical and experimental investigation 
in several countries. Conference papers and discus
sions indicate general agreement on Doppler coeffi
cient contributions to reactor kinetics and safety
the coefficient will be negative, large and reliable. 
Experimental work is being carried on in the critical 
facilities: ZEBRA, VERA and QUAGGA in the 
United Kingdom, ZPR-III and ZPR-VI in the United 
States, BFS in the USSR and FR-O in Sweden. A 
number of additional critical facilities are planned 
for operation within the next five years-namely, 
MASURKA in France, SNEAK in Germany, and 
ZPPR in the United States. Another planned fast 
reactor project is the Southwest Experimental Fast 
Oxide Reactor, SEFOR, which is being undertaken 
in an international partnership of EURATOM, the 
Federal Republic of Germany, the Southwest Atomic 
Energy Associates (a group of American utilities), 
the General Electric Company and the USAEC. 
SEFOR will be used to measure Doppler and 
sodium temperature coefficients on mixed plutonium
uranium oxide cores under transient conditions. 

Although the main effort in breeder reactor 
development is in the direction of sodium-cooled 
fast reactors, the reports here reflect that fast reactor 
systems which would use other coolants such as gas 
and steam are also being studied. During this Con
ference, a paper by the Swiss delegation describing 
a fast gas-cooled system and a paper on the 
evaluation of different coolant systems in Germany 
were presented. 

Work in several countries which may lead to 
thermal breeder reactors utilizing the thorium and 
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uranium-223 fuel cycle was also described. Three 
of the reactor concepts described which offer the 
potential of utilizing the important energy reserves 
now locked in thorium, and eventually of breeding, 
are the high temperature gas-graphite system, the 
heavy water system, and the seed and blanket pres
surized light water system. The potential advantages 
for thermal breeding of fluid fuel reactors, such as 
the slurry oxide or molten salt systems, were also 
noted. 

NUCLEAR FUEL CYClE 

Let me turn now to the manufacture of nuclear 
fuel, one of the most important technologies of 
nuclear power, where we find steady improvement 
through a diversity of approaches. These improve
ments have accounted for a slow, steady gain in fuel 
performance over the years, with operating tem
peratures and the heat output of each unit of fuel 
throughput becoming higher. 

While the number of separate reactor concepts 
being pursued has narrowed somewhat in recent 
years, there are still many options as to the fuel 
cycle. Uranium metals are being used in low 
exposure natural uranium systems. For water cooled 
reactors, the presently favored and most thoroughly 
proven fuel material is uranium oxide. The results 
reported to this Conference indicate that this fuel 
will continue to be favored in these reactors because 
it can sustain high irradiation exposures. A number 
of papers suggest that carbide fuels appear quite 
promising for non-water reactors. Studies of other 
compounds such as nitride, sulfide, silicide, were 
also reported. 

Stainless steel and zirconium alloys continue to 
be important cladding materials, although fuel 
designers are concerned about high temperature 
embrittlement under irradiation. Magnesium alloys 
have been serving well in low temperature gas 
cooled systems. For future applications ceramic fuel 
particles coated with carbon offer a good fuel for 
high temperature gas cooled reactors. 

In Canada, typical fuels are natural uranium 
oxide clad in zirconium with fuel exposures 
estimated at 10 MWd/kg U. In France, the pre
ferred fuel is natural uranium metal with magnesium 
alloy cladding with fuel exposures around 3 Yz 
MWd/kg U. In the USSR, the light water reactors 
use enriched uranium oxide clad in stainless steel 
alloys and will produce greater than 20 MWd/kg U. 
At the present in the United Kingdom, "adjusted" 
natural uranium metal is clad in magnesium alloy 
and produces 4 to 5 MWd/kg U. In the United 
States, a common fuel is UO:! clad in stainless steel 
or zircaloy with exposure expectations of 16 to 
25 MWd/kg U. 

A number of fluid fuel concepts utilizing molten 
salt, molten plutonium and aqueous slurries are also 
being studied and developed. These concepts are 
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very intriguing since they offer the promise of 
significant reductions in fuel cycle economics, but they 
pose formidable problems that are still to be solved. 

In view of the excellent progress experienced in 
developing long endurance fuel and reducing the 
costs of the various unit operations required to 
support the fuel cycle, it now appears that the most 
economic fuel exposure for converter type reactors 
will be in the same neighborhood as a reasonable 
integrity lifetime of the fuels. 

There were several reports on the final phase of 
the fuel cycle, spent fuel reprocessing, where there 
are a number of competing methods. At present, 
the aqueous solvent extraction process is the 
accepted means for recovery of nuclear fuels. Other 
recovery processes, such as pyrometallurgical and 
pyrochemical reprocessing are, however, advancing 
rapidly. In the end, the type of fuel will largely 
determine the most economic fuel recovery process. 

As reported, the economic recycle of the bred 
fuels-plutonium and uranium-233--can now be 
clearly foreseen. Within a few more years, pluto
nium recycle should be demonstrated in large com
mercial power reactors and it will be an important 
step in assuring the economics of the complete fuel 
cycle. Already several countries such as Belgium 
and the United States have begun experiments in 
this direction. Similarly, recycle of uranium-233 will 
follow a few years later. 

REACTOR SAFETY AND WASTE MANAGEMENT 

An important factor in the development and 
application of the peaceful uses of atomic energy 
-as important as its economic and scientific 
impact-has been the continuing concern for public 
health and safety exemplified in the emphasis on 
reactor safety and the safe management of nuclear 
wastes. 

The public has manifested concern in many coun
tries over the safety considerations associated with 
the location, design, construction and operation of 
nuclear power plants. This is only natural in view 
of the increasing number of nuclear plants actually 
being operated, built or planned, and the desire on 
economic grounds to place these plants nearer to 
electric power needs. 

Fortunately, safety has been a foremost con
sideration from the start in the development of 
nuclear reactors. The remarkable safety record which 
has been achieved by operating reactors is powerful 
and eloquent testimony to this fact and to the efforts 
and accomplishments of workers in this field 
throughout the world. For example, the United 
States has been operating reactors of various types 
for about twenty years-with an accumulation of 
over I 200 reactor years of operating experience. 
In that time, there has been no known instance of 
injury or even inconvenience to a member of the 
public outside an immediate plant site that can be 

attributed to reactor operation or a reactor accident. 
From the reports given at this Conference, it 

would appear that throughout the world a general 
reactor safety philosophy is developing for these 
nuclear reactor systems. The approach appears to be 
based largely on two related but separated and 
conservative paths. First, to prevent accidents, the 
reactor is generally designed conservatively, taking 
into account the kinetic or neutronic behavior of the 
system and the characteristics of the materials used 
in its construction, and also incorporation of redun
dant instrumentation and control systems made as 
fail-safe as possible. In addition, reactor operators 
are carefully trained and detailed plant operating 
procedures are carefully followed. Secondly, most 
power reactors are equipped with a variety of 
engineered safeguards and emergency systems to 
minimize the consequences of an accident should 
one somehow occur. For example, in some coun
tries it is common practice to enclose the entire 
reactor system in a containment structure built to 
withstand considerable pressure and with a high 
degree of leak-tightness. 

To support these policies, extensive nuclear safety 
research, development and test programs are con
ducted in almost all countries supporting reactor 
development programs. I believe we can be quite 
confident that these investigations, which cover a 
broad spectrum of subjects from reactor kinetics 
to fission product behavior and materials research, 
and in which a rather wide variety of scientific and 
technical disciplines are involved, will continue to 
contribute to nuclear energy's generally excellent 
safety record and that they will keep pace with the 
requirements of the industry as it develops. 

The concern for nuclear safety does not cease 
with the continued safe operation of nuclear reactors. 
Their radio-active wastes must also be disposed of 
safely. Significant advances during the past years in 
the handling of radio-active waste products from 
nuclear energy operations, including power reactor 
installations, were reported on here by Czecho
slovakia, France, India and the United States. There 
has been a strong impetus throughout the world for 
vigorous waste management research and develop
ment programs directed at further reduction in the 
quantities of radio-active materials being discharged 
to the environment. 

As indicated in reports by France and the United 
States; the strict management and disposal of radio
active waste at nuclear power stations is not limiting 
the development of large scale and widespread 
nuclear power generation, and it may be noted also 
that during the past years, these waste handling 
operations have not resulted in any abnormal 
release of radio-activity to the environment. Radio
activity concentrations in power reactor plant 
effluents, with no environmental dilution, have been 
in the low range of 1-3% of the internationally 
accepted radiation protection standards. 
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The disposal of certain types of solid and liquid 
low-level waste effluents to the ground was reported 
to be safe and acceptable in many countries in
cluding Canada, the United States and the USSR. 
The growth of land burial or storage sites with its 
resulting economies, have essentially eliminated 
ocean disposal as an important waste management 
operation in many nations of the world with avail
able land area. 

More than fifteen years' experience in the United 
Kingdom, the United States and the USSR with the 
improving methods of handling highly radio-active 
liquid waste from fuel reprocessing by storage in 
special underground tanks has shown such storage 
to be a safe and practical interim measure. The 
long-term usefulness of this method is limited, 
however, by the long effective life of the waste 
(hundreds of years) and the comparatively short life 
of storage tanks, estimated at several decades. Ac
cordingly, a number of countries are developing 
means to convert high level liquid waste to stable 
solids. 

After high level liquid wastes are converted to 
solids, there still exists a requirement for permanent 
storage of these solid wastes. Man-made structures 
may not be adequate to last for the hundreds of 
years that must pass before the wastes become 
relatively harmless. Underground salt formations 
appear to offer an attractive alternative site for 
solids and concentrated liquid wastes because of 
their unique geologic characteristics. Salt formations 
are dry, impermeable, have good structural strength 
and thermal conductivity, and are not associated 
with usable ground water sources. Furthermore, 
they exist in many parts of the world. Future 
development work in several countries along this 
path will be watched with interest. 

With continued attention to reactor safety and 
waste management, I firmly believe that we can 
achieve the potential benefits of nuclear power and 
at the same time protect or even improve our general 
standards of public health and safety. The increasing 
use of nuclear power may indeed help to lessen 
atmospheric pollution, a frequent result of the wide
spread use of fossil fuels. 

ADVANCES IN ENERGY CONVERSION 

To this point my remarks have been largely 
limited to the use of nuclear reactors to provide 
heat for the conventional generation of electricity. 
I turn now to the progress reported to this Con
ference in other energy conversion techniques, such 
as nuclear thermo-electric and thermionic con
version and magneto hydrodynamics which are 
opening new vistas for power generation. 

The conversion of the heat of nuclear fission 
directly into electrical energy by means of the 
thermionic emission of electrons has been demon
strated as a practical concept in the short time since 
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the last Conference. The potential of this concept 
is perhaps best indicated by the extent of the efforts 
reported by the United Kingdom, the USSR, France 
and the United States. Out-of-pile tests of converters 
with both uranium carbide and refractory metal 
emitters have shown life-times of thousands of hours. 
In-pile tests with both uranium carbide and uranium 
oxide fueled converters have operated for several 
hundreds of hours. Naturally the potential of these 
devices has stimulated materials development. As 
the technology of refractory metals is advanced to 
allow higher temperatures in reactors, the efficiency 
of thermionic devices increases to the point where 
there is more and more incentive to overcome the 
many remaining problems. 

The generation of electric power using magneto
hydrodynamic techniques is being actively pursued 
in a number of laboratories. Here again the high 
temperatures of the plasmas required pose serious 
materials problems although the use of an inert 
working fluid would reduce the severity of the 
materials problem. The closed cycle converter 
operated in conjunction with a high temperature 
gas-cooled nuclear reactor appears attractive. Pro
posals have been reported upon in this connection 
for reactors operating in the temperature range of 
1 800-2 200 oc. 

Generation of electric energy by the direct thermo
electric conversion of the decay heat of radioisotopes 
has become an established technology since the last 
Conference. The technology is now being demon
strated not only in space but also in a number of 
terrestrial applications, including weather stations, 
navigation buoys and lighthouses. The barge
mounted weather station powered by a 60-watt 
strontium-90 generator on exhibit here in Geneva 
is identical to a US station operating in the Gulf of 
Mexico. The USSR reports the successful operation 
of an automatic weather station in the middle part 
of their country powered by a 5 watt Ce144 fueled 
generator. 

The direct thermo-electric conversion of the fission 
heat of a nuclear reactor has been demonstrated. 
The efforts in the USSR which culminated in 
ROMASHKA are of great interest. This uranium 
dicarbide (UC~) fueled fast reactor, coupled to Si-Ge 
thermocouples, has been operating at about 1 800 oc 
and generating power at a level of several hundred 
watts since the middle of August. 

The United States hopes to demonstrate in the 
spring of 1965, with a developmental orbital flight 
of SNAP 1 OA, a 500-watt reactor unit also em
ploying thermo-electric power conversion. This 
uranium-235 fueled and zirconium-hydride mod
erated reactor with liquid metal coolant will weigh 
less than 1 000 pounds, including payload shielding. 
Such reactor units in larger sizes will permit future 
communication satellites to broadcast simultaneously 
several channels of television directly to individual 
homes. 
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It seems clear that reactor concepts such as 
SNAP and ROMASHKA, while receiving their 
impetus from the needs for space power, will find 
equally important roles as compact, reliable ter
restrial power sources. 

NUCLEAR DESALINATION OF WATER 

As I indicated earlier, one of the more exciting 
new applications for nuclear reactors in the desalting 
of sea water. We have heard reports of the United 
States studies for combination power and desalting 
application and the studies by Israel, Tunisia and 
Mexico. The USSR and France have presented 
interesting data on reactors for process applications 
similar to the reactors that would be required for 
desalination. We are encouraged by these reports 
to expect that one or more combination nuclear 
power and desalting installations producing millions 
of gallons per day of fresh water will be constructed 
and in operation within the next four to eight years. 

As the nations of the world develop and popu
lations increase, the economic natural water sources 
are likely to become depleted, especially in some 
geographical regions. Other areas, already deficient 
in water, will need water for development to support 
larger populations. Thus, desalting of sea water by 
nuclear energy will become more and more im
portant. What today is a matter of interest could 
well become tomorrow's necessity. 

The studies that have been undertaken to date 
indicate that combination nuclear installations will 
be able in the next few decades to produce fresh 
water and electric power at costs which may be 
attractive for many municipal and industrial needs 
throughout the world. The water from these com
bination plants may even find economic potential 
for selected agricultural use when compared with 
other alternatives in specific situations. 

The potential of nuclear energy for the combined 
production of power and desalinated water is not 
only a very fascinating peaceful use of the atom, but 
one which can provide tremendous benefits for all 
mankind. The availability of economic power and 
water could open new frontiers throughout the 
world for industrialization and increased living 
standards. To achieve these benefits, however, na
tions of the world must work together. We have 
witnessed a step in this direction just today in the 
IAEA panel meeting on desalting. During the Con
ference we also have heard of other steps such as 
the co-operative efforts between various nations to 
develop nuclear plants as a means for meeting 
future water and power needs. These steps are a 
commendable start. 

PORTABLE NUCLEAR POWER PLANTS 

Another current application of nuclear reactors is 
to supply power and heat in remote locations. We 
have heard a Soviet Union report on the 750 MW(e) 

ARBUS organic cooled and moderated package 
plant. This plant, which began operation in the 
summer of 1963, uses a carbon steel primary loop 
and pumps and auxiliaries available from the oil 
industry for lower costs, and consists of 19 packages 
each weighing not more than 20 tons. Soviet 
scientists have also described the 1 500 kW(e), 
TES-3, a pressurized water plant arranged on four 
large, tracked vehicles. United States scientists de
scribed their portable pressurized water reactors, 
using compact cores of U02-stainless steel cermet 
fuel, together with details of operating experience 
at several sites in the United States, the Arctic and 
the Antarctic. The success of these plants which 
generate up to 2 000 kW(e) in addition to a sub
stantial quantity of space heat provides the tech
nology which is applicable to any small nuclear 
power plant for remote installations, be it for 
mining, a scientific mission or for other needs. 

MARITIME NUCLEAR PROPULSION 

The hopeful outlook for the maritime application 
of nuclear power expressed in the 1958 Conference 
can now be supported by successful operating 
experience with two nuclear powered vessels. The 
USSR's icebreaker Lenin, during its nearly five 
years of operation, has demonstrated the advantages 
of nuclear power for this important service. The N .S. 
Savannah, the United States cargo-passenger vessel, 
is now completing its second European voyage and 
is also meeting expectations. 

Two other countries-West Germany and Japan 
-already have firm projects for construction of 
their first nuclear powered ships. Other countries 
such as Norway, Sweden, Belgium and the United 
Kingdom, are carrying on development in pre
paration for future projects, and the USSR an
nounced during the Conference that it expects to 
build two new nuclear icebreakers, with the first 
one coming into operation in 1971. 

Thus, with successful operating experience 
amounting to well over 100 000 miles for the two 
existing ships and with new potentially economic 
projects already under way or planned, we can have 
confidence in the ultimate success of maritime 
nuclear propulsion throughout the world. 

PEACEFUL NUCLEAR EXPLOSIVES 

The United States Plowshare program for 
developing peaceful uses of nuclear explosives has 
received considerable attention. Despite the facts 
that this program is in an early stage of develop
ment and that many data are needed before useful 
projects can be undertaken, the potential for use 
of nuclear explosives in excavation, mmmg, 
recovery of gas and oil and as a research tool 
appears promising. Significant suggestions for 
methods of international collaboration and parti
cipation have been proposed by delegates from a 
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number of nations. It is hoped that through such 
international support and cooperation nuclear 
weapon technology can be converted into a valuable 
research and engineering tool for the benefit of all 
mankind. 

RESEARCH AND HIGH FLUX REACTORS 

Although nuclear power has been the major 
focus of interest at this Conference, there has been 
considerable discussion of research and high flux 
reactors and their associated programs and of the 
applications of radioisotopes in the physical and 
life sciences. 

Conference papers suggest that the uses of newer 
research reactors fall plainly into three main kinds 
of activity: first, there is the continuing examination 
of radiation effects on materials for the construction, 
moderation and fueling of reactors. Second is the 
more fundamental and better controlled kind of 
physical research made possible by reactors designed 
to meet more specific research needs. A good 
example of this is the work reported on pulsed 
reactors. The third area is the production of radio
isotopes for medical therapy, for tracer uses, and 
now for the production of relatively large quantities 
of transplutonium elements in both the United States 
and the USSR. 

My personal bias is evident when I say that the 
prospect of performing basic and exploratory re
search on gram quantities of californium isotopes, 
hundreds of milligrams of berkelium, milligrams of 
einsteinium and up to a milligram of fermium 
produced in these reactors is one of the most 
exciting to which we have been exposed in decades. 

The shift from all-purpose to specialized research 
reactors is most clear when one considers the con
struction of high flux reactors for either materials 
testing or isotope production. In operation, or shortly 
to be in operation, are the HFIR, HFBR and A TR 
in the United States, the MP, MPR and SM-2 in the 
USSR, and the PEGASE in France. 

The desire for higher neutron fluxes has stimulated 
technological developments which have produced 
fluxes higher by an order of magnitude, or more 
in some cases, than those found in present power 
reactors, thus paving the way for further improve
ments in power reactors. Such major advances 
include the development of fuel elements and cores 
able to operate at very high power densities and 
heat fluxes. 

We have also learned how to specially tailor the 
flux in experimental areas, and through past 
experience have come to appreciate the need to 
carefully coordinate the design and construction of 
the reactor with our research needs. The new knowl
edge has resulted in such notable experimental 
facilities as fuel element testing loops in the USSR 
MR reactor and the French PEGASE reactor, the 
high temperature gas cooled loop in the United 
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Kingdom PLUTO reactor, the liquid hydrogen cold 
sink in the French high flux beam reactor and the 
liquid hydrogen moderator chamber in the British 
DIDO reactor. 

RADIOISOTOPES 

More than thirty papers at this Conference were 
devoted specifically to radioisotopes, their appli
cations and the methods by which they are produced 
or separated. If I were to include papers on sub
jects of a closely related nature, such as high flux 
reactors, stable isotopes, and the productive utiliza
tion of ionizing radiation, the number would increase 
substantially. 

It is clear that some technology associated with 
isotopes can now be found in virtually every scien
tific and engineering field. It is also one outgrowth 
of the atomic age that can be employed by all 
countries, regardless of size or state of technological 
advancement. 

In my judgment, an outstanding technical accom
plishment of the past few years-well represented 
in papers presented here-has been the effort to 
produce, separate and purify radioisotopes in 
quantities sufficient to permit their use as sources 
of thermal and radiation power. Several countries 
have reported major progress in this area. Another 
area of outstanding achievement has been the use 
of radioisotopes in medicine; this is the domain of 
what I have called "the Humane Atom". 

From the scientific viewpoint, the widespread 
establishment of neutron activation analysis as 
a standard technique for measurement of trace 
quantities of almost every element in the periodic 
table represents a contribution of immeasurable 
value to medicine, agriculture and the physical 
sciences. In fact, its application has been extended 
even to law enforcement. 

Ionizing radiation-whether the source be radio
isotopes, machines, or reactors-is finding a place 
in the processing of organic chemicals, plastics and 
other materials, in sterilization of medical supplies, 
and in the preservation of foods. 

CONTROLLED THERMO-NUCLEAR REACTIONS 

The disclosure of previously classified research 
on controlled thermo-nuclear reactions was one of 
the main features of the 1958 Geneva conference. 
We were then in an age of innocence for this 
intriguing field of research, which can lead to the 
extraction of an inexhaustible supply of energy from 
the oceans. The papers presented here show that 
we have learned a great deal in the intervening 
years. Plasma physicists now know well the hard 
scientific and engineering realities of suspending, 
squeezing and holding in space gases with tem
peratures of the order of those found in the stars. 
They have learned that the prospects for an easy 
engineering short-cut to controlled fusion are not 
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bright. They have demonstrated, to the satisfaction 
of themselves and the nuclear community, that con
trolled fusion is one of the most difficult scientific 
and engineering problems ever encountered. 

The sobering experience of the last six years 
should not, however, blind us to the truly significant 
progress that has been made. An important and 
exciting new area of fundamental science in plasma 
physics has grown up. I shall mention but three of 
the many evidences of the maturing of plasma 
physics. One is the increasing sophistication of the 
field, represented in part by the development of a 
new language which is getting beyond the com
prehension of the rest of us in the nuclear field. The 
second is the sheer size of the effort, as represented 
by the general increase in the number of scientists 
in controlled fusion research, the increased invest
ment in scientific facilities by governments, and the 
expanding literature. The number of scientific papers 
per year on plasma physics has increased about 
45 per cent since 1959, as have the number of 
workers in the field. A rough count indicates that 
work is now going on with 10 major experimental 
devices in the USSR, 14 in the United Kingdom and 
Western Europe, 4 in Japan and Australia, and 10 
in the United States. 

The most important indicator of growth, how
ever, lies in the scientific results of these years, 
contained in papers presented here. Whereas in 
1958 plasma scientists were only on the verge of 
producing fusion reactions with thermal neutrons 
truly attributable to the reaction, a number of 
laboratories today regularly produce plasma with 
ion-energies exceeding the so-called minimum igni
tion temperature. 

A usable controlled fusion reaction would require 
nuclear reactions of adequate duration, temperature, 
and density of plasma. Today, one machine may best 
approach the production of the required temperature, 
another the required duration of nuclear reactions 
and another the desirable density of plasma, but no 
one machine is capable of meeting all three require
ments. The aim now-and it is a long-range one-is 
to achieve reactions combining all of these factors 
satisfactorily in a single machine. 

An important foundation of knowledge has been 
erected on one of the most important problems of 
controlled fusion, namely plasma stability. The 
pioneering work of Ioffe in the Soviet Union on the 
confinement of plasma in a region where the 
pressure of the magnetic field is at a minimum, the 
so-called Minimum-B confinement, is to be admired. 
It is also encouraging to learn of the many new 
experiments under way to measure the limits of 
plasma stability under varying conditions, such as 
the MTSE in the United Kingdom, DECA in France, 
and the DCX-2 in the United States. 

There is a growing ability to predict plasma 
behavior. Numerous good checks between experi
ment and theory have been achieved-for example, 

in the PHOENIX experiments in the United 
Kingdom, and in the Levitron and ALICE experi
ments in the United States. Such agreements which 
did not exist in any laboratory results in 1958, are 
a strong indication of the growing maturity of plasma 
science. 

We cannot be absolutely sure that controlled 
thermo-nuclear power can be developed, although 
the general feeling at the Conference is that it will 
be accomplished at some time, perhaps before the 
end of the century. Certainly the benefit--essentially 
unlimited power for the earth's population for all 
time-is one we cannot overlook. Indeed, I agree 
with the view expressed by some delegates that the 
approximately one hundred million dollars spent 
world-wide each year in the nuclear fusion field is 
too low an investment for research with such vast 
potential benefit. 

EXHIBITS 

A word should be said about the many fine 
scientific exhibits displayed here in Geneva in con
nexion with this Third Conference. Also I am sure 
many of you were impressed, as I was, by the 
excellent quality of the scientific films prepared for 
this Conference by many of the countries. These 
will certainly be a lasting contribution. The many 
people involved in these exhibits and films should 
be congratulated for their excellent efforts. 

CONCLUSION 

In my closing remarks, I should like to depart 
again from the form of the technical progress 
summary. I wish to review some of the human 
implications, especially in an international context, 
of what has been said here. The degree of inter
national co-operation in the development of this 
coming major energy resource in the last decade is 
surely unusual, and perhaps unique, in world history. 
We can point to these conferences, to the work of 
the International Atomic Energy Agency, the variety 
of co-operative programs among nations, and to 
the nuclear assistance programs of a number of 
nations. Important specific projects are the Norway
Poland-Yugoslavia Project, the DRAGON Project, 
the SEFOR Project, and the Halden Project. Close 
at hand is CERN, one of the outstanding examples 
of international co-operation in science, which many 
of us have had an opportunity to visit during this 
Conference. 

The Conference has demonstrated many reasons 
why international co-operation must be continued 
and strengthened. The free flow of information, not 
only in science but also at the more restrictive tech
nological level, is the key to the most rapid technical 
progress for all people. 

This international collaboration practised so suc
cessfully in nuclear energy gives further strength 
to the thesis that science can serve as a common 
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ground between all nations of the world. A uranium 
or plutonium atom knows no nationality. Through 
international conferences such as this, and other 
broader and more intensive programs of exchange 
and collaboration, science may be a leading factor 
in resolving the differences which still remain be
tween countries. 

The Conference has also dramatized the fact that 
practical achievement of material well-being for the 
peoples of the developing nations rests upon this 
structure of close international co-operation. The 
Conference has again made us aware of the relative 
shortages of fossil fuels and hydroelectric potentials 
in many of these nations. For these nations to reach 
and maintain living standards presently found in the 
developed countries by the end of the century will 
require nuclear energy on a large scale. Indeed, we 
see the possibility that through nuclear power the 
developing nations may partially circumvent the long 
years of the Industrial Revolution and greatly tele
scope the time required to enter the Scientific 
Revolution upon which so many of the developed 
nations have already embarked. 

Such a hope will be illusory, however, without a 
solid foundation consisting of cadres of scientists, 
engineers and technicians as well as facilities for 
productive work. Secretary-General U Thant of the 
United Nations reminded us that "the development 
of certain scientific institutions and the training of 
at least a small number of scientists in some of the 
advanced disciplines is by no means a luxury for 
any of the new nations". 

Technologically advanced nations and the Inter
national Atomic Energy Agency have already made 
progress in training and in establishing science 
centres in the developing nations. Much more needs 
to be done by a number of the developed nations. 
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We need to find ways, especially through science 
centres, to enable trained scientists and engineers 
of high calibre to do meaningful work in their own 
countries. We have found that they otherwise 
migrate to advanced centres of science abroad. 

It is clear that these efforts should not be limited 
to nuclear science and technology. The nuclear field, 
however, has much more to offer than nuclear 
power. The breadth and attractiveness of nuclear 
science and technology make the field an excellent 
focal point for a start in broader research and 
development. We are all aware of a number of good 
examples of such beginnings with the nuclear field. 

If we are to implement the major conclusion of 
this Conference-that nuclear power will become an 
increasingly powerful force in the world's work
it will be necessary to evolve as rapidly as possible 
an appropriate world body of nuclear law. Con
siderable progress has been made in the develop
ment and application of appropriate safeguards 
under the aegis of the International Atomic Energy 
Agency. As Dr. Sigvard Eklund, Director General 
of the IAEA, told us, it is important to have accepted 
an "international safeguard system now when the 
number of power reactors is still small". The future 
growth of the international atom must be paralleled 
by the future growth of an effective safeguards 
system. 

By the turn of the century, our Conference sug
gests, more than half of the world's electricity will 
be generated by nuclear energy. Nuclear energy is, 
therefore, basic to the hope of the peoples of the 
world for a good life. If the major future energy 
base of the world continues to evolve in an environ
ment of international development and law, nuclear 
energy can be an important unifying force in a 
world of peace, security and human well-being. 

ABSTRACT- RESUME- AHHOTALJJ.11SI- RESUMEN 

Etats-Unis d'Amerique 

Resume des travaux de Ia conference 

par G. T. Seaborg 

Je commencerai par des remarques de caractere 
general portant d'abord sur les besoins mondiaux 
d'energie et sur la place qui revient a l'energie nu
cleaire parmi les autres moyens de faire face a ces 
besoins, et ensuite sur les trois phases du deve
loppement de l'electricite nucleaire qu'envisagent 
certains d'entre-nous. 

La Conference a mis en pleine lumiere le fait que 
pendant la quarantaine d'annees qui s'ecouleront 
avant la fin de ce siecle l'approvisionnement en 
energie devra augmenter dans des proportions gigan
tesques pour repondre aux besoins mondiaux. Dans 

les pays developpes, c'est la marche acceleree de la 
Revolution scientifique qui l'exige. C'est aussi une 
necessite imperieuse que de mettre les techniques 
modernes a la portee des pays en voie de developpe
ment. Comme le rappelait le Secretaire general 
U Thant dans le discours qu'il a prononce a la 
seance d'ouverture: "Le theme principal de la pre
sente Conference est l'energie d'origine nucleaire; 
et c'est la un probleme cle pour le developpement 
a long terme de plus de la moitie du monde. Pour 
que Ia consommation d'electricite par habitant dans 
les regions en voie de developpement puisse se 
comparer un jour a ce qu'elle est aujourd'hui dans 
les plus importants pays industrialises, le supplement 
d' energie necessaire a cette fin serait si considerable 
que les immenses reserves de combustibles fossiles 
et d'energie hydroelectrique de notre globe ne 
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seraient que peu de chose en comparaison ... " 
Le Dr Bhabha, de l'Inde, a remarque qu'il n'y a 

pas d'energie aussi couteuse que ]'absence d'energie. 
QueUes sont les conclusions de la Conference en 

ce qui concerne les avantages offerts par l'electricite 
nucleaire au regard de ces besoins energetiques? La 
Conference a montre que la rentabilite de l'energie 
d'origine nucleaire est en train de devenir une 
realite, mais ses avantages ne sont pas seulement 
d'ordre economique. Ils permettent aux pays de se 
servir avec sagesse de leurs reserves de combustibles 
fossiles comme de matieres premieres irrempla~ables 
et non comme de sources de chaleur. Le President 
Emelyanov a dit a la seance d'ouverture: "Les ma
tieres premieres pour l'industrie chimique, pour la 
fabrication de materiaux plastiques, de tissus, de 
cuir artificiel et d'autres produits analogues sont le 
gaz nature!, le petrole et le charbon. Le combustible 
organique est une matiere premiere pour l'industrie 
chimique. Si l'on continue a consommer le naphte 
au meme rythme que maintenant, tout le petrole sera 
bientot brUle et la chimie perdra ses sources les plus 
importantes de matieres premieres." 

QueUes raisons nous donne la Conference de 
croire en l'avenir de l'elechcite nucleaire? L'indi
cation la plus marquante des progres accomplis est 
peut-etre l'accroissement de la puissance nucleaire 
installee dans le monde: en 1955, elle n'etait que 
de 5 megawatts; en 1958, elle atteignait 185 mega
watts. Aujourd'hui, en 1964, nous approchons de 
5 000 megawatts et les perspectives sont excellentes. 
La puissance nucleaire installee totale dans le monde 
atteindra pres de 25 000 megawatts en 1970 et 
150 000 a 250 000 megawatts en 1980. 

Comme M. Tape, de la Commission de l'energie 
atomique des Etats-Unis, l'a fait observer: "Au 
cours des cent prochaines annees, l'energie nu
cleaire pourrait bien, comme l'ont fait autrefois 
successivement le bois, le charbon et les hydro
carbures, assurer plus de la moitie de la production 
nationale d'energie." 

Les indications que l'on trouve dans les memoires 
techniques du fait que l'energie d'origine nucleaire 
est sortie de la periode de preparation sont con
firmees par des discussions privees qui temoignent 
de !'apparition de la concurrence commerciale. Or, 
cette apparition est en elle-meme un signe manifeste 
de reussite du point de vue economique; je veux 
croire, d'ailleurs, qu'elle n'a pas marque trop pro
fondement les debats de la Conference. La concur
rence - quelquefois agressive - accompagne inevi
tablement le developpement economique. Son role 
est important, car elle fait baisser les prix. Il est 
peut-etre opportun de rapporter cette remarque d'un 
participant selon laquelle il est parfois indispensable 
de faire appel a des procedes agressifs si l'on veut 
convaincre les financiers et les ingenieurs des ser
vices publics trop prudents de la valeur d'une 
innovation. 

On observera que dans nos projections du deve
loppement de l'electricite nucleaire, nous n'avons 
pas emis !'hypothese d'une reussite dans le domaine 
de la fusion thermonucleaire controlee ou de l'ave
nement de quelque source d'energie encore inconnue. 
Si un tel evenement n'est pas impossible, il n'est 
pas encore previsible. Mais si la fusion entrait dans 
le domaine des choses realisables et si elle devenait 
rentable, je suis sur que nous aurions le temps de 
modifier nos plans. 

Le deuxieme groupe de mes remarques d'ordre 
general concerne les reacteurs tels que nous les 
voyons aujourd'hui et tels que nous esperons les 
voir dans l'avenir. Pour un grand nombre de parti
cipants a cette conference, le developpement de 
l'electricite nucleaire presente trois phases. 

La premiere de ces phases, atteinte vers l'annee 
derniere, a consiste a rendre economiquement com
petitifs trois types de reacteurs : le reacteur refroidi 
par un gaz et ralenti au graphite, le reacteur ralenti 
et refroidi a 1' eau lourde et le reacteur ralenti et 
refroidi a 1' eau Iegere. 

La deuxieme phase sera celle de Ia mise au point 
des types perfectionnes ou avances de reactcurs con
vertisseurs, y compris les reacteurs presque sur
generateurs. Il existe une large gamme de types 
differents de tels reacteurs, ralentis a l'eau lourde, 
au graphite, a l'eau Iegere ou meme grace a une 
combinaison variable d'eau lourde et d'eau Iegere. 
On espere que cette phase du developpement de 
l'electricite nucleaire permettra de mieux utiliser le 
combustible, de preparer plus rapidement le com
bustible des surgenerateurs et de produire l'energie 
a moindre frais qu'avec les reacteurs d'aujourd'hui. 
Toutefois, comme on continuera a perfectionner les 
types de reacteurs qui sont actuellement rentables, 
ceux-ci deviendront probablement des concurrents 
de plus en plus redoutables pendant presque toute 
Ia periode durant Iaquelle les convertisseurs avances 
seront mis au point et utilises. 

La troisieme phase, qui se confondra dans une 
certaine mesure avec la precedente, est celle de la 
mise au point des reacteurs surgenerateurs. On a 
beaucoup discute au cours de cette conference des 
reacteurs surgenerateurs a neutrons rapides, utilisant 
le plutonium et !'uranium 23 8 dans leur cycle de 
combustible. Mais on n'a peut-etre pas assez parle 
des surgenerateurs a neutrons thermiques utilisant 
le thorium et !'uranium 233. L'un comme l'autre, 
ces deux types de reacteurs doivent permettre de 
multiplier au moins par 10 !'utilisation comme com
bustible de nos reserves d'uranium et de thorium 
puisqu'ils produiront plus de matieres fissiles qu'ils 
n'en consommeront. En un mot, ils constituent pour 
nous la cle qui liberera l'energie emmagasinee dans 
!'uranium 238 et le thorium 232, nucleides qui ne 
sont pas fissiles, mais que l'on trouve en tres grande 
abondance sur la terre. 

Il importe de noter que tous les participants ne 
sont pas unanimes pour envisager ces trois phases 
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comme une progression partant des reacteurs 
actuellement rentables pour passer aux convertis
seurs perfectionnes qui permettent des economies 
encore plus grandes et a la realisation, a peu pres 
simultanee, d'un programme a long terme de reac
teurs surgenerateurs. Certains participants pensent 
que la phase intermediaire des convertisseurs est 
inutile et que les programmes de developpement de 
l'energie nucleaire des divers pays devraient passer 
directement a la phase des reacteurs surgenerateurs. 
Mais il semble que les incertitudes qui jettent encore 
de l'ombre sur les perspectives economiques a 
long terme des reacteurs surgenerateurs agissent 
fortement, pour de nombreux pays, en faveur de la 
mise au point de convertisseurs perfectionnes. 
D'autres participants encore pensent qu'il ne con
vient pas, pour !'instant, de gaspiller des efforts 
appreciables pour Ia mise au point de reacteurs 
surgenerateurs, puisque les types actuels de reacteurs 
et les convertisseurs perfectionnes pourront fournir 
suffisamment d'energie pendant encore de nom
breuses decennies. S'il devenait possible, comme l'a 
signale le Royaume-Uni, de produire de !'uranium 
a partir de l'eau de mer a des prix ne depassant pas 
20 dollars par livre de U30 8 , cette fa(fOll de voir se 
trouverait considerablement renforcee. 

La Conference a montre tres clairement que le 
but vise par toutes les nations etait de produire de 
l'electricite nucleaire en abondance et a des prix 
economiquement acceptables. Nous nous rappro
chons de ce but par plusieurs chemins et il est heu
reux que l'on ait envisage differentes solutions. II 
est probable que la base de la production mondiale 
d'electricite nucleaire consistera pendant encore 
quelque temps en plusieurs systemes differents. II est 
peu vraisemblable que l'on arrive a un point d'arret 
brutal marquant la fin de l'utilite d'un type de reac
teur. II est aussi peu vraisemblable que l'on gene
ralise !'utilisation d'un systeme perfectionne, quel 
qu'il soit- convertisseur ou surgenerateur - , s'il 
n'est pas economiquement rentable. Ainsi, a mon 
avis, nous ne verrons pas utiliser un grand nombre 
de reacteurs surgenerateurs si leur technologie n'est 
pas modifiee de fa(fOll a les rendre economiquement 
competitifs. Et l'on peut prevoir des cas ou des 
reacteurs surgenerateurs ne pourraient devenir reo
tables que si le prix du combustible nucleaire etait 
amene a un niveau suffisamment eleve. 

Les discussions de la Conference ont montre que 
la production d'electricite nucleaire s'oriente aujour
d'hui vers !'installation de groupes developpant une 
puissance unitaire de quelque 500 megawatts 
electriques. 

On admet sans sourciller des projets portant sur 
des puissances unitaires encore plus elevees, a savoir 
1 000 megawatts electriques. Lorsque nous pensons 
aux reacteurs qu'il faudra construire pour dessaler 
l'eau de mer -l'un des progres les plus remar
quables que la corne d'abondance de l'energie nu
cleaire offre a l'humanite - nous envisageons des 
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puissances unitaires atteignant 2 500 megawatts 
electriques. L'autre extremite de la gamme merite 
egalement qu'on s'y interesse. Tous les pays ne sont 
pas en mesure d'utiliser l'energie nucleaire en si 
grandes tranches. II faut esperer que l'un des resul
tats de !'expansion generale de l'electricite nucleaire 
sera !'apparition de reacteurs de puissance rentable 
mais de dimensions plus petites, comme en ont 
besoin la plupart des pays en voie de developpement. 
Nous avons entendu dire que les reacteurs nu
cleaires de moins de 500 megawatts paraissent deja 
capables de presenter des avantages economiques 
dans certains de ces pays. 

Dans mes remarques finales, j'aimerais m'ecarter 
a nouveau de Ia forme habituelle du resume tech
nique. J e voudrais examiner ce qu'implique pour 
l'humanite - et particulierement sur le plan inter
national- ce qui a ete dit a la Conference. Le degre 
de cooperation internationale qui s'est etabli pour 
le developpement de cette source de plus en plus 
importante d'energie au cours de la derniere de
cennie est certes rare, il est peut-etre meme unique 
dans l'histoire du monde. On peut mentionner a ce 
propos les conferences, l'activite de l'Agence inter
nationale de l'energie atomique, le grand nombre 
de programmes de cooperation entre divers pays et 
les programmes d'assistance en matiere nucleaire 
d'un certain nombre d'autres. Parmi les projets 
proprement dits, celui de la Norvege, de la Pologne 
et de la Yougoslavie, le projet DRAGON, le projet 
SEFOR et le project de Halden sont importants. 
Tout pres d'ici, le CERN, qu'un bon nombre d'entre 
nous ont eu !'occasion de visiter au cours de cette 
conference, est un exemple remarquable de coope
ration scientifique internationale. 

La Conference a montre les nombreuses raisons 
qui commandent de poursuivre et de renforcer la 
cooperation internationale. La cle du progres tech
nique le plus rapide pour tout le monde est la libre 
circulation de !'information, non seulement en ma
tiere de science, mais aussi au niveau - plus res
treint - de la technique. 

Cette cooperation internationale, pratiquee avec 
tant de succes dans le domaine de l'energie nucleaire, 
renforce la these selon laquelle la science peut 
servir de terrain commun de rencontre pour toutes 
les nations du globe. L' atome d'uranium, ou 1' atome 
de plutonium, ne connait aucune nationalite. Grace 
a des conferences internationales semblables a celle 
qui vient d'avoir lieu, grace a !'expansion et a !'in
tensification des programmes d'echanges et de coope
ration, la science peut devenir un element de premier 
ordre dans !'elimination des divergences qui existent 
encore entre les pays. 

La Conference a egalement mis en evidence le 
fait que l'aboutissement pratique au bien-etre ma
teriel des peuples des pays en voie de developpement 
doit s'appuyer sur une telle structure d'etroite coope
ration internationale. La Conference nous a de nou
veau rappele la penurie relative de combustibles 
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fossiles et de reserves hydroelectriques d'un grand 
nombre de ces pays. Pour atteindre vers la fin de ce 
siecle et conserver les niveaux de vie que l'on 
observe actuellement dans les pays developpes, il 
leur faudra disposer de grandes quantites d'energie 
d'origine nucleaire. En realite, nous entrevoyons la 
possibilite pour les pays en voie de developpement 
d'eviter en partie, grace a l'energie nucleaire, les 
longues annees qu'a dure la Revolution industrielle 
et de raccourcir considerablement la periode qui 
precedera le moment ou ils pourront, comme l'ont 
deja fait de si nombreux pays industrialises, s'en
gager dans la Revolution scientifique. 

Cependant, un tel espoir ne serait qu'illusion s'il 
ne s'appuyait sur une base solide, constituee de 
cadres de savants, d'ingenieurs et de techniciens 
ainsi que d'installations permettant un travail pro
ductif. Le Secretaire general des Nations Unies, 
U Thant, nous a rappele que "Ia creation de cer
taines institutions scientifiques et la formation d'un 
petit nombre au moins de specialistes de quelques
unes des disciplines les plus avancees ne sont nulle
ment un luxe pour aucune des nouvelles nations". 

Les pays a technologie developpee et l'Agence 
internationale de l'energie atomique ont deja avance 
dans cette voie en preparant des specialistes et en 
creant des centres scientifiques dans les pays en voie 
de developpement. Il y a beaucoup plus a faire pour 
nombre d'autres pays developpes. Il nous faut 
trouver les moyens, notamment, grace aux centres 
scientifiques, de permettre a des savants et a des 
ingenieurs hautement qualifies de faire un travail 
utile dans leur propre pays. Nous avons constate 
que si une telle possibilite fait defaut, ils emigrent 
vers les centres scientifiques de l'etranger. 

Il est evident que ces efforts ne doivent pas etre 
limites a la science et a la technologie nucleaires. 
Mais ces deux domaines ont a offrir bien plus que 
de l'electricite nucleaire. Leur etendue et leur interet 
en font des points de depart excellents pour d'autres 
recherches et d'autres progres. Nous connaissons 
tous quelques bons exemples de tels debuts dans le 
domaine nucleaire. 

Si nous voulons mettre en reuvre la principale 
conclusion de cette conference, a savoir que l'ener
gie d'origine nucleaire deviendra une force de plus 
en plus puissante dans l'activite du monde, il est 
necessaire de constituer aussi rapidement que pos
sible un systeme mondial adequat de droit nu
cleaire. Des progres considerables ont ete faits sous 
l'egide de l'Agence intemationale de l'energie ato
mique dans !'elaboration et !'application de garanties 
appropriees. Comme nous l'a dit M. Sigvar Eklund, 
Directeur general de 1' AIEA, il est important que 
l'on ait accepte "un systeme international de garan
ties maintenant alors que le nombre de reacteurs 
de puissance est encore faible". L'expansion 
future de l'atome international doit avoir pour 
parallele le developpement d'un systeme de ga
ranties efficaces. 

Comme nous le permet de supposer cette con
ference, vers la fin du siecle, plus de la moitie de 
l'electricite mondiale sera produite au moyen de 
l'energie nucleaire. L'esperance des peuples du 
monde en une vie meilleure s'appuie done sur 
l'energie nucleaire. Si la principale base energetique 
d'avenir dans le monde continue a se developper sur 
le terrain du progres international et du droit inter
national, l'energie nucleaire peut devenir une force 
unificatrice importante dans un monde de paix, de 
securite et de bien-etre de l'humanite. 

CoeAHHeHHble WTaTbl AMepHKH 

Pea~Me o pa6ore KOH~epeH~H~ 

rneHH T. CH6opr 

PaapelllnTe MHe Ha'laTI> c o6~nx aaMe'laHnii, 
OTHOC.H~HXCH B nepByiO O'lepe~b K MHpOBLIM llO
TpC6HOCTHM B :mepnm n K TOMY aua'leHuiO, Ko
Topoe Aonmua aaHHTh aTOMHaH auepreTnKa ~nH 
o6ecne'leHHH 3THX HY)I(A, H, BO-BTOpLIX, C TOfO, 
'lTO HeKOTOpLie H3 HaC C'IHTaiOT TpCMH <PaaaMII 
pa3BHTH.H H~CpHOH aHepreTHKU. 

Ha Kon<Pepeu~nu neo~HoKpaTiro no~qepKHBaJicH 
TOT q>ai\T, 'ITO B Te'leHHC ocT aTKa Bei\a Mupy Tpc
uycTcH orpoMHeii:mce YBCml'ICHHe AOCTYllHOii 
:meprnu. Y cKopHIO~nii:cn: TOMII nayqnoii peBomo
~HH B paaBHTLIX CTpaHaX llOTpe6yeT orpOMHbiX 
nonhlx :mepreTH'IOCI\UX pecypcoB. B TO me ·BPCMH 
Mhi Tal\me oo.aaaHLI no~H.HTh paaBHBaiO~HCCH 
CTpaHLI Ha op6HTY COBpCMCHHOii: TCXIIOnOriiH. fe
nepanhHLIH CeKpeTapb OpraHHaa~nH 06'be~HHen
HLIX Ha~Hii: Y Tau uanoMHHn naM n cnoeii: ncTy
IIHTeJlhHoii: pequ: «0CHOBHO:ii TCMOii HaCTO.H~eii 
l\ou<PepeH~HH HBnHeTCH HAepHaH 3HepreTHKa, 
HMeHHO OHa .HBn.HCTC.H 1\JIIO'ICBbiM BOIIpOCOM ~n.H 

uepcneKTHBHoro paaBHTHH 6onLIIIeii: uonoBHHbi 
MHpa. Ecnn conpeMeuuoe noTpe6neHHC ::meKTpo
:meprHH na f.IYIIIY naceneHHH B pa3BllBaiO~HXCR 
CTpaHaX f.IOBCCTH ;'.10 ypoBHH 110Tpe6JICHHH, xapaK
TepHOfO AJIH OCHOBHLIX HH)J;YCTpRaJihHhiX CTpaH, 
TO IIOTpe6yeTCH TaKOC ~OllOnHHTCnbHOe 1\0JIH'ICCT
BO aueprHR, 'ITO ~ame orpoMueii:mue aeMHLie pe
aepnLI ncKonaeMoro Tonnnna n ru~poaneKTpnqe

cKoii: 3HeprHH OKamyTC.H HH'ITOffiHblMll>>. 
,LI;-p Ba6a ll3 lfHAHH cKaaan: «HeT oonee AOPO

roCTOH~eii: :meprHR, KaK OTCYTCTBHe aHeprHH>>. 
K KaKoMy pemeHHIO npnmna Hon<PepeH~li.H oT

HOCHTCJihHO npeHMY~CCTB HCIIOJib30BaHIIH H;'~Cp

HOM :mepruu ~JIH noKpLITli.H noTpe6uocTeii B auep
I'Hn? Hou<PepeH~liH uoKaaana, 'lTo aHoHOMli'IHa.H 
IIACpHaH :mepreniKa HUXOAHTC.H Ha IIYTH CTaHOB
JICHH.H, 110 npeHMY~CCTBa ee pa3BHTHH BhlXOAHT 3a 
paMKn :monoMHKH. Onu noanonHIOT cTpaHaM pa
ayMno ucnonLaonaTh CBOH pecypcLI ucKonaeMoro 
TOIInHBa B KU'IeCTBC HC3aMCHHMOI'O CLlpbH, a He 
B Ka'ICCTBC HCTO'IHHKa TCllJia. llpe~ce~aTCJIJ, 
EMenL.HHOB oTMeTun no B cnoeii BCTYIIHTCJibHoii 
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pe'IH CJICJJ;YIOII.l;HM o6pa30M: <<ChlpbCM JJ;JIJI XHMH· 

'ICCKOH npOMhiUIJICHHOCTH JJ;JIR H3fOTOBJICHHR llJia

CTH'ICCI\HX MaTepHaJIOB, Tl\aHCH, IICHYCCTBCliHOii: 

IWmH H npoqero RBJIRIOTCJI npnpoJJ;HLie raahl, 

ue<flTL n yroJib. OpraHH'ICCKoe TOllJIHBO nnnneTcn 

ChlpbeM JJ;JIR XHMH'IecHoii npoMLIUIJiennocTn. Ec

JIH llOTpe6JIJITb ne<flTb B Tai\HX me TCMllaX, Kal\ 

:lTO HMeeT MeCTO Tenepb, TO ue<flTb CHOpo 6yJJ;eT 

eommeHa H XHMHH JIIIIHHTCH DU>HHCiiiiiHX HCTO'I

IIHI\OB CbipbR>>. 

IIocMoTpHM, HaHne ocnonaunn ,~J;aeT naM Hon

<JlepeHL\HH nonepHTb B 6yJJ;yw;ee aTOMHoii :mepre

THHU. BoaMomno, nan6onee nne•JaTJIHIOII.l;HM CBH

JJ;eTeJibCTBOM nporpecca JIBJIHeTCH poCT YCTUHOB

JICHHOii HJJ;epnoii MOII.l;HOCTH B MHpe - OT 5 Mer 
B 1955 AO 185 Mer B 1958 roJJ;y H no'ITH 

5.000 Mer B 1964 roJJ;y. IlpeKpacHhl H npomoaJ.I 

ua 6yJJ;yw;ee. B 1970 roJJ;y o6w;an MHponan Mow;

uocTL H,!l;Cplloii :mepreTHI\H COCTaBHT 01\0JIO 

25.000 Mer, a B 1980 roJJ;y oua yneJIH'lHTCH p,o 
150.000-200.000 Mer. 

KaH aaMeTHJI 'IJieH KoMncenn no a TOMHoii 

auepnm CoeJJ;nneuHhiX IllTaToB Teiin, <<B cJieJJ;y

IOm;eM CTOJICTUH HJJ;epllaH :meprHH CMOmeT, 1\31\ 

:lTO CJJ;CJiaJIH B CBOC BpeMH JJ;CpCBO, yrOJib ll mHJJ; • 

HUe yrJICBO,!l;OpOJJ;bi, OOCClle'IHTb llOJIOBHHY IIOTpe6-

IIOH cTpaue :lHtprnn>>. 

YTnepmJJ;eHHH TexnuqecHux JJ;OHJiaJJ;oB o ToM, 

'ITo HJJ;epuaH :lneprnH CTaJia «conepmennoJieT

ueii>>, IIOJJ;TBCp>HJJ;aiOTCH JJ;HCKYCCHHMH B KyJiyapax, 

OTpamaiOII\HMH HU'IUJIO 1\0MMCp'IeCHOii 1\0HHypeH

~HH. 

8TO CUMO llO ceoe HBJIHeTCH yoeJJ;HTeJibHhiM 110,!1;

TBepm~\CHHCM :liWHOMH'ICCHoro anaqeuu.R aToro JJ;e

Jia, II H XOTCJI 6bl AYMUTb, 'ITO 3TO HC JIOmHJIOCb 

THmCJILIM opCMCHCM HU 1\ou<flepCHI.\HIO. 0JJ;HUKO 

1\0HHypeHI.\IIH - HHOrJJ;a H arpCCCHBHaJI - HCH3-

uemHO COHpOBOmJJ;aCT :H\OliOMH'ICCKOC pa3BUTHC. 

Ona nrpaeT aHa'IHTCJILHYIO pOJib n nouumennH 

1.\CH. BoaMomno, yMeCTHo OTMCTHTb aaMe'Ianue 

OJJ;HOfO H3 ,IJ;CJICI'UTOB, B KOTOpOM llOJJ;paayMeBa

JIOCb, 'ITO al'pCCCHBHLIC MCTOP,bl IIHOI'L\a Hco6XOJJ;H

Mbl JJ;JIH TOfO, 'ITOObl y6eP,HTb 1\0HCCpDaTHBHbiX 

lflHHaHCHCTOB Il HHmeHepon-aHeprOTHI\OH B 3Ha

'ICHHIJ HORblX ,IJ;OCTH/HOHHii. 

Cnep,yeT TaKme aaMeTHTL, 'ITO namn npom<Thl 

pa3BHTIIH H,r.IOpHOH :mepreTHI<H HC npeJJ;yCMUTpH

HaiOT noJiomHTCJibHoro pemenHH nonpoca o upo

MbiiiiJienuoM HCl10Jib30BaHHH :lHeprHJI yupaBJIHC

MbiX TCpMOHJJ;CpHLIX peaKL\HU HJIH JIIOOOI'O JJ;pyroru 

llCH3BCCTliOl'O ,!1;0 CHX IIOp HCTO'IliHI\U :llleprnu. 

Pemenne aToii npo6neMLI n~ naxoJJ;HTCH na ropu-

30HTC, no :lTO MomeT npoHaoiiTH. EcJIH peaKI\HH 

CHUTC3a IIOJIY'IHT npai<TH'lCCI\OC paapememJe H 

tiyJJ;CT :li\OIIOMH'liiOii, H ynepell, 'ITO Mbl UYJJ;l'M 

JIMCTL BpCMH ,IJ;JIH JI3MCHCIIHH HaUIJ{X llJIUHOB. 

IIpeJJ;MCTOM BTopoii rpynnLr o6w;ux aaMe•raHHii 

.RBJIHIOTCH peai{TOpLI, Tai\HC, Hai\HC CYll~CCTBYIOT 

CCfOAliH, lf TUI<HC, 1\UI{JIMJI OHH CTallyT B UYJJ;Y

ll.l;CM. MnorHe na ACJioraTon aToii 1\on<flepeHI.\IIH 

IIH,IJ;HT Tpn <fla3LI B pH3BJITHH HL\CpHOH 3Hepre

THI\H. 

G. T. SEABORG 

llepnoii <!Jaaoii, HoTopaH 6hiJia JJ;OCTHrHyTa npH

Mepno B nporunoM roJJ;y, HBJIHCTCH ocnoenHe Tpex 

TllllOB 3I<OUOMH'ICCI\H Bhll'OJJ;HhiX peai\TOpoB: peaK

Top C rpa<flHTOBbiM 3aMCAJIHTCJieM H I'U30BbiM OX

JiamJJ;eUHCM, peai<TOp C 3aMCJJ;JICHHCM H OXJiam

,IJ;CliHCM THmCJIOH BOJJ;OH II peaKTOp C 3UMCJJ;JICliH

eM 11 oxnamL~enJieM o6LI'IHoii BOAOH. 

BTopoii <flaaoii: paaBHTHH HJJ;epuoii :lUepreTHKll 

HBJIHeTcH paapa6oTHa yny'IIIIennhlx HJIH yconep

mencTnonannhlx peai\TopoB-KonnepTepon, BKJIIO

'JaH llO'ITH peaKTOpLI-pa3MIIOmHTCJIH. 8TH peai\TO

pbl COCTUBJIHIOT ~CJIYIO raMMy THllOB, BI\JIIO'laH 

peai\TOpbi C THmeJIOBOAIIhiM 3aMeJJ;JIHTCJICM, rpa

IPHTOBbiM aaMeJJ;JIHTeJieM, aaMeJJ;JIHTeJieM na o6LI'l

noii BOJJ;bl II JJ;ame THllhl pOaKTOpOB, B 1\0TOphiX HC

l10Jib3YIOTCH nepeMellliLIC 3aMeJJ;JIHTeJIH - THme

JiaH H oobl'IllaH BOJJ;a. 3Ta <flaaa pa3BHTHH HJJ;epHoii 

:mepreTHHH o6ew;aeT nyqmee Hcnon~>aonanHe To

nmma, 6onee 6hiCTpyiO llOL\fOTOBHY TOIIJIHBa AJIH 

peaKTopon-paaMnomnTeJieii H, noaMomno, JJ;ame 6o

Jiee HH3HYIO CTOHMOCTb aueprnH, 'leM conpeMen

nhle peaHTOphl. 0JJ;Hal\o cneJJ;yeT npHanaTL, 'ITO 

UOCTOHHHOO YCOBeprneUCTBOBaHHe COBpOMCllliLI:X 

THIIOB peaKTOpOB, O'IeBHJJ;IIO, l103BOJIHT JJ;06HTbCH 

HX :lKOHOMH'ICCI\OH KOHKypeUTOCllOCOOliOCTH B TC

'lCHHC 6oJILIIIeii 'laCTH nepnoAa npeMenn, HorJJ;a 

6y,~J;yT paapa6aThiBUTbCJI H HCl10Jib30BaTbCH yco

BeprneiiCTBOBaUHhle peai\TOphi-1\0UBepTephl. 

TpeTheii <flaaoii nporpecca n HAepnoii anepre

THHe, 1\0TopaH, B03Momno, 6yJJ;eT 'laCTH'IHO COBIIa

l(aTb CO BTOpOH <flaaoii, 6yJJ;eT pa3BHTHC peai<TO· 

pon-paaMHomuTeneii. Ha aToii Kon<flepenqun MLI 

npocnyrnaJIH 6onhrnoe HOJIH'IOCTno BhlCTynnenuii 

0 peai\TOpaX-pa3MHOmiiTCJIHX C HCIIOJib30BaUHCM 

TOIIJinnnoro QHHJia Pu- U238• Bepo.RTHO B MeHh

meii CTenenH, 'IeM OHH Toro aacnymHBaiOT, o6cy

>HAaJIHCL pCUKTOpbi-pa3MliOmHTCJIH Ha TCIIJIOBhi:X 

HeHTpOHUX, OCliOBaliHbiO Ha HCl10Jib30BaHifll TOII

JJHBliOl'O QHI<Jia Th - U233 06a aTn Tuna peai<

Topon-paaMnomHTeneii o6ew;aiOT yneJIH'IHTL na 

OJJ;HH HOpHJJ;OK BCJill'Illllbl HJIH UOJiee HCl10Jib30BU

HifC TOllJIHBa ypana H TOpHH, TaK I<al\ OliH l103BO

JIHIOT uponaBeCTH oOJibiiiO JJ;CJIHII.l;HXCH new;ecTn, 

'ICM CaMU llOTpCOJIHIOT. I\opoqe I'OBOpH, OHH HII

JIHIOTCH 1\JIIO'IoM AJIH uanne•ICHHH aueprH 11, :Jana

ceuuoi'! II HCACJIHII.l;HXCH, 110 HMCIOII.l;HXCH B 1130611-
JIHH naoTonax U238 H Th232. 

Heo6xoJJ;HMo oTMCTHTb, 'ITO ne nce l\OJieraTbi 

COI'JIUCHbl C TCM, 'lTO :3TH Tpll <flaabi MOI'YT CJICJJ;O

naTb 110 BOCXOJJ;Hll.l;eii JIHHHH OT HhiHC CYI.l\CCTBYI0-

11.\HX :llWIIOMH'ICCKHX peai\TOpOB K yconepiiiCliCT

llOBHIIIIblM 1\0HBepTepaM, JJ;aiOII.l;HM 6oJiblllYIO :ll\0~ 
HOMI1IO, If AUJICC I\ liCI\OTOpoMy COBMCCTUOMY llO

HCHY AOJirocpo'InLix nporpaMM paannTHH peai<To

pon-pa3MnomnTeneii. HeHoTophle ACJieraThi C'lHTa

IOT, 'ITO HOT HC06XOJJ;HMOCTH B npoMemyTO'IHOii 

1{1aae paapaOOTI\H peaKTOpOB-1\0liBCpTepon II 'ITO 

HporpaMMbl pa3BHTHH H,!l;Cplloii 3l1Cpl'CTHI<H COOT

BCTCTBYIOII.l;HX cTpau JJ;OJimHI>I 6LITb nanpanneur.r 

uenocpeL\CTBCnno na paapaoomy peaKTopon-paa

MnomHTCJieif. Ho neonpeJJ;eJICIIIIOCTn, 1\0Tophle nee 

CIL\C CBH3<1llbl C ,IJ;OJII'OCpO'IHbiM :moHO!IfH'ICCIUIM 
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nporaoaoM peaKTopon-paaMaomuTeneil:, nepoJITIIO, 

oy~yT OCHOBHoii IIPHlJHHOi1: ,l.I;JIJI TeKyn~ero u OJIII

)I(aiirnero 6y,l.l;y~ero paaBHTHJI yconepmencTBo

naHHhiX KOHBCpTepon AJIH MHornx cTpan. Hanpo

TliB, MHOfHO ,!.1;6JieraTbl ClJliTaiOT, lJTO IIC CJICAYCT 

B HaCTOH~ee BpCMJI HanpaBJIJITb OCHOBHbiO ycn

JIHJI Ha pa3BliTliC peaKTOpOB-pa3MHOII\UTCJICii, Tal{ 

RaR HhiH6 cy~eCTByiO~He TUllbl peaKTOpOB ll 

y.TJyqrneHHhiX RounepTepon MoryT o6ecne•mTL n 

H300HJlliH aueprHIO ,l.I;JIJI MHOfHX rpHAYIU:lfX ,l.I;CCJI

THJICTHii. Ecmr, RaK no 6hmo BhiCKaaano na :noii 

KoHcf>epeHu;uu ,l.l;eJierau;Heii BenHJw6pnTanMn, 6y

lJ:CT B03MO)I(H0 npOH3BO,!J;HTh ypaH H3 MOpCKOH BO

,l.l;hl no u;eHaM He 6onee 20 AOJIJiapon aa cPYHT 

UaOs, TO aTa noaHIJ;HH 6y,l.l;eT aHa•mTeJILno ycn

JJeHa. 

J\oHcllepeHIJ;HJI JICHO TIOKa3LIBaeT, lJTO IJ;6Jiht0 

ncex cTpaH HBJIHeTCH noJiy'leHue B uao6uJIHH aKo

liOMH'IHoii H,l.l;epHoii 3Hepruu. Mhl no,l.l;xo~uM K pe

meHHIO 3TOH aa~aqu pa3JIUlJHhiMH TIYTHMU u, Be

pOHTHO, XOpOIDO, lJTO npOBO,l.I;JITCJI 8JihT6pH8TUB

HhiC HCCJIC,l.I;OB8HHJI. llo-BH,l.I;UMOMy, B OYAY~CI\1 
H,l.I;CpHaH 3HepreTHKa B T61JCHHC HCKOTOporo Bpe

MCHU 6y,l.l;eT 083HpOB8ThCJI Ha pa3JIHlJHhiX CUCTC

:MaX. BepoHTHO, Mhl He Haif,l.l;eM peaKo onpe,l.l;eJieH

Hoii TOlJKH, KOf,l.l;a O,l.I;HH H3 THIIOB peaKTOpOB 116-

pecTaHCT 6h1Th noJIC3HhiM. BoJiee Toro, Manonepo

JITHO, lJTOOhl RaRaH-TO H3 yconeprneHCTBOBaHHMX 

CHCTCM - KOHBepTep HJIH paaMHO)I(HTCJih - 6y,l.I;CT 

liiHpORO HCTIOJih30B8ThCJI, CCJIH OHa HC CTaHCT 3KO

JIOMH1JCCKH BhlfO,l.I;HOH. llo MOCMY MHCHHIO, peaK

TOphi-paa:MH0/1\HTCJIH HHKOr,l.l;a HC uaif,l.l;yT liiHpO

ROfO npHMCHCHUH, Hanpu:Mep, CCJIH TCXHOJIOfHJI 

JIC 6y,l\eT pa3BHTa ,!.1;0 3KOHOMHlJCCRH KOHKypeHTO

Cl10C06Hoii cTa,l.l;un. M :MomHo npelJ:CTannTh ce6e 

YCJIOBHH, npu KOTOphiX 6pH,!.~;Cphl MoryT CTUTL 3KO

JIOMHlJCCKU BblfO,l.I;HhiMJl, TOJibKO CCJIH IJ;Cllhl na 

1'0IIJIHBO 6YAYT nocTaTolJHo BhiCoKu. 

MaTepuaJibi H~oucf>opouu;Hu noKaahiBaiOT, •ITo n 

JiaCTOJI~Ce BpCMJI OCHOBHOC BJIHMaHHO YACJIJICTCH 

paapa60TKC KpynnLIX CTaHIJ;Hii 3JICKTpH'ICCKOii MO

~HOCThiO 500 M6r Kam,l.l;aH. PaccMaTpHBaiOTcn 

unaHhl coopymenun ,l.l;ame 6onee KpynHI>IX 3JieK

TpocTaHU:Hii aJieKTpHlJecKoii Mo~uocTLIO 1000 M 6T. 

1\or,l.l;a HlJ:CT peqh o poaKTopax ,l.I;JIH onpecueHHH 

MOpCKOH BO,l.l;hl- O,l.I;Ha H3 aaMelJaTCJILHhiX BhlfOJ~, 
HOTopyiO IIOJIYlJHT lJCJIOBC11CCTBO U3 pora JI306u

JIUJI H,l\CpHOH 3HeprHH - HMCIOTCH B BHAY CTaHIJ;HH 

MO~HoCThiO 2 500 M 6T ( aJI.). Ho ,!J;pyroii KoHeu; 

CllCKTpa TaKme Tpe6yeT BHH:MaHHJI. He BCO CTpa

Jihi MOfYT HCDOJlb30BaTh 3HeprHIO, npOH3BO,l.I;HMYIO 

TUKHMH KpynHLIMH 6noKaMu. Momuo naACHThCH, 

•ITo o~HHM ua peayJILTaTon paaBnTHH 6on:r,moi1: 

:JHepreTHKH 6y,l.l;eT DOJIBJICHHO 3KOHOMHlJOCI\H Bhl

l'O,l.I;HhiX 3HepreTH'ICCKHX peaKTOpOB MCHhiUCii 

MO~HOCTH, HpHCMJICMhiX ,l.I;JIH MHOrJIX paaDHBUIO

~HXCJI CTpaH. 1\al\ Mhl 3,l.I;CCh CJihllllUJIH, J:l,l.I;CpHLTC 

peaKTOpLI Mo~uocTLIO Meu:r,rno 500 M6r yme Mo

ryT OKU3UThCJI 3JWIIOMHqOCKJI BhlfO~HMMif 11 110-

I\OTOphlX ll3 3TIIX CTpau. 

B aaKJiroqenHe H xoTeJI ubi oTBJJe'IhCH oT JfToron 

TexnHqecKoro uporpecca. Muc xoTeJJOCh GM pac-

CMOTpCTh KOC-lJTO H3 TOfO, lJTO 6hiJIO 3,l.I;CCb CKaaa

HO, H:MeiO~ee o6Iu;eqenoneqecKoe aHa'leHHe, n oco-

6euuocTn B MC/1\lJ:YHapolJ:HOM cMhiCJie. MacrnTa6bl 

MC/1\lJ:YHapo,l.I;HOro COTPYAHHlJCCTBa n paaBHTHH 

::JTOfO OCHOBHOfO 3HCpreTHlJCCKOfO HCTO'lHHKU 6y

AY~Cf0 B DOCJIC,l.I;HHC ,l.I;CCJITHJICTHH 1mJJIJIJOTCH ACH

CTBHTCJibHO HC06hllJHhiMH H, B03MOII\HO, C,!J;HHCT

BCHHhi:MH B CBOCM po~e B JICTOpHH 'JCJIOBClJCCTBa. 

Mhl :MomeM yKaaaTh Ha aTH KoHcllepeuu;HH, na pa

fioTy Mem,l.l;yHapo,l.I;Horo areHTCTBa no aToMuoir 

:meprHH, Ha MHoroo6paaHe nporpaMM COTPYlJ:HH

'JeCTBa MC)I(AY CTpaHaMH JI Ha Jl,l.I;CpHLIC nporpaM

MLI noMO~H pH].J;a CTpaH. KonKpeTHhiMH npoeKTa

MH, HMCIO~HMH OOJlhliiOe 3H8lJCHHC, JIBJI.RIOTCJI 

upoeKT HopnerHH - llonhrna - IOrocnanuH, npo

PKT DRAGON H npoeKT SEFOR, npoeKT XanneH

cKoro peaKTopa. 1\ HUM OTHOCHTCH Tal\11\C 

CERN - OAHH ua aaMe•IaTeJihHhiX npHMepon 

Mem,l.l;yHapoAHoro COTPYAHHlJCCTBa B uayKe, - KO

Tophlii MHOl'HC H3 HUC HMCJIU B03MOII\HOCTh noce

Tll.Th no npeMH HoHIPepenu;nH. 

HoH<f>epeHIJ;HH BhiHBliJia :Mnoro npH'IHH, no IW

TophiM cJie,l.l;yeT npo,l.l;oJimaTh n ycnnunaTh :Mem,l.l;y

Hapo,l.I;Hoe coTpy~HHqecTBo. Cno6o).I;Hhii1: noTOK ne 

TOJihKO HUYlJHOH, HO H 6oJiee yaKOJl TCXHHlJCCKOii 

llHcllopMaiJ;HH JIBJIHCTCH KJIIOlJOM K HaH60Jiee Obi

C1'pOMY uporpeccy ncex napo,l.l;oB. 

8To MC/1\AYHapo,l.I;HOe coTPYAHH'ICCTBO, ocyu~ecT
BJICHHOO C ycneXOM B 06JiaCTH Jl,l.I;CpHOH 3HeprnH, 

yKa3hiBaeT Ha TO, 'ITO HayKa M0/1\CT CJIY/1\HTb 06-

IIJ;CH OCHOBOii ,l.I;JIJI COJIU)I(CHHH M0/1\,l.l;y CTpanaMH 

Mllpa. AToM ypaHa HJIH unyToHHH He auaeT ua-

1.\HOHaJibHOCTH. C nOMO~hiO TaKHX MC/1\,l.l;yHapo,l.I;

HhlX KoniPepeHu;Hii, KaK aTa, n 6naro,l.l;apH mHpo

KoMy Jl OOJiee HHTCHCHBHOMY pa3BHTHIO o6MCHa J[ 

coTPYAHHlJCCTBa HayKa Morna 6hl 6b1Tb BCAY~HM 
!J>aKTopoM n paapernenHH TPYAHOCTeii, KOTOphie 

nee eu~e cymecTnyroT Me/1\AY cTpauaMn. 

KoH(pepenu;HH TaKme no].l;qepHHyJJa TOT q>ai\T, 

'ITO npaKTH'JCCKOC ,l.I;OCTH)I(CIIHC MaTOpHaJILHOfO 

oJJarononyqnH Hapo,l.I;OB paaBHBaiO~HXCH CTpau 

aaBHCUT oT Tecuoro MC»\AYHapo,l.I;Horo COTPYlJ:HlllJC

cTBa. l\oH¢epenu;nH e~e paa uanoMHHJia HaM o6 

OTHOCHTCJlhJIOM JICJ];OCTaTKC HCJWIIaCMOfO TOUJIJI

BO II l'H,l.l;p03JICKTpHqecKHX pecypcon BO MHOI'HX 

H:J 3THX CTpaH. l-fTo6hl B 3THX CTpauax ,l.I;OCTIIfHYTh 

~KH3JICHHOfO ypoBHH, cy~eCTBYIO~ero Teneph B 

pa3BHThlX CTpaHaX, I{ 1\0HU:Y 3TOfO CTOJICTHH ll0-

Tpe6yeTCJ:I HCIIOJihaOBaTh aTOMHYIO :meprHIO B Jlllt

poHoM MacmTa6e. B ].l;eiicTBHTOJILIIocTH, HMenno 

UJiai'O)J.apH pa3BJITHIO H).I;OpHOH 3HCprCTJIJ\H Mhl BH

)J.HM B03MOII\HOC'fb, 'IT06hi paanHBaiOII~UCCH CTpa

JIJ,I xoTJI Ohi 'laCTH'JHo coKpanmu Tl' AOJII'J10 ro

llhl HpoMhlliTJICHHOH peBOJIIOI~HH H 3HClqlfTCJibUO 

11pli6Jiu:nmn ueo6xo,l.I;HMoe HM npeMH l~JIH ncTyn

JICHJfH B :moxy Hayqnoii pCBOJIIOIJ;HH, B 1\0TOpyiO 

MIIOI'IfO 113 pa3BIITLIX CTpan yme BCTYHIIJIH. 

0].1;HUI\O TUKUH HU,l.I;C)I().I;a 6y,l.I;OT HJIJII03HCH fiea 

IIa)J.C/1\HOii OCHOBhi, COCTOJI~CH U3 Hay•JHhiX KU].I;

poB liH/1\0HCpOB H TOXHliKOB, a TUI\iKC B03MOJUIIO

CTCli l~JIR llpOJI3BO,'VITCJILHOfO rpy,l.l;a. feuepam,

IIhlii CeKporapr, OpranHaau;uH 06'be,l.l;nneHHhiX Ha-
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u;uii: ¥ Tan uanoMHHJI naM, 'ITO <<OTKphiTHe oupc
~~cJieHHhlx HUY'1HLIX HHCTHTYTOB H IIOtl;fOTOBI\a IIO 
Hpaiineii: Mepe neooJibUioro Romi'lecTna y'leHLix 
B o6JiaCTH HCI\OTOphlX COBpeMeHHhiX Hay.K HH B 
I<OCM CJiyqae HC JIBJIHCTCH pOCI<Ollli>IO t(JIH JIIOOOii 
li:J MOJIO~hlX CTpaH>>. 

BLICoRopaaBHThle CTpaHhl H Mm«t~;ynapot~;noc 
Ul'CHTCTBO IIO aTOMHOH :meprHH yiKe tl;OCTHfJIH He
J\OTOpOrO rrporpecca B o6yqeHHH H B coat~;annn na
Y'1HhiX u;enTpon B paanunaiO~HXC.Ri cTpanax. E~e 
ooJibme neo6xot~;HMO ct~;eJiaTh npu noMo~H paanH
ThiX cTpan. Mhl tJ;OJiiKHhl naii:TH rryTu, n oco6en
nocTn C IIOMO~hiO Hay'IHhlX ll;CHTpOB, '1T06hi AaTb 
B03MOiKHOCTh J\BaJIH<{JHJJ;HpOBaHHhiM Y'lCHhiM If 

HHiKCHepaM BbiiiOJIHHTh 3Ha•JHTCJihHYIO paooTy B 
JIX C06CTBCHHbiX CTpaHaX, TaK KaK B IIpOTHBHOM 
cnyqae onu nepeiit~;yT na paooTy n paanHThie na
Y'lHhiC u;enTphl aa rpannu;eii. 

Hcno, 'ITO aTH ycnJIHH nc t~;OJiiKHhl orpaun'lH
naTLCH JIHUIL o6JiaCThiO HAepuoii nayKH u Texnn
RH. Ot~;HaKo Ht~;epHaJI nayxa B u;enoM MomeT t~;aTh 
6onhme, 'leM nt~;epnaH auepreTHRa. lllupoTa n 
3UMaH'IHBOCTh HtJ;CpHoii HayKH H TCXHIIKH ACJia
IOT ee aaMe'laTeJihHOii CTapTOBOH IIJIO~aAKOH AJIH 
e~e 6onee RpynnhiX HCCJICAOBaHHii n paaBHTHH. 
HaM uanecTeH u;eJihlii PHA aaMe'laTeJihHhlX npu
Mepon Ta:KHX na'lunanHii B HAepnoft o6JiacTH. 

ECJIII Mhl XOTHM CACJIUTh OCHOBHOH BhiBOA ::lTOH 
Ron<flepenu;nn - 'ITO HAepnaJI aneprnH cTaHeT 
nee noapacTaiO~eii: cnJioii: Memt~;ynapoAHOii: t~;eH
TeJihHOCTH, TO 6yt~;eT HC06XOAHMO C03t(aTh 1\aR 
MOiKHO CKopee COOTBCTCTBYIO~Hii: MCiKtJ;yHapOAHhiH 
opran Ht~;epnoro npana. 3na'1HTCJihHhiii nporpecc 
~OCTIIfHYT B pa3BHTHII H IIpHMCHCHllll COOTBCTCT
BYIO~HX cncTeM rapaHTHii: IIOA aruAoii: MeiKAY
napoAHOro areHTCTBa ITO UTOMHOH 3HeprHH. re
uepaJihHbiH AHpeKTop MAr AT8 A-P Curnapt~; 
8RJIYHJ\ COOO~HJI HaM, 'ITO O'lCHh BaiKHO IIpHHHTb 
«CliCTeMy MCiKAYHapoAHhiX rapaHTHH HMCHHO 
ceii'laC, 1\0fAa 1\0Jill'lCCTBO :mepreTH'lCCKHX peaK
TOpOB e~e HCBCJIHRO». ,[(aJihHCHIIICC pa3BHTHe 
MCiKAYHapOAHOfO aTOMa AOJiiKHO HATH rrapan
JieJihHO c 6YAY~HM pocToM a<fJ<fJeKTIIBHhlX cHcTeM 
rapaHTIIH. 

11a o6cymAeHHii na Ron<flepenu;Hn cJieAyeT, 'ITO 
B 1\0HU:C CTOJICTHH 6oJiec IIOJIOBHHhl 3JICKTpoanep
fHH B Mnpe 6yt~;eT IIpOH3BOtl;HThCH C IIOMO~hlO 
HAepnoii 3HepreTHKH. Cnet~;onaTeJibHo, Ht~;epnaJI 
auepruH HBJIHeTCH nat~;emt~;oii: napot~;on Mnpa ua 
Jiy•n11y10 iKH3Hh. EcJin ocnonnaH 6yAy~aH 6aaa 
auepreTHKll Mnpa 6yAeT npOAOJiiKaTh paanunaTL
cn n t~;yxe MCiKAYHapot~;noro paannTnH H npana, 
HAepnafl aneprnfl MomeT 6hiTL namuoii: o6'het~;n
IIHIO~eii: cnJioii B Mnpe Mupa, 6eaonacuocTu H 6na
ronony•IHH 'leJioneKa. 

Resumen de Ia Conferencia 

por G. T. Seaberg 

Estados Unidos de America 

Empezare por hacer algunas observaciones gene
rales, primero acerca de las necesidades mundiales 
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de energia y la funcion de la energia nuclear en la 
satisfaccion de estas necesidades, y segundo acerca 
de lo que algunos de nosotros consideramos que son 
las tres fases del desarrollo de la energetica nuclear. 

La Conferencia ha dramatizado el hecho de que 
el mundo necesitara durante el resto de este siglo 
enormes aumentos de la energia disponible, El ritmo 
acelerador de la Revolucion Cientifica en los paises 
desarrollados exigira nuevos y enormes incrementos 
de energia. Al mismo tiempo, necesitamos urgente
mente colocar las naciones en desarrollo en la orbita 
de las tecnicas actuales. Segun nos recordo el Secre
tario General, U Thant, en su declaracion en la 
sesion de apertura: "El tema principal de esta Con
ferenda es la energia nuclear, un problema funda
mental para el desarrollo a largo plazo de mas de 
la mitad del mundo. Si el consumo diario de electri
cidad per capita en las regiones en vias de desarrollo 
se compara con el que se observa en los paises 
mas industrializados, la cantidad de energia adi
cional necesaria sera tan vasta que empequefieceni 
incluso las inmensas reservas de la tierra en com
bustibles fosiles y energfa hidroelectrica." 

El Dr. Bhabha de la India observo que "no hay 
energia tan costosa como la falta de energia". 

d Que conclusiones parecen haberse extraido en 
la Conferencia con respecto a las ventajas de la 
energia nuclear para hacer frente a estas necesi
dades de energia? La Conferencia ha demostrado 
que la energia nuclear a precio ventajoso esta 
llegando a su mayoria de edad, pero sus ventajas 
van mas alia de la mera economia. Permiten a las 
naciones administrar prudentemente sus recursos de 
combustibles fosiles mas como materias primas 
irreemplazables que como fuentes de calor. Como 
observo el Presidente de la Conferencia, Sr. Eme
lyanov, en su discurso de apertura: "Las materias 
primas para la industria quimica, para la fabricacion 
de materiales plasticos, de tejidos, de cuero artificial, 
estan constituidas por los gases naturales, el petroleo 
y el carbon. El combustible organico es una materia 
prima para la industria qufmica. Si se sigue consu
miendo petroleo al mismo ritmo que ahora, pronto 
se habra quemado todo el que tenemos y la quimica 
perdera su fuente mas importante de materias 
primas." 

Veamos ahora de que modo la Conferencia nos 
da motivos para creer en el futuro de la energia 
nuclear. El indicia mas impresionante del progreso 
alcanzado quiza sea que la potencia nuclear insta
lada en el mundo ha pasado de solo 5 MW en 1955 
a 185 MW en 1958 y a casi 5 000 MW en 1964. 
Las previsiones para el futuro son tambien exce
lentes. En 1970 la potencia nuclear total instalada 
en el mundo seni de 25 000 MW aproximadamente 
y para 1980 esta cifra total habra aumentado hasta 
150 000 o 200 000 MW. 

Segun puso de relieve el Comisario de Energia 
At6mica de los Estados Unidos, Sr. Tape, "en el 
proximo siglo la energia nuclear puede perfecta-
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mente proporcionar mas de la mitad de la produc
cion nacional de energia, como lo ha hecho anterior
mente la madera, el carbon y los hidrocarburos 
fluidos". 

Los documentos tecnicos dan fe de que la energia 
nuclear ha llegado a su mayoria de edad, fe que se 
ha vista confirmada por las discusiones de pasillo 
que refiejan el comienzo de la competencia comercial 
en esta esfera. Esto constituye en si un serio indicia 
de exito economico y quiero creer que tal hecho no 
ha importunado excesivamente a la Conferencia. Sin 
embargo, la competencia (a veces agresiva) acom
paiia inevitablemente al desarrollo economico y 
desempeiia una importante funci6n en la disminu
ci6n de los costas. Quiza sea conveniente resaltar 
la observacion de un delegado que afirmaba que en 
ocasiones se necesitaba recurrir a procedimientos 
agresivos para convencer a financieros conservadores 
e ingenieros de empresas piiblicas del valor de los 
nuevas descubrimientos. 

Debe hacerse notar que nuestras proyecciones del 
desarrollo de la energia nuclear no presuponen la 
aparici6n de la fusion termonuclear controlada o 
de cualquier fuente de energia ahara desconocida. 
No se preve tal acontecimiento, pero puede ocurrir. 
Si la fusion se hace realidad y es barata, estoy 
seguro que habra tiempo de modificar nuestros 
planes. 

El tema de mi segundo grupo de observaciones 
generales se refiere a los reactores tal como los 
conocemos hoy y como esperamos que sean en el 
futuro. Muchos de los delegados de esta Conferencia 
consideran que la energetica nuclear atraviesa tres 
fases. 

La primera fase (alcanzada en el pasado aiio 
aproximadamente) ha sido hacer econ6micamente 
competitivos tres tipos de reactores: el reactor 
moderado por grafito y refrigerado por gas, el reactor 
moderado y refrigerado por agua pesada y e1 reactor 
moderado y refrigerado por agua natural. 

La segunda fase sera la puesta a punto de los 
reactores convertidores perfeccionados o moderni
zados, incluidos los reactores casi-reproductores. 
Estos reactores son de diversos tipos: los moderados 
por D20, por grafito o por H 20 e incluso los reac
tores que utilizan una moderaci6n variable de D20 
y HzO. Esta fase del desarrollo de la energetica 
nuclear promete mejorar la utilizacion del com
bustible, preparar el combustible para los reactores 
reproductores a un ritmo mas rapido y, en potencia, 
la produccion de energia a un costa incluso inferior 
al de los reactores actuales. Sin embargo, debe 
reconocerse que el constante perfeccionamiento de 
los tipos actuales de reactores hani probablemente 
que sigan siendo unos competidores cada vez mas 
fuertes durante la mayor parte del periodo de puesta 
a punto y en servicio de los convertidores avanzados. 

La tercera fase, en cierto modo concurrente, del 
progreso nuclear, es el desarrollo de los reactores 
reproductores. En esta Conferencia se ha discutido 

ampliamente acerca de los reactores reproductores 
de neutrones rapidos que utilizan e1 ciclo de com
bustible de plutonio y uranio-238. Se ha dado quiza 
menos importancia que la que merecen a los reac
tores reproductores con neutrones termicos alimen
tados a base del ciclo de combustible torio y ura
nio-233. En todo caso, estos reactores reproductores 
dejan prever un aumento de un arden de magnitud 
y mas del uso como combustibles de nuestras reser
vas de urania y de torio, ya que produciran mas 
material fisible que consumen. En esencia, estos 
reactores representan la Have que nos permitira 
liberar la energia almacenada en los nuclidos no 
fisibles, pero muy abundantes, uranio-238 y 
torio-232. 

Importa resaltar que no todos los delegados coin
ciden en que se puedan ordenar estas tres fases de 
modo que, empezando por los reactores que son 
economicos ahora, se llegue a convertidores per
feccionados que incluso mejoren esta economia y 
y de aqui quiza simultaneamente a emprender un 
programa a mas largo plazo de instalacioh de reac
tores reproductores. Algunos delegados han con
siderado que no es necesario pasar por la fase inter
media del convertidor y que los programas de des
arrollo nuclear de los respectivos paises deben pasar 
directamente a la fase de los reactores reproductores. 
Pero las dudas todavia asociadas a las perspectivas 
economicas a largo plazo de los reactores reproduc
tores parecen proporcionar razones s6lidas para que 
muchos paises pongan a punto convertidores per
feccionados. En cambia, otros delegados han con
siderado que por ahora no deberian consagrarse 
esfuerzos especiales a los reactores reproductores, 
puesto que los tipos actuales de reactores y los 
convertidores perfeccionados podrian proporcionar 
energia abundante durante muchos decenios. Si, tal 
como ha informado la delegacion del Reina Unido 
en la Conferencia, fuera posible extraer el urania 
del agua del mar con un costa no superior a 20 
d6lares la libra de U30s, quiza quedaria considera
blemente reforzada esta opinion. 

La Conferencia ha demostrado claramente que el 
objetivo de todas las naciones es producir energia 
nuclear abundante y barata. Nos aproximamos a 
esta meta por caminos diferentes y el que se efec
tiien exploraciones alternativas constituye un feliz 
acontecimiento. Parece probable que durante algun 
tiempo la base de la energia nuclear en el mundo 
la formaran varios sistemas diferentes. No es pro
bable que lleguemos a un punta en el que un tipo 
de reactor deje bruscamente de ser iitil. Ademas, 
tampoco es probable que llegue a adoptarse amplia
mente un tipo perfeccionado de convertidores o 
reproductores si no resulta barato. En mi opinion, 
nunca contemplaremos, por ejemplo, el empleo 
generalizado de los reactores reproductores si no se 
hace avanzar la tecnologia a la fase economicamente 
competitiva. Y podemos concebir condiciones en 
que los reactores reproductores solo podrian resultar 
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economicos si se aumentara suficientemente el precio 
del combustible. 

Estas aetas confirman que, hoy, se insiste en que 
el desarrollo de la energetica nuclear necesita cen
trales de unos 500 MW(e), dandose par sentado 
con toda tranquilidad la ejecucion de planes para 
la instalacion de centrales incluso mayores de 
1 000 MW electricos cada una. Cuando hablamos 
de los reactores para desalinizacion de agua del mar 
(uno de los mayores beneficios que puede deparar 
al hombre en el futuro la energia nuclear) situamos 
el tamaiio de las centrales en los 2 000 MW(e). 
Pero la otra cara del problema tambien requiere 
atencion. No todos los paises pueden consumir 
energia en magnitudes tan enormes. Afortunada
mente, uno de los resultados del desarrollo en gran 
escala de la energia nuclear sera la instalaci6n de 
reactores de potencia baratos, de tamaiio mas redu
cido y mas apropiados para muchos de los paises en 
desarrollo. Segun hemos escuchado, en algunos de 
estos paises se empieza ya a considerar que los 
reactores nucleares de menos de 500 MW de 
potencia pueden proporcionar ventajas econ6micas. 

En mis observaciones finales, desearia examinar 
algunas de las consecuencias para el hombre de lo 
que se ha dicho en esta Conferencia, especialmente 
dentro de un contexto internacional. El grado de 
cooperacion internacional en el desarrollo de esta 
nueva e importante fuente de energia en el Ultimo 
decenio es seguramente un acontecimiento ins6lito 
y quiza unico en la historia mundial. Podemos 
seiialar estas Conferencias, el trabajo del Organismo 
Internacional de Energia Atomica, los distintos 
programas de cooperaci6n entre las naciones y los 
programas de asistencia nuclear a algunas de aque
llas. Entre los proyectos concretos importantes figu
ran el proyecto de Noruega, Polonia y Yugoslavia, 
el proyecto DRAGON, el proyecto SEFOR y el 
proyecto HALDEN. Cerca tenemos el CERN, uno 
de los ejemplos mas destacados de la cooperaci6n 
internacional en el campo de la ciencia, que muchos 
de nosotros hemos podido visitar durante esta 
Conferencia. 

La Conferencia ha demostrado de multiples for
mas par que debe continuar y fortalecerse la coope
raci6n internacional. El libre intercambio de infor
maciones, no solo al nivel cientifico sino al nivel 
mas limitado de la tecnica, es la clave para que 
todos los paises realicen progresos tecnicos con 
la mayor rapidez posible. 

Esta cooperaci6n internacional en materia de 
energia nuclear practicada con tanto exito refuerza 
aun mas la tesis de que la ciencia puede servir de 
base comun de las relaciones entre todas las naciones 
del mundo. Un atomo de plutonio o de urania no 
tiene nacionalidad. A traves de Conferencias inter
nacionales como esta y de otros programas mas 
amplios e intensos en materia de cooperaci6n y de 
intercambio de informaciones, la ciencia puede ser 
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un factor principal de superacion de las divergencias 
todavia existentes entre los paises. 

La Conferencia tambien ha dramatizado el hecho 
de que el lagro practico del bienestar material de 
los pueblos de los pafses en desarrollo descansa en 
esta estructura de estrecha cooperacion interna
cional. La Conferencia ha vuelto a infundir en 
nosotros la conciencia de la escasez relativa de com
bustibles fosiles y de recursos hidroelectricos en 
muchos de estos paises. Para alcanzar y mantener 
a finales de siglo niveles de vida similares a los 
existentes actualmente en los paises desarrollados, 
aquellos paises necesitanin energia nuclear en gran 
escala. Ciertamente, creemos en la posibilidad de 
que, a traves de la energia nuclear, las naciones en 
desarrollo puedan evitar parcialmente el largo 
periodo que duro la Revoluci6n Industrial y acortar 
considerablemente el tiempo que necesitarian para 
entrar en la era de la Revolucion Cientifica, en la 
que han entrada ya muchas de las naciones des
arrolladas. 

Sin embargo, tal esperanza sera ilusoria si no se 
asienta sabre bases firmes constituidas por cuadros 
de hombres de ciencia, ingenieros y tecnicos y por 
instalaciones para realizar un trabajo productivo. 
El Secretario General de las Naciones Unidas, 
U Thant, nos recordo que "el establecimiento de 
un cierto numero de institutos cientificos y la forma
cion de un pequeiio numero, cuando menos, de 
cientificos en algunas de las disciplinas avanzadas 
no constituye en modo alguno un lujo para ninguna 
de las nuevas naciones". 

Tecnicamente, las naciones avanzadas y el Orga
nismo Internacional de Energia Atomica han hecho 
ya progresos en materia de formaci6n y de creacion 
de centros cientificos en las naciones en desarrollo, 
pero las naciones desarrolladas deben todavia hacer 
mucho mas. Necesitamos encontrar metodos, espe
cialmente a traves de los institutos cientificos, que 
permitan a hombres de ciencia e ingenieros con 
grandes calificaciones efectuar un trabajo util en 
sus propios paises, pues hemos comprobado que, 
de lo contrario, se marchanin a trabajar en institutos 
cientfficos avanzados de otros paises. 

Es evidente que estos esfuerzos no deben limitarse 
a la ciencia y a la tecnica nucleares. Sin embargo, 
la ciencia nuclear puede ofrecer muchas mas cosas 
que la energia nuclear. La envergadura y la atrac
cion de la ciencia y de la tecnica nucleares hacen de 
esta esfera un excelente punto de partida para 
iniciar investigaciones y desarrollos mas amplios. 
Todos conocemos unos cuantos y buenos ejemplos 
de tales comienzos en el campo nuclear. 

Si vamos a aplicar la principal conclusion de esta 
Conferencia, a saber: que la energia nuclear se con
vertira en una fuerza cada vez mas poderosa para 
llevar a cabo los trabajos de nuestro mundo, sera 
necesario elaborar lo mas rapidamente posible un 
cuerpo de leyes nucleares apropiado y de ambito 
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mundial. Se han hccho ya progresos considerables 
en el desarrollo y aplicaci6n de salvaguardias ade
cuadas bajo Ia egida del Organismo Internacional 
de Energia At6mica. Como nos dijo el Dr. Sigvard 
Eklund, Director General del OlEA, es importante 
haber aceptado un "sistema intcrnacional de salva
guardias ahora, cuando todavia el numero de reac
tores de potencia es pequeiio". El desarrollo futuro 
del atomo internacional debe ir acompaiiado del 
futuro desarrollo de un sistema eficaz de salva
guardias. 

Segun se desprende de Ia Conferencia, a la vuelta 
de este siglo mas de Ia mitad de la electricidad 
producida en el mundo sera generada mediante la 
energia nuclear. Por tanto, esta constituye la espe
ranza de una vida mejor para todos los pueblos del 
mundo. Si la base principal de la energia mundial 
en el futuro sigue evolucionando en un ambiente 
de desarrollo y de legislaci6n a escala internacional, 
la energia nuclear puede ser una fuerza importante 
de unificaci6n en un mundo de paz, de seguridad y 
de bienestar humano. 
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NARRATIVE OF THE EXHIBITS 

By arrangement with the local authorities, the 
Palais des Expositions, situated in the heart of the 
city of Geneva, was rented to house the exhibits of 
the eighteen countries taking part in the Govern
mental Scientific Exhibition which was organized in 
conjunction with the Conference. Some 33 000 m2 

of the total floor area of this building were reserved, 
of which 7 627 m2 were taken up by the national 
exhibits, the remaining space providing the necessary 
foyers and passageways, exhibit storage, a covered 
car park, reception areas, delivery points and the 
administrative offices. A mobile fire picket, first-aid 
post, restaurant and bars were also installed. The 
Swiss customs authorities made the Exhibition area 
a free zone to facilitate the expeditious and con
venient clearance of exhibitors' consignments on 
entry and exit. 

The technical preparations for the Exhibition, the 
provision of common services to the exhibit stands 
and day-to-day administration were entrusted by 
the United Nations to the Geneva "Atoms for 
Peace" Foundation, whose Secretary-General headed 
a Technical Administration appointed and equipped 
for this purpose, working under general United 
Nations supervision. The entire costs of the hire of 
the building, common services and administration 
were met by the exhibiting governments in propor
tion to the amount of stand space occupied by each. 

The Scientific Exhibition was opened to parti
cipants in the Conference on the afternoon of 
Sunday, 30 August, when the Secretary-General of 
the United Nations, accompanied by senior officers 
of the Headquarters Staff and of the European 
Office, the President of the Conference, members 
of the Scientific Advisory Committee, the Director 
General of IAEA and members of his staff and the 
Scientific Secretariat, civic dignitaries of the State 
of Geneva, and members of the Conference Secre
tariat made an informal tour of the exhibits. The 
Exhibition remained open until 10 September, the 
general public being admitted on most afternoons. 
Altogether, some 23 000 people visited the Ex
hibition. IAEA also mounted a pictorial panel 
display illustrating its present and future activities, 
together with an exhibit of its technical publications 
in the Palais des Nations. No commercial exhibition 
was held as in 1958. National exhibits were designed 
to illustrate the main theme of the Conference, i.e., 
the technology of nuclear power in general and the 
development of nuclear reactors for the generation 
of electrical power in particular. They were also 
closely related to the papers presented to the Con-
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ference by their respective delegations. The Ex
hibition was linked to the Conference meetings and 
film screenings in the Palais des Nations by a 
special transport service running between the two 
buildings. 

AUSTRALIA 

The exhibit was presented by the Australian 
Atomic Energy Commission to illustrate photo
graphically some of the progress being made in its 
current research programme. This comprises mainly 
a study of the technical and economic fe~sibility of 
a high-temperature, gas-cooled, beryllium oxide 
moderated power reactor, for which an all ceramic 
pebble-bed type core is being investigated, with the 
fuel elements consisting of spheres of beryllium 
oxide, approximately one-inch diameter, containing 
uniformly dispersed fissile and fertile materials. 
Commercial plutonium oxide and thorium oxide are 
being considered for the fuel cycle. 

Entrance to the Australian stand 

General view of the Australian stand 
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A major part of the Commission's programme 
has been concerned with materials research, parti
cularly in the testing and fabrication of irradiated 
and unirradiated materials. This work has now 
reached an advanced stage. 

Large colour and black and white photographs 
showed some of the related research facilities at the 
Commission's Research Establishment at Lucas 
Heights, near Sydney, New South Wales; and related 
electron micrographs, in some cases enlarged up to 
390 000 times the original specimen, gave some of 
the results which have been obtained in experiments 
using beryllium oxide. 

A photo mural, 30 ft by 16 ft, indicated the full 
layout of the AAEC Research Establishment in 
Australia, where the exhibit was designed and the 
photographic enlargements prepared. 

AUSTRIA 

Among exhibits shown on the Austrian stand 
were two pieces of apparatus of special interest. One 
consisted of gamma spectroscopy equipment using 
a cooled semi-conductor detector in a Compton 
coincidence arrangement with 18 keV (full width 
at half maximum) energy resolution for the non
destructive measurement of spent fuel burn-ups 
based on the intensity of the caesium-13 7 gamma 
line. Measurement accuracy is expected to be within 
15 per cent of the actual burn-up. The other was 
a device for the measurement of the velocity and 
direction of flow of underground water streams in 
well-defined depths down to 300 m. The latter 
device requires only a single bore hole, 2 to 3 
inches in diameter, and it has proved its worth 
during three years of field service. 

General view of the Austrian stand, showing in the foreground mobile 
equipment for burn-up measurement 

Austrian exhibit of a device to measure velocity 
and direction of the flow of underground 

streams 

Other items included a megarad irradiation equip
ment for liquids and gases with strontium-90-titanate 
foils protected by 0.075 mm stainless steel used as 
an irradiation source, thus providing a very compact 
device which requires only a minimum amount of 
shielding; and a model of one of the six forced 
circulation steam generators for the OECD high
temperature gas-cooled reactor project DRAGON, 
a compact design featuring multi-start helical coils 
and an integrated combined by-pass and isolation 
valve. There were also semi-finished and finished 
products of molybdenum, tantalum, niobium and 
tungsten (shielding blocks for irradiation sources, 
tubes and sheets). 

BELGIQUE 

La participation beige a !'Exposition scientifique 
gouvernementale avait pour but de mettre !'accent 

sur certains aspects des activites nucleaires en 
Belgique, en ce qui concerne notamment la con
ception et la construction des reacteurs, la plupart 
des operations du cycle de combustibles, l'etude 
de materiaux nucleaires, la construction d'equi
pements specialises et !'utilisation des radio
elements. 

Le stand beige comportait notamment: 
Une maquette du Centre d'etude de l'energie nu

cleaire (CEN, Mol), donnant une idee d'ensemble 
des laboratoires, et notamment des quatre reacteurs 
de recherche (BRl, BR2, BR02 et VENUS) et de 
la centrale pilote de puissance [BR3, reacteur a eau 
pressurisee, 11,5 MW(e)]. 

Une maquette de BR2, le reacteur d'essais de 
materiaux, dont Ia conception originale et le flux 
de neutrons tres eleve (de l'ordre de IOU n/cm~ s) 
font actuellement un des outils d'essais les plus 
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modernes du monde. Ses performances permettent, 
entre autres, l'essai de combustibles au taux de com
bustion pousse et l'etude des degats radiatifs dans 
les materiaux les plus divers. 

Un ensemble de panneaux, diapositive animee, 
maquettes, relatifs au projet anglo-beige de deve
loppement du reacteur VULCAIN. Ce reacteur [20 
a 50 MW(e)], qui est base sur le principe de la 
moderation variable et sur une disposition extreme
ment compacte du cycle primaire, est destine a des 
applications terrestres et maritimes. 

Un aper~u des activites d'Eurochemic, societe 
europeenne pour le traitement chimique par la 
methode aqueuse des combustibles irradies, dont le 
siege social est etabli a Mol et dont la Belgique 
fait partie. 

Un aper~u des recherches entreprises depuis 
1956 en vue de developper la technologic du pluto
nium et plus particulierement les oxydes mixtes 
U02-Pu02. 

Des echantillons d'elements de combustible pour 
reacteurs d'essais des materiaux et pour reacteurs 
de puissance. A cette occasion, certaines techniques 
particulieres en soudage, coextrusion, retreint, etc., 
etaient illustrees par des exemples. 

Des appareillages de mesure des radiations et des 
radioisotopes. 

Un echantillonnage d'activites dans le cadre du 
traitement d'UF6 enrichi et appauvri; dans le do
maine de !'uranium naturel etaient notamment 
exposes des sels et des metaux sous forme de 
!ingots, billettes, barres, plaques, tubes et spheres. 
On pouvait en outre remarquer des boutons d'ura
nium metal permettant desormais de produire de 
petits !ingots d'uranium dans des conditions tres 
economiques, grace a un procede de transformation 
directe d'UF6 en UF4. 

Des equipements divers pour reacteurs, tels que: 
une vanne de circuit primaire pour reacteur PWR 
et un systeme de commandes de barres de controle. 

Translation 

BELGIUM 

The Belgian participation in the Governmental 
Scientific Exhibition was aimed at emphasizing 
certain aspects of nuclear activities in Belgium, in 
particular the design and construction of reactors, 
most of the operations in the fuel cycle, the study 
of nuclear materials, the construction of specialized 
equipment and the utilization of radio-elements. 

The Belgian stand included the following: 
A model of the Nuclear Energy Study Centre 

(CEN, Mol), giving a general idea of the laboratories 
and particularly of the four research reactors (BRl, 
BR2, BR02 and VENUS) and of the Pilot Power 
Station [BR3 pressurized water reactor, 11.5 
MW(e)]. 

A model of BR2, the material test reactor, whose 
original design and very high neutron flux (of the 

le stand de Ia Belgique, montrant le Centre de Mal et un proto· 
type de bateau dote d'un reacteur VULCAIN 

The Belgian stand, showing the Mol Centre and a model of the 
rear section of a prototype ship equipped with a VULCAIN reactor 

Vanne en acier inoxydable pour le circuit primaire de Ia centrale 
SENA 

Stainless steel valve for the primary circuit of the SENA reactor 

Cellule destinee au programme de developpement des combustibles 
au plutonium et une diapositive animee du reacteur VULCAIN 

A glove box used in the plutonium fuel development programme 
and an animated flow diagram of the VULCAIN reactor 
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order of 101" n/cm2 s) make it at present one of 
the most modern testing instruments in the world. 
Its performance permits, inter alia, of testing fuels 
with a high burn-up and of studying radiation 
damage in the most varied materials. 

A series of panels, an animated slide, and models 
connected with the Anglo-Belgian project for the 
development of the VULCAIN reactor. This reactor 
[20-50 MW(e)], which is based on the principle of 
variable moderation and on an extremely compact 
arrangement of the primary circuit, is intended for 
land and sea applications. 

A survey of the activities of Eurochemic, Euro
pean company for the chemical treatment of irra
diated fuels by the aqueous method, the head
quarters of which are at Mol and of which Belgium 
is a member. 

A survey of the research undertaken since 1956 
with a view to developing plutonium technology and 
particularly U02-Pu02 mixed oxides. 

Samples of fuel elements for material test reactors 
and power reactors. In this connexion, certain special 
techniques of soldering, co-extrusion, contraction, 
etc., were illustrated by examples. 

Apparatus for measuring radiation and radio
isotopes. 

A sample of activities in connexion with the treat
ment of enriched and depleted UF 6 ; in the case of 
natural uranium, there were exhibits of salts and 
metals in the form of ingots, billets, rods, plates, 
tubes and spheres. Using the method of direct con
version of UF6 to UF4 , buttons of uranium which 
are shown can be economically produced and from 
them small uranium ingots can be made. 

Sundry equipment for reactors, such as a primary 
loop valve for a PWR reactor and a drive system 
for control rods. 

CANADA 

The development of economic nuclear power in 
Canada was the dominant theme of the Canadian 
exhibit. 

A diagrammatic panel showed the preliminary 
design of the Pickering Generating Station, a miiiion
kilowatt (electrical) station to be built on the shore 
of Lake Ontario, near the easterly boundary of 
metropolitan Toronto. The Pickering station will 
have two CANDU-type reactors, one of which will 
go into operation in 1970, and the other the fol
lowing year. Like the CANDU reactor in the 
Douglas Point Nuclear Power Station, the Pickering 
reactors will use natural uranium for fuel, heavy 
water for moderator, and heavy water for coolant. 

The nuclear power section included a model of 
the Douglas Point Nuclear Power Station as a whole; 
a one-eighth scale model of the CANDU reactor; 
and an actual section of a CANDU pressure tube, 
showing details of the end fitting, the end shielding, 
and fuel bundles in place. The Douglas Point station, 

which is being built on the shore of Lake Huron, 
will have an electrical output of 200 000 kW. 

The Nuclear Power Demonstration Station (NPD) 
-the 20 000 kW (electrical) prototype for Canadian 
power reactors-was represented in the exhibit by 
a large cutaway model of the station as, a whole, 
a section of an actual pressure tube and panels of 
photographs. NPD went into full-power operation 
in June 1962. The station was built as a co-operative 
project of Canadian Nuclear and Electronics Indus
tries and the Hydro-Electric Power Commission of 
Ontario. Like the CANDU reactor, the NPD reactor 
has horizontal pressure tubes, a heavy-water natural 
uranium system, and on-power bi-directional fuelling 
which is carried out by two remotely-controlled 
fuelling machines. 

A large preliminary architect's drawing gave 
details of the Rajasthan Atomic Power Project. This 
station, practically a duplicate of the Douglas Point 
station, is being built by the Government of India 
near Rana Pratap Sagar in Rajasthan. State. 
Canadian nuclear power industrial interests are 
responsible for the design of the nuclear portion of 
the station, which is to go into operation in 1969 
with an electrical output of 200 000 kW. 

Fuel development in Canada was shown with 
sections of NRX and NRU fuel rods, and actual 
fuel bundles of the NPD and the Douglas Point 
stations. Other sections of fuel indicated the various 
lines of development being followed in Canadian 
fuel production. Also illustrated were specimens of 
industrial design and development work of various 
fuel manufacturers. 

Canadian interest in the heavy-water moderated 
and organic cooled type of power reactor was 
demonstrated by a detailed scale model of the 
Whiteshell Reactor No. 1 (WR-1). This engineering 
test reactor is being constructed near the newly-built 
town of Pinawa, Manitoba, about 65 miles north
east of Winnipeg. WR-1, a highly flexible test 
reactor for advanced power reactor concepts, has 
pressure-tube type fuel channels that can be grouped 
and fed with different coolants. The reactor will be 
used to carry out large-scale experiments on fuel 
channel designs and fuelling systems. It will have 
a heat output of 40 000 kW when it goes into 
operation in 1965, with initial use of only 37 of 
the 55 fuel channels. 

Among exhibit items showing Canadian work on 
advanced power reactors was an engineering scale 
model of the Advanced Water Systems Loop in the 
NRU reactor at the Chalk River Nuclear Labora
tories. Flow diagrams showed systems for testing 
various types of cooling: pressurized water, boiling 
water, fog and steam. 

Canadian uranium resources, whose known 
reserves represent about 3 7% of the total among 
those countries that have published reserve statistics, 
were shown by tables, a resources map, and samples 
of the vein-type ore from the Beaverlodge area 
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Scale model of the CANDU reactor of the Douglas Point Nuclear 
Power Station, in the nuclear power section of the Canadian 

exhibit 

Model of the Whiteshell Reactor No. (WR-1) at Pinawa, 
Manitoba 

Section of an NPD reactor pressure tube showing the end fitting, 
end shielding and fuel bundles in place 

A display of irradiators, including a model of the truck-mounted 
cobalt-60 irradiator used for the processing of potatoes 

Model of the 200 000 kW(e) Douglas Point Nuclear Power Station, 
with a picture of the calandria (left background) 
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(Saskatchewan), the conglomerate-type ore from the 
Elliot Lake area, and the pegmatitic-type ore from 
the Bancroft area (Ontario). Also displayed were a 
variety of the products of uranium refining at Port 
Hope, Ontario. 

The long-term dimensional stability of the metals 
used in reactor components is one of the factors 
that has to be considered when the design stresses 
for these components are set. The exhibit showed 
details of a machine developed to obtain creep data 
for metals under irradiation in reactors. Two such 
machines have been operated successfully in the 
NRX reactor. 

Research activities were illustrated by panels of 
photographs and diagrams on studies of solids by 
means of thermal neutron inelastic scattering, 
kinetics of fission measured by time-of-flight experi
ments, and studies associated with an electro
magnetic isotope separator used to separate isotopes, 
either to study their nuclear properties or to provide 
an energetic beam of carrier-free radio-active atoms 
for tracer studies and range measurements. 

Practical applications of radio-active isotopes, 
developed by commercial enterprise in Ottawa, were 
shown by an actual Theratron cancer therapy 
machine and by models of a variety of irradiators 
for research and industry. Irradiator models using 
cobalt-60 sources included a Gammacell, into which 
are inserted small samples for gamma irradiation, 
and a Gammabeam, which is used in a shielded 
room to irradiate batches of material placed around 
the unit. 

A small-scale model depicted the truck-mounted 
irradiator which has travelled to various warehouses 
in eastern Canada to irradiate potatoes on a trial 
basis. An animated model of a commercial-scale, 
conveyor-type irradiator showed a plant in use for 
the sterilization of medical supplies, and being built 
for large-scale irradiation of potatoes. 

CZECHOSLOVAKIA 

The main theme of the Czechoslovak exhibit dealt 
with the 150 MW(e) power station which is under 
construction at Bohunice, in Slovakia, and included 
the following exhibits: 

( 1) A full-scale model of the upper ring of the 
pressure vessel of the first Czechoslovak power 
reactor, made by the Power Department of the 
Skoda Works at Plzen (Pilsen). The pressure vessel 
itself is a vertical cylinder with a hemispherical 
bottom and removable cover. The vessel is made of 
special carbon steel and varies in thickness from 150 
to 300 mm. Its total weight is given as 600 tonnes. 

(2) Full-scale specimens of the electric-slag and 
electric-arc welded joints of the pressure vessel. 

(3) Full-scale samples of selected parts of the 
pressure vessel subjected to destruction on the 6 000 
tonne capacity tensile machine installed at Plzen. 

Pressure vessel of the first Czechoslovak nuclear power reactor 
at Bohunice 

Pressure vessel electric-slag welded joint 

Pressure vessel electric-arc welded joint 
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( 4) Microsamples of the pressure vessel material. 
The exhibits illustrated Czechoslovakia's capacity 

for development of its nuclear power industry. The 
Czechoslovak nuclear power programme is based 
on natural-uranium fuelled, heavy-water moderated, 
gas-cooled reactors. The demonstration prototype, 
150 MW(e) HWGCR, is under construction, and 
the completion of the first Czechoslovak nuclear 
power plant will be of key importance to the further 
development of the nuclear power industry. The 
basic scientific and technical problems of all sections 
of the station have been solved. 

Experience gained in the research and design of 
the first power plant, and further studies which have 
been undertaken, suggest that this type of reactor 
and the general concept of its installation are 
progressive and capable of further development. 

DENMARK 

The Danish exhibit occupied an area of 132 m2 

and contained a variety of specimens and models. 
In the field of health physics were displayed an 
automatic sample changer designed for the measure
ment of f3-activity of solid samples, the detector 
being a gas-flow anti-coincidence Geiger counter 
with a very low background; a fully transistorized 
hand-and-clothes monitor designed for checking 
persons on leaving radio-active areas; a compensated 
ionization chamber designed for food monitoring 
in disaster situations, the instrument needing a 
minimum of maintenance and being easy to operate 
by relatively unskilled personnel; and a portable 
contamination monitor for the measurement of con
tamination on surfaces and on objects, the instru
ment being transistorized, battery and mains 
operated. Isotopes were represented by a set of 
sealed radio-active a, f3 and y sources for educa
tional use, the sources being strong enough to 
demonstrate the most important properties of radio
active radiation, while still being so weak that the 
National Health Service has approved them for 
general distribution. 

Neutron counting was illustrated by a model of 
a thermal neutron counter using the He3 (n,p) H3 

reaction for measuring neutron density in a thermal 
beam. A method of waste treatment was shown in 
a plan of the Riso waste treatment plant, together 
with a model of the special Rolf Andersen eva
porator used for decontamination of radio-active 
effluent. The exhibit also included a model of the 
High Power Density Rig which has been designed 
in co-operation with the OECD DRAGON Project 
for irradiation of fissile materials in Pluto-type 
reactors. 

Metallurgy occupied a major position in the 
presentation of exhibits, which comprised an 
apparatus for creep-burst testing of tubes at elevated 
temperatures under internal pressure, and some 

A general view of the Danish stand, showing, among ather 
exhibits, plans af the Risa waste treatment plant 

samples of blended aluminium powder products. 
There were also samples of welded end caps on 
SAP-materials used as fuel-element cladding. As 
well as exhibits, there were different photographs 
from Riso departments showing certain specialized 
work such as the cutting of spent fuel-elements, 
work in hot cells, and so forth. A cinema showed 
the film "A New Reality", which is the Danish 
contribution to a series of educational science films 
produced with the support of the OECD. On the 
basis of Niels Bohr's theories, the Danish film 
illustrates, among other things, through experiments 
with models and light, the revolution in man's con
ception of nature that has been brought about by 
atomic physics. Statens Filmcentral (The Danish 
Government Film Office) produced "A New Reality" 
for Dansk Kulturfilm in co-operation with the Inter
national Council for Educational Films and with 
the support of the Carlsberg Foundation. 

FEDERAL REPUBLIC OF GERMANY 

The German exhibit occupied an area of 607 m2 • 

It portrayed the activities of the Federal Republic 
in relation to the topics of the Conference, and was 
divided into four sections: Nuclear Power Develop
ment; Nuclear Research Centres and Institutes; 
Research Reactors, Isotopes and Nuclear En
gineering; and technical information. 

The first section dealt with the development of 
power reactors and their components. At the 
entrance a schematic graph illustrated the trends in 
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German reactor development: light-water moder
ated, heavy-water moderated, graphite-moderated, 
gas-cooled reactors (including the pebble-bed reactor 
as a special variant), and sodium-cooled reactors. 
The vertical grouping reflected the chronological 
sequence: proven reactors-advanced reactors
breeders. The model of a 237 MW(e) nuclear power 
station and its pressure vessel gave an idea of a 
so-called dual-cycle boiling-water reactor which is 
characterized by a comparably high efficiency and 

excellent controllability. This reactor is being built 
at Gundremmingen on the upper Danube and will 
supply electric power at a competitive price from 
1966 onward. The core consisting of 368 fuel 
elements will contain 45 tons of uranium with a 
2.17 per cent enrichment. The specific power thus 
amounts to 17.8 kW per kg of uranium. 

An example of an advanced light-water reactor 
was the integrated 25 MW(e) superheat reactor 
model evaporating the water at a pressure of 70 atm. 

General view af the Federal Republic af Germany's stand 

Madel af the Gundremmingen Nuclear Power Station and 
237 MW(e) boiling water reactor 

Part af the exhibit showing models of apparatus at the Karlsruhe 
Nuclear Research Centre 

Cutaway model of the 15 MW(e) pebble bed reactor 

Travelling-wave plasma accelerator used in the Julich Fusion 

Research Programme 
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abs. by means of combined boiling water-superheat 
fuel elements in a single pressure vessel. The active 
part of a superheat test element demonstrated the 
perfect alignment of the welded shell tubes, which 
make for a uniform coolant flow. The range of 
heavy water reactors was represented by two models, 
a 50 MW(e) pressure vessel reactor and a 100 
MW(e) pressure-tube reactor. The former, a multi
purpose reactor, is nearing completion at the 
Karlsruhe Nuclear Research Centre. The fuel ele
ments consist of U02 pellets in Zircaloy cannings; 
the D20-cooled and moderated core, whose output 
is mainly controlled by adjusting moderator tem
peratures, contains 242 fuel elements. The 100 
MW(e) pressure tube reactor will be operated in 
a prototype nuclear power station; it is planned 
to use a heavy-water moderated pressure-tube core 
and C02 as a coolant. Compared with the pressure 
vessel reactor, only the vertical tubes of this reactor, 
which contain the fuel elements and through which 
the cooling gas passes, are exposed to the opera
tional pressure of some 60 atm. abs., whereas the 
large moderator tank sustains an internal pressure 
of only a few atmospheres. The cooling gas tem
perature is about 550 oc, so that steam may be 
generated under conditions similar to those in 
modem conventional power stations, i.e. 530 ac. 
at 105 atm. abs. The advanced pressurized water 
reactors include the marine reactor designed for the 
nuclear-powered merchant ship Otto Hahn which is 
under construction. The pressure vessel does not 
only contain the core but also the steam generator 
and the primary coolant circuit-as shown by a 
model from which a segment of 120° was cut to 
show the reactor and protection against collision. 
The 10 000 shaft horsepower turbines will propel 
the ship at over 15 knots. Designed for 500 days 
of full load operation, the core contains 2.95 tons 
of uranium with a 3.6 per cent enrichment. 

A cut-away model of a 15 MW(e) experimental 
power station under construction at Jiilich was dis
played having a high-temperature reactor of the 
pebble-bed type, the fissile and/ or fertile material 
of which is embedded in graphite spheres of 6 em 
diameter. Core, steam generator and coolant gas 
blowers are all housed in a double-wall container. 
An original test stand demonstrated the refuelling, 
flow processes and the circulation of 80 000 spheres 
at a scale of 1:7.5 together with a preset course 
and evaluation. Another model showed how con
taminated reactor components are removed by a 
handling machine. 

Another 20 MW(e) experimental nuclear power 
station, now being designed, was represented by 
models of the sodium-cooled and zirconium-hydride 
moderated reactor, of an original-size fuel element 
with central and outer moderator portion, and of 
the complete power station. Important for fast 
breeder development, it will be set up near the 
Karlsruhe Nuclear Research Centre. 

Also on show were samples of fuel and fuel 
elements, graphite and boron carbide shapes, a hot 
channel with fuel element of the 100 MW(e) pressure 
tube reactor, an experimental pressure vessel made 
of seamless forged rings and provided with elec
trical measurement equipment, two multi-layer 
pressure vessels on which rupture tests had been 
performed with a rupture pressure of more than 
1 000 atm. gauge, a deep-dished base of 7 000 kg 
weight having a wall thickness of 13 em including 
6 mm high-quality steel plating and a diameter of 
250 em and, finally, tubes and pipes for circuit 
systems, heat exchangers and cannings made of 
chrome-nickel steels, leone! and Hastelloy C. 

Another section showed the development of fast 
breeder reactors at Karlsruhe. The construction of 
a 200 MW(e) prototype breeder will follow extensive 
neutron physics experiments with fast systems, 
which were illustrated by five models of the three 
assemblies: a flexible unmoderated and unreflected 
assembly of uranium in the form of a pulsed fast 
sub-critical experiment (SUAK), a "coupled" fast 
thermal reactor (STARK) and a fast zero power 
assembly (SNEAK) with plutonium as a fuel. Opera
tional models of a fast scram rod for fast reactors, 
and of efficient neutron flash tubes represented 
further development under the fast breeder pro
gramme in association with Euratom and the 
American SEFOR Project-an example of inter
national co-operation. Models of the European 
Transuranium Institute built at Karlsruhe as part of 
the Joint Euratom Research Centre were further 
examples. Research work in the field of nuclear 
physics at the Jiilich Research Establishment was 
demonstrated by experimental models attached to 
the reactor FRJ-2 (type DIDO). Plasma physics 
activities were demonstrated by a travelling-wave 
plasma accelerator, shown in operation including 
its measurement equipment, and a model of the 
600 kJ compression experiment and diagrams, etc., 
of some research projects of the Institute of Plasma 
Physics at Garching, near Munich. The Munich 
research reactor disposes of a particularly efficient 
low-temperature irradiation facility (4.5 oK) in its 
core, a model of which was exhibited. The Hahn 
Meitner Institute of Berlin had on display a device 
for the separation of isotopes by countercurrent ion 
electromigration in aqueous solution. As a counter
part to distillation in a column, a method of pre
parative crystallization in column for purification 
and separation was shown, rendering it possible, for 
example, to separate high-purity p-terphenyl used 
for reactor moderation from isometric compounds. 

The third· section was centred around the 0.1 W 
Siemens training reactor SUR-1 00, which was in 
operation combined with a pile oscillator for mea
suring absorption characteristics of materials. 
Another model illustrated a German design for 
research reactors, a 1 MW(th) tank-type reactor 
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developed especially for measurement and calib
ration purposes. 

Panels and actual equipment portrayed the use 
of radioisotopes in medical therapy and diagnostics; 
the labelling, transportation and dumping of sand 
into the sea by helicopter; and the control of 
seepage water at a dam by means of radiohydro
metric tests. A gas-tight "master-slave" machine and 
a heavy-duty manipulator with a lifting capacity of 
1 ton, together with the associated viewing equip
ment for work done in hot cells, were seen in 
operation. The possibility of processing metallic and 
ceramic fissionable material under a vacuum and 
in a defined atmosphere of protective gas, respec
tively, was demonstrated by melting and sintering 
furnaces. There was also equipment for assembling 
energy conve ers under exactly controllable con
ditions. 

FRANCE 

Le progra e de la presentation fran~aise parais-
sait se definir logiquement a partir du theme essen
tiel de la Con erence: la mise au point des reacteurs 
destines a la production d'electricite. 

Il s'agissait de mettre en evidence l'etendue et la 
solidite de 1' xperience acquise par la France qui, 
poursuivant on programme de construction de 
centrales nuc 'aires, developpe ses connaissances et 
ses moyens d ns les domaines les plus varies, et par 
consequent d regrouper, a l'interieur d'une meme 
zone, les rec erches effectuees et les appareillages 
mis au point our l'etude de chaque type de reacteur. 

En introd ction figurait une reconstitution de la 
manipulation qui avait permis a Frederic et Irene 
J oliot-Curie n 1934 de decouvrir Ia radioactivite 
artificielle. A proximite immediate, la mise en evi
dence de la r action inverse, en utilisant un ensemble 
d'appareillag s modernes, faisait ressortir !'impor
tance des m yens utilises pour une experience ana
logue trente ns plus tard. 

Les reacte rs, theme central de Ia presentation, 
etaient repa is entre les trois zones suivantes: reac
teurs de rech rche, reacteurs destines a Ia production 
d'electricite, t RAPSODIE, reacteur experimental 
regenerateur a neutrons rapides. 

Autour d Ia maquette de SILOE, pile piscine 
entree en se vice en 1963 au Centre de Grenoble, 
et destinee ussi bien a des recherches technolo
giques sur le materiaux irradies qu'a des recherches 
fondamental s, etaient groupes differents dispositifs 
d 'irradiation. 

La presen ation, a cote de PEGASE, pile entree 
en service e 1963 au Centre de Cadarache, d'ele
ments comb stibles speciaux destines a etre irradies 
dans les bo cles de ce reacteur, permettait de faire 
ressortir les facilites qu'il donne pour les essais de 
combustibles. Entin, etait exposee Ia maquette 
d'OSIRIS, ile experimentale a hauts flux de neu
trons, en co rs de construction au Centre de Saclay. 

A cote de ces reacteurs de recherche se trouvaient 
reunis differents appareils electroniques recemment 
mis au point et notamment du materiel entierement 
transistorise destine au controle des reacteurs. 

Les reacteurs de la filiere uranium naturel
graphite-gaz occupaient la partie centrale de !'expo
sition. Tout d'abord etait donnee une vue d'en
semble des centrales EDF, reproduites dans leurs 
sites de Chinon et de Saint-Laurent-des-Eaux. Le 
rapprochement des maquettes des caissons en beton 
precontraint d'EDF3 et d'EDF4 mettait ensuite en 
evidence, pour ce dernier reacteur, !'adoption des 
echangeurs incorpores. Entin, une maquette d'en
semble d'EDF4, montrant notamment le mouve
ment de la machine de chargement, soulignait le 
developpement des connaissances acquises dans la 
construction des reacteurs a uranium naturel. Cet 
effort constant de perfectionnement ressortait egale
ment de l'examen des differents modeles d'elements 
combustibles, depuis ceux qui avaient ete elabores 
pour G2 jusqu'au projet d'element G.Ombustible 
annulaire refroidi interieurement et exterieurement. 

Autour de la maquette d'EL4, centrale nucleaire 
experimentale en construction sur le site EDF des 
monts d' Arree, Ia presentation des etudes effectuees 
sur le bioxyde et sur le carbure d'uranium, sur les 
moderateurs organiques, sur les elements combus
tibles du premier jeu et sur les structures, permettait 
egalement de percevoir !'importance de !'experience 
acquise a partir des travaux et des recherches en 
cours sur les reacteurs a eau lourde. 

De meme, dans le secteur consacre a RAPSODIE, 
pile experimentale a neutrons rapides refroidie au 
sodium fondu, dont la construction s'effectue a 
Cadarache en association avec EURATOM, un 
apen;u etait donne de }'ensemble des travaux deja 
entrepris pour !'etude de cette filiere: recherches sur 
les combustibles, mesures neutroniques par exemple. 

II convenait de rappeler, a cette occasion, que 
cette orientation de !'effort fran~ais vers Ia pro
duction, a partir des techniques actuellement domi
nees, d'electricite d'origine nucleaire ne faisait pas 
negliger pour autant des perspectives plus lointaines. 
Une maquette de TYPHEE illustrait les etudes sur 
la conversion directe de l'energie. 

Entin, la derniere partie de !'exposition etait 
consacree au traitement des combustibles irradies 
et des produits de fission, au traitement de !'ura
nium enrichi et au traitement des effluents. 

La presentation, destinee essentiellement a illus
trer la participation fran~aise a Ia Conference, pour
suivait deux objectifs: offrir un temoignage concret 
des efforts poursuivis par la France dans le domaine 
de la production d'electricite d'origine nucleaire, 
etablir ou approfondir les contacts avec les autres 
pays. II semble bien que le materiel presente cons
tituait pour les ingenieurs fran~ais presents sur le 
stand de la France un support suffisant pour que 
ces deux buts aient pu etre atteints. 
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Vue d'enMmble du lfand fran~al1. Au premier plan, le bur
eau d'lnformatlan 

General view of the French exhibit, with the information detk 
In the foreground 

Evolution des elements combustibles de Ia serie uranium naturel
graphite-gaz 

Development of fuel elements of the natural uranium-graphite
gas type 

Recanatltutlon de l'exp6rlence qui a permit en 1934 a Fr6d6rlc 
et lr6ne Jollot-Curle de decouvrir Ia radloadlvit6 artiflcielle 

Reconatrudlon of the experiment which led fr6d6ric and lr6ne 
Jollot-Curle to the dltcavery of artificial radlo-adlvity in 1934 

Maquette de Ia pile OSIRIS en construction au Centre de Saclay 

Model of the OSIRIS reador undergoing construction at the 
Saclay Centre 
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Chemises en graphite pour elements combustibles types EDF3 
et annulaire 

Graphite sleeves for the EDF3 and annular types of fuel elements 

Maquette du reacteur PfGASE entre en service en 1963 au 
Centre de Cadarache 

Model of the PEGASE reactor, in operation at the Cadarache 
Centre since 1963 

Maquette des caissons en beton precontraint des reacteurs EDf3 
et EDF4 

Models of the pre-stressed concrete pressure vessels for the EDF3 
and EDF4 reactors 

Translation 

FRANCE 

The French exhibit appeared to be logically based 
on the main theme of the Third International Con
ference on the Peaceful Uses of Atomic Energy 
-namely, the development of reactors for the 
generation of electric power. 

Its purpose was to demonstrate the range and 
depth of the experience gained by France, which, 
in carrying out its programme of nuclear power plant 
construction, is extending its knowledge and capabi
lities in the most widely varying fields. It therefore 
set out to bring together, in a single section, the 
research undertaken and the equipment developed 
for the study of each type of reactor. 

The first exhibit was a reconstruction of the 
experiment which led to the discovery of artificial 
radio-activity by Frederic and Irene Joliot-Curie in 
1934. Immediately beside it, the demonstration of 
the reverse reaction with the use of modern appa
ratus brought out the scale of the equipment used 
for a similar experiment thirty years later. 

Reactors, which formed the central feature of the 
display, were divided into three main groups: 
research reactors, power reactors and RAPSODIE, 
an experimental fast neutron breeder reactor. 

The model of SILOE, the "swimming pool" 
reactor which came into operation in 1963 at the 
Grenoble Centre and which is intended both for 
technological research on irradiated materials and 
basic research, was surrounded by a display of 
various irradiation devices. 

Special fuel elements were shown in conjunction 
with the model of PEGASE, the reactor which came 
into operation in 1963 at the Cadarache Centre. 
These elements, which were designed for irradiation 
in the loops of this reactor, demonstrated the 
facilities which it offers for fuel tests. Lastly, there 
was a model of OSIRIS, the experimental high-flux 
neutron reactor now under construction at the 
Saclay Centre. 

Next to these models. of research reactors was 
a display of various items of electronic equipment 
that have recently been developed, including com
pletely transistorized equipment for reactor control. 

The central part of the exhibit was occupied by 
gas cooled, graphite moderated, natural uranium 
reactors. First, a general view was given of the EDF 
nuclear power stations at Chinon and Saint-Laurent
des-Eaux. Juxtaposed models of the pre-stressed 
concrete vessels of the EDF3 and EDF4 power 
stations demonstrated the adoption of incorporated 
heat exchangers for the latter reactor. Lastly, a 
general model of EDF4, illustrating, inter alia, the 
operation of the loading mechanism, demonstrated 
the growth of scientific knowledge in the construc
tion of natural uranium reactors. This constant effort 
at improvement was also illustrated by the different 
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types of fuel elements, from those developed for 
the G2 reactor to the design for an annular fuel 
element cooled internally and externally. 

The valuable experience gained from current 
work and research on heavy water reactors was 
similarly illustrated by the studies displayed around 
the model of EL4, the experimental nuclear power 
station now under construction at the Electricite de 
France site in the Arree hills. These studies related 
to uranium dioxide and uranium carbide, organic 
moderators, fuel elements for first loading, and 
structures. 

The section devoted to RAPSODIE, the experi
mental fast neutron sodium cooled reactor now 
being constructed at Cadarache in association with 
EURATOM, also provided an over-all view of the 
work already undertaken in connexion with the 
study of this type of reactor: research on fuels, 
neutron measurements, etc. 

It should be noted that, although the main 
emphasis of the exhibit was on the French effort 
to produce electricity from nuclear sources by means 
of already known techniques, attention was also 
given to future developments. Studies on the direct 
conversion of energy were illustrated by a model of 
TYPHEE. 

The last section of the exhibit dealt with the 
treatment of irradiated fuels and fission products, 
as well as of enriched uranium and effluents. 

The exhibit, which was mainly intended to 
illustrate the part played by France in the Con
ference, had two main objectives-to provide con
crete evidence of the work being done by France 
in the field of nuclear power generation, and to 
establish or strengthen contacts with other countries. 
The equipment on display certainly provided the 
French engineers at the stand with sufficient material 
to achieve these two objectives. 

INDIA 

The Indian Pavilion covered an area of 300 m2• 

The exhibits consisted of photographs, electronic 
instruments, sections of various types of fuel ele
ments, charts and maps, and they were directly 
related to the scientific papers submitted to the 
Conference. 

One panel of photographs showed the fabrication 
of U02 fuel elements. On display also was a 19-rod 
cluster type fuel element for ZERLINA (002 

canned in aluminium), a cutaway section of test 
fuel elements (002 canned in Zircaloy), a section of 
the fuel elements used in CIR and ZERLINA, a 
section of thorium metal and thorium oxide sintered 
pellets in different sizes and shapes. Another panel 
described the deposition of, and corrosion on, the 
aluminium cladding of CIR fuel rods. Other photo
graphic panels illustrated papers entitled "Release 
of fission gases in reactor coolants under normal 
operation", "Utilization of reactors CIR and 

A general view of the Indian stand 

Another view of the Indian stand 

APSARA for studies in nuclear physics and for 
isotope production", and scientific papers relating 
to the heavy water plant at Nangal and the pluto
nium plant at Trombay. Another panel showed the 
north site of the Atomic Energy Establishment at 
Trombay, and the Canada-India reactor. 

Electronic equipment and instruments were also 
on display, designed and fabricated at the Atomic 
Energy Establishment, Trombay, which were used 
for experimental assemblies in connexion with 
papers on the utilization of research reactors at 
Trombay, gamma energy release rates from fission 
products shortly after fission, and the ratio deter
mination of U~3G and 0~38 in Uranium samples. 
Some of these electronic instruments are in current 
use in the plutonium plant at Trombay. Beneficial 
mutations showing the higher yield obtained at the 
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Trombay Establishment with the application of 
radiations on rice and peanuts were also illustrated. 

Important features of the scientific papers dealing 
with atomic power were depicted by: 

(a) A table showing the cost of nuclear power 
as compared to the cost of delivering power from 
local coal fuel stations, pit head coal stations + EHV 
transmission and oil stations in Bombay, Delhi, 
Kotah (Rajasthan) and Madras regions; 

(b) A map of India showing principal hydro 
resources, coal fields, hydro, thermal and nuclear 
stations and transmission lines. 

ITALY 

The Italian pavilion was organized by the Italian 
National Committee for Nuclear Energy (CNEN) in 
partnership with the Italian State Agency for Elec
tricity (ENEI) and some prominent firms in the 
field of industry and electronics. The major feature 
of the Italian stand was an apparatus known as 
MASCOT-1, a transistorized, remotely-handled 
manipulator consisting basically of two units, one 
called the Master, providing housing and operator, 
and the other the Slave, performing the movements 
and linked to the Master by electrical transmission. 
MASCOT -1, a prototype built at the CNEN labora
tories of the Nuclear Study Centre of Casaccia, 
near Rome, is being improved for application to 
a MASCOT-type standard equipment. 

Prototypes of natural uranium fuel elements for 
gas reactor cores produced in the CNEN labora
tories were also exhibited, together with several 
types of equipment for the automatic control of 
reactors. These facilities are transistorized units 
forming part of an extensive programme of study 
on the development of reactor control systems. 
CNEN also displayed operational equipment for the 
catalytic reduction of uranyl nitrate into tetravalent 
uranium nitrate, developed and built by the Indus
trial Chemistry Division at Casaccia. 

A plant for the re-processing of irradiated thorium 
fuels and for the refabrication of new fuels was also 
on view. This plant, now under construction at 
Rotondella, in southern Italy, showed a pellet-

_ An assembly of hot cell manipulators in operation 

The Italian "MASCOT-1" remote control manipulator 



GOVERNMENTAL SCIENTIFIC EXHIBITION 421 

Catalytic reduction of uranium nitrate apparatus 

Uranium-Thorium Cycle Programme PCUT fuel assembly and 
pellet loading machines 

loading machine and a fuel element assembly 
machine designed and built in Italy, and operated 
throughout the Exhibition. These operations are 
remotely controlled on account of the high degree 
of radioactivity involved in the process. 

In the industrial nuclear energy section, a proto
type of fuel elements for pressurized water reactors 
and a prototype of control mechanisms for control 
rods of an organic moderated reactor envisaging 
working temperatures of up to 320 oc and pressures 
up to 30 kgf/ cm2 were exhibited. This section 

included a display of commercially produced nuclear 
spectrometry instruments, one exhibit being an 
analyser with 4 096 channels possessing a simul
taneous measurement and printing capability, while 
another electronic device shown was a new CP-lB 
automatic sample switcher for low background 
gamma spectrometry. ENEI's chief contribution to 
the Italian exhibit consisted of panels giving details 
of the three Italian nuclear power stations. 

JAPAN 

The Japanese exhibit was divided into three parts, 
designed to illustrate the general aspects of research 
and development of atomic energy in Japan. One 
series of pictorial panels illustrated the main estab
lishments, including fifteen reactors, shown on a 
map of Japan; the structure of the research and 

Pictorial panels of the Japanese exhibit 

development organization, shown on a chart which 
indicated the central role played by the Japan 
Atomic Energy Research Institute (JAERI), the 
Atomic Fuel Corporation (AFC) and the Japan 
Nuclear Ship Development Agency (JNSA) in 
atomic energy research and development, and in 
which a number of universities, national research 
institutes, atomic industrial groups and power con
cerns, together with nine electric power companies, 
are also co-operating. Another panel showed the 
uranium resources of Japan and the production and 
refinement of nuclear materials carried out by the 
AFC. The fourth introduced the building schedule 
of the first nuclear ship (the basic design of which 
was completed by JNSA) and the training pro
gramme of its crew. The last panel of this group 
showed the activities of the Japan Atomic Industrial 
Forum (JAIF) which was established to promote 
atomic industries and is made up of some 700 
private enterprises. 

Another group of six panels on the other side 
of the stand showed the contribution made by indus
trial firms to the development of atomic energy in 
Japan. 
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Aerial view of the Tokai Atomic Energy Centre 

Model of Japan's forst nuclear ship 

The back of the stand was taken up with an aerial 
view of the Tokai Atomic Energy Centre, a colour 
picture indicating that half the reactors in Japan 
are concentrated in this area, together with the 
many research and service facilities concerned. 

In the middle of the stand, colour films were 
displayed by means of a fluorescent projector and 
portrayed the activities of the National Institute of 
Radiological Sciences, the Institute of Plasma Phy
sics, the Radiation Breeding Laboratory gamma
field, the Takasaki Establishment of JAERI (radi
ation chemistry centre) and the latter's first Japanese 
made reactor. Other films showed the work of the 
central laboratories of five major atomic industrial 
groups. 

At the entrance to the exhibit a model (scale 
1 : 1 00) of the first Japanese nuclear ship was 
set up. This nuclear powered vessel is an oceano
graphic survey ship of about 6 700 tons and has 
a light-water reactor with a power output of 35 MW. 

NETHERLANDS 

The Netherlands Exhibit occupied an area of just 
over 400 m2 and gave an up-to-date general view 
of the nation's nuclear research and development 
programme. Fields of interest included plasma 

physics, mass separation, a pilot plant for the 
production of fuel particles, hydrodynamic experi
ments in boiling water loops, neutron irradiation 
experiments, activation analysis, nuclear science in 
agriculture, the NERO ship propulsion project and 
scientific equipment manufactured by the Dutch 
nuclear industry. The entrance to the stand depicted 
the theme "Energy and research in the Netherlands", 
the country in which windmills have for centuries 
been the main source of energy to keep its low
lying land dry and inhabitable. 

A working alternating pinch device contributed 
by the FOM Institute for Plasma Physics demon
strated progress made in obtaining conditions of 
stability in a plasma confined by means of well
programmed magnetic fields. The same institute 
showed a model of an experiment in which high 
temperature hydrogen plasma is created by injection 
of H + ions with an energy of 10 ke V into a strong 
20 kilogauss cusp-shaped magnetic field. Instabilities 
and particle loss are being examined. A panel 
diagram showed the working of the isotope separator 
installed at the Institute for Nuclear Research (IKO) 
in Amsterdam. The instrument is used in the pre
paration of radio-active beta and gamma ray 
spectroscopy. 

A pilot plant working on the Sol-Gel process 
produced Th02-U02 spherical fuel particles with 
a diameter of 5 p,. Fuel particles of this size are 
used in the KEMA aqueous homogeneous suspen
sion reactor in Arnhem, but particles of a diameter 
in the millimeter range can be made if required. 
A glass model (at atmospheric pressure) of an 
experimental high pressure boiling water loop ade
quately equipped for measuring pressure, flow-rate, 
void fraction and temperatures demonstrated hy
draulic instabilities occurring at applied high-heat 
fluxes. These instabilities are the subject of heat 
transfer studies at the Technological University of 
Eindhoven. A panel showed a cross-section drawing 
of the actual 40-atmosphere test loop complete with 
detecting, recording and signal analysing equipment. 

The 20 MW High Flux Reactor, of which a model 
was exhibited, is owned by the European Atomic 
Energy Community (Euratom) and forms part of 
its research establishment at Petten. The reactor is 
operated by the Netherlands nuclear energy organi
zation, Reactor Centrum Nederland (RCN), and 
used jointly by Euratom and RCN. Both parties 
co-operate with other organizations in the execution 
of nuclear physics experiments and irradiation 
experiments on fissile and non-fissile materials. With 
the help of cutaway models, Reactor Centrum 
Nederland demonstrated these experiments with 
fissile and non-fissile materials which are either 
packed in capsules or inserted in in-pile loops. 
Models to scale of out-of-pile auxiliary equipment 
were shown as well as an actual radioisotope pro
duction facility. A model of the crystal structure of 
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A general view of the Netherlands exhibit 

Alternating pinch device from the FOM Institute for Plasma Physics 
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A Netherlands radio· 
isotope production aid 
for insertion in a 
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Glass loop used in Dutch hydrodynamic 
and heat transfer experiments 

A section of the Netherlands pilot plant for the production of Th0
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particles for the KEMA aqueous homogeneous suspension rec;octor 
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U 30 8 based on results obtained from neutron 
diffraction experiments was also to be seen. 

Other panels showed a method of non-destructive 
determination of the material composition of ancient 
and valuable objects by means of activation analysis 
with 26-MeV deuterons from the cyclotron of the 
Institute for Nuclear Research in Amsterdam, and 
the neutron activation analysis of white lead found 
in the white pigment of authentic old master 
paintings. From this analysis, carried out by the 
Reactor Institute in Delft, it was found that the 
impurity composition present in white lead changed 
through the ages. 

The Institute for Atomic Sciences in Agriculture 
(ITAL) at Wageningen exhibited a model of their 
biological agricultural reactor. This 100-kW swim
ming-pool type reactor was designed by Reactor 
Centrum Nederland and constructed by the Nether
lands nuclear industry. The thermal neutron flux 
(1 m above floor level) in the irradiation room 
situated below the reactor was measured and found 
to be 5.106 n/cm!! s. A show-case with coloured 
photographs illustrated the original control sample 
and mutants of the African violet after X-ray 
irradiation of the leaf petioles with 4 000 roentgens. 

The Netherlands nuclear ship propulsion develop
ment programme NERO was presented against a 
background panel of the Amsterdam harbour in the 
seventeenth century, symbol of a traditionally sea
faring nation. A large plastic model of the complete 
67-MW reactor installation occupied a central posi
tion. Further exhibits pertaining to the development 
programme consisted of the actual test section of 
the 150-atmosphere 300 oc high-pressure water 
loop for studying hydrodynamic behaviour and heat 
transfer, a model of a complete fuel assembly, 
together with models showing power distributions 
in these assemblies as measured in the critical facility 
KRITO at the Petten research centre. In addition 
there was a full-scale ejector, one of the 36 to be 
located round the reactor core, a novelty in the 
re-circulation system. An automatic welding cham
ber, used in connexion with welding research for 
this programme, demonstrated the welding of end 
caps on fuel canning tubes. The NERO develop
ment programme is a Reactor Centrum Nederland 
project carried out in association with Euratom. The 
Technological Universities of Delft and Eindhoven 
and Dutch nuclear industry also participate. 

All scientific equipment exhibited was of 
Dutch manufacture and included automatic sample 
changers, scalers, a transistorized spectrum stab
ilizer, a proportional counter for counting tritium 
in the gaseous phase, and a neutron generator tube 
for the production of 14-MeV neutrons from the 
DT-reaction. A large 60 em long and 2 m wide 
tuning fork mounted on a revolving platform drew 
much attention. This instrument was developed in 
the Netherlands in co-operation with CERN in 
Geneva. It forms a variable capacitor, vibrating at 

55 c/s, modulating the carrier frequency of the 
CERN synchrocyclotron. A model of a cyclotron 
symbolized the fact that complete units are now 
available in the Netherlands, manufactured on a 
factory basis. Another interesting model of the 
nuclear steam generators used in the SENN reactor 
near Naples gave an indication of Dutch con
tribution abroad. 

SOUTH AFRICA 

The exhibit mounted by the Republic of South 
Africa occupied a total surface area of some 130m2 

and was designed in the modern idiom to symbolize 
the progress of a virile young country in the field 
of nuclear energy. This theme was presented by a 
central lattice-work spire, 12.5 m high, constructed 
of tubular aluminium and sheets of glass fibre on 
which was mounted the emblem of the South 
African Atomic Energy Board. 

Enclosing the exhibit on three sides were the 
display boxes, faced externally with ivory coloured 
plastic mouldings representing in stylized form the 
fusion process and the application of nuclear energy 
to medicine, agriculture, industry and in funda
mental research. Facing inwards were graphic illus
trations of the uranium mining industry, the growth 
of the national nuclear research centre at Pelindaba, 
and the activities undertaken there including research 

A general view of the Republic of South Africa stand 
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in the fields of power-reactor engineering, chemistry, 
physics and metallurgy. 

Two examples of significant advances in the fields 
of extraction metallurgy and radioisotopes pioneered 
by South African scientists occupied a third of the 
total display space and proved a source of con
siderable interest to visitors. The former consisted 
of an animated flow diagram of the recently
developed process for the production of nuclear
grade uranium compounds direct from the ore at 
little or no additional cost, corresponding to the 
pilot plant currently operating at the Buffelsfontein 
gold mine in the Transvaal. The second-also a 
flow diagram-provided an outline of a low cost 
ion selective extraction process for the extraction 
of radio-active caesium from fission product wastes 
for use as a radiation source. The method and the 
exchange resin used resulted from a collaborative 
effort between a South African scientist and the 
staff at AERE, Harwell. 

SWEDEN 

Under the heading "Swedish Heavy Water Re
actors", the Swedish stand of over 200 m2 portrayed 
the Swedish power supply system, with recent 
studies related to the potential development of 
various power sources during the coming decades, 
in the form of power reactors, reactor fuels and 
nuclear research. The exhibits were in the main 
linked to the Swedish conference reports, and were 
divided into six different sections. 

The first consisted of a map of Sweden illustrating 
the system of power distribution and giving the 
information that (a) 95% of Sweden's electricity is 
based on hydroelectric power, produced mainly in 
the north of the country, with a per capita con
sumption of 5 300 kWh per annum; (b) there are no 
domestic sources of fossil fuels; and (c) the total 
energy consumption increases by about 3% per 
annum, and electricity consumption by about 6%. 
Diagrams showed the main results of a study made 
in 1962 of potential Swedish electrical power pro
duction in the 1970s. Of an estimated power 
production total of some 20 000 MW in 1980, 
nuclear power is expected to contribute 4 000 MW. 

The second section contained coloured photo
graphic representations of the Agesta Nuclear Power 
Station, which has been in operation since July 
1963, including details of its building, commis
sioning and operation, with special reference to 
pressure vessel manufacture, leakage testing of pipe 
joints on site, welding and inspection of heat 
exchanger tubing, control rods with hydraulic drives 
(portrayed by a cutaway control rod), fuel handling, 
control equipment, three phases of reactor physics 
(start-up and low-power experiments, experimental 
equipment, and long-term experiments), and the 
tightness of D20 systems. 

A cut-away model of the pressurized heavy water reactor 

A general view of the Swedish exhibit 
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The Marviken Nuclear Power Station (Sweden's 
second), a 140/200 MW boiling heavy water reactor 
now under construction, formed the third sector 
containing a reactor mock-up, scale 1 : 25, with a 
flow diagram as its background. The highlights of 
this presentation were heavy water in a direct cycle 
turbine plant, natural circulation, on-load refuelling, 
fuel cycle (showing sections of a fuel assembly), 
nuclear superheat, pressure suppression and pressure 
vessel design. 

The fourth sector was devoted to a study of the 
Pressurized Heavy Water Reactor (PHWR), a 
350-MW project which has been placed on the 
international market at a fixed price by a Swedish 
industrial firm. It consisted of a reactor mock-up 
similar in scale and background to the Marviken. 
It dealt chiefly with core heat transfer, moderator 
exchange and film cooling, plant control, core design 
(with sections of fuel assembly, disclosed), and the 
development potential. 

Sector V dealt with reactor fuels, and demon
strated the Swedish production of U02 powder, the 
manufacture of uo2 pellets, and the fuel assemblies 
for the Agesta Nuclear Power Station, together with 
section specimens of all three. 

The last section of the exhibit described facilities 
possessed by the Studsvik research establishment, 
and some typical experiments such as the materials 
testing and research reactor R2, shielding research, 
heat engineering, reactor physics, fast neutron phy
sics, hot chemistry, thermo-luminescence dosimeter, 
the butyl rubber suit and, finally, the research 
reactor Rl which has been in operation for ten years. 

SWITZERLAND 

Displayed in an area of some 300 m2 , a selection 
of about 50 objects or subjects, which have been 
developed or studied by official research institutions 
or industrial firms, presented a short survey of most 
of the activities undertaken in Switzerland, either 
to support the national reactor development pro
gramme or the construction of foreign power reactor 
prototypes, and generally to help research in the 
nuclear sciences. The underlying intention was to 
show that Switzerland possesses the industrial back
ground necessary to establish itself in world com
petition in the nuclear field. A detailed description 
of the exhibits on the Swiss stand can be found in 
New techniques, 6, No. B4, 1964. 

The Swiss reactor development programme 
centers around the development of heavy water 
moderated pressure tube reactor systems, cooled 
either with gas or light water steam. It includes the 
construction of an underground experimental power 
plant with C02 cooling, situated at Lucens (north 
of Lausanne), which will start operating in 1966 
with a power of 7 MW(e) and which will serve as 
a technological demonstration of the reactor concept 
and for the testing of several types of fuel elements; 

and the implementation of a programme of experi
mental and theoretical studies with the aim of 
establishing a basis for the selection of the most 
interesting variant for the construction of a 
prototype. 

Reactor research was mainly represented by the 
Swiss Federal Institute for Reactor Research (EIR), 
Wiirenlingen, which disposes of a swimming-pool 
research reactor (SAPHIR), a heavy water moder
ated research and material testing reactor (DIORIT), 
a sub-critical heavy water moderated installation 
(MINOR), and a hot laboratory. The Institute, 
which assumes a major role in the neutronic and 
technological research required by the reactor 
development programme and helps private industry 
to establish power reactor projects, showed the 
following amongst its exhibits: 

The in-pile loop KASIMIR, which will be used 
in DIORIT for fuel testing in reactor operating 
conditions; 

The contribution to the DRAGON fuel irra
diation programme in the reactor DIORIT; 

A neutron time of flight installation for an energy 
range below 10 eV and some typical results; 

A gamma spectrometer with absolute gain stabi
lisation of a factor of about 1 000; 

A gamma-compensated ionisation chamber with 
dynamic and variable compensation; 

A remotely controlled and hydraulicly operated 
manipulator for underwater handling of fuel ele
ments and irradiation rigs; 

A remotely controlled high precision lathe, and a 
multi-purpose tensile strength testing machine used 
in the hot cells of the Institute. 

Private industry contributed to the sector on 
research with a hermetically sealed helium blower 
designed for the in-pile loop mentioned in the 
preceding paragraph, advances in electron beam 
welding of Zircaloy for reactor pressure tubes, an 
electron beam welding plant, and a vacuum melting 
furnace for laboratory work. The Nuclear En
gineering Laboratory of the Ecole polytechnique, 
University of Lausanne also contributed to this 
sector by showing an entirely selfmade, very flexible 
suspension of the fuel rods for its light water 
critical assembly, allowing two continuous degrees 
of freedom for the rods. 

The construction of the experimental power 
station at Lucens was undertaken two years ago by 
the National Society for the Promotion of Industrial 
Atomic Techniques, a private organization grouping 
interested Swiss firms. This project constitutes the 
first step of an industrial programme which should 
result in the near future in starting the operation of 
large nuclear power plants in Switzerland. Among 
the equipment developed for the Lucens station, 
and exhibited by the National Society, were shown 
a complete fuel element with its connecting head 
to the fixed pipe system, a control rod with drive, 
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A remotely controlled, high-precision, multi-purpose tensile strength 
testing machine and other exhibits 

Plans showing the experimental power station and containment 
at Lucens and other equipment 

Various specimens of laboratory equipment 

A corner of the stand devoted to developments in electronic 

More Swiss exhibits, including a rack of the in-pile loop KASIMIR 
and related hermetically sealed helium blower 

More apparatus for the Lucens Experimental Power Station 

equipment Exhibits in the field of ionizing radiations 
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one of two main heavy water moderator circulation 
pumps which do not require shaft seals, a fuel 
transfer flask and a charge machine, one of the two 
C02-blowers developed for the primary coolant 
circuit, and a special system of cavern containment. 
Besides its own reactor programme, Swiss industry 
was given the opportunity to show some of the 
components it has developed either for power reactor 
prototypes or research centers, especially abroad, 
such as one of two blowers provided for the pebble
bed reactor in Ji.ilich, Germany, the charge-discharge 
machine built for the DRAGON reactor at Winfrith, 
England, a D20-rectifying column, and a process 
for the economical production of heavy water. 

The detection and utilisation of ionising radiations 
constitute a very dynamic field of development in 
the electronic industries of Switzerland and the 
Principality of Liechtenstein. A great variety of 
electronic instruments were shown, illustrating the 
achievements attained in the dosimetry of radiations 
and in the field of basic nuclear research. New 
developments in ion sources, accelerator tubes, 
irradiation cells and special nuclear monitors for 
medical purposes, and the control of dust and fire 
were also illustrated. 

In the field of plasma research, the Plasma 
Physics Research Laboratory was set up in Lausanne 
after the second PUAE Conference as a result of 
the great interest stimulated by this Conference in 
Swiss scientific circles. This laboratory showed 
photographs of some of the apparatuses developed 
and some results obtained by heating and stabilising 
plasmas by means of high-frequency electromagnetic 
fields. Private interests also displayed specimens of 
new ancillary components such as an ultra-high 
vacuum pumping unit, a cycloid mass spectrometer 
for vacuum systems and circuits for special magnets. 

In the domain of uranium survey, the Committee 
for the investigation of nuclear fuel and rare ele
ments in Switzerland, at Berne, illustrated on a map, 
and by photographs, the results of the systematic 
research and radiometric survey of uranium miner
alization which have been carried out during the 
past few years. Average U-contents, from some 
hundreds up to a thousand ppm, have been found 
in some of the samples. No large scale prospecting 
work entailing digging, mining and drilling has 
as yet been carried out, so that the economic value 
of the U-mineralization so revealed remains un
known. 

Finally, a section of the display, organised by 
the Library of the Federal Institute of Technology, 
was devoted to the methods of dissemination of 
information employed in Switzerland in the field of 
nuclear techniques and sciences. The Swiss Asso
ciation for Atomic Energy in Berne, in collaboration 
with the Delegate of the Federal Council for Atomic 
Energy Matters, displayed their handbook on 
Atomic Energy and Radiation Protection in 
Switzerland. 

00103 COBETCKHX CO~HAnHCTHYE
CKIA-X PECnYcnHK 

BLicTaBKa CoseTcKoro C01oaa OTpamaJia AO
CTHmeHHJI COBCTCKHX Y'ICHLIX H HH)I(CHepOB B o6-
JiaCTH MHpHOfO HCUOJlb30B8HHJI aTOMBOH 3HeprHH. 
Ha BLICTasKe, paaMe~euaoii ua nJio~aAH 6o.rree 
J000M2, ACMOBCTpHpOBaJIHCb ())I(HBJICBBLie MOAC
JIH aTOMHLIX 3JICKTpOCT8H~HH TpaucnopTHLIX H 
TpaucnopTa6eJibHLIX 8TOMHbiX 3HCpreTH'ICCKHX 
ycTaHOBOK, ycTaHOBOK AJIJI TCpMOJIACpHbiX HCCJie
~OBaHHH, a TaKme ABe AeiicTByiO~He TepMOHAep
nLie ycTauoBKH H aJieKTponnLie npn6ophl, npnMe
HJieMLie B pa3JIH'IHbiX o6JiaCTJIX uayKH H TCXHH
KH. BoJibrnoe KOJIH'IeCTBo fi>oTorpaqmii, AHarpaMM 
H rpafi>HKOB, OTpamaBIIJHX pa6oTy H xapaKTepHC
THKH AeiiCTBYIO~nx aTOMHhiX ycTauosoK, JIBJIJI
rrnc:r:. ocuosoii AJIJI o6cymAeHnJI sonpocos, nuTe
peconasmnx cne~HaJIHCTOB paauhlx eTpau. 3Kc
nouaThl BLICTaBKif IfJIJIIOCTpllpOBaJIH If AOnOJIHJl
JIIf AOKJI8Abl COBCTCKHX y'leHLIX Ha Koafl>epeH~HH. 
B cneu;naJibHOM KnuoaaJie ua BhiCTaBKe AeMoacT
pnposaJIHCb 24 uay'IHbiX KHHOfi>HJibMa, nOAfOTOB
JieHHbiX K :KoHfl>epeH~HH focyAapCTBCHHbiM KOMH
TCTOM no ucnoJibaosauniO aToMuoii aueprnu. Ha 
BbiCTaBKe 6LIJIH opraunaosaubl KoucyJibTa~nu co
BeTc:Knx yqeHLIX H HH)I(CHCpOB H DCTpC'IH HX C 
AeJieraTaMH APYfHX cTpau. 

BbiCT8B:Ka BKJIIO'IaJia CJieAyiO~He OCIIOBHbiC paa
ACJibl: (1) 8TOMHaJI auepreTHKa; (2) HCCJICAOBa
TCJlbCKHC JIACPHbiC peaKTOpbi; (3) TCpMOJIACpHbiC 
HCCJICAOB8HHJI; ( 4) npHMCHCHHe 8TOMHOH 3HCp
l'HH B p83JIH'IHbiX o6JiaCTJIX uayKH H TCXHHKH. 

B ~euTpe BhiCTaBKH 6hiJI ycTaHOBJieu 6-MeTpo
Bhlii MaReT JICAOKOJI8 «JieHHH&, KOTOpbiH aaBep
maJI OCCHLIO 1964 fOAa CBOIO nJJTYIO HaBHra~HIO. 
riPOHAJI 6oJiee 100.000 MHJib B TJJ)I(eJILIX YCJIOBH
JIX ApKTHKH. MaReT noasoJIJIJI sngeT:r:. npnu~nnn
aJI:r:.ayiO CXeMy 8TOMHOH 3HepreTH'ICCKOH YCT8HOB
KH MO~HOCTLIO 44.000 JI. C., fl>oTOrpafi>HH H Cne~H
aJILHaJI KHIIOYCTaHOBKa no:Ka3hiBaJIH JICAO:KOJI II 
CfO 3:KHnam B IIJiaBaiiHH. 

MaReT BeJionpcKoii aToMuoii aJICKTpocTau~nn 
KMCHH I1. B. 1\ypqaTOBa AeMOHCTpHpOBaJICJJ C ~e
JibiO IIOK83aT:b ycTpOHCTBO H npHH~Hn pa60TLI nep
BOH n MHpe aroMuoii aJieKTpocTaH~HH c HgepHLIM 
rreperpeBOM napa, 1-ii 6JIOK KOTOpOH MO~HOCTbiO 
100 MBr AaeT aueprn10 c necuLI 1964 roAa. IIoJI
HoMacmra6ubie MaKeThl sepxuef1 KPLIIIIKH peaK
Tapa, rpafi>HTOBLIX 6JIOKOB H pa6o'lero KaHaJia AR
DaJJH narJIRAHOe npeACTasJieune o6 nx paaMepax 
H KOHCTpyK~HH. 3TOT KOMUJICKC MaKCTOB H fl>oTO
rpaqniH DLI3biBaJIH 6oJI:r:.moii HHTepec y cneu;na
JIHCTOB. 

MaReT HososopouemcKoii aToMnoii aJieKTpo
CTan~nn B M8CIIJTa6e 1 : 25 n03BOJIJIJI UOHJITb pa-
6ory cTau~nn n saaHMOAeiiCTBHe ee yaJioB. PeaK
Top nepBoro 6JioKa aToii CTaH~HH AOCTHf KpHTHlJ
HOCTH H CTaHIJ;HJI BBOAHJiaCb B CTpoii. 

B CoseTcKoM Co10ae BCACTCJI mnpoKHii fl>ponT 
pa60T no C03A8HHIO aTOMHLIX 3JICKTpOCT8H~HH C 
peai\TopaMn na 6LICTphlx ueiiTpouax c pacmnpeu-
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06~Hii BHA cTeHAa CCCP 
General view of the USSR stand 

MoAeJih TpaacrropTa6eJILHoif aToMnoii :mep
reTH'ieCRoif ycTaHOBHH T3C-.3 Ha COBCTCIWii 

BblCTaBRC 

Model of the TES-3 mobile atomic power plant 

CoseTcRaH TepMOHAepHaH 
ycTaHoBRa YH-3 

MoAeJIL coseTcRoif TepMoa,n;epHoif ycTanonRH «Orpa-11,. 

The USSR thermonuclear installation UN-3 

ApyraH TepMoa,n;epHaH ycTaHOBKa 
<<ToKaMaR-:1>) 

Another thermonuclear machine-the Tokamak-3 

A model of the Soviet Ogra-11 thermonuclear installation 

MoneJib TepMoH)J,epaoH: 
YCTaHOBHH flP-5 

A model of the PR-5 thermonuclear machine 
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UbiM BOCllpOH3BOACTBOM ropiOlJerO. 8TH paOOTbl 
OblJIH npeAcTaBJICHbi MaReToM npoeRTa peaRTopa 
BH-1000 MO~HOCTbiO 1000 Mer. 

Pa6oT'bl B o6nacTn «Manoii auepreTHRH» 6bl.'IH 
orpameuhl ~BYMR TpaucnopTa6eJibHhlMH oJIOlJHbl
MH auepreTHlJeCRHMH ycTaHOBRaMH - TSC-3 n 
APBYC. AToMuaa auepreTnlJecKaa ycTaHoBKa ua 
ryceHHlJHOM XO,IJ;Y SJieRTpH'Ieci\OH MO~HOCTbiO 

1500 1£8T pa6oTaeT B CoBeTCKOM Co10ae 6onee 
Tpex JieT. MaReT ycTaHOBRH BRJIIOlJaJI Bee 4 6no
Ra CTaH~HH - peaRTOpHMii, naporeuepaTopuMii, 
Typ6HHHMii n nyJibTOBblii. OmnBJreuuaR MO,IJ;eJih 
CO cne~HaJibHOH no,IJ;CBeTKOii MaKeTa peaKTOpa C 
Bo.n;oii no.u; .n;aBJieuueM, KOHTypoB, naporeuepaTo
pa H TypoHHbl n03BOJIRJia nOHHTb npHH~Hll KOH
CTpyKI:~HH n pa6oTbl ycTaHOBKH. Mo~eJib ycTaHoB
KH APBYC c peaKTopoM, HMeBrnHM opraunqe
CKHii 3aMe,IJ;JIHTeJib H TellJIOHOCHT8Jlb SJieKTpHlJe
CKOH MO~HOCTbiO 750 1£8T, HJIJIIOCTpHpOBaJia pa
OOTY no ucnoJib30BaHHIO opraHHRH B aTOMHOH 
auepreTnRe. 

BonLrnoii HHTepec y noceTHTeJieii BhiCTaBRH 
BblaBaJIH MaReT H lfloTorpalflnn nepBoro B Mupe 
peaRTopa «PoMarnRa>> p;JIR npaMoro npeo6paaoBa
HHR aToMHoii aueprun B aJieRTpuqecRyiO. Pa6oTM 
COBeTCRHX yqeHbiX H HHmeuepoB Ha,IJ; llpiiMblM 
npeo6paaoaauneM aueprnn noJiylJHJIH ua Rou<f>e
peu~nu BLICoRyiO o~eHRy. BonLrnoii paa~eJI Bhl
cTaBRH OLIJI nocBR~eu uccnep;onaTeJILCRIIM R.n;ep
HhiM peaRTopaM. Ha BLicTaBRe 6LIJIH npe.n;cTaBJie
HLI MaReT.bl ~eiiCTBYIO~HX H CTpOH~IIXCH peaR:.. 
TOpOB pa3JIHlJHOH MO~HOCTII II pa3HOI'O HaaHalJe
HIIH - CM-2, MP, MMP, MP-100, MBP, I1TP 
II ,Il,p. 

Mccne.u;onaTOJI.bCRIIii peaRTop c npoMemyToq
HLIM crreRTpoM ueiiTpouoB CM-2 c caMLIM 6oJib
IDHM B MHpe IIOTOROM TenJIOBblX HeiiTpOHOH 
(3,0 •1015 neurp/CM2 • cen) fJ;JIIITeJI.bHOe BpeMH pa-
6oTaeT B CoBeTCROM Co10ae. MaReT peaRTopa no-
3BOJIHJI BH,IJ;eTL ~HRJI rreperpyaRH ropiOqero, a 
TaRme nocTaHoB;:\y u uaBJJeqeune o6JJyqaeMLI"X 
o6paa~oB. MaKeTbl peaRTOpOB MP u MP-100 .u;a
naJJII uarna.u;uoe rrpe.n;cTaBJieHIIe o pa6oTe 3TIIX yc
TaHoBoR. MaReT cTpoH~eroca Mo~uoro rreTJJeBo
ro peaRTopa MMP rroRaaLIBaJI rrocTaHOBRY H na
BJieqeuue O,IJ;HOH H3 neTeJI.b ~Jill HCIIblTaHIIII Terr
JIOBbl,IJ;OJIJIIO~liX 3JieMeHTOB fJ;JIH peaRTOpOB paa · 
JIHqHbiX THIIOB H 1\0HCTpyR~Hii. 

Oco6Lrii TIIII uccJiep;oBaTeJILCRHX peaRTopon 
rrpe.n;cTaBJIHIOT IIMDYJILCHhle peaRTOpbl. Ha BhlC
TaBJ\e ~eMoHcTp1IpoBaJJcH MaReT IIMIIYJJLCHoro 
rpa¢HToBoro peaK'ropa MfP. ,Il;aHHMe o6 aToM 
peaRTope c noToRoM ueiiTpoHoB B uMnynLce ~o 
1018 neurpicM2 · CeT£ II MI'HOBOHHOII MO~HOCTbiO 
10 MJIH. 1£8T C TOMDepaTypoii B ~OHTpe peaRTOpa 
p;o 2500° C BrrepBble oMJIH coo6~eub1 ua RoH!fle
peHU,IIH. Mar\eT noanoJIHJI uarJUI,IJ;Ho noKaaaTh no
PH~OR nop;'beMa RJia,IJ;RH al\THBHOH 30Hbl H H3BJIC
qeHIUI CTepmueii H3 uee. ,!J;pyroii HMnyJihCHLiit 
peaJ\Top ua o.biCTphlx ueiiTpoiiax MBP p;JIHTeJib
Hoe BpeMH 31\CDJiyaTIIpyeTCH B 06'be,IJ;HHeHHOM HH
CTHTyTe H)J,epHbiX HCCJie,IJ;oBaHHH B ,lJ,YOHe H UC-

IIOJIL3yeTCH p;JJH lliHpOROro Rpyra uaylJH.biX HC
CJIOfJ;OBaHHH. MexaunaHpoBaHHhlii MaReT ycTa
HoBim, rpaqnmu u ¢oTorpalflnn HJIJIIOCTpnpoBaJIH 
pa6oTy peaRTopa. 

XoTrr TepMoa)J,epuhle uccJie;:J:oBaHua ue OLIJin 
rJianuoii TeMoii Roulflepenu,nn, Ha CTen.u;ax CCCP, 
YlJIIThiBaa IIIIIpORIIii paaMax aTIIX pa6oT, 6hiJIH 
npe,D;CTaHJIOHbl MaKeTLI ,IJ;OUCTBYIO~HX ycTaHOBOI\ 
,IJ;JI1I TepMoH.n;epHLIX IICCJief];oBaunii: <<Orpa>>, IIP-5, 
AC-1, <<ToKaMaR-3>>, <<,lJ;eJibTa>> n .u;p., a Tai\>Re .n.ae 
.n;eiicTBYIO~He ycTaHoBRII YH-3 u JIH. 

HoBbiM nanoM IIayqeunH TepMoHp,epnoro cuu
Teaa HBHJIHCL Hccnep,oBaHIIH na ycTaHonrw IIP-5 
c ROMOHHupoaaHHhiM MarHHTHhiM rroneM. Ha ::lTOH 
ycTaHoBKe nnepBLie n Mupe B 1963 ro.u;y OLIJIO ;:J:O
CTHrHyTo BOCbMa AJIHTl'Jl.bHOe y,n:epmaHHe llJIU3Mhf 
(- 0,06 cen). iho Haupanneuiie uoJryqiiJio nce
MIIpHoe IIp113HaHHe. 

:B ~efrcTBYIO~eif: ycTaHOBRe YH-3, B ROTopoii 
BI!epBLIO UCIIO.ilh3YOTCII HOBLiii CIIOC06 y.n;apHOI'O 
HarpeBa IIJia3Mhl, IIOCeTIITO.lJHM ,n:eMOHCTpHpOBa
JTaC.b nJiaaMa, uarpeTaH p;o 100 MHJIJmouon rpa)]:y-. 
COB. 

OmiiBJieHHLre MaReThl ycTaHOBRH AC-1, <<ToRa
MaR-3» H ,IJ;p. Hai'JI1IAHO IIORa3hlBaJIH pa6oTy COBeT
CI\HX Y'IOHLIX B HarrpaBJIOHIIII OBJia)]:eHHH Heucqep
naeMOII ::meprueii TepMoH.n;epnoro cnHTeaa. Muoro
'IIICJieHHhie <pOTOrpalf>nii H rpalfJIIRH pa3'bHCHHJIII 
1IpliH~Ullhl paOOTbl II xapaRTepHCTIIRJI :')RCUl'pii
MOHTaJILHhiX ycTaHOBOI\. 

Ha BLICTaBRe p,eMOIICTpnponaJinCL 3Jien.TponHLH' 
npnGopbi II ycTaHOBKH, rrpHMCHHOMhie B H;:ICpHLIX 
HCCJieP,OBaHHHX, B TCXIIHRe, B COJibCROM X03HiiCT
Be II Me,n:nU,IIHe. BnnMaHHe p,eneraToB Konlflepen
I~HH HpUBJICK 16 000-RaHaJILHLiii: aHaJIH3aTOp HM
ny.'lhCOB, KOTOpLIH IIOCJIC OKOHlJaHHH BbiCTaBRU 
6hlJI uanpaBJIOH B 00'bC,IJ;HHCHHLiii: JIHCTHTYT H)J;<'p
HblX :nccJiep,oBanuii. 

B RaqecTBe rrpnMepa pa6oT no rrpnMeHeHHIO 
l130TOHOB B pa3JilllJHhlX OOJiaCTJU HayRn U TCXHH
l\U na BhiCTUBl\C 6LIJIH llORa3aHhl MaROTbl ycTaH0-
1101> ~VIR: pa;vwTepannH, ,IJ;JIH o6JiyqeHIIH nu~eBhlX 
npo.n;yKTOB, a TaRme lfloTorpalflnii, IIJIJIIOCTpupy
IOIIJ,He paOOT.bl B dTHX HanpaBJIOHHHX. 

Ha BhlCTaBRe p;eMoHcTpiiponaJincL TaRme nepu
OP,H'Iec.KaH TaOJIII~a 3JIOMeHTOB, Bl\Jll01faiO~aH 
~~JICMOHT 104, OTRphlThlH B 0o'bei'1,HHeHHO&l HHCTII
TYTl' HlJ,epnLix nccne.n;oBaHnif: (l];y6na) B 1964 ro
;ty, H )]:HarpaMMa CHCTOMaTHI\U ~ -aKTHBHbiX H)l,OJI, 
l\OTOpaH 6hiJia J1 pe,IJ;JIOllieHa COBeTCKIIMII Y'IOHLIMll. 

Ha BhlCTaHRe Momuo OhiJIO II03HaKoMHThC1I c 
uaylJHLlMII MOHorpalflnHMII no nonpocaM npiiMeHe
HHH aTOMHOM :meprHH B MHpHbiX 1\0JiflX, Ha,n:an
HbiMII B nocJie~HHe ro.n;hl B CoBeTciWM Co10ae. 

IlocenneJIHM BbiCTaBKH paa,n:anaJiarL cue~uaJI.b· 
naH 6pomropa na qeTblpex pa6o'IHX H3LIRax NOH 
q>epeHQHH. Ona oTpa)RUJia ocHonnoe coJ.(epmanu(; 
BbiCTUBKH If ,IJ;aBaJia llOCCTJITeJIHM )l;OIIOJIHJITeJIL
Hhiii HJIJIIOCTpHpOBUHHhlH MaTCpHaJI no paooTaM 
coueTcHnx yqenhiX. 
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0AHH ua aKcnoHaTOB BhiCTaBKH CCCP - oJroq-
HaH aToMHaH aHepreTHqecKaH YCTUHOBKa 

APBYC 
One of the Soviet exhibits-the Arbus package atomic plant 

BH-1000- OAHH na coseTCKJIX peanTopos Ha 
ohiCTpblx Heii:TpoHax 

One of the USSR fast reactors-the BN-1 000 

Pean.Top THna <<PoMarnKa>> AJUI 
npHMoro npeoupaaosanHH aToMuoii 

aueprHH B 3JICI\Tpl111CCI\YIO 
A direct-conversion reactor of the Romoshka 

type 

Mo)l;eJih aToMnoro Jie)l;oHoJia <<JleHun» n Mac
rnTaue 1 : 25 

A model of the atomic-powered ice-breaker Lenin 

PeaKTop BeJioHpCKoii aToMnoii 
aJieinpocTaH.QHJJ uMeHH M. B. l\ypqaTosa 

Working face of the reactor at the I. V. Kurchatov 
atomic power station at Byeloyarsk 

Mop,eJih ypan-rpa~HTosoro peaKTopa n BeJioHpCI\e 

Model of the uranium-graphite reactor at Byeloyarsk 
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Mo)leJib uccne)loBaTeJibCKoro pcaKTopa 
HP-100, )leMoHCTpupoBaBinaRcn ua BhiCTaBKe 

CCCP 

MccJie)loBaTcJibCKHK peaKTop THIIa MMP 

An MIR type of research reactor model 

An IR-1 00 research reactor model 

Mo,n;eJib HCCJie)loBaTeJibCIWro 
peaKTOpa JifP 

Madel of an lfR research reactor 

Mo~eJTb HCCJieJJ;oBaTcJTbCI\oro 
pcaHTopa CM-2 

Model of an SM-2 type research reactor 

Mo)leJib HCCJie;.~oBaTeJibCKoro 
peaKTopa MP 

Model of an MR type research reactor 
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Translation 

UNION OF SOVIET SOCIAliST REPUBliCS 

The exhibit of the Union of Soviet Socialist 
Republics reflected the achievements of Soviet 
scientists and engineers in the field of the peaceful 
uses of atomic energy. On it were displayed, over 
an area of more than 1 000 m2 , working models of 
atomic power plants, power plants for transport 
prime movers and mobile power plants, and 
machines for thermonuclear fusion studies, together 
with two operating thermonuclear machines and 
electronic equipment used in various branches of 
science and technology. A large number of photo
graphs, diagrams and drawings, illustrating the 
operation and characteristics of atomic power plants 
already in service, provided a basis for the discus
sion of problems of interest to specialists from many 
countries. The exhibits displayed illustrated and sup
plemented the papers submitted to the Conference 
by Soviet scientists. Twenty-four scientific docu
mentary films, produced for screening at the Con
ference by the State Committee for the Utilization 
of Atomic Energy were shown in a special cinema 
on the USSR stand. Consultations of Soviet scien
tists and engineers were organized at the Exhibition, 
as were also meetings between them and delegates 
from other countries. 

The exhibit comprised the following main sec
tions: (1) atomic power plants; (2) research reactors; 
(3) thermonuclear fusion studies; and (4) applica
tions of atomic energy in different scientific and 
technological fields. 

In the centre of the exhibit was a 6 m model of 
the ice-breaker Lenin, which in 1964 completed its 
fifth cruise, having then steamed more than 100 000 
miles under severe Arctic conditions. From the 
model it was possible to see the main features of 
the design of the vessel's 44 000-HP atomic power 
plant. Photographs and films were also on display, 
showing the ice-breaker and its crew at sea. 

A model of the Byeloyarsk atomic power station 
named after I. V. Kurchatov was displayed, illus
trating the construction and working principles of 
the first atomic power station in the world with 
nuclear superheat, the first 100-MW(th) unit of 
which has been delivering power since the spring 
of 1964. A full-scale model of the upper cover of 
the reactor vessel,. of the graphite blocks and of 
the working channels gave a graphic idea of their 
dimensions and design. This group of models and 
photographs aroused great interest among the spe
cialists attending the Conference. 

A 1 : 25-scale model of the Novovoronezh atomic 
power station enabled the operation of the station 
and the interaction of its various components to be 
easily understood. The reactor of the first unit of 
this station has already gone critical and the station 
has been brought into service. 

In the Soviet Union, the construction of fast 
reactors for power stations with enhanced breeding 
of the fuel is being developed on a broad front. This 
work was illustrated by a model of a projected 
1 000-MW(th) reactor of the BN-1 000 type. 

Work in the field of "micro" power plants was 
illustrated by two mobile, package power instal
lations, the TES-3 and the Arbus. A 1 500-kW(th) 
atomic power plant mounted on caterpillars has 
been operating in the Soviet Union for more than 
three years. A model of the plant contained all four 
components: the reactor unit, the steam-raising unit, 
the turbine unit and the control panel. A working 
model with a specially-illuminated cross section of 
the pressure-water reactor, the working channel, the 
steam plant and the turbine room brought out the 
underlying principles of the design and operation 
of the plant. A model of the Arbus plant with an 
organic-moderated reactor and a capacity of 750 
kW(th) illustrated work on the use of organic com
pounds in the atomic energy field. 

The model and photographs of the Romashka 
reactor, the first in the world for direct conversion 
of nuclear energy into electricity aroused great 
interest among visitors to the Exhibition. The work 
being done by Soviet scientists and engineers on 
the direct conversion of power won high praise at 
the Conference. 

A large part of the exhibit was devoted to 
research reactors. Models were shown of reactors 
already in operation or under construction and of 
different capacities and various types: the SM -2, 
the MR, the MIR, the IR-100, the IBR, the IGR 
and others. 

The SM-2 research reactor with intermediate 
neutron spectrum and the highest thermal neutron 
flux in the world (3.0 X 1015 n/cm2 s) has already 
been operating for a long time in the Soviet Union. 
A model of the reactor made it possible to follow 
the fuel-charging cycle, and the installation and 
procedure for the removal of irradiated samples. 
Models of the MR and IR-100 reactors gave a 
graphic idea of the operation of these installations. 
A model of the powerful MIR loop reactor, at 
present under construction, showed the installation 
as a whole and the withdrawal of one of the loops 
used for testing fuel elements for reactors of various 
types and designs. 

Pulsed reactors are a special type of research 
reactor. A model of the IGR graphite pulsed reactor 
was displayed at the USSR exhibit. Data on this 
reactor which has a pulsed neutron flux of up to 
1018 n/cm2 s, an instantaneous capacity of 106kW 
and a temperature of 2 500 oc at the centre of the 
core, was disclosed for the first time at the Con
ference. The model enabled the procedure for raising 
the cover of the active zone and removing the core 
from it to be followed. A second pulsed reactor 
using fast neutrons, the IBR, has been in operation 
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for some time past at the Joint Institute for Nuclear 
Research at Dubna, where it is used for a wide 
range of scientific experiments. The work of this 
reactor was illustrated by a working model, graphs, 
charts and photographs. 

Although thermonuclear fusion studies were not 
the main theme of the Conference, the USSR, 
appreciating the vast extent of such work, showed 
on its stand models of machines, already in use 
for fusion studies, of the following types: Ogra, 
PR-5, AS-1, Tokamak-3, Delta and others; UN-3 
and LN machines, also already operating, were 
similarly displayed. 

A new stage in the study of thermonuclear fusion 
has been embarked upon with the introduction of 
the PR-5 machine with combined magnetic field. 
With this machine, the plasma was sustained for 
quite a long time (""" 0.06 second), for the first time 
anywhere, in 1963. This achievement received 
world-wide acclamation. 

In the UN-3 machine, in which the new method 
of shock heating of the plasma is being used for 
the first time, visitors to the Exhibition were shown 
plasma heated up to I 00 000 000 degrees. 

Working models of the AS-1, Tokomak-3 and 
other machines vividly illustrated the work of Soviet 
scientists towards mastery of the inexhaustible source 
of energy represented by thermonuclear fusion. 
Numerous photographs and drawings explained the 
working principles and characteristics of these 
machines. 

Electronic equipment and apparatus, used in 
nuclear experiments, as well as in technology, agri
culture and medicine, were shown on the USSR 
exhibit. A 16 000-channel impulse analyser, in
tended for use at the Joint Institute for Nuclear 
Research after the exhibition closed, attracted the 
attention of participants in the Conference. 

To illustrate the work being done on the use of 
radioisotopes in various branches of science and 
technology, models were shown on the Soviet stand 
of apparatus for radiotherapy and for irradiating 
foodstuffs, as well as photographs illustrating work 
being undertaken in these directions. 

A periodic table of the elements, including ele
ment 104, discovered at the Joint Institute for 
Nuclear Research at Dubna in 1964, and a diagram 
showing the arrangement of ,8-active nuclides, 
presented by Soviet scientists, were also on 
display. 

Scientific papers on the problems of the peaceful 
uses of atomic energy, published in the Soviet Union 
in recent years, were available on the USSR stand. 
Visitors were also provided with a special brochure 
in the four working languages of the Conference. 
This described the basic content of the exhibit, and 
gave visitors additional information about the work 
of Soviet scientists. 

UNITED KINGDOM 

The United Kingdom exhibit covered an area of 
8 000 ft2 and presented an integrated picture of 
scientific and engineering developments associated 
with Britain's large and varied programme of nuclear 
power development. 

The exhibits were designed to merit the attention 
of an audience of high scientific calibre, i.e., the 
delegates to the conference, and to represent the 
wide variety of organizations whose combined efforts 
have contributed to the dynamism of the British 
programme of research and development in the 
nuclear field, including the United Kingdom Atomic 
Energy Authority, the Central Electricity Generating 
Board, British industrial firms, research associations 
and universities. 

The 150 individual exhibits were divided into 
five main sections: Nuclear Power Programme, 
Nuclear Power Reactors, Nuclear Fuels, Research, 
and Miscellaneous. The central feature of a "bridge" 
and "catwalk" eased the work of day-to-day opera
tion and lent the stand an air of individuality 
without overburdening it with decorative detail. To 
assist enquiry and possible "follow-up" liaison be
tween the United Kingdom and other countries, the 
stand included a library of unclassified reports and 
other publications including two produced speci
fically for the occasion, "Nuclear Energy Research 
in the United Kingdom" and "Reactors UK", the 
latter containing parameters, cut-away diagrams and 
photographs of all UK reactors in operation or 
under construction. 

The opening feature of the Power Programme 
section of the exhibit was a graph, 30 ft by 60 ft, 
outlining the output of electricity generated in 
Britain's nuclear power programme. Supported by 
a line of models of every reactor (power, experi
mental or research) operating or under construction, 
this feature provided a graphic illustration of some 
statistics mentioned by the leader of the UK delega
tion during the conference: "We have the biggest 
nuclear power programme in the world-some 
5 000 MW(e) of magnox reactors commissioned or 
under construction; and a planning programme of 
at least 5 000 MW(e) for commissioning during the 
period 1970-1975. We have already produced over 
15 000 GWh of electricity from nuclear fission." 
Data for each power station were then given 
separately close-by, along with a typical example 
of appropriate research and development work asso
ciated with its development. The main design 
features were outlined for the magnox reactors in 
the UK power programme, namely: 

Calder Hall Trawsfynydd 
Chapelcross Dungeness 
Berkeley Sizewell 
Bradwell Oldbury 
Hunterston Wylfa 
Hinkley Point 
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A general view of the UK stand 

A model of the UK steam generating heavy water reactor simulator 

A 1 : 12 scale model of a Wylfa concrete pressure vessel 

Models of Britain's nuclear power stations arranged in order 
of operating date, and research experimental reactors 

Part of the UK DRAGON exhibit 

Visitors examining the working of a half-inch scale Dimple 
reactor model 
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and also of the two British designed power stations 
built overseas, Latina (Italy) and Tokai Mura 
(Japan). Operational data and experience were 
given for the appropriate power stations Calder Hall, 
Chapelcross, Berkeley, Bradwell, Hunterston and 
Latina. A major feature of this section of the stand 
was a one-twelfth scale model of one of the pre
stressed concrete pressure vessels for the Wylfa 
power station in Wales; it was supported by details 
of background research on prestressed concrete for 
this project. 

The Nuclear Power Reactors section on the sys
tems built or building, and of more advanced con
cept than the magnox (power programme) examples, 
was divided under four reactor types: advanced gas
cooled reactor; fast reactors; steam generating heavy
water reactor; and high temperature gas-cooled 
reactor. 

The first comprised an exhibit of an operating 
reactor model simulating the behaviour of the AGR; 
full details of reactor physics results for the AGR 
and similar work for sub-assemblies; and the HERO 
reactor in which various actual and possible core 
configurations have been studied. Extensive data on 
reactor flux, fuel and moderator temperatures and 
electricity generation were outlined for the AGR, 
which had by that time been working without trouble 
for eighteen months. Models showed experimental 
work and facilities proceeding in the AGR and also 
early ideas on what fully commercial and larger 
AGR power stations would look like. 

The second typified the five fast reactors which 
Britain has built to date, one of which is the most 
powerful in the world. Operating and experimental 
results for the 60 MW Dounreay Fast Reactor were 
explained in relation both to its function as a power 
producer of electricity, and also as the world's most 
powerful fast reactor test-bed for various types of 
fuel. Background work was illustrated on fast reactor 
physics and nuclear spectra, and also on engineering 
research (for instance in sodium nucleate boiling) 
pertinent to larger commercial fast reactors cur
rently being designed. There was a detaile.d model 
of the DFR and a sectioned fuel element on display. 

The steam generating heavy-water reactor section 
began with a new working model, with a four
language commentary, of the SGHWR now being 
built at Winfrith in Dorset, and then showed some 
of the corrosion development work, on zirconium 
and steel alloy components, which has been done in 
England. There was a very detailed section on the 
theory and experimental results obtained at Harwell 
and Winfrith on two phase heat-transfer of parti
cular significance to water moderated power reactors 
-including a working Freon rig demonstration of 
the various modes of heat transfer and boiling, 
simulating water behaviour in a reactor. Several 
types of large steel/zirconium joints were displayed 
and also a complete zirconium superheater tube with 
superior internal finish. Reactor physics of water 

reactor systems were illustrated by results and also 
a half-scale working model of the DIMPLE reactor 
at Winfrith. This demonstrated a novel fast dump 
system and also a new, simple fuel assembly, 
allowing easy accurate changes to be made in fuel 
lattice arrays. 

The fourth section outlined the DRAGON reactor 
and was submitted by the European Nuclear Energy 
Agency. The DRAGON reactor, which went critical 
just before the conference, is sited at Winfrith in 
Dorset, and is a high temperature gas-cooled reactor 
designed, built and operated as a co-operative 
European project. Exhibits in this section outlined 
the various international organizations involved in 
manufacturing the DRAGON fuel elements, and in 
irradiation testing engineering components in various 
reactor loops throughout Europe. Other features 
were a gas circulator after 1 400 hours use, sup
ported on gas bearings, and a model of the main 
entry valve for the reactor. 

A major section of the UK stand was that devoted 
to nuclear fuels, and was opened by a large colour 
diagram of fuel cycles for natural uranium, enriched 
uranium and plutonium reactor fuels. Detailed 
reasearch and development was discussed for 
magnox, oxide and plutonium fuels as well as fuel 
reprocessing plant. Considerable details were given 
on the performance of the magnox fuel, used for 
all Britain's gas-cooled civil nuclear power stations. 
Magnox fuel is natural uranium metal with special 
alloying additions and specific heat treatment to 
determine grain-size, etc., enclosed in a magnesium 
alloy can. Detailed results were given by both the 
UKAEA and the CEGB on this fuel behaviour in 
power reactors, for example, the effects of gas forces, 
aerodynamic stability, the use of araldite models to 
simulate these effects and the progressive develop
ment of fuels with higher ratings. During the course 
of the conference it was announced that the 
guarantee for this fuel was raised 30% from 3 000 
MWd/t to 4 000 MWd/t. Radiographs were shown 
and discussed of magnox fuel after use up to 
6 000 MWd/t. Results were given showing that 
magnox is non-permeable to plutonium on the creep 
deformation of the magnesium alloy can, and on 
the behaviour of this fuel under fault conditions. 
A display of magnox fuel elements for the British 
gas-cooled power stations, Calder Hall, Berkeley, 
Bradwell, Dungeness, Oldbury, Sizewell and the 
TNPG flat bar design, showed progressive improve
ments in conception, manufacture, aerodynamic 
stability, and heat transfer properties. Enriched 
oxide pellet and fuel element production and de
velopment were shown with special reference to 
AGR fuel assemblies using stainless steel canning, 
and also for SGHWR fuel using zirconium alloy 
cans. Research work was outlined on ultra modern 
techniques here, such as electron beam welding of 
wires to cans, and of electromagnetically deformed 
can surfaces. Plutonium fuel is subject to intensive 
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A panel showing various types of magnox fuel elements 

Panels illustrating the domestic and international transportation 
of British reactor fuel after irradiation 

research in the UK, both from the viewpoint of 
reactor physics properties in thermal and fast 
reactors. Detailed results were given for this field 
of work and also with regard to the manufacturing 
techniques developed in British production facilities. 
A detailed model of the new Windscale fuel repro
cessing plant, which had just commenced operating 
and is Europe's largest, was displayed. 

A special section of the stand was devoted to the 
transportation of radio-active materials, with parti
cular reference to containers for nuclear fuel. Details 
were given of research into new types of container, 
to IAEA standards, which are fireproof and with
stand 30 ft drop tests on to metal beams, using 
wood as an integral part of the structure. Actual 
containers were shown, and also a model of the 
road-rail containers used for moving irradiated 
magnox fuel from Britain's nuclear power stations 
to the Windscale fuel reprocessing plant, and in
formation on international shipments of enriched 

An exhibit showing the two British-designed nuclear power stations 
built in Italy and Japan 

Another section of the exhibit showing a cutaway model of the 
new Chemical Separation Plant at Windscale 

spent MTR fuel from the PLUTO type reactors at 
Hifar (Australia) and Ris¢ (Denmark) to the 
Dounreay reprocessing plant. 

A wide range of results in basic research, from 
Harwell and elsewhere, pertinent to nuclear power 
reactors and their fuels was on show: Some of the 
topics were: measurement and calculation of basic 
nuclear data and spectra; the behaviour of aerosols 
in pipes with special reference to very fine plutonium 
aerosols; accurate dosimetry of reactor radiation; 
new precision reactor control instrumentation; the 
FINGAL work on fixation of active waste liquors 
in glass; and a working display of the Monte Carlo 
analogue computer technique for estimating neutron 
populations in power reactor gas ducts. A con
siderable amount of data was presented on irra
diation effects in pressure vessel steels and pressure 
vessel lifetime. Research results of irradiation on 
beryllium oxide, ceramic and cermet fuels, stainless 
steels and materials were presented along with 
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production methods for cermet fuels. A binary cross
correlation analyser was working on the stand and 
two new types of prevision pressure transducer were 
outlined. A new solid-liquid contactor-from a 
university-was demonstrated; this is suitable for 
resin extraction treatment of radio-active liquors. 
A display on graphite technology showed dislocation 
movements, as seen by electron microscopes, and 
other irradiation damage effects; work on dimen
sional stability; the formation of carbon suboxide 
resins on fuel etc.; improved, less porous graphites; 
and the graphite/carbon dioxide reaction, with a 
working model using ultra-violet simulation. Finally 
there was a display of various reactor rigs made for 
precision use over a temperature range from liquid 
hydrogen to 2 000 oc. 

In the Miscellaneous section of the stand a 
twenty-seat four-language cinema showed ten new 
colour films on various aspects of nuclear power, 
fusion research and radioisotope uses. There was 
also a display of Britain's commercial and research 
plants using cobalt-60 for gamma ray sterilization 
of medical and pharmaceutical products. 

UNITED STATES OF AMERICA 

The United States stand occupied an area of 
1 710 m2, and was visited by more than 22 000 
participants, scientists, technicians, and general 
public. Devised as a background for, and graphically 
supplementing, the US Papers Program presented 
by the US delegation to the Conference, the US 
stand provided a person-to-person exhibit wherein 
the newest developments in the US nuclear energy 
field were freely explained and discussed by the 
visitors with over 30 US scientific and technical 
attendants. To assist the free interchange of ideas 
and information, 44 specially selected and trained 
guide-interpreters were available who between them 
spoke no less than 14 languages. A large central 
lounge area and several small lounge areas, inter
spersed throughout the stand, plus a lecture ball 
and conference area, provided opportunity for 
roundtable discussion. 

Two multi-language theaters, each with a capacity 
of 20 seats and some standing, showed 24 films with 
sound in English, French, Russian and Spanish as 
selected by the viewer. A Technical Information 
Center featuring a reference library, a technical 
book exhibit, a nuclear safety information point and 
a publication distribution counter, gave everyone 
an opportunity to study in print the developments 
in US nuclear technology since the 1958 Conference. 

On the afternoon of 30 August, the UN Secretary
General and his official party were welcomed to the 
US Exhibit by the Chairman of the US delegation, 
and the exhibit was officially opened by a filmed 
greeting from President Johnson, who, referring to 
nuclear power, sounded the keynote for the US 
delegation's contribution to the Conference in these 

words: " ... Today we begin to know its hope as 
a power-house of peace .... " 

As the visitor entered the US Exhibit, he was met 
by a guide-interpreter, presented with a descriptive 
brochure, and offered interpretation assistance if 
desired. The Exhibit was divided ipto areas 
paralleling those of the Papers Program, i.e., 
Reactor Technology; Reactor Fuels; Non-Destruc
tive Testing; Nuclear Power and Remote Areas; 
Instrumentation and Controls; Various Nuclear 
Applications; Co-operation and Safety. In addition, 
the technical film theaters, the technical information 
center, the delegates' lounge, the lecture room and 
the conference room were provided for the con
venience of visitors. 

The Reactor Technology area contained exhibits, 
equipment, transparencies and technical charts on 
boiling water reactors (Oyster Creek); nuclear super
heat reactors (BONUS-Boiling Nuclear Super
heat); pressurized water (Yankee and Malibu), 
spectral shift control reactors, high temperaJure gas 
cooled reactors (Peach Bottom), fast breeder reactors 
(showing development from Clementina to Enrico 
Fermi), sodium graphite reactors (Hallam), and 
maritime reactors (N.S. Savannah, 630A (nuclear 
steam generator), unified modular plant and con
solidated nuclear steam generator). An important 
part of this area was a graphic display of com
parative costs of nuclear power plants versus con
ventionally-fueled power plants contained in the 
Economics of Nuclear Power Production area. 

The Reactor Fuels exhibit was of great interest. 
Explained by models, illuminated transparencies and 
actual equipment was the high temperature gas 
coolant reactor fuel fabrication, featuring a 12 ft 
fuel element. Also included were the SOL-GEL 
bulk oxide process and the SOL-GEL microsphere
forming process, as well as the vibratory compaction 
of bulk oxide; the experimental breeder reactor fuel 
processing facility, showing each step in the recovery 
of fertile and fissionable material by pyrometallur
gical methods; and the fission product recovery 
system and radio-active waste spray calcination pro
cesses for storing radio-active waste products which 
give the latest US techniques on fuel processing. 

The Non-Destructive Testing area provided the 
pulsed eddy current device for inspection of fuel 
element jacket tubing, the eddy current U-tube 
inspection system for discovery of defects and 
corroded areas in tubing, the ultrasonic thin-wall 
tube tester to insure the integrity of nuclear sheath 
tubing with wall thickness of 0.015 in; the beta 
material tester which reports thickness and uni
formity of bore coating in tubes of 2.5 mm, the 
phase system eddy current instrument that made 
accurate measurements of thickness of stainless 
steel as great as 0.5 in, the fuel homogeneity scanner 
used to determine thickness, density, and/or homo
geneity of specific alloys, the eddy current spacing 
device which measured the coolant-channel spacing 
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The entrance Ia the US stand 

Over-all view of the US exhibit 
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A recorded message from the President of the United Stoles of America 

Above: visitors examining a desalination process 

At left: explaining the fuel element assembly of the US BONUS 
(boiling nuclear superheat) reactor 
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Multilingual film theatres on the us stand 

US SNAP-I 0-A nuclear space reactor Exhibits featuring the nuclear weather ship 

The Technical Information Center at the US exhibit 
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between fuel plates in a range of a few mils to 
several hundred mils, a metal identification meter 
using eddy current techniques to identify metals and 
alloys, an exhibit on neutron radiographic tech
niques in non-destructive testing, a microradiography 
exhibit showing techniques for X-ray evaluation of 
tiny specimens (or of selected small regions in larger 
specimens), and the insertion X-ray generator which 
displayed the method of insertion X-ray inspection 
of welds in tubing. 

Nuclear Power for Remote Areas featured a 
working SNAP 7F nuclear generator and an actual 
weather boat, which, powered by the generator, 
transmitted and recorded samplings of temperature 
and atmospheric data in the exhibit hall. Other uses 
of SNAP generators were also shown. A mechanical 
demonstration model of the SNAP lOA, the first 
nuclear reactor planned for use in space, and a 
mock-up of the Advanced Dynamic Conversion 
System, proved of great interest to the scientists. 

The Instrumentation and Controls area featured 
some of the latest US developments and included 
the hi-ball control road mechanism whereby stain
less steel balls containing 2% natural boron were 
used as control rods resulting in an increase of the 
average power density of a water coolant reactor by 
40%, a magnetic jack control rod drive employing 
a solenoid activator to produce linear motion 
within the sealed control units, with the working 
reactivity computer continuously analysing signals 
from the ion chamber to compute the shut-down 
reactivity of a reactor core. Of particular interest 
was the unified digital instrumentation which mea
sured liquid level, temperature and pressure without 
physical contact with the medium being monitored. 
The ultrasonic level sensor by means of a magneto
strictive transducer gave direct read-out as a voltage. 
The wide range neutron flux sensor recorded 

neutron ranges of 104 to 109 nv as a counter and 
108 to 5 X 1013 nv as a chamber. The detector 
measured only 4 in long X .355 in in diameter. 
The reliability shut-down for HTGR combines the 
outputs from the high temperatufe gas reactor 
scram channels, and caused the reactor to scram 
when unsafe conditions existed. 

Other nuclear applications were the extensive 
Plowshare (use of nuclear explosion for peaceful 
purposes) exhibit; the neutron activation analyses 
exhibit and its widening use in all fields of science; 
the bio-degradable detergents exhibit, showing the 
reaction between petroleum hydrocarbons and sulfur 
dioxide under radiation to produce a detergent 
degraded by bacteria in a conventional sewage dis
posal plant-~me solution to a \lniversal problem. 
The de-salination of sea water exhibit, with a model 
flow diagram and other data, described a nuclear 
power-producing, desalting and chemical extraction 
plant capable of producing approximately 50 million 
gallons of fresh water a day from sea water. The 
Nova wood exhibit showed the result of impregnating 
soft woods with a liquid monomer and gamma 
irradiation, thus producing a harder wood, with test 
samples of the treated and untreated wood available 
to interested scientists. 

The Co-operation area reviewed the many ways 
in which the US and other members of the IAEA 
and the United Nations co-operate in the promotion 
and development of nuclear energy for peaceful 
uses. The Safety area, featuring a different sort of 
"magic hands", explained why the nuclear energy 
industry in the United States continues to remain 
among the leaders in industrial safety. 

The US Exhibit was devoted to the pursuit of 
its planned purpose-namely, to foster the scientist
to-scientist exchange and discussion of the newest 
nuclear developments in the United States. 
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