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EDITORIAL 
On e of the ongoing objectives of the 
OECD NucleQl' Energy Agency is to 
improve its visibility and make the 
results of its work better known to an 
interested, but non-specialist public. 

To thi s end , the N EA publishes a 
biannual Newsletter which reports on 
the principal l'esults of its work. Over 
th e yea rs , this Newsletter has also 
beco m e a forum offering inter
national/y renowned experts the 
opportunity to present different views 
on the challenges facing nuclear power 
today and the prospects for the 
industry in the future. 

Since it was laun ched ten years 

The care with which NEA publications 
are prepared goes hand-in-hand with 
the desire to modernise the Agency's 
image. Thus , the new logotype recently 
adopted by the Agency symbolises both 
the atom and the international co
operation necessary to secure the 
development of nuc/ear energy for 
peaceful purposes. 

Meanwhile , the Agency has moved to 
new premises lo cated in Issy-l es 
Moulineaux, which has made it possible 
to bring together ail NEA staff "under 
the same roof" and thus facilitate the 
internai co-ordination of its work. 

ago, there has been constant ~ 
impro vement in the content and [~: 

We hope that these changes will 
help give the Nuclear Energy 
Agency an even higher profile 
in ail circles concerned with the 
role and results of international 
co -op era tion in the field of 
nuclear energy. We hope in 

presentation of the NEA Il \ ~V 
Newsletter, which has been ~U 
circulated, free of charge, in ever ~ 
in creasing numbers throughout 
th e wo rld . However, in view of the 
growing number of requests, not only 
from OECD countries but from many 
others also, and given the fïnancial 
constraints affecting its production, if 
has been decided to ask recipients for a 
smalt subscription fee to cover part of 
the produc ti on and mailing costs. 
Thus , the Newsletter will henceforth, as 
f i'om this issue, be sold on an annual 
subscription basis. 

particular that the NEA Newsletter will 
continue to satisfy the needs of its 
readers for regulat~ clear and objective 
information based on a dynamic vision 
of this co-operation. 

~P~ 
K. UEMATSU 

DIRECTOR-GENERAL 
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T
he Repuhlic of Korea is 10 hecome Ihe twenty-fourlh Memher government of Ihe OECD Nue/ear Energy Agenc\' 
(OECD/NEA) in the spring of1993 when the Korean governmenl official/y accepls Ihe invilalion addresseello il by 
Ihe Secretary-General a.flhe OECD. Just afew monll15 ago, Ihe Agency celehraled Ihe Men lielh annil'ersary of lhe 

accession of Japan to Ihe NEA, which was crealed in 1957 as Ihe European Nue/ear Energy Agency. The conjunclion of 
this commemoration of an ellenl Ihal hroughl Ihe Agency heyond ilS original European scope, and Ihe addilion a.f a new 
memher Fom Asia, is a limely il/uslration a.f Ihe flexihilily of Ihe NEA in Ihe contexl of Ihe OECD's desire 10 exlend Ihe 
suhslantive scope of ilS conlaCIS. AI Ihe present time , when the concept of interdepelldence has lIeper heen so forcefidly 
presenl in the world economy, nue/ear energy appears as one of Ihe few energy optiolls lhat may he availahle 10 slIpporl 
long-Ierm suslainahle economic development, while minimising Ihe environmental degradalion of Ihe planel. Il is Iherefore 
no surprise if induslrialised counlries lurn to nue/ear energy to meel their rising energy needs, having in mind, a.f COllrse, 
the ever-importanl commilmenlfor the highesl possible level of safety in the utilisation of the alom. 

THE REPUBLIC OF KOREA TO BECOME THE 
24TH MEMBER OF THE OECD NUCLEAR 
ENERGY AGENCY 

The widen ing of th e NEA membership through the 
participation of the Republic of Korea constit utes an 
important event in the life of the Agency and represents a 
significant milestone in the reinforcement of 
intergovernmental co-operation for the safe development of 
nuclear energy. Furthermore, this event takes on particular 
significance in the context of the OECD's expansion of 
contacts with non-Member countries in recent years. One 
element of these contacts in which Korea participates is the 
informai dialogue of the OECD with the Dynamic Non
Member Economies (includin g the Dynamic Asian 
Economies), which has been strongly supported by the 
OECD Council. 

The Repub/ic of Korea is /0 hecome the /weJlty-fouJ'/h memher 
o/, /he NEA in the spriJlg 0/, / 993. 

ln the last three decades, Korea, with a population of 
40 million , has enjoyed rapid economi c developmenl. 
Today, its Gross Domestic Product ranks twelfth among the 
wor ld economi es - the larges t of ail Dynami c Asian 
Economies. It has deve loped a so li d indu stri al base , 
beg inning first wi th chemical s, stee l and shipbuilding, 
fo llowed by the car industry and electronics. ln view of its 
swift economic growth (+ 8.4% in 199 1), Korea 's energy 
demand has rapidly expanded, increas ing by more th an Il 
pel' cent in 1991 over the preceding year. This ex pl ains why 
Korea, which does not have enough natural energy 
resources, has decided to base the expansion of its economy 
on a substantial contribution from nuclear power to meet 
fa st-ri sin g electri cit y demand and redu ce it s strong 
dependence on imported energy. 

The nuclear power programme of Korea, which at present 
accoun ts for over 43 pel' ce nt of th e country's tota l 
electricity generation, includes nine nuclear power units in 
operation. Thi s programme was ori gin all y based on 
press uri sed water reactor (PWR ) tec hn ology, but was 
subsequently di versified to include the pressuri sed heavy
water moderated reactor (PHWR, CANDU design). 

Due to the high electricity demand growth rates predicted 
for the coming years, the long-term National Energy Pl an 
ca ll s for construction of 18 additional nuclear reactors by 
2006, bringing the nuclear portion of electricity generation 
capacity to nearly 40 pel' cent of the total. Currently five 
units are under construction , one 700 MW plant of the 
PHWR type, and four 1000 MW plants of the PWR type. 
The majority of the des ign and manufacturing of th e 
equipment for the latter is being done by Korea as part of its 
programme on technological self-reliance in nuclear power 
plant const ru ction , and Korea has been deve lop in g a 

*DR. KUNIHIKO UEMATSU IS DIRECTOR-GENERAL OF THE NEA. 

(1) Ed. note: The Republic of Korea officially became a member of the NEA on 24th May 1993. 
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standard pressurised water reactor design of 1000 MWe. 
Construction of two more 700 MW PHWRs was committed 
in 1992 in co-operati on with Atomic Energy of Canada 
Limited. 

ln line with the policy followed by ail OECD countries 
with nu clea r po we r programm es, and in view of its 
importance to the nation 's economy and energy security, 
Korea is pl ac in g top priority on the need to ass ure and 
maintain the highest standards of nuclear safety. This is one 
of the main reasons why thi s country, which has been a 
member of the OECD Deve lopment Centre since April 
1992 and is parti cipatin g in a number of other OECD 
activities, has shown over recent years a particularly strong 
interest in th e ac tiviti es of the OECD Nuclear Energy 
Agency. Korea is already considered a "major player" in 
the nuclear energy field , and shares the same basic goals 
and principles as the NEA membership regarding regulation 
and development of nuclear power. Furthermore, the scope 
and dept of its intelllational co-operative ties with countries 
of North America, J apan , Europe and other parts of the 
world in the field of nuclear energy - not to mention its 
membership in the International Atomic Energy Agency 
(IAEA) - illustrate the role that this country already plays 
in intelllationai nuclear energy co-operation. 

Status of Nuclear Power Plants in Korea 

Items 

Kori 

Wolsung 

Unit 1 
Unit 2 

3 
4 

Unit 
Unit 

Unit 1 
Unit 2 

Yonggwang Unit 1 

Uljin 

Unit 
Unit 
Unit 

2 
3 
4 

Unit 1 
Unit 
Unit 
Unit 

2 
3 
4 

Reactor 
Type 

PWR 
PWR 
PWR 
PWR 

PHWR 
PHWR 

PWR 
PWR 
PWR 
PWR 

PWR 
PWR 
PWR 
PWR 

Capacity 
(MWe) 

587 
650 
950 
950 

678.7 
700 

950 
950 
1000 
1000 

950 
950 
1000 
1000 

Commercial 
Operation 

1978 
1983 
1985 
1986 

1983 
(1997) 

1986 
1987 
(1995) 
(1996) 

1988 
1989 
(1998) 
(1999) 

For these reasons, the Nuclear Energy Agency is confident that Korea's membership will be mutually rewarding and will 
make a significant technical contribution to the NEA programmes. In tUIll , Korea can expect to derive wide benefits from its 
participation in the Agency 's activities, drawing on the experience of ail NEA members in the whole range of co-operative 
programmes related to nuclear safety and regulation, technology, economic evaluations, science, and research and development. 

ln our rapidly changing world where "interdependence" and co-operation have become increasingly, important keywords, 
thi s enlargement of the NEA membership takes on particular significance, as it implies the prospect of a more purposeful 
action toward sharing the important objectives of developing nuclear power as a safe, environmentally acceptable, and 
economlc energy source. 

Bird's-eye view of/he KEPCO Research and Developmenl Centre. 
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THE SIGNIFICANCE OF THE ACCESSION OF JAPAN 
TO THE NEA 

W 
hen the European Nuclear Energy Agency was 
launched in 1958 under the aegis of th e 
Organi sa tion for European Economic Co

operation (OEEC) simultaneo usly with the creation of 
Euratom by the European Communiti es , there were a 
number of good reasons for hav ing two European bodies 
with the same objective of promoting co-operation for the 
development of nuclear energy. In fact , severaI years before 
the 1956 Suez cri sis, the OEEC took the initi ative of 
considering the energy problem that Europe might have to 
face due to the growing consumption of electricity and the 
resulting increase in energy cost. This was the origin of the 
Armand Report, publi shed in 1955, which suggested 
nuclear energy as the most promising option to explore for 
the future. A few months later, the six countries of the 
European Communities decided to select nuclear energy as 
a new sector, after steel and coal, for progress ing towards 
economi c integration along with the creation of the 
Corn mon Market. Th e difference between the two 
approaches and methods of co-operation, as weil as in the 
membership of the European Communities on one side and 
of the OEEC (grouping 18 western European countries at 
that time) on the other, made it desirable to have two 
complementary nuclear institutions in Europe working in 
harmony without duplication of effort. 

Thi s situation changed dras ti ca ll y wh en th e United 
Kingdom, Ireland and Denmark joined the Corn mon Market 
and Euratom in 1973, with th e prospect of further 
enlargement of the European Communities. At the same 
time, it also had become clear that effective integration of 
national nuclear industries was not a rea listic objective for 
Euratom. 

lt th us became obvious that there was no future for two 
separate nuclea r in stituti ons wi th purely Europea n 
membership. As , in th e meantime, the OEEC was 
transformed into th e Organi sa tion for Economic Co
operation and Development (OECD) in 1961 - with the 
United States and Canada as full members - the most 
natural way out of this dilemma would have been for the 
European Nuclear Energy Agency to follow the same 

*MR. PIERRE STROHL IS THE FORMER DEPUTY DIRECTO R· 
GENERAL OF THE OECO NUCLEAR ENERGY AGENCY. HE IS 
CU RRENTLY IN CHARGE OF A STU DY AND RESEA RCH 
PROGRAMME OF THE HAGUE ACADEMY OF INTERNATIONAL 
LA W DEVOTED TO "THE RISK OF NUCLEAR ENERGY". 
This article is adapted from an invited lecture delivercd by the author at a 
special symposium, "Nuclear Energy Development and the New Trends of 
International Co·operation", organised by the Japanese authorities in 
Tokyo in October 1992 on the occasion of the twentieth anniversary of the 
accession of Japan to the Nuclear Energy Age ncy. 

evolution . However, this did not prove poss ible because of 
the pol icy adopted and pursued with great consistency by 
the United States. Already in 1956, when both the OEEC 
and the Six were preparing their plans for co-operati on in 
the field of nuclear energy, US Sec retary of State Foster 
Dulles, a close friend of Jean Monnet, showed a pronounced 
preference for Euratom. Furtherm ore, th e US Atomi c 
Energy Comm iss ion was convi nced that Euratom would 
offer a better guarantee of an effec ti ve security con trol 
system. Although the United States. which at the time was 
an assoc iate member of th e OEEC, prov ided va luable 
technical ass istance to the Nuclear Energy Agency and its 
joint undertakings from the very beginning, the Agency 's 
Secretari at did not succeed in persuading Washington to 
consider full pat1icipation in its nuclear acti vities - neither 
at that time, nor after the USA became a full member of the 
OECD. evertheless, the USA kept its status as an acti ve 
associated country of the Agency (together with Canada). 
Instead, the co-operation agreement with Euratom appeared 
as the privileged link between the USA and Europe in the 
nuclear field, and this was fully in line with the genera l 
American policy to support the efforts of the Six towards 
European unification. ln thi s context, it was difficult to 

ex plain to the US Congress that Western Europe had, in 
fact , two different capitals - Paris and Brussels. 

THE EXPANSION OF THE NEA 

The relationship with Japan developed, of course, in a 
completely different fa shi on. From a very ea rl y stage. 
nuclear energy ci rcles in Tokyo had been anxious to collecl 
in fo rmation on the work of the Agency. From 1959 to 
1964, more than ten visits of Japanese groups to the Agency 
took place, including the Minister of State fo r Science and 
Technology, atomi c energy commi ss ioners, industri al 
leaders from Japan's Atomic Industrial Forum, and directors 
of Japan's Atomic Energy Research Institute. The first visit 
was conce rn ed with nu clea r in surance and third -part y 
li ab ility, but the main interest soon concentrated on the 
original features of the Agency's joint projects, in particular 
Eurochemic, Dragon, as weil as the nuclear ship project, 
and on the scientific acti vities such as the high-fl ux reactor 
and the compilation of neutron data. 

When it joined the OECD in April 1964, the Japanese 
government left open the poss ibility of its participation in , 
or assoc iation with, the Agency, but il fi nally dec ided to 
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Japall bea l/11e a.tid! member a.l/he NEA in 1972 . 

become an associated country as of February 1965 . It is 
in teres ting to note th at in the view of several Member 
countries, Thi s move did not necessarily open the way to 
Japanese participation in ex isting joint undertakings. In any 
case, it is fa ir to recognise that the Agency itself at that time 
was more inclined to keep its European sta tu s, whi ch 
proved obsolete towards the beginning of the 1970s in view 
of the changing world political situation. 

ln light of these circumstances, the accession of Japan to 
the Agency as a full member with effec t from 20th April 
1972 appeared pa rti cul arl y timely. From a hi sto ri ca l 
viewpoint, Thi s event occurred in the context of a much 
broade r reorientati on of the Agency 's programme. For 
se ve ral yea rs, the govern ing body of the Age ncy, th e 
Steering Comm ittee fo r Nuclear Energy, had become 
increasingly conscious of the need to adapt the role of the 
Agency to take acccount of several new fac tors resulting 
From the evolution of commercial interests in relation to the 
development of nuclear power. Therefore, a fundamental 
rev iew was initiated in 197 1, which reached the fo llowing 
conclus ions: 

.• first, high priori ty should be given to co-operation in 
safety and regulation corresponding to the traditional 
functions of governments, and a sharper di stinction 
should be made within the programme between such 
types of act ivities and th ose that have a more 
promotional objecti ve; 

• secondly, more emphas is should be put on the policy 
implicati ons of nuclear energy as related to energy 
suppl y, as we il as to economic and soc ial aspects, 
including public acceptance; 

• thirdl y, the capabiliti es of the Agency to promote 
projects of a prac ti ca l nature and to conduct more 
operational work should be preserved, but should not 
have the same broad potential as in the pioneer in g 
phase of nuclear energy. 

Such new orientations implied drastic changes in the style 
of the Agency - notabl y a non-European outl ook on 
nu clea r deve lopment. Confirm ati on, in 1972 , of the 
enlargement of the European Communities and the meeting 
of the first World Environment Confe rence (also in 1972) 
underlined the wi sdom of the concl usions reached by the 
Steering Committee. 

The transition towards a new era fo r the Agency was 
successful. After Japan joined, Australia, Canada, Finland 
and finally the USA in October 1976 dec ided to participate 
in the Agency. It is also of interes t to note that This 
broadening of its membership res ulted in a noticea ble 
increase of its budgetary reso urces. The nature of the 
Agency's wo rk prog ramme prog ress ive ly evo lved to 
become more responsive to the new requirements of co
operation amongst industri ali sed countries in the field of 
nuclear energy, in particular through reinforcement of work 
on safety and li censing, support to radi oacti ve waste 
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management poli cies , and economi c and tec hni ca l 
evaluati ons on va ri ous as pec ts of nu clea r elec tri city 
generation and of the fuel cycle, 

THE INFLUENCE OF JAPAN'S MEMBERSHIP 

The accession of lapan to the Agency, therefore, appeared 
as a major event in nuclear intergovernmental co-operation, 
as it prov ided the stepping stone for the Agency to develop 
into a transoceani c instituti on commensurate with th e 
OECD, Furtherm ore, as a co untry with an ambitious 
nuclear power programme, and which bears the second 
largest contribution to the OECD's budget, lapan has had a 
major role to pl ay in th e wo rk of th e Agency and it s 
orientations, 

As for the significance of Japanese participation to the 
NEA today and in the future, it would be artificial to try to 
isolate its contribution From that of any other given country, 
The programme of the Agency necessarily reflects an 
equilibrium between the di vergent nuclear energy policies 

View of Fukushima Daiichi Nuclear Power Station , 

of its members, Di versity of views on the obstac les to 
nuclear development and the reasons 10 oppose it, as weil as 
on its potenti al fo r meeting future energy needs and for 
contributing to environmental po licies, makes it difficul r to 
agree on a co-operati ve programme, Ir also offers a better 
chance to reach a balanced and rea li stic judgment on what 
cou Id be done jointly - provicled the co-operati ve spiri t is 
maintained, 

ln the CUITent situation, lapan belongs ro the mi nori ty 
group within the membership made up of those countries 
that wish to master the entire nuclear fuel cycle, incl udi ng 
the use of breeders, and that continue to take great in terest 
in research and deve lopment work on advancecl nuclear 
technology, as they have 1.0 rely on nuclear energy for their 
energy supply and therefore maintain long-term plans in th is 
field, Although a high level of safety is the main concern of 
ail countries in the Agency, it is essent ia l to its equi li brium 
to also encompass the interest and experi ence of th ose 
countries that are promoting progress in their nuclear power 
prog rammes, Consequently, the in put of l apan to the 
Age ncy 's wo rk is a key facto r in it s future po li cy 
orientations, Experience has already shown that Japanese 
authorities are anxious to encourage co-operation withi n the 
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Age ncy to ex plore new ave nues for improvin g and 
adva ncing reactor and fuel cyc le technology, including 
rad ioacti ve waste management, as weil as to support broader 
policy orientations. At the more operational level, Japan is 
participating in most of the NEA's joint projects and has 
become the main contributor to the NEA Data Bank. 

Japan has a leading role in the potential opening of the 
Agency to the group of so-ca ll ed Dyn ami c Asian 
Economi es, which is one of the directions in which the 
OECD may consider ex pandin g it s membership or 
developing some fornl of association. In this context, the 
recent accession of the Republic of Korea as a full member 
of the Agency is of great interest, not only to nuclear co
operation but also to the overall policy of the Organisation . 

A simil ar development is likely in rel ation to other 
industriali sed countries in Europe and South America. In 
thi s respect, the political influence and posture of Japan on 
the international scene, as one of the main economic powers 
in th e world , is of grea t importance to the potential 
evolution of the OECD, far beyond the specialised sector of 
nuclear energy. It may, however, be noted in pass ing that 
Japan, li ke ail the other non-European members of the 
Agency, has not acceded up to now to the conventions on 
nuclear third party Iiability, although it would be of primary 
interes t to broaden th e geographical scope of these 
conven tions. 

No doubt the peculiariti es of Japanese cultural traditions 
in the context of a Western-minded institution constituted 

both a challenge and a unique chance for mutu al 
enrichment. The Agency had to become familiar with the 
sophisticated relationship and balance of power among the 
various mini stri es, public bodies and industri al groups 
concerned with nuclear affa irs in Tokyo, as weil as with the 
length y process of internai consultation of ail parti es 
involved, while carefully avoiding to disturb the established 
network of relations among them. This way of conducting 
business clearly reflects a sol id tradition of the Japanese 
soc iety and a subtle equilibrium of the political , 
administrative and economic interests in this country. 

On the other side, Japanese authorities hael to aelapt to the 
origina l features of the OECD diplomacy, which aims at 
reaching compromises on matters of substance , often 
through a particularly open, infOlmal and flexible process of 
multilateral consultations. 

ln fact , in a long-term perspective, differences in national 
approaches to problems and in management style are more 
productive in a forum like the OECD than it may appear at 
fir st hand . Twenty years after Japan joineel the 
Organi sation , the Secretary-General stateel that "Japanese 
fOI·ward vision has served as a model of f1e xibility in 
adjusting to structural changes". 

In concluding, the experience of the participation of Japan 
in the Agency shows that the process of mutual adaptation 
has been successful in most respects and has contributed to 
add a new dimension to international nuclear energy co
operation. 
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THE CRISIS IN THE URANIUM MINING INDUSTRY 

F
or over ten years, the uranium mining industry within the OECD and elsewhere has been undergoing its worst ever 
crisis. At a time wh en it seemed assured of a promising future , the economic recession of the 1980s took the wind 
out of its sails. 

FACTORS CAUSING THE CRISIS 

cr: 
..... From the 1950s to the mid-1970s, the western world enjoyed almost uninterrupted growth resulting in an appreciable 

increase in energy requirements, while the less advaneed countries were also beginning to develop their own economies. ln 
1973, the Yom Kippur war made industrialised countries reali se the extent of their dependence on oil , whose main sources 
were (and still are) mostly located in the Middle East. They therefore looked for better ways of using the various energy 
sources available. For instance, to meet electricity generation requirements, oil was extensively replaeed by other energy 
sources, and in particular by nuclear energy. 

With the highly ambitious nuclear programmes at that time, estimated uranium requirements were huge, and it seemed by 
no means eertain that already discovered resourees wou Id suffiee. Under the pressure from sustained demand, uranium sale 
priees soared, and exploration, which had hitherto remained limited, was actively pursued in man y countries, gradually 
leading to the discovery of new deposits. In the context of considerable future energy requirements and strong demand for 
uranium, many utilities built up much larger uranium stocks and negotiated long-term purchasing contracts in order to 
secure regular supplies at reasonable prices. Meanwhile, certain countries that had limited indigenous resourees but had 
developed a good nuclear technology considered making uranium savings by using fast breeder reactors, which invol ves the 
reprocess ing of spent fue l to recover both plutonium and unspent uranium. 

By the end of the 1970s and in the early 1980s, the worldwide reeession led to a re-evaluation of future energy 
requirements, especially in developed countries, to much lower levels than in the pas!. Moreover, differenees of opinion 
within the OPEC caused an erosion of oil priees, and the disadvantages of energy dependenee faded somewha!. 

Three main reasons account for this error in the evaluation of uranium needs: first, lower energy requirements led to 
cutbacks in nuclear power construction programmes. Second, following the Three-Mile-Island accident, longer lead times 
and higher construction costs for power plants in eertain countries made nuclear electricity generation far less attractive than 
other forms of production. Third, through improved proeesses, higher combustion rates and the use of mixed uranium
plutonium oxide fuel , less uranium was needed to produee the same amount of energy. 

Furthennore, newly discovered deposits that had required considerable investment to bring into production could not be 
discarded, especially sinee the bulk of their output was committed under long-term delivery contracts. Consequently, while 
estimated future requirements were diminishing, production was rising sharply, supported by long-telm priees that remained 
attracti ve. 

The reeent collapse of most communist regimes and the ensuing normalisation of East-West relations allowed eastern 
European countries to enter the western market, as they cou Id no longer find out lets for their uranium production through 
their traditional market relations. In most eastern European countries, the transition to a market economy soon resulted in 
the closure of uranium deposits no longer considered to be profitable. On the other hand , the Commonwealth of 
Independent States (CIS), established when the USSR ceased to exist, is maintaining its uranium output, making it the 
largest world produeer. This situation can be explained by three factors: 

• Some deposits, which are mined by means of inexpensive processes and under far less binding environmental 
restrictions th an in the West, can remain viable despite the transition to a market economy. 

*MR. JEAN-LUC BALI_ERY, OF THE FUEL CYCLE DIRECTORATE, COMMISSARIATÀ L' ÉNERGIE ATOMIQUE, FRANCE, IS A MEMBER OF 
THE NEA GROUP ON URANIUM. 
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• In some republics, mining is a major industry and a potential souree of hard currency. It also, directly or indirectly, 
employs a large labour fo ree that cannot be cut back too drastically on soc ial grounds. 

• Finall y, the CIS has inherited the USSR's ex port organisation, Technabexport, which had already been acti ve on the 
enrichment market fo r several years. To gain a lasting foothold in the natural uranium market, this efficient body has 
pursued a very acti ve policy by finding market outlets in the West and by selling uranium at ex tremely low priees. This 
highly aggressive pricing policy, which has led ta anti -dumping proeeedings in the United States, has nonetheless 
enabled Technabexport to acquire major market shares in the United States but also in Europe where no countelmeasures 
at ail have been taken aga inst the imports. 

The CUITent cri sis in the uranium mining industry is therefore not just connected with slower growth in the nuclear 
industry, but also with other converging factors. ft is therefore unlikely to be fully resolved before new equilibria are fo und. 

PRODUCTION, DEMAND AND STOCKS 

ln 1990, world urani um output totalled about 49800 tonnes, of which: 

• 31 600 tonnes came from depos its in WOCA countries l ' l , chiefl y Canada, followed by the United States, Australia, 
Nam ibia, France, Niger, Gel1l1any (former FRG) and South Africa; and 

( 1) WOCA. or World Outside the Cent rally planned economies Area. is no longer an accu rate tem1 following the pol itica l changes in eastern and central Europe. but 
it i ~ retained here 10 conrom11O the original data sets referred to in the art icle. WOCA comprised ail countries other than the USSR, East Europe (COCOM) and China. 

Wes(em wor/d urallium requiremel1fs are e.rpec(ed ( 0 conrinue ( 0 increase imo (he ne.r( decade. 
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• about 18 200 tonnes are reported to have been produced in 1990 at mines located in countries outside the WOCA 
community, chiefly in the former USSR. 

Meanwhile, uranium demand for electricity generation totalled 49 300 tonnes, of which 40 450 tonnes fo r WOCA 
countries and 8 850 tonnes for the others. 

ln other words, WOCA output does not cover total WOCA requirements, whereas that of the non-WOCA economies is 
mu ch higher than domestic consumption. ln fact, WOCA requirements are partly met by its own output, partly by drawing 
on inventories, and partly through imports from China and especially the CIS since the end of 1990. 

The lack of consistent overall statistics makes it very difficult to estimate world uranium stocks. 

In its survey of world resources, production and demand for uranium, for several years now the OECD/NEA in co
operation with the IAEA has been publishing data on the stocks he Id in various fomls within WOCA: natural uranium, 
enriched uranium, and uranium From spent fuel reprocess ing. While inventories are reported to total 107 000 tonnes of 
uranium in 1990, this figure is weil below actual WOCA stocks, since some producing and some consuming countries do 
not notify their stocks to the NEA and IAEA for various reasons. 

Another approach, used here, is based on the balance between output and requirements (Figure 1). lt is still tentati ve, 
however, not only because available data conceming requirements do not represent actual requirements but estimated short
term ones, and also because production prior to the early 1970s largely met defence requirements, which are very difficult to 
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Figure. 1: Comparison of annual uranium production and demand in 
WOCA countries - Evolution of uranium stockpiles 

WOCA stocks are eva luated at 
over 130000 tonnes in 1990. 
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Since 1985, because uranium 
consumption by reactors has been 
much hi gher th an produ ct ion 
levels, stocks are running down. 

Build-up In view of the fac t that demand is 
of inventories continuing to grow at a steady 

pace, stock depleti on mi ght be 
Reduction of . ex pected to accelerate with the 
and imports fram China sharp fa ll in uranium production 

and the CIS reco rd ed sin ce 1987, bu t th e 
opening of the fo rmer centrall y 
planned economies and chi efl y 
the CIS economi es has made a 
new very cheap source of supply 
available. 

70 75 80 85 90 
In addition to its own CUITent 

Production Demand output, the crs ho Ids the stocks 
of the former USSR, which fo r 45 
years had taken up alm ost th e 
entire output of eastem European 
co untri es. Beca use data on 

uranium production have always been regarded in eastem European countries as of strategic importance, and therefore 
under military secrecy, very little is known about crs inventories. They probably range from 150000 to 300 000 tonnes of 
uranium. The existence of these considerable stockpiles of uncertain cost, bearing in mind the conditions under which they 
were buiIt up, affects spot prices, which remained very low in 1992 at under US$8 per pound of uranium ox ide. 

The WOCA uranium market therefore features requirement levels way above those of production, and stocks which are 
drawn on more slowly since part of the requirements are met by the CIS through purchases of natural uranium at low pri ees 
and also through purehases downstream at the enriehment stage at equally competiti ve prices. 
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Owing to this si tuation, uranium is losing its value. For several years, it has been negotiated at steadily lower priees, 
lead ing to the shutdown of the less competitive mines, especially in Europe, the United States, Canada and South Africa. 

GROWTH OUTLOOK 

The growth of the uranium mining industry will, of course, depend primarily on growth in demand. Also, for market 
condi tions to improve, suppl Y must be balaneed with demand. This entails the reduction of exeess inventories, adjustment 
of production, and proper evaluation of available resources. 

Fo llowing the NEA and IAEA studies, resourees at world level can be fairly consistently divided into different categories 
according to the amount of information obtained on the deposits and the level of recovery costs for market-grade 
coneentrate. 

[n fact, apa rt from very long-term forecasts, only categories whose existenee is reasonably assured, referred to as 
"Reasonably Assured Resources" (RAR) and "Estimated Additional Resourees Category l'' (EAR-I) , estimated for the 
lowest cost (Iess than US$80/kg of uranium or ranging between US$80 and 130/kg, respectively) are taken into account. 
These are so-ca lled "Known Resources". 

These resources are located in di ffere nt types of uranium deposits of highly variable economic value. Under present 
conditions, two types are becoming increasingly important : 

• Unconformity-related deposits are currently only found in Canada and in Australia. They hold large tonnages of ores 
with a very good urani um content, even exceptional (e.g. 10 per cent at the Cigar Lake deposit in Saskatchewan), and 
mining is therefore viab le in spite of low sale priees . 

• SC/I1dstone deposits, which occur in many different countries, may sometimes contain large amounts of uranium, but the 
uranium contents of the ores remain on the who le fairly low. The main resourees of this type are located in the United 
States, Niger, Uzbekistan and Kazakhstan. Provided the geological conditions are favourable, as in the United States 
and Kazakhstan, the deposits can be mined at very low cost priees using the in situ leaching technique, which consists 
in injecting acid or alkaline leaching solutions through boreholes into the deposits and then recovering the uranium
laden solutions by pumping. 

Most of the other types of deposit are of limited economic value. Among these, vein deposits account for a large share of 
CUITent production in the CIS. As a liberal economy becomes established, the mines at these deposits are likely to be 
progressively abandoned. It should be noted, however, that where uranium is associated with another valuable product in 
the ore, profitability can be improved. This is the case in South Africa (gold and uranium deposits) and Australia (copper, 
gold and uranium deposits). 

"Known Resourees" in WOCA totalled over 3 million tonnes of uranium in 1990, and cover 96 years of production at the 
CUITent pace or 2.6 times cumulated demand for the period 1990-2010. At 1 300 000 tonnes, the RAR costing less than 
$80/kg alone represent 41 production years equivalent to 1990. 

Resourees in the non-WOCA countries should also be taken into account. CIS resourees are far from negligible, although 
it is still hard to tell what proportion will be actually economically recoverable in future. In August 1991 , known resourees 
in the CIS were assessed at 685 600 tonnes of uranium, but this figure coneems in situ resourees discounting mining and 
milling losses. It also inc\udes an appreciable share of already mined resourees. Nevertheless, although there has been very 
active uranium prospecting work in the former USSR, large deposits are still Iikely to be discovered in future within the 
C[S. Ch ina only gives very fragmentary information: it reports 51 000 tonnes of resourees available in four mining 
di stricts, but without indicating any cost categories. The deposits are thought to have a low uranium content (.01 to .05 per 
cent). China's impact on the world market remains slight so far. 
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Although there is no longer the fea r as in the early 1970s 
that uranium resources worldwide might not be sufficient to 
meet the growth of the nuclear industry, it should be borne 
in mind that part of the resources mentioned above wi Il 
never be exploited or, at any rate, would be difficult to use. 
There are several reasons for thi s: 

• Certain constraints (technico-economic, environmental 
or political) are not always taken into account in the 
evaluation of overall resources. 

• The need to eut back production costs drastica lly means 
that the richer sections of the depos its are mined and the 
less profitable areas are abandoned, therefore los ing any 
futu re value. 

• The lowering of permiss ible radiation dose limits to the 
very low leve ls recommended by the Intern ati onal 
Commi ss ion on Radiolog ica l Protecti on (lCRP) wi ll 
inev itabl y lead to additional mining costs and to the 
shifting of certain resources, especially underground 
mines, towards very high-cost categories. 

• The environmental impact of open-cast mining, which is 
often very high, entails major costs fo r site rehabilitation. This factor is increas ingly being taken in to account in the 
decision whether to mine a deposit, and therefore partly reduces the vo lume of actually exploitable resources . 

DEMAND TRENDS - COMPARISON WITH 
SUPPLY TRENDS 

Over 70 per cent of nuclear fac ilities are located in western Europe and North Ameri ca, 14 per cent in eastern Europe 
(including the CIS), and 14 per cent in South-East Asia. This fo rm of energy, which requi res advanced technology, is 
practically non-ex istent in Africa and Latin Ameri ca. ln spite of the fo reseeable increase in energy requirements in the 
southern hemisphere countries, especially in South America, South-East Asia and, to a lesser extent , Afri ca, it is therefore 
highly unlikely that in the medium term the nuclear industry might take full advantage of this energy demand. 

In the short term, in view of the lead times in the fuel cyc le and in reactor construction, installed nuclear capacities 
worldwide up to 2010 are relati vely weil identified. They should increase From 33 1 gigawatts in 199 1 to 474 gigawatts in 
20 10. Uranium requirements fo r supplying nuclear reactors should ri se fa irly steadily from 49 400 tonnes in 1990 to nearly 
78000 tonnes by 201 0, chiefly through the growth in demand announced by Japan and the CIS. In Europe and the United 
States, growth is much lower. Overall , worldwide aggregated demand between 1990 and 20 10 might total 139 000 tonnes 
of uranium. However, although world uranium ava il abilities may coyer demand as a who le, ail countries might not 
necessarily have equal access to resources. 

Owing to the stockpiling within WOCA prior to 1980 and the swift entry of CIS on the market, uranium supply still 
remains much higher th an demand. In the immediate future, it will not therefore be possible to maintain firmer prices, and 
world production, which has already plummeted, will continue to do so. This is bound to lead to the shutdown of )n ines and 
the concentration of uranium mining activity around a few deposits with highly favo urable characteri stics (e.g. 'very high 
concentrations, easy mining conditions or very low environmental constraints). Considerable uncertainty remainS, however, 
concerning output figures, as the actual va lue of deposits mined in the CIS is still not known and their future remains 
equally uncertain. Nevertheless, part of the CIS depos its using in-situ leaching processes will no doubt remain ex ploitable 
under normal market conditions. In any case, total world production, which stood at around 40 000 tonnes in 199 1, will 
have to be eut we il back for in ventories to diminish. Other mines will therefore have to be closed down. 
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Furthermore, the United States/Russia disarmament agreements have already led to the conclusion of a purchas ing 
contract by the United States Department of Energy for highly enriched uranium from Russia. After dilution with natural 
uran ium so as to obtain the suitable enrichment rates for reactor fuel, it will be proposed to clients of the United States 
Department of Energy. Making allowance fo r process ing losses in the enri chment of low-content uranium ore, the 
quantities agreed on so fa r are equi valent to the output of a 100000 tonnes uranium mine. Also, in order to fo llow Russia's 
example in reconverting military stocks, the United States might weil within the next few years use the same procedure to 
con vert equi valent amounts of highly enriched uranium now in excess of requirements. 

On the basis of ass umptions on future reactor needs, production trends, current in ventory levels and minimum stocks to be 
maintained, consumpti on scenari os can be drawn up to find out when surplus stocks might be resorbed. A plausible 
scenario that includes world stocks at 400 000 tonnes of uranium in 1990, world output diminishing to a minimum level of 
25 000 tonnes/year as from 1995, and maintenance of a strategic stock equivalent to two years of future demand, suggests 
that surplus stocks wou Id be run down between 1999 and 200 l, according to the future demand forecast for the CIS. 

Production is of course expected to resume in alllikelihood before surplus stocks are totally expended, as soon as a ri se in 
demand is fe lr. However, until such time, mining activities will tend to concentrate in a few highly localised geographical 
areas offering very good operating conditions, either because of the highly favo urable characteristics of the deposits or 
because of govemment support. 

The uranium mining industry, and in the long term ail consumers, would suffer if the present situation were allowed to 
continue too long, and if the production centres with the top-grade resources were in tum affected. Such a situation might 
leacl to new periods of instability in future. 
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T he current situation at the Chernobyl-4 nuclear 
power plant in the Ukraine is without parallel 
anywhere in the world. Seven years after the worst 

accident in a commercial nuclear power plant, there exists 
no comprehensive plan to confine, in the short and in the 
long term, the enormous quantities of radioactive material 
inside and in the immediate vicinity of the temporary shelter 
housing the remains of the stricken reactor. 

Chernobyl -4 poses a permanent threa t of further 
environmen tal contamination with poss ible adverse 
consequences to people living in the vicinity and beyond. 
Moreov er, in its current condition, Chernobyl-4 is a 
constant reminder of a major fai lure of nuclear technology, 
which the media in OECD countries regularly highlight. ln 
particular, the unresolved aftelmath of the disaster provides 
an opportunity to put into doubt the credibility of the 
nuclear industry as a who le. 

It is thus of evident interest to the nuclear community 
around the world to join forces and to assist the Ukrainian 
authorities by bringing together the best expertise to analyse 
th e current safety and environmenta l situation at the 
Chernoby l-4 site and to deve lop so lution s. The 
confinement of the radioactive substances requires novel 
approaches in science and technology, and this, together 
with the sheer dimension of the challenge, makes it 
essential to exchange views, ideas and experience on the 
widest international scal e befo re proceeding with a 
particular isolation strategy. 

For these reasons, the OECD Nuc lear Energy Agency 
(N EA), through its specialised committees on radiation 
protection , nucl ea r safe ty , and radioactive waste 
management, which bring together the most knowledgeable 
experts in these fields, has undertaken to provide concerted 
advice to the Ukraine. 

A FUNDAMENTAL REVIEW OF ISOLATION 
STRATEGIES 

The NEA approach consists of two steps. 

As a first step , a multidi sc iplinary team made up of 
eminent ex perts in structural engi neeri ng, safety 
assessments, hyd rology and geo logy in the field of 

*M R. KLAUS B. STADIE IS DEPUTY DIRECTOR, SAFETY AND 
REGULATION, AT THE NEA. 
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radioactive waste management, safety assessment and core 
physics in nuclear safety, as weil as rad iation protection and 
hea lth physics , from six OECD co untri es, visited the 
competent Ukrainian mini stries and authorities and th e 
Chernobyl site at the end of September 1992. The fac t
finding mission had four objecti ves: 

• to develop an understanding of the CUITent safety and 
environmental situation at the Chernobyl-4 nucl ear 
power plant; 

• to determine the status of knowledge in the Ukrai ne 
concerning the destroyed reactor, its enclosure and the 
surrounding environment; 

• to understand the respon sibiliti es of the vario us 
Ukrainian organisations and th eir ad mini strative 
relationships; and 

• to begin the process of acquiring detailed information 
for a broad-based international debate on poss ible 
approaches to the iso lati on of the rad ioac ti ve 
substances in the near term, and their ultimate disposa i 
in an environmentally safe manner. 

This intemational debate will be conducted in two parts. 
ln the first phase, an intern at ional symposium, which will 
take place in Kie v in mid-1 993, will provide fo r an 
exchange of views on the underlying scientific and technical 
questions that bear on the deci sion of the best iso lation 
strategy. Most of the prese nt ati ons will come from 
Ukrainian and Ru ss ian ex pert s who will share their 
knowledge and insights with their counterparts from OECD 
countries. ln order to maximise the transfer of knowledge, 
part of the symposium wi ll be arran ged in specia lised 
working groups covering the different di sc iplines concemed 
with the co nfinement and di sposa i of the rad ioac ti ve 
substances. 

The second phase - another symposium, poss ibly before 
the end of 1993 - wi ll then focus on the identi fication and 
review of various isolation strategies. The debate during 
this meeting will be led by experts from OECD countries 
who will present their respective ideas, based on the input 
obtained during the earlier symposium. 

ln this con tex t, it is important to recall that prior to the 
NEA fact-finding mi ss ion, the Uk rainian Min istry on 
Affairs of Protection of the Populati on from the 
Consequences of the Accident at the Chernobyl Nuclear 
Power Plant had organised a competition inviting experts 
around the world to make proposa is for transfo rming 
Chemoby l-4 into an environmental ly acceptable site. The 
deadline for the competition had originally been set for the 
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end of 1992 but has been postponed to the end of Apri 1 
1993. 

Competent organi sations in OECD countri es had long 
hes itated in reacting to the Ukra ini an invitation, because 
many considered this approach to be simplistic. On the one 
hand . the information provided fo r the bid s is not 
suffici entl y complete and detailed to develop credib le 
solutions, and, on the other, the form of the competi tion 
chosen by th e Ukraine doe s not compl y with th e 
req uirements of intern ati onal money- Iending agencies. 
Neve rtheless , more than 300 indi vidual s, governmental 
organi sations and private companies - many from OECD 
countries - have responded. The proposa is range from 
general advice on the isolation of the radioactive material to 
det ail ed description s of an improved enclos ure and 
assoc iated decontaminat ion fac iliti es for th e ultimate 
disposai of the remains of the destroyed reactor. 

While the international competition in itially appeared to 
be a stumbl ing block for the NEA initiative, the Ukrainian 
auth or iti es have now fully embraced th e id ea of a 

fundamental and open rev iew of the different options prior 
to the initiation of any definite measures. To thi s end, the 
Chernoby l Ministry plans to prov ide an overview report 
during the first NEA sympos ium, summarising the major 
res ults of the competition. The ideas contained in th e 
proposais will certainly enhance the search for an optimum 
solution. 

THE CURRENT SITUATION 
AT THE CHERNOBYL·4 PLANT(1) 

The shel ter that encapsulates the destroyed reactor is far 
from being tight. Apa rt From a number of openings in the 
roof, large cracks have appeared at the side of the structure 
due to poor construction and ditferential settlements. The 

(1) The information prcscJ1lcd in lhj~ ~c('[ioll is takcll l'rom Ihe report of Ihe OECD/NEA faci -tinding 
Illis~ion (20Ih-26Ih SCplClllbcf 19(1). OClObcr 1991. 

The il/lemC/liolla! COII/ilil/llit\' is gellillg logeliler 10 rel 'iel1' SO!lIIitIiIS 10 eli/J/i/lC/le Ihe radioaClil'e (,o /llamillCllion allhe Chemob)'! sile. 
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total area of openings is approximately 1000 sq.m, or about 
2% of th e overall surface area. Some of th e internai 
supports for the enclosure are part of the original unit 's 
building structures that remained after the accident. They 
are necessarily in pOOl' condition and could easily fail, 
entailing a collapse of the roof. Furthermore, the CUITent 
st ructure is evidently not des igned for severe ex tern al 
challenges like heavy snow loadings, strong winds or even 
moderate earthquakes. 

Some 180 tonnes of nuclear fuel from the reactor core 
remain inside the enclosure. The fuel is in three forms , 
fragments of active core, lava that formed in the accident 
and cooled rapidly into vitreous form, and radioactive dust 
particles. The lava is decomposing approximately 1000 
times faster th an had been predicted, producing dust at a 
rapid rate; 10% of the core may already ex ist in thi s form. 
Foam to keep the dust down does not seem to be effective, 
because it rapidly di sinteg rates in the strong radiation 
field. 

The total inventory currently generates some 55-70 kW of 
heat, but the heat generation is unevenly distributed within 
th e enclosure, with the pea k temperature in the fuel 
estimated to be around 200°C. 

Criticality does not seem to be a near-term problem, 
although ingress of rainwater has formed into large puddles 
at the bottom of the enclosure, and absorber material is 
continuously being added to prevent a poss ible nucl ear 
excursion . This water may also damage the structure if it 
freezes; the lowest observed temperature at Chernobyl is 
below minus 40°C. 

Both a roof collapse and a failure of the bottom structure 
are poss ible accident scenarios. The former wou Id entail a 
major airborne release, which may have no consequences 
beyond the exclusion zone of 30 km, while the latter would 
result in groundwater contamination, which is a primary 
concern. About one-half tonne of hi ghly radioactive 
material from the reactor and large amounts of low-Ievel 
waste and contaminated mac hinery are buried in th e 
immediate vicinity of the shelter. This material is already 
leakin g into the groundwater, making it difficult to 
determine whether the shelter fo undation itself is also 
leaking. 

The deepest boreholes on the Chernobyl site penetrate 
only about 100 m. The groundwater table is some 6 m 
below the surface, i.e. below the concrete foundation . A 12 
m-thick upper aquifer is underlain by about 70 m of mainly 
argillaceous rock. A major reg ional aq uifer, supplying 
drinking water to the Kiev area, is located at the base of 
this clay layer, and thi s aquifer is connected through the 
clay to the upper aquifer. 

A 37 m-high wall , some 3.5 km long, has been constructed 
down-grade from the reactor in an effort to protect the Pripyat 
ri ve r. This buried wall has rai sed the ground water tabl e 
beneath the reactor to its presentlevel of 6 m. 

Ukrainian experts es timate the remaining life of the 
sarcophagus to be no more th an seven years, but this seems 
to be no more th an a guess, without technical foundation . 

An evident concern is the rad iat ion level at the shelter and 
in its immediate vicinity. The dominant radiation inside the 
enclosure is from caes ium (ex ternal doses), but the main 
danger to workers is from dust inhalation (internai doses), 
with the most important nuclide being plutonium. The 
largest radiation field outside is on the roof of the enclosure, 
where dose rates up to 500 mS v/hr can be recorded. This 
should be compared to the new recommendati on by the 
International Commission on Radio log ica l Protec tion 
(ICRP) limiting workers to 20 mSvjyear. 

Proper safety as sessment s, trea ting the eng in ee red 
structures and the natural env ironment as an integral system 
with their associated uncerta inties, do not ex ist. Therefore, 
doses and ri sks to workers and the public for a variety of 
possible isolation scenarios have not been estimated, despite 
the fact that ail possible interventi ons will be heav il y 
influenced by the radiation fields encountered . 

CONCLUSION 

ln general , three phases can be envisaged to bring the 
reactor site to an environmentally acceptable state: 

• sea ling and stabili sing the ori ginal enc losu re, or 
probably building a new structure with a lifet ime of 
between several decades and a century; 

• decontamination and decommission ing of the original 
structure and its contents; and 

• full dismantling of ail structures and their disposaI. 

There evidently ex ists a wide range of approaches for 
each of these steps, and it is also possible to envisage 
different measures within these steps. The di scuss ions 
during the two NEA symposia in Ki ev are intended to 
examine the various possibilities and to ass ist in the search 
for the optimal strategy, taking into account the rad iat ion 
ri sks to workers and the public as weil as the co st of these 
measures. 
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VISITOR CENTRES AND THE ACCEPTANCE OF 
NUCLEAR ENERGY 

T 0 the layman, nuclear facilities seem at first to be 
hermetic, in both senses of the tenn, since they are 
not open to the public - on grounds of security -

ancl also because they are something of a mystery, clue to 
their parricularly complex technology. 

One of the prioriti es of the nuclear inclustry for some 
years has been therefore to make nuclear facilitie s less 
impenetrable to the public. To varying degrees (going as far 
as the EDF slogan "come and visit a nuclear power plant"), 
the inclustry has endeavoured to transform nuclear facilities 
in to pl aces whi ch, whil e not public, are at least partly 
access ible, ancl it has clone this in particular by opening 
visitor centres. 

Visitor centres on the sites of nuclear fac ilities therefore 
have th e clual tas k of provicling access to th e site ancl 
exp laining how nuclear energy and the plant wo rk. They 
aim to fa miliari se the public with nuclear power and ta 
clemonstrate that fac ilities can be operated without ri sk. 
While they make extensive use of moclels, on the basis that 
an ex planation of the various safety barriers, for example, is 
obv iously much more intelligible if a scale moclel is used as 
a reference, they also give a human face to the nucl ea r 
industry ancl thus fac ilitate contacts and relations between 
the c1 iffere nt loca l communities and operators of nuclear 
fac i 1 i ti es. 

*MR S. FLORENCE DE GALZAIN IS INFORMATION OFFICER AT 
THE NEA. 

Th e des ign of \'isitor centres has l'law become a highly 
special isecl fi lllctioll . 

AN EVOLVING CONCEPT 

Wh en the builcling of nllclear power plants first began, 
and the related impact studies and public enquiries were 
co nclu cted, the responsible authoriti es created publi c 
information offices either next to the site or in the nearest 
urban centre. This ex peri ence revealed th at loca l 
populations wished to be informecl of, ancl participate in 
dec isions, as a necessary conclition of their acceptance of 
the site. When construction gave way to operation, it was 
therefore important to avoid any break with the public. The 
small information offices thus grew to become veritable 
visitor centres, usually located at the entrance to sites and 
inclepenclent of the installations, in order to facilitate public 
access and meet safety neecls. 

AN EXPANDING CONCEPT 

Nearly ail nuclear power stations have opened a centre 
of thi s type, ancl the policy in most OECD countries has 
become "one power plant, one centre". For example, 66 
per cent of nuclear power stations in the United States 
have a visitor centre, either actually on the site or in the 
immedi ate vicinity (thus the more than 40 centres have 
alreacly enabled one Ameri can in six to vis it a nuclear 
power plant) . In France, provision has been made for 
public access to the 20 nuclear sites, which have receivecl 
more than 300 000 visitors a year. More recentl y, centres 
have also been systemat ica ll y introd uced in facilitie s 
Iinked to the fuel cycle, whether concerning waste storage 
(El Cabril , Soulaines, etc.) or reprocessing (The Hague, 
Rokkasho, Sellafield). Lastl y, as power plants age, several 
centres are now locatecl on sites being dismantlecl , either 
because they were there before, as in Greifswalcl in the 
former East Germany, or they were deliberately created, as 
at Chinon in France. 

KEEPING YOUR EYE ON THE BALL 
("LA BOULE") 

The example of Chinon c1eserves special attention, since it 
represents the concept of a visitor centre taken to th e 
extreme: at Chinon , it is the power plant it self that has 
become a museum ! And it is indeed a "Iifes ize" power 
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plant that is visited, though admittedly it was the first 
French industrial nuclear power plant (EDF-l ), in operation 
for 10 years and characterised by its round shape (hence its 
name "the Bali" - "la Boule" in French), and its technology 
is no longer up to date. 

VISITOR CENTRES: MIRRORS OF 
THE NUCLEAR INDUSTRY 

As far as the nuclear industry is concerned, visitor' centres 
are an extension - whether in a primary or subsidiary role
of the policy of institutional and national communication. 
They thus reflect the image the nuclear industry wishes to 
present to the public (useful , c1ean, futuristic, safe, etc.). 
Centres are a direct manifestation of this image to such an 
extent that when visiting them, the public should feel it has 
been given access to the industry itself. Ali visitors centres 
are therefore designed to ac hieve this end, by giving the 
public a "hands-on" experience of nuclear power, if only by 
pressing starter-button s on mode ls and the keys of 
interactive terminais. 

CENTRE OR POWER PLANT? 

Centres of course use the si te to which they are attached 
as a practical example, and this may go as far as providing a 
partial or comprehensive visit of the faci lities in operation. 
Thus, power plants themselves are increasingly open to the 
public, as are waste stOl'age facilities that can be visited 
without major inconvenience (Soulaines, where 87 per cent 
of vis itors access the site, and El Cabril where the site is 
visited systematica lly, etc.). The public is now often given 
the choice of vis iting the information centre or the plant 
itself, or else both. Strangely, however, many visitors prefer 
to remain in the informat ion centre, which is calmer, more 
simple and more "user-friendl y". 

NEUTRAL MEETING GROUND? 

Those in charge of visitor centres operate on the theory 
that centres should above ail provide a wanTI welcome and 
the opportunity for di alogue. The initi ative taken by the 
public to visit a site of which it is not necessarily in favour, 
must be welcomed with enthusiasm, but also with caution. 

Visitors should not be subjected to propaganda in favo ur of 
nuclear energy. Centres should try to get across three main 
messages, ex pressed in terms which wi ll depend on the 
principal concerns of the operators in question: 

1) an attempt should first of ail be made to make visitors 
feel at ease in this technological world, i.e. to reassure 
them and give them confidence in the competence of 
the operator of the facility; 

2) visitors should then be explai ned the basic fac ts about 
nu clear energy, in other wo rds initi ated into th e 
mysteries of nuclear power; 

3) last ly, elements of comparison wi th other energy 
sources should be provided, thus giving visitors the 
means to participate, where appropriate, in energy 
choices. Centres in fact try to turn passive vi sitors, 
who ha ve come to look aro und a mu seum, into 
informed participants in the debate abou t nu clear 
energy. 

Thus, the neutrality of the centre is to be fo und rather in 
the nature of the in format ion given. With very few 
exceptions, heads of centres claim to present a neutral 
acco unt of th e facts , their main object ives bein g to 
familiarise visitors wi th the facilit y (before gaini ng 
acceptance for it) and to give information about nuclea r 
energy (rather than promoting it ). It may, however, be 
considered that the sole fact of making nuclear energy better 
understood and more familiar, constitutes an important step 
towards hav ing it accepted by the public , and a purel y 
informative message can easily have the same effect as a 
direct appeal in favour of nuclear power. 

The difficulty is in finding the proper approach, which 
informs rather th an attempts to convi nce, and explain s 
rather th an asserts. That is why some centres, such as the 
one at the Saint-Alban power station in France, try out their 
presentations on a sample of the public before adopt ing 
them, and take care to constantly update them. 

MORE THAN JUST NUCLEAR INFORMATION 

Visitor centres vary somewhat in the relative weight they 
accord the two objectives (which of course are closely 
connected) of giving information about the nuclear facility 
to which they are attached and about nucl ear energy in 
general. However, if extreme cases are excluded - as fo r 
example Olkiluoto in Finland, Gronau in Germany and 
Ukrainskaïa in the Ukraine (where 75 to 80 per cent of 
information concerns the facility), or Sequoyah and North 
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Anna in the United States and Darlington in Canada (where 
70 to 75 per cent of infOlmation concerns nuclear energy in 
general) - there is a clear tendency towards giving equal 
priority to the two objectives. 

As regards the content of the information supplied, far 
From restricting themselves to a few aspects of nuclear 
power generation , centres usually provide more broadly
based inFormation on ail aspects of nuclear energy: atoms, 
radioactivity, the fuel cycle, waste, economic questions, 
etc., and even on other applications of nuclear energy (in 
medicine, industry, archaeology, agriculture, etc.), albeit in 
a highl y condensed fo rm . 

This des ire to provide comprehensive information can go 
as fa r as explanations of other energy sources. Most centres 
add ress this question briefly, describing the problem of 
overall energy supply and explaining, in this context, the 
contribution made by nuclear energy at national , or even 
worldwide, leve l. 

ln fact , th e range of information provided seems to 
depend on the type of site to which the centre is attached. 
Thus, a centre on the site of a nuclear power plant will more 
likely targe! energy production (whether nuclear or not), a 
cen tre on a waste management site will provide information 
on the environment , geo logy, etc. , whereas a centre attached 
to a fuel cyc le facility will provide information on much 
wider topics (soc ial , economic, etc.). 

THE TARGET PUBLIC 

Naturally, the information provided and the message that 
is put across are chosen in relation to the public being 
targe ted. Contrary to off-site museums or travelling 
ex hibitions, visitor centres first and foremost target local 
and regional populations, those living in the vicinity of the 
nuclear facilities in question , except for centres run on a 
national or international sca le (Sellafield in the United 
Kingdom or Rokkasho in Japan, for example). It is felt in 
some quarters that the fact of being attached to a site Iimits 
such cen tres prec ise ly because they are relevant only to 
people li ving within a reasonable di stance, and priority is 
therefore given to travelling exhibitions, as in Sweden for 
example. 

There is a new trend towards also targeting tourists 
visiting the region, examples including Chinon, located in 
the heart of the Valley of the Loire, or La Hague, in France, 
where a considerable effort is being made to include a visit 
to the centre in scheduled tours of Brittany. The EDF is, 

moreover, subsidising a new collection of tourist guides in 
which visitor centres on nuclear sites are included in 
industrial and cultural tours. 

Even though any given visitor centre provides clear, 
concise and general information, it will never aim to reach 
ail section s of the public. ln most cases , centres are 
designed mainly for young people, which means that not 
only can they reach a large and easily accessible public, in 
pal1icular through schools, but they can influence opinions 
in the long term. Fort y per cent of the visitors to the centre 
at OLkiluoto in Finland are pupils or students, a figure which 
increases to more than 60 per cent for the EDF centres in 
France. The ENRESA centre dealing with radioactive 
waste, recently opened in Madrid, was designed essentially 
to rece ive groups of secondary school pupils. This applies 
also to the Penl y power plant in France which ha s, 
moreover, conducted a very interesting experiment in 
"nuclear classes" , in which who le classes are invited for five 
days to study the functioning of the plant, after which pupil s 
are given a diploma. In Belgium also, a visitor centre is 
currently being planned, with the support of the European 
Communities, on a waste management site. It is to target 
schoolchi Idren aged between 15 and 18, an age bracket 
considered to be the seedbed for future opinion leaders. 
This centre will be designed, in both form and content, 
entirely for educational purposes. 

At Chinon, in order to reach schoolchildren, the centre 
first approaches teachers by means of organised visits and 
annual conferences to help them prepare their classes on 
nuclear power and to show themall the poss ible ways of 
tackling the subject, referring to the museum and above ail 
to published studies and reports on the environment in the 
case of those teaching scientific and technical subjects. 

On the other hand, precise ly because it is not children 
who today are deciding the future of the nuclear industry, 
some centres have preferred to target stud ents or 
journalists (as in the case of the infOlmation centre of the 
Kurchatov Institute in Russ ia), who are considered to be 
the best placed to inform the public at large. Lastly, a few 
centres concentrate their efforts solely on an already well
informed and influential section of the public, namel y 
experts , politicians and the medi a, like the COGEMA 
centre, or El Cabril , which offer guided visits only, 
targeting visitors already possessing technical knowledge. 

In summary, most centres have adopted a policy of 
presenting information which, though obviously of a high 
standard, is above ail aimed at the lay public, and first and 
foremost at children. This of course determines the nature 
of the information aids used in the centres and the choice of 
communication techniques. 
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PRESENTATION TECHNIQUES 

In the front line of in fo l1l1ation provision, visitor centres 
use the best communicati on techniques avai labl e. These 
mu st of co urse be attract ive, ga me-ori ented, 
compl ementary, suffi cientl y var ied to kee p visitors 
in te rested ... and sturdy. A wide range of options is 
ava ilable, incl uding: 

• relati vely pass ive techniques requiring littl e in the 
way of participation by visitors: written notices, short 
and clearly set out (Golfech in France), those being in 
fac t the most effective in getting the message across; 

• gra phi c presentati ons, mobil e di sp lays with 
commentary (Go lfec h, Santa Maria de Garona in 
Spa in , etc.) , and video film s (very widely used), 
which remain the mosl popular aids; 

• more interacti ve techniques such as mobile models 
(N ine-Mile Point, Fitzpatrick in the Uni ted States), 
rea l components and samples (tu rbine blades, fuel 
assemblies , vesse l head bolts, etc.), control room 
si mul ators (Fe rmi Laboratory) , electroni c robots 
(Rok kas ho) and interac ti ve terminais, which are 

The NEA organised ([J/ illlemalionai seminar lo review Ihe l'Ole 
of l'isilOr celllres al nllclearfàl'ilily siles 

popular with children but ex pensive and possibly a 
passing fashion. 

Connecting visitor centres di rectl y to the ac tual power 
plant, usually the control room by means of a video camera, 
has been tri ed at seve ral sites. Thi s enabl es li ve 
transmission of activities in certai n strategic points of the 
plant by means of cameras remotely controlled by visilors, 
as in Würgassen in Germany; while this technique is very 
popular with visitors, it is much less so with the staff of the 
plant who fee l as though Ihey are under survei llance. 

There is also a new trend towards offering the pub li c 
readin g materi al to take away, such as ed ucat iona l 
brochures or magaz ines, or even video cassettes and games. 
which naturally are popular with youngsters! 

However, afte r a very rap id deve lopmen t of suc h 
communication techniques, it would seem today that the 
simple written and visual aids are the most effective, easy to 
set up and to acqui re. Furthel1l10re, in fo rmat ion techn iq ues 
have been fo und to be only fully effecti ve when they require 
some effort on the part of visitors. This is because one 
tends to remember better in fo rmation that required some 
effort to digest, and also because if visitors are requ ired 10 
make some effort, they are inclined to accord the subject
matter greater importance. 

The deg ree of so phi sti ca ti on of the communi ca ti on 
techniques used in the centres ult imately de pends on the 
poli cy adopted by th e site operato rs. Whil e the latest 
techniques are used in Se llafield and Rokkasho to promote 
the image of a state-of-the-art industry with complete 
mastery of the technology invo lved, the choice of more 
simple (and less costl y) methods may, on the other hand, 
refl ect a des ire to enhance the role of guides and hostesses 
and to give a more human and down-to-earth image of the 
nuclear industry, as fo r example in the info rmation centre of 
the Kurchatov Institute. 

Acco rding to poil s take n at the end of vis it s to 
in fo rmati on centres , nea rl y 75 pe r ce nt of the pu bli c 
con sider th at nuclea r energy is a des irab le so urce of 
electrcity, and more than ha If say they are more in favo ur of 
nuclear power and more confident in the ab ility of the 
nuclear industry to manage it than they were before the 
visit. On-site visi tor centres therefore afford an exce llent 
opportunity to provide info rmation on nuclear power, not 
only increas ing public confidence but also play ing a unique 
educational role. 



THE TECHNOLOGICAL AND ECONOMIC POSITION 
OF NUCLEAR POWER 

T he NEA recentlypublished a report entitled Nuclear 
Power EcononllCs and Technologyll), wh/ch was 
prepared by Professor P.M.S . Jones , former 

Chairman of the NEA's Nue/ear Development Committee. 
II/tended fo r the non-specialist reader interested in energy 
and enl'i/'Onmen/al poliey ma/tet's , the report presents an 
Ol ,et'l'iew of the cl/rrent expert consensus on the status of 
nue/ear power teehnology and its econol17 ic position. 
Based on reeent studies conducted by the NEA and th e 
accumulated experience in OECD coun/ries, the publication 
CO l'et'S the potential demand for nue/ear energy, its 
ecol/omie competitil'ity, and the relevant aspects of reactor 
/Jeljo rl17ance and future technological developmenrs. 

As such, the report reviews the main technological and 
econol17ic challenges and opportunities facing the nue/ear 
indus/ry. Th e following excerpts from the publication 
discuss sOl17e of the uncertainties that could affect the fitture 
of nuclear power, and which could benefï/ f/'Om further 
international co-operative s/udies 

COST OF NUCLEAR ENERGY 

Nuclear power, which was one of the fastest-growing 
industries in the world in the 1970s, has become a major 
contributor to the world's energy supplies. At the same 
time, ilS technology has not stabilised but has continued to 
evo lv e, although attention has now concentrated on a 
limited range of technologies (hat are believed to have the 
greatest commercial potential in the short and medium term. 

Nucl ea r tec hnology appeared during the 1970s to be 
gaining a considerable economic advantage over the 
competing fossil fuel options, but it has failed to capitalise 
on this promise in many countries. This has been due in 
part to the increased costs that nuclear plants have had to 
bear in order to provide assurance over their safety, and 
parti y due to the fact that world economy, world energy 
demand and fossil fuel priees have not grown in the way 
that was at one time anticipated. Nevertheless, nuclear 
power has remained competitive with fossil fuel s for 
base load power generation throughout most of the OECD 
aild has had a significant edge over its competitors in those 

*PROFESSOR PETER M.S. JONES IS A FREELANCE AUTHOR AND 
CONSULTANT ON ENERGY ECONOMICS. HE WAS 
FORMERLYTHE CHIEF ECONOMIC ADVISER TO AEA 
TECHNOLOGY, UNITED KING DOM, AND CHAIRMAN OF THE 
NEA'S NUCLEAR DEVELOPMENT COMMITTEE 

countries where there have been consistent programmes 
based on replicated designs. 

Despite the succes s that nuclear power has had , a 
significant proportion of the population in some countries is 
strongly opposed to its deployment, and its use has become 
a major political issue in a number of states. In order to 
build up public confidence and fully justify it being allotted 
the major role it has the potential ability to fulfil , the 
nuclear industry has to provide clear and easily 
understandable evidence of its safety. It has to demonstrate 
that its potential impacts on the environment are trivial and 
that it has considerable advantages over other conventional 
sources of energy in this regard. Finally it has to satisfy the 
world's electricity utilities that its costs are weil defined and 
that it will remain competitive economically with other 
energy technologies in the future. 

In this regard , there are a number of clearly definable 
areas where international co-operative studies can help, by 
establishing expert consensus on the CUITent position and 
setting out clearly the remaining uncertainties that could 
affect the technical and economic position of nuclear power 
in the future. 

Since capital costs are the biggest single contributor to 
nuclear electricity generation costs, it is imperative that the 
nuclear industry make every effort to contain or reduce 
them, subject al ways to maintaining the very highest 
standards of safety. 

There are different routes available to achieve this goal. 
For some countries, the mere establishment of a coherent 
programme of reactor construction based on internationally 
accepted, readily licensable and replicated designs would 
greatly improve the economics of future nuclear plants, 
particularly if collocation of a number of reactors at a single 
site can be accommodated. Other countries have already 
derived considerable cost savi ngs by means of these 
measures and, for further reductions, will have to look to 
the simplification of design and the steady improvement of 
perfOimance, both in the construction and the operation of 
plants. 

PLANT LlFE EXTENSION 

Because the capital cost of nuclear plants is high and the 
fuel and operating costs are relatively low, it is important 

(1) OECD(NEA ( 1992). Nuc/l'or Pml'er Ecol/owies al/d Tecllll%gy: Ali Ol'e/Tiell' . Pari s 
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Nuc/ear power has become a major CO/1/ribll/or /0 /he wor/d's ellergr supplies. 

that the max imum poss ibl e use is made of any existing 
nuclear plant. The prime objec ti ve of plant operators is 
therefore to get the very besr ava ilability from their ex isting 
plants by minimising plant outage times. 

With th e poss ibl e ex tension of pl ant life, a new 
opportunity is ari sing fo r th e efficient use of cap ital 
resources. Many nuclear plants are coming towards the end 
of the lives originally planned for them. These li ves were 
based on co nse rvative tec hni ca l ass umpti ons and the 
adopt ion of considerable margins of safety, based on the 
state of knowledge and experience that existed 20 or more 
years ago. il is now rea li sed that many of the ex isting 
reac tors co uld co ntinue to operate sa fely for periods 
significantl y in excess of their original design li ves, which 
were conservati vely ass umed to be 20 to 25 years in many 
countries. 1 f thi s is indeed the case, then the extra output of 
electricity becomes ex tremely cheap relat ive to that From 
other generation options. 

lncreas ing international consideration is therefore being 
given to th e que sti on of what mi ght be in vo lved in 
ex tending the life of ex isting plants, both in terms of any 
necessary add itional in vestment and its timing. and whether 
the management of the reac tor and its fuel cyc le during ilS 
normal schecl uled life can affect the feasib ility or the costs 
of li fe extension. There appears to be no inherent reason 
why Iight-water reactors cannot have their li ves extended to 
weil beyond the 40 years that some designers now project. 

DECOMMISSIONING 

International technical exchanges have estab li shed expert 
consensus that reactor and fue l plant decommi ss ioning 
poses no insurmountable problems, and have demonstrated 
that the techniques already developed for maintenance and 
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smaller-scale plant decommissioning are capable of dealing 
with large commercial reactors and facilities. There is still 
some public scepticism, however, and some divergences of 
view within the indu stry about th e overall costs of 
decommiss ioning large nuclear plants. The reasons for this 
are now we il understood. Some differences arise from 
different national policies regarding waste management, or 
From different expectations of what future policies might be. 
Desp ite these differences, it is unambi guously clear that 
CUITent expectations of decommissioning costs would have 
to be grossly in error before they cou Id significantly affect 
the overall costs of electricity production using large water
cooled reactors. 

Contin uing exchanges on the evolving experience will 
ass ist in ge nerall y improving the techniques and 
establi shing common standards: They will also enable the 
criti ca l compari son of different national approaches and 
requirement s, and will provide ass urance th at no 
un anti cipated problems have ar isen th at could alter 
perceptions of the significance of decommissioning as a 
facto r in overall nuclear economics. 

SPENT FUEL STORES AND NUCLEAR WASTE 
REPOSITORIES 

Because there has been no commercial market as yet for 
the stOl'age of spent nuclear fue l or for the di sposai of that 
fuel or of reprocess ing wastes, the costs of these stages of 
th e back end of the nuclear fuel cyc le have had to be 
estimated on the basis of slUdies conducted in individual 
countries. 

A wide range of different techniques is available for the 
storage of the spent fuel and its encapsulation prior to 
di sposa I. There is also a wide ran ge of design s for 
geological repositories using clay, sa lt or volcanic rock 
matri ces. Ir is inev itable therefore that there will be a 
significant range of poss ible future costs. This should not 
be interpreted as revealing ignorance of costs on the part 
of the indu stry. For a given and clearly defined 
req uirement , appropriate fac ilities can be designed and 
costed with some confidence. Even with the uncertainty 
about the precise specifications that will be required, the 
ex isting uncertainty revea led by international experience 
is not such that it has a significant influence on overall 
nuclear generation costs. 

The development of international expert consensus setting 
out clearl y the range of options and the spectrum of costs 
that might arise, given various regulatory requirements, can 
help to allay public mi sconceptions about the extent of 
industry knowledge in this area. 

NEW TECHNOLOGIES 

Enthusiasm with in the nuclear industry for the 
development of radically new technologies has been 
considerably dampened as th e costs of development, 
licensing and demonstration have risen , and the potential 
markets perceived for new plants have dimini shed. The 
principa l exceptions to this have been small and medium 
power reactors, where major new market opportunities have 
been considered poss ible, and the continuing development 
of fast reactors, whose deployment is seen as inevitable and 
essential if nuclear power is to make a long-term major 
contribution to world energy suppli es. International 
ex changes on relevant technical data and general design 
concepts have ta ken place, and view s on appropriate 
specifications and market opportunities can be and have 
been assembled on a genera li sed basis. 

A major concern within the nuclear industry has been the 
means of financing technologies with long development 
times before commercial benefits can be reali sed. Costs of 
many advanced technological projects, not only those in the 
nuclear area, are high because they have to be developed 
and demonstrated at full scale to give the necessary degree 
of assurance concerning their safe ty, reliability and 
economic prospects. The tendency in recent years for 
governm ents to look more towards private industry to 
support advanced development rai ses major problems for 
high-cost long-running development projects with delayed 
benefits. 

One role for an international agency in such a situation 
might be to seek to catalyse indu strial co-operative 
arrangements so that deve lopment costs falling on 
individual companies are reduced and the potential markets 
arising from development shared. Another useful service 
can be the objective assessment of the need for and benefits 
that might arise from the development of the technology, 
and the analysis of the means by which any such benefits 
cou Id be derived. 

BROADER ECONOMIC IMPACTS 

Most decisions on the preferred options for future energy 
investments have been based on the straightforward 
financial comparison of these options, taking into account 
the poss ible future evolution of fuel priees and any possible 
concerns about the security of fuel supply. Such concerns, 
arising from whatever cause, have been considered by some 
governments and utilities to justify the payment of a small 
premium to ensure diversity of plant types and fuels used 
within a national electricity suppl Y network. 
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The ex istence of broader benefits has also been seen by 
some as an additional argument that could help to offset 
public concerns about the deployment of nuclear plants. 
Postul ated benefi ts have i nc 1 uded i mprovements in a 
country 's balance of payments, stabili sation of fossil fu el 
prices, contributions to national economic growth (over and 
above those that would be achieved from inves tment in 
foss il fuel technology) , and the avoidance of deleterious 
environmental consequences associated with foss il fuel 
combustion. 

With CUITent international attention being focused on the 
consequences of the greenhouse effect and on determining 
the need to reduce greenhouse gas emi ss ion s, there is a 
renewed intemational interest in establishing a consensus on 
the benefits and costs, over and above those reflected in 
convention al investment appraisal, that nuclear power gives 
to or imposes on society at large. International studies are 
now under way to establish, in so fa r as poss ible, what is 
known about the rea lity, magn itude and signifi cance of 
these costs and benefits, and of the methods that have been 
deployed to seek to quantify them. 

A recent NEA study show s that conventional 
microeconomic cost anal yses do refl ec t the full costs of 

Nuclear lechn%gy has been cUnlinuu//s/y el'O/i 'illg sili ce Ill e /970s. 

nuclea r elec tri cit y suppl y, an d th at th e ex tern al 
environmental and health costs imposed on third parties by 
nuclear power, both in routine and hypotheti ca l acc ident 
conditions, are very small in relation to the direct generation 
costs. The same claim cannot be made for foss il -fue lled 
plants, ev en when they are fined with desulphurisation and 
denitrification tec hnologies to limit ac id gas emiss ions. 
since the social costs of carbon dioxide emiss ions could be 
several per cent of generation costs or considerably higher. 
There is still great technical and economic uncertainty about 
th e impli ca tion s of gree nh ouse gas releases to th e 
atmosphere. Where nuclear power is the cheapest baseload 
generation option , its use can contribute to a small increase 
in gross domestic product, to higher employment and to an 
improved balance of payments. On a global scale, its use 
helps to stabili se fossil fuel pri ces and its abandonment 
would have a major wor ldwide eco nomi c impac t, 
comparable in scale to the oil cri ses of the 19705. 

ParaI leI studi es are also in hand to brin g toge th er 
information in as quantitative form as poss ible on the so
ca lled spin-off benefits that have ari sen from the work of 
the nuclear industry, and which acc rue to other sectors of 
industry and commerce. The identification of hi storic spin
off benefits has no necessa ry relevance to th e likely 
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benefits that may Fl ow From furrher nuclear development. 
However, there is general recognition of the fac t that it is 
im portant to ensure that the knowledge, skill s, materials and 
tech ni ques deve loped in the course of nuclear or other 
advanced technology programmes, should be capitali sed on 
to ensure that the max imum benefit for national economies 
is reali sed. The transfer of technology from one sector of 
the economy to another is not easy however, and exchange 
of experi ence concerning the methods that are used and 
their relat ive success can be beneficial to ail participants . 

CONSTRAINTS TO NUCLEAR DEVELOPMENT 

Apan from the obvious question of public attitudes and 
lheir in fluence on the acceptance and adoption of nuclear 
powe r. there are other potenti al constraints that co ul d 
infl uence the ab ility of individual countries to undertake 
nuclear programmes that they consider to be des irable. 

These constraints could ari se From the limited ava ilability 
of qua li fied and trained manpower to undertake the design, 

Til l' NEA Pllblishl'd CI r l'po/Ï olllhe SIOIiIS oj'lIl1e/ear power 

lee/II /O log\' a lld ils l'lOIlO/lIi l POSilioll . 

specifi c construction or operational tasks. There is also a 
poss ible constraint that could be imposed by the inability of 
the design and construction industries to undertake tasks on 
the scale or at the pace fe lt to be necessary. If the nuclear 
industry had reached a stable state in ail OEC D countries 
with a reg ular pattern of plant ordering and construction, 
there would be no probl em, because th e in st ituti onal 
mechanisms wou Id have been established that would ensure 
a continuing suppl Y of new entrants to the industry to 
maintain its strength and capabilities. However, thi s is not 
the situation that has ex isted or is likely to ex ist in several 
countries . This has resulted in a number of des ign and 
construction companies withdraw ing From the nuclear field 
over the years, and thi s clearl y has an adverse effec t on 
recruitment of high-calibre staff to the industry. Whether 
or not thi s is significant depends on whether countries 
believe that they will need to reinstitute or accelerate their 
programmes at some future date. 

Further info rmation on this topic could help to underpin 
future policies fo r education and training and to identify the 
need, if any, for steps to strengthen the relevant industrial 
infrastructure. 
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QUALIFIED MAN POWER FOR THE NUCLEAR INDUSTRY 

F
or some tim e, the NEA Nuclea r Development 
COJ~mi.tt.ee ha.s been concellled with the l ong-rang~ 
availabillty of quaiifled man power fo r the nuclem 

industry, considering that there was a potential danger of 
being unable to maintain an adequate balance between the 
demand for and the supply of SLlch man power. The concelll 
was that an insufficient supply could pl ace constraints on 
the growing role of nuclear energy that some govelllments 
fo resee fo r the medium to long term , and hence on the 
environmental benefits of thi s energy form. Within the 
OECD, nuclear power currentl y supplies From 20 to over 
70 per cent of the electricity, and on the world scale, its 
production is as important as hydropower. Even without 
any nuclear growth , the continued operation of ex isting 
nuclear fa ciliti es and of the assoc iated fuel cyc le will 
require the current leve ls of ava il ability of qu alifi ed 
personnel for the foreseeable future. 

The committee saw vari ous causes that may lead to an 
insuffi cient suppl Y in the coming years. Some of these were 
the quasi -stagnation in the constructi on of new nuclear 
power pl ants, the to p-heavy age structure of the present 
personnel, and hence the need for the entry of yo un ger 
people, whereas there seems to have been a decrease in the 
number of students enrolling in nuclea r engineerin g in 
universities and higher technica l institutes . Furthermore, 
the committee fe lt the perception of a grow ing need fo r 
qualified man power in fields related to the back end of the 
nuclear fuel cycle. 

While the actual situation may vary widely from country 
to country, the committee considered it worthwhile to study 
the CUITent manpower situation, assess future needs, and 
examine the actions taken by OECD countries to ensure the 
availability of quali fied workers. 

In early December 1992, the OECD organised in Paris a 
two-day workshop on "qualified man power and qualified 
equipment", which attracted some 60 participants From ten 
countries and three intelllationai organisations. Bes ides the 
man power aspects, the meeting also considered the supply 
of qualified nuclear equipment and particularly of spare and 
replacement parts. 

*MR. J EAN MOR ELL E IS A ME MB ER OF TH E ENE RGY 
ADMINISTRATION OF TH E MINISTRY OF ECONOMIC AFFA IRS 
OF BELGIUM. 

THE OBJECTIVES OF THE NEA STUDY 

Quite obviously, the comparison be twee n expec ted 
demand and suppl Y of quali fied manpower req uires an 
appropriate definition of manpower. Most ex isting studies 
use cateaori es and definitions that were not read ily suitable b 

fo r th e NEA obj ec ti ves . Qu ali fied manp owe r was, 
therefore, eventuall y defined as profess ional pe rsonnel 
capabl e of tak ing res ponsible ac ti on in their field of 
competence , including the supervis ion of spec iali sed 
technicians. In almost ail cases, this would req uire at least a 
co llege or univers ity degree or an equi valent qualification. 

As little or no relevant statisti cal data were ava ilab le in 
most OECD countries, an inquiry was conducted based on a 
specific questionnaire. 

The manpower required in each country depends on its 
nuclear programme. As future programmes may differ from 
those of the present day, it was important to have a good 
quantitati ve idea of the num ber of quali fied staff required 
for th e presen t prog rammes, includin g the tec hni ca l 
qualifications of the ex isting personnel. A snapshot of the 
present si tuation was therefore mandatory, and the fll'st part 
of the questionnaire was set up accordingly: fo r the various 
sectors of acti vity of a coherent nuclear programme (from 
uranium mine to waste repos itory, from the design of a 
fac ility to its construction and operation, as we il as fo r 
edu cation and regul atory fun cti ons), the countri es we re 
asked to indicate - using 1989/1990 as a reference penod 
- how many persons they employed fo r each sector and 
what was their speciali sed competence. It was anticipated 
that a country-by-country comparison of the results wou Id 
allow an evaluation of their coherence and hence prov ide 
some idea of their reliability. 

The aim was to use the results of thi s snapshot, expressed 
in manpower per unit product (for instance, the number of 
people required to operate a one gigawatt power plant, or to 
fa bri ca te one tonn e of nu clea r fuel), to eva luate the 
manpower requirements of future programmes. 

The data on futu re nuclea r programm es were take n 
directly from the NEA "Brown Book"(l) fo r the peri od 1989-
2005. Combining th ese data with the res ult s of th e 
1989/1990 "snapshot" on man power requirements per unit 
product, it would be in principle possible to evaluate future 
manpower needs. However, in such a quantI fIcatI on , the 

(1) OECD NI/c/ear Energy Data, OECO. Paris, 1990. 
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age structu re of the present manpower and the personnel 
turnover needed to be known fairly accurately, which was 
not the case. Therefore future man power demand data were 
sought directly from OECD countries. 

ln contrast to demand, it was recognised from the outset 
that the supply of future manpower would be diffic ult, if not 
imposs ible to approach quanti tatively, because the reasons 
moti vating young people to specia li se in nuclear sciences 
and engineering cou ld not be forecast. The study therefore 
focu sed on qua litative eva luat ions and on examples of 
spec ifie programmes aimed at showing essentially to young 
graduates, but also to graduates wi ll ing to complete their 
education and enter into nuclear specia lisation, that 
attractive work was available in the various technical fie lds 
of each of the numerous sectors of a nuclear programme. 

Despite the fact that a quantitative model of the relation 
between demand and supp ly cou ld not be estab li shed as 
initiall y anticipated , the data resul ting from the inqui ry 
indi ca te direc tion s for spec ific action ei th er by the 
government of the countries involved or by their institutions 
active in the nuclear fie ld. 

THE PRESENT MANPOWER SITUATION 

The main answers to the part of the questionnaire related 
to the num ber of quali fied personnel fo r 1990 fo r se ven 
selected techn ical sectors are summarised in Table 1. It 
shows the breakdown of man power in various scientific or 
techn ical fie lds (nuclear, electrica l, mec hanica l, hea lth -
physics, etc.). 

It had been reali sed from the beginn ing that since only a 
few countries maintained relevant comprehensive databases, 
the qual ity of the data wo ul d not be as good as that of 
regular national stati stical surveys. Although the coverage 
and detai l of the data varied among countries, the results led 
to a number of general observations. 

The manpower situation in each country, qu ite obviously, 
depends on the size of its nuclear power programme. When 
numbers of the qual ified man power were compared 
internationally, sector by sector, and were re lated to the size 
of the activ ities (such as nuclear generation capacity), a 
reasonab le agreement was fo und, desp ite the variations 
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Table 1. Qualified manpower for seven technical sectors in 1990 

Fuel Cycle Power 

Front Bock Plant Design, Regulation R & D. Others TOTAL 
Country End End Operation Manufact. , Education 

Construction 

Belg ium 44 91 216 343 57 108 0 860 

Canada 28 1 33 1154 811 280 673 0 3232 

Finland 0 95 146 0 60 93 0 394 

France 511 542 4219 1700 0 2269 

Germany 1566 1380 

Japon 287 329 900 5410 444 2473 0 9843 

Netherlands 61 7 11 1 52 15 91 76 413 

Spain 133 76 

Sweden 132 34 755 310 87 303 0 162 1 

Switzerland 0 65 265 158 83 124 13 708 

United Kingdom 649 1041 3955 2000 124 5350 894 141 03 

USA 1500 4200 35700 22700 4000 6300 0 74400 
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noted in the definition of qualified manpower from country 
to country. Differences in the distribution of employment 
by sector also reflected the differences in the structure of the 
industry. 

ln general, the highest numbers of qualified man power 
were fo und in power plant operation and in the 
manufacturing and construction sectors. In the back end of 
the fuel cycle and in the research and development sectors, 
the share of manpower is fairly low. Nuclear engineers and 
hea lth physici sts, which are occupations typical of the 
nuclear field , do not have a large employment share. 

At present , demand and suppl y are reasonabl y weil 
balanced in most countries. However, the age structure of 
the qualified manpower showed that in some countries a 
large proportion of the workforce is nearing retirement. 
This distortion in the age structure from that prevailing in 
other industries will probabl y lead to marked losses of 
quali fied manpower in the very near future. As an example, 

Figure 1 displays the shape of age distributions for the 
nuclear power plant operation and maintenance sectors for 
the countries hav ing provided adequate data. 

PROSPECTS FOR THE FUTURE DEMAND FOR 
AND SUPPLY OF QUALIFIED MANPOWER 

The evolution of manpower demand for the period 1990-
2005, as expressed in the answers to the second part of the 
questionnaire, was found to be fairly coherent with the data 
res ulting from es tim ates of th e manpower needed to 
implement the programmes of the year 1990. It was fo und 
that , for most countries having made data ava il ab le (see 
Table 2), the predicted numbers of qualified manpower up 
to the year 2005 are expected to be stable or to increase 
sli ghtl y. The increase is particularly hi gh in Japan. in 
coherence with its expanding nuclear programme to the end 
of and beyond the present century. 

Th ere is, howeve r, a co mm on perception in mo st 
co untri es that it will become increasi ngly diffi cult to 
maintain the balance in the future. In particular, hi ghl y 
trained specialists are needed in uni vers ities in order to meet 
future demands to educate students who, after graduati on, 
will be involved in nuclear-related design, applications and 
teaching. 

Figure 1. Age structure of manpower in the nuclear power plant operation and maintenance sector 
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Table 2, Trends of number of scientists and engineers 
1990 - 2005 

(countries with complete question naires only) 

Country 1990 1995 2000 2005 

Belgium 780 830 848 863 

Japon 931 1 11459 12305 

Netherlands 359 377 362 376 

Sweden 1628 1746 1756 1690 

Switzerland 705 727 674 674 

Un ited States 51 477 47738 50030 533 10 

CONCLUSIONS 

ln most countries, the suppl y and demand of quali fied 
manpower is reasonably we il balanced at present. There 
will be a demand for expe rt manpower fo r many 

decades, whatever scenario for nuclear power is adopted 
by each country, Furthermore, reliance by governments 
and industries on market forces to rectify imbalances in 
supply and demand may be inadequate, since the time
scale for responses to these forces may be too long and 
unpredictable to satisfy the needs of the nuclear industry. 
A sounder approach might be one based on anticipating 
changes in the supply and demand of man power for the 
nuclear industry and taking appropriate timely measures, 
ln thi s context, several countries have already initi ated 
ac tions to support nuclear research and development and 
edu cati on in order to ensure an adequate suppl y of 
qu alifi ed manpower; for in stance, research grants, 
funding of students and lecturers, close co ll aborati on 
between government, industry, research establishments 
and educational institutions, 

One of th e grea tes t probl ems fac in g the nu clea r 
community is public perception of nuclear acc ident ri sks, in 
particular after Chernobyl. Specifie actions and proposais 
to enhance the suppl y of qualified man power can only be 
expected to have their full impact if they are accompanied 
by more general actions at both national and international 
levels aimed at fostering a better-informed public, able to 
gauge the relati ve ri sks of nuclear and other energy supply 
options, 
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~ ISOE: AN INTERNATIONAL EFFORT TO REDUCE OCCUPATIONAL 
~ EXPOSURES 
::;) 
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Z ALARA: AN EVOLVING PRINCIPLE 

T he radiation exposure of workers has always been and continues to be a sensiti ve issue in the management and 
operation of nuclear power plants. In fact, some speci fic groups of specialists involved in reactor maintenance and 
inspection are among those few workers whose exposure levels are likely to approach the regulatory dose limils and 

are, therefore, a particular cause of concern for managers, regulators, and of course the workers themselves. This concern is 
not going to be allev iated by the tightening of the individual dose limits that will likely result l'rom the app lication in most 
countries of the new recommendations of the International Commi ssion on Radiological Protection (lCRP). 

This development will only increase the need to focus attention on the assessment of the exposure of workers and on the 
study of methods and techniques fo r their protection . One major as set in this effort will continue to be the application of the 
optimisation of protection, or ALARA princi ple (~s ~ow ~s ~easonabl y ~chievable) . 

This principle, first proposed by the ICRP in 1973, has long remained the subjeci of theoretica l debates wi thin the 
radiation protection community. Initially, the di scussions about ALARA largely focused on the use of cost-benefi t analys is 
and the issue of how to ass ign a monetary value to the detriment caused by radiation exposure. However, it was gradually 
rea li sed that ALARA was about dec ision-making in general terms, and its application did not necessaril y require on ly 
quantitative techniques. There are a range of reasons other than cost to justi fy Ihe application of ALARA to ac hieve dose 
reductions in the workplace. ALARA should, therefore, be a management prerogati ve rather th an simply be treated as a 
technical issue by radiation protection specialists. 

Considering the evolution of the occupational radiation protection philosophy during the past decade. it is paradoxical to 
observe that one of the bas ic obstacles to the implementation of ALARA has been the lack of adequate data to estimate the 
consequences on doses of modi fications in the exposure conditions. To obtain the necessary in fo rmation, it has been 
necessary to develop dos imetry systems allowing the identification and appraisal of criti cal tasks or operations, as weil as 
the parameters on which to take action to reduce further exposures. Such parameters are the exposure rates in areas where 
an operation is to be performed, the duration of work, and the doses received when carrying out the various tasks in volved in 
the operation. 

ln this context, it is also essential to benefit from any experience available at other plants hav ing performed similar tasks 
and operations, both in terms of results and difficulties encountered and of methods and techniques developed fo r the 
protection of workers. 

THE INITIATIVE OF THE OECD 

Spec iali sts in radiati on protec tion have long felt the need for an international databank on occupational exposure to 
enhance their ability to get direct and timely access to updated information on dose data, tasks requiring specific attention, 
successful dose-saving methods, etc. Such a system would also fac ilitate the identification of persons and organisat ions 
hav ing experience in specific areas of occupational dose control. Finally, the usefulness of such an international system 
wou Id be enhanced if it were supplemented by a dynamic mechanism for regular dissemination of info rmation and fo r 
analys is of data, in order to assess levels, trends, and problem areas in the application of ALARA to nuclear power plant 
operations. 

*MR. CHRISTER VIKTORSSON IS A MEMBER OF' THE NEA RADIATION PROTECTION AND RADIO ACTI VE WASTE MANAGEMENT 
DIVISION. 
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The NEA has eSlahlislied (/// II/ /erna/ional luformatiol/ System 
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Il 'orkers' exposl/res. 

Against thi s bac kground , the OECD Nuclear Energy 
Agency (NEA) took the initi ative a few years ago to co
ordinate international effo rts in thi s direction in order to 
contribute to the improvement of the protection of nuclear 
workers in its Member countries. The objective of the NEA 
was to encourage the international exchange of information 
on occupational exposure control at nuclear power plants to 
help operators benefit from each other 's experience. 

The Agency therefore establi shed, effecti ve 1 January 
1992, an Information System on Occupational Exposures 
(lSOE). 

OBJECTIVES AND FEATURES OF ISOE 

Th e objec ti ves of ISOE are to make ava il abl e to 
participants: 

• a broad and regularly updated database on occupational exposure at nuclear power plants and on methods to improve 
the protection of workers; 

• a mechanism fo r analysis and evaluation of the data assembled, in order to help assess trends and identify problem 
areas in applying the principle of optimisation of protection (A LARA); and 

• a channel fo r easy access to organisations and experts hav ing knowledge and experience in occupational radiation 
protection and dose reduction. 

[SOE provides general info rmation on the overall performance of nuclear plants expressed in terms of exposure data and 
radi ation protection measures taken to reduce dose rates and doses. Examples of such information are annual collective 
doses to the workforce, their di stribution in dose intervals, material and chemistry spec ifica tions, decontamination 
techniques, dosimetry systems, and training programmes. Information related to spec ific operations or tasks that have been 
carried out is also included in the system. 

The system has two di stinct and complementary functions, respecti vely defined as the Data Bank function and the Data 
Management and Analys is function. The Data Bank function involves the setting-up and maintenance of an up-to-date 
database on the various types of information defined above, quality control of data, stOl"age and protection of information, 
and a retri eval service. The Data Management and Analysis function comprises the preparation and reguIar dissemination 
of compil ations, analyses and other reports. ISOE also provides the participants with a computer programme for the 
management of dos imetric data. Finally, ISOE provides a forum for direct exchanges of info rmation between participants 
on items of common interest. 

The in fo rmation in ISOE comes from two principal sources; first , operational experience from nuclear power plant 
operators and information related to studies and research projects from regulatory bodies, and, second, information from 
outside sources, such as technical and scientific journals and meetings. 

ORGANISATION OF ISOE 

Under the co-ordination of the NEA, the technical operation of ISOE is carried out by three technical regional centres, 
one in France serving the European region, one in the United States serving the North American region, and another in 
Japan fo r the Pac ific region. In addition, di scussions are under way with the International Atomic Energy Agency (lAEA) 
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to create a fourth technical centre at the IAEA in Vienna to serve organisations in non-NEA countries that would be 
interested in participating in the ISOE system. The centres will regularly exchange in fo rmation from their respective 
regions in order to ensure that the whole of the data base is access ible at each centre for the benefit of ail participants. The 
info rmation fl ow in the system is illustrated in the figure below. 

SCHEME OF ISOE 
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Ali types of power reactors operating in the OECD area 
are expected to be included in ISOE. It is also foreseen 
that the system, after some time of operation, will expand 
to include ail other nuclear fuel cycle installations. 

The management of the system is the responsibility of a 
steering group, which is composed of representati ves of ail 
participants and appropriate international organisations. 

INTERNATIONAL CO-ORDINATION 

A co-operation agreement has been established with the 
Commission of the European Communities (CEC), which 
has been operating an information system on job-related 
doses in European light-water reactors fo r sorne years. 
The two agencies guarantee through this agreement the 
compatibility of the two systems, and they have arranged 
for a corn mon collection of info rmation through the ISOE 
technical regional centre in Europe. 

The IAEA has been participating in the development of ISOE from the very beginning and is fo llowing the progress 
made through its representati ve in the steering group. The IAEA participation, mentioned above, is expected to start on a 
trial bas is during 1993. Finall y, an agreement has been concluded with the World Association of Nuclear Operators 
(WANO), associating it with the system. 

CONCLUSION 

Rapid access to info rmation regarding efficient dose reduction techniques, typical doses for specifie operations, dose 
rates at standard points, and ways to encourage management commitment, is an important step in achiev ing ALARA. 
ISOE, which will make a signi ficant contribution in this area, will therefore be a powerful tool in the efforts to reduce the 
occupational exposure of workers in nuclear fac ilities. 

The first report on the information gathered so far in ISOE will be publi shed by the NEA in mid-1 993. 
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THE FINAL SYMPOSIUM ON THE OECD/NEA 
STRIPA PROJECT 

T he fourth and final sympos ium on the NEA Stripa 
Project was held on 14th-16th October 1992, in 
Stockholm, marking the end of this international 

undertak ing that was set up in 1980 under the auspices of 
the OECO Nuclear Energy Agency. The Stripa Project, 
whi ch brought together up to nine OECO countries, has 
been the most visible and poss ibly th e most effective 
examp le of interna ti onal co-operation in the field of 
radioactive waste disposai research. 

The primaI} goa ls of the proj ec t were to develop 
techniques to scienti fica lly characteri se a granitic rock mass 
wi th regard to its hydrological and geochemical properties, 
to understand the influences of heating a granitic rock mass, 
and to develop techniques to seal various parts of a waste 
repository system. These issues were of common concern 
to many co untri es that had research and development 
programmes related to the disposai of high-Ievel radioactive 
waste. The Stripa Project provided a place, the old Stripa 
iron ore mine in central Sweden, a large body of scientific 
talent From ail the participating countries, a means to share 
the COSIS, and a forum for the di scussion and the building of 
confidence regarding these issues. It was therefore able to 
satisfy many of the technical needs of radioactive waste 
management programmes around the world. 

The fina l symposium was convened to present and rev iew 
the accompli shments and developments of the complete 
project, which ail participants agreed was a success from 
both a technical and an international perspective. The major 
technical accomplishments include: 

• the development of geophys ical characterisation tool s, 
such as borehole sei smic instruments and borehole 
radar, whi ch are now being used in site 
characteri sation acti vities in various OECO countries; 

• the understanding of radionuclide transport properties 
in a frac tured media; 

• the development and use of computer models to 
understa nd and predict groundwater f10w and 
radio nu clide transport in both porous media and 
frac tured rock; 

• the integration of the different di sciplines of geology, 
geophys ics, hydrology, geochemistry, and computer 

*MR. EDWARD S. PATERA IS A MEMBER OF TH E NEA RADIATION 
PROT EC TIO N AN D RADIO ACTIVE WA STE MANAGEMENT 
DI VISION. 

modelling to achieve a sensi ble conceptual model, and 
the use of this information to make predictions and 
validate these techniques according to present criteria; 
and 

• the demonstration of sea ling tec hn olog ies usin g 
bentonite and cement-based grouts. 

The non-technical successes are equally important, and ail 
participants agreed that the project: 

• provided a place and an opportunity to conduct a pure 
research and development programme that might not 
have been poss ible on a national scale; 

• prov id ed publi c credibilit y of the science and 
technology deve loped for radi oact iv e waste 
management within an open international forum; and 

• spread the costs of conducting a major research and 
development programme amongst many nations. 

In conclusion, the Stripa Project was a weil conceived, 
weil managed and a hi ghl y successful intern at ional 
undertaking. It could be used as a model for other large
sca le intern ation al proj ec ts, not only in the field of 
radioactive waste management, but also for many other 
environmental problems that face ail nations. 

The lasl symposium on the STRIPA project was held at 
the end ofl 992 . 
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NUCLEAR LAW IN CENTRAL AND EASTERN EUROPE 

T he changes currently tak ing place in the countries 
of ce ntral and eas tern Europe are hav in g a 
profound effect on their political and economic, as 

we il as their legal systems. Nuclear law has certainly not 
escaped the upheava l. ln most of these countries, under the 
socialist system, a nuclear installation was regarded as just 
one more State-owned factory among many others engaged 
in potentially hazardous operations. Administrati ve orders 
were made From time to time, but no need was perceived fo r 
leg islati on of the type fo un d in wes tern co un tri es, 
establishing the bas ic princi ples and institutional framework 
fo r nuclear acti vities. 

In the last few years, however, these countries have had to 
cope wi th entirely new fac tors. In most, there has been a 
total reorgani sation of political and institutional structures 
(sometimes including the division of one State into two or 
more smaller States, and the establ ishment of new federal 
relati onshi ps). There is now pa rli amentary sc ru ti ny of 
governmental action, and a new need to inform the public 
and take it s interes ts and opini ons into acco unt. 
Furthermore, although there is as yet no pri vate ownership 
of nuclear installations in central or eastern Europe, it is no 
longer taken fo r granted that civil nuclear ac ti vities will 
al ways be undertaken excl usively by the State. 

These facto rs have left many of these countries without 
any viable institutional or lega l structure for their civil 
nuclear acti vities. 

NEA PROGRAMMES OF CO-OPERATION 

This situation has combined with a more general desire of 
many of these countries - particularl y Poland and Hungary 
- to bring their legislati ve systems into line with those in 
OECD countries. The first step in drawing up new nuclear 
legislation, therefore, is to look to the analogous laws in 
NEA countries. As a centre of info rmation on nuclear law 
in its Member countries, and in the light of its experience in 
th e area, the NEA is we il pl aced to prov ide them with 
ass istance. 

Over the pa st two years, the NEA has been establishing 
prog ramm es of co-operati on with va ri ous central and 

*MISS SUSA N REVE IS A MEM BER OF' TH E NEA LEGA L AFFAIRS 

SECTIO N. 

eastern European countries, notably Hungary, the fo rmer 
Czech and Siovak Federal Republi c, Romani a, Poland, 
Ukraine and Russia. Preliminary contacts have also been 
made with other countries in the region. 

Each of these programmes of co-operation is tailor-made 
to mee t th e parti cul ar requirements of the co un try 
conce rn ed. In ail cases , howeve r, the prov ision of 
informati on is one of the central elements. The NEA gives 
to th e rec ipient co untri es doc um entati on conce rning 
nuclear leg islat ion in its Member cou ntri es, as we il as 
internati onal conventi ons and standa rds. In return , the 
countries concerned furni sh in fo rmati on on their nati onal 
systems, particularly fo r publication in the NEA's bi annual 
Nue/ea ,. Law Bul/erin. Some coun tri es have also sought 
comments From the NEA on drafts of proposed national 
leg islati on - ranging from very genera l laws sett in g in 
pl ace the in st itution al fra mewo rk and basic pri nc iples 
governing civil nuclear acti vity, to legislation on spec ific 
subj ec ts, such as waste manage ment and third pa rty 
liabili ty. 

Throughout its activ ities, the NEA maintains contact with 
oth er intern ati onal nu clear age ncies, no tabl y th e 
Intern ati onal Atomic Energy Agency (lAEA ) and the 
Commi ss ion of the European Communiti es (CEC), to 
ensure co-ordination of effort, so that the most effecti ve use 
is made of the Iimited resources ava il able fo r thi s purpose. 
The recent establishment of the G-24 Steering Committee 
on Nuclea r Safety Ass istance Co-ordin ati on, and its 
databank on assistance projects, is also li ke ly to assist in 
thi s regard. 

TRAINING 

As we il as documentary informati on, the countries of 
eastern and centra l Europe need spec ialist personnel with 
the necessary knowledge and skills to set up and implement 
the new legal framework. The ass istance prov ided by the 
NEA therefore also includes the prov ision of training. 

ln November 1992, the NEA organi sed in Kiev, at the 
request of the Ukrainian authoriti es, an info rmation seminal' 
on nuclea r law. Thi s se min al' was att ended by 
approx im ate ly 40 officiais from both th e Uk raine and 
Russ ia, and included lecturers from the NEA Secretariat, 
governmental experts, and a representati ve of the nuclear 
insurance industry. Thi s type of sem inal' - where the 
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fac ilities are prov ided by the host country and the speakers 
by the NEA (and poss ibly other international agencies) -
proved to be a very cost -effec ti ve exercise and may be 
repeated in other countries. 

ln the same spirit, the NEA intends to hold in September 
1993 a more comprehensive training seminar on nuclear 
law. spec ifica ll y fo r the countries of central and eastern 
Europe. The purpose of the seminar will be to prov ide 
training in a wide va riety of aspects of nuclear law and 
in surance to yo ung lawyers from nuclear agencies in the 
countries concerned. The International Institute of Energy 
Law of the Uni versity of Leiden is prov id ing the venue, and 
it is hoped that the seminar will be co-sponsored by the 
IAEA and th e CEC, as we il as benefitting from the 
co llaboration of the European Insurance Committee. 

Meanwhile, a young lawyer from Hungary was placed as 
a trainee with the NEA fo r the las1 three months of 1992. 
Trainees from other countries in the region may fo llow. 

THIRD PARTY LlABILITY 

A particular challenge fo r the countries of central and 
eastern Europe, as weil as for those ass isting them, is the 
law on third party liability fo r nuclear damage. To a greater 
ex tent th an most indu strial acc idents, an acc ident in a 
nuclear install ati on may cause considerab le damage in 
many di fferent countries. It is therefore a proper subject for 
international, as we il as national, law. This was recogni sed 
at the beginning of the development of the nuclear power 
indu stry, and sin ce th e 1960s th ere have ex isted 
international conventions to ensure compensation in such a 
case. The most important are the 1960 Paris Convention on 
Third Party Li ability in the Field of Nuclear Energy, an 
OECD convention that applies to most of western Europe, 
and the rAEA's Vien na Convention on Civil Li ab ility fo r 
Nuclear Damage of 1963, which is potentiall y global in 
scope, but which to date has only 18 contracting parti es. 
These two conventions fo ll ow the sa me bas ic principles and 

Cel/IraI and eaSlelï1 Europeal/ coul/ lries will el/deal'our to bring Iheir leg islali\'e systems i/1 lille wilh Ihose exisling in 
OECD coun/ries . 
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celllral and easlern Europe. 

are linked by a Joint Protocol of 1988, allowing parties to 
either convention to benefit t'rom the provi sions of the other. 

The inadequ acy of the coverage of thi s internati onal 
liability regime was dramatica lly highlighted following the 
Chernobyl di saster in 1986. No compensation was paid by 
the USS R fo r damage suffe red in other countries as a 
consequence of that acc ident. No nuclea r li ability 
convention obliged it to do 50, since the USSR was not a 
party to any such convention. Furthermore, the USSR had 
no spec ifie leg islati on gove rning li ability for nu clea r 
acc idents. 

It is still the case that those central and eastern European 
co untri es wi th the largest nuclear programmes are not 
parties to the li ability conventions, although Hungary, 
Poland and Romani a have ail ratifi ed the Vienn a 
Convention and the Joint Protocol in the last fo ur years. 
Throughout central and eastern Europe, however, there has 
been a spiri t of opening-up to the international community, 
which gives ri se to greater optimism that other countries in 
the region, including those with major nuclear industries, 

may jo in the conventions. If they are to do so, th ese 
countries must bring their national legislation into line with 
the provisions of the Paris and Vienna Conventions. 

A further incenti ve to int rod uce nu clea r li abi lit y 
leg islati on is the need to prov ide an appropri ale lega l 
context for western contractors who might work on nuclear 
installations in central and eastern European countries as 
pa rt of th e ge neral prog ramme of weste rn tec hni ca l 
ass istance. In fac t, an ad hoc group of ex perts recentl y 
established by the G-24, including representati ves of the 
NEA and the IAEA, is examining the problem of ensuring 
appropriate civilliability rules in su ch cases. 

Leg islation on civil li abili ty for nu clea r da mage is 
therefore one of the most important areas in which the EA 
can provide central and eastefll Europe with the benefit of 
its experience and of that of its members. One particular 
problem is that the internat ional nuclear li ab ili ty reg ime 
involves the concept of insurance by the nuclear operator 
against third party liabili ty risks. In most of the central and 
eastern European countri es, there was unt il recentl y no 
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private insurance of any sort. Nuclear power plants were 
owned and operated by the State and it was assumed that 
the State, which was in any case the provider of health care 
and housing, would take care of the victims of an acc ident. 
In fo rmation on the financial organisation of civil li ability 
reg imes in the West, and particularly nuc\ear insurance, is 
therefore of special interest to these countries. 

The in terest of central and eastem European countries in 
the third party li ability conventions co incided with the 
beg inni ng of negoti ati ons fo r the rev ision of the Vienna 
Convention. These negotiations started in 1989 and are still 
cont inuing. The NEA, through its Group of Govemmental 
Experts on Third Party Liability in the Field of Nuclear 
Energy, is pl ay ing an ac ti ve role in thi s process, since 
modification of the Vienna Convention is Iikely to lead to 
analogous amendment of the Paris Convention. 

The lAEA Standing Committee dealing with the rev ision 
of the Vienna Conventi on is also considering a proposed 
new conve ntion to prov ide suppl ementary fundin g for 
compensation. It wou Id complement both the Vienna and 
the Paris Conventions and wou Id inc\ude funding from the 
nu clea r industry as we il as From States. (The Pari s 
Conve nti on is already complemented by the Brusse ls 
Supplementary Convention, which prov ides fo r extra State 

funds where the amount of compensation under the Paris 
Convention is insuffi cient. ) It is of course desirable to 
attract as many States as possible to join any supplementary 
funding scheme, thereby increasing the fund s potentiall y 
available. 

In the hope of ensuring that the negotiations result in a 
li ability reg ime acceptable to ail , th e NEA has in vited 
observers from the form er Czech and Slovak Federa l 
Republi c, Hungary, Poland and Romani a to its meetings 
dea ling with thi s subj ect, and it is poss ibl e that more 
countries from the region will be invited in the future. 

CONCLUSION 

It is to be hoped that, as the countries of central and 
eastem Europe rai se the technical standards of their nuc\ear 
installations, with ass istance from the West, the new legal 
reg im es in th ose co untri es will contribute to the 
maintenance and improvement of safety standards in the 
long term , thereby benefitting not just the region but the 
who le world. The ass istance provided by the NEA is one 
contribution to this wider effort. 
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WORKSHOP ON RADIATION PROTECTION 
TOWARDS THE TURN OF THE CENTURY 

Radiation protection is go ing through a period of re
evaluation and intense debate, particularly in view of the 
need to assess th e practical impli cations of the new 
fundam ental reco mmendations recentl y issued by the 
International Commission on Radiologica l Protection 
(lCRP). 

In thi s co ntex t, the NEA Committee on Radiati on 
Protection and Public Health (CRPPH) felt that the time 
was appropriate for a general appraisal of the situation of 
radiation protection in terms of policy and regulatory 
developments and of application to operational practices. 
This appraisal wi ll take the form of a policy statement 
representing the collective opinion of the.committee ?n .the 
current status and th e future perspec tIv es of radIatIon 
protection regulations and practices in NEA countries. 

To set the basis for the preparation of thi s poli cy 
statement , the NEA organised, from Il to 13 January 1993, 
a workshop on "Radiation Protection Towards the Turn .of 
the Century", in which about 60 experts from 20 countnes 
and four international organi sations reviewed the major and 
emerging radiation protection issues and perspectives in this 
decade. 

Tirlle is appropriale for a ge/l eral appraisal 01' l!Je silllalio/l of' 
radimio/l pmleCl io/l . 
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The information exchanged during the workshop and the 
evidence made available to its participants confirmed the 
ima oe of radiation protec tion as a di sc ipline th at has 
reached a hi oh level of maturity. The depth and scope of its 
doctrine th et> level of scientific knowledge on the effects of 
radiatiOI~ and on the behaviour of radioactive substances in 
man and the environment , and th e developments in 
protection technologies and radiation m~asurement s. and 
assessments, have made it possible to achleve a slglllflcant 
increase in the levels of protec tion for wo rk ers and 
members of the public in most practices and situations. 

The degree of these ac hi evements is, however, st ill 
un even, both in term s of sc ientifi c and tec hnl ca l 
developments and in term s of levels of protec ti on and 
manaoement of ri sks in the different practices . Moreover, 
curre~t trends in research and development, both in the 
sc ientifi c fie ld and in th e tec hn ology of rad iat ion 
applications, may pose new challenges. The participants in 
the workshop revi ewed these deve lopm ent s and 
perspecti ves and reached a consensus on the issues .that wi ll 
require attention in the nex t few years and the dIrectIons 
that wi ll have to be taken in the field of radiation protectIon. 
The conclusions of the workshop will provide a sound bas is 
for the preparation of the CRPPH collecti ve opinion, which 
should be issued in early 1994. 

The proceedings of this workshop will be publi shed by 
the NEA. 

TEACHERS AND NUCLEAR ENERGY 

lntroducing an awa reness of soc ietal issues such as 
nuclear energy in schoo ls is of interes t to ail OECD 
countries because of their broad implications for the future 
development of our soc ieties. However, in man y cases. 
there is a lack of adequate documentation or materials that 
teachers can use as part of bas ic sc ience and soc ia l 
education programmes, and teachers themselves have rarely 
received instruction or training that would enable them to 
di scuss the facts and issues in Ihis field in an appropriately 
wide and balanced contex!. 

Against thi s background and within it s programme on 
education and nucl ear energy, the NEA wIll orga lll se, III 

June 1993, an international sem i nar on "Teachers and 
Nuc lea r Energy ". Thi s semin ar will brin g to ge ther 
secondary school teachers. curricula developers, as weil as 
government representat ives in the field of educatIon and 
information spec ial ists From nuclear energy CII'cles. The 
major objectives will be to exchange national experience in 
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Tlie NEA will organise a seminar on infiJrming and lraining 
leacliers in disclIssing nuclear energy al school. 

informing and as sist ing teachers in discuss ing nuclear 
energy at school, and to outline the kind of briefing material 
that would contribute to this objective. The participants 
will al 50 exam ine the possible contributions of national 
authori ties, indu stry and relevant instituti ons in thi s 
endeavour. 

TMI: THE VESSEL INVESTIGATION PROJECT 

The TM I- 2 accide nt in 1979 prov ided a unique 
opportun ity to im prove the understanding of severe 
accide nt s based on. an ac tu al one in an operatin g 
commercial nuclear power plant. The TMI-2 Accident 
Eva luation Programme was set up by the US Department of 
Energy, and part of it was later broadened into an 
international co llaboration project under the aegis of the 
OECD Nuclear Energy Agency (NEA). Il was concerned 
primari ly wi th th e analys is of the progress ion of core 
damage, metallographic studies of core debris and structural 
materials, and examination of the mechanisms controlling 
fiss ion product behaviour during the accident. However, it 
soon beca me ap parent th at th e TMI-2 accident had 
progressed further th an be li eved. Large quanti ties of 

reactor pressure vessel, and thermal damage had occurred to 
instrument structures in the lower vessel region. Hence the 
US Nuclear Regulatory Commission (N RC) asked the NEA 
to set up a new international collaborati ve project, the TMI 
Vessel Investigation Project, to examine additional aspects 
not included in the original programme.This new project, 
establi shed in 1988, was des igned to determine if lower 
vessel material underwent signi ficant changes in toughness 
and strength . Samples obta ined to determine this would 
also ass ist in the analyt ical understanding of hypotheti cal 
fa ilure modes, core damage progression, and relocation of 
core debris in the reactor vesse!. The NEA's TMI project 
has now been completed, resulting in a better understanding 
of reactor pressure vessel structu ral integrity under severe 
accident conditions. The achievements of the project will 
be presented during an international forum sponsored by the 
OECD Nuclear Energy Agency and the US NRC, which 
wi ll be held in the United States in October 1993. 
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molten core material had re located to the bottom of the Diagramma/ic represel1lalion olTMI-2 Lowe!' Head. 
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42 NEW PUBLICATIONS 

NUCLEAR POWER ECONOMICS AND 
TECHNOLOGY: AN OVERVIEW 
ISBN 92-64- 1 3798-X 
FF 130 123 US$36 DM52 

91 pages 

lntended for the non-specialist reader interested in energy and 
environmental pol icy malters, thi s report presents an overv iew of 
the CUITent ex pert consensus on the status of nuclear power 
technology and its econom ic positi on. Il covers the potential 
demand for nuclear energy, ilS economic competitivity, and the 
relevant aspects of reactor performance and future technological 
developments. 

The report provides an objective contribution to the ongoing 
sc ientific and political debate about what nuclear power can offer, 
now and in the future, in meeting the world's growing demand for 
energy and in ach iev ing sustainable economic development. 

SEVERE ACCIDENT MANAGEMENT: 
PREVENTION AND MITIGATION 
ISBN 92-64- 1378 1-5 
FF80 f 13 US$2 1 DM33 

49 pages 

Effective planning for the management of severe accidents at 
nucl ear power plants can produce both a reduction in the 
frequency of such accidents as weil as the ability to mitigate their 
conseq uences if and when they should occ ur. Thi s report 
prov ides an ove rview of accident management activities in 
OECD countries. ft also presents the conclusions of a group of 
international experts regarding the development of accident 
management methods, the integration of acc ident management 
planning into reactor operations, and the benefits of acc ident 
management. 

THE PERIODIC SAFETY REVIEW OF NUCLEAR 
POWER PLANTS 
Practices in OECD countries 
ISB 92-64-1 3788-2 45 pages 
FF60 f lO USSl5 DM 24 

Thi s report gives an overview of the regulatory concepts and 
practices for the periodic safety review of nuclear power plants in 
OECD cou nt ries with nuclear power programmes. The statutory 
bases for such rev iews, their objectives and the processes adopted 
are summ ar ised aga in st the background of eac h country' s 
regulatory practices. 

Allhough periodic safety reviews are now, or will soon be. part 
of the regulatory process in the majority of countries, the national 
approaches to these reviews still differ considerably. This report 
includes numerou s exampl es of the different concepts and 
practi ces in OECD countries, thereby illustrating the va riety of 
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ways adop ted to reach the common goa l of maintaining and 
improving nuclear safety. 

URANIUM 1991 RESOURCES, PRODUCTION 
AND DEMAND 
A joint report by the OECD luclear Energy Agency and 
the International Atomic Energy Agency 
ISBN 92-64-1 3662-2 
FF250 f34 US$60 DM 11 2 

255 pages 

The uranium suppl Y aspects of the nuclear fuel cycle have 
undergone considerable change during the last few years. 

Nuclear power generating capacity can continue to ex pand 
only if there is confidence in the final suppl Y of uranium. Thi s 
report presents governmental compilations of uranium resource 
and production data, as established in 199 1. It also presents short
term projections of the nuclear industry's fu ture natural uranium 
requirements and rev iews the status of uranium ex plorati on. 
resources and producti on throughout the world. 

URANIUM - Statistical Update 1992 
Free on request 

BROAD ECONOMIC IMPACT OF NUCLEAR 
POWER 
ISBN 92-64-1378-9-0 
FF250 f40 US$62 DM95 

22 1 pages 

The decision to adopt, ex pand or reject a nuclear programme 
has im pli cations that go beyond economic considerations lim ited 
to the cos t of elec tricity prod uced . Thi s report attempt s to 
il lustrate the treatment of macroeconomic factors in the decision
makin g process of va ri ous co untri es, an d di sc usses th e 
macroeconomic impacts of nuclear power, such as employment , 
balance of payment, security of suppl y, as weil as environmeillai. 
health and socio-cu ltural issues. 

ACHIEVING NUCLEAR SAFETY 
Improvements in Reactor Safety Design and 
Operation 
ISBN 92-64- 13833- 1 92 pages 
FF95 f 16 US$22 DM39 

Intended for the non -speciali st reader, this report rev iews the 
signi ficant efforts that have been made in recent years to enhance 
the sa fe des ign and opera ti on of nuclear reactors in OECD 
countries. The reactors in operation today in these countri es have 
widely benefited, in large part through international co-operati on, 
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l'rom the lessons lea rned from pasl ex perienee and from Ihe 
pool ing of resources in safety researeh and development. 

The report shows how these efforts have led to a more coherent 
and consistent approach to safety, which has gone a long way to 
minimi sing the ri sk of major problems with the operation of 
today's reactors. 

Disposai of Radioactive Waste : 
RADIONUCLIDE SORPTION FROM THE SAFETY 
EVALUATION PERSPECTIVE 

Proceed ings of an NEA workshop. 
Interl aken. Switzerland 16-18 Oetober 199 1 
ISBN 92-64-03700-4 

292 pages 

FFI80 f28 US$46 DM73 

Sorption is one of the key processes retarding the transport of 
rad ion uclides from an un de rgroun d di sposa i fac ility to the 
biosphere and to man. These proceedin gs evaluate the way 
sOi-pti on processes are incorporated in long-term safety analyses 
of radioact ive waste repos itories. 
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WORK MANAGEMENT TO REDUCE 
OCCUPATIONAL DOSES 

Proceedings of an NEA workshop 
Pari s 4-6 February 1992 
ISBN 92-64-037 12-8 
FF290 f48 US$70 DM 11 9 

342 pages 

The control of oceupati onal closes in nuclear fae iliti es is a 
majo r chall enge to the nu clea r co mmunity. Th e rece nt 
reco mm enclati on by th e Intern ati onal Co mmi ss ion on 
Radiological Protecti on (ICRP) for lower close limits has further 
foc used attenti on on the subj ec t ancl has led to an increased 
emphas is on the application of the ALARA principle. 

These proceeclings present the results of a workshop organised 
by the OECD Nuclear Energy Agency 10 c1i scuss the results 
achieved by the application of work management measures to 
situations in volving radiati on exposure. The proceedings show 
that ALARA has now gone from theory to prac ti ee, ancl that 
comm ittecl mana gement , moti va ted wo rkers and reg ul atory 
support are ail important elements of successful cl ose control 
programmes. 
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44 NEW PUBLICATIONS , 

SAFETY OF THE NUCLEAR FUEL CYCLE 
ISBN 92-64- 13824-2 

the main pa pers presented at the seminar and a summary of the 
244 pages conclusions reached at the meeting. 

FF280 147 US$65 DM 11 5 

The nuclear fue l cycle covers the procurement and preparation 
of fuel for nuclear power reactors, its recovery and recycling after 
use and the safe stOl'age of ail wastes generated through these 
operations. 

The fac ilities associated with these activities have an extensive 
and weil documented safety record accumulated over the past 40 
years by technical experts and safety authorities. This report 
constitutes an up-to-date analysis of the safety of the nuclear fuel 
cycle, based on the ava il ab le experience in OECD countries. It 
addresses the technical aspects of fue l cycle operations, provides 
information on operating practices and looks ahead tü future 
activities. 

INFORMATION TO THE MEDICAL 
PROFESSION ON ION ISING RADIATION 

Proceedings of an intemational seminar 
Grenoble, France, 2-4 September 1992 
ISBN 92-64-03718-7 
FF250 144 US$59 DM 1 00 

363 pages 

Because the medical profession has al ways enjoyed a high 
degree of moral authority and has one-to-one contacts with the 
public , it is increasingly being called on to give advice and 
information to the latter regarding the nature and effects of 
ionis ing radiation. It is therefore important that the medical 
profession at large be well prepared to face its responsibilities in 
this field , notably during radiological emergencies. 

This publication con tains the proceedings of an international 
seminar organised by the OECD Nuclear Energy Agency on the 
needs and avai lable means for information and training of the 
medical profession in the fie ld of ionising radiation. It includes 

tOl NEA Newsletter Spring 1993 
~ 

OFF-SITE NUCLEAR EMERGENCY EXERCISES 
Proceed ings of an NEA workshop 
The Hague, 12-15 November 1991 
ISBN 92-64-03716-0 
FF I80 130 US$42 DM 74 

193 pages 

The Chernobyl accident initiated a significant extension of the 
arrangements, nationally and internationall y, to cope with nuclear 
accidents. To test the efficiency of emergency provi sions , 
emergency exercises have proved successful and are frequently 
carried out in OECD countries. These proceed ings present the 
resu lts of a workshop organised by the OECD Nuclear Energy 
Agency to analyse the experience gained From the conduct of off
site emerge ncy exercises and ta di scuss the arrangement of 
international emergency exercises. 

NUCLEAR LAW BULLETIN N° 50 
Annual subscription two issues and supplements. 
ISSN 0304-341-X 

FF190 122 US$42 DM84 

INDEX of the 50 issues of the Nuclear Law 
Bulletin (included in the subscription) 

NEA NEWSLETIER Vol 10 N° 2 

Falll 992 

NEA Activities in 1992 
Catalogue of NEA publications 

March 1993 

48 pages 

22 pages 
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