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INTERNATIONAL NUCLEAR CO-OPERATION: PAST 
AND FUTURE HOPES 
P. Strohl 

T
hose who took part in the earliest projects of international nuclear co-operation tend to think it 
has become less confident and imaginative , and that the pioneering, creative spirit has 
disappeared. This nostalgia is quite understandable, but the changes that have taken place 

should be analysed more objectively. If we are at all realistic, we should admit that the initial 
projects were often too ambitious or premature; ev en if they did not always meet with success, sorne 
of them materialised in a different way or considerably later than planned. 

Nuclear energy was in fact the first new technology in the second haH of the 20th century to have 
set up su ch an extensive and original programme of international experiments. Today, inter
government as well as inter-industry co-operation in this field is broader-based and better 
established th an at the start. Doubts concerning the future of nuclear energy are probably even 
making co-operation both more necessary and more difficult, and therefore just as exciting as at the 
start. 

Looking back, it is interesting to consider whether the conventional judgment on the pioneers' 
mistakes and failures should not be moderated. The initial attempts to build quite a large number of 
different experimental reactor systems on the basis of an international programme and to compare 
their respective advantages, were soon brushed aside by the successful marketing of a small number 
of reactor types developed by the most advanced countries. It would be quite pointless to question 
the validity of the technological choices made from the start of the 1960s for the main national 
nuclear power programmes. The forecasts at the time, indicating that rapid growth in the nuclear 
industry was necessary in order to meet energy needs, were nonetheless wrong. There was 
therefore plenty of time to carry out an international nuclear technology development and 
evaluation programme with the necessary policy continuity. 

Technological development does not in fact 
fo llow an ideal path, but depends on a great 
many different circumstances that often take 
precedence over long-term interests. As soon 
as the policy of secrecy was abandoned, 
especially after the Geneva Conference in 1955, 
access to the essential knowledge , the 
optimism which prevailed at the prospects of 
having a new, practically inexhaustible source 
of energy, and the anxiety caused by the Suez 
crisis in 1956 , encouraged governments to 
develop the peaceful applications of atomic 
energy. They realised that, because of its scope 
and policy implications, this venture had to be 
accompanied by extensive international co
operation if it was to be successful. It was 
inevitable , however, that the technological 
advance of the few leading countries which 
had pioneered the military applications during 
the world conflict and the cold war years 
should have a decisive influence at the start of 
the industrialisation phase. 

The situation was therefore such that co
operative agreements encouraged penetration 
by available, proven technological systems 
ra ther than those it was hoped could be 
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developed through multinational projects1
• 

There is no way of telling today how far the 
successful outcome of such projects would 
have led to better technical solutions than 
those implemented at national levels, but it 
would have probably opened up the nuclear 
equipment market to a greater extent and made 
it more competitive. In any case , national 
nuclear programmes were remarkably 
successful as the energy crises of the 1970s 
grad uall y highligh ted the real nee ds, 
notwithstanding the less favourable 
psychological climate, with the result that in 
the OECD area, for example, they now 
constitute a majority or at least a substantial 
share of the electricity production in the 
countries that have aimed to diversify their 
energy sources. 

On the other hand, the major joint projects of 
the European Nuclear Energy Agency and 
Euratom concerning reactor development and 
chemical reprocessing and fuel enrichment 
technologies, did not make the expected 

(1) This is nevertheless only a secondary aspect of the 
history of nuclear technology; in his captivating book, 
"Pionniers de l'atome" (Stock, Paris 1988), Bertrand 
Goldschmidt indicates quite rightly that: "A few years 
either way in the work on the uranium fission process 
would have changed the course of history". 
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The Eurochemic spent fuel reprocessing facility in Mol, Belgium, was the first NEA joint undertaking. 

decisive contribution to promoting the 
transition to the industrial phase. But we 
should not forget that international co
operation, either between governments or at 
industry level at the instigation of 
governments, has contributed greatly, on a 
more modest basis, to the diffusion and quality 
of nuclear technology. 

--+--
Looking at the trend over a period of more 
than thirty years, it is obvious that the focus in 
international nuclear co-operation has 
increasingly been on radiation protection, 
safety, radioactive waste management , and 
liability for accidents, Le. on risk control. It is 
understandable that intergovernmental co
operation should have evolved by giving 
priority to normative activities after the initial 
phase of promoting a new energy source, but it 
must be stressed that the most recent 
initiatives for co-operation between nuclear 
electricity producers also highlight safety 
problems. 

It should be noted, however, that in any action 
involving nuclear industry security in the 

broad sense , regulations , te chnological 
advances and the objective of reliable and 
profitable operation are closely connected. 
The independence of the regulatory authorities 
with regard to industrial organisations and 
companies was obviously considered at 
national level as an essential safety guarantee. 
This same concern is not seen in th e 
international organisations , which have no 
regulatory powers. Accordingly, their 
activities provide a good opportunity fo r 
multidisciplinary studies and projects in 
which scientists , engineers , safety and 
radiation protection specialists and economists 
can make their respective contributions to 
wide-scale analyses concerning, for example, 
long-term strategic approaches or policies for 
radioactive waste managem ent , or the 
decommissioning of nuclear facilities . Many 
reports produced by the international nuclear 
organisations are models of their kind. As in 
other fields, the inevitable attraction felt by 
experts for the activities in which they 
specialise and which call for immediate 
solutions, has limited the possibilities of 
harnessing their knowledge for exchanges of 
views that are wider in scope. 



INTERNATIONAL NUCLEAR CO-OPERATION 

One area in which international co-operation 
has realised its full potential and broken new 
ground is that of nuclear law. The setting-up 
in the 1960s of an international regime for 
nuclear third-party liability was 
unquestionably a pioneering achievement. 
The main innovations in this special regime 
have stood the test of time and have even 
influenced the law applicable to other modern 
technologies. It must be admitted, however, 
that what was expected of these initial 
provisions was by no means sufficient to meet 
the needs. The system had to be revised after 
Chernobyl so as to update solutions that had 
been adopted at a time when experience of the 
possible effects of a serious nuclear accident 
was stilliacking. 

--+--
If we now look to the future, what lessons can 
be learnt from what has happened? 

Unquestionably, the main factor is that the 
multilateral agreements which established 
nuclear co-operation between governments , 
around 1957 , have not been substantially 
changed. On the other hand, the institutions 
they set up have been transformed , thus 

enabling them to survive in different forms. 
Their geographical limits have been extended, 
and their respective structures to a large extent 
determin e their specific roles . The 
International Atomic Energy Agency has 
become universal , which makes it 
irreplaceable in the treatment of aIl the policy 
aspects of nuclear activities which have 
assumed a global dimension and which, 
through the Agency, are given a strong 
international imprint. By ceasing to be a 
regional body, the European Nuclear Energy 
Agency was able to organise transoceanic co
operation between the most highly developed 
countries; now that it has become the OECD 
Nuclear Energy Agency, it is starting to open 
relations, at the same time as OECD itself, with 
non-Member countries (European economies 
in transition, dynamic Asian economiesJ, as 
the market economy progresses. With the 
merger of Euratom into the Europ ean 
Community as a whole, nuclear matters have 
lost sorne of the institutional specificity that 
had been initiaIly planned, although this may 
give them the advantage of being more closely 
integrated with the Community 's energy, 
research and technology policies. It can also 
be seen that nu clear energy will have an 

The Koongarra uranium ore deposit in Australia has been chosen for an international research project on notural analogues, under 
the auspices of the NEA. 
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important place in the recent developments in 
relations between the European Co mm unit y 
and the central and eastern European 
countries. 

It is therefore easy to foresee that the current 
political upheavals willlead to new changes in 
the institutional structures of nuclear co
operation. There are good reasons for hoping 
that aU three major bodies created over thirty 
years ago to promote this co-operation will 
still be able to make the contribution to it 
which is most relevant in terms of their 
respective roles and resources. The close co
ordination which has been established 
between their activities and the joint action 
they have often taken should facilitate the 
adjustment of the relations the y have formed 
to a new context. 

In addition, nuclear co-operation will 
inevitably be influenced by the tendency to 
opt for a "global approach" to energy, 
environmental and economic development 

problems, as well as to those concerning the 
adjustment by society to the expansion of 
modern technologies . The nuclear industry 
has always been subject to special rules 
directly related to the perception of the 
exceptional risks it creates. The tendency to 
"globalise" analyses and policies should 
obviously not be seen as a universal panacea, 
but it can contribute to a more positive view 
of certain aspects of nuclear energy. The 
advances made in this field in safety, the 
protection of public health and the 
environment, waste management, regulatory 
policies, compensation for damages in the 
event of a major accident, operating 
techniques, etc., should be integrated within a 
multidisciplinary evaluation of the major 
technologies, and, to a certain extent, should 
be used to define the specifie means of 
controlling their effects. The nuclear 
organisations will therefore be called on to 
make a major contribution to international 
activities that are wider in scope concerning 
tomorrow's technological choices. 



INTERNATIONAL NUCLEAR CO-OPERATION 

Lastly, it would be a pit Y if the original 
solutions for co-operation on research and 
development, worked out for the first phase of 
the nuclear industry, faded into oblivion. 
There is increasingly talk of a second 
generation of nuclear technology, although the 
implications or the directions of the desirable 
changes away from the reactors and other 
facilities in service, which will eventually 
have to be replaced, remain unclear. There 
can be no doubt that it would be advantageous 
to implement the innovations which are now 
being or will be considered on the basis of 
international projects or at least on that of co
ordinated technological choices. It is even 
probable that the situation is now more 
favourable for such a policy th an at the time of 
improvisation since, despite the consolidation 
of commercial interests, the feeling of 
solidarity among national nuclear industries 
concerning the progress that has to be 
achieved in the safety, reliability and 
production costs of future power stations to 
win the public's confidence, has become 
stronger. 

The ability to optimise safety and profitability 
in the nuclear industry will necessarily be the 
main focus in the new projects. International 
co-operation has played such a role in the 
definition of nuclear safety princi pIes and 
practices that it will be inevitably extended to 
this aspect of studies on future reactors. 
Similarly, nuclear law and regulations will 
continue on the road to improved international 
harmonization. 

Moreover, the experience acquired on the few 
joint research and development projects that 
now belong to the past, will make a useful 
contribution to co-operation on the future 
development of nuclear technology. The main 
lesson will be that this form of joint action 
caUs for an agreement on a consistent, long
term policy conducted by the participating 
governments, and for industry's close 
association with this action. Were such 
international projects to materialise, it would 
be a sign that the pioneers' venturous hopes 
have not entirely receded among D 
the dreams of the past. 
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EDUCATION IN THE FIELD OF RADIOACTIVE 
WASTE MANAGEMENT 
F. Galliot 

T
he OECD Nuclear Energy Agency 
recently organised an internatio
nal workshop on education in the 

field of radioactive waste management, 
in collaboration with the United States 
Office of Civilian Radioactive Waste 
Management (Department of Energy) 
and the Swiss Co-operative for the 
Storage of Radioactive Waste (NAGRA). 
This workshop, the first of its kind in 
this field, brought together information 
officers specialised in radioactive waste 
management, supervisors of teaching 
programmes, and teachers - primarily 
of the physical sciences - of pupils in 
the 13-18 year-old age group. 
Participants were drawn from about a 
dozen OECD countries that have develo-

Information specialists, supeIVisors of teaching programmes, and teachers 
met at Engelberg, Switzerland, to exchange their experience in the field of 
education on nuc/ear waste. 

ped national radioactive waste management programmes. The main goal of the workshop was to set 
up a common database on global aspects of radioactive waste management, which could subse
quently be used as a basis for national teaching programmes. 

One of the shortcomings of national educational systems is that they do not have access to 
information regarding teaching programmes that have been successfully tested and introduced in 
other countries. The workshop thus gave participants an opportunity to share their experiences in 
this area and to make joint assessments of the different teaching methods and educational aids 
available in the fields of energy and waste management, in order to encourage the use of the 

.8. teaching tools that had proved to be most effective. 
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The workshop ended by drawing conclusions regarding exchanges of national experiences in the 
field of radioactive waste management, the approach to radioactive waste management in schools , 
and teaching methods. 

TECHNICAL AND POLICY OPTIONS 

While policy on nuclear waste management 
must be based on technically rigorous and 
reliable practices, the measures it proposes 
must also be socially acceptable. 

Regardless of the approach that OECD 
countries have adopted in the field of nuclear 
energy, comparisons of the pros and cons of 
nuclear power compared with those of other 
energy sources have not been sufficiently put 
forward. The general public, in particular, has 
a poor awareness of the international 
consensus among experts regarding the 
options available for the storage and disposaI 

MISS FLORENCE GALLIOT IS INFORMA T10N OFFlCER AT 
THENEA 

of radioactive waste, and is generally ill
informed about the policies pursued by other 
countries in this area. 

Future generations will have a decisive role to 
play in the management of radioactive waste, 
given that policy decisions will continue to be 
made weIl into the future. It is thus primarily 
in schools that we need to make an effort now 
to inform and teach those who will be called 
upon in the future to make decisions regarding 
energy, the environment and the management 
of wastes, particularly nuclear waste. There is 
ample justification for using schools as the 
starting point for raising public awareness. 
Although it is the task of scientists and experts 
to develop, propose and apply the 
technologies used in the management of 
radioactive waste, the basic decisions on safety 
and the economy in general are taken on a 
consensual basis by society as a whole , and 
ultimately depend upon the opinions of 
laymen. 



EDUCATION AND RADIOACTIVE WASTE 

WHY TEACH SCHOOLCHILDREN 
ABOUT NUCLEAR WASTE? 

There are at least four very good reasons to 
develop teaching programmes about the 
management of nuclear waste: 

(1) Radioactive waste is generated at every 
stage of the nuclear fuel cycle: uranium 
mining, fuel enrichment, reactor operation and 
the conditioning of wastes for final disposaI. 
Radioactive waste is therefore a reality, and 
within the next few years our society must 
learn how to safely manage growing volumes 
of such waste. 

(2) Radioactive waste is merely one of many 
toxic wastes produced every day by various 
industries, and whose impact on the 
environment needs to be assessed on a global 
basis. The countries in the OECD area generate 
almost a billion and a half tonnes of industrial 
waste a year, including over 300 million 
tonnes of hazardous waste and just under 
7 million tonnes of various categories of 
nuclear waste, expressed as tonnes of heavy 
metal(*). Although the Earth has the capacity 
to dispose naturally of organic waste, it cannot 
do the same for certain man-made wastes. It is 
therefore up to man to dispose of the wastes he 
creates, notably toxic and radioactive wastes. 

(3) A democratic process of decision-making 
must apply to the management of radioactive 
waste, and particularly to the choice of 
disposaI sites. Public participation in 
decisions relating to the management of 
nuclear waste, and particularly the choice of 
disposaI sites, has become a reality in several 
industrialised countries. 

We now have the ability to make long-term 
appraisals of the potential radiological impact 
of the final disposaI of radioactive waste on 
both man and the environment, and to weigh 
these findings against the adverse 
consequences of abandoning nuclear power as 
an option in our energy strategy. Hence, the 
decisions we shall have to take in this area 
now faB within the domain of policy. 

(*) Source: OECD environmental indicators , Paris, 
1991. 

(4) Management of radioactive waste is 
therefore, in many regards, a fact of society, 
and this fully justifies providing suitable 
instruction in this area to children of school 
age. 

PROVIDING THE MEANS TO TAKE 
DECISIONS 

This is why a teaching programme focused on 
radioactive waste management, and by 
extension nuclear energy, must attempt to 
cultivate a greater understanding of the factors 
involved, notably the economic and technical 
factors, and to help pupils graduaBy form their 
own opinions and apply rigorous and critical 
judgements, based on the information 
provided. The aim of this type of instruction 
is not only to educate but to foster and then 
mould patterns of thinking in dealing with 
new situations; it does more than simply 
teach facts. This attempt to help pupils learn 
how to think for themselves and form their 

Active participation of youngsters in experiments favours 
better understanding of scientific aspects. 
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opinions thus adds the goal of knowing how to 
be an individual to that of acquiring 
knowledge. It is another way in which to 
introduce a degree of preparation for life in 
society and social responsibility into the 
teaching of personal skills. 

To IIleet this goal, education must consider and 
introduce ways of teaching pupils how to 
think, draw personal deductions and take 
decisions, Le. it must give a higher priority to 
deductive rather than inductive reasoning. 
Teaching programmes must be based on 
didactic texts and exercises which explain the 
principles of radioactivity and radiation 
protection, the techniques used in the storage 
and disposaI of waste (notably the means used 
to isolate waste from the biosphereJ, and 
which illustrate the basic princip les of waste 
management without drawing any conclusions 
about it. The acquisition of a basic knowledge 
of this area will make it easier for 
schoolchildren to gain a more thorough 
grounding in the subject later on, and will 
encourage them to take part in discussions, 
hence improving debate over nuclear issues 
and the associated decision-making process. 

PROVIDING PERSPECTIVE THROUGH A 
MULTIDISCIPLINARY APPROACH 

Teaching pupils how to think for themselves 
and how to use their knowledge later in life 
wh en taking decisions in society, can solely be 
accomplished as part of a pluridisciplinary 
programme, the only type of programme 
capable of both making sense of the body of 
knowledge acquired and providing a link to 
the real world . A programme of this kind 
would require teachers to work as a team and 
would mean breaking down the barri ers 
between individual disciplines. Su ch a 
multidisciplinary approach to education 
would be consistent with current trends in the 
educational systems of OECD countries 
attempting to introduce lateral programmes on 
a wider scale. An educational programme on 
radioactive waste management should 
therefore have a four-dimensional thrust based 
on the rule of the "four Es", that is to say it 
should simultaneously explore the issue of 
radioactive waste in four different spheres: 
Energy, Environment, Economy and Ethics. 
The aim of this would be to show the pupil the 

links that exist between the nature of 
radioactivity and its different uses, the way in 
which technological and ecological systems 
work, economic laws, lifestyles in society and 
the related needs for energy, and the ethical 
implications of certain technologi ca l 
decisions. A pluridisciplinary teaching 
programme would therefore cover aIl the 
topics that pupils need to mas ter in order to 
place nuclear power and radioactive waste 
management in their proper global context, so 
as to gain a full and corn prehensi ve 
understanding of the issues at stake. 

COMœLEMŒNTARYSOURCESOF 
INFORMATION OUTSIDE THE SCHOOL 

In addition to a pluridisciplinary approach, a 
teaching programme addressing the topic of 
nuclear waste management would have to 
supplement its instruction by making routine 
use of a wide range of outside sources of 
information. This would involve, for example, 
making field trips to nuclear facilities , 
organised by local or national authorities or by 
professional organisations in the nuclear 
industry or other partners. The advantage of 
such an approach is that it would involve the 
public, particularly parents , thereby firing 
enthusiasm for the subject and encouraging 
public participation in the programme. 

GETTING THROUGH TO ALL 
SCHOOLCHILDREN 

Before addressing the subject of education on 
radioactive waste management in schools, a 
decision has to be taken about which age 
group to target. In most educational systems 
in OECD countries, sorne specialisation in 
different directions (science, arts, economics, 
etc.) is introduced at around the age of 16. But 
only 15 per cent of pupils on average follow a 
bias towards scientific subjects . Any 
education programme on radioactive waste 
based on a scientific and technical approach 
would therefore only reach this very small 
percentage of future citizens. So it seems 
appropriate to aim the programme at 13 to 
16 year-olds while they are still grouped 
together in common core classes, making the 
technical content simpler and using a broader 



EDUCATION AND RADIOACTIVE WASTE 

An educational programme on nucJear waste management must incJude field trips ta public information centres, like the one at the 
NucJear Energy Centre in Birmingham, United Kingdom. 

scope. The idea is to reduce the wide 
disparities in general scientific knowledge 
between science and arts channels. 

However, an educational programme with a 
predominantly scientific content should be 
avoided for unspecialised pupils , as it would 
be doomed to fail. Without foregoing precise 
and rigorous scientific data , the discussion 
should focus on broader concepts relating to 
waste and energy in general. 

Such an approach would consist in targeting 
aB schoolchildren through a programme with a 
low scientific content , with further , more 
detailed teaching if required in senior classes 
for science pupils , in the knowledge that an 

appreciable re si dual percentage of pupils 
would nonetheless remain untouched by this 
type of initial training. 

THETRUS~KNO~EDGEEQUATION 

The choice of such an approach is based on the 
trust-knowledge equation. The question is 
whether in-depth knowledge on radioactivity 
and radioactive waste management techniques 
is hable to increase the trust placed in 
specialist research and in any solutions 
proposed for waste storage and disposaI. In 
fact, the cause-effect relationshi p between 
knowledge and trust is by no means reflected 
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in public opinion except for groups that are 
already highly specialised . At the more 
general level of nuclear energy, it is indeed 
impossible to say for certain that those who do 
know are not afraid, while those who do not 
are. It is not by becoming familiar with 
nuclear fission theory or how a reactor works 
that the public will come out in favour of 
nuclear energy. But wh en given the means to 
acquire an overall picture of the subject, 
people will be able to build up a balanced 
opinion. More specifically, understanding the 
approach of scientists to nuclear issues is 
helpful in developing a certain amount of trust 
in their work. This is why the teaching 
content of the educational mate rial must take 
precedence over scientific and technical 
content. 

A differentiated in-depth approach to 
radioactive waste matters for science and arts 
groups also ties in with the attitudes of either 
group to this topie. Scientists feel an intrinsic 
need to analyse data systematically and to 
become familiar with all technical factors. 
They would therefore tend to have pro-nuclear 
views. On the other hand, those in the arts, 
who may be more liable to respond 
emotionally, need to approach the question as 
a whole through more diversified information 
relating to a whole range of complementary 
subjects, e.g. geography, economics, ethics, etc. 

ETHICAL BASIS OF TIIE DECISION 

In thi s connection , discussion on ethical 
aspects can shape the attitudes taken to 
radioactive waste management. In the minds 
of the general public , the main social and 
moral requirement arising from the production 
of radioactive waste is connected with the 
ensuing responsibility with regard to future 
generations. In terms of the proposed ethical 
solutions , it seems that ultimately the 
scientists' current assessment of the expected 
feasibility of any markedly preferable 
alternative in the foreseeable future will be 
decisive. The mere feeling that it would be 
more equitable to allow future generations to 
reap the benefit of progress likely to be made 
in waste management technology is therefore 
not sufficient grounds for postponing the 
application of existing long-term safety 

methods and, still less, jeopardising their 
effectiveness. In any regard, the ethical aspect 
should be included in education on waste. 

SUITABLE TEACHING TOOLS 

Regardless of the approach chosen for 
introducing radioactive waste management in 
school education, the role of teaching material 
must be studied. Ideally, teaching material on 
radioactive waste management should meet 
several different criteria simultaneously. It 
should focus on diversified means , i.e . 
combine written material (books , information 
sheets, etc.) with visual tools (TV, posters, etc.) 
and experimentation (e .g. radioact ivity 
detection) as well as interactive methods , for 
instance through user-friendly and didactic 
computer software . Obviously, new 
technologies such as computer processing and 
audiovisual techniques can provide valuable 
assistance for diversified training tailored to 
this highly specific field . The many different 
teaching tools and diversified method s 
available are useful not only in gro up 
classwork (lectures with written material , TV, 
posters, etc.), but also in individual work 
(information sheets, practical work, software, 
experiments, etc.) . 

In arder ta develop th e owareness of sehoolehildren ta 
teehnieal issues, more emphasis must be given ta pmetieal 
work and experiments. 



EDUCATION AND RADIOACTIVE WASTE 

The educational material should not only be 
combinable but also available in modular form 
so as to use each module separately depending 
on the objectives of the lesson , the time 
available or the subject concerned, within the 
framework of a coherent and progressive 
educational programme. Sequences can be set 
up either by theme (radioactivity, radiation 
protection , waste production, waste 
management as such, etc.) or by level of 
technical and scientific content in order to 
adjust to the standard of the class and the 
nature of the subject. 

In order to develop the awareness of 
schoolchildren to the environment and to 
energy issues , including the nuclear field, 
practical work and con crete experiments 
should be promoted and increased relative to 
theoretical teaching. Pupils should be 
encouraged to participate directly in the 
id entification of chemical, physical or 
radioactivity phenomena, for instance. 

CONCLUSION 

Education concerning radioactive waste 
management in schools would therefore 
benefit from a broader approach through 
various subjects linked by cross-themes. This 
training should consist of theoretical teaching 
(l ectur ing) as weIl as practical teaching 
(p ractical work , field visits, etc.), and 
emphasis should be given to the non-scientific 

aspects of this issue without neglecting 
technical ones. Above aIl, it should aim at 
developing the pupils' capacity to form an 
opinion by acquiring a minimum amount of 
knowledge, when faced with questions whose 
technical and scientific aspects are often 
dominated by ethical and social 
considerations. A wide range of teaching tools 
used should be associated with di versified 
examples taken from the exchange of 
experience acquired in other countries in the 
field of radioactive waste management. 

This approach to radioactive waste 
management education should be based on 
further international co-operation in this field, 
which might lead to, among other things, the 
establishment of a minimum common core, 
including a set of fundamental data of 
international scope making up the minimum 
knowledge to be acquired at school on the 
subject. 

This minimum common core should be the 
subject of discussion by waste experts, 
education leaders and public information 
officers. It should then be disseminated at 
both national and local levels , subject to 
adjustment to the specific educational system 
of each country, and the teachers concerned 
should be given the appropriate corresponding 
training. International co-operation in this 
field holds promise not just because it 
concerns a leading issue in many countries, 
but also because it will help to develop 
exchanges between industry, science, 
education and information communities. D 

New technologies such as computer processing can provide valuable assistance for 
diversified training. 
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Several international studies have concluded that for the 
currently operating commercial nuclear facilities, 
decommissioning is affordable and, when proportioned to the 

electricity that has been produced, adds only a few per cent to the 
generating cost of nuclear power generation. Although few 
commercial nuclear facilities will be decommissioned this century, 
the related costs are a major public concern. General equity 
considerations may require that these future costs be collected from 
present electricity consumers and that they correspond to the 
eventual costs as closely as possible. 

Because of the apparently wide discrepancies in the estimates that 
have so far been published, the Nuclear Energy Agency's (NEA) 
Committee for Technical and Economic Studies on Nuclear Energy 
Development and the Fuel Cycle (NDC) decided in late 1989 to 
launch an international study on decommissioning cost estimates. 
An expert group with participants from 11 countries and two 
international organisations was formed to identify the reasons why 
the existing cost estimates were different. The results of the study 

The NEA has just published an 
international study on the variability of 
decommissioning costs estima tes. 

have recently been published by the NEA and were presented at an international seminar on 
decommissioning policies, which was held in October in Paris. 

COST ESTIMA TES 

For the purpose of this study, a questionnaire 
was circulated to request information on recent 
cost estimates for future decommissioning of 
commercial nuclear facilities. Most of the data 
(16 estimates from nine countries) was for 
nuclear power plants, corresponding to several 
reactor types, a wide range of power capacities, 
and various designs and ages. 

A summary of the cost estimates obtained is 
provided in Table 1. The column entitled 
Mode of decommissioning gives a simplified 
description of the decommissioning strategy 
that has been used as a basis for co st 
estimation. For example, Stage 3 means a 
strategy where dismantling of the plant is to 
start immediately or very shortly after plant 
shutdown, and continue without delay up to 
the final goal set for decommissioning. 
Combination of several stages and a year
number indicates a strategy where partial 
decontamination and dismantling operations 
are followed by storage periods of different 
lengths until the final goal is reached. The 
length of the storage period is indicated. 

MASAYA YASUI IS A MEMBER OF THE NEA NUCLEAR 
DEVELOPMENT DIVISION. 

The cost estimates shown correspond to those 
received in response to the questionnaire, 
converted to US dollars by the NEA Secretariat. 
The next column indicates the base year of the 
estimate. Ali cost estimates are for 
undiscounted amounts. 

Although the cost estimates show a wide 
variation, the study reveals that it is highly 
misleading to directly compare the cost 
estimates without understanding the 
differences underlying them. 

Even though the experience obtained in the 
ongoing and completed decommissioning 
projects can be used to reduce uncertainties in 
cost projections for future decommissioning 
projects, the costs of these projects are not 
directly comparable with the estimates 
produced in Table 1. The facilities that have 
been decommissioned are often very different 
from the present commercial facilities , and 
usually include a substantial component of 
research, development and testing of new 
decommissioning techniques. 

REASONS FOR DIFFERENCES IN CO ST 
ESTIMATES 

The study identified a number of factors which 
clearly must be considered whenever cost 
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Table 1. RECENT DECOMMISSIONING COST ESTIMATES 
FOR COMMERCIAL NUCLEAR POWER PLANTS 

Facility description 

Reactor Country Capacity Start of 
type (1) commercial 

(MWe) operation 

PWR FINLAND 2 x 465 1977-78 

PWR GERMANY 1204 1974 

PWR 1204 1974 

PWR JAPAN 1160 1980s 

PWR SWEDEN 920 1975 

PWR UK 1155 1995 

PWR US 1175 1960s 

BWR FINLAND 2 x 735 1979-81 

BWR ITAL Y 160 1964 

BWR JAPAN 1100 1980s 

BWR SWEDEN 780 1976 

GCR SPAIN 500 1972 

GCR UK 8 x 60 1956 

GCR UK 2 x 219 1962-72 

AGR UK 2 x 660 1977-88 

HWR CANADA 600 1979 

(1) Design gross capacity. 

estimates from different countries or for 
different plants are compared. Variations in 
these factors obviously lead to differences in 
decommissioning costs. The factors range from 
matters of national nuclear energy policy and 
regulatory framework to detail in technical 
plans and facility characteristics. 

They are often interrelated and the sensitivity 
of co st estimates to individual factors is 
different in each decommissioning project. 
Although it is very difficult to spell out the 
impact of each factor in general, in sorne cases 
rough indications could be derived. 

Estimated 
decommissioning 

Assumed Mode of costs in Year 
operating decommissioning millions of of 
Iifetime US dollars estimate 
(years) of , anuary 1990 

30 STAGE 3 237 1989 

40 STAGE 3 218 1985 

40 30 years + ST AGE 3 205 1985 

40 STAGE 1 +(5-10 years) 225 1984 

+ STAGE 3 

40 STAGE 3 130 1990 

40 STAGE 3 418 1990 

40 STAGE 3 120 1986 

40 STAGE 1 +(30 years) 198 1990 

+ STAGE 3 

18 STAGE 1 54.8 1989 

40 STAGE 1 +(5-10 years) 234 1984 

+ STAGE 3 

40 STAGE 3 152 1990 

17 STAGE 1 + STAGE 2 410 1990 

+(25 years) + STAGE 3 

40 STAGE 1 + STAGE 2 1488 1989 

+(60-90 years) + STAGE 3 

30 STAGE 1 + STAGE 2 1048 1990 

+(90 years) + STAGE 3 

25 STAGE 1 + STAGE 2 993 1990 

+(90 years) + STAGE 3 

30 STAGE 1 +(32 years) 238 1989 

+ STAGE 3 

Monetary Conversions 

The first thing to note is the general difficulty of 
making international cost comparisons. Since 
cost estimates have usually been made in 
national currencies, the y have to be converted 
to sorne common monetary unit before any 
international comparisons are possible. These 
comparisons are meaningful only to the extent 
that the currency conversions are representative 
of actual cost parities between countries. 

Most often the comparisons have been made on 
the basis of US dollars and normal currency 
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exchange rates. However, the dramatic 
variations during the 1980s in the exchange 
rates between dollars and other currencies 
detract from the usefulness of such comparisons. 
Figure 1 shows that the values of German and 
Japanese currencies against the us dollar 
increased by more than 60 per cent from 1984 to 
1990. Since these fluctuations have no direct 
connection with the relative developments in 
unit factors such as labour rates or material 
costs, dollar-based comparisons of the estimates 
made during this period are necessarily biased 
and likely to suggest tendencies which have no 
counterpart in reality. 

A further potential source of error is the 
necessity to use sorne deflator for the estimates 
that were originally presented in currency 
units for a year other than the base year 
selected for the comparison. Country-specific 
indices for different cost components could be 
used to update the estimates, but the 
application of such indices would require very 
detailed information on co st structures and 
may be very difficult. 

The study also noted the importance of 
determining whether a cost estimate is for 
discounted or undiscounted costs. In the cases 
where the decommissioning work extends over 
many decades, even a moderately low 
discounting rate makes the present-worth of 
the total costs substantially smaller than the 
basic undiscounted costs. 

Nevertheless, these difficulties in monetary 
conversions do not fully explain the variation 
in cost estimates. Further reasons for 

Figure 1 
EXCHANGE RATES (1) 

(National Currency Units par US Dollar) 

l"'OH, .. ", ••• ",.,., .""" .. ", ,,,,,,, ....... ,, .. ,. ,,.,, 
" "" , .. 1 " ,,.. ,,,,,,",, • • ,,~ • • ,, " ... , .... ,, ,,,~,, ,,., _ lM 

1991 

1. Daily averages of spot rates quoted for the US dollar on national 
markets. 
Main Economie Indicators (April 1991 , OECDJ, Paris. 

differences must be sought among the 
assumptions underlying the decommissioning 
plans and cost estimates , and the 
characteristics of the facilities themselves. 

Institutional/Regulatory Framework 

National policy decisions and the generallegal 
and institutional framework that controls the 
use of nuclear energy in individual countries 
also constrain the overall strategies on which 
future decommissioning plans are based. 
Various regulatory mies and princip les must 
be taken into account in the planning of the 
decommissioning work. 

Because of differences in these legal and 
regulatory policy frameworks , th e 
decommissioning plans will be different both 
in the scope of work and in the timing and 
implementation' of the individual activities. 
AlI these variations in the plans lead to 
differences in cost estimates as weil. 

According to sorne plans , al! fa cility 
components and buildings are to be removed 
and the site returned to a greenfield condition. 
Other plans only call for the removal of the 
radioactive parts of the plant, in accordance 
with requirements for licence termination. In 
the USA, it is estimated that the costs may be 
up to 40 per cent larger in the case of complete 
dismantling of a nuclear power plant than in 
the case of dismantling the radioactive parts 
only. In a Swedish estimate, 15 to 20 per cent 
of the total dismantling costs correspond to the 
costs for demolition of buildings considered as 
non-radioactive and for site restoration. 

In sorne estimates defueling costs are included 
in the scope of work. In the case of Magnox 
reactors and advanced gas-cooled reactors 
(AGRs), defueling is considered a major effort 
in the post-operational period , with a 5 to 
10 per cent share of the total costs. 

The Italian, Japanese and Spanish estimates in 
Table 1 do not include the waste disposai 
costs. According to preliminary Japanese 
reviews, the disposai costs could add sorne 
20 per cent to the present cost estimate, but 
they are likely to depend on the applicable 
level for exemption of items of very low 
radioactivity. 
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In sorne cases, the dismantling may be 
projected to start several decades after the 
shutdown, allowing the radioactivity to decay 
to lower levels . This may decrease the 
co llective dose to the decommissioning 
workers by sorne 20 to 30 per cent. The 
differences in undiscounted costs , however, 
may not be very large in sorne facility types; 
with discounting, a delay becomes favourable 
ev en at a fairly low discount rate. 

Facility Characteristics 

Another major reason for variation in the plans 
and co st estimates is the differences between 
the facilities themselves. The extent of effort 
needed in different decommissioning projects 
clearly depends on the amount of materials 
and equi pment that need to be removed. In 
this respect, both the type and the specifie 
design of the reactor are very important. 

The waste amounts anslllg from 
decommissioning a gas-cooled reactor plant 
are much larger than those from a PWR or a 
BWR. It has been estimated that the amount of 
radioactive waste from a typical twin-unit 
Magnox plant is more than three times the 
amount estimated from decommissioning the 
Sizewell B PWR reactor (see Table 2). The 
difference is even more important when one 
notices the differences in net power capacity. 
Table 3 shows the total masses of radioactive 
waste that are estimated to be generated in the 
decommissioning of the plants mentioned in 
Table 1. In the last column on the right, the 
waste quantities are proportioned to the power 
capacities. It is readily seen that per megawatt 
of power capacity, the amount of radioactive 
waste from a Magnox reactor may be one order 
of magnitude higher than the corresponding 
amount for light-water reactors. 

Economie Factors 

Finally, the unit costs of labour and services 
vary by country and region, and different 
assumptions are made regarding their future 
evolution. In spite of the planned use of 
robots and other automated equipment, 
decommissioning is usually a labour-intensive 
project. Variation in wage assumptions and 
labour productivity may, therefore, have large 
effe cts on the cost estimates. The recent 
statistics of the International Labour 
Organisation (ILO) for the countries included 

The decommissioning of a number of nucleor focilities in 
OECD countries is the subject of an information exchange 
project under the auspices of the NEA . Shawn here is the JPDR 
reactor, in Japan. 

in Table 1 indicate a variation by a factor of 
about 2 in average hourI y wages of workers in 
manufacturing and constructing industries at 
the end of the 1980s. 

In man y countries no repositories exist yet for 
radioactive decommissioning waste, and the 
estimates have to be based on assumptions. In 
general, the costs of disposaI depend on the 
techniques used (geologic disposaI vs. surface 
or shallow land burial) and the scale of 
operation. A factor of great importance is 
wh ether only marginal costs have to be paid -
in the case where the wastes are disposed of in 
an existing repository or an extension of it -
rather than the full cost of site preparation, 
construction and operation. 

Contingencies 

The purpose of the contingency allowances is 
to account for uncertainties in the cost 
estimates and to provide against unexpected 
changes in technical plans that may lead to 
additional costs. The size of contingency 
allowances depends on the perceived amount 
of uncertainties or technical risks in relation to 
the degree of conservatism sought. 
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Table 2. COMPARISON OF RADIOACTIVE WASTE AMOUNTS FROM DECOMMISSIONING 
OF A MAGNOX STATION AND A PWR 

Magnox PWR 
(Berkeley, 2 x 138 MW) (Sizewell "B" 1200 MW 

single unit) 

Concrete 24000 t 8000 t 

Steel 19000 t 4500 t 

Graphite 4 000 t -

TOTAL 47000 t 12 500 t 

Table 3. ESTIMATED AMOUNTS OF RADIOACTIVE WASTE 

ESTIMATE REFERENCE AMOUNTS OF VOLUMES OF WASTE 
PLANT(s) RADIOACfIVE RADIOACfIVE AMOUNT 

WASTEFROM WASTETO BE PER UNIT 
DECOMMISSIONING DISPOSEDOF CAPA CITY 

(A) ACfIVITIES' 
(reactor type, number 

of units and (B) (B /A) 
capacity) (ton) (m') (tonIMWe) 

CANADA HWR 1 x 600 MWe 8342 (a) 17500 13.9 (a) 

FINLAND-l PWR 2 x 465 MWe 7700 13000 8.3 
FINLAND-2 BWR 2 x 735 MWe 11200 29300 7.6 

GERMANY-l PWR 1 x 1204 MWe 10300 3300 (b) 8.6 
GERMANY-2 PWR 1 x 1204 MWe 10 300 2500 (h) 8.6 

ITALY BWR 1 x 160 MWe - - -

JAPAN-l PWR 1 x 1160 MWe 11800 - 10.2 
JAPAN-2 BWR 1 x 1100 MWe 11300 - 10.3 

SPAIN GRe 1 x 500 MWe 14250 17000 28.5 

SWEDEN-l BWR 1 x 780 MWe 5540 10000 7.1 
SWEDEN-2 PWR 1 x 920 MWe 4065 7 500 4.4 

UK-l GeR 8 x60 MWe 81372 125146 169.5 
UK-2 GeR 2 x 219 MWe 37786 52000 86.3 
UK-3 AGR 2 x 660 MWe 23800 36619 18.0 
UK-4 PWR 1 x 1155 MWe 12500 - 10.8 

US-1 PWR 1 x 1175 MWe 8500 (a) 17830 7.2 (a) 

* Before any treatment. 
(a) Volume of radioactive waste ta be disposed of was provided in terms of cubicmeters including packaging. Th e weight of raw 

radioactive waste was calculated by the Secretariat using the ratio between the raw weight and volume ta be disposed of, which is 
obtained from information in FINLAND-l, FINLAND-2, SWEDEN-l and SWEDEN-2. 

(b) Thorough volume reduction was applied. 
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The contingency allowance rnay therefore be 
widely different for different estirnates, 
depending on how rnuch is known about the 
project in question, how conservative the 
original plans and individual base estirnates 
are, and what is the purpose of the estirnate. In 
sorne cases contingencies rnay not be applied 

because the uncertainties are sufficiently taken 
into account in the base estirnates. 

Various contingency allowances were adopted 
in the cost estirnates in Table 1. The lowest 
value of contingency allowance is 10 per cent, 
while the highest is 70 per cent of the basic cost 

Table 4. COMPARISON OF DECOMMISSIONING CO ST ESTIMATES WITH WASTE ARISINGS 

COUNTRY REACfOR COST TOTAL COST AMOUNTOF ADJUSTED ADJUSTED COSTPER 
TYPE AND ESTIMATE PLANT PER RADIOACTIVE COST COSTPER PLANT 
NUMBER CAPACITY CAPACITY WASTE' ESTIMATE" UNIT OF UNIT 

WASTE 

(MS) (MW) (SM') (Kton) (MS) (KSlton) (MS) 

(LWRS) 

FINLAND-l PWR x 2 237 930 0.25 7.7 237.0 30.8 119 

FINLAND-2 BWR x2 198 1470 0.13 I l .2 198.0 17.7 99 

GERMANY-1 PWR x 1 218 1204 0.18 10.3 174.4 16.9 218 

GERMANY-2 PWRxl 205 1 204 0.17 10.3 164.0 15.9 205 

)APAN-l PWR x 1 225 1160 0.19 11.8 216.0 18.3 225 

)APAN-2 BWR xl 234 1100 0.21 11 .3 224.6 19.9 234 

SWEDEN -1 BWRxl 152 780 0.19 5.5 121.6 22.1 152 

SWEDEN-2 PWR x 1 130 920 0.14 4.1 104.0 25.4 130 

UK-4 PWRx1 418 1 155 0.36 12.5 334.4 26.8 418 

US-l PWRx1 120 1 175 0.10 8.5 ** 120.0 14.1 120 

(GAS-COOLED REACTORS) 

SPAIN GCRx 1 410 500 0.82 14.3 393.6 27.5 41 0 

UK-l GCR x 8 1488 480 3.10 81.4 1071.4 13.2 186 

UK-2 GCR x 2 1048 438 2.39 37.8 754.6 20.0 524 

UK-3 AGRx 2 993 1320 0.75 23 .8 715.0 30.0 497 

(HEA VY W A TER REACTORS) 

CANADA CANDU x 1 238 600 0.40 8.3 *** 190.4 22.9 238 

(ALL REACTORS) 

MAXIMIN 31 2. 3 5.3 

(LWRS ONLY. EXCLUDING FINLAND-l 

MAXIMIN 3.6 1.9 4.2 

, Radioactive waste arising from whole decommissioning projet (not waste amount per plant). 

Adjusted as foIIows: 
- The cost estimates whi ch include the cost for dismantling non-radioactive parts are muitiplied by 0.8. 
- The cost estimates which exclu de the cost for waste handling and disposai are muitiplied by 1.2. 
- UK-l , UK-2 and UK-3 are multiplied by 0.9 because these co st estimates include significant cost for defuelling. 

'" Est imated by the Secretariat. 
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estimate, i.e., the contingencies can represent 
sorne 10 to 45 per cent of the final cost estimate. 
It should be noted that simply reducing the 
contingency allowances from the final costs 
will not provide fairly comparable best
estimates, because in sorne estimates a general 
allowance is made in the total cost estimate. 

CONSISTENCY DESPITE 
DISCREPANCIES 

The consideration of various factors 
underlying the decommissioning cost 
estimates indicated that there is no reason to 
expect that the estimates should be similar or 
even nearly similar for separate plants. It is 
dangerous to compare the cost estimates 
without understanding the wide differences in 
the factors. Direct corn paris ons of the 
estimates, which sometimes appear in mass 
media, are misleading. 

One should judge the estimates by standards 
that allow for the considerable variations in 
factors underlying them. In this study, the 
estimated decommissioning costs were 
compared with the corresponding quantities of 
radioactive waste arisings - which can be 
taken as representative of the physical size of 
the project. Before doing the comparison, sorne 
of the cost estimates had to be adjusted slightly 
to allow for significant differences in their 
coverage: 

• Firstl y, since sorne of the estimates are 
restricted to the costs of dismantling the 
radioactive parts only, the comparison is 
constrained to the costs attributable to these 
parts. Correspondingly, only radioactive waste 
amounts will be considered. In cases where 
the original cost estimate was for complete 
dismantling and site restoration, it is assumed 
that 80 per cent of the estimated costs are 
attributed to the radioactive parts. 

• Secondly, those estimates that originally did 
not include the costs of waste handling and 
disposaI have been increased by 20 per cent to 
make them comparable with other estimates. 

• Thirdly, the British estimates for gas-cooled 
reactors have been slightly adjusted to remove 
the cost of defueling. In other cost estimates, 
the defueling costs are not included or do not 
contribute as much . The original British 
es timates (for GCRs and AGRs) have been 
reduced by 10 per cent. 

Table 4 shows the modified cost estimates as 
proportioned to the estimated weights of the 
radioactive waste quantities produced. The 
resulting costs per unit waste quantity still 
show a range of variation by a factor of about 
2.3, but this is significantly less than the factor 
of 5.3 which is obtained if the estimates are 
compared on the basis of costs per plant unit 
(the first column from the right of the table). 

If the comparison is restricted to light-water 
reactors only, the calculated costs per unit of 
radioactive waste are surprisingly close to each 
other in aIl cases but one. If the estimate for the 
Loviisa power station (FI-l) is excluded, the 
estimates for LWRs are within 35 per cent from 
the average. The Loviisa station is a soviet 
VVER-440, which is significantly different from 
the other PWR designs used in OECD countries. 

It should be noted that the numerical values 
described here should not be taken too literaIly, 
since the number of estimates submitted for this 
study is limited and the monetary conversion is 
affected by fluctuating exchange rates. 

The comparisons in Table 4 show that despite 
apparent discrepancies, a considerable degree 
of consistency in the estimates is revealed as 
soon as a reasonable basis of comparison is 
used . The remaining variability was not 
surprising: a similar range of variation is seen 
in estimates for plant construction costs in 
OECD countries. 

The results indicate that the cost estimates 
should be considered in relation to the actual 
work required in each individual case. 
Comparing the decommissioning cost estimates 
on the basis of costs per power capacity would 
be misleading. Although the dimensions of the 
main reactor components are likely to be larger 
for the higher power capacities, the power 
capacity alone poorly reflects the extent of 
work required at decommissioning. 
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T
he results of experimental neutron data mea
surements, with corresponding bibliographie 
information , are exchanged worldwide 

within a network of data centres in the USA, 
USSR, NEA and IAEA, each one serving a defined 
geographical area. These data serve as input for 
the production of the recommended data sets for 
evaluated data files , which in turn serve as input 
to reactor neutronies calculations. 

The Joint Evaluated File (JEF) project was started 
in 1981, as a means of co-ordinating evaluation 
work on neutron cross-section data within the 
NEA Data Bank member countries. At that time, 
the most recent complete evaluation widely 
available had been released in 1973, and there was 
a pressing need for an improved file suitable for 
reactor calculations. The aim of the project is to 
offer a complete and tested file of neutron data that 
is suitable for use as it stands (without adjustment) 
in thermal and fast reactor calculations, and could 
be accepted in the contributing countries for 
licensing purposes. The value of evaluated data 
depends strongly on their validation: from the 
start it was agreed that the JEF file would be tested The NHA Data Bank in Saclay, France 
over a very wide range of experiments and 
measurements in operating power reactors. Early in the development of JEF, a parallel European 
Fusion File project (EFF) was started under European Community auspices to study neutron data at 
the higher energies required for fusion experiments. The two files have been developed in close 
collaboration. 

THE VALUE OF ACCURATE NEUTRON 
DATA 

Computer simulation has become an essential 
element of design in all areas of high 
technology; nuclear reactors were one of the 
earlier examples. For this purpose , reliable 
data and accurate modelling software are 
needed. During the early developments in 
nuclear reactors, the modelling programs were 
still based on relatively simplistic descriptions 
of the phenomena concerned, and neutron 
data uncertainties were still too high to allow 
direct calculation to the required accuracy 
levels. The problem was solved in part by 
adjusting data values until the calculated 
results of integral experiments corresponded to 
the measured values, and on a more complex 
scale by building detailed partial replicas 
(mock-ups) of reactor designs, which were 
then used to make measurements more closely 

NIGEL TUBBS AND CLAES NORDBORG ARE MEMBERS OF THE 
NEA DATA BANK AT SACLAY. 

comparable to the situation in an operating 
reactor. The modelling software and adjusted 
data sets were then effectively used to 
extrapolate between the mock-up and the real 
reactor. 

Such procedures are completely sound, but 
they clearly lack generality, and for more than 
20 years nuclear and reactor physicists have 
been working to build nuclear data files and 
modelling software that can adequately 
describe the neutronics of reactor systems 
without the need for data adjustment , and 
without the need for expensive and time
consuming integral experiments and the 
construction of mock-ups. 

It is in fact not unusual in engine ering 
applications to find that the ohysieal constants 
involved are not known to th6 accuracy 
required by the engineering de~it'ners . For 
many years this was the case fo ; neutron
nucleus interactions, and even after Jong years 
of development work some impOltant 11eutron 
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Spatial distribution probability of neutrons colliding elastically with nuclides of lodine 
as a function of incoming neutron energy . 

(Ref. JEF-2 evaluated data file) 

cross-sections, which express the probability 
of interaction between particles, are still not as 
weIl known as is desirable. The extended 
history of the construction and improvement 
of neutronic data files is largely due to the 
exceptional elusiveness of the neutron, which 
interacts only with the atomic nucleus, and 
ignores the mu ch larger cloud of electrons 
surrounding it. The neutron thus fails to 
produce the direct ionization that makes the 
passage of charged particles so much easier to 
detect; of course, when it does interact with a 
fissile nucleus , there is a very large energy 
release. 

Recent neutron cross-section measurements 
carried out on the upgraded high-intensity 
linear accelerators at Oak Ridge (USA) and 
Geel (Belgium) have begun to give 
experimenters and evaluators a relatively 
complete view of the obstacles to accurate 
neutronics measurements . Many respected 
earlier measurements are now considered less 
accurate th an had been thought. Reanalysis of 

existing data has produced important 
improvements, notably for uranium-238, and 
new measurements continue for cross-sections 
involving other key elements. 

THE EFFECf OF DATA UNCERTAINTIES 

An essential constraint in reactor design is 
safety, and data with wide uncertainty limits 
must be used by the physics or engineering 
designers so as to cover the least favourable 
possibilities. As compared with one based on 
the same data value, known within a very 
narrow band of uncertainty, the resulting 
design based on data normally used for 
calculations may suffer from less than optimal 
neutronic efficiency and unnecessarily heavy 
construction; a one per cent increase in power 
output or a one per cent reduction in cost due 
to improvements in data precision is weil 
worth having. Of course, a reactor design will 
be far more sensitive to sorne cross-sections 
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than to others: in a thermal reactor, the fission 
cross-section of uranium-235 and the neutron 
capture cross-section of uranium-238 are 
particularly important, as are capture, 
scattering and proton emission cross-sections 
for the components of structural stainless steel 
(Fe, Cr, Ni), and the so-caIled decay heat, 
approximately 10% of the fission energy, for 
which cooling must be provided when a 
reactor is shut down. 
~~~~~~~~~~~~~~~~ 
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EVALUATED DATA FILES AND TIIE 
JOINT EVALUATED FILE PROJECf (JEF) 

An enormous volume of data is needed to 
cover aIl the neutronics requirements for 
fission (and later fusion) reactor calculations. 
For aIl the important and readily measurable 
isotopes, most probable values for aIl the 
different reaction cross-sections are estimated 
in the energy range from 10-5 electronvolts to 
20 million electronvolts (eV), by comparing 
the different measurements and interpolation 
according to nuclear theory where measured 
data are unavailable or considered unreliable. 
There are about 350 isotopes and natural 
elements for which data must be included, and 
many more which may be included at a higher 
uncertainty level in order to make a complete 
calculation. 

The original national data file was the United 
Kingdom Nuclear Data Library in the late 
1950s. The father of modern evaluations was 
the United States ENDF/B-IV file, released in 
1973 with the status of a national reference 
file, and representing an important step 
forward in quality and completeness as 
compared to many previous files . 

However by 1981, the limitations of this file 
were clear, and already considerable new 
evaluation work had been carried out in OECD 

countries. A JEF scientific co-ordination group 
was formed with a core of leading reactor 
physicists, and a membership of 
representatives from the different groups 
engaged in data evaluation. It was agreed to 
build up a starter file covering aIl the 
important isotopes, by selecting the best 
available evaluations from the then current 
evaluated files and commissioning new 
evaluations on materials for which the existing 
data were known to be inadequate. 

The first JEF file (JEF-l) contained data for 
about 300 nuclides. At this stage, the 
proportion of new evaluations was high for the 
31 most important isotopes and the 50 most 
important fission products. With a full range of 
ancillary information, the JEF -1 file contained 
2.7 million data records , or 220 million 
characters of information. 

DATA PREPARATION AND BENCHMARK 
TESTING 

For a single complex cross-section curve , 
showing the reaction probability for that 
nucleus from 10-5eV to 20 MeV, several tens of 
thousands or more data points may be needed 
for accurate representation. Before they can be 
used for practical calculations , thes e 
microscopic data must be simplified to 
histogram form as group cross-section sets. It 
is these group cross-section sets that are used 
for aIl further neutronic calculations. 

The early verification process consists of 
comparing partial integrals of the microscopic 
data with the results of simple integral 
measurements , followed by calculations with 
the group data against the results of standard 
critical experiments . These calculations 
already give a good idea of the performance of 
the data, and are followed by calculations for 
operating reactors. The comparison of results 
for JEF-l against experimental measurements 
(benchmarking) were considered as acceptable 
for thermal reactors, but in ne ed of 
improvements for fast reactor applications. 
Data on sorne of the major elements , for 
example uranium-235 and -238, plutonium-
239 , and structural materials needed re
evaluation. 

Five years later, in 1990 , important new 
evaluations for these elements and many 
others were included in the JEF -2 data file 
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distributed to participating laboratories for 
benchmark testing. Sorne fission products, 
notably technetium-99, iodine-1Z9, cesium-
135 and palladium-1D7, have been specially 
investigated in view of their interest for 
possible transmutation studies. Benchmark 
tests, with consequent smaller revisions to the 
file, are expected to continue throughout 1991. 
Early results were presented at the Jülich 
International Conference on Data for Science 
and Technology last May, and gave good 
results for the fast critical assemblies 
calculated so far , as weIl as for thermal 
benchmarks. Theoretical calculations of decay 
heat show closer agreement with measured 
values. 

THE FlITURE OF THE EVALUATED 
FILES 

Work over the last five years on three different 
evaluated files , JENDL-3 (JapanJ, ENDF/B-VI 
(USA) and JEF-Z has been characterised by a 
very high degree of interlaboratory 

collaboration . With the approaching 
completion of the three files, an informaI 
International Evaluation Co-operation has been 
set up between the NEA Committee on Reactor 
Physics and the NEA Nuclear Data Committee. 
It has been joined also by the European Fusion 
File project. 

It is proposed to co-ordinate the future 
evaluation efforts in OECD countries through 
this mechanism. Improved statistical methods 
and meticulous evaluation work have already 
yielded a very impressive new set of neutron 
cross-section standards , produced by close 
collaboration within the USA and reviewed in 
European laboratories, while the new 
evaluations for the major actinides are the fruit 
of US-European collaboration. At a time when 
an important new evaluation may take five 
years or more, and the development of energy 
applications (fusion, transmutation of higher 
actinides) using high-energy neutrons is on the 
horizon, it is essential to make the most 
efficient use of limited resources in D 
nuclear science. 

Work carried out at the NEA Data Bank helps determine the solubility of radionuclides from radioactive waste. 
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T
he Stripa iron-ore mine in central 
Sweden has been in use from the days 
wh en the earth was thought to be fIat 

and ore for cannons was gouged from the 
ground using hand tools and brute force, to the 
present day where, for the past 15 years, inter
national collaborative research has been 
undertaken on the methods and technology for 
safely disposing of high-Ievel radioactive 
wastes deep underground. Research work at 
the Stripa mine is now ending and the mine is 
being closed. This article briefly reviews the 
history and objectives of this work, and sum
marises several important results. 

In 1976, an agreement was signed by the 
owners of the Stripa mine and the Swedish 
Nuclear Fuel and Waste Management 
Company (SKBJ, which opened the way for the 
use of the mine as a site for research on deep 
geological disposaI of high-Ievel radioactive 
wastes in crystalline rock formations. This 
agreement made Stripa the world's first 
underground laboratory for this type of 
research. There has never been any intention 
of using Stripa as an actual disposaI site. 
General goals of the project have been to 
investigate the suitability of fractured 
crystalline rock as a potential repository host 
medium, to develop and validate techniques 
for assessing the suitability of other sites as 
repositories, and to investigate schemes and 
materials for the engineered backfilling and 
sealing of repositories. 

International co-operation at Stripa began in 
1977 with a joint Swedish-American co
operative programme, followed in 1980 by the 
establishment of the autonomous International 
Stripa Project un der OECD/NEA sponsorship. 
The project has since evolved in three phases 
of work, with the participation of up to nine 
countries: Canada, Finland, France , Japan, 
Spain, Sweden, Switzerland, the U?ite.d 
Kingdom and the United States. The proJect IS 

managed by the SKB, un der the direction of a 
Joint Technical Committee (JTC) with 
representatives from each of the participating 
countries. 

DR. DAN[EL A. GALSON [S A FORMER MEMBER OF THE NEA 
RAD[ATION PROTECTION AND WASTE MANAGEMENT 
D[VlSION. 

The Stripa mine was the first underground laboratory for 
research on deep geological disposai of high-Ievel waste. 

THE EXPERIMENTS 

Sorne examples of early work are illustrative of 
the type of experiment that has been 
conducted at the Stripa mine. 

• Radionuclides may eventuall y be 
transported by groundwater away from 
repositories , and several investigations have 
aimed at increasing knowledge of water flow 
along fractures in crystalline rock. Numerous 
holes have been drilled in the rock, and 
special tools have been built which employ 
inflatable packer systems to seal off gi ven 
sections of the hole while water pressure and 
flow-rate tests are conducted. 

• In one drift, hundreds of square metres of 
rock-face were covered with plastic sheeting in 
small sections to collect any trac ers migrating 
in moving water. Non-ra~i oa(.tive tracers, 
simulating radionuclides , Wl~ :re inj ,~cted into 
the rock at various distances hon; the drift , 
and their arrivaI into the drift was carefully 
monitored and analysed. 
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• In the so-called Buffer Mass Test, large 
electrical heaters, simulating canisters of 
nuclear waste, were emplaced into caverns 
that were th en backfilled with bentonite, a 
type of clay being considered in many 
countries for use as a sealing material. The 
effects of heating on the bentonite and the 
surrounding rock were monitored and 
analysed. 

Seven countries have been participating in the 
third and final phase of the project. This 
phase was initiated in 1986 and will be 
completed at the end of this year. The work 
has had two specific objectives: 

• To predict groundwater flow and 
radionuclide transport within a previously 
undisturbed large-scale volume of fractured 
rock in the Stripa mine, and to compare those 
predictions with data collected by the use of 
existing and improved instruments (radar, 
seismic instruments) and methods for site 
characterisation. 

• To select and verify the suitability of 
materials (bentonites and cements) for the 
long-term sealing of fractures and fracture 

The last phase of the Stripa project will come ta an end this year. 

zones in crystalline rock, and to demonstrate 
the effectiveness of representative sealing 
applications in the Stripa mine and the 
practicality of the associated sealant injection 
techniques. 

Ali experimental work for the project has now 
been completed and the mine has formally 
been closed, with the emplacement of a Stripa 
time capsule taking place in early June 1991. 
The time capsule was constructed of copper, 
the reference material for construction of the 
high-Ievel waste disposaI canisters in the 
Swedish programme. Such canisters are 
expected to have lifetimes of up to hundreds of 
thousands of years. The canisters contained, 
inter alia, recent NEA publications on the 
status of radioactive waste disposaI 
programmes, and on the methods and means 
for assessing the safety of radioactive waste 
disposaI practices and concepts. 

The remaining task through the end of 1991 
will be the detailed reporting of project results. 
Sorne 70 technical reports are foreseen, to be 
followed by two overview reports in 1992 and 
a final symposium in October 1992 under joint 
SKB/NEA sponsorship. 
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MAJOR RESULTS 

Perhaps most importantly, the Stripa project 
has shown how international co-operation can 
make an effective contribution to the research 
in the field of radioactive waste disposai, and 
it has aided in the establishment of networks 
of contacts, which will be used for many years 
to come. Notable technical achievements have 
been made in several different areas: 

• Significant advances have been made in the 
development and application of rock-mass 
characterisation techniques, including, in 
particular, the borehole radar, borehole sei smic 
and borehole hydraulic methods for detecting 
and describing fracture zones, and the 
geochemical procedures for determining the 
circulation pattern and history of groundwaters. 

• Basic scientific understanding has been 
achieved in evaluating the extremely difficult 
problem of the migration of radionuclides 
through fractured rock. 

• Effective methods for the sealing of 
boreholes, tunnels, shafts and fractured rock 
around simulated waste-deposition holes have 
been demonstrated , and the longevity 
characteristics of bentonite-based and cement
based sealing materials under expected 
repository conditions have been evaluated 
through a combination of laboratory 
experiments and numerical modelling. 

• Groundwater flow into a particular region of 
the Stripa mine has been predicted with 
reasonable success in the light of data 
collected from subsequent field measurements. 

The scientific accomplishments of the project, 
wh en viewed in their totality over the past 15-
year period, will constitute a baseline 
reference point for many in the international 
community, as the remaining technical 
questions concerning deep geological disposai 
concepts and sites are systematically D 
resolved in the coming years. 



THE NUCLEAR POWER SITUATION IN 
OECD COUNTRIES 

SITUATION IN 1990 

I n 1990, the generation of electricity from nuclear power in the OECD countries exceeded 1500 
terawatt-hours for the first time, contributing 23 per cent of all public electricity generation; 
there was an increase over the previous year of just under 3 per cent to 1531.6 TWh. It appears 

likely that over the next decade or so, this proportionate contribution of nuclear power will not be 
exceeded, even with the predicted increase in the absolute contribution. Installed nuclear capacity 
rose from 254.5 GWe to 261.8 GWe during the year, with the number of reactors increasing from 323 
to 324. Eight units were taken out of service and nine connected to the grid. 

(Net GWe) 

COUNTRY 

Belgium 
Canada 
Finland 
France 
Germany 
ltaly 
Japan 
Netherlands 
Spain 
Sweden 
Switzerland 
United Kingdom 
United States 

OECD Total 

(a) Secretariat estimate. 

(Net GWe) 

COUNTRY 

Belgium 
Canada 
Finland 

France 
Germany 
Ital Y 
Japan (a) 
Netherlands 
Spain 

Sweden 
Switzerland 
United Kingdom 

United States 

OECD Total 

ESTIMATES OF NUCLEAR ELECTRICITY CAPACITY 
IN THE OECD AREA 

1989 Actual 1990 Actual 

Nuclear % Nuclear % 
5.5 39.3 5.5 40.4 

11.9 12.0 13.7 13.2 
2.3 19.0 2.3 18.3 

52.8 52.6 55.8 54.1 
22.4 22.9 22.4 18.9 
1.1 1.9 0.0 0.0 

28.2 17.5 30.4 18.2 
0.5 2.8 0.5 2.9 
7.5 17.1 7.0 16.1 
9.9 30.1 10.0 30.1 
3.0 19.6 3.0 19.4 

11.4 15 .3 11.2 15.0 
98.0 13.6 100.0 13.8 

254.5 16.1 261.8 16.2 

STATUS OF NUCLEAR POWER PLANTS 
(as of 31st December 1990) 

Connected to the grid Under construction Firmly commited 

Units Capacity Units Capacity Units Capacity 

7 5.5 0 0.0 0 0.0 
20 13.7 2 1.7 0 0.0 
4 2.3 0 0.0 0 0.0 

56 55.8 5 6.9 0 0.0 
21 22.4 0 0.0 0 0.0 
0 0.0 0 0.0 0 0.0 

40 30.4 12 10.7 3 3.4 
2 0.5 0 0.0 0 0.0 
9 7.0 0 0.0 0 0.0 

12 10.0 0 0.0 0 0.0 
5 3.0 0 0.0 0 0.0 

37 11.2 1 1.2 0 0.0 

111 100.0 3 3.0 0 0.0 

324 261.8 23 23.5 3 3.4 

(a) Gross data converted to net by the Secretariat. 

1995 

Nuclear % 
5.5 35.7 

15.4 12.3 
2.3 17.0 

58.4 56.3 
22.4 (a) 18.5 

0.0 0.0 
28.3 (a) 19.6 
0.5 2.7 
7.0 15.7 

10.0 29.9 
3.0 19.2 
9.8 (a) 12.7 

103.0 13.6 

275.6 15.8 

Planned 

Units Capacity 

0 0.0 
9 7.5 
0 0.0 

2 2.9 
0 0.0 
0 0.0 

5 4.6 
0 0.0 
0 0.0 

0 0.0 
0 0.0 
0 0.0 

5 6.0 

21 21.0 
1 
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NEW DEPUTY DIRECfOR-GENERAL 
APPOINTED TO NEA 

Samuel Thompson assumed his duties as 
Deputy Director-General of the NEA in 
September 1991, succeeding Mr. Pierre 

Strohl who retired. Mr. Thomps on was 
formerly Special Assistant to the Ambassador
at-large for Nuclear Non-Proliferation and 
Nuclear Energy Affairs at the US Department 
of State. Mr. Thompson has extensive 
experience in nuclear energy co-operation and 
in nuclear non-proliferation and defense 
issues, with first-hand knowledge of 
international organisations such as the IAEA. 

QUALIFIED MANPOWER FOR TIIE 
NUCLEAR INDUSTRY 

An expert group set up by the NEA to assess 
the situation of qualified man power for the 
nuclear industry has completed its study and 
hop es to issue a report by early 1992. 

The preliminary conclusions of the study 
indicate that there will be a demand for expert 
manpower in OECD countries for many 
decades, whatever scenario is adopted by each 
country. The demand will stem from the 
inevitable requirement for the operation of 
existing and future facilities, and for 
conducting the related decommissioning and 
radioactive waste management activities. In 
fact, it is foreseen that the current static 
situation in the nuclear industry is likely to 
change with the increasing demand due to 

environmental pressures , concern for the 
security of energy supplies, economic needs , 
improvements in nuclear technologies , and the 
expected growth in the demands for electricity. 
Recent changes in world relations are opening 
new areas of international co-operation in 
nuclear safety, which will also have an effect 
on manpower demand. 

To ensure an adequate balance of qualified 
manpower, the study suggests that the nuclear 
industry and governments will have to adopt 
constructive measures to better inform the 
general public of the requirements for nuclear 
power and, above aIl, to inform the 
educational community of the present and 
future opportunities in the nuclear field. 

MAN-MACHINE INTERACTION: 
NEW DEVELOPMENTS AT TIIE HAWEN 
PROJECf 

At a relatively early stage (1967-1969) in the 
history of commercial nuclear power, the 
importance of man-machine interface studies 
was recognised at the 32-year-old OECD 
Halden Reactor Project, situated at Halden in 
Norway. Since then several operator support 
systems have been and continue to be 
developed at Halden. One such system, the 
Computerised Safety Assessment and Post-Trip 
Analysis System (SAS II) is the object of a joint 
research and development programme 
between the Halden Project , the Swedish 
Nuclear Inspectorate (SKI) and unit 2 of the 
Forsmark Nuclear Plant in Sweden. The 
purpose is to develop a computer system to 
assist the shift supervisor in his observation 
and evaluation tasks after plant disturbances 
leading to a reactor shutdown. SAS II is thus 
intended to give operators continuous 
information about the plant 's safety after an 
emergency shutdown , if cri tic al safety 
functions were challenged (a critical safety 
function [CSF] is defined as a group of actions 
that prevent melting of the reactor core or 
minimise radiation releases to the general 
public). The following tasks are carried out by 
SAS II: 

• On a continuous basis, monitor and present 
the plant status with respect to whetller or not 
any CSF is threatened-hen ce CSF state 
control. 
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here will be a demand for qualified manpower in the nuclear industry in OECD countries for many decades. Shawn here is a training 
session in a control-room simulator. 

• After an emergency shutdown, monitor and 
indicate whether or not the automatically 
initiated safety sequences have been carried 
out in such a way that no CSF is being 
threatened-hence system control. 

• Present CSF alarms and the direct causes of 
these alarms. 

• Present relevant plant data in connection 
with the emergency operating procedure being 
carried out. 

A system including the major components of 
SAS II has been developed, integrated and 
verified at the Forsmark training simulator. 
The correct operation of the system was 
verified at the beginning of 1991, and it is 
being subjected to a validat ion exercise 
involving the Forsmark shi ft engineers and 
operators. If the exercise is successful, the 
system will be installed in the Forsmark unit 
2 control room during the latter part of the 
year. 

When SAS II finally is put into operation, it 
will constitute an improvement to safety by 
allowing the shift supervisor to get, easily and 
clearl y on his computer screen , the 
information he needs wh en applying the 
emergency operating proc edures . The 
computerised system will also warn him if and 
explain why any of the defined critical safety 
functi ons are challenge d, during normal 
operation and in particular after an emergency 
shutdown. 

TMI·2 VESSEL INVESTIGATION 
PROJECf 

This project was established to determine the 
extent of damage that occurred to the lower 
region of the reactor vessel and the margin of 
structural integrity that remained in the vessel 
during the accident at Three Mile Island. The 
project is sponsored by organisations from 
11 countries. Studies of samples of material 
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removed from the inside surface of the reactor 
vessel and from the in-core instrument nozzles 
and guide tubes are being performed. These 
studies include metallographic examinations 
to determine the temperature distributions that 
existed during the accident, and testing of the 
mechanical and physical properties to pro vide 
data for calculating margins to failure. 

More samples than originally expected were 
removed from the damaged reactor vessel, and 
the preliminary examinations indicated that 
comprehensive studies of these samples would 
provide important data on the behaviour of 
reactor vessels during severe accidents. As a 
result, the participants agreed to expand the 
project. An amended agreement will extend it 
until the end of March 1993 and increase the 
budget by approximately $1.5 million. 

This programme is being closely co-ordinated 
with other work performed by NEA in this 
area. Discussions are under way to determine 
how the results of this programme can be 
integrated with the results of other studies 
carried out under one of the specialised 
working groups of the Committee on the Safety 
of Nuclear Installations, on core damage and 
on severe accident computer codes. Together, 
these activities will provide additional insights 
to severe accident phenomena and help in the 
development of strategies to manage severe 
accidents. 

Unit 2 of the Three Mile Island station is the abject of two 
international research projects under the auspices of the NEA. 

PROGRAMME FOR INSPECTION OF 
STEEL COMPONENTS 

The Programme for Inspection of Steel 
Components (PISC) is a major international 
programme to assess and improve the 
reliability of in-service inspection methods 
used to assure the integrity of components in 
nuclear power plants . The programme is 
jointly sponsored by the NEA and the 
Commission of European Communities. In 
addition, a framework has been established for 
limited participation of the CSFR and US SR. 

A major part of the programme involv es 
round-robin testing, in which a number of 
teams from around the world perform 
inspections to detect and size defects in 
various types of reactor components. 
Inspections of reactor vessel nozzle and shell 
assemblies have been completed, and 
evaluation of the results has begun. 
Comparison of the results from the non
destructive examinations reported by the 
different inspection teams , with data from 
destructive examinations, will provide 
important insights regarding the capabili ty 
and reliability of the testing methods used. 
Round-robin inspections of nuclear reactor 
piping and steam generator tubes are in 
progress. In addition to the round-robin 
inspections, a study of the influence of hum an 
factors on non-destructive testing is being 
conducted. In this study, inspectors are closely 
observed performing inspections in 
laboratories specially designed to simulate real 
field conditions. Preliminary results indicate 
that human factors may be a dominant factor 
in the reliability of non-destructive 
inspections. A good understanding of this area 
will allow improvements to be made in 
inspection methods and procedures that could 
significantly enhance inspection reliability. 

Finally, a special task group has been formed 
to transfer results of the programme to those 
organisations responsible for developing 
industry codes and stal'rlards for non
destructive testing. Use of tlw PIse results to 
enhance industry codes and .~ tall"hrds will 
contribute significantly to il1\pn ving the 
reliability and safety of nuclear pl)Wer r-Iants. 
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Inspection of the internai surface of a reactor as part of the PIse programme. 

NEW WORKING GROUP ON 
INSPECfION PRACfICES 

A new Working Group on Inspection Practices 
has been established by the NEA Committee 
on Nuclear Regulatory Activities (CNRA) to 
provide a forum for the ex change of 
information and experience on safety 
inspection activities in OECD countries. Its 
programme will focus on areas such as the 
conduct of inspections , training and 
qualifications of inspectors , inspection 

effectiveness , inspection philosophy, and 
investigation of events. The group is planning 
a workshop on Inspection Practices and 
Training and Qualification of Inspectors for the 
Fall of 1992. In addition, there are exchanges 
of information on inspection philosophies and 
methods for conducting follow-up inspections 
on specifie plant events. Through these types 
of activities , the group plans to exchange 
detailed, working-Ievel informations that will 
be of pra~tical value to safety inspection D 
orgamsatIons. 
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Small and Medium Reactors - Status and 
Prospects 

Interest is growing, in OECD countries and 
elsewhere, in sm aller reactors than those now 
generally in service. Small and medium-sized 
nuclear reactors (SMRsl, generating less th an 
600 MW, are being designed for three 
purposes: electric power production, heat 
generation (both for industrial process heat 
and space heating) and co-generation of both 
heat and power. 

This study by the OECD Nuclear Energy 
Agency, drawing on the latest information 
from manufacturers and potential users, 
explores the design concepts and status of 
development of these reactors, their economic 
rationale and markets, safety aspects, and the 
further steps needed to facilitate their 
introduction. Aimed at decision-makers in 
government and industry, it provides an 
objective review of SMRs in the context of 
current concerns over fuel sources and 
technologies capable of providing reliable, 
low-cost energy with minimal environmental 
impact. 

132 pages 
Including a Free Technical Supplement 
(208 pages) 
ISBN 92-64-13560-
f40 US$70 FF290 DM120 Y17800 

Decommissioning of Nuclear F acilities: 
An Analysis of the Variability of 
Decommissioning Cost Estimates 

Many different estimates for the co st of 
decommissioning nuclear power plants have 
been published. This study, aimed at the 
general reader, analyses reasons why the 
published estimates for decommissioning vary 
so widely, and examines to what extent 
various political, institutional, technical and 
economic factors could explain the variation. 

130 pages 
ISBN 92-64-13552-9 
f18 US$33 FF140 DM54 Y5000 

OECD Nuclear Energy Data 

Nuclear Energy Data is the OECD Nuclear 
Energy Agency's annual compilation of basic 
statistics on electricity generation and nuclear 
power in OECD countries. The reader will 
find quick and easy reference to the present 
status of and projected trends in total 
electricity generating capacity, nucl ear 
generating capacity, and actual electricity 
production, as well as on supply and demand 
for nuclear fuel cycle services. 

43 pages bilingual 
ISBN 92-64-03297-5 - ISSN 10-17-3402 
f7 US$13 FF55 DM21 12000 

The Interface in Nuclear Safety and 
Public Health 
(Proceedings of the second NEA Seminar, 
Paris 12th-13th September 1990) 

Radiation protection and nuclear safety 
represent complementary approaches to the 
protection of man and his environment from 
risks associated with ionising radiation. They 
share a common objective, but pursue their 
aims in different ways. 

Recent years have seen a number of 
developments in both fields , including the 
revis ion by the International Commission on 
Radiological Protection (ICRP) of its basic 
radiation protection recommendations , the 
growing attention to radon in buildings, the 
work to define quantitative safety objectives, 
as well as the prevention and management of 
severe accidents. 

A recent international seminar organized by 
the OECD Nuclear Energy Agency brought 
together experts from the two communities to 
discuss these and other issues of common 
concern. This report contains the papers 
presented and an extensive record of the 
discussions held during the seminar. 

250 pages bilingual 
ISBN 92-64-03349-1 
f26 US$48 FF200 DM78 Y7000 



NEW NEA PUBLICATIONS 

DisposaI of Radioactive Waste: 
Review of Safety Assessment Methods 

The disposaI of radioactive waste is a major 
iss ue in the nuclear debate. This report 
provides a concise and accessible overview of 
the methods available for evaluating the long
term safety of radioacti ve waste disposaI 
systems , particularly those to be built in deep 
geological formations. 

77 pages 
ISBN 92-64-13493-X 
f12 US$23 FF95 DM37 V3400 

DisposaI of Radioactive Waste: 
Heterogeneity of Groundwater Flow and 
Site Evaluation 
(Proceedings of an NEA workshop, Paris 
22nd-24th October 1990) 

For unde rgro und dis po saI of radioactive 
wastes, particular attention must be paid to 
mobile groundwater, the primary medium by 
which these wastes could be transported from 
the repository to man's environment. Thus, in 
al! national programmes for the geological 
disposaI of radioactive wastes, high priority is 
given to hydrogeological investigation, and in 
particular to investigation of the spatial 
variations in groundwater flow systems. These 
proceedings present the results of a workshop 
organised to discuss the methods that can be 
used to ob tain the understanding and data 
required for modelling of such flow systems, 
as weIl as the adequacy and appropriateness of 
the modelling techniques. 

334 pages 
ISBN 92-64-03346-7 
f26 US$48 FF200 DM78 V7200 

Nuclear Law Bulletin No. 47 and No. 48 

The Bulletin is the only international legal 
publication of its type. It informs on national 
legislative and regulatory work, jurisprudence, 
international agreements, and also reports on 

the regulatory work of the comp etent 
international organisations in the nuclear 
sector. It contains articles or studies, prepared 
by acknowledged legal specialists , and it 
includes bibliographies of recent publications. 
It also provides in the form of free 
supplements, the full texts of many important 
laws, regulations and agreements. In addition, 
an analytical Index is sent to susbsCribers after 
every five issues. Published also in French, 
the Bulletin is the standard reference work for 
professionals and academics due to its 
worldwide consistent coverage of nuclear law. 

ISSN 0304-341X 
f20 US$36 FF170 DM67 V6000 

FREE ON REQUEST 

NEA Newsletler Vol. 9, No. 1 

19th NEA Activity Report 

Catalogue of NEA Publications 
(July 1991) 
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WHERE TO OBTAIN OECD PUBLICATIONS - OÙ OBTENIR LES PUBLICATIONS DE L'OCDE . 

Ar2entina - Argentine 
CARLOS HIRSCH S.R.L 
Galeria GUernes, Florida 165, 4° Piso 
1333 Buenos Aires Tel. 30.7122, 331.1787 Y 331.2391 
Tclegram : Hirsch-Baires 
Telex: 21112 UAPE-AR . Ref. s/2901 
Telef .. :( 1 )331-1787 

Australia - Australie 
D.A. Book (Aust) Pty. Ltd. 
648 Whitehorse Road, P.O.B 163 
Mitcham, Victoria 3132 Tel. (03)873.4411 
Telefax: (03)873.5679 

Austria - Autriche 
OECD Publications and Information Centre 
Schedestrassc 7 
D-W 5300 Bonn 1 (Germany) Tel. (49.228)21.60.45 
Telefax: (49.228)26.11.04 
Gerold & Co. 
Graben 31 
Wien 1 Tel. (0222)533 .50.14 

Bel2ium - Belgique 
Jcantx Lannoy 
A venue du Roi 202 
8-1060 Bruxelles Tel. (02)538.51.69/538.08.41 
Telex: 63220 Telefax: (02) 538.08.41 

Canada 
Renouf Publishing Company Ltd . 
1294 Algoma Road 
Ottawa, ON KIB 3W8 Tel. (6 13)741.4333 
Telex: 053-4783 Telefax: (613)741.5439 
Stores; 
61 Sparks Street 
Ottawa, ON KIP 5RI Tel. (613)238 .8985 
211 Yonge Street 
Toronto, ON M5B IM4 Tel. (416)363.3171 
Federal Publications 
165 University Avenue 
Toronto, ON M5H 3B8 Tel. (416)581.1552 
Telefax: (416)581.1743 
Les Publications Fédérales 
1185 rue de l'Université 
Montréal, PQ H3B 3A 7 Tel.(514)954-1633 

Les Ëditions La Liberté Inc. 
3020 Chemin Sainte-Foy 
Sainte-Foy, PQ GIX 3V6 Tel. (418)658.3763 
Telefax: (418)658.3763 

Denmark - Danemark 
Munksgaard Export and Subscription Service 
35, Norre Sogade, P.O. Box 2148 
DK-IOI6 Kobenhavn K Tel. (45 33)12.85.70 
Telex: 19431 MUNKS DK Telefax : (45 33)12.93.87 

Finland - Finlande 
Akateeminen Kirjakauppa 
Keskuskatu l , P.O. Box 128 
00100 Helsinki Tel. (3580)12141 
Telex: 125080 Telefax: (358 0)121.4441 

France 
OECD/OCDE 
Mail Orders/Commandes par correspondance: 
2. rue Andr~-Pascal 
75775 Paris Cédex 16 Tel. (33-1 )45.24.82.00 

~~~~o~~~~;~~~~;IIet 
75016 Paris Tel. (33·1)45.24.81.67 

(33-1 )45.24.81.81 
Telex: 620 160 OCDE 
Telefax : (33-1 )45.24.85.00 (33- 1 )45 .24.81.76 
Librairie de J'Université 
12a. ruc Nazareth 
13100 Aix-co-Provence 
Telefax : 42.26.63 .26 

Germany - Allema2ne 

Tel. 42.26.18 .08 

OECD Publications and Tnformation Centre 
Schedestrassc 7 
D-W 5300 Bonn 1 Tel. (0228)21.60.45 
Telefax: (0228)26. 11 .04 

Greece - Grèce 
Librairie Kauffmann 
28 rue du Stade 
10564 Athens 
Telex : 218187 LlKA Gr 

Hon2 Kong 
SwindOn Book Co. Ltd. 
13 - 15 Lock Road 

~~1;!~56 ~4oln~~~~g HX 

Iceland - Islande 
Mal Mog Menning 
Laugavegi 18, P6sth6lf 392 
121 Reykjavik 

India - Inde 
Oxford Book and Stationery Co. 
Scindia House 
New Delhi 110001 
Telex : 31 61990 AM IN 
Telefax: (II )332.5993 
17 Park Street 
Calcutta 7000 16 

Tel. 322.21.60 

Tel. 366.80.31 
Telefax : 739.49.75 

Tel. 15199/24240 

Tel. 331.5896/5308 

Tel. 240832 

Indonesia - Indonésie 
Pdii- Lipi 
P.O. Box 269/ JKSMG /88 
Jakarta 12790 Tel. 583467 
Telex : 62 875 

Ireland - Irlande 
TDC Publishers - Library Suppliers 
12 North Frederick Street 
Dublin 1 Tel. 744835/149677 
Telex: 33530 TDCP El Telefax: 748416 

Italy - Italie 
Libreria Commissionaria Sansoni 
Via Benedetto Fortini. 120/ 10 
Casella Post. 552 
50125 Firenze Tel. (055)64.54.15 
Telex: 570466 Telefax : (055)64.12.57 
Via Bartolini 29 
20155 Milano Tel. 36.50.83 
La diffusione delle pubblicazioni OCSE vie ne assicurata 
dalle principali librerie ed anche da : 
Editrice e Libreria Herder 
Piazza Montecitorio 120 
00186 Roma Tel. 679.46.28 
Telex : NATEL 1 621427 
Libreria Hoepli 
Via Hoepli 5 
20121 Milano 
Telex : 31.33 .95 

Tel. 86.54.46 
Telefax : (02)805.28.86 

Libreria Scientifica 
Dott . Lucio de Biasio 'Aeiou' 
Via Meravigli 16 
20123 Milano 
Telefax: 800175 

Tel. 805 .68.98 

Japan - Japon 
OE""CD Publications and Information Centre 
Landic Akasaka Building 
2-3-4 Akasaka, Minato-ku 
Tokyo 107 Tel. (81.3)3586.2016 
Telefax : (81.3)3584.7929 

Korea - Corée 
Kyobo Book Centre Co. Ltd. 
P.O . Box 1658 , Kwang Hwa Moon 
Seoul Tel. (REP)730.78.91 
Telefax: 735.0030 

Malaysia/Singapore - Malaisie/Singapour 
Co-operative Bookshop Ltd. 
University of Malaya 
P.O. Box 1127, Jalan Pantai Baru 
59700 Kuala Lumpur 
Malaysia Tel. 756.5000/156.5425 
Telefax: 757 .3661 
Information Publications Pte. Lld. 
Pei-Fu Industrial Building 
24 New Industrial Road No. 02-06 
Singapore 1953 Tel. 283.1786/ 283.1798 
Telefax: 284.8875 

Netherlands - Pays-Bas 
SDU Uitgeverij 
Christoffel Plantijnstraat 2 
Post bus 200 14 
2500 EA's-Gravenhage Tel. (0703)78.99. 11 
Voor bestellingen : Tel. (070 3)78 .98.80 
Telex : 32486 stdru Telefax: (070 3)47.63 .5 1 

New Zealand - Nou~elle-Zélande 
GP Publications Ltd. 
Customer Services 
33 The Esplanade - P.O . Box 38-900 
Petone, Wellington 
Tel. (04)685-555 Telefax : (04)685-333 

Norway - Nonège 
Narvesen Info Center - NIC 
Bertrand Narvesens vei 2 
P.O. Box 6125 Etterstad 
0602 Oslo 6 Tel. (02)57 .33.00 
Telex: 79668 NIC N Telefax: (02)68 .19.01 

Pakistan 
Mirza Book Agency 
65 Shahrah Quaid-E-Azam 
Lahore 3 Tel. 66839 
Telex: 44886 UBL PK. Alln : MIRZA BK 

Portugal 
Livraria Portugal 
Rua do Carmo 70-74, Apart . 2681 
1117 Lisboa Codex Tel. : 347 .49.82/3/ 4/5 
Telefax: (01) 347 .02.64 

Sin2apore/Malaysia - Sin2apour /Malaisie 
See Malaysia / Singapore" - Voir «lVfalaisiejSingapour. 
Spain - Espagne 
M"undi-Prensa l..ibros S.A. 
Castell6 37, Apartado 1223 
Madrid 28001 Tel. (91) 431.33.99 
Telex : 49370 MPLI Telefax: 575.39.98 
Libreria Internacional AEDOS 
Consejo de Cienlo 391 
08009 - Barcelona Tel. (93) 301-86-15 

Telefax: (93) 317-01-41 
Llibreria de la Generalitat 
Palau Moja, Rambla dels Estudis, 11 8 
08002 - Barcelona Telefax : (93) 412.1 8.54 
Tel. (93) 318.80.12 (Subscripcions) 
(93) 302.67 .23 (Publicacions) 

Sri Lanka 
Centre for Policy Research 
cio Merca ntile C redit Ltd . 
55. Janadhipathi Mawatha 
Colombo 1 Tel. 4384 71-9, 440346 
Telex : 21138 VAVALEX CE Telefax : 94. 1.448900 

Sweden - Suède 
Fritzes Fackooksforetaget 
Box 16356. Regeringsga ta n 12 
103 27 Stockholm Tel. (08)23.89.00 
Telex: 12387 Telefax : (08)20.50.21 

Subscription Agency 1 Aoonnements: 
Wennergren-Williams AB 
Nordenflychtsvagen 74. Box 30004 
10425 Stockholm Tel. (08)13 .67 .00 
Telex : 19937 Telefax : (08)618 .62.32 

Switzerland - Suisse 
OECD Publications and Information Centre 
Schedestrasse 7 
D-W 5300 Bonn 1 (Germa ny) Te l. (49.228)21.60. 45 
Telefax: (49.228)26.11.04 

Librairie Payot 
6 rue Grenus 
1211 Genève Il Tel. (022) 731.89.50 
Telex: 28356 
Subscription Agency - Service des Aoonnements 
Naville S .A. 
7. rue Lévrier 
1201 Genève Tél. : (022) 732.24.00 
Telefax: (022) 738 .48.03 
Maditec S .A. 
C hemin des Palettes 4 
1020 Renens/ Lausanne 
Telefax: (021 )635.07 .80 

Tel. (021 )635.08 .65 

United Nations Bookshop/ Librairie des Na tions-U nies 
Palais des Nations 
1211 Genève 10 Tel. (022) 734. 14.73 
Telex: 412962 Telefax: (022)740.09.3 1 

Taiwan - Formose 
Good Faith Worldwide Int 'L Co. Ltd . 
9th Floor, No. 11 8, Sec. 2 
Chung Hsiao E. Road 
Ta ipei Tel. 391.7396/391.7397 
Telefax : (02) 394.9176 

Thailand - Thailande 
Suksit Siam Co. Ltd. 
171 5 Ra ma IV Road. Samya n 
Bangkok 5 Tel. 251. 1630 

Turkey - Turquie 
KUltur Yayinlari Is-Türk Ltd. Sti . 
Atatürk Bulvari No. 191 / Kat. 21 
Kava klidere l Ankara 
Dolmabahce Cad. No. 29 
Besiktas/ Istanbul 

Te l. 25.07 .60 

Tel. 160.71.88 
Telex: 43482B 

United Kingdom - Royaume-Uni 
HMSO 
Gen. enquiries Tel. (071) 873001 1 
Postal orders only: 
P.O. Box 276, London SW8 5DT 
Personal Ca liers H MSO Bookshop 
49 High Holborn, London WC IV 6HB 
Telex : 297138 Telefax : 07 1 8732000 
Branches at : Belfast. Birmingham. Bristol. Edinburgh . 
Manchester 

United States - États-Unis 
OECD Publica tions and Information Centre 
2001 L Street N .W ., Suite 700 
Washington, D.C. 20036-4910 Tel. (202)785 .6323 
Telefax: (202)785.0350 

Venezuela 
Libreria dei Este 
Avda F. Miranda 52, Aptdo. 60337, Edificio Galipân 
Ca racas 106 Tel. 951.1705/ 951.2307 / 951 1297 
Telegram : Libreste Ca racas 

Yugosla~ia - Yougosla~ie 
Jugoslovenska Knjiga 
Knez Mihaj lova 2, P.O. Box 36 
Beograd Tel. : (0 11)621.992 
Telex : 12466 jk bgd Telefax : (0 11 )625.970 

Orders a nd inquiries rrom countries where Distributors 
have not ye t been appointed should be sent to: OECD 
Publications Service, 2 rue André- Pasca l. 75775 Paris 
Cedex 16. France. 
Les comma ndes provenant de pays où l'OCDE n'a pas 
encore désigné de distributeur devraien t être adressées à : 
OCDE. Service des Publica tions. 2. rue André-Pascal, 
75775 Paris Cédex 16, France. 
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