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NEW PUBUCATIONS FROM THE NEA 

Editorial board: Jacques de la Ferlé, Florence Gallio/, Roberl Potvin 
The NEA News/etier is published twice yearly in English and French by the DECD Nuclear Energy Agency. Tbe opinions expressed in the News/etier are those of the contribulors alone and do nol 
necessarily reflecl the views of the Organisation or of ils Memher countries. Malerial in the News/etier may he freely used provided the sOUlCe is acknowledged. Correspondence sbould he addressed 10: 

The Edilor, NEA NeWs/etier OCDE Nuclear Energy Agency 
38, Boulevard Suchet - 75016 Paris, France -Telex 630.668 AENINEA 

The DECD Nuclear Energy Agency (NEA) was establisbed in 1957 under the narne of the DEEC European Nuclear Energy Agency. Il received ils presenl designation on 20th April, 1972, wben Japon becarne 
ils firsl non-European full Memher. NEA memhersbip loday consisls of ail European Memher countries of DECD as weil as Australia, Canada, Japan and the Uniled Stales. Tbe Commission of the European 
Communities Ialc.es part in the NEA's work and a co-operation agreemenl bas been concluded with the Inlernational Alomic Energy Agency. 
The purpose of the NEA is 10 further the developmenl of the peaceful uses of nuclear energy by sponsoring economic, lechnical and scientific sludies and projects, and by contributing 10 the optimisation of 
safely and regulalory policies and practices. 
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TRANSLATING ICRP RECOMMENDATIONS INTO 
PRACTICE 
a.Ilari 

During the last few years, radiation protection has go ne through a period of significant 
developments and achievements*. The major event in this period was the conclusion of the 
three-year process of revis ion of the basic recommendations of the International Commission 

on Radiological Protection (ICRP), whose last edition goes back to 1977. The ICRP is an 
independent international group of senior experts in the scientific, regulatory and operational 
aspects of radiation protection, which was established in 1928 as an emanation of the International 
Congress of Radiology. The Commission keeps un der review the scientific information on the 
biological effects of radiation and the associated protection techniques, develops a radiation 
protection doctrine, and issues recommendations on policies and techniques for the protection of 
workers and members of the public against the harmful effects of radiation. The recommendations 
of the Commission are not binding, but, in view of the high scientific and conceptual prestige of the 
Commission, are utilised in ail countries as a basis for their own radiation protection regulations 
and practices. 

The recent reVlSlOn of the ICRP recom
mendations was required in order to take into 
account the new scientific and epidemiological 
evidence on the effects of the Hiroshima and 
Nagasaki nuclear explosions in 1945, as weil 
as to incorporate in an organised form the 
results of the evolution of radiation protection 
concepts and methods during the last decade. 
This new version of the recommendations 
confirms the fundamental philosophy of the 
system of protection proposed by the Com
mission in 1977, based on the three princip les 
of justification of practices and interventions, 
optimisation of protection, and limitation of 
individual risks. The revision, therefore, 
represents an evolution more than a revolution 
with respect to the 1977 recommendations. 
However, sorne important developments and 
significant new elements have been intro
duced, and the guidance has been given a 
more rationalised and streamlined presen
tation than in the previous recommendations. 

A principal new element, which has given rise 
to heated debate in the past few years, is the 
revision of the radiation risk factors for 
workers and members of the public. These 
risk factors represent the probability that 
severe he al th effects (cancers, detrimental 

* This article is based on a more comprehensive 
paper prepared by O. Ilari (NEA), A. Gonzalez (IAEA), 
G. Hanson (WHO), E. Boutrif (FAO) and C. Borras 
(PAHO) for the International Conference on 
Implications of the New ICRP Recommendations on 
Radiation Protection Practices and Interventions . 
Salamanca. 26-29 November 1991. 

MR . OSVALDO ILARI IS DEPUTY HEAD OF THE NEA 
RADIA TION PROTECTION AND RADIOACTIVE WASTE 
MANAGEMENT DIVISION. 

genetic effects) will occur in a population as 
the result of radiation exposure. The revision 
of the risk factors was based on a revised 
assessment of the doses received by the 
Hiroshima and Nagasaki survivors and on 
expanded epidemiological information on the 
incidence of cancers and other effects among 
these survivors and their progeny. This new 
information has led to the introduction in the 
latest recommendations of more stringent 
individual dose limits. These lower limits are 
not expected to have any significant impact on 
the requirements and costs of protection for 
members of the public, but they may have a 
significant impact on sorne segments of the 
nuclear industry, where more efforts and costs 
will be needed to ensure that the exp os ures of 
certain critical groups of workers are kept weil 
below the new limits. 

Another important novel aspect of the new 
recommendations is the attempt to introduce 
an integrated approach to the management of 
risks. This approach suggests that the general 
radiation protection philosophy, which has 
been so far applied only to the control of 
exp os ures that are expected to happen, as in 
normal operating conditions, and to the 
protection of persons once an accident has 
happened, should apply to the prevention of 
ail risks, irrespective of the probability of the 
events leading to an exposure. In other words, 
the ICRP now suggests that the general 
principles of the system of protection should 
be applied, in the design and operation of 
facilities, not only to limit doses to persons but 
also to the prevention of risks associated with 
so -called probabilistic events, namely 
accidentai events which might or might not 
occur, but for which a probability of 
occurrence can be assigned. This development 

·3· 

NEA NEWSLETTER 
SPRING 1992 



ICRP RECOMMENDATIONS 

NEA NEWSLETTER 
SPRING 1992 

in the ICRP thinking and guidance appears 
beneficial and relatively easy to apply in the 
case of small installations, but it may result in 
severe difficulties of application, at least at 
this stage, in the case of large and complex 
nuclear installations. 

The new recommendations have also created 
the potential for other significant problems of 
application in so-called "de-facto" situations, 
namely those where the only available 
protection action can be an "intervention" to 
decrease existing exposures by removing 
existing sources, modifying exposure 
pathways or reducing the number of exposed 
individuals. This can be the case where 
members of the public and workers are subject 
to exposures from natural radioactivity or from 
the consequences of a nuclear or radiological 
accident. 

TRANSLATING mE ICRP 
RECOMMENDATIONS INTO PRACTICAL 
GUIDANCE 

The new ICRP recommendations have been 
deliberately drafted in general and scientific 
terms so that sufficient scope for interpretation 
and application is left to the users of the 
recommendations, particularly the national 
authorities. There is now a need to convert the 
ICRP guidance into terms that are sufficiently 
practical and straightforward to facilitate their 
translation into regulatory and operational 
practices at the nationallevel. 

Traditionally, this has generally been the task 
of the international intergovernmental organi
sations, in particular through the Basic Safety 
Standards for Radiation Protection (BSS), 
jointly issued by the IAEA, NEA, World Health 
Organisation (WHO) and International Labour 
Organisation (ILO), and the Euratom Radiation 
Protection Direc tives, issued by the Com
mission of the European Communities (CEC). 
ln view of the forthcoming issuance of the 
revised ICRP recommendations , the four 
organisations responsible for preparing the 
BSS, which were later joined by the Food and 
Agriculture Organisation (F AO) and the Pan
American Health Organisation (PAHO), agreed 
in 1990 on the need to revise the BSS to take 
account of the recent developments in scientific 

knowledge and the recent orientations in radi
ation protection princip les and concepts as 
expressed in the new ICRP recommendations. 

The main purpose of the BSS is to offer a base 
for and give guidance on the transfer of the 
conceptual and scientific recommendations of 
the ICRP into applicative requirements and 
guidelines that could be used at the national 
level for the establishment of regulations and 
operational criteria. For this purpose, the BSS 
are given the character of "standards" that 
national authorities can directly use as a 
regulatory basis for the protection of workers 
and members of the public. Moreover, it is 
expected that this document should also be of 
use for the management bodi es with 
responsibilities for radiation protection in 
their own operations as weil as fo r the 
professional operators in radiation protection. 

ISSUES TO BE ADDRESSED IN THE NEW 
BASIC STANDARDS 

The guidance given by the previous ICRP 
recommendations and, subsequently, by the 
previous BSS was essentially focused on the 
control of "normal " expos ures, namely 
exposures that are virtually certain to result 
from planned operations in normal conditions. 
The merit of the new ICRP recommendations 
is to generalise this guidance to coyer the 
whole network of possible exposure situations, 
including not only "normal" but also "poten
tiaI" exposures, not only from artificiai but also 
from natural sources, not only controllable by 
prior planning but also pre-existing or 
unplanned and only liable to be decreased by 
intervention and remedial measures . This 
network is furth er compli cated by the 
existence of different types of exposure, such 
as "occupational", "medical" and "public". 

It is obvious that this scheme, in itself highly 
rational , creates problems of application due to 
the different degrees of controllability of the 
exposures which charac terise the various 
situations. The new BSS will have to address 
ail aspects of application of the radiation 
protection princip les to this complex network, 
both from the technical and the regulatory 
viewpoints , as summarised in the fo llowing 
diagram: 
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Basic Principles 
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1 Exemption 1 

Individual Dose Limitation 

Although optimisation of protection is confir
med by the ICRP as the main principle of a 
correct management of radiation exposures, 
the limitation of individual doses to workers 
continues to be the principal issue of concern 
to those who have the responsibilîty to 
implement radiation protection requirements 
in practice. 

In fact, several industrial and radiation protec
tion operators have expressed perplexities on 
the feasibility of coping, at reasonable costs, 
with the new reduced dose limits recommen
ded by the ICRP. According to these critics , 
parts of the nuclear industry, and perhaps also 
other activities involving radiation, might face 
major facility redesign and reorganisation of 
work practices , involving significant labour 
and cost increases, if this increase in the rigour 
of the international recommendations is 
followed by a similar stiffening of national 
regulatory requirements. Cases where these 
difficulties may arise include the maintenance 
of nuclear facilities , the operation of sorne 

underground uranium and other mines, and 
sorne operations involving uranium and 
plutonium oxides. 

There are, perhaps, other fields where the new 
dose limits for workers may create problems of 
compliance. This may be the case for sorne 
industrial applications, such as industrial 
radiography, and sorne medical practices. This 
may be particularly true for certain diagnostic 
and surgical techniques, such as cardiac cathe
therization and angioplasty, which involve 
prolonged exposures of the medical personnel. 
These cases will have to be carefully examined 
to make sure that the requirements of the new 
BSS can be actually implemented. 

One potential problem that could emerge with 
the introduction of a lower dose limit concerns 
those workers who have already received 
doses in excess of the proposed new dose limit 
of 20 millisieverts (mSv) per year. These 
workers and the trade unions might argue that 
they should now be guaranteed an annual dose 
limit lower than 20 mSv to compensate for 
what they could consider an unjustified past 
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0.4 % Faitout 

0.4 % Misceltaneous 

ARTIFICIAL RADIOACTIVITY 13 % 

detriment. This is not a conceptual issue, nor 
is it of direct relevance to the text of the BSS, 
but its implications for the ensuing national 
regulations should not be overlooked. 

An interesting concept introduced by the new 
ICRP recommendations is that of source
related dose constraints. A dose constraint is a 
value of individual dose to be established to 
restrict the range of options considered in the 
process of optimisation of protection for a 
given source or installation. In other words, 
the optimisation analysis for a given source 
would be subject to a pre-established ceiling 
on the levels of individual dose that could be 
considered. The aim in imposing a constraint 
is to avoid an inequitable distribution of the 
doses to the individuals involved and to make 
sure that no individual receives a combined 
dose from several sources that exceeds the 
regulatory dose limit. According to the ICRP, 
the dose constraints, to be fixed by national or 
local authorities, are not to be seen as "limits" 
in the sense indicated by the Commission and 
by the national regulations for the individual 
dose limits. They have, however, a regulatory 
meaning for the design and operation of a 

§ 

4 % Thoron È 
(a lorm 01 radon) 11 

- NATURAL RADIOACTIVITY 87 % 

Breakdown of natural and 
artificial radioactivity. 

given practice and, therefore, those responsible 
for the preparation of the new BSS shall pay 
particular attention to the definition of criteria 
for the establishment of dose constraints and 
their relationship with the dose limits. 

Exposure Situations 

Historically, the ICRP recommendations 
mainly focused on the control of "normal" 
exposures from "practices", i.e. exposures that 
can be anticipated in advance and assumed to 
be delivered with virtual certainty and 
predictable magnitude. The new ICRP recom
mendations address two types of radiation
related activities not fully covered by previous 
recommendations, namely: 

il practices that may give rise to accidentaI , 
or "potential" exposures; and 

iil "interventions". 

Not surprisingly, the available international 
guidance On radiation protection mainly 
concentrates on normal exposures. Apart from 
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international standards for nuclear reactor 
safety, virtually no guidance exists for 
potential exposure situations and only general 
guidance is given internationally for inter
vention situations. Clarification is therefore 
required regarding the application of the cur
rent principles of justification, optimisation 
and individual risk limitation in such situations. 

Potential Exposures 

Potential exposure situations may arise from a 
wide spectrum of sources and involve a large 
variety of potential consequences. At one 
extreme there are simple sources, such as 
those used in industrial radiography, which 
may deliver potential exposures with fairly 
predictable and limited consequences, such as 
the overexposure of one or a few individuals. 
At the other extreme there are complex 
sources , such as nuclear installations, where 
potential exposure situations can lead to more 
diverse and less predictable consequences, 
such as economic and social disruptions that 
might override the individual radiation risk. 
There are also potential exposure situations, 

such as those associated with radioactive 
waste disposaI , which can arise in the far 
future where consequences become very 
difficult to predict. 

Radiation safety for this wide spectrum of 
situations should be governed by coherent and 
consistent principles. The new ICRP 
recommendations on potential exposures are 
not very explicit, although an ICRP Task Group 
is expected to produce more comprehensive 
recommendations . In any case, practical 
guidance will be needed in the new BSS, 
which will have to address a wide spectrum 
of issues, encompassing basic princip les as 
weIl as practical problems, such as the 
identification of universally agreed individual 
risk limits, and the establishment of criteria for 
optimising safety wh en potential exposures are 
involved. 

Intervention 

The need for a radiation protection policy for 
intervention was highlighted by the discovery 
of high levels of radon (a radioactive gas of 

The new ICRP recommendations are used in aIl countries as a basis for national radiation protection regulations and practices. 
Shawn above is a measurement of the exposure rote from a container holding radioactive materials. 
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natural origin) in homes and by the post
Chernobyl contamination. These are extreme 
but by no means unique examples of situations 
requiring intervention. Situations in which 
intervention may be considered can be long
standing, which do not call for urgent action, 
or situations which call for prompt action in 
order to avoid serious exposures; the 
Chernobyl accident gave rise to both types of 
situation. The long-standing situations are 
typical of exposure to high natural background 
radiation in general (radon in dwellings in 
particular) and to radioactive residues from 
previous events (as the current contamination 
due to Chernobyl). 

The new ICRP recommendations provide two 
basic principles for intervention, namely: 

i) the proposed intervention should do more 
good than harm (Justification of the inter
vention); and 

ii) the net benefit provided by the inter
vention should be maximised (Optimi
sation of the intervention). 

The concept of dose limits is not applicable to 
these kinds of situations and the protection of 
individuals should be sought by introducing 
"intervention levels" established on the basis 
of the above two basic principles. 

These concepts are currently being addressed 
by various international organisations, but 
several problems still remain. For example, 

the new ICRP recommendations highlight the 
problem of high levels of radon in buildings, 
but do not indicate how this problem can be 
regulated , nor give numerical guidance on 
acceptable levels in the various circumstances, 
although an ICRP Task Group is currently 
working on this question . Analogously, in 
spite of attempts by several international 
organisations after the Chernobyl accident , 
there is not yet unified international guidance 
on criteria and levels for intervention in case 
of an accident. There is, therefore, a need for 
interpretation of the ICRP concepts and choice 
of options by those in charge of the 
preparation of the revised BSS. 

CONCLUSION 

The issues highlighted in this article are only 
some of the most important questions to be 
addressed in the implementation of the new 
ICRP recommendations . Several oth er 
problems of a more detailed nature can be 
raised by a reading of the se recommendations, 
and a significant effort of interpretation and 
choice of options will have to be made in the 
transformation of the ICRP guidance into 
international recommendations for concrete 
application. The new BSS will have to solve 
these questions in order to make an effective 
contribution to practical radiation D 
protection in OECD countries. 



NUCLEAR ENERGY AND WOMEN: 
IS A DIFFERENT FORM OF COMMUNICATION NEEDED? 
F. Galliot 

Public participation in debates and decisions concerning energy policy - especialIy nuclear 
energy - is a characteristic of indus trial societies. This implies that the public has the means 
to understand the terms of policy options and their underlying technical, regulatory and 

ethical aspects. 

Communication in this field must therefore take account of the need to make the different 
components of such information readily understandable by a public largely unfamiliar with the 
concepts proposed or with scientific language in general. 

Against this background, the OECD Nuclear Energy Agency (OECD/NEA) organised an international 
seminar* on communicating complex technical issues such as nuclear power to those sections of 
the public, including women, which are least familiar with scientific concepts. 

This seminar helped to identify more clearly 
the characteristics of such groups, and to 
determine their needs as weIl as the special 
problems of providing information regarding 
nuclear matters , for example concerning the 
language used and the terms of the message. 
FolIowing discussion of the experience of 
OECD countries in communicating with non
techni cal publi cs, the participants 
endeavoured to reach agreement on the best 
communi cation techniques to use in 
presenting subjects such as electricity needs 
and the role of nuclear power, radioactivity, 
the perception of risks, and safety. Numerous 
interesting conclusions were reached at this 
seminar, both as regards the similarity of the 
problems relating to informing women about 
nuclear issues within OECD countries , and the 
communication techniques to be used. 

WOMEN'S AITITUDES TO NUCLEAR 
POWER 

Opinion polIs conducted in several OECD 
countries aIl share a common finding: women 
are much less in favour of nuclear energy than 

* This NEA seminar was held in Tokyo on 21 and 
22 October 1991 . It was organised in conjunction with 
]apan's MIT! (Ministry of International Trade and 
Industry), ST A (Science and Technology Agency), 
]AIF (J apan Atomic Industrial Forum) and ]AERO 
(Japan Atomic Energy Relations Organisation), and 
brought together sorne 170 participants, inciuding 
representatives from ]apanese governmental bodies, 
electricity company direc tors of information and 
communication , and journalists. 

MISS FLORENCE GALL/DT IS INFORMATION OFFlCER AT THE 
NEA. 

are men. They also feel poorly informed about 
nuclear energy, and they are in fact much less 
informed than the opposite sex. They are 
unfamiliar with the benefits of nuclear energy 
and have no confidence in the safety of power 
stations. The gap between men and women is, 
however, less pronounced with regard to 
opinions as to the use of nuclear power as a 
source of electricity in the future. According 
to a 1990 polI in Japan, for example, 51 per 
cent of men and 44 per cent of women 
consider that nuclear power will constitute a 
valuable source of energy for their country. 
Indeed, 79 per cent of men and 75 per cent of 
women even hold the opinion that nuclear 
power will play a major future role in meeting 
electricity needs. While recognising the need 
for nuclear energy, women nevertheless would 
like to be better informed and claim to want 
information better tailored to their needs. In 
France, for example, 42 per cent of women and 
31 per cent of men admit to understanding 
nothing at al! about nuclear energy in spite of 
the information provided. However, care must 
be taken to identify precisely the type of 
information desired by women and to ensure 
that this information contributes to a better 
understanding. In other words, attention must 
first be paid to the specific needs of one's 
audience in order to impart information in a 
suitable and comprehensible form. 

In most OECD countries, women's attitude to 
nuclear energy differs significantly from that of 
men. More women tend to object to the use of 
nuclear power, and they are more inclined (20 
per cent more so than men) to refer to its 
drawbacks rather than its advantages. Several 
factors explain this phenomenon, in particular 
the fact that nuclear energy is essentiaIly a 
man's world, with women finding it difficult to 
identify with the experts in this field. Among 
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the other reasons giving rise to this difference 
in perception, it would appear that: 

• women are less knowledgeable about tech
nical matters, and are still not mu ch interested 
in technological issues; 

• they are less influenced by economic consi
derations; 

• they show little interest in energy questions; 

• they are more sensitive to the hazards of 
nuclear energy described by the media, in 
particular those relating to radiation; 

• they feel more concerned by the environ
ment and the fate of future generations; 

• they seem less prepared to accept risks in 
general; 

• they make less of a distinction between the 
use of uranium for peaceful as opposed to 
military purposes; 

• they are less well disposed to the use of 
technology in society, even if the y benefit as 
mu ch as men. 

While women, especially in Japan, are more 
inclined than men to hold negative opinions 

about nuclear energy, they nevertheless remain 
ready to qualify their position , and most 
women claim still to have an open mind. In 
general terms, a study carried out in the 
United States showed clearly that 5 per cent of 
the public are strongly in favour of nuclear 
energy, 5 per cent strongly against, but that the 
great majority have mixed feelings , with 
replies varying widely over time. 

SPECIAL CONSIDERATIONS APPLYING 
TO JAPANESE WOMEN 

The weight of history 

Generally speaking , the Japanese people 
remain deeply affected by the events at 
Hiroshima and Nagasaki. This trauma, handed 
down from generation to generation, perpe
tuates an a priori distrust of nuclear power. 
The military use of atomic power continues to 
be associated with the production of nuclear 
energy for peaceful purposes despite nume
rous information campaigns. and the adoption 
of a national Energy Day on 26 October. in the 

oeCC/NE ~ 
se:-n~I~ctl\::J~~~~~~~1z~;--
P ublics On n NCommunlcating Wit~ NÎriJft't' -

~--___ --=.~;u~c~le:=ar Issues 21 ton-Technical 
s -22nd Oct 1991 

ln October, the NEA orgonised an international seminar in Tokyo on the questian of communicating nuclear matlers 10 a non
lechnical public. 



NUCLEAR ENERGY AND WOMEN 

A seminar on women and nue/ear energy attracted some 250 participants in the city of Aomori in Japan. 

hope of drawing a distinction from the 8 August 
commemoration, has not altogether succeeded 
in preventing this association. 

Two major concerns 

One of the consequences of this shared trauma 
in ]apan is the very marked preoccupation of 
the ]apanese people , and in particular women, 
with issues related to environmental protec
tion and with questions relating to health . 
Several poIls in ]apan have confirmed that 
these two subjects top the list of public con
cerns. 

The political factor 

Another special feature in ]apan is the very 
strong public perception of the need to reach 
national autonomy in energy, and this is true 
at aIllevels of the population. This results in a 
certain ambiguity in public attitudes to nuclear 
energy, which, while giving rise to general 
public distrust, is nevertheless recognised as 
having a major role in guaranteeing the 
country's energy independence. The same 
situation prevails, moreover, in certain OECD 
countries, in particular the United States. For 
example, more than 70 per cent of Americans 
consider that nuclear power is of major 
importance to electricity production, 

particularly because of its contribution to 
achieving energy independence , and also 
because of its economic profitability and for 
environmental reasons. 

Social factors 

As a rule, and more specifically when consi
dering issues relating to technology or to 
society, there is a tendency in ]apan for indivi
duals to join special groups or associations 
and to express themselves exclusively through 
such organisations, avoiding any individual 
pronouncement. Issues related to energy and 
the environment in particular are discussed 
within such organisations. There are many 
women who belong to essentially female 
groups on energy, the environment or other 
topies and who, as members of su ch groups, 
are able to attend conferences or participate in 
organised visits to sites. 

Feminine attitudes 

Such interest groups, which are rarely mixed, 
highlight a particular trait of ]apanese women, 
namely that they are relatively suspicious of 
the masculine world in general, and in 
particular of experts, scientists and even 
doctors when it cornes to nuclear energy. This 
distrust must be taken into account when 
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explaining nuclear issues . One approach 
would be to promote the role of women in 
communication so that the female public can 
more easily identify with the communicator. 

The demand for information 

In spite of these different factors , most 
]apanese women do not necessarily have a 
fixed opinion on nuclear energy, and are open 
to targeted information and explanations that 
might lead them to change their views. It is 
not so much a question of playing on the 
changeability of opinions as to replying to 
concems that are often simple, but which 
reveal feelings of deep anxiety about nuclear 
power in general and the consequences of 
radioactivity in particular. ]apanese women 
want information about nuclear power that 
will enable them to grasp the basic concepts 
and understand the general mechanisms 
involved in producing nuclear energy. They 
expect simple answers that are easily 
understandable and directly relevant to their 
daily lives . It is therefore particularly 
important to make use of examp les, 
comparisons and past experience when 
providing information to a female public. 

THE DIFFICULTIES OF 
COMMUNICATION: A PROBLEM 
COMMON TO OECD COUNTRIES 

Several measures have been undertaken in 
OECD countries to improve the dialogue with 
the public about nucl ear issues , and in 
particular to involve women to a greater extent 
in the discussion about energy. 

Meeting electricity needs 

Technology today is no longer understood, it is 
merely "consumed", as is the case with 
electricity for example, by performing simple 
ac tions which no longer require any 
knowledge of the processes involved 
"upstream" or even of the consequences of the 
action in question. The only thing that matters 
in using technology is the result obtained. The 
simple touch of a button can tum day into 
night, heat into co ld , or give access to 
information, silence or music. Our daily 

activities are obviously highly dependent on 
electricity. Despite this fact, the general 
understanding of how electricity works 
remains very superficial, and most people 
never consider the link between the lamp 
switch and the process which make s it 
possible to have light. In fact , this dependency 
"cornes to light " only when there IS a 
breakdown in the electricity supply. 

That is why there is a real need today to make 
women aware of their own energy needs in 
such a way that they realise the extent to 
which they themselves are major consumers of 
electricity in their daily working lives . They 
will thus more readily admit that decisions 
have to be taken to guarantee that these needs 
are met and to find energy sources adapted to 
the political and economic requirements of 
their country. Such an exercise can be 
undertaken using various aids to review 
different household tasks and the electric 
appliances used to perform them , without 
forgetting Hi-Fi systems, electronic gadgets 
and the whole range of leisure activities 
enjoyed by their children. 

Comparing advantages and drawbacks 

The advantages and drawbacks of nuclear 
power should be compared with those of other 
sources of electricity. This comparison should 
be made in precise but sufficiently simple 
terms , and should be founded on 
considerations of risks, energy resources, cost 
and the environmént. Experience shows, on 
the other hand , that there is no point in 
describing risks in terms of probabilities, since 
this systematically excludes the lay public 
from the world of the experts by cutting short 
any attempt at constructive dialogue. It can 
even be perceived as a subterfuge deliberately 
used to conceal the real position regarding 
risks . Furthermore, each person should be 
allowed to draw his own conclusions from the 
list of comparative arguments. A good com
municator seeks above al! to establish dialogue, 
not to promote his product. 

Trusting the communÎcator 

The objective in proceeding in this way is to 
raise the level of public understanding about 
energy issues while avoiding any attempt to 



NUCLEAR ENERGY AND WOMEN 

influence opinion. On the other hand, it is 
important for the communicator to gain the 
complete confidence of his public. In order to 
do this, he must not play the role of a technical 
expert and must avoid detailed scientific 
explanations, unless of course the public 
requests this. Wh en speaking to an audience 
of women, the communicator's first concern 
should be that his audience identifies with 
him and cornes to trust him as a person, an 
essential stage in establishing confidence in 
the technology being discussed. In any event, 
the communicator should al ways make a 
distinction between public understanding, 
confidence and acceptance in relation to 
nuclear questions. 

Adapting the message 

So far, nuclear experts have tended to target 
information at a male audience. When a female 
audience - less susceptible to technical and 
economic arguments - is being addressed, the 

information should be reformulated, though 
without changing its basic content. 

However, public perception of the message 
involved does not always differ according to 
the sex of the audience. In the United States 
for example, both men and women are 
reassured by information about the benefits of 
nuclear energy in the medical field and by the 
message that power plant radioactivity is 
carefully controlled. Information based on 
quantitative comparisons, on the other hand, is 
not easily understood, especially by women. 
Thus, it is no doubt possible to use the same 
messages for male and female audiences, 
provided that the characteristics of each of 
them are taken into account in the 
presentation adopted. 

Using appropriate language 

When attempting to establish dialogue 
between experts and non-experts on a 

Women also play an important raie in the nue/ear industry. Here in the repracessing plant of Sellafield. 
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technical subject, it is first of aIl important to 
ensure that the terms used are chosen carefuIly 
and understood properly by everyone. The 
subject of nuclear energy lends itself 
particularly to the over-use of technical terms 
and to misunderstandings by the public, for 
example, with regard to the "criticality" of a 
power station, the concept of "passive safety" , 
"fission poisons", etc. To avoid emotional 
reactions and associations with the sensational 
images present in the subconscious, the 
language used in communication about nuclear 
issues, far from being designed to impress an 
already suspicious public, must aim for clarity 
and simplicity. 

Promotion of scientific careers 

Women are less susceptible as a rule to scien
tific and technical arguments simply because 
they rarely pursue scientific studies to the 
same extent as men. No matter how logical 
and rational the arguments used, they should 
therefore not be presented using technical 
terms alone. 

Another way of making women more aware 
both of nuclear issues and especially of 
scientific careers is to mention the examples, 
still too few in number, of women who work in 
the nuclear industry, in particular in positions 
of authority. The impact, moreover, is aIl the 
greater if such women themselves come to talk 
about their experience and explain that their 
scientific career and resulting responsibilities 
are compatible with their family life. 

The ultimate, though not always acknow
ledged goal of this type of demonstration is to 
incite women to take up scientific careers, or 
at least to encourage any aspirations of the sort 

on the part of their daughters. There is still 
too much of a tendency in OECD countries for 
women to choose non-scientific careers, often 
for social reasons. Encouragements to choose 
such careers must come from parents, edu
cators and above aIl captains of industry, still 
little inclined to recruit female engineers. It is 
clear that the lack of professional openings for 
women in scientific and technical careers and 
the inadequate recognition of their skills 
constitute the major obstacle for young women 
hoping to fill senior posts in industry. 

The role of women in communication 

Women identify more easily with other 
women. They understand better their fears , 
using, moreover, their own way of speaking, 
with terms different from those used by men 
talking about the same subjects, something 
which appears very clearly in the Japanese 
language. Communication between men and 
women must therefore take account of these 
almost cultural differences. 

AIl women working in the nuclear field are 
potential ambassadors inasmuch as they 
themselves are weIl informed. They could, in 
addition, participate in different social or 
professional groups or clubs, and communi
cate information about the role and uses of 
nuclear energy. Moreover, primary school 
teachers should be given the opportunity to 
participate in seminars on energy, so as to be 
able to encourage an interest in their pupils, 
from the earliest age, in matters related to the 
production of energy and in science in general. 
The wives of power plant workers should also 
be given comprehensive information so that 
they can participate in local information pro
grammes. 

Thus , communicating information to a female audience about a complex topic such as nuclear 
power cornes down to finding the link between an essentiaIly technical world, in which logic and 
demonstration reign supreme, and a world in which reactions are of a more emotional nature. 
While the message itself must remain fundamentaIly technical, perhaps the way in which it is 
delivered should at least appear more human, using dialogue rather th an monologue. At the end of 
the day, the objective of communication is less that of "proving" technology than of encouraging D 
an awareness, or an enlarged debate on the purpose of nuclear energy in our modern societies. 



BROAD ECONOMIC, ENVIRONMENTAL AND STRATEGIC 
IMPACTS OF NUCLEAR POWER 
P. Girouard 

The Nuclear Energy Agency has just completed a new study aimed at analysing the range of 
broad economic costs and benefits that may be incurred by - or derived from - a decision to 
use nuclear energy to generate electricity. This work was carried out byan NEA international 

group of experts, under the chairmanship of Professor P.M.S. Jones, Chief ECO!lOmist of the United 
Kingdom Atomic Energy Authority (UKAEA) and Chairman of the NEA Nuclear Development 
Committee. This article outlines the main findings of the study. 

Utility decisions regarding which technological option to select when creatiilg additional electricity
generating capacity are chiefly based on an evaluation of the comparative costs of the options 
available. However, most of the time, these costs do not fully reflect the broader impacts of this 
energy choice on the economy and society at large. To formulate their future energy and resource 
development policies, governments therefore have to take into account a range of "externalities" 
which may support or discourage the adoption of a particular technology. However, the weight 
given to each of them, wh ether of an economic, environmental, health, or social nature, is often 
based on subjective judgement, as no generally accepted techniques exist to formalize the process. 

TABLE 1. POSTULATED BROAD IMPACTS OF NUCLEAR POWER 

Primary Impacts 

(a) Economic 

Direct cost savings 
Fossil-fuel price capping 
Energy supply security 
(avoided lost output) 
Avoided net fuel imports 
Enhanced technology exports 
Electricity price stability 
Intellectual capital gains 

(b) EnvironmentallHealth 

Increased radiation levels 
Nuclear accident consequences 
Avoided greenhouse gas emissions 
A voided acid gas emissions 
A voided carcinogen emissions 
A voided fuel extraction and transport 
accidents 

(c) Social 

Changed employment levels 
Changed risk perceptions 
(weapons, accidents, health, gene pool) 
Changed social consensus 
Changed cultural impacts 
Changed ecological impacts 

Economic Consequences 

Enhanced productivity 
Improved competitivity 
Improved terms of trade 
Currency appreciation and enhanced 
economic growth 

Changed levels of morbidity and mortality, 
therefore economic output 
Changed physical damage and 
environmental losses affecting resource 
utilisation 

Sorne direct effects on resources 
Changed institutional costs 
Changed economic efficiency 

To give a clearer picture of the range of factors involved, it is helpful at this stage to introduce a 
simple uncritical listing (Table 1) of the wider impacts attributed to nuclear power deployment, 
generally either to support or to discourage its adoption. The listedimpacts can be split into three 
broad categories: economic, environmental and health, and social. 

MN. PIERRE GIROUARD IS A MEMBER OF THE NEA NUCLEAR DEVELOPMENT DIVISION. 
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DECISION FRAMEWORK 

The framework within which energy decisions are made is illustrated in Figure 1, which attempts to 
indicate the factors of influence and the complexity of their interactions. Future energy supply 
choices are influenced by the demand (Box F), the supply costs (Box Gl and the existing policy 
framework (Box Al. The current position (Box Al is continually influenced by changing decisions, 
whether legal , political , or economic , and the new standards (Box El that are developed. The 
decision framework, to sorne extent, internalises any perceived external costs and effects within the 
decision-making process (Box El. New lc'1owledge about the technologies concerned (Box Bl and 
their effects on the public, the environment and the overall national economy (Boxes C and Dl 
influence the governments, institutions and the public (Box Hl, which in turn generates new 
decisions. The process is dynamic but uncertain and protracted. It is subject to changes of fashion 
as well as changes in basic knowledge and understanding. 

FIeURE 1. DECISION FRAMEWORK FOR ELECTRICITY 
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THE USE OF QUANTITATIVE MODELS 

All countries and utilities employ quantitative models of one sort or another to help in energy 
planning and policy evaluation. These models differ considerably iri their scope , size and 
complexity, depending on the needs of those developing and using them. 



BROAD IMPACTS OF NUCLEAR POWER 

At the micro-Ievel , electrical utilities will do their own demand projections, based on their 
evaluations of future developments in the economy and the relationship of these to electricity 
consumption in the markets served. They have their own electricity network optimisation models 
and their own microeconomic models enabling them to analyse the financial implications of 
alternati ve investment strategies. They take into account their expectations concerning the 
behaviour of other energy subsectors and the possible consequences of government fiscal and 
regulatory policies. 

Inveslmenl in a nucJear piani will stimulate eeonomie aetivity beyond what is rejleeted in the eonventional resource eosl analysis. 

Those governments not wholly and exclusively committed to reliance on market forces to resolve 
priorities and determine investment choices and timing, will employ macroeconomic models. 
These link energy use to other sectors of the economy, and can be used to analyse the implications 
of different energy investment strategies, different fiscal policies, etc. on energy demand and the 
fuel mix. They also can be used to examine the future growth of energy demand given different 
assumptions about general economic growth. The implications of different energy strategies on the 
wider economy in terms of employment, balance of payments, and general economic stimulus can 
be explored. 

At the global level, international agencies in particular may examine the global implications of 
population and economic growth for future energy demand, to establish the adequacy of resources, 
possible constraints on future world development and means of alleviating or overcoming such 
constraints. 

The four principal types of quantitative models that have been applied to the analysis of the 
consequences of the development and utilisation of nuclear energy are illustrated in Figure 2. They 
range from microeconomic investment appraisal to II1acroeconomic impact analysis using 
conventional macroeconomic models or input-output analysis. Environmental (or other) impact 
analysis can also be conducted at the micro-Ievel or macro-Ievel employing similar techniques to 
those for economic analysis. 
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FIGURE 2. QUANTITATIVE MODELS FOR ENERGY IMPACT ANALYSIS 
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THE BROADER IMPACfS AND TIfEIR SIGNIFICANCE 

Most of the individual impacts are examined from the perspective of their general implications for a 
national economy. The arguments put forward are not qualitatively affected by the question of 
whether a single plant or a programme of nuclear plants is considered, although quantitatively there 
will be differences. In extremis, sorne constraints that do not apply for individual plants could come 
into play with large construction programmes. The impacts are examined in two separate groups. 
The first group are those that are normally linked through macroeconomic models. The second 
group are those that may have impacts on the wider economy, but which are usually regarded as 
exogenous and sometimes unquantified factors (Le. factors with values set independent of the 
remainder of the economy by outside forces). Environmental and health effects, a subset of the 
second group, are treated separately. 
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"QUANTIFIED EFFECfS" 

Seeondary Învesbnent efIeets 

The act of investing in a new nuclear plant (or any other project) will stimulate eeonomic activity 
beyond what is reflected in the conventional resource cost analysis. Those employed in the 
manufacture of parts, production of fuel, construction and operation of plants, etc. will in turn use 
their income to pay for goods and services, housing, etc. This will result in total increases in the 
regional or national income that can exceed the direct investment costs by a significant margin. 
This is the multiplier effect captured by input-output analysis or similar studies. Its magnitude is 
dependent on the nature of the technology involved and the extent of its reliance on domestic or 
imported goods. Japanese input-output studies have indicated that in their case the multiplier 
could be as high as a factor of two for nuclear invesbnent. 

Employment 

The nuclear industry is a significant though not a major employer in OECD countries. In line with 
its contribution to Gross Domestic Product (GDP), it employs a few per cent of the workers of the 
industrial sector (4% in France). One characteristie of the industry is its relatively high proportion 
of skilled and graduate staff relative to most other major energy and manufacturing industries. 

However, the direct employment (in global terms) provided by the industry in construction, 
operations and fuel serviees is lower than that involved in equivalent eleetricity supply industries 
using coal and possibly renewable sources. This argument has been used to pursue energy options 
other than nuclear power in countries with indigenous coal supplies, but it ignores the effects that 
changes in GDP have on employment. 

In many countries where phase-out of nuclear power has been considered, studies indieate large 
economie consequences, of the order of a one per cent drop in GDP with an accompanying drop in 
employment. A rise in the electricity priee also results in losses of jobs for several tens of thousands 
of persons. The fact of having a lower electricity priee increases competitivity and stimulates 
growth, increasing the GDP, which more than compensates for any other employment effects. 

Balance of payments 

The effect of policy choices on balance of payments is frequently used as an argument to favour one 
option over another on the basis that anything that reduces imports or increases exports is beneficial 
to the economy. 

The nuclear industry can affect trade balances through the import or export of technology and fuels . 
Its potential for technology export has been advanced as an argument in many countries in support 
of its development, while its ability to substitute low-cost uranium imports for high-cost oil, coal or 
gas has also been argued in favour of its adoption. 

Priee stability 

The introduction of an additional large-scale energy source, like nuclear power, into the world's 
energy supply mix helps to provide price stability. For example, the availability and use of the 
additional source reduces demand pressures on the fuels it displaces, and leads to their future 
prices being lower than they would otherwise have been. This benefits all fuel users, even though 
they themselves may not have adopted the new energy source. Thus the industrial countries' 
adoption of nuclear power will have helped to restrain the world market priee of oil and coal to the 
benefit of the developing countries amongst others. 
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One study has endeavoured to quantify the effect on fossil-fuel prices of nuclear power's 
contribution to world energy supplies. The analysis has examined the cost implications of 
suspending nuclear power production globaIly, immediately or over a 10-year period. In both cases 
oil and coal prices are projected to rise to nearly double their 1990 levels by 2005, resulting in a real 
decline, in the case of ]apan, of GDP by 1 % in real terms by 2005. The effect of similar fuel price 
changes on other countries' economies would differ depending on their dependence on imported 
fuels. 

Regional impacts 

The regional impacts of investment in new generation capacity are similar to those discussed for 
national economies in the preceding sections. The local impacts are larger in relative terms on 
employment, environmental and infrastructural effects, and secondary for production. However, 
the benefits (though not the detriments) are likely to draw in labour and products from outside the 
region so that the local gains may be diluted. 

OTHERIMœACTS~ECONONUCCONSEQUENCES 

Security of energy supply 

One advantage sometimes claimed for indigenous fuels , for fuel-free energy systems or for 
technologies requiring low volumes of fuel (like nuclear power), is that they enhance the security of 
energy supplies. They can do this mainly by reducing dependence on external fuel sources; the 
supply of these fuel sources could be disrupted through political or other actions. Nuclear fuel 
itself is unlikely to be a source of supply security problems, since reactors . are normally refuelled 
only once a year and fuel stockpiles are easy to establish and maintain. 

Resource depletion 

For both coal and uranium, the world resource base is so large compared with rates of consumption 
that this is not an important factor. Known uranium resources alone could provide aIl the world 's 
energy requirements for centuries if fuel breeding is used. 

Spin-off 

AlI advanced technologies calI for new materials, techniques and skills that can find application in 
other sectors of the economy with consequent economic benefit. Nuclear power has been no 
exception, and it has contributed to substantial technical progress in many fields . This use of 
products or skills developed as part of one technical programme in other spheres of economic 
activity is commonly called spin-off. 

Socio-cultural effects 

Nuclear power has provided a focus for opposition to advanced technology, to centralisation of 
decision-making and to other features of modern industrial society. As such it has contributed to a 
significant loss of social consensus and a degree of social conflict in many OECD countries, and this 
has imposed extra costs on society as a whole; though without nuclear power, another focus for this 
opposition would probably have been found. 



BROAD IMPACfS OF NUCLEAR POWER 

ENVIRONMENT AND HEALTH 

The environmental and he al th implications of electricity generation and use have become a major 
focus of attention. They were the theme of a Senior Expert Symposium in Helsinki in May 1991 and 
are under continuing detailed study in programmes co-ordinated by the OECD Environment 
Directorate and the International Atomic Energy Agency. 

Three important points can be made at the outset. First, the impacts associated with electricity 
sources are not confined to the generation stage, but extend backward into fuel extraction and 
processing and into the construction stages of the plant itself, and forward toward reprocessing and 
final disposaI of wastes. Second, the benefits and costs associated with individual options have to 
be measured against those of the alternative options. Third, these alternative options may include 
non-electricity options such as conservation strategies or direct fuel combustion that have their own 
environmental and health impacts. 

The magnitude of the multiplier effect of the direct investment costs is dependent on the nature of the technology involved. 
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Nuclear power 

In general, the radiological impacts on the public associated with nuclear power are comparable to 
or lower th an those associated with other forms of power generation and equivalent energy 
conservation measures requiring the use of materials to achieve their effect (e.g. loft insulation, 
cavity wall insulation). 

AlI authoritative studies concur that the calculated incidence of premature deaths arising from 
routine nuclear power generation (the numbers from radiation effects are too low to be detectable 
against the background of the effects of natural radiation and other hazards) is smaller than that 
from coal and oil production and use, both in absolute terms and expressed per unit of electricity 
produced. 

Con cern about nuclear power among the public focuses on a perceived risk of a major accident 
resulting in the release of a significant fraction of the fission products into the environment, and 
with consequent loss of life and ecological and economic damage. 

Statistically, the financial risk associated with low-probability accidents is below 1 % and probably 
below 0.1 % of the generation cost. In practice, governments have been prepared to give 
international guarantees concerning compensation for major incidents j although the reactor owners 
must procure private insurance to coyer a substantial portion of the risk. It is worth noting that 
equivalent assessment and guarantees are not normalIy provided for other types of power plants or 
indeed for other industrial sectors. 

Fossil-fuelled generation 

A brief reference must also be made to sorne social costs associated with fossil-fuel combustion that 
are avoided if these fuels are replaced by nuclear power (or other non-fossil-fuelled options). In 
general, using modern technology, these costs should be small for the latest power generation 
plants, with the possible exception of the effects of greenhouse gas emissions. This assumes that 
flue-gas desulphurisation and de-NOX technologies are incorporated into the plant design, that 
regulations and standards adequate for public protection are in place, and that the co st of these 
measures are taken into consideration. It will also be noted that "appropriate" standards for 
pollution emissions differ more for fossil-fuel emissions than for nuclear power plants. It is well
known that acid gas emission standards vary among countries, and that not aIl have as high a 
standard as would be desired by their downwind neighbours. 

It is not widely appreciated that the combustion of coal in power stations. releases quantities of 
radiation to the environment that are (in terms of potential biological consequences) similar in 
magnitude to the routine releases from the nuclear industry for comparable electrical outpuP. Both 
are negligibly small relative to natural background radiation. Natural gas production and use also 
release radioactive radon to the atmosphere, and its unvented use for domestic cooking adds to the 
radiation doses in domestic properties. The additions, while small compared to natural background 
radiation, are comparable to those arising from the civil nuclear power industry. As is true of 
nuclear power, the costs attached to these effects are negligibly small. 

Trace quantities of polycyclic aromatic organic compounds like a -benzpyrene are released from 
coal-fired plants. These are known carcinogens and could in theory lead to a small number of 
delayed premature deaths amongst the general population in much the same way as radiation 
releases. There is almost no scientific information on this risk in relation to power plants, although 
one estimate has suggested that it could be similar in magnitude to the effects of radiation releases 
from coal or nuclear plants (including the nuclear fuel cycle). 

1. HMSO, London, 1981 Commission on Energy and the Environment, Coal and the Environment. 
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Acid gases are most significant from coal, oil and emulsion fuels. Natural gas does not contribute 
other than through small emissions of nitrogen oxides. Most fossil-fuelled plants now being 
constructed in OECD countries would be designed to reduce the emissions of sulphur dioxide and 
nitrogen oxides to "tolerable" levels. As is true of nuclear plants, the costs of the con troIs required 
to meet emission regulations would be incorporated into the investment cost analysis. In cases 
where the cost of the impact of the emissions is still considered as an "externality" by utilities, they 
would have to be considered by the appropriate governrnental authorities. 

Fossil-fuel combustion leads to the release of carbon dioxide and nitrous oxides, both of which add 
to the heat-trapping capabilities of the atmosphere. The principal greenhouse gas (apart from water 
vapour) is carbon dioxide, which currently accounts for sorne 50% of the global warming effect of 
the atmosphere. It is not the most effective gas: chlorofluorocarbons (CFCs) and methane have 
bigger effects per molecule, but both are present in much lower concentrations. Time is a factor in 
the effects of greenhouse gases since sorne, like carbon dioxide, have a mu ch longer residence time 
in the atmosphere than others, like methane. 

CONCLUSION 

The standard microeconomic levelised cost analyses of nuclear and fossil-fuelled electricity 
generation, and the related analysis of the overall costs of operating a power network, are commonly 
regarded as providing sound economic guidance on power station choice. However, the analyses 
are usually conducted from the perspective of the electricity utility and tend to ignore the broader 
impacts that either bene fit or impose costs on other sectors of the economy. Sorne of these occur 
within the boundaries of the country making the investment, sorne fall outside these boundaries. 

There are, however, further effects arising from the choice of generation technology for investment 
that are not captured in the conventional analysis. Sorne are gains, sorne are costs and sorne are 
avoided costs associated with the use of other energy options. Most of these impacts have been 
cited in arguments for or against investment in nuclear plants at sorne time or other, and many have 
been advanced as arguments favouring the specific energy investment policies adopted by 
governments. Individually the arguments often sound plausible and convincing because they relate 
to specific public or policy concerns of the day. Security of supply, employment, balance of trade, 
and environment are examples. 

With regard to the broader impacts not normally encompassed by investment appraisals, the NEA 
has concluded that there is no reason to suppose that any of them, with one notable exception, 
would yield significant costs or benefits to future nuclear investment, over and above those 
reflected in the resource cost analysis. "Significant" here is taken to be one or two per cent of the 
resource cost, which is well within the likely uncertainty surrounding the projected costs of 
generation. 

The exception is the potential avoided cost of the incremental consequences of the greenhouse 
effect arising from fossil-fuelled plants (presuming that other emissions are reduced to appropriate 
levels). These effects are themselves highly uncertain, but could in extremis be roughly equal to the 
costs of coal-fired generation, or more likely to sorne 5% to 50% of this cost, depending on the 
course pursued by governments and the way future detriments are evaluated. Based on sorne 
current suggestions, these costs may be converted into market-price effects by means of carbon taxes 
based on technical goals and scientific judgement. 

In these circumstances, it seems likely that the minimisation of total resource costs of electricity 
generation, taking account of projected real movements of costs over the life of the plants, D 
will remain the most economically beneficial strategy for the long term. 
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Since the appearance in 1981 of the first issue of the OECD report on the safety of the nuclear 
fuel cycle, the fuel cycle industry has expanded considerably, with sorne sectors enjoying a 
five-fold growth in activities. 

At present, the growth rate in OECD countries seems to have stabilized, and future trends will 
depend to a great extent on the general evolution of nuclear power capacity throughout the world. 
The fuel cycle facilities in operation or under construction have an extensive and well-documented 
safety record accumulated over the past 30 years by technical experts from facility operators and 
safety authorities. 

At the front end of the fuel cycle (i.e. from mining to reactor fuel loading), no important changes 
have occurred in the overall pathways leading from uranium ore extraction to the production of fuel 
elements. However due to various considerations such as political decisions and economic 
competitiveness, more emphasis is being placed on the production of fuel for light-water reactors 
(LWRs) as opposed to gas-cooled reactors (GCRs) and fast breeder reactors (FBRs). The safety 
preoccupation has shifted from the "in-process" problems and worker dose concerns to the external 
impact of the facilities on the environment. 

At the back end of the fuel cycle (i.e. from fuel unloading to disposaI and recycling), a significant 
evolution has been observed over the past ten years. Reprocessing of fuel discharged from LWRs has 
bec orne a key activity of the fuel cycle. The biggest changes in this area have occurred as a result of 
industrial experience in the French reprocessing plant at La Hague, the Tokai-Mura plant in Japan 
and the Sellafield plant in the United Kingdom. From the safety point of view, reprocessing is the 
most complex part of the fuel cycle, due to the fact that aIl nuclear materials are in easily dispersible 
forms and that large quantities of flammable solvents are used. 

The safety issues associated with the decommissioning of nuclear fuel cycle facilities will require 
much attention to limit both the overall radiation exposure to the workforce and the dispersion of 
contaminated materials.1 

THE COMPONENTS OF THE NUCLEAR 
FUEL CYCLE 

The nuclear fuel cycle encompasses the procu
rement and preparation of fuels for use in nu
clear power reactors, their recovery and recy
cling after irradiation, and the safe disposaI of 
all wastes generated through these operations. 

Those broad steps comprise a number of inter
related activities, the combinations of which 

1. A group of experts on the safety of the nuclear fuel 
cycle has prepared an up-to-date analysis of the safety 
aspects of the fuel cycle, based on the available 
experience in OECD countries. This report, which will 
be published in 1992 , will supersede the previous 
OECD/NEA report entitled "Safety of the Nuclear Fuel 
Cycle". It will address the technical aspects of the fuel 
cycle operations, provide information on operating 
practices and predict future activities. 

MR. JEAN-PIERRE CLAUSNER IS A MEMBER OF THE NEA 
NUCLEAR SAFETY DIVISION. 

provide the various fuel cycle options. The unit 
operations in the fuel cycle are: 

• Uranium mining and milling 

• Uranium refining and conversion to ura
nium hexafluoride 

• Uranium enrichment 

• Fuel fabrication 

• Reactor operations 

• Spent fuel storage 

• Spent fuel reprocessing 

• Transportation of nuclear materials 

• Radioactive waste management and dispo
sai options 

• Decommissioning. 

Not included in this discussion is the stage of 
fuel irradiation in nuclear power plants , which 
corresponds in the above list to the reactor 
operations. 
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Three main types of fuel cycle are commonly 
identified, depending on whether or not the 
spent fuel is reprocessed. The figure below 
shows a diagrammatic representation of the 
three main fuel cycle options: 

• In the once-through fuel cycle, the spent 
fuel is considered as a waste material and is 
kept in storage until it is sent for disposaI in a 
geological repository. This option is currently 
advocated by Canada, Sweden, Spain and the 
United States. Sorne other countries are 
developing it as an alternative. 

• In the other typical reactor cycle, the spent 
fuel is reprocessed. The remaining uranium 
and generated plutonium in the fuel are 
separated from the fission products and are 
recycled as refabricated mixed-oxide (MOX) 
fu el for light-water reactors. The fission 
products are stored in liquid form for a number 
of years and eventuaIly vitrified and stored for 
several decades in engineered facilities. 
This option is foIlowed by Belgium, France, 
Germany, ]apan and Switzerland. 

• In the fast breeder reactor cycle, spent fuel 
is reprocessed and the resulting uranium and 
plutonium product can be recycled for use in a 
fast breeder reactor. This option has been 
developed in France, ]apan and the United 
Kingdom. 

The choice of a specific fuel cycle depends 
on a variety of different and sometimes 
conflicting factors. The economics of nuclear 
electricity production, the availability of 
uranium on the world market, the availability 
of other energy resources, environmental 
considerations, political motives and safety 
factors aIl play a determinant role in the final 
choice. 

Until 2005 , uranium requirements, spent fuel 
production, reprocessing capacity, enrichment 
capacity and fuel fabrication capacity are 
known on the basis of operating and scheduled 
nuclear power capacity. Beyond that year, it 
becomes difficult to forecast with any 
precision the future significance of, for 
example, the fast breeder option and other 
nuclear power options. Even the projected 
rate of growth of the more common reactor 
types in that period is uncertain. 

THE NUCLEAR FUEL CYCLE 

~~:rich'" 
~ ~ao,"m~~ 

Depleled 
uranium 

URANIUM MINING AND MILLING 

Uranium is widely distributed in nature and is 
found in concentrations that make it econo
mically feasible to mine. The recovery of 
uranium from ore with a concentration as low 
as 0,1 % uranium is viable. The typical pro
cess for the extraction of uranium consists of 
crushing and grinding of the ore followed by 
chemical leaching by sulphuric acid or an 
alkali-carbonate solution. 

The mîning and milling of uranium are not 
activities that would give rise to accidents 
with serious radiological consequences for the 
public or the environment. These facilities are 
viewed as conventional mining activities 
and are carried out in accordance with their 
specific regulations. However, the most 
serious problems associated with uranium 
mining in underground mines are those 
pertaining to the workers' health. The combi
ned effects of inhaled radon daughters and 
radioactive dust, as weIl as external gamma 
radiation are the main con cern; for this reason 
special attention is paid to radiation protection 
practices. The recently discovered high-grade 
ore bodies with uranium concentrations of up 
to 15% (as in Canada) require that remote 
mining methods be developed and that much 
more stringent radiation protection procedures 
be implemented. 
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URANIUM REFINING AND 
CONVERSION ro URANIUM 
HEXAFLUORIDE 

The end product from the first stage of the fuel 
cycle is called "yellow-cake", which consists 
of an impure uranium oxide compound (U3 08), 

Refining or purification processes are required 
to bring the uranium oxide compound to the 
desired purity before it is converted through a 
sequence of chemical forms to uranium 
hexafluoride (UF!;) or uranium metal. The 
uranium refining and conversion capacity in 
OECD countries is located primarily in 
Canada, France, the United Kingdom and the 
United States. 

The use of flammable reagents in industrial 
quantities is controlled to minimise the risk of 
fires and explosions that might cause un
controlled release of relatively large quantities 
of uranium. Special care is taken to avoid 
leaks during these conversion reactions and to 
avoid releases within the facility and to the 
environment. In many cases, the toxicity of 
the conventional chemicals that are used is 
more a concern than the radiological aspects of 
processing uranium. 

URANIUM ENRICHMENT 

Light-water reactors, which represent about 
90% of nuclear power reactors in operation, 
use enriched uranium as fuel , i.e. uranium in 
which the percentage of the fissile uranium 
isotope (U-235) has been increased from 0,7% 
(the natural concentration) to about 3,5% . 
Enrichment is based on a physical process by 
which lighter isotopes are separated from 
heavier ones (i.e. U-235 from U-238). The two 
common processes involve gaseous diffusion 
through membranes or centrifugaI acceleration 
in high-speed centrifuges. 

UF 6 gas passes through cascades of steps in the 
enrichment unit to reach the designed degree 
of enrichment in the U-235 component. Large 
enrichment plants based on the gaseous 
diffusion pro cess are located in France and in 
the United States. Centrifuge enrichment 
plants are found in Germany, Netherlands, 
Japan and the United Kingdom. 

Enrichment by diffusion or centrifugaI tech
niques has been demonstrated to be a safe and 
a reliable process, and no major radiological 
incidents have been reported. 

NEA NEWSLmER 
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New enrichment processes , su ch as the laser 
enrichment process and the chemical process, 
are at the pilot or demonstration stage. 

FUEL FABRICATION 

Nuclear power reactor fuel can be in the form 
of uranium metal, uranium oxide or a uranium
plutonium oxide called mixed oxide (MOX). 

With the closing down of old reactors , the 
production of uranium metal for gas-cooled 
and MAGNOX reactors is being phased out. 
Uranium oxide is used in the main thermal 
reactor programmes, and its production has 
reached industrial capacities of 8,800 tonnes 
heavy metal (THM) per year in OECD coun
tries. 

A great deal of experience has been gained 
with the conversion process for the fabrication 
of uranium oxide fuel, especially in France, 
Germany, Japan, the United Kingdom and the 
United States. The main hazard is associated 
with the use of corrosive, explosive and toxic 
chemicals that also become contaminated with 
enriched uranium . Sorne incidents have 
occurred, mainly involving the transfer of UF 6 

to the plant, but no major accidents with 
radiological consequences have been reported. 

In uranium oxide fuel fabrication plants, 
pro tection from releases of radioactive com
pounds is assured by dynamic barri ers such as 
ve ntilation hoods and engineered safety 
systems. 

Historically, the major development of MOX 
fuel came from the breeder reactor technology. 
Since that technology has not expanded at the 
expected rate, mainly for economical reasons, 
MOX fuel fabrication has been redirected from 
fast breeder reactors to light-water reactors. 
The safety measures to decrease the hazards 
associated with handling plutonium are very 
important in the process. The presence of 
plutonium constitutes the main radiological 
hazard related to MOX fuel fabrication. 

Th e facilities have at least two physical 
barriers separating the plutonium from the 
ambient environment: the first one being the 
glove boxes, the second one the containment 
building. In addition, workers are protected by 

a dynamic barrier consisting of ventilation 
systems with very high-efficiency particulate 
filters that confine potential releases within 
the facilities. 

SPENTFUELSTORAGE 

After the fuel has been irradiated in reactors, it 
is stored for one to three years in pools at the 
reactor site. The fuel is then transported to a 
reprocessing plant equipped with large storage 
ponds, such as La Hague (France) and 
Sellafield (United Kingdom), or to another 
facility to await further processing or disposal. 

The storage of spent fuel requires various 
protective measures , including shielding to 
han die the fuel , cooling to maintain the fuel at 
a given temperature , criticality control 
measures, and facilities for the control of water 
chemistry, decontamination and cleaning. 
From the safety point of view, dry storage has 
the advantage that a loss-of-cooling accident is 
impossible given adequate design and ope
ration. 

SPENT FUEL REPROCESSING . 

Currently existing or planned reprocessing 
plants use or envisage using a solvent
extraction process in which the mechanicaUy 
sheared fuel is dissolved in nitric acid. 
Industrial experience with fuel reprocessing 
has been gained in the last 30 years in 
Belgium, France, Germany, Japan and the 
United Kingdom. 

From the safety point of view, the dissolution 
of sheared spent fuel is not a high-risk ope
ration as long as suffir:ient care is taken to 
dissolve the sheared fuel at a slow pace. 
Criticality considerations play a major role in 
the design and the layout of equipment. With 
the use of higher enrichment fuels , coupled 
with increased burn-ups in the reactor, 
criticality becomes more important, and 
neutron absorbers are added to ensure safety in 
aU circumstances. The insoluble residues are 
very finely divided particles, and their high 
thermal output requires special attention 
during clarification and storage of the collec
ted residues. 
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The difference in plutonium content from 
0,6% in LWR fuel to a nominal 4,5% in LWR 
MOX fuel and 15 to 18% in FBR MOX fuel is 
the most important factor when designing 
reprocessing equipment. The higher pluto
nium concentration in MOX fuel calls for 
facilities with upgraded criticality controls and 
additional process control equipment able to 
detect abnormal dissolutions in order to avoid 
unexpected oxide accumulations. 

PLUTONIUM STORAGE 

Plutonium can be stored for various periods of 
time at different stages of the fuel cycle before 
it is passed to the fuel fabrication plant for 
incorporation into fresh fuel elements. The 
stored plutonium can take several forms. The 
liquid form requires very special precautions, 
since it pro duces hydrogen which must 
continuously be removed by ventilation in 
order to avoid production of explosive mix
tures. The storage of liquid plutonium in any 
one tank is intrinsically limited by tank volume 
for criticality reasons. 

The high-levelliquid wastes that are produced 
are normally concentrated by evaporation and 
stored for a number of years prior to 
vitrification. Radiolysis, sludge precipitation 
and heat dissipation are the most important 
phenomena occurring in the storage tanks. 
Forced ventilation, agitation or air sparging, 
multiple filtration systems, and redundant 
monitoring equipment for temperature, liquid 
level control and leak detection ensure long
term safety. 

TRANSPORT OF RADIOACI1VE 
MATERIALS 

The transportation of radioactive materials has 
become a major industrial activity which co
vers aIl the nuclear facilities from mining to 
final disposaI. 

Depending on the concentration and quantity 
of fissile materials and of radionuclides, the 
containers are mechanically more resistant and 
the regulatory precautions more stringent. For 
example, containers used to ship spent fuel or 
waste canisters have been designed to 
withstand a train crash. A demonstration test 

carried out in the United Kingdom has shown 
that this type of container is fully resistant to 
such crashes. Special safety and security 
precautions are taken when plutonium is 
transported either "as plutonium oxide, mixed 
oxide or MOX fuel elements. These 
precautions are exceptional when plutonium 
is transported from one continent to another, 
e.g. from Japan to Europe. 

In addition to national regulations , there are 
also regulations for the safe transport of 
radioactive materials defined by the Inter
national Atomic Energy Agency guidelines , 
which are applicable to aIl countries and have 
to be strictly observed. 

DECOMMISSIONING 

AlI industrial plants have a useful lifetime at 
the end of which they are decommissioned; 
this lifetime is determined by economic , 
technical and safety factors. In the case of 
nuclear fuel cycle plants, decommissioning is 
considered at the design stage, when provi
sions are made to facilitate both deconta
mination and dismantling. 

CONCLUSION 

As in other industrial areas, incidents and 
accidents have occurred in the nuclear fuel 
cycle despite aIl the technical and procedural 
precautions. Roughly, these incidents may be 
grouped into the following basic types: 
criticality incidents, releases of UF 6' fires and 
exothermic reactions, leakage of radioactive 
material, contamination and loss of power 
supply. 

In OECD countries, these abnormal events are 
reported by the plant operator to the 
authorities. Great care is taken to collect this 
information for the purpose of improving 
safety in the facilities and for informing the 
public and scientific bodies. Since even minor 
events are reported and collected in most 
countries, the public sometimes gets the 
impression that the nuclear industry is 
plagued by large, never-ending series of 
troubles and incidents. Certainly, abnormal 
events have occurred and will also occur in 
the future, but, compared to other industrial 
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As the quantity and concentration of radioactive material increase, the regulatory requirements cancerning the strenght of transport 
containers become more stringent. 

sectors, the safety record of all stages of the 
commercial nuclear fuel cycle is impressively 
good. 

As an example, since the inception of the 
nuclear industry in 1942, only eight criticality 
incidents [which led to two deaths , five severe 
radiation exposures and eleven significant 
radiation exposures) associated with fuel 
plants have been reported throughout the 
world. Such a small number demonstrates the 
extreme care taken in both the design and the 
detailed operational procedures of fuel faci
lities. 

Technical safety assessments are concerned 
primarily with radiological safety. This in
cludes the radioactive contamination risk to 
man and his environment, and the analysis of 
the measures for abnormal occurrences such as 
criticality accidents , explosions or plant faults. 
The man-machine interface is another impor
tant aspect of safety management which needs 
more attention. 

Finally the assessment of accident conse
quences is also essential to any safety analysis, 
since this aspect is directly connected to the 

public 's perception of abnormal events. To 
allow better comparison of incidents and to 
improve the information of the public, severity 
scales have been established in sorne countries 
for the evaluation and reporting of incidents. 

The Nuclear Energy Agency is currently 
implementing a system of notification and 
analysis of incidents which have occurred in 
nuclear fuel facilities. The main objective of 
this system is to collect and disseminate any 
relevant information concerning events of 
safety significance and to feed back the appro
priate conclusions, with a view to sharing 
experience and enhancing the safety of nuclear 
fuel cycle facilities . 

The very good safety record of the ci vilian 
nuclear fuel cycle facilities in OECD countries 
is praof of the adequacy of the current re
gulatory practices. The steady decrease in 
personnel irradiation doses and effluent 
discharges into the surface waters and the air 
is an illustration of the continued impro
vement in the operation of the facilities and of 
the reduction of the radiological impact of 
the nuclear fuel cycle on humans and D 
the environment. 
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Emergency exercises provide an effective means to identify deficiencies in emergency plans and 
procedures. In an exercise, deficiencies stand out more clearly th an in any critical review of 
emergency provisions. Moreover, exercises are important to test new equipment, methods and 

procedures, and to enhance interfaces in the emergency organisation. Finally, organisations that are 
not normally associated with each other in their day-to-day work can, in the context of such 
exercises, establish closer personal contacts , which in many instances can be of paramount 
importance for a successful emergency response. Periodic execution of exercises is therefore 
considered an integral part of the overall regulatory requirement for nuclear installations. 

~ demonstrated in Europe 
~ during the response to 
~ the Chernobyl accident. 
;. Such experience shows 
~ that modern 8mergency 
- management must not 
~ only address domestic 

When the impact of a • 
nuclear accident affects 
more th an one country, 
particular problems in 
applying emergency 
response plans and 
procedures may be 
experi ence d, due to 
differences in the orga
nisational set-up, inter
vention criteria, etc., as 
well as to different pu
blic information poli
cies. This was certainly Plotting radiation levels during an emergency exercise. 

problems but be flexible 
enough to address the 
en tire spectrum of ac
cidents that could have 
an impact beyond the 
fa ci lit y or the country 
in question. 

For the above reasons , the NEA Committee on Radiation Protection and Public Health took the 
initiative to promote international co-operation on off-site emergency exercises and established a 
programme of work intended to overcome sorne of the problems in this field. The committee 
thought that the first action was to encourage the exchange of information on practices and 
experience related to emergency exercises. The committee also agreed that an effort should be made 
to arrange international emergency exercises. The purpose of international exercises would be to 
improve the co-ordination of emergency response systems and to seek consensus on approaches to 
the management of nuclear emergencies at an international level. Sharing experience and co
ordinating arrangements in this field are not only desirable but are essential if emergency responses 
to large nuclear accidents causing transborder consequences are to be successful. 

ORGANISATION OF EMERGENCY 
EXERCISES 

As indicated above, emergency exercises form 
an integral part of the emergency arrangements 
in OECD countries. In the wake of the 
Chernobyl accident, most countries revised 
their emergency plans and procedures to take 
into account the experience gained and lessons 
learnt. AIso , new international conventions 
and guidance in this area have been issued and 
have had an influence on these arrangements. 
Emergency exercises are key elements in 
testing the interplay between plans and proce
dures and in identifying deficiencies. Figure 1 
illustrates this interplay. 

MR . CHR ISTER VIKTORSSON IS A MEMBER OF THE NEA 
RADIATION PROTECTION AND WASTE MANAGEMENT 
DIVISION. 

Emergency exercises are carr ied out with 
various levels of partici pation, from utility 
exercises to test the operation of the on-site 

FIGURE 1. EXERCISES ARE KEY ELEMENTS 
OF EMERGENCY MANAGEMENT 
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arrangements to large national exercises invol
ving the entire chain of organisations with 
responsibilities in a nuclear emergency. 

To test various aspects of emergency provi
sions ' different types of exercises are used. 
Experience shows that policy aspects are 
favorably developed and tested in so-called 
tabletop exercises, operating procedures in 
command-post exercises, while actual operations 
need to be effectively tested in field exercises. 

The resourees and time devoted to the conduct 
of emergency exercise planning and scenario 
development will be, by far, the most useful ef
fort prior to the exercise. Inadequate planning 
willlead to an unsatisfactory and unsuccessful 
exercise. Experience has also shown that the 
exercise objectives have to be clearly defined 
and realistic. The objectives provide both the 
basis for developing the scenario and a means 
for evaluating the response by the emergency 
organisation. The more specific the objectives 
are, the easier it will be to determine whether 
the objectives were met or not. The objectives 
must also be as realistic as possible to avoid 
the exercise being dismissed as agame. 

Management support and attention to the 
planning of an exercise is perhaps the single 

most important aspect affecting its success. A 
significant error constantly repeated in 
exercises is the desire of managers to "micro
manage" rather than delegate tasks to their 
subordinate staff. This may lead to a lack of 
timely decision-making just at the point where 
it is most needed. 

COMMUNICATION AND 
PARTICIPATION ISSUES 

Communications are another key issue in 
emergency exercises. This includes technical 
problems related to the use of language and 
terminology, communication system malfunc
tions, including equipment incompatibilities, 
and communication problems due to lack of 
clarity coneerning responsibilities within the 
emergency organisation. These types of 
problems appear in almost all exercises and 
will certainly constitute a key issue in a real 
emergency. 

As sorne countries have not fully integrated 
the international system of units in their 
vocabulary, the units will almost certainly 
cause a problem in exercises, whether national 
or international. Drills should be used to test 

~ 

More th an 5000 persans per day can be tested in the railway car for expasure ta radiaactivity, while 400 persans per day can be tested 
in the Master Gamma Renault minicar. 
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Inside view Of the railway car of the French Central Service for Protection Against Ionizing Radiation fit ted with radioactivity body
counting equipment. 

sorne of these aspects in advance. AIso , for the 
sake of realism, the telecommunication 
systems used during the exercise should be the 
same as those to be used during a real emer
gency. 

Certain exercise objectives, for example those 
relating to protective actions, can only be fully 
achieved with the participation of the public. 
Considering the potential problems of in
volving the real public in an exercise, very 
little experience exists. What is done in sorne 
countries is to use the participation of school 
children to represent the public in exercising 
evacuation procedures. 

To compensate for the lack of public partici
pation, it would be useful to study the wealth 
of experience related to real non-radiological 
emergencies. In the United States, for example, 
as many as 90 emergency evacuations are 
carried out annually. 

The efficiency of the emergency information 
function largely determines the success of an 
emergency response. In addition to public 
information offi ce rs, the testing of this 
function would require the participation of the 

media. It seems to be the experience of many 
countries that it is difficult to interest the 
media to play a role in an exercise; if invol
ved, they tend to treat the exercise itself as a 
news story, and there is a good chance that 
sorne of them will try to sensationalise certain 
aspects of the exercise. To meet the objectives, 
it seems preferable to use journalist students or 
media consultants to represent the media. The 
drawback is that these surrogate measures 
cannot provide the same intensity and 
pressure that would exist in a real emergency. 

INTERNATIONAL EMERGENCY 
EXERCISES AND THE NEA'S PLANS 

The Chernobyl accident, apart from being the 
largest nuclear accident experienced so far, 
focused attention on the fact that radioactive 
contamination may travel long distances , 
without respecting national borders. This 
emphasized the importance of international 
arrangements on information exchange and 
assistance , as weil as co-ordination of emer
gency provisions in general within the inter
national community. 
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The two main conventions in this area, es
tabl ished by the IAEA after the Chernobyl 
acc ide nt , are being tested as part of the 
exercise programme of the IAEA Emergency 
Response System. Tests are also carried out 
within the European Community Urgent 
Radiological Information Exchange System, 
ECURIE . These tests normally involve a 
number of countries on a voluntary basis. 
Emergency exercises of a broader scope are 
ca rri ed out on a bilateral basis between 
countries having a nuclear installation situated 
close to a common border. Examples of coun
tries that have carri ed out bilateral exercises 
are Sweden-Denmark, Germany-Switzerland 
and United States-Canada. 

The initiative by the NEA to arrange inter
national exercises aims to contribute to im
proved coordination of emergency response 
sys tems on a regional scale, and to help in 
seeking cons ensus on approaches to the 
management of nuclear emergencies on an 
internationallevel. A plan for the arrangement 
of such exercises is presently being discussed 
within the Committee on Radiation Protection 
and Public Health. 

The objectives of the exercises would 
concentrate on aspects which would greatly 
benefit from international co-operation . 
Notification and communication of emergency 
information, intervention levels for protective 
actions , radiological aspects of international 
trade , and public information policies are 
examples of issues that are going to be dealt 
with in these exercises. 

In the first planned exercise , NEA countries 
will be called on to respond to a particular 
scenario using their own emergency plans and 
procedures. After having developed their 
responses , which should be done at a small 
tabletop level without interaction with other 
countries , the participants would come 
together to an international meeting to discuss 
their respective pruposed actions. The nec es
sary interfaces between each country's emer
gency response plans and procedures will be 
identified and any inadequacies pointed out. 

This first exercise , to be held in 1993, will 
concentrate on policy aspects. The operational 
aspects of nuclear emergency measures D 
will be addressed in future exercises. 

'/ 

Environmental sampling constitutes an important camponent of field exercises 

BEAUMON1 1 
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A
lthOUgh ther~ are m.any uncertainties about the future, one fact is clear. World electrical 
energy ~se wIll contmue .to grow ov~r the next several decades to meet the needs of a rising 
popu.latlOn and to sustam economlC growth. Although presently controversial, nuclear 

power remams one ?f t~e most en,~ironmen~ally clean sources ~f electricity available. Accordingly, 
even thoug.h many walt-and-s.ee moratoflums are currently m place, most nations nevertheless 
fa~o~ keepmg the .nuclear optlOn open - and particularly, keeping open the option to operate 
eXlstmg plants unhl such a hme as cleaner and safer sources of electricity generation are developed 
and put in place. 

THE NEED FOR AN INTERNATIONAL 
FRAMEWORK 

With 423 nuclear power plants already con
nected to the world's power grids in 1991 , the 
notion of "keeping the nuclear option open" 
implies another clear conclusion. Namely, 
from now and throughout the next couple of 
decades, far more decisions will be taken on 
whether or not to extend the life of a nuclear 
plant than decisions on high-Ievel waste 
repositories or new plant orders . Clearly, 
nuclear plant ageing and life management 
issues are coming to the fore front. 

Due to both the scale and complexity of the 
machine involved, the ageing of plant com
ponents, systems, and structures will present a 
unique challenge to the industry, regulatory 
authorities, and energy policy-makers. 
Therefore, efforts are under way in essentially 
every nuclear nation, by both government and 
industry, to identify ageing mechanisms and to 
evaluate the corresponding solutions. These 
programmes fall un der a variety of headings 
su ch as Plant Life Extension (PLEX), Nuclear 
Plant Ageing Research (NPAR), and Plant Life 
Management (PLIM). 

Experience with ageing and life management 
is also building internationally - but it is 
building at uneven rates. Certain nations with 
the least amount of experience will be facing 
plant life decisions in the same time frame as 
their most experienced neighbors, if not sooner. 
An efficient mechanism is clearly needed to 
facilitate the exchange of experience between 
the concerned organisations in the different 
countries. International conferences and 
symposia are one type of mechanism for 
technical exchange - but they have their 
limitations. By their very nature, conferences 

ME. JAMES K. ]OOSTEN IS A MEMBER OF THE NEA NUCLEAR 
DEVELOPMENT DIVISION. 

tend to focus on current issues. What is needed 
is an international mechanism for resolving 
PLEX and PLIM issues before they raise 
problems requiring urgent decision. 

International organisations can also assist in 
technical exchanges between nations and 
concerned organisations by forming working 
groups of experts to address such issues before 
a serious problem develops. 

ln the end, we are forced to admit that in spite 
of 6000+ reactor-years of experience and 
countless technical exchanges, many national 
and international plant ageing and life 
management activities still remain piecemeal 
and largely independent of one another. 
Significant duplication of effort exists from 
country to country and there are a great many 
areas where increased collaboration and 
exchange of experience would be beneficial. 

SAFETY AND ECONOMICS -
THE RESPECTIVE ROLES OF THE IAEA 
ANDNEA 

Both the OECD Nuclear Energy Agency (NEA) 
and the International Atomic Energy Agency 
(IAEA) have worked for sorne time on 
questions relating to plant life and component 
ageing. Given the many aspects to be ad
dressed, a division of responsibilities had to 
be established at an early stage between the 
two agencies so as to facilitate collaboration 
and avoid duplication. With its basis in the 
Organisation for Economic Co-operation and 
Development, it was natural for the NEA to be 
assigned the lead in the economic aspects of 
plant life management. The IAEA in turn , 
began several studies relating to the safety 
aspects of plant ageing. 

Clearly, safety must be the primary concern for 
a regulatory authority involved in plant ageing 
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issues. On the other hand, the decision on 
whether or not to extend the life of a nuclear 
power plant rests with the owner, not the 
regulator - and that decision depends on 
economics. Of course, the owner must meet 
certain safety criteria to operate the plant, but 
the bottom line on whether or not to attempt to 
meet those safety criteria is an economic one. 

From a political perspective, the division of 
responsibilities was also justified. There are 
many conferences, technical exchanges, and 
independent national programmes already 
under way. What is needed is a way to more 
systematically pull it aIl together and to iden
tify possible joint projects and areas for col
laboration. 

Because the industrialised countries which 
make up the OECD are closely linked by their 
similar economic and other interests, they 
often prefer to reach international consensus 
first within the NEA before addressing the 
issues on a wider but less homogenous world 
scale. The commonality of OECD interests and 
working methods therefore led to the setting
up in 1990, within the NEA, of an interna
tional expert group on plant life management 
for the purpose of achieving a more systematic 
and higher level of collaboration on these 
issues. The Group brings together approxi
mately 30 indus trial, governmental, and inter
national organisations from 15 countries. 

THE NEA EXPERT GROUP ON PLANT 
LIFE MANAGEMENT 

Plant lifetimes on the order of 70 years are 
believed to be technically feasible and about 
a dozen plants already have operated for 
30 years. N everthe less, experience also 
indicates that 10% of the world's reactors have 
been permanently retired with an average 
lifetime of just 14 years. This observation led 
to concerns that many owners might retire 
their plants prematurely, not because of 
technical constraints but because of une er
tainties related to economics, changing safety 
requirements, and public acceptance. A first 
task of the NEA PLIM Group was therefore to 
assist the various national government and 
industry programmes in systematically 
reducing the uncertainties associated with 
long-term operation and life extension of nu
clear power plants. Specifically, the objectives 
of the Expert Group would be to: 
1) Jointly identify the important elements of 

the plant ageing, life extension, and life 
management decision-making processes 
(e.g. Figure 1): 

2) Identify the nature of information (safety, 
technical, and economic) which will be 
needed to support these elements of the deci
sion-making process and to reduce decision
making uncertainties to an acceptable level; 
and 

FIeURE 1. PLANT LIFE MANAGEMENT DECISION-MAKING PROCESS 
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3) Identify existing or needed sources of infor
mation (national or international, govern
mental or industrial), as weIl as assess the 
feasibility of obtaining that information. 

One of the expected results of the teamwork 
within the expert group is the development of 
an international framework to help co-ordinate 
the various national programmes on plant 
ageing and life management. 

CURRENTSTATUS 

The NEA Expert Group on Plant Life Manage
ment has received considerable interest and 
support since its inception. Two phases of 
work are currentl y envisioned. In the first 
phase, the existing PLEX, Life Assurance, and 
Life Management programmes in the partici
pating nations will be identified, and a "state
of-the-art" report on plant life management 
programmes will be prepared. 

This report, which will be established by sys
tematically gathering information on national 
programmes, willlay out the results of an inter
national survey and identify the important 
elements of the decision-making process , 
information requirements , and organisations 
developing that information on a country-by
country basis. The following topics will be 
addressed: qualified equipment and spare 
parts; regulatory processes (safety and econo
mie); qualified manpower; cost/benefit analysis 
methodologies; critical components, systems, 
and structures; ageing management programmes 

Replacing a steam generator at the Dampierre nuc/ear plant, in Fronce. 

(identification of ageing mechanisms, lifetime 
prediction, monitoring of ageing [inspections, 
testing, analysisl and monitoring of lifetimes 
[usage factors , acceptance criteria, etc.]); 
emerging issues and concerns; and public 
acceptance issues. 

In the second phase, the experts will analyse 
the programmes from a more global perspec
tive, and identify links between programmes 
and gaps in knowledge. Phase II will aim at 
identifying an overall framework under which 
the relationship of the various national pro
grammes can be seen. The group will then 
form conclusions and recomm endations 
concerning information requirements, the need 
for increased collaboration, special assistance, 
joint projects , etc. It is intended that the 
ageing programmes, concerns, organisations, 
etc. wou ld be updated on a period ic bas is. 
The NEA PLIM programme will also take into 
account the ongoing NEA study on "Qualified 
Manpower" and the upcoming NEA seminar 
on qualified equipment and manpower, which 
is scheduled for December 2-4 , 1992, in Paris. 

THE NEED FOR INTERNATIONAL 
STANDARD AGEING TERMINOLOGY 

One side issue that has arisen as a result of the 
first NEA PLIM meeting was the recognition of 
the need to reconcile the wide variance of 
terminology and definitions used to describe 
plant ageing and life management. Clearly, 
NPP owners, operators, and regulators should 
have a reasonably consistent understanding of 
"obsolescence" in order to be understood by 
the public. But even beyond this, a common 
standard terminology is important for effective 
co-ordination, collaboration, and the exchange 
of ageing experience. 

The NEA is therefore in the process of es ta
blishing another small working group , in co
ordination with the Commission of European 
Communities (CEC) and the IAEA, to resolve 
this issue . As a starting point , the group 
would rely upon the work already done in this 
field by the Edison Power Research Institute 
(EPRI) in the USA, the World Energy Council 
(WECJ, and others. In addition to a multi
lingual glossary of terms (English , French, 
Spanish, German, Russian, and ChineseJ, an 
explanation of the underlying concepts D 
will also be developed. 



RADIOACTIVE WASTE AS AN OBJECT OF ARTl 
J. de la Ferté 

What is to be done with radioactive waste is a subject of serious concern to the public and 
stimulates constant discussion in which emotional arguments clash with the scientific and 
technical claims of the experts. Naturally, ever-more explanations can be given about the 

waste itself, its source and toxicity, and the length of time over which sorne of the waste will 
constitute a hazard to man and the environment. It can also be explained that it is just and necessary 
to manage and dispose of the waste produced by society, whatever that society's attitude towards 
the indus trial activity which generated the waste in question. But at the end of the day, the problem 
remains one of confidence in the experts responsible for designing the methods and techniqùes 
needed to perform the task. 
The Austrian painter Anton Lehmden, one of the masters of the Viennese school of fantastic realism, 
made an original contribution to solving this problem by suggesting that radioactive waste be 
integrated into the environment: waste would be stored in the heart of familiar man-made forms 
alongside which man could live daily without risk. 
Lehmden therefore conceived of egg-shaped structures, with a two to three-metre thick shell in 
stainless steel and concrete, lined with lead, designed to store radioactive waste. 
These structures bear sorne resemblance to the far-off planets photographed by the first space probes 
launched by the United States. However, the painter found his source of inspiration not in space 
but rather in the massive blocks of granite released during the ice age, which can still be found 
today scattered throughout the thick forests of north-east Austria bordering on the Czechoslovak 
border. 
Lehmden's idea - which attracted the attention of the Austrian Seibersdorf Research CentreZ - is 
that these "eggs " , measuring between 13 and 17 metres high and 21 and 25 metres long, would rest 
on a thick layer of gravel and sand, thus protecting them from earthquakes. The "eggs " , which 
would blend in naturally with the landscape, would provide sizeable storage space for waste over 
fairly long periods , with access to the waste remaining possible at any time to verify its condition or 
to transfer it to a final repository. 
Whatever fate the experts hold in store for this project, such an original attempt to reconcile the 
needs of an industrial society with protection of the environment, and this vision of the relationship 
between man and nature, must be welcomed. 

Prof essor Lehmden, an Austrian anist, introduces his original concept of egg-shaped containers for the storage of 
radioactive waste. 
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1. See the cover page of this issue. The editorial staff would like to thank the magazine L'Autriche présente which is 
the source of this note, as well as Professor Lehmden and the Seibersdorf Research Centre. 
Z. This centre analyses radioactive waste samples from throughout the world on behalf of the International Atomic 
Energy Agency. It also serves as a temporary st orage facility for Austria's radioactive waste. 

MR. ~UES DE LA FERTÉ IS HEAD OF EXTERNAL RELATIONS AND PUBLIC AFFAIRS AT THE NEA. 
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ISOE - AN INTERNATIONAL 
INFORMATION SYSTEM ON 
OCCUPATIONALEXPOSURE 

T
he NEA launched in 1988 the idea of 
creating an international system for 
information exchange in the field of 

occupational radiation exposure. The system 
would make it possible to combine the 
experience gained in nuclear power plant 
operation in the various OECD countries in 
order to promote improvements in operational 
dose management and optimisation of 
radiation protection. This idea, which was 
approved by the NEA Committee on Radiation 
Protection and Public Health, led to the official 
launching of the ISOE system on the occasion 
of the first meeting of its Steering Group, on 18 
November 1991 in Paris. 

The primary objective of the ISOE is to make 
available to its participants a computerised 
tool to accelerate the dissemination of oper
ational experience in radiation protection of 
workers, and to facilitate the exchange of 
information between utilities on specifie 
dosimetric problems and new maintenance 
operations with which they are confronted. 

All types of power reactors operating in OECD 
countries will be included in the ISOE (PWR, 
BWR, GCR and Candu). The information in 
the system will concern the following three 
databases, defined as NEA1, NEA2 and NEA3: 

NEA 1: Various performance indicators of 
special interest to radiation protection, such as 
collective dose, individual dose distribution 
and job-related doses; this information will be 
updated annually. 

NEA 2: Information about methods and 
techniques used for effective dose control , 
such as information about materials used in 
specifie components , chemical specifications 
for process water, and procedures for training 
and work planning; this type of information, 
which varies little from one year to another, 
will be updated in case of changes. 

NEA 3: Brief descriptions of specifie opera
tions and radiation protection problems; this 
database, which will also contain information 
about contact persons al the nuclear power 
plants, will be continuously updated and will 
represent onr. of the main interests of the 
system. 

The technical operation of the ISOE will be 
carried out by three technical regional centres, 
one in North America, one in Europe and one 
in ]apan. 

The initial participants in the system include 
operators and regulatory authorities from 
Belgium, Canada, Finland, France, Germany, 
]apan, Italy, Spain, the United Kingdom, the 
Netherlands, and Sweden. 

Many utilities and the regulatory authority of 
the United States have expressed interest in 
the project and are expected to join in the near 
future. The International Atomic Energy 
Agency (IAEA) and the Commission of the 
European Communities (CEC) are also parti
cipants. A special co-operation agreement has 
been prepared with the CEC, which already 
runs a system of data collection on job-related 
doses , allowing complete information exchange 
between the common parts of the two systems. 

SCHEME OF ISOE 

HUMAN FACfORS 

One of the are as of interest to the NEA Com
mittee on the Safety of Nuclear Installations is 
the study and improvemenl of human 
behaviour related to the operation of nuclear 
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Control room of reprocessing plant. 

power plants. The Committee's task force on 
human factors completed in 1991 a report 
entitled "International Practices for Analysing, 
Regulating and Improving Human Performance 
of Maintenance Activities at Nuclear Power 
Plants". This report, which should serve as a 
reference document on the management of 
maintenance outages and on shutdown ope
rations , identified several recurring themes 
among the participating countries, including: 

• despite the existence of administrative me
thods for transmitting work orders, problems 
remain with the accuracy of verbal communi
cations and consistency in completing the 
documentation after maintenance activities; 

• high rates of incidents involving hum an 
factors are related to poorly prepared work 
activities; 

• no immediate changes are foreseen in the 
practices of the responding countries with 
regard to human factors in maintenance 
activities or in the regulations governing them; 

• few countries have regulations governing 
the selection and training of maintenance 
personnel; 

• topies proposed for future work include the 
tendency of skilled maintenance personnel to 
rely more on experience than on procedures to 
perform their tasks, and the appropriate 
training of subcontractor personnel. 

The task force is currently studying the subject 
of "Management of Maintenance Outages 
and Shutdowns", which involves, inter alia, 

~ 
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describing key issues and topies that relate to 
utility maintenance outages in each country, 
and analysing events that illustrate important 
improvement activities. 

FIRST MEETING OF TIIE NUCLEAR 
SCIENCE COMMfITEE 

The NEA Nuclear Science Committee (NSCJ, 
formaUy created in October 1991 to take over 
the responsibilities of the former Nuclear Data, 
Reactor Physics, and Data Bank Committees, 
held its inaugural meeting on December 18-19, 
1991. 

While the new committee will maintain 
continuity in the scientific servie es of the Data 
Bank, and in the tasks of the previous com
mittees, the scope of its activities has been 
extended to cover other scientific questions 
related to nuclear technology. 

The new committee will co-ordinate aU NEA 
activities in the field of nuclear science and 
respond closely to the developing scientific 
requirements of the nuclear community. In 
line with this objective, one of the first tasks 
undertaken at the meeting was to draw up a 
medium-term programme of work, extending 
to 1995, which includes the study of physics 
aspects of the evolutionary development of 
present reactor types, studies for advanced 
reactor types expected in the next century, and 
horizontal issues related to environmental and 
other general energy considerations. 
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Following the election of the committee's 
officers, four working parties were established 
to oversee the committee's activities related to 
nuclear data requirements, international co
operation on data evaluations, advanced com
puting for nuclear applications, and review of 
on-line monitoring technology. The committee 
then endorsed a programme of specialist 
meetings and conferences for 1992-94. 

The next meeting of the Nuclear Science 
Committee is scheduled for early June 1992. 

REVISION OF TIIE VIENNA 
CONVENTION 

The NEA Group of Governmental Experts on 
Third Party Liability in the Field of Nuclear 
Energy is participating actively in the revision 
of the 1963 Vienna Convention on Civil Lia
bility for Nuclear Damage, currently being 
negotiated in an IAEA Standing Committee. 

The Vienna Convention represents the 
adoption on a globallevel of principles already 
included in the Paris Convention on Third 
Party Liability in the Field of Nuclear Energy, 
which was concluded in 1960 under the 
auspices of the NEA (then the ENEA), and 
which has only European parties. While the 
Paris Convention was revised in 1964 and 
1982, however, the present exercise is the first 
revision of the Vienna Convention undertaken 
since its conclusion. 

In part, the active contribution of NEA coun
tries is a consequence of thei r combined 
experience and expertise in the field. lt is also 
made essential by the existence of the 1988 
Joint Protocol which links the Paris and 
Vienna Conventions by extending the benefit 
of each Convention to the Parties to the other, 
thus requiring a considerable degree of har
monisation between their provisions. 

A number of proposed amendments to the 
Vienna Convention have obtained general 
support. On others, however, delegations are 
still far from consensus. The most contro
versial include the proposed introduction of 
provisions making the State in which an 
installation is located liable for accidents as 
well as the operator of the installation, and the 
question whether compensation claims by 
victims of a nuclear accident should be judged 

by national courts or by an international 
commission. The IAEA Standing Committee is 
also attempting to draw up a scheme to pro
vide supplementary fun ding for compensation 
claims, beyond that available under the Paris 
or Vienna Conventions , but there are still 
fundamental differences of opinion as to the 
form such a system should take. 

NEW GENERAL-INTEREST 
PUBLICATIONS 

As part of its efforts to make the results of its 
work more accessible to a non-specialist 
audience, the NEA has undertaken to pro duce 
a series of general-interest reports on specific 
aspects of nuclear energy. Following the 
publication of a first general review in 1989, 
entitled Nuclear Energy in Perspective, two 
other reports have been prepared and will be 
published in mid-1992. 

The first publication will focus on the Eco
nomie and Technical Aspects of Nuclear 
Energy. It will present an overview of the 
current expert consensus on the status of 
nuclear power technology and its economic 
position. In addressing the question of what 
nuclear power can and may be expected to 
offer the world 's energy and environ mental 
policy-makers during the next decade, the 
report will cover are as such as the potential 
demand for nuclear energy, its economic 
competitivity, as weIl as the relevant aspects of 
reactor performance and future technological 
developments. 

The second report, tentatively entitled Achie
ving Nuclear Safety, will review the significant 
efforts that have been made in recent years to 
enhance the safe design and operation of 
nuclear reactors in OECD countries. It will 
show how these efforts, which in large part 
have taken place within various programmes 
of international co-operation, have led to a 
more coherent and consistent approach to 
safety, which in turn has gone a long way to 
minimising the risk of major accidents with 
the operation of today's reactors. 

In publishing these two reports, the NEA hop es 
to provide a useful contribution to the ongoing 
scientific and political debate on how to meet 
the world 's growing demand for energy in 
order to achieve sustainable economic D 
growth. 



NEW NEA PUBLICATIONS 

Licensing Systems and Inspection on Nuclear 
Installations 

This revised and updated study provides a 
description of the nuclear licensing regulations 
and practices applied in OECD countries with 
specific provisions in that field. The national 
systems have been described according to a 
standard fo rmat to faci litate comparisons and 
research. In most cases, the descriptions are 
supplemented by flow charts illustrating the 
procedures and specify ing the diffe rent 
authorities involved. 

The study covers twenty OECD countries : 
Austria, Belgium, Canada, Denmark, Finland , 
France, Germany, Greece, Italy, ]apan, 
Luxembourg, Netherlands, Norway, Portugal, 
Spain, Sweden, Switzerland , Turkey, United 
Kingdom, United States. 

144 pages 
ISBN 92 64-13574-X 
E2 8 FF200 US$50 DM82 

Safety Assessment of Radioactive Waste 
Repositories: Systematic Approaches to 
Scenario Development 

The ana lysis of the long-term safety of 
radioactive waste disposai systems requires 
the use of mathematical models and scenarios 
that simulate repository behaviour in response 
to future events . This report describes the 
approaches that have been developed in order 
to systematically identify the events and 
processes likely to affect this behaviour, and to 
construct and select representative scenarios 
for consideration in long-term safety studies. 

76 pages 
ISBN 92 64-13605-3 
E21 FF150 US$38 DM62 

Living Probabilistic Safety Assessment for 
Nuclear Power Plant Safety Management 

Recent developments in Probabilistic Safety 
Assessment (PSA) techniques have demons
trated their importance both in verifying the 
level of safety in nuclear power plants and in 
identifying any potential weak points. 

One PSA application, which consists of the 
evaluation of the relative effect of changes in 
the plant's reference safety measures, appears 

to yield the most promising results. However, 
it must be ensured that such changes are 
incorporated into the plant 's reference mode!. 
A PSA thus produced, reflecting the CUITent plant 
configuration, is referred to as a "living" PSA. 

This report presents the charac teristics, the 
current status and the elements of existing 
Living PSA programmes in OECD countries 
and focuses on the long-term role of utilities in 
maintaining the "living" nature of PSAs and in 
applying them. 

81 pages 
ISBN 92 64-13611-8 
E17 FF120 US$31 DM50 

Nuclear Law Bulletin W 49 

100 pages 
ISSN 0304-341X 
FF170 Subscription for one year 
[2 issues and supplements] 

FREE ON REQUEST 

NEA Newsletter, Fall1991, Vo!. 9, No. 2 

Catalogue ofNEA Publications, July 1992 

The International Hydrocoin Project 
Level 3: Uncertainty and Sensitivity Analysis 

NEA Issue Brief, ]anuary 1992 , No. 8 

Probabilistic Safety Assessment: 
An Analytical Tool for Assessing Nuclear Safety 

The International Probabilistic System 
Assessment Group - Background and Results 
(English text only) 
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P.O. Box 1658. Kwang Hwa Moon 
Seou l Te l. 730.78.9 1 

Malaysia - Malaisie 
Co-opcrat ivc Bookshop Lld. 
University of Malaya 
P.O. Box 11 27. Jalan Panlai Baru 
59700 Kuala Lumpur 

Telefax : 735.00.30 

Malaysia Tel. 756.5000/756.5425 

Netherlands - Pays-Has 
SDU Ui lgeverij 
Christoffe l Plalllijnstraat 2 
Poslbus 20014 
2500 EA 's-Grave nhage 
Voor bcstellingen: 

Telefax : 757.366 1 

Te l. (070 3) 78.99.11 
Tel. (070 3) 78.98.80 

Telefax: (070 3) 47.63.5 1 

New Zealand - Nouvelle-Zélande 
GP Publications Ud. 
Customer Services 
33 The Esplanade - P.O. Box 38-900 
Petone. Wellington Tel. (04) 5685.555 

orway - Norvège 
Narvesen Info Center - NIC 
Ben rand Narvesens vei 2 
P.O. Box 6 125 Etterstad 
0602 Oslo 6 

Pakistan 
Mina Book Agency 
65 Shahrah Quaid-E-Azam 

Telefax : (04) 5685.333 

Tel. (02) 57.33.00 
Telefa x: (02) 68.19.01 

Lahore 3 Te l. 66.839 
Telex: 44886 UB L PK . Artn: MI RZA BK 

Portugal 
Livraria Ponug.d 
Rua do Carmo 70-74 
Apart. 268 1 
1 117 Lisboa Codex 

Singapore - Singapour 
Information Publications Pte. Lld. 
Pei -Fu Industrial Building 

Te l. : (0 1) 347.49.82/3/4/5 
Telefax: (01 ) 347.02.64 

24 New Industrial Road No. 02-06 
Singapore 1953 Tel. 283. 17861283 .1798 

~~~~-P;e~~P~it~o~ S.A. 
Caste ll6 37. Apartado 1223 
Madrid 2800 1 

Telelax : 284.8875 

Tel. (9 1) 431.33.99 
Telefax : (9 1) 575.39.98 

Libreria Internacional AEDOS 
Consejo de Ciento 39 1 
08009 - Barcelona 

L1ibreria de la Genera li lat 
Palau Moja 
Rambla dels Estudis, 118 

Tel. (93) 488.34.92 
Telefax: (93) 487.76.59 

08002 - Barcelona Tel. (93) 3 18.80.12 (Subscri pc ions) 
(93) 302.67.23 (Publicacions) 

Telefax : (93) 4 12. 18.54 

Sri Lanka 
Centre for Policy Research 
cIo Colombo Agencies Lld. 
No. 300-304. Galle Road 
Colombo 3 Te l. ( 1) 574240. 57355 1-2 

Telefax: ( 1) 575394. 5 1071 1 

Sweden - Suède 
Fritzes Fackboksfôretaget 
Box 16356 

~ofe~~n§~~~~~I~; Tel. (08) 23 .89.00 
Telefax : (08) 20.50.2 1 

Subscription Açency/Abonnemcnts: 

~~r~~~rH;~~~~~I!~a~n~4 AB 
Box 30004 
104 25 Stockholm Tel. (08) 13.67.00 

Telefax : (08) 6 18.62.32 

Switzerland - Suisse 
OECD Publica ti ons and Information Centre 
Schedestrasse 7 
D-W 5300 Bonn 1 (Germany) Tel. (49.228) 2 1.60.45 

Telefax : (49.228) 26. 11 .04 
Suisse romande 
Maditec S.A. 
Chemin des Palettes 4 
1020 RenensiLausanne 

Librairie Payol 
6 rue Grenus 
12 11 Genève Il 

Te l. (02 1) 635 .08.65 
Telefax : (02 1) 635.07.80 

Te l. (022) 73 1.89.50 
Telex: 28356 

Subscription Agency - Service des Abonnements 
Naville S.A. 
7, rue Lévrier 
120 1 Genève Té l. : (022) 732.24.00 

Telefax : (022) 738.87. 13 

Taiwan - Formose 
Good Faith Worldwide Int'l . Co. Ltd. 
9th Floor. No. 11 8. Sec. 2 
Chung Hsiao E. Road 
Taipci Tel. (02) 391.7396139 1.7397 

Thailand - Tha',lande 
Suksit Siam Co. Lld. 
11 3. 11 5 Fuang Nakhon Rd. 
Opp. Wat Rajbopith 

Telefax: (02) 394.9 176 

Bangkok 10200 Tel. (662) 25 1.1630 
Telefax : (662) 236.7783 

Turkey - Turquie 
Kültur Yayin lari Is-Türk Ltd. Sti . 
Atatürk Bul vari No. 1911Kal. 2 1 
Kavak lidcre/Ankara 
Dolmabahce Cad . No. 29 
Besiktasllstanbul 

United Kingdom - Royaume-Uni 
HMSO 

Te l. 25.07.60 

Te l. 160.7 1.88 
Telex : 43482B 

Gen. enq uiries Tel. (07 1) 873 ()() I l 
Postal orders onl y: 
P.O. Box 276. London SW8 5DT 
Personal Caliers H MSO Bookshop 
49 High Holborn. London WC 1 V 6HB 

Telefax : 07 1 873 2000 
Branches at: Belfast. Bi rmingham. Bristol. Edinburgh. 

Manchcster 

United States - États-Unis 
OECD Publicati ons and Infomlation Centrc 
200 1 L Street N.W .. Suite 700 
Washington. D.C. 20036-49 10 Tel. (202) 785.6323 

Venezuela 
Libreri;:t dei Este 

Tele rax: (202) 785.0350 

Avda F. Miranda 52. Aptdo. 60337 
Edificio Galipân 
Caracas 106 Tel. 95 1.1 705/951.2307/95 1.1 297 

Yugoslavia - Yougoslavie 
Jugoslovcnska Knjiga 
Knez Mihaj luva 2. P.O. Box 36 
Beograd 

Tclcgram : Libresle Caracas 

Te l. (0 11 ) 62 1.992 
Telefax : (01 1) 625.970 

Ordcrs and inquiries from countrics whcrc Distribulors have 

~~~l~e~~d~,a~~~~I~n~~~_u~~sc~. S~5ji~: ~~;~é~~li~~t 
France. 

Les commandes provenant de pays où l'OCDE n' a pas 
encore dés igné de distributeur devraient être adressées à : 
OCDE, Service des Publications. 2, rue André-PascaJ, 75775 
Paris Cédex 16. France. 
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