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The NEA News/effer is published twice yearly in English and French by the OECD Nuclear Energy Ageney. The opinions expressed in the News/effer are those 01 the eontributors alone and do not neeessarily 

reflec! the views 01 the Organisation or 01 its Member eountries. Moterial in the News/effer may be Ireely used provided the source is acknowledged. Correspondence should be oddressed to: 
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The OECD Nuclear Energy Ageney (NEA) was established in J 958 under the na me al the OEEC European Nuclear Energy Ageney. It received its present designation an 20th April, J 972, when Japan 
beeame is lirst non·European lull Member. NEA membership today eansists al ail European Member eountries 01 OECD as weil as Australio, Canada, Japon, the Republie 01 Koreo, Mexiea and the United 

States. The Commission 01 the European Communities takes part in the NEA's work and a e(}{)peration agreement has been concluded with the International Atomie Energy Agency. The purpose 01 the NEA 
is ta lurther the deveJopment 01 nuclear energy by sponsoring eeonomie, teehnieal and seientilie studies and projeets, and by eontributing ta the optimisation 01 solety and regulatory pol ieies and proetiees. 
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The prototype fast-breeder reactor Monju (Japan) reached critica/ity in Apri/1994. 
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1 P. SAVELLI* 

NUCLEAR SCIENCE AND INTERNATIONAL CO-OPERATION 

S ince the early 1950s, nuclear energy has been a major arena for international co-operation. In spite of ups and 
downs, partly due to the fact that this form of energy can be used for military purposes, there has been such active 
co-operation from the very beginning that it would now be difficult to imagine how nuclear energy could have 

developed without if. It has undeniably led to widespread diffusion of scientific knowledge and has encouraged rapid 
growth of nuclear energy by pooling human, technical and financial resources among many countries. In various guises as 
appropria te to their nature, ail sectors have reaped benefits. Scientific research was the first to do so, but so did poliNcal 
co-operation, technology and industrial trade. For specific projects such as the construction of a test facility, bilateral co
operation is usually thought to be the most attractive and effective solution, even if several countries are involved. 
However, co-operation aimed at facilitating studies or basic research is ail the the more effective if there are more 
participants to share the research findings. Multilateral co-operation within an institutional framework thus seemed to be 
the best way to proceed, and this is where of course the NEA has been able to make a contribution. 

NEW PICTURE 

While the main principles of multilateral co-operati on 
still apply today, the situation has considerably evolved over 
the past ten or fifteen years, especially in research. At first, 
it was a case of pioneering a new scienti fic fi eld. Because 
of numerous huge problems to be solved in basic research 
as we il as in technological research , many countri es had 
mobili sed considerabl e man power and infras tructure 
resources, and sufficient knowledge was soon acquired for 
the electronuclear field to grow. 

Today the nuclear sector has reached industrial maturity 
in many countries. Technical and economic mastery of this 
fo rm of energy is a vital objecti ve for ail countries which 
use it, and will continue to be so. However, ever greater 
understanding of physical phenomena needs to be gai ned to 
find the best answer to every problem as it arises. There 
ca n be no sati sfac tory so luti ons fo r th e con stant 
improvement of the safety of ex isting install ati ons, the 
anticipation of any technical snags and the search for the 
best solutions to vital problems such as radioacti ve waste 
management, but also the design of future installations or 
their economic optimisation, without a dynamic conception 
of research. Apart from the continuous task of exploring 
new fields, scientists must therefore expand and distil the 
corpus of knowledge sUiTounding existing technologies. 

The OECD countries, however, have adopted a variety of 
stances toward nuclear energy, and this has markedly altered 
the research picture. The total number of nuclear plants to 
be constructed will be affected, hence there might be less 
urgency to develop new reactor systems and fu el-cycle 
technologies. Does thi s mean to say that research might be 
cut back without ri sk? Anyone beli ev ing thi s would be 
seriously mistaken. The examples described below attempt 

'MR. PHILIPPE SAVELLI IS DEPUTY DIRECTOR (SCIENCE, COMPUTING 
AND DEVELOPMENT) AT THE NEA. 

to show the potential benefits of the research effort. Clearly 
the respec ti ve priori ties of countri es can di ffe r as they 
depend on national energy policy and their own assessment 
of the future of nuclear energy worldwide. However, the 
diversity of standpoints in no way precludes agreed joint 
objecti ves as testi fied by the fo llowing ex tract From the 
unanimous declaration of the Mini sters of Energy of OECD 
Member countries at their meeting in June 1993 under the 
International Energy Agency: " [ ... ] it is essential [ ... ] in 
parti cul ar to continue and strengthen in te rnati onal co
operati on in approaches to the safe operati on of nuclear 
facilities, to waste management, to decommissioning and to 
the development of new reactor systems. The role of the 
OECD Nucl ear Energy Agency was emphas ized in thi s 
regard [ ... ]." [Translation] 

OBJECTIVES AND MEANS 

While emphasizing the NEA's role, the Ministers thus set 
orientations with very important implications, if only for 
sci enti fic ac ti viti es . The obj ecti ves to be met first 
presuppose the exi stence of a scientific potential in Member 
countri es and th e capac ity to maintain the leve l of 
knowl edge in bas ic di sc iplines so as to preserve the 
scientifi c and techni cal environment needed fo r cUITent 
install ati ons to operate smoothl y and new fields to be 
explored for the renewal of technology. 

The NEA does not have any research teams or facilities 
for conducting its own research. However, in the fi elds 
designated by Member countri es, it brings together any 
scientific speciali sts wishing to pool their knowledge and 
ex peri ence or compare res ults. il can also co-ordinate 
certain studies and it di sseminates the results of such co
operation in the sc ientific communiti es concerned . The 
direct users of this work mainly consist of national research 
laboratories and both industry and uni versity, so that the 
NEA contributes to the training of yo ung scienti sts in the 
nuclear science fi eld. 
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4 NUCLEAR SCIENCE AND INTERNATIONAL CO-OPERATION 

Parts of the electron linear accelerator at the CEC Joint Research Centre, in Geel, Belgium. 

As a rule, the objecti ve of such co-operation is to seek 
synergies, find simil ar or complementary approaches 
depending on the case concerned, or identi fy benchmarks 
and joi nt methodologies to be adopted by the scienti fic 
community. It is also aimed at optimising the use of human, 
technical and financial resources of national laboratories 
wherever useful and, sometimes, necessary. For instance, a 
report recently published by the NEA draws attention to the 
ageing of the community of experts producing nuclear data 
and the risks that the fac ilities used for such work might no 
longer be ava ilable. Under budgetary constraints, most 
Member countries have had to lower the level of resources 
for nuclea r energy below the threshold needed fo r 
implementing a national programme, in spite of the fact that 
thi s sector requires large-scale in vestment. Proposai s to 
strengthen international co-operation have been made with a 
view to rati onali sing the use of reduced mean s. The 
prospects sound good prov ided a minimum potential is kept 
up at nationallaboratori es. 

FIELDS OF ACTION 

Traditi onall y, the NEA has deve loped skill s and 
encouraged co-operation in the fi eld of reactor physics and 
basic nuclear data. This still accounts for a large share of its 

activities, but when the Nuclear Science Committee was sel 
up at the end of 199 1, the NEA acquired structures th al are 
allowing its field of action to broaden. The general remit of 
the Committee in the field of nuclear science has already lecl 
to the establi shment of further co-operation on such themes 
as chemistry ancl scienti fic computing. The added value of 
thi s international co-operation can be illustrated by a few 
exa mpl es of the objec ti ves pursued, the types of co
operation developed and working methods used. 

Plutonium physics studies 

Governments are concerned about optimising plutonium 
management in a context of increasing plutonium extraction 
and stockpiling. The NEA does not deal with institutional 
aspects of the probl em such as intern ati onal co ntrol, 
ph ys ical protecti on and any sys tems fo r intern ati onal 
storage, which were ail clea lt wi th elsewhere. However, 
plutonium manage ment optimi sa ti on also requires the 
search for ne w techni ca l so luti ons offe ring furth er 
f1 ex ibility by, for in stance , modul atin g plutonium 
production and consumption in line with stock levels. 

While some countries already have signi ficant experience 
in the use of plutonium fuel containing less th an 10 per cenl 
plutonium, such is no longer the case with fuels containing 
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NUCLEAR SCIENCE AND INTERNATIONAL CO-OPERATION 

a higher percentage of plutonium. New physics problems 
arise that did not have to be faced before. The use of this 
type of fuel in existing reactors or future ones requires 
extensive neutron studies relating to reactors as such but 
also new research for the associated fuel cycle. 

A working party has been set up in order to identify these 
problems, pool knowledge and inventory the solutions that 
might be eventually foreseen at technicallevel. Should any 
new problem arise in the use of plutonium, it ought to be 
possible to collect ail the information available promptly 
and thus speed up the presentation of technically viable 
solutions. 

Actinide separation and transmutation 

Since 1989, sorne Member countries of the NEA have 
shown a new interest in the partitioning and transmutation 
of actinides. This process might help to improve 
radioactive waste management by cutting down the amount 
of long-lived radionuclides to be buried in storage 
repositories. It is based on the idea of isolating actinides 
from the rest of the waste by means of chemical separation 
and by turning them into shorter-lived elements through 
transmutation conducted in a reactor or accelerator. 

The validity of the concept needs verification, especially 
from the scientific standpoint, as many uncertainties remain. 
To thi s end , especially in the case of transmutation by 
accelerator, new nuclear data and caIculation methods are 
required. Sorne computer codes are available but they must 
be tested by comparing the results to check their quality. 

This research theme lies weil upstream of industrial co
operation and hence, needs broad exchange of scientific 
information. ln view of the nature and sca le of the 
objectives pursued, international co-operation will no doubt 
have to develop in this area. 

Nuclear data bases and computing codes 

"Nuclear data" refer to ail the physical constants 
characterising nuclear fuel behaviour and that of the other 
materials under the effect of radiation so as to assess their 
co ntribution to the nuclear reactÎon . For instance, 
researchers need these data to design a reactor core and 
optimise it with reference to the thermal capacity set and the 
desired service life. These data are also needed to identify 
any dynamic phenomena liable to appear in the core and 
more generally, to answer any of the questions relating to 
core safety, criticality or the production of fission products, 
for in stance. Likewise, computer programs are the 
mathematical 100is used for so lving these problems through 
computer simulation of the operation of an installation or 
piece of equipment. Needless to say the quality of the 
computer programs and basic nuclear data introduced will 

laJ'gely govern the quality of simulation and hence improved 
knowledge of the physical phenomena liable to occur. 

It is c1early in the researchers ' interest to have common 
benchmarks in this field. Consequently through its Data 
Bank the NEA brings together experts on nuclear data 
evaluation to review the findings of experiments conducted 
in the various Member countries so that internationally 
recognised data can be selected. The files drawn up in this 
way and th en updated have considerable scientific value, 
and even universal value as in the case of the JEF evaluated 
data file. The NEA therefore acts as a benchmark centre for 
scientists to obtain the data they require in the knowledge 
that these are the latest values and that they are used by ail 
physicists throughout. It should be noted that because there 
is a Data Bank at the NEA, most Member countries have 
not needed to set up a national body of their own. 

Use of supercomputers 

As already mentioned , computer simulation of the 
operation of nuclear installations offers great potential for 
plant design, technical and economic optimisation and 
safety studies. More systematic analyses can be conducted 
and there is often no further need to undertake expensive 
trial s using large-scale equipment. Understandably no 
effort is spared to improve simulation tools and obtain more 
numerous and accurate data. 

However these concerns are leading to increasingly com
plex computer programs which require more and more 
powerful computers. CUITent work focuses on the develop
ment of massive parallel arrays of computers leading to new 
opportunities for analysing plant operation in real time. 
Following the same idea, there is also the possibility of run
ning existing individual computers in laboratories together, 
in parallel or connected to a joint computer network . 
Extremely complex programs could be run in this way, pro
bably at the cost of a lower speed but without the need for 
huge capital expenditure by laboratories. On the other 
hand, in order to explore these possibilities existing pro
grams must be adjusted, tested and, above ail , homogeneous 
approaches must be found to ensure mutual compatibility of 
the codes and to maintain exchange opportunities among 
scientists. This is the purpose of the co-operation underta
ken at the NEA on this theme. 

ROLE OF INTERNATIONAL CO-OPERATION 
AND STATUS QF THE NEA 

The few examples given above highlight some of the 
needs expressed by Member countries in the research field. 
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6 NUCLEAR SCIENCE AND INTERNATIONAL CO-OPERATION 

Ali show that it is worth pooling 
know ledge and resources on any 
given topic. While research needs 
have evo lved over the pa st fe w 
yea rs, so has intern ati onal co
operation. 
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An interesting deve lopment has 
been the progressive change in the 
nature of sc ientifi c co-operati on 
among Member countri es of the 
NEA. Chi efl y based on the 
exchange of info rmation up to the 
1980s, thi s co-operati on has 
gradu all y turned toward more 
ac tiv e sc ientifi c co-operati on 
which, although limited to themes 
of no industri al sensiti vity, may 
entail full- scal e co-ordinati on of 
research activities in given sectors. 
There is no doubt that in the face of 
budgeta l} constraints, many 
national laboratories have seen this 
as a mea ns to pursue jointl y 
ac ti viti es th ey co uld no longe r 
undertake alone. CUITe nt trends 
obse rved at resea rch ce nt res 

L-________________________________________________ ~u 

Basic nuclea r da ta will largely govern th e quality of simula tion of th e physical 
phenomena. This figure shows the neutron induced elastic angular dis tribution of 
iodine129. 

suggest th at thi s argum ent will 
become stronger. Over and above the rationalisati on of 
means however, there is also a ri sing need for scienti fic 
benchm ark s and joint tec hniques not onl y for the 
researchers to dialogue more easily but also for regulatory 
bodies and the general publi c, as these are increasingly 
calling for coherent international approaches. 

Many lessons can be drawn from this tendency. The type 
of action currently favoured by Member countries within a 
framework such as the NEA can therefore be described as 
follows: 

• ac ti ons to maintain and ex tend bas ic kn ow ledge in 
specific fields, to di sseminate it and to safeguard it where 
necessary; 

• ac ti ons to optimi se the use of ex istin g hum an and 
financial resources in Member countries through the co
ordination of the research done by laboratories, or even 
through rational di stribution of tasks among laboratories; 

• actions to establish joint, or at any rate homogeneous, 
bases and benchmarks among scienti sts within the same 
di sc ipline; and 

• targeted research projects in fields of join t concern so as 
to speed up technical problem so lving through sharing 
expenence. 

Whether with a view to operating the nuclear sector 
today, to preparing for tomorrow or simply to keeping the 
opti on open, th e research effo rt must be kept up. Ali 
adva nced tec hn olog ies need to evo lve by pro mpt ly 
integrating advances in science and technology, otherwise 
they are doomed. Above ail nuclear technology cannot 
escape thi s rul e. It must constantly adapt to the CUITent 
energy and economic situation while meeting increas ingly 
stri ct soc ial and environmental needs. Such a research 
effo rt is not al ways easy to undertake by Member countries 
in an un favo urable energy and economic contex t fo r the 
nuclear sector. Internati onal co-operation is no substitute, 
but now more th an ever before, it can enhance il. 
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1 M. LlVOLANT* 

NUCLEAR SAFETY RESEARCH IN OECD COUNTRIES 

Tc he Senior Group of Experts on Safety Researeh (SESAR) was set up in 1991 by the NEA Committee on the 
Safety of Nuclear /nstallations (CSN/). ft is eomposed of senior experts with wide responsibilities and experienee in 

OECO Member eountries' nue/ear power programmes. 

The task of the Senior Group was to review the eurrent situation in Member eountries in regard to nue/ear safety 
researeh, to refleet on a rationa/e for safety researeh in the years to come, to identify future needs, and to establish a 
priority /ist. The resu/ts of the fast review of the subjeet by the CSN/ in 1985 were taken as a starting point for the new 
study. A report, entit/ed "Nue/ear Safety Researeh in OECO Countries", will be published short/y, presenting the 
conclusions of the Senior Group, as weil as an overview of the situation in Member eountries. 

GENERAL OVERVIEW 

There is currently a range of specific safety concerns 
which are broadly shared throughout the international safety 
co mmunity. Con tinuing research work is necessary to 
address many of these concerns. 

ln the field of nuclear power safety, generally speaking, 
individual national governments and government agencies 
have similar responsibilities which include the approval and 
monitoring of operatio nal plants. Government and 
government agencies need to undertake, fund or sponsor 
research to enable them to meet their safety responsibilities. 
There is some evidence that the funding levels of national 
government safety research programmes have been reduced 
over recent years, and this may have an adverse impact on 
the ability of government agencies to fulfil thei r safety 
responsibilities. Although there is a large meas ure of 
consistency in the technical composition of OECD Member 
co untri es ' nation al resea rch programmes, there are 
substantial variations in detail and funding levels. 

International collaboration of many forms has long been 
an important feature of nuclear safety research ; the need 
will be strengthened in co min g years as budget and 
manpower press ures grow. Considerable scope for 
international collaboration has been identified in the priority 
areas. The introd ucti on of new advanced water-reactor 
systems presents a major opportunity for co ll aborati ve 
research and the harmoni zation of safety standards. 

MAIN RESULTS 

Considerable progress is being made across the wide 
research front. The principal olltcome of the work of the 
SESAR is the identification, based on a detailed di scussion 
of the main current safety concerns, of a nllmber of research 
topi cs whi ch Senior Group members beli eve to be of 

outstanding importance and to which they wOllld wish to 
see priority given. These topics are, without any order of 
priority: 

• Ageing E!fects - with particular reference to pressuri sed 
components and in situ monitoring; 

• Human Facto rs - across a wide spectrum of human 
involvement in safety ; 

• Computer-Based Control and Safety Systems - software 
reliability and the importance of standards; 

• Evaluation of Reac/or Operarional Experience and 
Incidents - the need to improve current data gathering; 

• Thermal-Hydraulic Codes - the need to maintai n actively 
these major codes and assess their validity in new areas of 
application ; 

• Probabilistic Safety Analysis - particularly the need to 
ensure consistency in application; 

• Severe Accidents - where a number of major topi cs 
reqllire continuing research endeavour, particularly to 
provide a basis for efficient acc ident management; 

• Advanced Sys/ems - with their introduct ion of novel 
safety features. 

The number of topics li sted is rather substantial and 
reflects the belief of the SESAR members that there is no 
scope for co mplacenc y in addressi ng current or future 
research needs. 

The Senior Group rev iewed developments since the 
previous study made in 1985. At that time the Committee 

*MR. MICHEL LlVOLANT IS DEPUTY DIRECTOR OF THE FRENCH 
INSTITUT DE PROTECTION ET DE SÛRETÉ NUCLÉAIRE (IPSN) AND 
CHAIRMAN OF THE SENIOR GROUP OF EXPERTS ON SAFETY 
RESEARCH (SESAR) OF NEA'S COMMITTEE ON THE SAFETY OF 
NUCLEAR INSTALLATIONS (CSNI). 

7) 
0!iù 
(g 
@ 
= (g 
= B 
@ 
@ 
~ 
~ 

~ 
~ 
~ 

, NEA Newsleller Spring 1994 i .;J 



8 NUCLEAR SAFETY RESEARCH IN OECD COUNTRIES 

An international workshop on In ternational Standard Problems based on fission product experiments was held in the Falcon facility, in 
the United Kingdom in December 1993. 

had concentrated on the plant-transient and severe-accident 
areas which had been stimulated by events at Three-Mile 
Island. The Chernobyl acc ident in 1986 led to considerable 
public concern, and uncertainties developed in the minds of 
policy makers in a number of OECD co untri es. The 
importance of human factors at ail stages in a plant's design, 
construction and operati on has now become more widely 
recogni sed. Perceptions of the importance of regul atory 
organisations have increased together with their influence 
on safety research. 

The relati ve responsibilities of parti es in the nuclear 
power industry are discussed in the report, with particular 
emph as is on the res ponsibiliti es of gove rnment and 
government agencies. In ail Member countries these have a 
major safety l'ole to play, involving operational approval, 
monitoring and inspection. Consequent ly they need to 
establish their own position on safety matters and to take a 
prominent position not only in determining research needs 
but also ensuring that th ey are met. A div ersity of 
organisational and consultat ive arrange ments ex ist in 
Member countries to achieve thi s end. 

A large part of the report is devoted to an examination of 
the CUITent national safety research programmes , to the 
overall technical picture revealed by thi s examination, and 
to a summary of the judgement of SESAR members 
identifying the mos t important issues for the future. 
Particular attention is drawn to the work being undertaken 
in support of the design of new generations of water-reactor 
systems which wi ll emphasize the contribution of passive 
safety features. Major responsibility to underpin these 
designs lies with the designers/vendors but governments 
and government age nci es mu st clea rl y be sa ti sfied 
themselves that the plants are safe to operate. 

The report considers the ques ti on of resourcing the 
identi fied research needs. Overall funding levels appear to 
be falling somewhat although the position is not absolutely 
clear; the situation needs to be kept under carefu1 review. 
The Senior Group finds that in some areas (e.g. , plant
transient studies) there has been a marked relati ve decrease 
in activ ity since 1985 reflecting the completion of major 
co llaborati ve experimental programmes. Other areas have 
seen relative growth, particularly in the severe-acc ident area 

~~~~ ..... N.E.A.N .. eW .. Sle.t.te.r.s .p.rin.g .. 19.9.4 .............................................................. . 
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and in the integrity of structures and 
eq uipment area (reflecting ageing 
concerns associated with currently 
operating plants). Some concerns 
relatin g to man power quantity and 
quality certainly exist: the replacement 
of hi gh-quality researchers who have 
life-time experience of the nuclear 
industry poses particular challenges at 
thi s time, while in other areas, team 
viability is of concern. 

The vital role that international 
cooperation has played in the past and 
must play in the future is discussed in 
the report which provides ex amples of 
successful major collaboration projects 
and illu strates the existing major 
experimental facilities which might be 
suitable for meeting future research 
needs. The report identifies a number of 
important priority topics which appear 
suitable for new initiatives in inter
national cooperation. It also identifies 
an international approach to national 
viability issues and argues for thorough 
international co-operation in addressing 
the particular challenges presented by 
the introduction of the next generation of 
water-reactor plants. 

The CORA Test Facility is used to verify the accuracy of computer codes used to 
study severe-accident phenomena. 
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F. de GALZAIN* 

NUCLEAR REGULATORY ORGANISATIONS 
AND PUBLIC INFORMATION 

A uthoritative safety standards and effective con trois are a necessary condition for the development of the nuclear 
power sector in countries which have opted for this energy source. ft is for this reason that, in ail countries with a 
nuclear power industry, there is at least one body with an official mandate from the public authorities to regulate 

nuclear activities and ensure compliance with safety regulations during ail stages of the fuel cycle. This regulatory agency 
or organisation is usually attached to one of the minis tries (Ministry of Industry, Energy, etc.), and in some cases is directly 
accountable to the Head of Government. It combines a variety of functions with regard to nuclear safety ft plays a 
prescriptive and regulatory role, by issuing safety standards for the use of radioactive materials and nuclear facilities during 
ail stages of the fuel cycle, ranging from the mining of uranium ore to the final disposai of radioactive wastes. It pro vides 
administrative services, by licensing the planning, construction, operation and decommissioning of nuclear facilities. ft 
assists with policy planning, too, in that it pro vides national government with the technical expertise needed to develop 
general policy toward the use of nuclear power. It verifies and en forces compliance with safety standards, by monitoring 
installations and imposing sanctions on operators who fail to comply with regulations (mandatory closure, compliance 
orders, fines, etc.). Entrusting such a wide variety of functions to a single organisation is only possible if there is an 
unequivocal guarantee of its independence. It is in this sense that the regulatory agency occupies a place apart among the 
nuclear institutions of a country: it must remain outside the ambit of national policy-making bodies, it must clearly distance 
itself from the nuclear industry, and it must be beyond the reach of pressure groups. 

It is primarily these attributes of independence and integrity that the regulatory authority wishes to anchor firml y in the 
mind of the public as the main argument for its trustworthiness. Indeed, public awareness of the role of the regulatory 
authority, provided that it is based on its perceived reliability, will allow the authority to perform another fundame ntal role, 
that of informing the general public. This is an area where the regulatory authori ty, by virtue of its position, status and 
functions , c1early has a role to play. The least that the regulatory authority can do is to inform the public both of the 
resources available and of the success achieved in ensuring that the use of nuclear power does not entai l any risks to neither 
health nor the environment. It must also c1early explain to the public the criteria and standards it applies when drawing up 
regulations or making decisions regarding the operation of nuclear fac ilities. The regulatory authority speaks neither for the 
government of a given country nor for the citi zens of that country; it must be seen as a referee, seeking to strike an optimum 
balance between the requirements of safety, the criteria for protecting hea lth and the environ ment, and econom ic 
imperatives. 

Issues relating to the role of regulatory organisations as providers of information, the channels of communication open to 
such organisations, and the impact of their information strategy on the general public, were di scussed at a seminar recently 
organised by the OECO Nuclear Energy Agency. This seminar (1) was attended by some 50 representatives, including: 

- information officers from national regulatory authoriti es, together with representati ves of their supervising authorities, and 

- information specialists From nuclear power utilities and interest groups wishing to learn more about the informati on 
acti vities of regulatory authorities such as members of Parliament, elected representatives of local government, the media, 
etc., as weil as speciali sts in communications and social sciences. 

The aims of the seminar were: 

- to review the policies of OECO Member countries and Central and Eastern European countries, with a view to raising 
public awareness of the role of nuclear regulatory authorities, and 

- to compare and evaluate in fo rmati on policies on the basis of national presentations and case studies relating to the 
countries represented, and to gain an insight into the new challenges facing regulatory authorities with regard to public 
communications and information policy and the strategies which the latter have adopted. 

*MRS. flORENCE DE GALZAIN IS INFORMATION OFFICER AT THE NEA. 
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ln Germany, the IMIS system far surveillance af environmental radiaactivity allaws far significant events ta be rapidly recarded, 
analysed and circulated. 

It should be noted that public information in emergency situations was deliberately excluded From the seminar. This issue 
will be dealt with in a special seminar devoted entirely to that topic. 

Thi s art ic le summari ses the main concl usions drawn at the 1993 seminar. 

ESTABLISHING CREDENTIALS 

The first objecti ve of the regul atory authority's communications strategy is to fOCLIs the mind of the public firmly on the 
idea that the authority can be trusted. The need fo r thi s is ail the greater in that, following the accidents at Three Mile Island 
and Chernobyl, the general public has lost confidence in nuclear institutions everywhere and is ex tremely sceptical about 
their acti vities. A regulatory authority can only forge a c10ser relationship with the public if it is able to convince the public 
of its competence, experti se and independence, and can demonstrate to the public that it is capable of responding to 
sit uati ons swiftly, authoritati vely and objecti vely. The second objecti ve is that of openness. The public is no longer willing 
to condone the veil of secrecy which surrounds the acti vities of regulatory organisations, and now demands that the work of 
such bodies, and ail the in fo rmation at their disposaI, be made access ible to everybody. Regulatory authorities must 
therefore report openl y on thei r acti vities and, where necessary, ex pl ain their ac tions. 

The insti tutional communication procedures which the regulatory authority uses in its role of in fo rming the public must 
clea rl y be capable of functioning properly in situations where the authority is first in line to release information to the 
publi c. Whenever such situations ari se, the regulatory authority must therefore respect certain principles in order to avoid 
critic ism From both the public and the media. Regulatory organisations in OECD Member countries, as weIl as those in 
Central and Eastern European countries, have understood thi s need and have substantially improved their public information 
strategies since the accidents at Three-M ile Island and Chernobyl. 
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~ The guarantee of the regulatory authority's neutrality and independence rests upon the integrity and skills of its experts, 
= @, as weil as the approach adopted by the authority. The ideal attitude would be to refrain from major public debate and to 
@ favour discretion. By deliberately placing itself above the other parties, the regulatory authority will thus be seen as the 
@ referee who waits for the opportune time to intervene and as an authority who judges primarily on the basis of technical 
~ considerations. 

~ MOI'eover, decisions taken by the regulatory authority are not, in principle, perceived as a statement of policy, but as 
~ judgments made on technical grounds from the standpoint of safety. It is usually an objective and impartial opinion devoid 
~ of any bias. Above ail, it is an opinion that does not need to be justified, merely explained; and it does not have to satisfy 

any particular opinion of the public or the industry. 

A MANDATE TO INFORM 

Provided that these few principles are respected, the regulatory authority is placed in a better position than any other 
nuclear institution to restore public confidence in the use of nuclear power. By virtue of their status, these authorities have a 
direct responsibility to inform the general public about issues relating to nuclear hazards and safety. The task of informing 
the public is now part of the mandate of regulatory authorities. 

However, the regulatory authorities in OECD Member countries really started to develop proper information strategies 
only in the eighties following the accident at Three-Mile Island, in the case of the U.S. authorities, and that at Chernobyl in 
the case of the European authorities. These strategies are therefore generally based on relatively recent experiences. The 
experience of the Central and Eastern European countries is even more dramatic in that the regulatory authorities there only 
started to develop information policies in 1989, responding to changes in their political systems by abandoning their 
traditional policy of secrecy and by introducing appropriate structures. 

Whatever the case may be, the mandate given to regulatory authorities includes an obligation to release information to the 
public primarily under three sets of circumstances: at their own initiative on the specifie occasions when they need to 
initiate action on their own accord - notably in the event of an emergency involving a release of radioactivity ; during public 
enquiries, when information is needed, for ex ample, to obtain a permit or licence; at the request of the public or the media, 
or to COITect inaccurate information which has given rise to a public debate. 

CHOICE OF TARGET 

The question of the target for information released by regulatory authorities obviously depends upon the context in 
which such information is given out. In a crisis situation, information must be adapted to as wide an audience as possible. 
Under normal circumstances, in contrast, it will be tailored to specifie groups. In this respect, the regulatory authorities 
have developed sorne relatively sophisticated communications strategies targeted at specifie groups such as the media, 
local or national government officiais, or public associations, for example. In addition, these strategies include a specifie 
policy towards schools , where the aim is to provide an overall information package that will put nuclear iss ues, 
and nuclear safety in particular, firmly into perspective with regard to the other themes generally covered by school 
curricula. 

It needs to be borne in mind, however, that the main target of the regulatory authorities is the nuclear industry itself, and 
that every effort must be made to ensure that information flows equally freely in both directions. Whatever the original 
intention may have been, however, it is now a fact that communications with industry are assuming greater importance, are 
usually part of an ongoing dialogue and mainly concern technical issues. 

~~.~ .... N.E.A .. N.eW .. Sle.t.te.r.sp.r.in.g.l.9.9.4 .......................................................... ~, 
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While the info rmati on itself mai be adapted to the 
target audience, it must in ail cases be c1 ear, simple, 
objective and relevant. In this respect, it must stand out 
from other info rmati on the public receives from other 
sources, which may be confused or contradictory. The 
pu rpose of the informati on given out to the public is 
threefo ld: 

(1) to raise the general awareness of the public about 
issues relating to nuclear power; 

(2) to bring technical information within the reach of the 
publi c and dec ision-makers, notabl y Members of 
Parli ament, by ex plaining, fo r ex ample, the reason 
why certain tec hnolog ies have been chosen, the 
approach to radiological protection, the steps taken in 
the event of an acc ident, etc. , and 

(3) to provide the publ ic and the media with information 
ca pabl e of crea ting a clim ate of tru st and 
demonstrating the independence of the orga ni sation. 
Such in fo rm ati on must be capable of di spellin g 
doubts in the mind of the public, as part of an open a 
di alog ue as possible. To thi s end, authori ties are 
introducing mechanisms that will allow them to gauge 
the concerns and opinions of the public. 

FINDING THE RIGHT MEANS 
OF COMMUNICATION 

~AEN 
Qd"NEA 

INFORMATION 
POLICIES 

OF NUCLEAR 
REGULATORY 

ORGANISATIONS 
• 

LES POLITIQUES 
D'INFORMATION 

DES ORGANISMES 
DE RÉGLEMENTATION 

NUCLÉAIRE 
Paris (France) Seminar - 6·8 December 1993 

Séminaire de Paris (France)- 6·8 décembre 1993 

NEA organises international information seminars every year. 

The communicati ons strategy of regul atory authorities is implemented through procedures which, once again, must 
be tail ored to the tar'gets chosen. Ail regul atory authoriti es have more or less sophisti cated vehicles fo r their 
communications strategy: press releases and conferences for the media; detailed technical reports issued on a regular or 
on-off basis; in formation bulletins for parties involved with the sector, particularly government representatives, as weil as 
audio-visual means such as radio and TV broadcasts, videos or on-line services (MAGN UC in France, INFONUC 
in Germ any, etc.), whi ch are aimed primaril y at the general publi c sin ce they are access ible from the home. 
Regulatory authorities may also, where necessary, organise meetings with the public or representati ves of public interest 
groups at the site of fac ilities or installations for which planning applications have been made. They can also organise 
confe rences of a more technical nature for industry practitioners or uni versity workers in order to di scuss scientific 
and technical issues. Other rather more original means of supplying information to the public are also utili sed, particularly 
in the case of nuclear incidents, such as toll -free telephone numbers (Canada and the Uni ted States) or home fax 
lines (Sweden), whi ch provide in fo rmati on on the safety and radiological protection measures to be taken in case of 
emergency. 

A few examples may be given here of some ori ginal information systems which have been developed for communicating 
with the public and which are particularly suitable for use in the event of nuclear incidents. 

1. MAGNUC 

The MAGNUC system developed by the French regulatory authority, Direction de la sûreté des installations nucléaires, is 
an on-line in formation service available throughout France via the Minitel system. This service was introduced in the wake 
of the Chernobyl accident and has been constantly on line since 1987. It is available to ail members of the public. 
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14 NUCLEAR REGULATORY ORGANISATIONS AND PUBLIC INFORMATION 

The system consists in a "live" database containing details of the operating status of nuclear facilities installed in France 
and events of significance with regard to safety. Information in the database is updated weekly, or at shorter intervals when 
necessary. Data are c1ass ified under 170 different headings and are derived from three main sources: 

• the Ministry of Industry; 

• the Ministry of Health and the SCPRI (Service central de protection contre les rayonnements ioni sants - Central 
Department for protection against ionising radiation), and 

• operators of nuclear faciliti es. 

The information avai lable in the MAGNUC data bank is stored at four different levels, namely: 

• Level 1: general factua l information, updated periodically according to needs; 

• Level 2: information on specific themes, in the form of background files on the causes of incidents, which is updated on 
a monthly basis; 

• Level 3: weekly information reports on indi vidual nuclear facilities in France, and 

• Level 4: information for immediate release in the form of news flashes regarding incidents. 

The MAGNUC system also provides access to a bibliography c1assified by target reader and by topic. 

2. INFONUC 

The INFONUC system (Nuclear Information Data Bank) is a data bank accessible by computer over the public telephone 
network in Spain. It was developed by the Spanjsh Nuclear Safety Council (CSN) and consists in some 700 different 
screen-pages containing general information about nuclear safety and radiological protection, as weil as data relating to 
nuclear facilities and the fuel cycle. lt also has sections dealing with the work of the CSN itself, the environment, incidents, 
etc. Since its introduction in 1992, it has been consulted approx imately 5 000 times. 

INFONUC can be accessed from France and MAGNUC from Spain, and there is now a trend for such networks to be 
offered at the European level rather than simply at national levels, provided that texts are translated into the relevant 
language. These systems also offer the advantage of being cheap, easy to use and readily accessible. 

3. IMIS 

The Federal Radioprotection Office in Germany has also developed an information service for use by the general public, 
which provides information on environmental measurements and radioactivity levels in the vicinity of nuclear facilit ies and 
throughout the country as a who le. This information can be accessed by computer over the telephone network and is 
presented in the form of messages and geographical maps which are continuously updated. 

4. Radiation News 

Radiation News is an electronic network operated by the Finnish Nuclear Safety and Radioprotection Centre. It supplies 
information in the form of telephone messages or telex and fax transmiss ions, updated on a weekly basis, to home users. 
The information available consists in general data regarding safety and radioprotection, as weil as recent press releases. 

Ali of these information systems and networks developed by regulatory authorities therefore serve a double purpose: to 
supply basic data on the nuclear power sector in general in order to raise general public awareness, and to provide a rap id 
and direct channel of communication in the event of an incident. 

t:::~~' ..... N.EA .. N.e.W.S.le.tte.r.s.p.ri.ng .. l.99.4 ............................................................ . 
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S. International Nuclear Event Scale 
(INES) 

Menti on should also be made of the International 
Nuclear Event Scale (INES) developed jointly by the 
NEA and IAEA and des igned to prov ide an 
int ern at ional refe rence scal e to be used by 
governments, international organi sations, and above 
ail th e media , when advising th e publi c of th e 
seriousness of nuclear events. 

Set up in 1990, this scale is designed to facilitate 
communications between the nuclear community and 
the public. lt is graduated on a scale ranging from 
zero, fo r incidents of no significance to safety, to 
seven for major acc idents. The class ificati on of 
events on the sca le is dec ided by th e nati onal 
authoriti es, assisted where necessary by the IAEA. 

ACCIDENT 

INCIDENT 

f) 
MAJOR ACCIDENT 

6 
SERIOUS ACCIDENT 

5 

~ 

SERIOUS INCIDENT 

f) 
INCIDENT 

o 
ANOMALY 

BELOW SCALE 

Il 

NO SAFETY SIGNIFICANCE 

An increas ing number of reg ulatory authoriti es 
systemati call y use the scale when informing the 
public about nuclear events. At present , over 50 
nati onal auth oriti es and six internati onal 
organisations have adopted the International Scale on 
a tri al bas is. The International Nuc/ear Event Scale. 

DEALING WITH THE PUBLIC FACE TO FACE 

Regul atory authoriti es are increasingly called upon by the general public to prov ide info rmation, and it is here that their 
communications strategy is of paramount importance. The purpose of these communications may be to inform the public of 
a nuclear event, to advise the public of the findings of a safety assessment, or to give details of the conditions under which a 
fac ility is to be taken out of service. However, the main area in which such contacts are made is at public enquiries. Public 
enquiries are a useful exercise in that they are a two-way process. While they otfer the regulatory authorities and operators 
an opportunity to give the public hard information, they offer the general public and associations a similar opportunity to 
give their opinion, which, as the case may be, the organi sers of the enquiry can then take into account. For this reason, a 
number of countries are currently examining ways in which the public consultation procedures used in the Iicensing process 
might be improved. 

PROBLEMS IN EASTERN EUROPE 

The situation in Central and Eastern European countries bears a striking resemblance to that in the West. There is the 
same concern to ensure that the public has confidence in the regulatory authorities and the same perceived need to put an 
end to the policy of secrecy. However, the Central and Eastern European countries face greater problems in that most of 
their regul atory bodies are of recent origin and have had to project a new image in order to distance themselves, where 
necessary, from the bodies which existed prior to the nineti es. Furthermore, the public has applied renewed and greater 
pressure for objecti ve information; above ail , these new regulatory bodies lack the human and material resources needed to 
implement an effective communications policy. At another level, the new institutions emerging in the nuclear sector, as a 
result of the political changes in Central and Eastern European countries since 1989, ail too often lack a firm legal 
foundation. 
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~ LACK OF FEEDBACK 
@ 
= cg Since the regulatory authorities have only recently started to develop communications strategies, it is still too soon for 
B them to have received any feedback. Most regulatory authorities have already initiated reviews and assessments of the 
@ communications strategies, however. By means of surveys and in the light of opinions expressed at public meetings, the 
@ regulatory authorities are endeavouring to determine how the public perceives them and their efforts to break with their 
cg traditional anonymity, and the impact that their information policy is actually having on the public. 
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AN INTRODUCTION TO THE ATOMIC ENERGY CONTROL BOARD 

RADIATION: 
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NUCLEAR DECISIONS: 
\1\'/'10 l1I(/kC$ them? 

MMAGfNG W ASn:: 
WIUlt lrappell5 to 
/'/Idi(/t/clive waste 
lI/ateria/57 

Control Magazine published by the Atomie Energy Control Board 
of Canada. 

There is still no evidence, however, that the public 
confidence in the regulatory authorities has increased or that 
the public is any more aware of issues relating to nuclear 
power. In fact, given the lack of interest shown by public in 
either asking for information or consulting the channels of 
communication at its disposaI (telephone, Minitel, etc.), the 
general public would scarcely seem to be aware that 
regulatory authorities even exist and would seem to have 
little interest in nuclear issues in general. Indeed, the public 
does not even seem to be aware that the regulatory 
authorities are attempting to communicate with il. 

CONCLUSION 

The efforts made by regulatory authorities to 
communicate with and inform the public mark a clean break 
with a former policy of secrecy, both within the OECD area 
and in Central and Eastern European countries. Ali 
regulatory authorities now share the sa me goa ls of 
achieving openness and ensuring that they are known to, 
and trusted by, the public. These efforts are primarily 
directed towards remedying any misapprehensions that the 
public may have about them, to avoid add ing fuel to the 
debate over nuclear power, and to lower tensions when 
decisions need to be taken at either national or locallevel. 

The information strategies of regulatory authorities still need to be strengthened and above ail adapted to the future 
challenges facing the nuclear community such as the management of nuclear waste, the development of new generations of 
reactor, and the decommissioning of retired facilities. It is probably by showing also greater adaptability that the regulatory 
authorities will be able to definitively gain the trust of the public. 
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1 N. ZARIMPAS* 

. 
THE ECONOMICS OF THE NUCLEAR FUEL CYCLE 

A traditional task of the NEA in the field of nuclear development has been to analyse and evaluate the choice of 
fuel cycles, their technologies and economics. In recent years studies were published on spent-fuel storage, 

economics of the reprocessing and direct disposai cycles and on the economics and logis tics of using plutonium in 
mixed oxide (MOX) fuel. Further activities in these fields will be performed in the future. It is worth noting that a newly 
established expert group is examining issues related to technological management of separated plutonium. 

ln early 1991, an NEA Expert Group, with a membership drawn from 14 countries and four international organisations 
was formed to examine the economics of the fuel cycle with particular reference to costs associated with a large 
pressurised-water reactor (PWR) to be commissioned in the year 2000. The objective was to update an earlier NEA 
study (1) and a report is about to be published (6). That earlier study defined the levelised lifetime fuel-cycle cost using 
internationally accepted investment-appraisal methodology. 

This article presents an overview of the study's working method, main assumptions and central findings. 

THE NUCLEAR FUEL CYCLE 

The nuclear fuel cycle, which 
typically extends over a period of 50 
to 100 years , from mining the 
urani um ore to finally disposing of 
the high-Ievel waste, can be divided 
into three main stages: 

(a) the so-called "front-end ," which 
ex tends from the mining of 
uranium ore until the delivery of 
fabricated fuel elements to the 
reactor si te; 

(b) the fuel use in the reactor, where 
fiss ion energy is emp loyed to 
produce electricity, and 

(c) the so-called "back-end," which 
starts with the shipping of spent 
fuel to away-from-reactor stor
age and ends with th e final 
disposaI of vitrified hi gh-Ieve l 
waste (VHLW) from reprocess
ing or the encapsulated spent fuel 
itself. 

Figure 1. Material flow of the PWR reprocessing option 
(The figure is an example and the numbers are approximate only.) 
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Costs of the second stage are not 
dealt with in fuel-cycle calculations, 
beca use they are con venti onall y 
covered under th e capital or 
operating and maintenance costs of 
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Recovered uranium and plutonium can be recycled. 

'DR. NICHOLAS ZARIMPAS WORKS IN THE NEA NUCLEAR OEVELOPMENT DIVISION. 
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1 8 THE ECONOMICS OF THE NUCLEAR FUEL CYCLE 

the nuclear power plant. The study 
considered two pressuri zed-water
reactor fuel cycle options. The fuel
cycle option in which the spent fuel 
from the reactor is reproeessed to 
separate plutonium and remaining 
uranium from the wastes produeed 
in the fi ssion process, is identi fied 
as the "reprocessing option." The 
second option, whi ch is generall y 
known as "direct di sposai," in volves 
disposing of spent fuel foll ow ing 
appropriate treatment, usually after 
a peri od of long-term sto rage . 
Figures 1 and 2 illustrate the two 
fuel- cycle options and also give an 
indicati on of the quantiti es of the 
material in vo lved in the diffe rent 
stages, fo r each tonne of uranium 
fed in to th e stud y's refere nce 
reactor. 

METHODOLOGICAL 
APPROACH USED 

Figure 2. Material flow of the PWR direct disposai option 
(The figure is an example and the numbers are approximate only.) 
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The investment appraisal method 
of deri ving th e li fe time-I eve li sed 
fuel cost required the examination 
of the entire fuel cycle cash outtlow 
based on compone nt priees. Cash 
outtlows were di scounted to a base 
date using the selected discount rate 
whi ch was set, fo r the refe rence 
case, at 5 per cent per annum. The 
leveli sed fuel cycle cost was deri ved 

L-__________________________________________________ ~ u 

in mills/kWh terms by equating the net present value of the 
entire fuel-cycle co st and the net present value of the total 
electri cal output over the station lifetime, where both have 
been discounted to the sa me date. 

The use of a 5-per-cent reference di scount rate was 
considered appropri ate in refl ec ting th e consensus of 
nati onal practi ces. It also enabled direct compari son to be 
made with previous results. Vari ations due to the use of a 
wide range of alternati ve di scount rates were also examined. 

FUEL CYCLE COMPONENTS AND PRICES 

The overall fuel-cycle cost compri ses the aggregation of 
a series of priees for each of the fuel-cycle components. 

Such pri ces take full accoun t of th e in ves tment and 
operati ng ex pe ri ence in meeti ng the strict reg u 1 atory 
requ irements fo r environmental protec ti on and publi c 
safety. Thus, the resulting fuel-cycle costs are regarded as 
covering ail expenditure and li abilities in a comprehensive 
manner. 

A projection of priees for each of these components was 
deri ved From a survey of di fferent percepti ons of future 
world market priees. The study typicall y used the centra l 
va lue of th e range that resulted from indi vidual in puts 
which were given in constant 199 1 money va lues. The 
res ulting va lues whi ch were then used to ca lcul ate the 
referenee fuel-cycle cost are shown in Table 1. 

Two options were considered in the study fo r the back
end of the fu el cyc le. The firs t was based on prompt 
reproeessing of the spent fuel. The bas ic cost estimates 
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THE ECONOMICS OF THE NUCLEAR FUEL CYCLE 

used were supplied by British 
Nuc lea r Fuels Ltd. (BNFL) in 
conjunction with the French 
co mpany COGEMA. The se 
est imates assumed that the fue l 
wo uld be reproeessed in a newly 
constructed plant. ln costing this 
pl ant the ex perience gained from 
th e des ign, co nstruction and 
ope rati on of th e lates t repro
cess in g plant s of THORP at 
Sellafield and UP3 at La Hague 
has been taken into consideration. 

Figure 3. 8ack-end options and operation timings 
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of de li very were deri ved using 45 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 
co st es timates and the referenee 0 L _ ____ ______________________ _ 

5-per-cent- per-annum di sco unt 
rate. To enable a proper comparison of the costs of the 
reprocess ing and direct di sposai options, the associated 
pri ces were derived in a comparable way using the ECU 
monetary unit and the assumption that the service provider 
obta in ed a 5-per-cent rea l rat e of return on capita l 
employed. The resulting referenee leveli sed priees deri ved 
for the two options are shown in Table 2. 

Table 1. Front-end reference component unit priees 

Component Priee 

Uraniulll purchase $50/kg U (in 1990) 
($ 19.2/lb U3OS) 

increas ing at 1.2% p.a. 
in reallerms 

Conversion $8/kg U 

Enrichment $1I 0/SWU 

Fabrication $275/kg U 

Table 2. Back-end reference unit priees 

Serviee Priee 

Optioll: Reprocessillg 

Spent-fuel transport 
(within European area) ECU 50/kg U 

Reprocessing (includes 
ail processes except vitrified 
high-Ievel wasle di sposai) ECU 720/kg U 

Vitrified high-Ievel 
waste disposai ECU 90/kg U 

Optioll: Direct Düposal 

Transport/Storage of spent fuel ECU 230/kg U 

Encapsulat ion/Disposal of 
spent fuel ECU 610/kg U 

NOie: The abovc priees rellect discounling 10 appropriale de li very lil11 ing 
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20 THE ECONOMICS OF THE NUCLEAR FUEL CYCLE 
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REACTOR CONSIDERATIONS 

The reference reactor for the study was assumed to be 
a French PWR N4-type with a thermal output of 
4 020 MW, giving an electri cal output of 1 390 MW. The 
power station was assumed to operate for 30 years with 
a leveli sed load factor of 75 per cent. The fuel costs were 
calculated for a four-batch fuel cycle with annual refuels, 
th e fuel bein g di sc harged at an ave ra ge burnup of 
42.5 GWd/tU. 

Sorne attention was also given to boiling-water-reactor 
(BWR) fuel and the fuel cycle for the Canadian pressuri sed
heavy-water reactor (CANDU) and the Japanese advanced 
thermal reactor (ATR). 

reduced waste vo lumes. Additionall y, a wide sensiti vity 
range has been assumed fo r vitri fied hi gh-leve l waste 
di sposaI which reflected the di ffe rent possible geologies 
involved, th e different time sc ales envisaged and th e 
diffe rent size of the national nuclear programmes giving 
ri se to the hi gh-l eve l was tes. The sensiti vit y range 
chosen was representati ve of the range of values provided 
by the indi vidual countries in volved in a separate NEA 
study (5). 

As regards the direct-disposaI option, which is country 
specific, in coming to a view on the appropriate sensiti vity 
range to be used, recogni tion was given to co st estimates 
prov ided by Germany and the United States. This led to a 
much wider sensitivity range for the two main components 
of the option. 

Figure 4. Levelised-lifetime PWR fuel cost 
(Reprocessing option) 

COSTS IN 
PERSPECTIVE 

millslkWh (1991 mv) 

15 
(5% p.a. discount rate) 

Priee 

12 

Pertormanee 
9 

6.23 
6 

3 

0 

-3 
Credits This study Credits This study Credits 

(43 GWd/tU) (33 GWd/tU) 

SENSITIVITY ANALYSIS 

A number of sensitivity calculations have been carried out 
with respect to lead times and unit prices. 

The sensiti vity range for the front-end serv ice prices 
generally refl ected the upper and lower-bound values seen 
in the spread of perceptions given for future world market 
pnces. 

ln the back-end of the fuel cycle, a downside range in 
the reprocess in g pri ce has bee n used to take into 
acco unt the redu ced costs of new plants res ultin g 
from tec hnology and des ign improvements due to 
th e operation of new reprocess in g pl ant s and th e 
anti cipated process improvements leading to much 

10.86 

Last study 
(33 GWd/tU) 

millslkWh (1991 mv) 

15 

Waste 12 

Reprocessing 9 

Transport 
Fabrication 

6 
Enriehment 

Conversion 3 
Uranium 
purehase 

0 

-3 

The stud y's co mpre
hensive analys is showed 
that a 40-per-cent real-term 
reducti on in es tim ated 
life time-leveli sed costs has 
occ urred sin ce the 1985 
NEA fuel-cost study (1). 
Thi s is attributed to two 
main factors: 
a) major reductions in the 
projec ted pri ce fo r th e 
uranium and enri chment 
components and reductions 
in th e pri ce fo r back-end 
services, and 

b) improved reac tor and 
fuel performance. 

Figures 4 and 5 provide a breakdown of fuel-cycle costs 
and indicate the effect of price and perfo rmance factors by 
comparing calculated costs with those derived by the earlier 
NEA fuel-cycle study. 

Tables 3 and 4 detail the contribution of each fuel-cycle 
component for the initial core and refuels in the total fuel
cycle cost. The front -end component of the fuel cyc le 
contributes about 80 per cent of the total leveli sed-li fe time 
cost. The front-end cost is the sa me regardless of the spenl
fuel-management option chosen. The magnitude of the 
back-end component of the fuel-cycle cost depends on the 
option chosen for the management of the spent fuel. 

Based on the adopted stud y's ass umpti ons and 
parameters, the reference lifetime-Ieve li sed fuel-cycle co st 

~~~f ..... N.E.A.N .. eW.S.le.t.te.r.s.pr.in.g .. 19.9.4 .............................................................. 1 



THE ECONOMICS OF THE NUCLEAR FUEL CYCLE 

Figure 5. Levelised-lifetime PWA fuel cost 
(Direct disposai option) 

Figure S.6 Levelised lifetime PWA fuel cost 
(direct disposai option) 

mills/kWh (1991 mv) mil'slkWh (1991 mv) 

15 r 1 15 
(5% p.a. discount rate) 

12 Price -. 12 
Encapsulationl 

~posal 

9 
Periormance 

Transport! -1 9 
Storage 
Fabrication 

6 \- 5.46 Enrichment J 6 - Conversion 

for a large PWR power 
station to be commission
ed around the turn of the 
century is expected to lie 
in th e range of 4.28 to 
6.30 mill s/kWh for the 
direct disposaI option and 
5.17 to 7.06 mi li s/k Wh 
for the rep roce ss in g 
option. Simi lar fuel-cycle 
costs would be expected 
for a comparable BWR 
power stat ion comm
iss ionin g in th e yea r 
2000. 

A contemporary joint 
stud y of the Nuclear 
Energy Agency and the 
International Energy 
Agency (7) on th e 

• 3 3 li Uranium 
purchase 

U 

o 
This study 

(43 GWdltU) 

projected costs of generating electricity from nuclear, coal
and gas-fired power stations concluded that the proportion 
of the total generating cost taken up by the fuel component 
is, typically, 15 to 25 pel' cent for nuclear, at a 5-per-cent 
rea l discount rate. In li ght of the underlying cost 

Table 3. Levelised PWR fuel-cycle cost 
for the reprocessing option 

(Reference case) 

Component Initial core Reloads 

Front-end 

Uranium 0.17 1.47 
Conversion 0.03 0.18 
Enrichment 0.1 8 1.67 
Fuel fabri cation 0.19 0.81 

Sublotal 0.57 4.13 

Back-end 

Transport of spent fuel 0.02 0.09 

Reprocessing and 
vitrification 0.32 1.34 

Waste disposai 0.003 0.02 

Sublolal 0.34 /.45 

Credit 

Uranium credit -0.0 1 -0.1 7 
Plutonium credit -0.0 1 -0.07 

Sublolal -0.02 -0.24 

Total cost 0.89 5.34 

Total 

1.64 
0.21 
1. 85 
1.00 

4.70 

0.11 

1.66 

0.02 

1.79 

-0. 18 
-0.08 

-0.26 

6.23 

LW 

0 I ~ This study Last study 'iJ 
(33 GWdItU) (33 GWdltU) <1l 

U 

uncertainties, the small cost difference between the two 
fue l cycle options exam in ed was considered to be 
insignificant as it represents a negligible difference in 
overall generating cost terms. lt is likely that a wider 
range of factors such as considerations of national energy 
strategy, reactor type, envi ron mental impact, balance of 
payments and public acceptabili ty will also play a very 
important role in deciding a fuel-cycle policy. 

Ideally, national and utility fue l-cycle directions should 
be reviewed by examining ail impacts of alternative 

Table 4. Levelised PWR fuel-cycle cost 
for the direct disposai option 

(Reference case) 

Component Initial core Reloads 

Front-end 

Uranium 0. 17 1.47 
Conversion 0.03 0.18 
Enrichment 0.1 8 1.67 
Fuel fabrication 0.1 9 0.81 

Sublolal 0.57 4.13 

Back-end 

Transportlstorage of 
spent fuel O.JO 0.41 

Encapsulation/ 
disposai of spent fuel 0.05 0.20 

Sublofal 0./5 0.6 / 

Total cost 0.72 4.74 

Total 

1.64 
0.2 1 
1.85 
1.00 

4. 70 

0.51 

0.25 

0.76 

5.46 
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22 THE ECONOMICS OF THE NUCLEAR FUEL CYCLE 

~ choices on their total system costs 
~ taking into account pl annin g 
~ criteria, programme sizes and 
a timing as wei l as the scal e and 
~ ownership of fuel-cycle plants. 
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Handling of a fresh fuel bundle at the reactor site. 
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1 O. ILARI* 

THE NEW INTERNATIONAL STANDARDS 
FOR RADIATION PROTECTION 

l n order to cope with the expanding uses of radiation sources and nuclear practices, and in view of the particular 
character of radiation risks, the radiation protection community has developed during the last few decades a unique 
and elaborate system of concepts, princip les and techniques for the prevention and control of radiological risks. 

The scientific and conceptual bases for this system are established by the International Commission on Radiological 
Protection (ICRP) under the form of recommendations that are regularly updated and expanded to adapt to new 
requirements and evolving situations. The ICRP Recommendations are deliberately drafted in general and scientific terms 
so that sufficient scope for interpretation and application is left to the users, particularly the national authorities. 
Consequent/y, there is a continuing need for a conversion of the ICRP guidance into terms which are sufficient/y practical 
and straightforward to facilitate their transfer into regulatory and operational practices at the nationallevel. 

On the other hand, it is we il recognised that one of the 
principal reasons fo r the remarkable results achieved so far 
in ensuring the protection of workers and members of the 
public is the large degree of homogeneity of policies and 
practi ces adopted in thi s area by the various countries. This 
is due to the dy nam ic role pl ayed by intergovernmental 
organisations, such as the International Atomi c Energy 
Agency (IAEA) and other United Nati ons agencies, the 
Co mmi ss ion of European Co mmuniti es (CEC) and the 
OECD/NEA. This harmoni zation of approaches was further 
improved, at the beginning of the eighties, when the IAEA, 
the Internat ional Labour Organi sation (ILO), the World 
Hea lth Organisation (WHO) and the NEA produced the 
jo int Basic Safe ty Standards fo r Radiation Protec tion 
(BSS), published in 1982. 

When th e ICRP iss ued , in 199 1, it s new 
Recommendations (Publication No. 60), which introduced 
substantia l changes and elements of novelty in compari son 
wit h the prev ious Recommenda tions of 1977 , th e 
in ternational organi sati ons sponsoring the BSS decided to 
continue their concerted effort to prov ide unified radiation 
protecti on standa rds. Th erefo re, a group of six 
orga ni sat ions, in cluding the Food and Ag ri culture 
Organization (FAO), the IAEA, the lLO, the NEA, the Pan
American Hea lth Organisati on (PAHO) and the WHO, 
concurred, in 1990, on the need to revise the BSS of 1982 in 
order to take account of the last developments in scienti fic 
know ledge and the recent or ientati ons in rad iat ion 
protection principles and concepts, as expressed in the new 
ICRP Recol11l11endations . 

1 

'DR. OSVALDO ILARI IS DEPUTY HEAD OF THE NEA RADIATION 
PROTECTION AND RADIOACTIVE WASTE MANAGEMENT DIVISION. 

A Joint Secretariat From the six organisations mentioned 
above was se t up to orga ni se and co-ordin ate thi s 
intern ati onal effo rt , in vo l v i ng hundreds of scienti fi c, 
governmental and industrial experts From Member countries 
and req uiring a substantial number of technical meetings 
and di fficult consultations throughout a peri od of almos! 
three years. 

The main purpose of the BSS is to offer a base for and 
give guidance to national authoriti es on the establi shment of 
regul ati ons and operational criteri a adapted to the local 
situations. Therefore, it was decided by the Joint Secretariat 
that the applicati ve requirements and guidelines of the BSS 
should be given the character of standards that nati onal 
authorities could directly use as a regulatory bas is fo r the 
protection of workers and members of the public, although 
some authorities mi ght simply wish to use this text as a 
reference in making regulations more specifically fit to the 
particular needs and conditions of their countries. Member 
countri es, in fact, are not füt'mally committed to bring their 
legislati on into confo rmi ty with the Standards, which are 
not intended to replace nati onal laws and regul ati ons. 
Anoth er fun cti on of the BSS is to prov ide tec hni ca l 
guidance to management bodies with responsibilities fo r 
radiation protection in thei r own operations, as weil as to 
the professional operators in radiation protection. 

The Standards coyer the protec ti on From ail kinds of 
radiati on sources to be controlled. These include a large 
va ri ety of natural radi ati on so urces , with parti cul ar 
emphas is on so urces of radon ex pos ure (buildin gs , 
underground mines, etc.), ail acti vities in the nuclear fuel 
cycle, the medical applications of rad iati on, and sources 
used in industry, research, agriculture, etc. The provisions 
of the Standards add ress the ex pos ure of workers and 
members of the public, but special provisions are given for 
the protec ti on of pat ients exposed 10 medical radi ation 
sources. 

NEA Newsleller Spring 1994 

23
1 

l"2'J 

~ 
@ 
@:, 
2) 

~ 
l"2'J 
~ 

~ 



24 THE NEW INTERNATIONAL STANDARDS FOR RADIATION PROTECTION 

The requirements of the Standards 
refer not onl y to protecti on under 
normal operation conditions, but also 
to th e protecti ve meas ures to be 
adopted in situations where protection 
ca nn ot be pl anned in advance and 
"intervention" is the onl y ava il able 
opti on. Thi s is the case of th e 
radiol og ica l consequences of acc i
dents or of long-term environ mental 
contamination resulting from previous 
practi ces. 

An important as pec t whi ch 
distinguishes the new Standards from 
the BSS of 1982 is the extension 
to include, besides the guidance fo r 
radiation protecti on, a set of design 
and operational requirement s 
address ing the safety of radi ati on 
so urces, namely, the preve nti on 
of potential exposures of persons 
fr om acc idents or mi suse of 
sources. >-c: 
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The Standards contain general and 
spec ifi e requirements fo r aIl the 
above-mentioned aspects and are 
completed, in some cases, by detailed 
numerical guidance in terms of limits, 
reference levels, intervention levels 
and exemption levels. The degree of 
development of thi s num eri ca l 
guidance is di ffe rent in the va ri ous 
areas, dependin g on the degree of 
internati onal consensus whi ch was 
possible to achieve. 

- _ ____ .1J/u 
Radiation control of workers at Tsuruga 2 nuclear power plant. 

The Standards apply to the protection of human beings 
only. Il is, in fact , the current understanding that standards 
that are adequate for the protecti on of humans will also 
ensure that no other species is threatened as a population, 
even if indi viduals of the species may be harmed. 

The Standards apply only to ioni sing radiation, namely 
gamma and X rays as weil as alpha, beta and other particles 
that can induce ioni sati on; th ey do not appl y to non
ionising radi ation. Neither do they apply to the control of 
other non-radiological aspects of health and safety. The 
Standards, however, recogni se that radiation is only one of 
many sources of ri sk in life, and that the risks associated 
with radiation should not onl y be weighed aga inst its 
benefits, but also viewed in perspective with ri sks from 
other sources and practi ces. 

NEA Newsletler Spring 1994 

The procedure fo r issuing the Standards is reaching its 
final stage. Consensus on the fi nal draft of the BSS was, in 
fac t, reached by the ex perts of Me mber countri es in 
December 1993 and the document is now being submined 
for adoption to the governing bodies of the six sponsoring 
organi sa ti ons. In view of their di ffe rent agendas, Ihi s 
procedure will be carried out between June 1994 and March 
1995. Formai publication of the Standards is, therefore, 
expected for late spring or early summer 1995. 

A broad adoption and implementation of the Standards by 
Member countries could, no doubt, contribute to improve 
the generality of radiation safety throughout the world by 
ensuring a closer co-operati on between health and safety 
authorities and experts and ac hiev ing a better balance of 
ri sks, costs and benefits in this sensiti ve area. 



1 A. MILLER· 

THE THREE-MILE-ISLAND VESSEL INVESTIGATION PROJECT 

T. he Three-Mile-Island Vessel Investigation Project (TMI- VIP) was established in 1988 to determine the extent of 
the damage that occurred in the lower region of the reactor vessel and the margin of structural integrity that 

remained in the vessel during the TMI-2 accident. The project was sponsored by organisations from eleven 
countries: Belgium, Finland, France, Germany, /taly, Japan, Spain, Sweden, Switzerland, the United Kingdom and the 
United States, and the project management was performed by the U.S. Nuclear Regulatory Commission. 

The ai ms of the project were to extract samples of 
the pressure-vessel lower-head material and nozzles, 
to examine these samples in order to determine the 
properti es of the materials and to gain information on 
the course of the accident, and to analyse the accident 
to determine how close the vessel had come to failure. 

The project was completed in 1993. ln order to 
disseminate the results, an Open Forum was held in 
Boston, Massachusetts, on 20-22 October 1993 and 
attended by over 100 people From thirteen countries. 

The sam pie extraction required the development of 
spec ial too ls. Only a short-time window for the 
ex trac ti on of the sa mpl es from the vessel by the 
projec t was permitted by the utility. There were 
reg ul atory res tri cti ons, and the environmental 
conditi ons were severe. About half of the cost of the 
projec t ($9 milli on in total) was all ocated to the 
recovery of the samples. The number of sampi es 
recovered exceeded the initial ex pectations. The 
cutting equipment is di splayed in the Smithsoni an 
Institution in Washington, in a special exhibition on 
"Science and American Life," which opened in April. 
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Scientifi c papers were give n at the meeting by 
research workers from Argonne and Idaho National 
Laboratori es, the Uni versity of Wi sconsin-Madi son, 
and from laboratori es in the partner countries. These 
in vo lved metallographic analysis to determine the 
temperature hi story of the vessel and nozzle stee l, 
study of the fuel debri s and the flow mechanism of the 
molten fuel, the degree of melting of the nozzles, and 
analysis of the integrity mm·gin of the vessel. 

U 
The OECO TMI-VIP Project was completed in 1993. Several Member 
countries indicated that they will continue their analysis of the accident. 

Many metallographic indicators were used to determine the temperature history, the procedures being in vented for the 
purpose. One unexpected element of the investigations was the discovery of a "hot spot," where temperatures of 11000 C 
were reached fo r 30 minutes, in a region of about 1 metre by 0.8 metre covering parts of the central south-west and north
west quadrants of the bottom. The molten-material flow path was in an unexpected direction, stm·ting hori zontally and 
going towards the hot spot. 

• DR. ALEX MILLER 15 A MEMBER OF THE NEA NUCLEAR SAFETY DIVISION. 
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26 THE THREE-MILE-ISLAND VESSEL INVESTIGATION PROJECT 

One of the aims of the project was to assess the "margin to failure" of the vessel , that is, how close to fai lure the vessel 
was during the accident, in terms of mm'gins on such parameters as pressure or temperature. The analysis showed large 
mm'gins to failure for tube rupture and tube ejection from the lower head. It also showed that local effects, li ke the hot spot, 
can reduce the vessel-failure time, but are unlikely to cause vessel fai lure in themselves. There was insufficient detailed 
information to analyse events fully, but there was evidence that the lower head was insulated by a layer of the initial debris. 
The hot spot formed in an area where th is layer was less thick. The analyses revealed the conservatism of the existing data 
and analysis methods for the creep fai lure of pressure-vessel material, as they are intended for design pUl-poses rather than 
for best-estimate analyses. 

To explain the events, additional cooling mechanisms were postulated, involving the penetration of water through cracks 
in the debris and along a gap between the debris and the vessel wall. Video observations during defuelling were consistent 
with the existence of such cracks. Such mechanisms have consequences for the understanding of severe accidents in 
general, as they indicate the existence of an additional safety margin not considered in CUITent severe-accident analyses. 

o 1100· C 

o BOO· C '. . . '" ~ ~ .. 

Graphie model of the lower head of the Three·Mile-lsland vessel, showing hot spots and the state of the nozzles. 

As a result of the project, il was learnt lhat accident-management strategies shou ld recognise not only the importance of 
cooling water for the reactor core, but also that the reactor-wall temperature should be limited and that the pressure should 
be controlled to avoid rupture. The lessons leamt will be applied to future severe-accident analyses and severe-accident
management procedures. Several countries (USA, Germany, France and Japan) indicated that they wi ll continue their 
analysis of the accident, to improve their understanding of material behaviour under these conditions. 
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1 E. LAZO· 

THE RESULTS OF 
THE FIRST INTERNATIONAL 
NUCLEAR EMERGENCY EXERCISE 

l n the field of radiation protection and public health the NEA established in 1990 an expert group to improve the quality 
and coordination of nuclear-emergency-response systems on a regional scale, and to help in seeking consensus on 
approaches to the management of nuclear emergencies with cross-border implications. Since then, the programmes 

implemented by this expert group have included a workshop on off-site nuclear emergency exercises (1991), and a survey 
of emergency planning and preparedness practices in various countries (1992), both of which culminated in the running, by 
16 countries, of a large-scale nuclear emergency drill having national and international implications (1993). The above
mentioned drill, called the First International Nuclear Emergency Exercise, or INEX1, was performed during the spring of 
1993, and was seen by the participants as having been extremely instructive and a complete success. 

INEX 1 was a first-of-a-kind exercise in that it s 
objecti ves were international in scope. Based on the needs 
of the participating countries, a major objective of INEX 1 
was to examine the process for alerting and communicating 
with neighbouri ng co untri es and the internati ona l 
comm unity in the case of a nucl ear accide nt. It also 
aimed at reaching conclusions on the need fo r national 
interventions or protective measures, at surveyi ng the 
ac ti ons proposed in relation to the import and ex port of 
contami nated food , animal foodstuffs , and goods, and 
finall y at the processes for identifying the need for and 
the requesting of assistance from other countries to cope 
wi th consequences of a radiological emergency. These 
object ives were acco mpli shed in two stages. Stage 1 
of IN EX 1 was the exerc ise itself. Stage 2 was a post
exercise review meet in g for the di sc uss ion and 
consolidation of experience, and for the recommendation of 
future ac tions. 

EMERGENCY EXERCISES 

ln general, nuclear-emergency exercises are performed 
periodically at fac ilities where the potential for the release 
of rad ioacti ve material ex ists. N uclear power plants are 
particularly advanced in the area of such exercises or drills. 
These drills can take the form of "Tabletop" exercises, a 
"Co mmand-Post" exercise, or a full "Field" exerc ise, 
depending upon their objectives. 

A "tabletop" exerc ise is one in whi ch aIl concerned 
parties (generally representatives from various departments 

' DR. EDWARD LAZO IS A MEMBER OF THE NEA RADIATION 
PROTECTION AND RADIOACTIVE WASTE MANAGEMENT DIVISION. 

1 

of the facility, as weil as from local, regional, and national 
governments) meet to make decisions regarding a particular 
in cid ent scenario . The scenario is presented by 
a "moderator," who chronol ogicall y regulates the fl ow 
of in fo rmati on to the "players" in an attempt to simul ate 
as close ly as possible the type, qu antity, and timin g 
of information which would be ava il able in the case of 
an ac tual emerge ncy. The pl aye rs are thu s as ked to 
"manage" the incident, making decisions as to protective 
actions, notifi cations, etc., as best as they can and according 
to thei r pre-established procedures. These types of drills 
provide train ing to the participants, and can point out strong 
and weak points in ex isting procedures. 

Command-post exercises are similar to tabletop exercises 
in that the type of scenarios used in both cases are the same. 
However, pl aye rs in a co mm and-post exe rcise are 
physically situated in groups representing the faci lities at 
which they would be during an actual emergency. This can 
be simul ated by usin g se para te rooms in a central 
confere nce facility, or by using th e actual site, local, 
regional , and national facilities which would be acti vated in 
an emergency. The objecti ves of thi s type of exercise are 
similar to those of a tabletop exerci se, with the addition of a 
more rigorous test of the communications aspects of an 
emergency. 

Field exercises are the final c1ass of drill , and incorporate 
ail real facilities and personnel which would be involved in 
an actual emergency. This includes the acti vation of ail 
command post, monitoring, and assessment fac ilities, the 
sending-out of actual monitoring teams and the simulated 
collection of data, as weil as a scenari o which is played in 
real time. 

ln each case the success of the exercise depends heavily 
upon such a scenari o, which can be tailored to preferentially 
test specific aspects of ex isting emergency plans, but must 
above ail be sufficiently detailed as to be realistic. 
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28 THE FIRST INTERNATIONAL NUCLEAR EMERGENCY EXERCISE 
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The maps used to conduct the exercise utilised the concept of "Acciland" and "Neighbourland. " 

INEXl 

One remarkable feature of INEX 1 was its scope. Most 
emergency exercises concentrate on the national aspects of 
emergency response pl ans. But, as hi ghlighted by the 
Chernobyl accident, in 1986, and echoed by the 1990 NEA 
sponsored workshop on emergency response, large-scale 
acc idents can have signifi cant cross-border impli cati ons 
requiring the coordinati on of response efforts nationally, 
with neighbouring countries, and perhaps even with a much 
broader international community. lt is th us the international 
aspects of a large-scale accident which the INEX 1 scenario 
was designed to exercise. 

To further ass ist the participating countries in improving 
their response plans, the INEX 1 scenario was designed such 
that the exercise experiences of the vari ous participants 
could be qualitati vely shared among ail participants. This 
was achieved by using an identical scenario for everybody. 
Two fictional countries, Acciland and Neighbourland, were 
created. For eac h co untry, detail ed geograph y and 
demographics were developed. The "Boom Nuclear Power 
Station," the site of the accident , was located in Acciland 
within approximately 5 km of the Neighbourland border. 
Several cities, sm ail and large, as we il as various farms, 

hospitals, retirement communiti es, sports and camping 
fac ilities, etc., were also located in both countries at vari ous 
distances From Boom. The acc ident sequence was then 
designed to assure that both countri es would experience 
consequences of the acc ident and wo uld ha ve to ac t 
accordingly. 

With such a scenario, the exercise could be run by many 
different countries, independent of their geographies and 
demographies, and the results of experience gained during 
the exercise (dec isions ta ken, protec ti ve measures 
impl emented, etc.) co uld be co mpared such th at aIl 
countries could learn generic lessons from the experiences 
of others. In addition, since countries with (Acciland) and 
without (Neighbourland) nuclear power plants were created, 
participating countries were given the liberty to play either 
or both, and thus exercise their response capabilities fo r 
internaI and external accidents. An example of one of the 
maps used to conduct the exercise is shown above. 

Scenario 

In order to fulfill the objecti ves defined earlier, a tabletop 
exercise was selected. Because of the international nature 
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THE FIRST INTERNATIONAL NUCLEAR EMERGENCY EXERCISE 

of the exercise, it was suggested that the players represent 
slI ch loca l and reg ional groups as admini st rat ions, 
emergency and welfa re serv ices, etc., and such national 
allthori ties as the office of the prime mini ster/pres ident , 
national emergency poli cy organi sati ons, and radi at ion 
protection, food, meteorology, agriculture, organisations, for 
example. High-ranki ng officiais in participating Member 
co un tries we re hi ghl y enco uraged to take part in the 
exerclse. 

The scenario was di vided into th ree di stinct phases: 
Phase l, the accident threat; Phase II, immediately after the 
release; and Phase III , two days after the release. This way, 
the plannin g/preparati on, implementati on, and recovery 
aspects of each parti cipant's emergency plans cou Id be 
exercised. 

The si mul ated accide nt in vo lved the re lease of 
significant quantities of radi onucl ides fro m the "Boom 
NlIclear Power Station." The radioacti ve plume, carried by 
win d and rai n, passed ove r both Acc il and and 
Neighbourland leaving vary ing levels of contamination and 
causi ng varying dose rates during and after its passage over 
both countries. 

Each phase was presented to the players by a moderator, 
and during each phase chronolog icall y and phys ica ll y 
realistic information was supplied. Players were expected 
to act according to their pre-establ ished emergency response 
plans, to commllnicate appropriately wi th neighbouring 
countries and with ail implicated international organi sations 
(IAEA, CEC, etc.) , to plan and dec ide to implement 
protective actions, to react to new situations as posed by the 
moderator, in short, to act as if a real emergency were in 
progress. In that the exercise was conducted as a tabletop; 
communications wilh people; organi sations concerned, and 
fac ilities not participating in the exercise were simulated, 
the implementation of recommended actions was assumed, 
and no management of field teams was necessary. 

Intentionall y, deta iled info rmation about the plant and 
the plant status was not provided to the players. ln that 
INEX 1 was intended to exercise the international aspects of 
accide nts, il was fe lt Ihat players would concentrate too 
much on plant detai ls if such information were provided. 

INEX 1 Results 

During the spring of 1993, 14 NEA Member countries 
(Austri a, Canada, Finland, France, Germany, Ireland, Italy, 
Japa n, Luxembourg, Norway, Sweden, Switzerl and, the 
United Kingdom, the United States) and two non- NEA 
mem ber co un tr ies (Romani a and Ukra ine) co nducted 
INEX 1. ln June 1993, after the successful complet ion of ail 

exercises, an experience review meeting was held, by the 
NEA, in Pari s, thus completing Stage 2 of the project. 

There was unanimous agreement during this meeting that 
INEX 1 had been a success, and that its goals had been 
ful filled. Ali countries who conducted the exercise had the 
opportunity to better train the personnel who are in volved in 
emergency-response activities. By examining the exercise 
resul ts holisti cally, it was seen that, in general, the approach 
to emergency response is very simi lar in most cOllntries, 
indicating that there have been significant lessons learned as 
a res ult of the Chernobyl acc ident. It was also shown, 
however, that in spite of the progress which has been made, 
there ex ist regionally some differences in the choice of 
protective countermeasures to implement, such that without 
close cross-border cooperation, geographically close border 
regions could be subject to di fferent countermeasures. 

To address the concl usions and recommendations made 
during the Stage 2 meeting, the mandate of the expert group 
was renewed and broadened. Specificall y, three workshops 
are planned in 1994 and 1995 to di scuss th e pract ical 
implementation aspects of short-term population-protection 
countermeasures, of agricultural problems associated wi th 
nuclear emergencies, and of the database-management 
aspects of nuclear emergencies. The various aspects of 
long-term countermeasures which were highlighted during 
INEX 1 will also be further di scussed. 8ased on the results 
of TNEX 1 and on the four above- mentioned initiatives, the 
NEA will be sponsoring a second emergency drill , INEX2, 
most li kely in 1996. 

Conclusions 

The First Internati onal Nuclear Emergency Exercise 
(lNEX I) was ex tremely weil received and appreciated by 
the countries who participated. The conclusions from and 
results of the exercise show that steady progress has been 
made in the area of emergency response. Moreover, the 
enthu sias m of the pa rti cipants to co ntinue thi s wo rk 
demonstrates that harmoni zation in the area of emergency 
response is an important international goal toward which 
the NEA will continue to work. 
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J. JOOSTEN* 

INTERNATIONAL UPDATE ON 
URANIUM SUPPLY AND DEMAND 

Ta he OECO Nuclear Energy Agency (NEA) and the International Atomic Energy Agency (lAEA) have just published 
the results of a new, two-year, joint study on world uranium resources, production and demand. The report, 

commonly known as the "Red Book, " is the most comprehensive study yet in the series. It con tains official data, 
maps of deposits, expert analyses and forecasts on uranium supply and demand in over 50 countries worldwide. In 
addition to the traditional reports from major uranium-producing countries, there is also significant new information 
presented on the Czech Republic, Kazakhstan, Lithuania, Mongolia, the Russian Federation, the Siovak Republic, 
Siovenia, Ukraine, and Uzbekistan. Much of this article is drawn from that report. Accordingly, the author wishes to 
acknowledge the efforts of the NEA Uranium Group and Mr. Ooug Underhill of the IAEA who provided a substantial 
contribution to the analysis. 

The most significant aspect of 
uranium suppl Y and demand in the 
1991-93 period was an over-saturated 
market. As can be seen in Figure l , 
there is a c1ear shortfall between fresh 
uranium production and CUITent 
uranium consumption beginning in the 
late 1980s for the non-centrally 
pl anned economies. Nevertheless , 
uranium prices continue to remain low 
chiefly due to the effects of fissile 
material stocks on the market and the 
increased availability of non-traditional 
supply. In the new expanded world 
market, uranium produced under the 
very different production cost 
structures of the former centrally 
planned economic are as now competes 
for sales with uranium produced in 
countries with market economies. 
During 1992, the average annual spot 
market priee reached an ail lime low of 
about US$20.67/kg U. Long-term 
market prices also decreased from 
those previously reported. 
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Figure 1. Historical Uranium Production and Requirements in 
Selected Countries' 

Year -0 
<lJ 

ln th e countries with market 
economies, "known" low-cost uranium 
re so urces ($80/kg U or less) are 
estimated at about 2 million tonnes U. 
These resources would appear 
sufficient to support about 34 years of 
consumption at the present leve l of 

L-________________ ~----------~--------~--------~ 0 
* Excludes: Bulgaria, China, CSFR, Cuba, Czechoslovakia, Czech Republic, GDR, Hungary , 

Kazakhstan , Mongolia, Romania, Russian Federation , Siovenia, Tajikistan , Ukraine, USSR, 
Uzbekistan, and Yugoslavia; but includes Taiwan . 

'MR. JAMES K. JOOSTEN 15 A MEMBER OF THE NEA NUCLEAR DEVELOPMENT DIVISION. 

~~! ..... N.E.A.N .. ew .. sle.t.te.r.s.pr.in.g .. 19.9.4 .............................................................. 1 



1 URANIUM SUPPLY AND DEMAND 

nuclear capacity. An additional 1 million tonnes of higher
cost uranium resources ($80 to $130/kg U) are also known 
to ex ist. Chi le, China, lndi a, Kazakhstan , Mongolia , 
Romani a, the Russian Federation, Ukraine and Uzbekistan 
have reported "known" uranium resources totalling about 
1.4 million tonn es U. However, there remain some 
uncertainties as to the cost category and recoverability of 
the latter resources. 

Uranium ex ploration ex penditures have declined 
signifi ca ntly since the mid-1980s and are expected to 
decline even further in Canada, France, the Ru ss ian 
Federati on and the United States. Nevertheless , there 
remains very good potential for the discovery of additional 

uranium requirements were met From inventory drawdown. 
ln recent years, the inventories From the ex-COMECON 
countries also have become avai lable to Western markets 
and there has been speculation that portions of the military 
inventory may even be made available to the commercial 
sector in significant quantities after the year 2000. Military 
highly enriched uranium (HEU), plutonium, and natural 
uranium in various fonns is estimated to total at least 
several years forward supply of natural U equivalent. The 
500 tonnes HEU under pending agreement between the 
United States and the Russian Federation, for example, is 
equivalent to about 150 000 tonnes natural uranium or about 
13 per cent of the world 's cumulative requirements from 
1993 through 20 10. Addi ti ona ll y, as of January 1993, 

Figure 2. Short-Tem Annual Uranium Production Capability for Countries Reporting* 
(Resources recoverable al $80/kg U or less.) 

142 000 tonnes of heavy metal 
remained in storage as spent fue\. 
Most of thi s material is rich in 
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plutonium and is viewed already 
by certain countries as a strategic 
resource. 
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Uranium production fell by 
28 per cent between 1990 and 
1992 as the uranium indu stry 
continues to conso lidate itself. 
Worldwide uranium production 
amounts to about 35 000 tU/year. 
This is about 23 000 tU/year short 
of the CUITent rate of uranium 
consumption. The substantial 
cuts in production have been ac
companied by reduction s in 
indu stry emp loyment levels, 
ex ploration , and new project 
development. Employment al 
existing uranium production 
centres has reportedly declined by 
73 per cent or roughly 59 000 
person-years since 1988. 
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Includes: Argentina, Australia , Belgium, Brazi l, Canada, Czech Republic , France, Gabon, Hungary, India, 
Namibia, Niger, Pakistan Portugal , South Africa , Spain, United States, and Zimbabwe. 

uranium reso urces of co nventional type. Estimated 
Additional Re so urces - Category II (EA R-II ) and 
Speculati ve Resources (SR) amount to about 13 million 
tonnes U, which is roughly sufficient to power the CUITent 
base of reactors for 225 years. Nearly two thirds of this 
potentia l occurs in Australia, Canada, South Africa, and the 
United States. 

Stock piles and spent fuel constitute another potential 
resource. ln 1992, for example, 37 per cent of the world 

Western production capabi lity From existing and planned 
centres is estimated to be 576 300 tonnes for the period 
1993 to 20 la . To balance supply and demand on a 
worldwide basis, a cumulative additional 609 000 tonnes 
uranium production capabi lity appears to be needed. A 
slight increase in annual production capabi lity is projected 
From now until 2000 in the former WOCA (World Outside 
Communist Area) countries , the Czech Republic and 
Hungary (see Figure 2). However beyond the turn of the 
century, production capabi lity is projected to decrease. 
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URANIUM SUPPL Y AND DEMAND 

Figure 3. 1993 World Installed Nuclear Capacity 
(334.584 GWe net) 
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DEMAND 

the Newly Independent States (NlS) 
of the former USS R. In Western 
Europe and North America, nuclear 
capacity and uranium requirements 
are expected to remain stable over 
the short term. 

OUTLOOK 

Uran ium demand over the short 
term is fundamentally determined by 
nuclea r capac ity and it ma y be 
presum ed that short- term 
requi rements are fa irl y predictable. 
Although operat ional fac tors ca n 
impact uranium requirements over 
this period, such as load factors, 
plu tonium recycle/MOX fuel, and 
fuel burnup, they are not li kely to 
have a major impact. On the suppl Y 
side, the uncertainties are chi efl y 
related to where these supplies will 
co me from and th e amount of 
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World nuclear electricity generation has grown by nearly 
150 per cent over the last decade. Steady but moderate 
growth is forecast to continue out to the year 20 1 a when 
world nuclear-electricity capacity will be about 37 per cent 
above the cun'ent 1evel of 331 gigawatts and 424 nuclear 
power plants. Clearly, nucl ea r power remain s weIl 
established and the existing and committed level of nuclear 
power plant capacity represents a solid base for uranium 
demand from now through 20 1 O. 

"~"''''' J <{ 

World annual uranium requirements in 1993 were 
estimated at about 58 000 tonnes natural uranium equivalent 
and are expected to rise about 1 000 tonnes per year on the 
average. In projecting uranium demand , the larges t 
uncert ainti es arise in the different ass umptions about 
schedul es for the construction of nucl ear power plants, 
cancellations, new orders for reactors, and whether or not 
the operating li fe of ex isting plants can be ex tended. 
Figure 3 illustrates the relati ve sizes of the installed nuclear 
capacity on a regional bas is. The c1ear majority of capacity 
is seen to be in sta ll ed in Western Europe and North 
America. Interestingly, as can be seen in the Figures 4 
and 5, the strongest growth in nuclear capacity and uranium 
requirements is projected to OCCLII' in the Far East and 
Eastern Europe-notably Japan, the Republic of Korea and 

Nearly two-thirds of uranium resources occur in Australia , 
Canada, South Africa and the United States. 

military uranium that may ultimately enter the commercial 
market. The continued downward pressure on prices, the 
expiration of hi gh-pri ced long-term contracts, and th e 
availability of new sources of suppl y have caused man y 
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1 URANIUM SUPPLY AND DEMAND 

producers to close or reduce their 
ope rati ons. Thi s is lik ely to 
continue through the mid-1990s, 
restricting the prospects for market 
recovery in the short term. 
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Figure 4. Projected Installed Nuclear Generating Capacity to 2010 
for Western Europe and North America . 
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For the lon ge r term , it is 
ge nera ll y beli eved that reactor 
req uirement s and uranium 
product ion will reach closer 
ba lance when inventories have 
been drawn down to desired levels. 
Co ncern about longer-term 
"ecurity of supply of hydrocarbon 
fue ls, the heightened awareness 
lhal nu clear power plants are 
environmentally c1ean with respect 
to acid rain, global warming, and 
ozone depletion could contribute to 

L-__________________________________________________________ ~IU 

even higher-than-projected growth in uranium demand over 
the long term . Beyond the turn of the century, the three 
factors that will have th e greatest impact on the 
supply/demand balance are expected to be the rate of orders 
for new nuclear capacity, the rate of erosion of the existing 
base of reactors, and certain technological developments. 

Nationa l policies concerni ng the siting of electrica l 
generating stations and the safety/economic regu lation of 
existing nuclear power plants are likely to come to the 
forefront of the decision maker's table with in the next few 
years. 

Figure 5. Projected Installed Nuclear Generating Capacity Growth 
to 2010 for the Far East. 
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NEWS BRIEFS 

NEA/RSIC PERSONNEL EXCHANGE 

The NEA and the U .S. Department of Energy (DOE) 
have a long-standing co-operative arrangement for the 
exchange of computer programs and data between the NEA 
Data Bank and the Radiation Shielding Information Centre 
(RSIC), including the exchange of personnel. Since the two 
centres have similar mission s and programmes, the 
temporary assignment of a staff member of the NEA Data 
Bank to the RSIC has been arranged for a two-month period 
at the beginning of 1994. A staff member of RSIC will 
spend an equivalent period of time at the NEA in the 
coming months. 

The objectives of thi s exchange are: to improve 
implementation of the co-operative arrangement through 
discussion, identification, and implementation of common 
standards in the computer program exchange and; to work 
with the RSIC Engineering Physics and Mathematics 
Division personnel on the radiation shielding experiments 
carried out on radiation shielding facilities. The data will be 
stored in a computerised database for easy retrieval by the 
radiation shielding community for validating shield design 
and analysis tool s. 

This type of exchange is found to be mutually beneficial 
to the two organisations and to the staff members envolved. 

DISCUSSING NUClEAR ENERGY 
ATSCHOOl 

The NEA recently organised an international seminar in 
Oxford (United Kingdom) in June 1993 on Teachers and 
Nuclear Energy, to take stock of experience in OECD 
countries to di scuss nuclear energy in secondary schools, 

using multidisciplinary approaches. Societal issues such as 
nuclear energy cali not only for new teaching methods but 
also for new form s of interac ti on among ed ucat ion 
authorities, teachers in different di sciplines, representati ves 
from concerned industries and the students themselves. ln 
line with the evolving l'Ole of teachers, appropriate training 
and education tools must be used. 

The proceedings of thi s se minar ha ve recentl y been 
published and the NEA also produced a 16-minute video to 
summari se the main messages from thi s meeting and to 
i mprove teacher trai ners' and teachers' a ware ness of 
methods and tools available to them for tackling nuclear 
energy at school in a broad and dispassionate contex t. The 
video is available in English and French on VHS 
PALISECAM/NTSC standards. 

---~-------------------------------------------------- -----------------------------------------------------

1 wish to order 

DISCUSSING NUClEAR ENERGY 
AT SCHOOl: A VIDEO FOR TEACHERS 
Format: 0 PAL 0 SECAM 0 NTSC 

at the price of: FF 100/f l l/US$ l 8/DM 30 

o Send invoice later: official order attached 

o Charge my credit card now: 
(You w ill be charged the French Franc priee.) 

VISA 0 MasterCard 0 EuroCard 0 

ORDER FORM 

Card number: ______ ______ _ 

Expiry Date: 

Signature ______ Date _______ _ 

Nome 

Address _______________ _ 

OECD Publications 
2, rue André·Pascal- 75775 Par is Cedex 16 France 



1 NEW PUBLICATIONS 

INFORMATION POLICIES OF NUCLEAR REGULATORY 
ORGANISATIONS 
Proceed ings of the Paris Seminar (France), 6-8 December 1994 
ISBN 92-64-041 16-8 
Priee: France FF 190 - Other Countries: FF 245 US$ 42 DM 74 

ln order to respond to the information needs of the public, especially 
since the Three-Mile Is land and Chernobyl accidents , most OEC D 
count ries operating a nuclear energy programme are stri ving to promote 
their nuclear regul atory organi sation and to publicise its licensing and 
inspec ti on system for nuclear facilities. The goal of that system is 
mainly to ensure that the safety of the facilities contributes efficiently to 
the protection of the health of the workers and the population , as we il as 
the environment. Those orga ni sations ha ve al so deve loped public 
inForm ati on policies concerning nuclear incidents and acc idents, the 
level of risk in volved and the appropri ate emergency measures. The 
need for information, in thi s respect, is particul arly clear in Central and 
Eastern European countries and in the New Independent States of the 
former USSR where efforts to introduce a genuine nuclear safety culture 
hinge on competent and independent regulatory authorities. 

TEACHERS AND NUCLEAR ENERGY 
Proceedings of the Oxford Seminar (United Kingdom), 
28-30 June 1993 
ISBN 92-64-04036-6 
Price: France FF 190 - Other Countries: FF 250 US$ 42 DM 75 

Il is important that people in OECD countries be made aware, as early 
as their days at school, of such societal issues as nuclear energy because 
of the broad implications involved for the future development of these 
cou nt ri es. 

Such issues cali not only for new teaching methods but also for new 
fOJ'lllS of interac tion between education authorities, teachers in different 
di sc iplines and representati ves From concerned industries and students. 
ln line with teacher 's evolving role, appropriate training and education 
tools must be used. 

INFORMATION TO THE MEDICAL PROFESSION 
ON 10NISING RADIATION 
Proceedings of an International Seminal', 
Grenoble (France), 2 -4 September 1992 
ISBN 92-64-037 18-7 
Price: France FF 250 - Other countries FF 330 US$ 59 DM 100 

ln mos t OECD co untri es, the uses 01' ioni sin g radi ati on ha ve 
considerably increased in man y sectors of day-to-day life . Theil' 
app lications for medical purposes, notabl y, are today responsible For 
more than 90 per cent of the radiation dose to the public From artificial 
sources. 

Because the medical profession has al ways enjoyed a high degree of 
111 0 ra 1 auth ority and has one-to-one contacts with the public , it is 
increas ingly being called on to give advice and information to the latter 
regarding the nature and effects of ionising radiation. It is therefore 
importa nt that the medi cal profess ion at large be weil prepared to 
face its res ponsibiliti es in thi s field , notabl y during radiological 
emergencies. 

1 

PUBLIC PARTICIPATION IN 
NUCLEAR DECISION-MAKING 
Proceedings of a joint NEAlIAEA Workshop 
Pari s (France), 4-6 March 1993 
ISBN 92-64-03975-9 
Price: France FF 250 - Other countries : FF 325 US$ 55 DM 96 

The principle of public participation in deci sions regarding industrial 
and technological matters is embodied in const itutional, legislative or 
reg ulatory provisions in most indu striali sed countries. Thi s 
participation can take many diffe rent fo rms, such as direct participation 
(referendum), parliamentary representation, local consultation, etc. 

However, the successful application of this principle, in particular with 
regard to the siting and operation of nuclear installations, requires that 
certain conditions be met in order to ensure meaningful participation of 
the public concerned. 

NEA NEWSLETTER, Vol. 11 (1993), No. 2 
ISBN 92-64-14012-3 ISSN 1016-5398 
Annual Subscription: 2 issues. 
Price: France FF 125 - Other countries: FF 140 US$ 28 DM 52 

Issue Brief No. 41st revision 
NUCLEAR THIRD PARTY LlABILITY 
Free on request 

PROJECTED COSTS OF GENERATING ELECTRICITY 
1992 Update 
Joint Report of the OECD Nuclear Energy Agency and the International 
Energy Agency 
ISBN 92-64-14020-4 
Price: France FF 220 - Other countries: FF 290 US$ 50 DM 90 

Thi s is th e fourth in a seri es of comparative studi es of projected 
baseload electricity ge nera tion cos ts for power plants to be 
commiss ioned near the turn of the century. This report reviews the cost 
data of nuclear, coal-fired, gas-fired and renewable sources provided by 
sixteen OECD countries and six non-O EC D countries. Sensitivity 
studies are included and trends in co st projections in the past decade are 
also di scussed. 

QUALIFIED MANPOWER AND EQUIPMENT 
FOR NUCLEAR INDUSTRY 
Proceedings of an International Workshop, 
Paris, (France), 2-3 December 1993 
ISBN 92-64-03973-2 
Price: France F 260 - Other countries : FF 325 US$ 56 DM 97 

Recent restructuring or retirement of several suppliers in the nuclear 
tield has made qualified equipment more scarce. Not on ly is equipment 
scarcity raising concerns, but th e potential shortage of qualified 
man power and loss of know-how are also generating worry. 

The OECD Nuclear Energy Agency (NEA) organised an international 
workshop to exchange information on the current situation and on the 
measures taken related to the demand and suppl Y of qualified manpower 
and equipment. This publication includes the papers presented as weil 
as a record of the discussions held at that meeting. 
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NEW PUBLICATIONS 

URANIUM 1993: RESSOURCES, PRODUCTION AND DEMAND 
[SBN 92-64-14019-0 
Priee: Franee FF 275 - Other countries: FF 340 $59 DM 100 
The dramatic change in uranium supply over the last few years remains 
a key coneern to the world's nuclear power industry and energy policy 
makers. The uranium market is becoming increas ingly global in nature 
and the uranium industry is undergoing significant restructuring and 
consolidation. Demand for uranium continues to increase worldwide 
and now substantially exceeds the production levels. At the same time, 
production From the mines continues to decline, chieny due to low 
market prices for the material. 

This repol1 presents the compilations of uranium resouree, exploration, 
production and demand statistics as of 1 January 1993 for about fifly 
countries, including some never-before published information l'rom 
Asia, Eastern Europe, and the New [ndependent States. [t also presents 
an intern ational ex pert analysis of th e stati sti cs and worldwide 
projections of nuclear energy gro wth, uranium requirements, and 
uranium production capability. The NEA-[A EA "Red Book," as it is 
known , is widely recognized as the foremost referenee on uranium. 

OFF·SITE NUCLEAR EMERGENCY EXERCISES 
Proceedings of a Workshop, 
The Hague (Netherlands), 12-15 November 1991 
1 S B N 92-64-03716-0 
Priee: France FF I80 - Other countries : 230 FF $42 DM 74 

The Chernobyl acc ident initiated a significant ex tension of th e 
arrangements, nationally and internationall y, to cope with nuclear 
accidents. To test the efficiency of emergency provisions, emergency 
exercises ha ve proved successful and are frequently carried out in 
OECD countries. These proceedings present the results of a workshop 
organised by the OEC D Nuclear Energy Age nc y to ana lyse the 
experience gained l'rom the conduct of off-site emergency exercises and 
to discuss the arrangement of international emergency exercises. 

PROBABILISTIC ACCIDENT CONSEQUENCE ASSESSMENT CODES 
Second International Comparison Overview 
A joint report by the OECD Nuclear Energy Agency and the 
Commission of the European Comlllunities 
ISBN 92-64- 14 101-4 
Priee: France FF 125 - Other countries: FF 160 US$ 27 DM 49 

Increas ing use of quantitati ve ri sk assessment in the eva luat ion of 
nuclear safety has resulted in greater attention to the reliability of the 
methods used and the uncertainty associated with their pred ictions. The 
OECO Nuclear Energy Agency and the Comllli ss ion of the European 
Communities initiated this study within thi s context in order to compare 
the predictions of the major codes currently being used. 

This repol1 presents the results of the study together with an overview of 
probabilistic consequence assessmenlmethods. 

p Il 0 T 

INTRAVAL Phase 1: SUMMARY REPORT 
Free on requesl. 

INTRAVAL Phase 1: Cases 10, 11, 12 
FLOW AND TRACER EXPERIMENTS 
IN UNSATURATED TUFF AND SOIL 
Free on request. 

STATUS OF NEAR·FIELD MODELLING 
Proceedings of a Technical Workshop 
Cadarache (France), 11-13 May 1993 
[SBN 92-64-03974-0 

lE Cri 
o N 

Price: France FF 280 - Other Countries: FF 350 US$ 59 DM 99 

The near-field of a hi gh-I eve l nuclear was te repository consists 
principally of the waste itself and of the man-made barri ers engineerecl 
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around il. Over time, its behaviour determ ines the amount of potentially 
harmfu l substances that can be released to the geological barrier and it is 
thererore im portant for long-term safety. Th is technical workshop 
addressed the issue of modell ing near-tïeld perfo rmance. The di scussion 
rocused on the conceptual and mathematical models for source-term 
ca lcul ations and rev iewed the state of the art in the field . These 
proceedings include the conclusions of the workshop and an updated 
version or a discussion document prepared by consultants. 

INTERNATIONAL CODE COMPARISON FOR INTERMEDIATE 
ENERGY NUClEAR DATA 
ISBN 92-64-0403 1-5 
Priee: France FF 270 - Other countries FF 340 US$ 58 DM 100 

uclear power is confronted with the problem of safe storage of long 
li ved rad ioacti ve wastes, especially very hazardous transactinides . 
Proposa is have been made to transmute these wastes either within a 
reactor or via very high flu x secondary neutron sources powered by 
high cur re nt , interm ed iate energy acce lerators. Eva luati on of the 
practica lity of the latter sc he me requires the abi lity to calcu late the 
neut ron fl ux from taI'gets of various materials. It is therefore necessary 
to determine the predictive power of nuclear reaction models and codes 
in use today. 

This publication contai ns the detailed results of calculations carried out 
by eighteen laboralOry groups involved in nuclear reaction modelli ng. 
The ca lculati ons cover incident proton energies From 25 MeY to 
1600 MeY on targets of zirconium and lead. Calculated single and 
double diffe renti al cross-sec tions are compared to hi gh qu ality 
ex perimenta l measurements where ava il able. Details of the nuclear 
modelling soft ware used in th is exercise are described. Many of these 
codes are available from one of the nuclear code distribution centers. 

FISSION PRODUCT NUClEAR DATA 
Proceed ings of a Specialists' Meeting 
Tokai, Japan. 26-27 May 1992 

DATA STANDARDS FOR NUClEAR MEASUREMENTS 
199 1 NEA NDC/lNDC Nuclear Standards File 1992 
Free on request. 

SENSIVITIES OF CAlCULATED CROSS SECTIONS OF s6Fe 
TO MODEl PARAMETERS 
Free on request. 

BLIND INTERCOMPARISON OF NUClEAR MODElS 
FOR PREDICTING CHARGED PARTIClE EMISSION 
Free on request. 

1 

The Data Bank Computer program service di stributes soft ware for 
nuclear technology to registered institutes in NEA and IAEA Member 
states. 

Abstracts of the prograllls are published in 
periodically revised volumes: the current series is listed below: 

DATA BANK 

• Abstracts -Index, November 1993 
• Abstracts - Full revis ion IAEA, Novelllber 1993 
• Abstracts - Supplement 2 RSIC/USCD, Novelllber 1993 
• Nuclear programm abstracts index 

Free on request to registered instituts 

Information on new sofware is publisched in: 
News from the NEA Data Bank, No. 15, December 1993 
Free on request. 
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MAIN SALES OUTLETS OF OECD PUBLICATIONS 
PRINCIPAUX POINTS DE VENTE DES PUBLICATIONS DE L'OCDE 

ARGENTINA - ARGENTINE 
Carlos Hirsch S.R.L. 
Galeria Güemes, Florida 165 , 4° Piso 
1333 Buenos Aires Tel. (1) 331.1787 Y 331.2391 

Telefax: (1) 331.1787 

AUSTRALIA - AUSTRALIE 
D.A. Information Services 
648 Whilehorse Road, P.O.B 163 
Mitcham, Victoria 3132 Tel. (03) 873.4411 

Telefax: (03) 873.5679 

AUSTRIA - AUTRICHE 
Gerold & Co. 
Graben 31 
Wien 1 Tel. (0222) 533.50.14 

BELGIUM - BELGIQUE 
Jean De Lannoy 
A venue du Roi 202 
B-I06O Bruxelles Tel . (02) 538.51.69/538.08.41 

Telefax: (02) 538.08.41 

CANADA 
Renouf Publishing Company Ltd. 
1294 Aigoma Road 
Ottawa, ON KIB 3W8 Tel. (613) 741.4333 

Stores: 
61 Sparks Street 
Ottawa, ON KIP 5RI 
211 Y onge Street 
Toronto, ON M5B 1 M4 

Telefax: (613) 741.5439 

Tel. (613) 238.8985 

Tel. (416) 363.3171 
Telefax: (416)363.59.63 

Les Éditions La Liberté Inc. 
3020 Chemin Sainle-Foy 
Sainle-Foy, PQ GIX 3V6 Tel. (418) 658.3763 

Telefax: (418) 658.3763 

Federal Publications Inc. 
165 University Avenue, Suile 701 
Toronto, ON M5H 3B8 Tel. (416) 860.1611 

Telefax: (416) 860.1608 

Les Publications Fédérales 
1185 Université 
Montréal , QC H3B 3A7 Tel. (514) 954.1633 

Telefax: (514) 954.1635 

CHINA - CHINE 
China National Publications Impon 
Export Corporation (CNPIEC) 
16 Gongti E. Road, Chaoyang District 
P.O. Box 88 or 50 
Beijing 100704 PR Tel. (01) 506.6688 

Telefax: (0 1) 506.3101 

DENMARK - DANEMARK 
Munksgaard Book and Subscription Service 
35, Njlrre Sjlgade, P.O. Box 2148 
DK-1016 K0benhavn K Tel. (33) 12.85.70 

Telefax: (33) 12.93.87 

FINLAND - FINLANDE 
Akaleeminen Kirjakauppa 
Keskuskatu l , P.O. Box 128 
00100 Helsinki 

Subscription Services/Agence d'abonnements ' 
P.O. Box 23 
00371 Helsinki 

FRANCE 
OECD/OCDE 

Tel. (3580) 12 141 
Telefax : (3580) 121.4450 

Mail Orders/Commandes par correspondance: 
2, rue André-Pascal 
75775 Paris Cedex 16 Tel. (33-1) 45 .24.82.00 

Telefax: (33-1) 49 .10.42.76 
Telex: 640048 OCDE 

OECD Bookshop/Librairie de l'OCDE: 
33, rue Octave-Feuillet 
75016 Paris Tel. (33-1) 45.24.8 1.67 

(33-1) 45 .24 .8 1.81 

Documentation Française 
29, quai Voltaire 
75007 Paris 

Giben Jeune (Droit-Économie) 
6, place Saint-Mi chel 

Tel . 40.15.70.00 

75006 Paris Tel. 43 .25 .91.19 

Librairie du Commerce Inlernational 
10, avenue d ' Iéna 
75016 Paris 

Librairie Dunod 
Université Paris-Dauphine 

Tel. 40.73 .34.60 

Place du Maréchal de Lattre de Tassigny 
75016 Paris Tel. (1) 44.05.40.13 

Librairie Lavoisier 
1 l , rue Lavoisier 
75008 Paris 

Librairie L.G.D.J. - Montchrestien 
20, rue Soufflot 

Tel. 42.65.39.95 

75005 Paris Tel. 46.33.89.85 

Librairie des Sciences Politiques 
30, rue Saint-Guillaume 
75007 Paris Tel. 45.48 .36.02 

P.U.F. 
49, boulevard Saint-Michel 
75005 Paris Tel. 43 .25 .83.40 

Librairie de l'Université 
12a, rue Nazareth 
13100 Aix-en-Provence Tel. (16) 42.26.18.08 

Documentation Française 
165, rue Garibaldi 
69003 Lyon Tel. (16) 78.63.32.23 

Librairie Decitre 
29, place Bellecour 
69002 Lyon Tel. (16) 72.40.54.54 

GERMANY - ALLEMAGNE 
OECD Publications and Information Centre 
August-Bebel-Allee 6 
0 -53175 Bonn 2 Tel. (0228) 959.120 

Telefax: (0228) 959.12.17 

GREECE - GRÈCE 
Librairie Kauffmann 
Mavrokordatou 9 
10678 Athens Tel. (01) 32.55 .321 

Telefax: (01) 36.33.967 

HONG-KONG 
Swindon Book Co. Ltd. 
13- 15 Lock Road 
Kowloon , Hong Kong 

HUNGARY - HONGRIE 
Euro Info Service 
POB 1271 

Tel. 366.80.31 
Telefax : 739.49 .75 

1464 Budapest Tel. (1) 1 11.62. 16 
Telefax : (1) 111.60.61 

ICELAND - ISLANDE 
Mal Mog Menning 
Laugavegi 18, P6sth61f 392 
12 1 Reykjavik 

INDIA - INDE 
Oxford Book and Stationery Co. 
Sei ndi a House 

Tel. 162.35 .23 

New Delhi 110001 Tel.(ll) 331.5896/5308 
Telefax : (II) 332.5993 

17 Park Street 
Calcutta 7000 16 Tel. 240832 

INDONESIA - INDONÉSIE 
Pdii-Lipi 
PO. Box 269/JKSMG/88 
Jakarta 12790 Tel. 583467 

IRELAND - IRLANDE 
TOC Publishers - Library Suppliers 
12 Nonh Frederick Street 

Telex : 62 875 

Dublin 1 Tel. (01 ) 874.48.35 
Telefax : (01 ) 874.84. 16 

ISRAEL 
Electronic Publicati ons onl y 
Publications électroniques seu lement 
Praedicta 
5 Shatna Street 
PO. Box 34030 
Jerusalem 91340 

ITALY - ITALIE 

Tel. (2) 52.84.90/1 /2 
Telefax : (2) 52.84.93 

Libreria Commissionaria Sansoni 
Via Duca di Calabria 1/1 
50125 Firenze 

Via Bartolini 29 
20155 Milano 

Editrice e Libreria Herder 
Piazza Monlecitorio 120 
00186 Roma 

Libreria Hoepli 
Via Hoepli 5 
20121 Milano 

Libreria Scientifica 

Tel. (055 ) 64.54.15 
Te lefax : (055 ) 64. 12. 57 

Tel. (02) 36.50.83 

Tel. 679.46.28 
Telefax : 678.47.51 

Tel. (02) 86.54.46 
Telefax: (02) 805 .28.86 

Dott. Lucio de Biasio 'Aeiou' 
Via Coronelli , 6 
20146 Milano Tel. (02) 48.95.45.52 

Telefax: (02) 48 .95.45.48 

JAPAN - JAPON 
OECD Publications and Information Centre 
Landic Akasaka Building 
2-3-4 Akasaka, Minato-ku 
Tokyo 107 Tel. (8 1.3) 3586.20 16 

Telefax: (8 1.3) 3584.7929 

KOREA - CORÉE 
Kyobo Book Centre Co. Ltd. 
P.O. Box 1658, Kwang Hwa Moon 
Seoul Tel. 730.78.91 

Telefax : 735.00.30 

MALA YSIA - MALAISIE 
Co-operative Bookshop Ltd. 
University of Malaya 
P.O. Box 1127, Jalan Pantai Baru 
59700 Kuala Lumpur 
Malaysia Tel. 756.5ooon56.5425 

Telefax: 757.366 1 

MEXICO - MEXIQUE 
Revistas y Periodicos Inlernacionales S.A. de C. V. 
Aorencia 57 - 1004 
Mexico, D.F. 06600 Tel. 207.8 1.00 

Telefax ' 208.39.79 

NETHERLANDS - PA YS-BAS 
SOU Uitgeverij Plantijnstraat 
Exlerne Fondsen 
Postbus 200 14 
2500 ENs-Gravenhage 
Voor beslellingen : 

Tel. (070) 37.89.880 
Telefax: (070) 34.75.778 
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NORW A Y - NORV ÈGE 
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Bertrand Narvesens vei 2 
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0602 Oslo 6 
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Mi rza Book Agency 
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PHILIPPINE - PHILIPPINES 
In te rnati onal Book Center 
5th Floor, Filipinas Li fe Bldg. 
Ayala Avenue 
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PORTUGAL 
Livraria Portugal 
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Apart. 268 1 
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