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Reducing the probability of major accidents will influence the use of nuclear energy. 
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~ G.H. STEVENS and P. GIROUARD* 

. 
FACTORS AFFECTING NUCLEAR DEVELOPMENT 

1 n recent work underlying the consideration of the 
orientations of NEA work over the next few years a fresh 
look has been taken at the factors that can be expected to 

affect nuclear development and deployment. Many that will 
influence the demand for electricity and hence for nuclear power 
are beyond the control of governments. Second/y, severa/ major 
areas of government policy appear not yet to be approached 
from the perspective of their effect on demand for energy. For 
example policy on transport and urban planning in some 
countries is sti/1/arge/y determined by other government policies 
but great/y influences energy use. There is the possibility 
therefore, that policies implemented for legitimate government 
purposes will lead to stresses on energy supply and to 
subsequent marked changes in energy policy, thus favouring or 
retarding development of nuclear energy. A third set of factors is 
general/y taken to be fair/y close/y controlled by governments. 
The interplay of al/ these factors cannot be predicted with any 
confidence but it has been felt worth exploring them in order to 
try to anticipate any awkward trends or, even more crucial/y, any 
changes in them that might be more difficult to manage than 
their straightforward continuation. 

Demand for nuclear power is currently derived from the 
demand for electricity. Thi s linkage appears likely to 
continue for the next decade or two although by about 2030 
there could be some use of nuclear power for direct heating 
in industrial processes (such as hydrogen generation) or for 
heating commercial and residential premises. The demand 
for electricity is itself derived from the demand for certain 
types of energy service. A crucial determinant of the choice 
of energy wi ll be the priee of competing fuel s, and to some 
extent fluctuations in currency to be used for buying them. 
The convenience to the user of the avai labi lity of electricity 
is a majo r fac tor that leads independent forecast ing 
organisations, such as the World Energy Council , to foresee 
a close link between electricity demand and economie 
growth . Through thi s direct link with economie growth, 
electri ci ty demand will also be strongly influenced by 
popu lation growth, population distribution and urbanisation. 

The demand for elec tricity can be influenced by 
government policies on transport and the environment, as 
weil as by policies directly concerning the production and 
use of energy. Successful introduction of policies that 
fa vour the use of public transport and of electrically driven 

*MR. GEOFFREY STEVENS IS HEAD OF THE NEA NUCLEAR 
DEVELOPMENT DIVISION. 

*MR. PIERRE GIROUARD IS A FORMER MEMBER OF THE NEA NUCLEAR 
DEVELOPMENT DIVISION. 

private vehicles cou ld pu sh demand above the levels 
currently considered. Policies based on environmental 
concerns might weil reduce the overall use of energy, or of 
electricity, or bring about changes in the primary energy 
used in its generation. Th us more stringent regulation of the 
environmental consequences of extraction and use of fossil 
fuels would motivate more use of nuclear power if there 
were not a simu ltaneous, successful attempt to reduce 
electricity and energy demand by efficiency measures or to 
introduce cost-effective new renewable sources of energy. 
Already concerns over many envi ronmental impacts, 
including the potential for globa l climate change, are 
sti mulating considerable advances in these last two topics 
but breakthroughs in technology, cost and, in some cases, 
public acceptance, are required if they are to have a 
significant effect on the supply/demand balance. The timjng 
of need for nuclear power wi ll be influenced among other 
factors by the rate at which readily accessible foss il-fuel 
resources are exhausted and by the timing of introduction 
and the nature of any government measures that wou ld tend 
to restrict their use. 

Governments could seek to favour or discourage the use 
of nuclear energy to support other more general policies. 
For example, it could be convenient within an energy po licy 
context to create favourable conditions for in vestment in 
nuclear power in order to increase security of energy 
supplies or add diversity to energy sources, to reduce 
burdens on the balance of payments, orto provide increased 
stability of energy priees, particularly with an eye to 
potential future scarcity of foss il fuel s that are unevenly 
distributed by region . It might be appropriate to favour 
nuclear power for industrial or regional economie policy 
considerations. In other circumstances it could be desired to 
restra in the use of nuclear power for industrial or social 
policy reasons. 

The ability of governments to di scourage the use of 
nuclear power is clear, in that they can decline to provide 
permission or funds to allow nuclear activities to continue. 
Their ab ility to encourage nuclear energy development is 
less clear but there is a variety of factors where influence 
can be exercised by governments, which are regarded as 
lying within the field of nuclear energy policy. These 
factors can be classified as social , environmental, technical, 
institutional and economie. 

ln recent reflections on these factors there has been an 
attempt to find new trends or new information that might be 
particularly influential. However no particular points of 
nuclear technology or soc ietal development have been 

3 1 

Q0) 

~ 
© 
= 
~ 
~ 
© 
@ 
~ 
~ 

~ 
~ 
[!J:!; 

~ N EA Newsletter Spring 1995 : ;!,) 



4 FACTORS AFFECTING NUCLEAR DEVELOPMENT 

identifi ed that could lead to major chan ges in the 
expectations of nuclear power. In particular there do not 
appear to have been recent scientific advances that would 
lead to a major change in the opportuniti es for nuclear 
power. Thi s applies across ali fi elds; nuclear physics, 
chemistry, metallurgy, radi ati on biology. It cannot be 
excluded that there will be significant di scoveries over the 
next few years but the time taken for their incorporation into 
manufac ture, production, operation and regulatory activities 
seems to imply that they would have little if any impact 
before one or two decades have passed. 

Although it is clear that major influences will come to a 
large extent from factors outside the nuclear field it seems 
unlikely that nuclear energy will prosper unless a number of 
"nuclear" factors take favo urable paths. Thus there would 
be a need for continued good performance in ali phases of 
the nuclear industry in terms of reliability and safety, health 
of nuclear industry workers, absence of confirmed adverse 
hea lth effects on the ge neral publi c, and of adve rse 
environmental impacts. Currently the nuclear industry is 
plac ing great emphasis on its good potential for alleviating 
environmental problems, at loca l, regional and global 
leve ls. White there is ev idence fo r thi s view, it is not 
uni versally accepted. Unless the general public understands 
and accepts the views of specialist analysts as to the relati ve 
risks of nuclear and other energy sources, taking account of 
complete fuel cycles, it will be ditficult fo r investors to put 
their money into nuclear power. There could be a severe 
rebuff to public confidence even from a large accident that 
was much less severe th an that at Chernobyl , if it were 
badly presented to the public. Consequently it will continue 
to be necessary to develop better ways of infor ming the 
public on this admittedly complex subject. 

TECHNICAL FACTORS 

A wide vari ety of efforts is be ing made to reduce the 
probabiliti es of major acc idents, the impac ts of any 
acc idents th at occur and co nstructi on costs . lt appears 
unreasonable, however, at this stage in the development of 
nuclear technology to predict that there will be step change 
in safety or other aspects of reactors that would lead to 

marked changes in their attrac ti veness. Nevertheless, 
further technical refinements that add to the confidence in 
the avoidance of accidents or adverse effects on health or 
the environment wo ul d ali help to favour greater use of 
nu clear power. Techni ca l deve lopments could have an 
influence if they were to allow a clearer demonstration of 

the low risk of nuclear accidents, particularly of those with 
off-site consequences. There is ev idence that the public's 
apprec iat ion of n uc le ar ri sks di ffe rs marked 1 y from 
calculations made by experts, even if investors know how to 
evaluate the risk to their capital. 

The prospect of technical advances that would remove 
current political obstacles to the di sposai of rad ioacti ve 
waste does not seem to be substantial. The cuiTent view of 
waste disposai experts is that enough is known to be able to 
analyse whether an identi fied site would meet soc iety's 
requirements for long-lerm safety. In this field, the need 
appears to be fo r co ntinued good perfo rm ance of the 
temporary stores fo r spent fu el and the low-leve l was te 
repos itori es already establi shed, together with visibl e 
progress in preparing repos itories fo r higher levet wastes 
white keeping costs within the currently expected bounds. 

There appears to be little ex pectati on of tec hni ca l 
improvements in the front end of the fuel cycle that could 
lower costs or reduce the perceived risks. In the back end 
there are poss ibiliti es of tec hni ca l improvements in 
reprocessing and MOX fuel fabrication that could affect the 
economie attracti veness of these processes, thus ultimately 
favo uring higher nuclear use. 

Anoth er area fo r tec hni ca l deve lop ment is in th e 
decommissioning of nuclear plants, and in site restoration. 
Adequate technologies have been demonstrated at a smaller 
scale for the decommissioning of currently operated plants 
but there needs to be demonstration, on plants of the scale 
of 1 GWe, that the work can be accompli shed withi n the 
limits of the funds that are being set aside fo r thi s purpose. 
In some countries relevant decommissioning operations will 
have been completed within the timescale of the scenari os. 
However, in looking to the future, there has been a tendency 
to rely on tec hni ca l im provements to keep pace wi th 
increas ingly demanding regulations; the va li dity of thi s 
suppos ition remains to be seen. With regard to restorat ion of 
sites used early in the development of nuclear energy, there 
are some technical challenges still to be met. Although 
most of these relate to mili tary sites, their influence on 
public acceptance of civil nuclear power seems to be strong. 

INSTITUTIONAL FACTORS 

Continued success in achiev ing non-pro li feration and 
phys ica l sec uri ty goa ls wi ll also be a prerequ isite for 
continued ex pansion of nuclear power. Techno logical 
developments may have some part to pl ay but the main 
stress appears to be on the main te nance of adequate 
institutional controls at the intergovernmentallevel. 
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The Ko rean multi-purpose research reactor "HANARO " started operation in spring 1995. 

lnstitutional development in the safety field could also 
help trends towards greater use of nuclear energy, in that 
harmonized standards could lead to greater confidence in 
the safe operation of exported reactors as weil as to 
economies of scale in producing standard reactors. This 
will be particularly important insofar as a significant part of 
the growth could be in countries importing nuclear plants, 
including some which would be starting totally new nuclear 
programmes. 

Another institutional factor that is partly within and partly 
outside the sphere of nuclear policy is the provision of a 
well-trained, technologically competent work force with 
adequate experience and ski lls in nuclear technology. There 
is clearly a need to maintain a flow of competent regulators 
in ali countries. The research communities and the design, 
construction and operating industries will also need to be 
ab le to recruit staff. There have been concerns that this 
flow of qualified personnel is at risk, partly because there 
has been a drop in the number of institutions and teachers 
capable of providing the required education. In some 
countries, the problem is linked with a more general falling 
off of interest in education in the physical sciences and 
engineering. The extent to which reserves of qualified 
personnel can be imported is open to question. Lack of the 
necessary personnel could affect the scope for expansion of 

the use of nuclear power. lt is presumed that governments 
would take timely steps to preserve at !east the minimum 
flow of qualified personnel to maintain confidence in safe 
operation. Such people would be needed not only in the 
regulatory and operational sectors but also in providing the 
long term basic research that will be the essential support 
for maintaining and improving safety. 

Another factor favouring the spread of nuclear energy 
would be the wide adoption of sound legal systems for the 
regulation of the nuclear industry as weil as for the 
protection of investors and the sustenance of trade. 

Currently there is great reluctance among international 
financial institutions to commit funds for nuclear 
programmes. This follows from their current remits and 
from their appreciation of the costs and benefits of nuclear 
and other energies. In particular the IBRD (the World 
Bank) is reluctant to fend to nuclear projects. If changed 
circumstances led the IBRD to a more positive view on 
nuclear generation, there could be significant effects on the 
spread of nuclear energy. The opportunity for government 
influence is clear. 

If there were an absence of favourable trends in the 
nuclear and the non-nuclear factors mentioned above, there 
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6 FACTORS AFFECTING NUCLEAR DEVELOPMENT 

would be a significant chance that nuclear capacity would 
drop rather than undergo the slow growth that is widely 
forecast. One condition that is more closely under 
government influence than others is the stability and 
predictability of regulations. 

Continued uncertainties and instabilities in regulatory 
systems and government policies about nuclear energy are 
likely to slow its development through their effects on 
confidence of potential investors. Lags in providing 
services such as spent-fuel storage and waste di sposai, 
perhaps occasioned by continued public anxiety, would 
generally tend to reduce expectations of growth. Continued 
or increased public concerns over plutonium stocks, both 
civil and military, would also be factors retarding 
development. 

Institutional factors subject to government control are the 
structure of the utility industry and the market conditions in 
which it operates. There have been suggestions in work by 
the IEA that increasingly fierce competition may favour 
investments with short-term returns to such an extent that 
nuclear power is no longer viable. lt is also possible that 
smaller utilities may not have the financial strength needed 
to invest in nuclear power in these conditions. 

ECONOMIC FACTORS 

In only a few countries does nuclear energy retain the 
clear advantage it seemed to have in the early years of its 
deployment. In the majority of cases, where it is used, it is 
in close competition with fossil-fuel-based electricity. 
Technical progress that led to cheaper nuclear energy would 
be favourable , although it has to be sa id that most 
commentators on the economies of nuclear power do not 
foresee any real hope of major cost reductions. Rather, the 
future of economie competition will be influenced by 
changed costs for alternative energy sources. They have 
been tending to reduce in the recent past whereas nuclear 
costs overall have been stable. Analyses by UNIPEDE and 
other organisations have pointed out, however, that gas 
priees, particularly in Europe, could rise rapidly within a 
decade or so if current plans for gas-fired electricity 
generation are ali reali sed. It is notable that the avoidable 
cost of most operating nuclear plants is Jess than that for 
competing alternatives, even taking into account the need 
for major refurbishment such as steam generator or coolant 
circulator replacements. 

The challenge is to ensure low prospecti ve costs for new 
nuclear plants. Cost reductions in equipment and services 
other than the reactors would also favour growth of nuclear 

power but it is the investment in the reactors that is the 
dominant cost factor. In recent yea rs there has been 
unwelcome growth in operations and maintenance costs but 
efforts by the utilities appear to have succeeded in abating if 
not stopping the se trends. The fo reseeable stab i 1 ity in 
nuclear costs together with the di versity of suppl y of 
nuclear fuel would be seen in so rne circumstances as 
considerable motivations to use more nuclear power. 

REGIONAL DIFFERENCES 

One point emerges very clearly from ali studies of 
prospects for nu clea r energy which is th at alm os t 
independently of which scenario is examined there is a 
significant divergence of expectations in the main regions of 
the world. lt is generally expected that Asia, including 
OECD as weil as non-OECD countries , will have th e 
greatest growth in nuclear capacity. If other factors were 
tending to favour nuclear energy, it is even poss ible that 
growth could be limited in sorne countries by difficulti es in 
finding sites that are suitable for accommodating reactors of 
current design. However, even in the absence of favourable 
factors, it is already ev ident on the basis of already 
announced intentions that Asia will continue to experience 
growth in nuclear capacity. Outside commentators have 
presented reasons for suggesting that there could be scope 
for large swings away from nuclear power in North 
America which could be re versed if so rn e of th e 
in stitutional factors became favourable. Many 
commentators believe that there would be higher growth in 
Europe than in North America, if favourable trends set in . 
It seems doubtful if there will be much growth in non
OECD Europe even if the general climate for nuclear power 
improves, and without favourable trends there would be a 
struggle to maintain even a large proportion of the capac ity 
that is already there. These diverging paths may evoke new 
foci of R&D and may also create enhanced concerns over 
the application of non-proliferation and other conventions. 
There will therefore be plenty of scope for internati onal 
dialogue in order to maintain harmonious relations over 
nuclear energy. 

TIMING OF DECISIONS 

In addition to looking at the factors that might influence 
nuclear growth, it is useful to look at the times taken for 
deci sion s about nuclear power to be impl emented. 
Historically there have been large delays between th e 
adoption of a policy position and its implementat ion 
through an investment project. The "Atoms for Peace" 
speech by President Eisenhower was in 1953. The first 
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reactors outside the U.S.A. and U. K. came on line sorne 
15- to-20-yea rs later. AB Ato menergi was form ed in 
Sweden in 1947, leading to operation of their first concept 
fo r a heavy water reactor in 1963. Thus whether a plant 
was developed indigenously or purchased abroad there was 
a 15-to-20-year delay. Recent experience with licensing 
and construction times in most OECD countries suggests 
thar little has changed. ln some countries site acquisition 
can even extend the peri od between decision and operation 
by more th an 15 yea rs. Res tart in g a co nstructi on 
programme after a peri od of quiescence could take between 
7 and 15 yea rs de pending on th e gap since the last 
construction project. 

Si milarly long times have been experienced in setting up 
new ura niu m mines (up to 40 years from exploration to 

production ), and low-l eve l- was te re positori es (5 to 
15 years), while for high-level-waste repositories, there are 
expectations of even longer periods between the perception 
of need and the beginning of placement of waste packages. 
lt is not clear whether these delays will continue to be 
ex peri enced. They co uld be affected favo urabl y or 
unfavourably by political developments, but it would seem 
imprudent to plan on the basis that they will be radically 
shortened. 

Before decisions are taken there is a need for information 
to have been provided and ass imilated. It can take a few 
years between the need for information being recogni sed 
and the appearance of a report. Subsequent! y it could take a 
few more years before the in fo rmati on was thoroughly 
disseminated and affecting decisions. 
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ls J.F. FREYMOND* 

INFORMING PARLIAMENTARIANS ON NUCLEAR ENERGY 

1 n the OECD countries, parliaments play a key role in the decision-making process for national nuclear programmes. They also 
take more and more importance in severa/ countries of central and eastern Europe and within the New lndependent States. 
Thus, in those countries, nuclear energy issues are increasingly the subjeet of debate not only in national parliaments but also 

among local/y eleeted representatives, and severa/ basic laws are being developed in this a rea. 

Therefore, it seems of particular importance that parliamentarians be provided with clear and accurate information that contributes 
to the quality of preparatory work for these new legislations on nuclear energy. 

ln arder to respond to these information needs, the NEA has organised an international seminar on informing decision-makers, and 
in particular parliamentarians, in the nuclear field. The purpose of the seminar was to foster an exchange of experience between OECD 
countries and central and eastern European countries, notably on the specifie role of the various aetors in the communication process, 

the means and tools to convey information, and 
ways to meet the information needs of eleeted 
officiais. The seminar was organised in Prague, 
Czech Republic, from 28 to 30 November 
1994, and participants included experts from 
11 OECD countries and nine countries of 
central and eastern Europe. The following 
article is taken from a synthesis that was 
presented at the end of the seminar. 

There is a great di sparity between th e 
OECD countries and those of central and 
eastern Europe in the nuclear fie ld. Nuclear 
energy is sometimes predominant , as in 
France, for example. Elsewhere, it is in 
decline, marginal or non-ex istent. And then 
there are countries where it should take on 
new importa nce in th e yea rs to come. 
There is di sparity, aga in , in the respective 
roles of th e exec uti ve and leg islative 
branches, and thei r capac i ty to mak e or 
influence poli cy decis ions on nu cl ear 
energy. Up to now, th e universal and 
constant trend has been for the bal ance 
between the legislature and the executi ve to 
be tilted firm ly in favour of the executi ve 
and the quasi-governmental agencies in 
charge of nu clea r energy. That trend , 
however, is changing . Parli amen ts are 
playing an increas ingly important rol e, 
though absolute equilibrium has not been 

Nuclear e nergy issues are in creasingly the subject of debate within national full y atta in ed. Progress to wa rd s it is 
Parliam ents . proceeding at different rates in the OECD 

countries and in central and eastern Europe. 
The coroll ary of these diffe rences is that 

nuclear legis lation is at various stages of development. In one country there is no law, in another a certain legislati ve base 
exists, while a few countries have a more elaborate legal arsenal. In general, there is a shared tendency to legislate - a 
function discharged by Parliament - and to give Parliament an increased "watchdog" role. 

'MR J.F. FREYMOND 15 DIRECTOR FOR APPLIED STUDIES IN INTERNATIONAL NEGOTIATIONS, SWITZERLAND. 
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INFORMING PARLIAMENTARIANS ON NUCLEAR ENERGY 

Another disparity that shows up in the case of OECD countries relates to instruments, approaches and means. Each 
country tends to adopt its own procedures: to give just two examples, sorne countries have created parliamentary 
assessment offices of scientific and technical choices while others employ ad hoc consulting procedures. This too is a 
general trend: the concern to give Parliament the power to assess the situation and to decide independently with full 
knowledge of the facts, while striving to keep its distance from the executive and from ali those within administrative 
bodies and nuclear energy companies who possess information and knowledge. Parliamentarians are also concerned to 
create conditions that will allow them to take and keep the initiative. 

The financial cost and the cost in human resources of these different approaches may vary considerably. The assessment 
office approach is probably much more costly than the approaches taken for instance in Belgium and Switzerland. Ali these 
approaches are difficult to compare, and one must actually recognise that sorne of them are beyond the means of certain 
countries. 

Another difference relates to the degree of acceptance of nuclear energy, which varies widely, and to the number, strength 
and attitude of non-governmental organisations, who influence public opinion. Here too, however, the trend appears to be 
ali one way. In other words, the rate of acceptance is tending to become uniform. Within a few years, in European public 
opinion, quite similar percentages should be found in favour of nuclear energy or violently opposed to it. The majority, 
however, will keep an open mind and will base their opinion on an ongoing assessment of the information they receive and 
the trust they place in those who provide it. 

A tendency can also be observed, throughout Europe, for more and more non-governmental organisations to act together. 
These organisations , which together make up that civil society without which no democracy exists, are nowadays 
unavoidably part of the democratie process. 

As regards central and eastern Europe, many of the countries in the region are facing the challenge of creating an 
independent State. Ali of them are carrying out profound reforms. Ali of them are therefore simultaneously active on ali 
fronts, the nuclear front being only one of many. Very often, legislation is either fragmentary or non-existent, and a great 
number of nuclear facilities are antiquated. Last, the impact of Chernobyl is distinct! y greater here than in OECD countries. 
What is more striking, however, is that the issue of nuclear energy seems to have been seized on in a large number of these 
countries, with original ideas and approaches already being debated and sometimes implemented. 

Energy choices, of which the nuclear energy issue is one aspect, are societal choices. In a democracy, such choices have 
to reflect a broad consensus of public opinion. The general rule is that Parliament - to which the citizens have delegated 
decision-making power - should give formai expression to that consensus. 

For a consensus to be arrived at, energy choices need to be openly debated within parliaments as weil as in public. 
Debate on issues pertaining to modern science and technology requires that information and knowledge be transferred from 
scientists and specialists to parliamentarians and the public so that everyone can take part in the collective learning process 
that must take place before a consensus is reached. 

Most of those who possess this information are judges in their own cause. They have their preferences or even biases. 
There is nothing wrong in that, but it means that those receiving information or knowledge from such persans must filter it 
and subject it to critical analysis. 

Any societal choice is also based on a value system but should, as far as possible, be rational. The priority, therefore, in 
using transferred information and knowledge must be to make rational choice possible. Such information or knowledge 
therefore has to fulfil a number of conditions: it should be factual, complete, correct, objective, clear, consistent and 
expressed in plain language. lt should also be regularly updated and, importantly, kept distinct from any political message. 
Information and knowledge so transferred should promote understanding and make it possible to carry out the situation 
assessment that is the prerequisite for any decision. 

Si nee nuclear energy cannot be considered entirely on its own, it must be discussed not on! y as part of the general energy 
issue but also, if possible, under the still wider heading of sustainable development. 
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10 INFORMING PARLIAMENTARIANS ON NUCLEAR ENERGY 

The transfer of information and knowledge cannot be a one-way street. Parliamentarians and the public have to maintain 
dynamic and interactive communication with those who possess information, who must expect to be interrogated, 
contradicted, and confronted with protagonists experts or non experts whose appraisals and conclusions are different. The 
important thing, for parliamentarians and the public alike, is to be able to form an independent opinion. To that end, it is up 
to them to carry on the collective learning process in as transparent and open a manner as possible. Modern democratie 
societies, which are increasingly participatory in nature, are societies in which there may be substantial differences of 
opinion, with those at either end of the range often being irreconcilable. It is essential to create areas of dialogue where 
such opinions can be expressed and compete. 

Information broadcasters speak in terms of communication and message to be conveyed. There is a major problem here. 
What parliamentarians and the public need most of ali are information and knowledge. The message may be of interest to 
them, but only to the extent that its worth can be assessed against a standard that enables them to judge it independently. 

It has been a truism for a long time to say that information and knowledge are a form of power. The current 
transformational phase in our democracies, intent on enhancing parliamentary power and involving citizens more in societal 
choices, demands the transfer of information and knowledge. But what information and, above ali , how much? The answer 
to this question will depend on society capacity to assimilate information and make good use of it. This raises the problem 
of the generalist as opposed to the specialist; among parliamentarians, sorne need to specialise if parliaments are truly to 
act as a check on the government of the day. Therefore, the information they collect and assimilate has to be detailed 
information. However, Parliament as a whole must be kept informed, as ail parliamentarians are concerned. 

Decisions are no longer taken by only a few, nor, in a society of openness and participatory democracy, can they be taken 
behind closed doors. Democracy is changing both in OECD countries and in those of central and eastern Europe. 
Democracy is being democratised. But, in this new democracy, disorder may be perceived. There is greater freedom than 
before. Parliamentarians have to operate within this new context. Because of their greater responsibilities they need to be 
better informed and to master their subjects, so that they can not only make decisions, but also convince others and so 
create a consensus, for without consensus any democracy will quickly slide into anarchy. 
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~ T. TAKAHASHI and M.K. LEE* 

THE PRESENT AND PROSPECTIVE SITUATION 
OF NUCLEAR ENERGY IN ASIA 

1 
n recent years there has been a shift in the geographical focus of new nuclear power development from Europe and North 
America to Asia, and particularly south-east Asia. Consequent/y, this region is emerging as a competitive market among the 
nuclear su pp/y cou nt ries, as weil as attracting political interest in the non-proliferation, technology transfer, and man power training 

seetors. 

In the 1990s, Dynamic Economies such as China, Indonesia and Thailand, plan to turn to nuclear energy to support 
growing electricity demand, a natural result of rapid economie growth. Japan, the Republic of Korea (hereinafter "Korea") 
and Chinese Taipei, which already use nuclear energy as an important energy source, have plans to expand their nuclear 
power programmes. This is in contrast to most non-Asian OECD countries, with the exception of France, where growth of 
nuclear power has slowed. It is, then, quite natural that nuclear development in Asia is drawing interest from Western 
countries ready to supply nuclear equipment and facilities. 

NUCLEAR ENERGY PROSPECTS 
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In general, the development or expansion of nuclear 
power programmes is triggered primarily by the 
increase in demand for electricity resulting from rapid 
economie growth in this region. In most cases these 
nuclear programmes are part of a national strategie 
policy aimed at enabling the country in question to 
join the industriali sed nations. 

Nuclear acti vities in Asian countries are at different 
stages of development reflecting in most cases the 
economie leve! of the cou ntry. Japan , which first 
operated nuclear power plants in 1963, possesses ali 
the necessary technology concerning design , 
construction, operation of nuclear power plants and the 
rest of nuclear fuel cyc le. Japan produces its own 
supply of related equipment and is expected in the 
fu ture to become even more of a leader in the nuclear 
field becau se of its cont inuing expansion in this 
domain. 

Another group of countries, including China, Korea, and Chinese Taipei, already operate nuclear power plants built in 
cooperation with Western technology and capital. China is even planning to export nuclear power plants to Pakistan and 
Algeri a, while importing technology from France. Korea introduced nuclear power plants from Western countries in the 
1970s and is now developing its own technology based on its experience in the construction and operation of plants with 
Western technologies. Recently, Korea has been trying to supply nuclear power plants to North Korea and to develop a 
market in this region in cooperation with Western companies. 

Final ly, countries in a third group, including lndonesia, Thailand and the Philippines, have plans for the construction of 
nuclear power plants. In the meantime, they are conducting feasibi lity studies and surveying public opinion. 

JAPAN 

ln Japan, 49 commercial plants and one demonstrated advanced thermal reactor were in operation in 1994 and total 
electric generation capacity of these plants was about 38,900 MWe. Five plants are currently under construction. As for 
the future scale of development of nuclear power generation, according to the "Long-term Programme for Research, 

'MESSRS. TETSUO TAKAHASHI, JAPAN, AND MUN-KI LEE, REPUBLIC OF KOREA, ARE CONSULTANTS TO THE NEA. 
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12 THE PRESENT AND PROSPECTIVE SITUATION OF NUCLEAR ENERGY IN ASIA 

Development and Utilisation of 
Nuclear Energy", the approx i
mate goals are 45 ,600 MWe of 
install ed capacity by the year 
2000 and 70,500 MWe by 20 lü. 
Furthermore, the percentage of 
suppl y of elec tri c power 
represented by nucl ear power 
generati on is ex pec ted to 
increase steadily. The percent
age of co mmerci al nu clea r 
elec tri c generati on to total 
elec tri c power generat ion is 
expected to reach about 33% 
by the year 2000 and about 
42% by 201 O. Looking further 
ahead, it is hoped th at th e 
in sta ll ed ca pacity of nu clea r 
power generation wi Il reach 
approx im ately 100,000 MWe 
by 2030. 

KOREA 

Asia is em e rging as a compe titive marke t for the nuclear supply countries. Here the Monju 
fast-breeder reacto r. 

Korea, like Japan, has limited energy resources and depends to an important extent on nuclear energy fo r its electriçity 
production. At present, Korea has ten nuclear power plants in operation and six nuclear plants under construction. ln 1 Y94 , 
about 35.5% of total electricity (about 58.6 TWh) was generated from nuclear power plants. According to the recentl y 
revised Korean long-term nuclear power development programme, a total of 23 nuclear power plants is planned to be in 
operation by the year 2006. 

CHINA 

Currentl y, China has the world 's most ambitious domes ti c nuclear ex pansion programme. New pl ants totalli ng 
50,000 MWe will be under construction by the year 2020. Two more imported units will be constructed, 300- and 600-MW 
units are to be made domesticall y, and standardised domestic 600- and 900-MW PWRs are to be developed in the next 
century. Other reactor types, including PHWR CANDUs, GCRs, and FBRs, are being examined as weil. 

Guangdong province has plans for the construction of four more nuclear plants in addition to the ex isting Daya Bay 
nuclear power units, and 4 more in the Yangj iang area, by 201 O. 

Zhejiang Prov ince is proceeding with the second and third phases of the Qinshan nuclear power plant (QNPP-2,3) project 
(4 x 600 MWe) near QNPP-1 with a prototype reactor of 300 MWe. The second phase project of QNPP is to be 
implemented by using mainly Chinese technology with limited foreign assistance. 

The other coastal provinces, including Liaoning, Shandong, Jiangx i, Fujian, Jinlin, and Hainan provinces, are planning to 
introduce nuclear power programmes to cope with the surging electrical power demand. 

CHINESE TAIPEI 

Chinese Taipei, like Japan and Korea, does not have suffi cient energy resources to support its economie growth, so it 
expects nuclear energy to play an important role. Six nuclear power plants are currently in operation and about 34% of total 
electricity was generated from them in l994. Ryumon 1-2, which are the seventh and eighth nuclear power plants in 
Chinese Tai pei, will be in operation after 2000. 
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INDONESIA 

In Indonesia, a further 7,000 MWe in installed capacity will be needed over the next 25 years, which corresponds to a 
15% annual increase in electricity demand. 

According to official sources in Indonesia, construction of the first nuclear power plant at the Muria site could be 
env isaged, following the completion of a feasibility study by Japanese consultants. Japanese, American, French and 
Canadian nuclear vendors willlikely compete for this first nuclear power plant in Indonesia. 

PHILIPPINES 

The Philippines has the 620 MWe Westinghouse PWR Bataan Nuclear Power Plant (BNPP), on which construction 
began in 1976 and was completed in 1985. However, BNPP was never operated and has been mothballed since 1986 due to 
litigation between the Philippine Government and Westinghouse. 

ln July 1993, the President directed a committee to draw up a comprehensive nuclear power programme which should 
review the legal framework governing nuclear power generation. 

THAl LAND 

Although substantial effort has already been made by the authorities to establish the basis for a future nuclear power 
programme (training, nuclear legislation, nuclear safety infrastructure, etc.), substantial anti-nuclear sentiment in the 
population and financial problems have delayed any nuclear project until at !east 20 Il. The Electricity Generating 
Authority of Thailand (EGAT) continues, however, to study the nuclear option. 

Country 

China 

Jndia 

lapan 

Korea 

Pakistan 

Chinese Tai pei 

Nuclear Power Reactors in Operation and Under Construction 
(31 December 1994) 

In operation Under construction 

Units Capacity (MWe) Units Capacity (MWe) 

3 2,100 5 1,0 10 

9 1,593 5 4,833 

49 38,859 6 4,770 

10 8,220 1 300 

1 125 - -

6 4,890 - -

Source: Nue Net from the source of IAEA ( 1 M ay 1995) and Nuclear NeiVs (M arch 1995). 
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THE PRESENT AND PROSPECTIVE SITUATION OF NUCLEAR ENERGY IN ASIA 

NUCLEAR Fl:JEL CYCLE 

Japan and Korea, which have relative! y active nuclear programmes, have neither natural uranium resources nor oi l and gas 
resources for electricity generation. 

Japan has the full nuclear fuel cycle and continues to develop related technologies and facilities as part of its effort to 
achieve greater independance in its energy policy. 

Korea has decided not to pursue the complete nuclear fuel cycle for its nuclear power programme. ln addition, in view of 
the present political situation with North Korea, the President of Korea announced in 1991 that his country would not pursue 
reprocess ing and enrichment and related technology. However, according to the revised Nuclear Long-Term Plan, sorne 
fl exibility will be maintained regarding this option, depending on future developments. 

Since the l950s, China has developed a nuclear weapons programme from which has emerged the full nuclear fuel cycle. 
China produces and supplies fuel by using its own natural uranium. Since the post-cold war period, China is reported to 
have made efforts to convert sorne weapons-related facilities and technologies into commercial nuclear power plants. 

Among Asian countries, the situation and conditions concerning radioactive waste management vary widely. 

ln Japan, low-level radioactive waste is disposed of in a shallow land facility. The facility started operation in December 
1992 at Rokkasho village, located in the north of the main island. Yitrified high-level radioactive waste, separated from 
spent fuel at reprocessing facilities, will be cooled down over a 30-to-50-year period in an interim storage facility and will 
ultimately be disposed of in underground formation s severa! hundred metres below th e surface . The target for 
commissioning the first disposai site is foreseen sometime after 2030, but no later than the mid-2040s. 

In Korea, radioactive waste is stored at nuclear power plant sites and research centres. Low and intermediate-level 
radioactive waste will be supercompacted at the nuclear power plants by Korea Electric Power Co. The plan to open the 
disposai facility will be postponed from 1995 to 2001 due to difficulties in site selection. On the other ha nd, the interim 
storage facility, with a capacity to store 3,000 tonnes of Uranium metal of spent fuel , is also scheduled to be built by the end 
of2001. 

In Chinese Taipei , Taipower was designated by the government to dispose of low-level waste for the entire country. A 
final disposai facility for low-level waste will begin operation in 2002. Chinese Taipei has had to extend the spent fuel 
storage capacity in its nuclear power plants. An interim storage facility will be commissioned after 1997. 

China has the solidification technology for low and intermediate radioactive waste, and related waste treatment facilities 
at the Guangdong and the Qinshan nuclear power plants. For high-level radioactive waste, vitrification technology has been 
developed. 

Nuclear safety matters will be of increasing importance in Asia if nuclear energy deployment continues at a rapid pace in 
this region. In particular, radiation protection regulations, exchange of operating experience and early notification of 
operating incidents will need to be established for those countries with nuclear power aspirations. 

Similarly, while certain countries of this region, such as Japan, Korea and Chinese Taipei have achieved sophisti cated 
nuclear technological development and have qualified manpower available, this is not yet the case with respect to sorne of 
the other countries in the region with nuclear aspirations. Actually, most countries of Asia interested in nuclear energy 
suffer from a lack of qualified and trained manpower. Just as in many Western OECD countries, there is a shortage in the 
number of students willing to turn to pursue nuclear engineering and nuclear physics. Thus, it is likely that a number of 
these countries will direct their attention to turn-key contracts for their first nuclear units, and that nuclear suppliers will 
have an initial role to play in the safe operation of these plants. 
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The expansion of nuclear power in Asia must of course be accompanied by continued vigilance with respect to nuclear 
non-proliferation matters. Japan has expanded its nuclear energy programme under a strict non-proliferation policy focused 
on the non-proliferation Treaty (NPT). Korea, Chinese Taipei and other countries in the region are also parties to the NPT 
and are operating under IAEA safeguards. In addition, relevant nuclear export control arrangements, including the London 
Guidelines and the Zangger Committee Guidelines, apply to the transfer of nuclear materials and facilities in this region. 

ln Asia, nuclear co-operation, with the exception of radioisotope use, has not been undertaken actively because of the 
difference in the scale of nuclear power use as weil as in the technological leve! of the countries concemed makes close co
operation difficult among countries within the Asian region. 

Nevertheless, bilateral nuclear agreements exist among China, Japan, and Korea, and Japan has also held an Asia Pacifie 
Atomic Energy Conference each year and has invited government ministers from countries attending this conference to 
strengthen nuclear co-operation in Asia. 

In the post-cold-war period, there has been continued nuclear energy development in sorne south-east Asian countries to 
meet their increased demands for electricity. Nuclear power projects, however, are more sensitive to political and public 
acceptance issues than other kinds of electricity generating sources, such as gas, oil and coal. Although nuclear energy 
offers positive aspects in relation to protection of the global environment and to national energy security, it also involves 
negative aspects, such as the remote possibility of a nuclear accident and the reluctance of public opinion to accept 
radioactive waste disposai. As a consequence, the rate of development of nuclear programmes depends on national policy 
decisions and public opinion trends. 

Anticipated Commercial Nuclear Power Development 
(31 December 1994) 

1995 
COUNTRY 

Capacity Units (MWe) 

Japan 41,636 51 

Korea* 8,600 10 

Chinese Taipei 5,144 6 

India 1,955 lO 

Pakistan 137 1 

China 2,100 3 

- --

Source: Trend of World Nuc lear Power Plant Developme nt , JAIF. 
*OECD/N EA Nue/ecu· Energy Daw, 1995. 

2000 

Capa city Units (MWe) 

45,528 54 

13,700 16 

5,144 6 

3,335 15 

462 2 

2,700 4 

2005 

Capacity Units (MWe) 

47,178 56 

18,700 21 

7,744 8 

3,835 16 

462 2 

4,285 8 

N EA Newsletter Spring 1995 



16 THE PRESENT AND PROSPECTIVE SITUATION OF NUCLEAR ENERGY IN ASIA 

Countries such as Japan, Korea and Chinese Taipei have already well-established nuclear power programmes and have 
demonstrated their future potential for the long term. Other countries which are starting out or have plans to introduce 
nuclear power programmes may be faced with technological, manpower, financial , as weil as public acceptance problems. 
Even if the situation is somewhat different in each country, their common characteristic is that they will need assistance from 
outside sources to solve these problems. Nuclear supplier countries like the United States, Canada, France, the United 
Kingdom and Japan are showing interest in these new markets. 

But foreign contractors must demonstrate an ability to implement the whole range of functions from the planning stages 
which determine the characteristics and scale of the project, to the implementation stage, including the construction and the 
initial operation of the plant. In addition, in order to participate in this market, foreign contractors will have to give 
satisfactory responses to the need for stable financing schemes. In sorne cases, the concept of build-operate-transfer (BOT) 
could be of interest in this region. 

100 

80 

-

20 -

~ 
1 0 

Total 

1 ~ u.s. 

~ 

Market Share 
by Foreign Venders in Asia 
(contract before December 1992) 

r-

~= -

~ '---

1 1 1 
1 1 1 1 

-

-

-

-
-

-

-

-

-
1 
1 

Japan Korea Taïwan lndia China Pakistan 

[§] France D Canada - U.K. 

Source: Korea Atomic lndustrial Forum. 

CONCLUSION 

Fast-growing economies and electricity needs are driving a number of Asian countries to introduce orto expand the use of 
nuclear power. China has achieved significant economie growth over the past decades and this trend is likely to continue. 
Many nuclear power plant vendors are attracted by this new market. France, for example, has already built two units in 
China, and construction of two other nuclear power plants in Guangdong province has recently been negotiated. 

Sorne Asian countries are willing to extend their nuclear export activities, including both equipment and full-scale nuclear 
power plants. For example, Japan has the means to take a share of the nuclear power export market. Currently, from the 
commercial point of view, Japan has maintained close relationships with China and Indonesia. 

However, the progress and prospects of nuclear power projects in Asia will continue to depend upon social, economie and 
political conditions. The following points will have to be kept in mind: 

1. Will this region keep up its economie growth? If a reduction in energy demand occurred in this area the expansion of 
nuclear power projects could be delayed or suspended. 

2. Public acceptance of nuclear energy is changing. Public acceptance will continue to play a key role in Asia in the 
accomplishment of nuclear power projects. 
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3. Shortage of available capital antl technology. Nuclear power plant construction requires both a large amount of 
investment and highly advanced technologies, and many nations in Asia could therefore be confronted with difficulties in 
introducing nuclear power. 

4. Abundance of natural resources. Nations which have not gained public acceptance for nuclear energy use but which 
have plentiful natural resources (unlike Korea and Japan which are not blessed with natural fuel resources such as coal 
and oil) do not consider nuclear power to be the most reliable source of energy to meet soaring energy demand for 
economie development and willlikely continue to use conventional power. 

Nevertheless, as long as electricity demand in Asia continues to increase, it is anticipated that nuclear activities in Asia 
will continue to grow, and co-operation between nuclear vendor nations and Asian nuclear developing nations will develop. 
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Asian Dynamic Economies plan to expand their nuclear energy programmes to meet growing electricity demand. Here a reactor 
vesse/ arriving at the Hong Kong unloading quay. 
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E. LAZO and N. ZARIMPAS* 

METHODOLOGIES FOR ASSESSING THE ECONOMIC 
CONSEQUENCES OF NUCLEAR REACTOR ACCIDENTS 

W 
ith the increasing use of quantitative risk assessment in the evaluation of nuclear reactor safety, great er attention has 
been focused in recent years on risk-assessment methods, including mode/ reliability and uncertainty. ln order to better 
understand the various probabilistic consequence assessment (PCA) codes used around the world, the Commission of the 

European Communities (.CEC) and the OECD Nuclear Energy Agency (NEA) initiated in 1991 a study to compare the predictions from 
various PCA codes. Based on the results of this comparison (which is fui/y documented in two 1994 publications: Probabilistic Accident 
Consequence Assessment Codes: Second International Comparison, Overview Report by the NEA, and Probabilistic Accident 
Consequence Assessment Codes: Second International Comparison, Technical Report by the CEC), it was recommended that the 
prediction of economie consequences by these codes be studied further. 

The evaluation of the cast of a nuclear accident is important for obtaining an accu rate assessment of nuclear power economies. 

In response to th is recommendation, in 1994 the NEA formed the Expert Group on Methodologies for Assess ing the 
Economie Consequences of Nuclear Reactor Accidents. As implied by its title, this expert group 's goal is not to quantify the 
economie costs of a nuclear acc ident. Rather, its goal is to define better the methodologies which can be used to define 
economie costs, and the types of costs which should be considered in such analyses. To accomplish this goal, the Expert 
Group is in the process of preparing a report which will focus on four key areas: the various analysis perspecti ves; the costs 
of accidents; liability, compensation, and insurance considerations; and externat costs. The Group 's preliminary views on 
these areas are summarised here. 

*DR. EDWARD LAZO IS A MEMBER OF THE NEA RADIATION PROTECTION AND RADIOACTIVE WASTE MANAGEMENT DIVISION. 
*DR. NICHOLAS ZARIMPAS IS A MEMBER OF THE NEA NUCLEAR DEVELOPMENT DIVISION. 
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METHODOLOGIES FOR ASSESSING THE ECONOMIC CONSEQUENCES OF NUCLEAR REACTOR ACCIDENTS 

ln the context of this work, the term "perspectives" is meant to reflect the different approaches taken to assess economie 
consequences, depending upon the objective of the study. For example, one perspective is that of risk assessment and 
management. In this case, one objective of economie-consequence assessment is to determine the "social cost" of an 
accident, perhaps during the process of justification and optimisation when choosing various protection options. A very 
different perspective from this is that of accident management where the related objective of economie-consequence 
assessment is to select which countermeasures to implement. Another perspective, completely different from those two, is 
that of liability and compensation. So, while the basic elements of economie consequence assessment are the same in the 
three cited perspectives, the differences in objectives and approaches need to be understood to put this rather broad field of 
study in the proper context. 

Given these different perspectives, the "building blocks" of any economie-consequence assessment are the cost elements 
to be considered. These include the costs of countermeasures, health effects, secondary effects (on industry, national-leve! 
effects, etc .), and intangible effects such as those on the tourist industry, "image", psychological, and ecological. The 
various boundaries of such an analysis will be discussed (time, space, economie structure, etc.), and the different techniques 
for costing (willingness-to-pay, human capital, di scounting) will be reviewed. In addition, the important areas of data 
availability and uncertainties will also be examined. 

As the perspecti ve of liability, compensation and insurance is relatively important, it is felt that considerable attention 
should be paid to this area. As such, severa! subjects will be discussed in detail : international nuclear third party liability 
and compensation regimes; the distinction between economie consequences and compensation; the question of who bears 
the consequences; alternative ways of compensation; and the general question of insurance. 

Finally, in addition to the cost elements discussed previously, the question of external costs of nuclear accidents will be 
studied. In this regard, those costs refer to accident-associated costs which are not taken into account in the priee of a 
kilowatt-hour of electricity generated by nuclear power. This includes public and occupational health costs, impacts on 
agriculture and forests, biodiversity effects, aquatic impacts, impacts on buildings, facilities, cultural objects, global impacts 
such as greenhouse effects, etc. The assessment of these external costs associated with nuclear accidents is currently an 
important subject related to the assessment of energy supply options in many countries. The report to be prepared by the 
Expert Group will thus di scuss the background of this issue, the definition of "externality" and "external costs", sorne 
methods for the assessment of external costs, the scope of the assessment, and the role and impact of risk aversion in the 
assessment of these external costs. 

This report is seen by the members of the Expert Group as being a first of its kind in this area, and it is hoped that, when 
published, the report will help to ad vance the assessment of economie consequences of potential nuclear accidents. 
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J.K. JOOSTEN* 

NUCLEAR PLANT LONGEVITY: A CALL TO ACTION 

M 
ost commonly accepted projections for world nuclear capacity show it growing at a rate of about 2% per year throughout 
the next few decades. However, a new analysis indicates that the effect of nuclear plant longevity, siting constraints and 
construction leadtimes on nuclear capacity may have been substantially underestimated. Unless clear actions are taken by 

government and industry to encourage the longevity of the existing nuclear power plants beyond a 35-year lifetime, world nuclear 
capacity may peak around the year 2000 and decline over the subsequent two decades. 

PAST PROJECTIONS 
FOR NUCLEAR-CAPACITY GROWTH 

Due to the sophistication of nuclear technology, relatively 
long planning times are commonly required to put fac ilities 
and skilled personnel in place. Installation times for new 
nuclear plants could sometimes take up to ten years. 

Organisations such as the OECD Nuclear Energy Agency, 
the International Atomic Energy Agency, and the Uranium 
Institute, ass ist energy planners and policy makers by 
assembling expert panels who prepare world nuclear energy 
projections based on demographie considerations (i.e., the 
projected growth in regional electricity demand). Most 
projections generally agree that there will be about a 1% to 
2% growth in nuclear power over the near to medium term 
(see Figure 1). 

Figure 1 . Past Projections of World Nuclear Capacity 
Growth 
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Traditionally, the forecasts have focused on developments 
over the next one or two decades. Most were carried out 

*MR. JAMES K. JOOSTEN IS A FORMER MEMBER OF THE NEA NUCLEAR 
DEVELOPMENT DIVISION. 
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with very little concern as to the farther reaching impact of 
nuclear plant reti rements on ex ist ing capacity. As the 
number of ageing plan ts began to increase, retirements 
could no longer be ignored, so the app roac h to the 
projections was adjusted slightly. In 1992, for example, the 
projections assumed a 40-year retirement, but also that each 
reti red nuclear plant would be replaced by another nuclear 
plant of equal capaci ty. Since the projections ali assumed 
sorne leve! of ongoing nuclear construction, the resul ts have 
al ways yielded low, medium, or high growth scenarios. 

Figure 2. New Capacity Additions 
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More recent studies by the NEA and the IAEA have 
begun to refine the forecasting exercise to include so rne 
earlier phase-outs as weil as sorne longer plant li fet imes . 
The new approach is better but the question still remains as 
to whether or not the current assumptions accurately mode! 
the dri ving forces and constra ints to nu clear capac ity 
development. 

Many ex perts now arg ue that nuclear capac ity 
development is not constrained by the growth in electricity 
demand but rather by our ability to acqui re new sites and 
order new plants. Thus, the hi storical rate of new grid 
connections (or capacity additions) may shed more light on 
the validity of our projections than say, an integrated curve 
of world capacity. Historicall y, as seen in Figure 2, new 
nuclear capacity additions to the grid rose rapidly to a peak 
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of about 31 GW per year in 1985 and then feil steadily to 
the current level of about 2 to 9 GW per year. 

The recent decline is often attributed to difficulties in 
siting new power stations, increased competition from 
foss il-fuel energy, low political and public acceptance of 
nuclear power, lack of investor confidence and the growing 
cost of investment capital. It is not clear how far into the 
future these retarding factors may continue. What is clear 
though, is that over the next severa! years, new capacity 
additions will be essentially limited to those plants which 
are already in the construction pipeline. Beyond that, a 2% 
per annum growth in new capacity represents an 
installation rate of about 7 to 12 GW per year. On the 
surface, a 2% installation rate appears to be quite plausible 
when compared with recent historical trends. 

PLANT-LIFE CONSIDERATIONS 

The impact of plant retirements on world nuclear capacity 
may be examined by using a simple model for plant life 
which assumes that each megawatt which was added in the 
past is now subsequently retired 35 years later. It should be 
noted that the choice of the 35-year plant "li fe" is somewhat 
arbitrary in thi s analysis. Nuclear plants are inanimate 
objects and do not have a natural lifetime per se. Ageing 
materials may be replaced again and again. Thus, plant life 
is technically determined by the owner 's decision to stop 
replacing ageing components. This decision could occur 
a ft er one year of operation or after l 00 years of operation 
depending on the economies and the owner 's objectives. 

Power plants are the chief resources of the electricity 
producer. Deciding how best to manage these resources and 
when to retire or replace a commercial power plant, is 
basically a business decision. Based on their experience, 
most utilities worldwide assume a 30-year economie life for 
large power stations1

• Our experience thus far, is not 
inconsistent with this assomption. More than two-thirds of 
the nuclear plants built 30 years ago have now been retired. 
Thus, for the purposes of this analysis, a 35-year average 
life has been chosen as a reasonable compromise between 
the 40-year design life and the 30-year economie life 
estimates2. 

Returning to our earlier projections of a 2% net growth, it 
is clear that the total additions per year must equal the new 
additions for growth plus an amount equal to the retirement 

1 

1. O f the 106 nuclear pl ants retired, the average lifetim e has been Jess th an 
7 years. 

2. Unde r thi s ass umpti on, for each pl ant whic h retires at the earl y age o f 20. 
e ffective ly another is assumed to retire at the age of 50 to yie ld an average li fe 
o f 35 years. 

capacity. When replacement plants are added into the 2% 
projection, the 35-year plant life assomption leads to a 
rapidly increasing capacity installation rate in the near term. 

LEAD-TIME CONSIDERATIONS 

The world capacity projection is further influenced by the 
fact that there is a lead time associated with every decision 
to add new capacity. This is due to siting, licensing and 
construction considerations. The lead times vary depending 
on the generating plant technology and local factors. 
Generally speaking, lead times may range from about three 
or four years for natural-gas generating stations and 
renewables to about ni ne or 10 years for large nuclear and 
coal- generating stations. For a nuclear plant, this equates 
to about four years for site acquisition-licensing and another 
five to six years for construction using the latest technology. 

The effect of long lead times on the projections is to shift 
the capacity decision-making process 10 years closer 
toward today. This puts more pressure on governments and 
owners to act quickly on nuclear-plant replacements. 
Indeed, for sorne older nuclear power plants, a nuclear 
replacement may be no longer feasible unless the owners 
have already acquired the sites. For these plants , the 
nuclear decision time frame is already behind us. Now, 
suitable replacement capacity must be chosen from shorter 
lead-time alterna ti v es su ch as natural gas, renewable or 
purchased power. Shorter nuclear-plant lifetimes would 
shift even more nuclear capacity replacement decisions into 
the past and toward non-nuclear alternatives such as gas. 

The existence of long nuclear lead times may also 
invalidate earlier assomptions that each retired nuclear plant 
will be replaced by another nuclear plant- particularly in 
cases where a significant defect is suddenly discovered. In 
1991 , for example, the owner of the Trojan nuclear station 
(U.S.A.) discovered flaws in the plant steam genera tors 
which would have allowed only five to six more years of 
operation. Replacement by another nuclear plant was not 
even considered as an option due to nuclear-construction 
lead times. 

REACTOR ORDERS 

Finally, the combined effects of retirements, construction 
lead times, and siting constraints may limit the rate at which 
we can order new capacity in the near and medium term. 
Each 1-GW increase in grid capacity roughly equates to 
one new reac tor order which must be placed about 10 years 
earlier in time. Starting from the past assomption of a 2%
growth in installed capacity, it is possible to calculate the 
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22 NUCLEAR PLANT LONGEVITY: A CALL TO ACTION 

timing and number of reactor orders necessary to support 
this projection. A very large number of nuclear-plant orders 
must be made over the next five to 10 years in order to 
support the 2%-growth scenario. In fact, it could be argued 
that this is an unrealistic number of orders given the current 
elima te. 

The preceding examples illustrate the inherent 
weaknesses of an approach to nuclear forecasts based pure! y 
on an assumed sharing of electricity generating capacity. 
Starting instead with sorne assumptions on plant orders, it is 
possible to construct a projection which takes into account 
plant lifetimes and leadtimes in an arguably more realistic 
manner. Consider briefly two scenarios based upon 35-year 
plant lifetimes and 10-year total installation lead times. 

In the first case, a "status quo orders" scenario is 
presumed whereby current attitudes and economies do not 
change appreciably and there are only enough orders to 
preserve the industrial capability. This is taken to be about 
six orders per year (or about 50 to 60 reac tors under 
construction at any point intime). By comparison, over the 
last 10 years reactor orders have averaged four per year and 
today there are 55 reactors under construction 
(see Figure 3). 

Figure 3. Net Capacity Additions 
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In the second case, a "reasonable recovery of orders" is 
assumed. This scenario assumes a reversai in current 
negative attitudes, competitive nuclear economies, and that 
public and investor confidence recover at a "reasonable 
rate" (i.e., equivalent to the rate at which it has been !ost 
over the last 25 years). Certainly more optimistic or more 
pessimistic recovery rates could be debated. In the 
"reasonable recovery order" scenario, reactor orders 
increase steadily starting in 1995 and eventually exceed 
both the historie ordering rates and even the previously 
assumed 2%-growth rates. 
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Note that in both 35-year scenarios, although the ordering 
rate of nuclear power plants begins immediate! y in 1995, its 
impact on capacity connected to the grid is not felt until 
10 years later due to siting and construction lead times. 

The integrated impact of plant retirements, lead times, 
and new capacity additions can be now calculated to yield a 
world projection on installed nuclear capacity (Figure 4). 
For both 35-year plant !ife scenarios, it can be seen that the 
installed base of nuclear capacity will ri se to a peak of about 
395 GW around the year 2003 and then will steadily decline 
over the next 20 years . The "reasonable order recovery" 
scenario rebounds strongly after the year 2023 whereas the 
"status quo order" scenario continues to decline to a low of 
about 180 GW installed worldwide. 

Figure 4. World Nuclear Capacity Changes 
with 35-Year Plant Life 

1955 1965 1975 1985 1995 2005 2015 2025 

The difference between Figure 4 (depicting retirements 
for 35-year plant !ife) and Figure 1 (depicting essentially no 
retirements) illustrates the approximate difference between 
a 35-year and a 55-year-plus plant-life assumption. 

Figure 5. World Nuclear Capacity 
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.. 
CONCLUSIONS 

One can readily deduce the ramifications that plant 
lifeti mes may have on the various sectors of the nuclear 
indu stry. For example, the change in world nuclear 
capacity brought about by a 35-year plant life versus 
55-year life amounts to about 700,000 tonnes of new 
uranium metal on the market. 

The message behind these illustrations is not one of doom 
and gloom , but rather that timely action is needed by 
governments to ensure that national and regional policies 
support nuclear plant longevity. 

If nuclear power is to remain economically competitive 
with the alternatives, there must be sufficient regulatory 
flexibility to allow plant owners to seek the most cast
effecti ve solutions to ageing concerns. There are many 
ways to achieve a leve! of safety, but they do not ali cast 
the same. 

Most of the world 's regulatory programmes have always 
included sorne provision for performing a cost-benefit 
analysis. Perhaps the time is right to re-examine these 
methodologies and established requirements to ensure that 
they are still consistent with current day philisophy. 

Timely action is also needed by owners to optimise their 
overall plant-life management programmes and to ensure 
the maximum competitiveness of their assets and return on 
their investment. Much is still to be done with respect to 
optimising the balance between record-keeping and 
analysis, preventative maintenance and corrective 
maintenance programmes which deal with ageing. 

Clearly, without definitive action to support the longevity 
of nuclear power plants and policies to encourage plant 
lifetimes greater than 35 years, nuclear power may weil 
peak at the turn of the century and decline significantly 
over the subsequent two decades. 
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E. LAZO* 

REDUCING OCCUPATIONAL EXPOSURE: THE ISOE SYSTEM 

T 
hroughout the world, occupational exposures at nuclear power plants have been steadily decreasing over the past decade. 
Regulatory pressures, particularly after the issuance of the new Recommendations by the International Commission on 
Radiological Protection (ICRP 60) in 1990, technological advances, improved plant designs, and improved water chemistry 

and plant operational procedures, as weil as other factors, have contributed to this decreasing trend. However, with the ageing of the 
world nuclear power plants the task of maintaining occupational exposures as low as reasonably achievable (ALARA principle) has 
become increasingly difficult. ln addition, economie pressures have lead plant operation managers to streamline refuelling and 
maintenance operations as much as possible, thus adding scheduling and budgetary pressure to the task of reducing operational 
exposures. 

In response to these pressures, radiation protection personnel have found that by properly planning, preparing, 
implementing, and reviewing jobs, occupational exposures can be kept as low as reasonably achievable. To facilitate this 
global approach to work, sometimes referred to as "work management", through the exchange of techniques and 
experiences in occupational exposure reduction, the OECD Nuclear Energy Agency (NEA) launched the Information 
System on Occupational Exposure (ISOE) in January 1992 after a two year pilot programme. This four-leve! database and 
multinational communications network joins utilities and regulatory agencies throughout the world, providing occupational 
exposure data for trending, cost-benefit analyses, technique comparison, and other ALARA analyses. 

As ISOE nears the end of its second full year of successful operation, its list of participants continues to grow: 

• Currently, 50 utilities from 17 countries, and 11 national regulatory authorities participate. Additional data for reactors in 
non-participating countries is collected from published reports such that the database now represents 308 reactors (70% of 
the operating reactors in the world), including pressurised-water reactors (PWR), boiling-water reactors (BWR), and 
CANDU reactors. 

• The Commission of the European Communities (CEC) and the NEA have signed a co-operative agreement such that the 
ISOE database now also serves the European Community's data needs, and such that ISOE and CEC programs in 
occupational exposure remain complementary. 

• Severa! European regulatory authorities are using the ISOE format for their national occupational exposure reporting 
systems to avoid duplication of effort by utilities. 

• The Paris Centre of the World Association of Nuclear Operators (WANO-PC) and the NEA have signed a Memorandum 
of Understanding to assure co-ordination of the activities of the two organisations in the field of occupational exposure. 

• The International Atomic Energy Agency (IAEA) and the NEA have established a cooperative agreement whereby the 
IAEA co-sponsors ISOE, acting as the ISOE Technical Centre for the participation of non-NEA countries. China, the 
Czech Republic, Hungary and South Africa are currently participating, and it is hoped that the participation of Lithuania, 
Slovakia, Bulgaria, Rumania and Slovenia will be obtained in the near future. Russia, Ukraine, India, and Argentina will 
also eventually be solicited for participation. 

• The Nuclear Power Engineering Corporation (NUPEC) has agreed to act as the ISOE Technical Centre for Asian NEA 
Member countries, notably Japan and Korea. 

• The Centre d'étude sur l'évaluation de la protection dans le domaine nucléaire (CEPN) acts as the ISOE Technical Centre 
for Nordic and European NEA member countries. 

• The University of Illinois serves as the North American Technical Centre, for the United States, Canada and Mexico. 

*DR. EDWARD LAZO IS A MEMBER OF THE NEA RADIATION PROTECTION AND RADIOACTIVE WASTE MANAGEMENT DIVISION. 
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REDUCING OCCUPATIONAL EXPOSURE: THE ISOE SYSTEM 

Thus ISOE has a wide following, anèl is the most complete occupational exposure database in the world. The value of 
such a widely used system is its ability to facilitate efficiently the exchange of experiences and practices concerning 
occupational exposure reduction among participants. 

THE USE OF THE ISOE SYSTEM AND NETWORK 

There are severa! diverse ways in which ISOE can be used by its participants. ISOE, consisting of the four databases and 
their associated software, can be used for statistical and comparative studies, and as a source of good practices and 
experiences. The ISOE network, which consists of ali participating utilities and authorities, regional co-ordinators for 
certain countries, and the ISOE Technical Centres, serves as an open line of communication for the real-time exchange of 
data, experiences, policies, practices, etc. 

In addition, ISOE expert groups are established from time to time to perform specifie studies based on participant's needs. 
More regularly, the Annual ISOE Steering Group meeting includes a topical session during which current issues of interest 
to the participants are presented and discussed. 

Use of ISOE 

As described earlier, the three ISOE data bases con tain annual operational dosimetry data (NEA l ), plant configurational 
and administrative data (NEA2), and operational experience reports (NEA3). These databases can be used individually, or 
together, to perform interesting studies. 

NEA 1 

At the end of each calendar year, data concerning operational occupational exposure are collected from ali participating 
utilities for the NEA 1 database, and is summarised and analysed. These data include total annual collective doses, non
outage annual collective doses, outage annual collective doses divided into 20 job categories and 75 subcategories, annual 
co llective man-hours and number of workers associated with each job category and subcategory, and annual individual dose 
distribution, and is most useful for trending and comparative studies. The evolution of average annual collective dose per 
reactor, an ex ample of which is shown in Figure l for PWRs, is one type of trending which can be performed. Such studies 
are performed and published each year by the NEA in an Annual ISOE Report1• 2. More detailed analyses are also possible. 

Figure 1. Average Annual Collective Dose per Operating PWR, by Country 
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For example, ISOE data were 
used by the French Centre d'étude 
sur l'évaluation de la protection dans 
le domaine nucléaire (CEPN) to 
study, for the NEA, the effect of the 
length of the fuel cycle on average 
annual collective doses2. The 
average full-cycle time, operation 
time, and refuelling outage time 
were plotted against the average 
annual collective dose per country 
(see Tables l and 2, and Figures 2 
to 4). Fuel-cycle lengths were taken 
from the ELECNUC3 database. In 
order to account correctly for 
different fuel-cycle lengths, the 
annual collective do se used for 
comparison purposes has been 
averaged over three years ( 1990 to 
1992). Again, concrete conclusions 
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ll!!!l Table 1. Average Collective Dose per ReactorYear, 
~ Full Cycle, Operation Cycle, and Refuelling Cycle Length 
@ for PWRs for 1990 and 1992 
@:, 
2) 

~ 
[li}!] 

~ 

Average Average Average Average 
Collective Full Cycle Operation Refuelling 

Country Dose per Length Cycle Ou tage 
Reactor year [days] Length Length 
[man-Sv] [da ys] [da ys] 

Belgium 1.51 386 347 39 

Finland 1.30 382 344 38 

France 2.38 433 338 95 

German y 2.12 401 323 78 

Netherlands 1.68 380 320 60 

Spain 2.02 393 349 44 

Sweden 1.01 360 316 44 

Switzerland 1.5 36 1 312 49 

Europe 2.1 4 413 336 77 

Japan 1.39 478 363 11 5 

United States 2.44 559 477 82 

Source: OECD!NEA. 

Table 2. Average Collective Dose per Reactor Year, 
Full Cycle, Operation Cycle, and Refuelling Cycle Length 

for BWRs for 1990 and 1992 

Average Average Average Average 
Collective Full Cycle Operation Refuelling 

Country Dose per Length Cycle Ou tage 
Reactor year [da ys] Length Length 
[man-Sv] [da ys] [da ys] 

Finland 0.90 367 350 17 

German y 2.18 440 38 1 44 

Netherlands 0.88 353 308 44 

Spain 4.20 546 482 64 

Sweden 1.44 363 33 1 32 

Switzerland 2.04 366 327 39 

Europe 1.89 394 353 41 

Japan 2.20 507 382 125 

United States 3.76 610 51 1 99 

Source: OECD/NEA. 
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Installation of a steam generator at Ringhals Nuclear Power 
Plant in Sweden. 

are difficult, however, it is clear that these simple averages, 
for ali ages and sizes of reactor together, do not support an 
argument that longer cycles result in smaller collective 
doses. Looking simply at Figure 4, refuelling outage length 
versus annual collective dose, the trend appears to show an 
increasing dose with increasing refuelling outage length . 
However significant fluctuations in average an nu al 
collective dose make it difficult to link this increasing trend 
uniquely to increases in refuelling outage length. 

Studies of this nature show interesting trend s in 
occupational dosimetry, and are intended to demonstrate the 
range of studies that can be performed using the ISOE NEA 
1 database. Further detailed studies, sorting data by reactor 
make , age, mode!, etc., may provide more definitive 
conclusions, and can be performed by participants based on 
their needs, using the ISOE database. 

NEA2 

For each participating reactor, the second database, 
NEA 2, contains information concerning methods and 
techniques used for dose and dose-rate control. Primary 
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Figure 2. Average Full-Cycle Length and Average Collective 

Dose per Reactor Year (1991-1993) for PWRs 
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Figure 3. Average Operation-Cycle Length and Average 

Collective Dose per Reactor Year (1991-1993) 

for PWRs in Various Countries 
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Figure 4. Average Refueling Length and Average Collective 

Dose per Reactor Year (1991-1993) for PWRs 

in Various Countries . 
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water chemistry, cobalt replacement/reduction programs, 
primary water filterin g, surface preconditioning , 
decontamination, work practices, ALARA organ isation 
and management, tool s and procedures, and motivation 
and training practices are listed. These data were collected 
for the first time during 1994. lnteresting aspects of this 
database can be used in a co mparati ve fas hion by 
participants. Combined with hi storical data from the 
NEA l database, the dosimetric success of various 
operating regimes and procedures can be studied. 

The 1993 outage dose for primary and secondary side 
steam generator work is shown by country and as a 
function of the date of commercial operation. By adding 
water-chemistry data from the NEA 2 database to this data 
from the NEA 1 database, the effects of water chemistry 
on steam-generator doses could be studied. 

The last of the databases, NEA 3, is a repository for brief reports on good and bad practices, procedures and experiences. 
The database can be interrogated at any time by participants, using keyword-search software, to learn from the experiences 
of others. As important as the data contained in each NEA 3 report are the names and addresses of the au thors for follow-up 
and in-depth questions. 

ln addition, in the case where severa! NEA 3 reports have been submitted on the same subject, topical reports can be 
prepared comparing the various experiences. For example, severa! NEA 3 reports were submitted by French and Swedish 
reactors, summarising their experiences in reactor- vessel-head inspection and repair, prompted by the discovery of cracks in 
the thermal sleeves of control-rad-drive penetrations in the vesse! head. The French found factors for dose-rate reduction to 
be su peri or using mechanical brushing (reductions from 2 to 1 0) than those attained using high- pressure-water 
decontamination (factor of 1.65). Ambient dose rates both under and on the vesse! head were reduced by factors of 3 to 5 
by the use of specially adapted shielding. In conjonction with this work, both the Swedish and the French found the 
removal and replacement of thermal insolation on the vesse! head to be dosimetrically costly, such that the Swedish have 
replaced old-style insolation with modern quick-disconnect insolation to facilitate future inspections and refuellings. The 
French have designed special scaffolding to speed installation. Robotics is in development in both countries. 
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28 REDUCING OCCUPATIONAL EXPOSURE: THE ISOE SYSTEM 

Seventeen NEA 3 reports on the removal of the reactor-temperature-detector bypass system were found and compared, 
resulting in an interesting topical report. 

Another topical report to be completed in 1995 will compare the steam generator replacement operations at Doel in 
Belgium, North Anna in the United States, Dampierre and Bugey in France, and Beznau and Ringhals in Sweden. 

NEAD 

The fourth database, NEA D, will be set up and will con tain information similar to that contained in NEA 1, but 
exclusively for plants which are definitively shut down or are in sorne phase of decommissioning. It is hoped that this 
database will be operational in 1995. 

The ISOE Network 

The ISOE network consists of ali participating utilities and authorities, the ISOE Technical Centres, and national ISOE co
ordinators. Participants interested in the experience of others in specifie areas not already covered by NEA 3 reports may 
request that the Technical Centres solicit the needed information. Participating utilities, authorities, and national ISOE co
ordinators are then contacted by the Technical Centres and the resulting information is passed on to the requester and made 
available to ali other participants. Recent examples of the use of this network system have included a utility's request for 
information concerning the decontamination of the residual heat removal (RHR) system for the replacement of an RHR 
heat-exchanger channel head; an authority's request for information concerning the dosimetric impact of vessel-head 
inspections in France, Switzerland, Sweden, and Belgium; a utility 's request for information regarding experience in reactor
vessel decontamination, a utility 's request for experience in refuelling-pool decontamination, and a utility 's request for 
experience in the repair of fuel-storage-rack antiseismic snubbers. ln ali these cases, the ISOE network was questioned by 
the European ISOE Technical Centre (the CEPN), and the information collected from participating utilities was passed on to 
the requester within a very short period. Topical reports will eventually be written on these subjects and distributed to ali 
participants. 

ISOE Expert Groups 

Based on the needs of the ISOE participants, as decided by the ISOE Steering Group, expert groups may be established to 
study specifie questions. Two such expert groups are currently at work. 

The first one is investigating dosimetry recording and reporting practices to understand better, and thus analyse, the data 
supplied to ISOE. For example, whether or not background is subtracted from reported doses, what dose-recording leve! is 
used and how are doses below this leve! reported, are extremity or skin doses recorded and reported, are neutron doses 
recorded and reported, etc., are the types of questions which need to be answered so that valid analyses of the ISOE data can 
be performed. 

The second expert group is trying to quantify the impact of "work management" on occupational exposure. In that most 
radiation protection practices must be justified, often in monetary terms, in order to gain management support, techniques 
and approaches to quantification are being studied. In addition, this Expert Group will also be addressing the somewhat 
related question of the impact of regulatory requirements on occupational exposures. This study is intended to pro vide data 
for the ongoing discussion of nuclear safety versus occupational exposure. 

Both expert groups will produce ISOE technical reports, based on their studies, which will be distributed to participants 
and, subject to a positive recommendation of the ISOE Steering Group, would be issued eventually as NEA reports. 

ISOE Technical Sessions 

Each year the ISOE Steering Group meets to discuss the administrative issues associated with ISOE. In addition, a topical 
session, like a small workshop, is held during which "invited papers" on topics of current issues are presented by 
participants and discussed. Topics such as !essons learned during steam-generator replacement, failed-fuel prevention 
programs, and rework prevention programmes, will be discussed at upcoming meetings. 
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REDUCING OCCUPATIONAL EXPOSURE: THE ISOE SYSTEM 

After three years of operation and expanding participation, ISOE appears to have reached the "critical mass" necessary to 
provide efficiently its users with a very broad range of detailed information. Continued growth , and efforts by ali 
participants to deliver timely and useful information, will help to assure that ISOE remains an up-to-date conduit for the 
exchange of occupational exposure experience throughout the world. 

1. ISOE, "Nuclear Power Plant Occupational Exposures in OECD Countries: 1969-1991 ", OECD, 1993. 
2. ISOE, "Nuclear Power Plant Occupational Exposures in OECD Countries: 1969-1992", OECD, 1995. 
3. ELECNUC Database, French Atomic Energy Agency (CEA), ( 1993). 
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C. PESCATORE and J. ANDERSSON* 

LESSONS FROM THE 
INTRAVAL INTERNATIONAL PROJECT 

1 n 1987 the NEA sponsored the setting up of the INTRAVAL international projeet devoted to the definition of procedures and 
criteria for establishing the credibility of data and models to be used in the safety assessments of deep geologie repositories for 
long-lived nuclear wastes. The Projeet was managed by the Swedish Nuclear Power lnspeetorate and, during its seven years of 

existence, it paved the way for a substantially improved capability to transfer into models the large and often unstruetured information 
arising from laboratory experiments, field measurements and natural analogues. The experience gained from INTRAVAL should be of 
great value in future safety assessment studies. 

In the next decade, severa! OECD countries may start the 
construction of a deep geological repository for long-lived 
nuclear waste. However, because any underground 
disposai facility for long-lived waste will be one of a ki nd in 
each country, it is to be expected that the consensus and 
expertise needed for full implementation of the facility will 
be acquired slowly. International co-operation constitutes 
one important means of facilitating consensus on sorne of 
the issues that are the most difficult to resolve. 

One of the biggest hurdles facing the waste disposai 
community will be the demonstration of long-term 
compliance of the repository with post-closure safety 
regulations. Although it is understood that demonstration of 
safety on the scale of thousands of years cannot be achieved 
in the ordinary sense of the word, it is clear that hard 
evidence interpreted and extrapolated by mathematical 
means should and will be used to that effect. Thus, a 
relevant issue is how to establish the credibility of data and 
models. To address this concern the NEA sponsored, in 
1987, the setting-up of the INTRAVAL Project, managed by 
the Swedish Nuclear Power Inspectorate (SKI). 
Throughout its seven years of operation, the Project 
provided a forum where experimentalists and modellers 
could bring together their respective disciplines to test 
mode! concepts quantitatively and, in the process, they 
helped define procedures and criteria for establishing the 
credibility of models. 

INTRAVAL was built upon a series of test cases designed 
to address specifie issues of concern in the development and 
testing of models of groundwater flow. Sorne attention was 

*MR. C. PESCATORE 15 A MEMBER OF THE NEA RADIATION 
PROTECTION AND RADIOACTIVE WASTE MANAGEMENT DIVISION. 

*DR. J. ANDERSSON WORKS FOR THE OFFICE OF NUCLEAR WASTE 
WITHIN THE SWEDISH NUCLEAR POWER INSPECTORATE. HE 15 ALSO A 
MEMBER OF THE NEA PERFORMANCE ASSESSMENT ADVISORY 
GROUP. 
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also devoted to the modelling of chemically mediated 
transport of radioactive substances. The test cases ranged 
from relatively weil controlled, centimetre-scale laboratory 
experiments to the evaluation of sparse field data at the 
scale of kilometres, and treated ali geological formations 
currently under consideration for the disposai of long-lived 
waste. The Project ran in two phases and, at its peak , it 
involved the participation of 46 organisations from 
14 countries in four continents. 

The detailed work was carried out by working groups that 
met at !east once between the plenary INTRAVAL 
workshops. The latter provided a further opportunity for 
technical discussions and for drawing joint conclusions on 
the progress made. The Project overall results were 
presented and discussed at the GEOVAL '94 Symposium 
organised jointly by the NEA and SKI. The symposium 
proceedings are available at the NEA. A special NEA 
publication is also foreseen , which will review ali the 
findings and accomplishments of INTRAVAL. Some of the 
!essons learnt are summarised hereafter. 

EVALUATION OF EXPERIMENTAL SET-UPS 
AND DATA 

Difficulties in performing the experiments can often 
introduce biases or artifacts, such as dispersion in tubing 
and unstable boundary conditions which, if not explicitly 
accounted for, would be attributed to the medium or process 
measured . Sorne of the analyses within INTRAVAL 
demonstrated the importance of taking the experimental 
artifacts into account and suggested means to avoid or to 
factor them in the analysis. 

One important finding of INTRAVAL was that test cases 
could be interpreted equally weil by different models and 
that often the experimental data did not suffice to 
discriminate between models. The spread in the 



LESSONS FROM THE INTRAVAL INTERNATIONAL PROJECT 

At times, the experiments may provide more information 
than modellers may care to consider. For example, few 
project teams used ali the hydraulic data from one test case. 
On the other hand, the teams that did use that information 
found that calibrating the flow field to the hydraulic data 
made later predictions of tracer breakthrough more 
successful. This shows that a more consistent set of 
predictions can be obtained by factoring in ali available 
data. 

ASSESSMENT OF MODEL ADEQUACY 

~ The question arises, in performance assessment, of how to 
t; select a model to make predictions far into the future. The 
] JNTRAVAL experience confirms the indications from the 
:5_ literature that the validity of models cannot be proven in the 
~ absolute sense. However, acceptable fits of relevant data, 
{5 physically reasonable parameters, and contribution to an 

••m"'""' , . , . , ~ overall consistent picture are ali factors that enhance the 
Th e INTRAVAL Proj ect is based upon in situ migration confidence in models. Ultimately, any statements on the 
experiments , as here in Las Cruces, New Mexico. acceptability of predictions far into the future will have to 

extrapolations from different models gives information on 
the degree of uncertainty associated with the prediction. 

MODEL CALIBRATION 

A priori determinations of mode! parameters to be used 
for the prediction of the long-term performance of a nuclear 
waste reposi tory are normally unavailable. Thus, although 
calibration is not viewed usually as a means of validating 
models, model calibration is often the only viable approach 
to obtaining a workable mode!. 

DESIGN OF NEW EXPERIMENTS 
AND THE UTILISATION OF 
EXPERIMENTAL INFORMATION 

Experience within the Project showed that an important 
aspect of model development is to propose new experiments 
to verify how influential are the critical parameters and to 
differentiate among alternative conceptual models. In 
genera l, modelling prior to carrying out the experiment 
contributes to optimising the experimental design and 
reduces the uncertainty in the best-fit values of the mode! 
parameters. 

be based on a combination of subjective and objective 
elements including the analyses of short-term data and 
unbiased, scientific reasoning. For instance, when assessing 
the reasonableness of the parameters by comparison with 
"independent" estimates, it should be checked that the 
reference estimates indeed come from a model independent 
from the one which is being used. 

Most project teams claimed that they had established only 
how weil their models (including the parameter values) 
described the experiment under study. Quantitative 
acceptance criteria were used, to sorne extent, to express a 
judgement of the quality of the predictions based on the 
models. For example, a model prediction was considered 
not to be invalid if it feil within the experimental error band, 
but inval id if it feil outside. The question which was posed 
is whether this type of acceptance criteria is too rigid. Even 
if a mode! does not predict all point measures, it may still be 
useful (e.g., for comparison purposes with other models). 

PROGRESS IN IMPORTANT 
PERFORMANCE ISSUES 

The analyses of the test cases of JNTRAVAL have 
increased the understanding of sorne physical and chemical 
processes that are of great importance for performance 
assessments of repositories. Because of the nature of the test 
cases, the validation issues were focused on flow and 
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34 NEA ACTIVITIES ON ACTINIDE AND FISSION PRODUCT PARTITIONING AND TRANSMUTATION 

Partitioning & Transmutation System in JAERI 

Group 

Partitioning and transmutation research is coordinated at the international leve/. 

The specialist meetings held so far have been found useful by the participating experts. There had been considerable 
discuss ion in which the results achieved in earlier and current work in the U.S .A. and Europe had been used to illuminate the 
more recent work in the vigorous P&T programme being pursued by Japan. One of the points which had come into focus 
was that there seemed to be little point in reducing the long-lived radioactivity of the minor actinides, unless, at the same 
time, attention was paid to reducing markedly the quantity of long-lived radioactive fission products. There had been a 
wealth of suggestions for different flow sheets with which to improve the separation of actinides into different product 
streams and for alternative reactor and accelerator-driven transmutation of actinides and fission products. 

In November 1992, the Argonne National Laboratory hosted the second NEA International Information Exchange 
Meeting. The presentations indicated that one common thread was the need for guidance on research needs. A number of 
emerging important issues were identified during the meeting, including the legal background, the incentives and the 
implications for the whole fue l cycle in different countries. 

It was concluded that a comparison of systems studies, or proto-systems studies, already in progress should form a central 
part of the third NEA exchange meeting. A careful preparation, given the many diverse approaches and criteria in use, was 
believed to be essential in setting the framework for the comparison of the studies. The proceedings of this meeting were 
also circu lated by the NEA. 

ACTIVITIES OF THE NSC AND THE DATA BANK 

P&T studies raise new scientific questions in the fields of physics and chemistry. These questions have to be addressed in 
order to provide a sound basis for evaluating the technical and economical potential of the proposed concepts. The 
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NEA ACTIVITIES ON ACTINIDE AND FISSION PRODUCT PARTITIONING AND TRANSMUTATION 

programme of work of the NSC covers severa! items related to basic scientific aspects of partitioning and transmutation. 
The main emphasis has so far been on different nuclear data needs for accelerator and reactor transmutation applications. 

A number of projects have been or are being pursued, by the Data Bank, in the field of intermediate energy nuclear data. 
Three studies have been completed: one on the availability of experimental data and nuclear mode! codes, and a second on 
the requirements for an evaluated nuclear data file. The third study was an international comparison of the performance of 
computer codes used in intermediate energy data calculations. This exercise was completed and the results were published 
in 1994. lt was followed by a specialists' meeting in June 1994, which recommended the systematic compilation of 
experimental intermediate energy data to assist the theoreticians and evaluators in their work. The Data Bank has started to 
compile these data into the internationally maintained EXFOR database. The NSC is conducting a co-operative project on 
an evaluated intermediate energy nuclear data file, through its Working Party on International Evaluation Co-operation. 

Recently the NSC set up a task force to investigate the physics aspects of different transmutation concepts. The resulting 
overview report, describing the basic features of a number of different transmutation concepts, was published in 1994. The 
task force met in December 1994 to discuss follow-up actions. It was agreed to propose a simple comparative calculational 
study for the following fuel scenario: 

• First stage: production of MOX fuel free of mi nor actinides. 

• Second stage (recycling): irradiation of the MOX fuel in a standard PWR or fast reactor. 

• Third stage (transmutation): burning of the output from the second stage, using different transmutation concepts. 

The objective of this ben ch mark would be to calculate, as a function of ti me (0 to 100 000 years), the activity of 
individual radioisotopes at the two last stages of the scenario described above. 

The NSC is currently exploring some scientific aspects of actinide separation chemistry. An outline of a state-of-the-art 
report, addressing various types of actinide-bearing waste streams, including, for example, highly dilute solutions and 
actinides present in the form of colloids, will be prepared. 

THE CADARACHE INFORMATION EXCHANGE MEETING 

The third NEA International Information Exchange Meeting was hosted by the French Commissariat à l'énergie atomique 
(CEA) at its Nuclear Research Centre in Cadarache, in December 1994. More than 80 participants from ll countries, 
together with Russia, the IAEA and the European Commission attended the meeting which primarily focused on P&T 
strategie systems studies. A total of 40 papers were presented. The meeting provided some insight into and basic elements 
for pursuing comparative studies on the overall balance of costs and benefits of adding P&T to the nuclear fuel cycle. One 
of the important goals of this work was to defi ne the most useful research priorities aimed at reducing current uncertainties. 

Of primary importance were presentations on current comprehensive initiatives, both bilateral and within the European 
Union , aimed at further promoting R&D efforts in this area. The EFTTRA (Experimental Feasibility of Targets for 
Transmutation) activity had shown that progress had been made in setting up a collaboration with an impressive programme, 
making use of a variety of European reactors in appropriate ways. At the European Commission, research work on P&T is 
being carried out both at its Joint Research Centre in Karlsruhe (the Institute for Transuranium Elements) and in the 
framework of its shared-cost activities. Projects involve fuel and target development, experimental investigation of 
partitioning processes, an overall strategie study on the potentialities and costs of P&T, as weil as studies of transmutation of 
long-lived nuclides in fast reactors and in pressurised-water-reactor MOX fuel. Laboratories in France and Japan had 
indicated a coherence of views about future P&T goals which are likely to lead to further fruitful co-operation. Lastly, the 
International Atomic Energy Agency (IAEA) has established a programme on the safety, environmental and non
proliferation aspects of P&T that would be beneficiai in assisting its Member countries. 

A number of interesting papers were also presented on national policy orientations and on scientific and related data 
aspects. There has been a wealth of wide-ranging ideas and suggestions for future activities. Researchers from France 
underlined the legally established basis in their country for related R&D programmes. In Russia, where a wide range of 
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NEA ACTIVITIES ON ACTINIDE AND FISSION PRODUCT PARTITIONING AND TRANSMUTATION 

research institutes are engaged in P&T research, fast reactors were considered as the primary means for actinide burning 
with accelerators as a back-up technology. The usable energy resource base could be increased by bringing into play the 
thorium cycle. The Central Research Institute of the Electric Power Industry (CRIEPI), the JAERI and the Power Reactor 
and Nuclear Fuel Development Corporation (PNC) are the three major establishments in Japan pursuing P&T projects as an 
integral part of their radioactive waste management research programme. 

Systems studies presented at the meeting attempted to identify the best routes for P&T, the associated limitations, and 
safety and financial goals. Although a number of different conceptual strategies were discussed, the most promising ones 
focused on commercial thermal reactors burning uranium oxide and MOX fuels , as weil as fast reactors, and on the so
called "double-stratum fuel cycle". The latter involves dedicated actinide burner reactors and accelerator-based systems 
(solid and molten salt) in dealing with four groups of separated high-level waste elements (transuranium elements, 
strontium-cesium, technicium-platinum group metals and the other elements). A comprehensive economie evaluation based 
on an expanded European standard reactor and fuel-cycle technology yielded encouraging results and was recei ved with 
great interest by the meeting participants. Proposed future systems should have sufficient capability of reducing overall 
risks, including both long-term and short-term risks caused by the radiological toxicity of waste, and also be economically 
feasible. lt is reasonable to expect that ongoing R&D work would allow simpler processes to be designed leading to more 
favourable economies. 

Particular attention was given to secondary waste streams which may potentially result from the implementation of P&T. 
The amount of such waste should be kept within acceptable levels so that the resulting doses to humans are not increased. 
Reports were also given on advances made with severa! separation processes such as DIAMEX, DIDPA, TRPO, TRUEX, 
pyrometallurgical methods and others, and on comparative tests performed amongst sorne of them. 

The proceedings of the meeting will short! y be distributed by the NEA. 

In summary, real progress si nee the Argonne Information Exchange Meeting has been achieved: 

• chemistry of separation was improved; 

• first cost figures were presented for a P&T scenario in the frame of the European Union strategie systems study; and 

• experimental irradiation of actinide-based fuels and targets has been launched in the frame of national or international 
programmes. 

There is a clear need for objectives against which to measure potential benefits of P&T. The meeting 's concluding 
discussion indicated that a final set cannot yet be established. Therefore, working hypotheses should be adopted for goals 
which can be adjusted as knowledge improves. There will, of course, be need for close interaction with experts from the 
NEA's Radioactive Waste Management Committee on these working hypotheses. 

Partitioning and transmutation is in the stage of research. Necessary information which would allow a comprehensive 
understanding of its technical feasibility, the related costs and its environmental impacts is not yet fully available. For this 
type of activity, the role of international co-operation is indispensable for guaranteeing the quality of the results and 
ensuring proper co-ordination and optimal resource utilisation. 

The NEA has provided and will continue to offer a forum for technical discussions on related activities and national 
programmes. A number of science and data collection activities have been completed and new projects will be undertaken 
in the future. The NEA will help in disseminating and evaluating results of its Member countries continuing R&D 
programmes. 
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THE EXPERT GROUP ON 
THE MANAGEMENT OF PLUTONIUM 

T 
he increasing quantities of separated plutonium and the postponement or the abandonment of plans for fast-breeder reaetors 
have resulted in a growing interest, in a number of OECD countries, in recycling plutonium in light-water reaetors. While 
natural-uranium demand, enrichment and fuel-fabrication capacities and requirements, reprocessing capacities and spent-fuel 

production can be reliably predieted on the basis of the present operating and scheduled nuclear power capacity until about the year 
2005, future separated plutonium-inventory forecasts have large associated uncertainties and are quite sensitive to assumptions about 
MO X-fuel fabrication and reprocessing rates. 

Management of civili an plutonium is seen as one of the 
many challenges the world nuclear community has to face 
today. It is recognised that civi li an plutonium management 
and use are not on ly related to technological, economie and 
safety considerations but also have wider non-proliferation , 
politi ca l, national and intern ational policy and public 
acceptability implications. 

Technica l co mmittees of the OECD Nuclear Energy 
Agency have many years of accumulated experience in 
dea ling with plutonium issues, including among others 
economies, safety, related technological and science aspects 
and recyc ling logistics. 

Pas t and present NEA work on plutonium has been , 
essentiall y, targeted on economie and scientific aspects and 
on the need to identify suitable technical solutions, despite 
the existing large political uncertainti es assoc iated with 
th eir impl ement at ion. In stitut iona l aspects , non
pro li fe ration and phy sica l security are treated by the 
International Atomic Energy Agency (IAEA) and in other 
fora. 

In the mid-80s the NEA conducted a study on plutonium 
and publ ished in 1989 th e resul ting report : Plutonium 
Fuel - An Assessment. This provided the facts and CUITent 
views about plutonium and its civi l use in the short and 
medium term s. It addressed ques tions influenc ing th e 
choi ce of fue l options and illustrated how economie and 
log istic assess ments of th e alternati ves cou ld be 
undertaken. 

Pluton ium handling and safety issues, based on availab le 
experience in OECD countries, were addressed in the 1993 
NEA study on the Safety of the Nuclear Fuel Cycle. The 
report underlined the ex treme care which has been taken in 
both the des ign of plutonium-handling facilities and the 
detailed operational procedures that have been adopted, and 
noted their very good safety records. 

*DR. NICHOLAS ZARIMPAS IS A MEMBER OF THE NEA NUCLEAR 
DEVELOPMENT DIVISION. 

Regarding the economies of plutonium use, the recently 
published NEA study on the Economies of the Nuclear Fuel 
Cycle included updated comprehensive analyses of the 
economies of MOX fabrication and of the entire 
reprocess ing cycle. 

In addition, the NEA Nuclear Science Committee has 
convened in 1993 a specifie international study group to 
review the physics aspects of plutonium recycling. The 
work covered most of th e plutonium recycle systems, 
including the mainstream thermal reactors (boiling-water 
re ac tors and pressurised -water reac tors), advanced 
converter thermal reactors and fast reactors. Special 
emphasis was placed on plutonium recycling and waste 
radiotoxicity redu ction and the potentia l fa st-burner 
reactors/light-water reactors (LWR) symbiosis offers for 
signi ficant nuclear waste toxicity reduction by further 
ex traction of energy from a multicycled LWR spent fuel 
and reprocessed plutonium. This work has been completed 
and is about to be publi shed. 

THE OBJECTIVE OF THE NEA EXPERT GROUP 

National programmes and po li cies concernin g the 
civili an use of plutonium are quite di ve rse , bein g 
influenced by a number of complex factors and by different 
eva luations of the benefits ari sing from plutonium seen as a 
quasi-indigenous energy source. Public opinion, however, 
is quite sensitive in almost ali countries irrespective of the 
material 's original nat ure, be it civilian or military. 
Although a number of technologies are availab le to reduce 
th e quantiti es of separated ci vilian plutonium , 
implementation of the national strategies which would lead 
to such reductions is closely linked to public perception. 

To the extent that it is seen as desirable that the option of 
using plutonium as fuel shou ld be maintained in the future, 
it should be demonstrated that civi lian stocks of plutonium 
will continue to be managed we il in the short term. ln 
address ing the choice of technology to be used, it would be 
valuable to compi le and assess: 
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Mox fuel fabrication plant in Japan . 

• the availability of and experience in using technology for 
ali segments of the plutonium-recycle route; 

• the potenti al for further improvements in technology 
aimin g, for exampl e, at even hi gher standard s of 
environmental protec ti on, safety, worker hea lth and 
reduced costs; and 

• priorities for further research and technical developments. 

Given the above considerations, an ad hoc expert group 
was assembled in earl y 1994 to identi fy, examine and 
evaluate the broad technical questions related to plutonium 
management. Recognising that this was a subject of interest 
to ali countries, whether or not they had in stock separated 
plutonium or an y intenti on of usin g plutonium , the 
fo ll ow ing nominated participants to the expert group: 
Australia, Belgium, Canada, France, Germany, Ireland , 
Italy, Japan, Korea, the Netherlands, Norway, Switzerland, 
the United Kingdom and the United States. Exceptionally, 
experts from Russia were invited to participate in this study 
because of the accumulated experience in that country with 
plutonium production, handling and use. The IAEA and the 
European Commi ssion also nominated members fo r the 
expert group. 

The point of departure was agreed to be that plutonium 
arises in operating reactors; that most of it is held in spent 
fuel; that a growing amount has been separated but not yet 
used; and that there is public interest in the management of 
this plutonium including any that may become available to 
the civil market from ex-military uses. 

The expert group is concerned with the technical options 
fo r manag ing this plutonium, foc using on the fo llow ing 
topics: 

• Technologies have already been implemented whi ch 
prov ide for medium-term storage of plutonium or for 
recycling the plutonium through reactors. A review will 
be prov ided of ex perience with them and a technical 
commentary on their potential deployment over the next 
20 years or so. 

• In the longer term these technologies may be joined by a 
further range which are, in sorne cases, already under 
deve lopment. A technical review of the additional 
options that will become available will be provided . 

It is expected that the work of the expert group will be 
completed by late 1995. 

1 f NEA Newsletter Spri ng 1995 ~ 

l~-------------------------------------· 



~ NEWS BRIEFS 

1 

INFORMATION FACT SHEETS ON 
NATIONAL NUCLEAR PROGRAMMES 

The NEA has just finali sed a series of 15 information fact 
sheets on the nuclear programmes in its Member countries 
where such programmes ex ist, that is Belgium, Canada, 
Finland, France, Germany, ltaly, Japan, Korea, Mexico, the 
Netherlands, Spain , Sweden, Switzerland, the United 
Kingdom and the United States. 

For each country, a six -page standardised fa ct sheet 
covers the main components of the national nuclear 
programme, including its organisation and characteristics. 
Each fact sheet contains also, as appropriate, the following 
main headings: 

• energy policy 
• nuclear enrgy policy 
• CUITent figures 
• competent bodies 
• radioactive waste management 
• international co-operation 
• public information 

Data, provided directly by Member countries and 
updated at the time of publication, are enhanced by 
organisation charts and colour photographs. 

INEX AND THE NEA PROGRAMME 
IN NUCLEAR EMERGENCY MATTERS 

Since the accidents at Three Mile Island in 1979, and 
more especially at Chernobyl in 1986, many countries have 
intensified their efforts in emergency planning and 
preparedness for nuclear accidents. As a result of this 
interest by its Member countries, the OECD Nuclear 
Energy Agency (NEA) has been actively involved in this 
area. The main focus of the NEA current programme on 
nuclear emergency matters is international emergency 
exerc1ses. 

The International N uclear Emergency Exercise (INEX 1) 
is an outgrowth of a variety of NEA emergency planning 
and preparedness activities. This tabletop exercise took 
place in 1993 and included the participation of 16 countries; 
it focused on the international aspects of nuclear accidents 
( 14 NEA Member Countries: Austria, Canada, Fin land, 

This information file , published in both English and 
French, should prove to be a useful didactic tool for 
decision-makers, elected representatives, teachers and 
students. 

France, Germany, Ireland, Italy, Japan , Luxembourg, 
Norway, Sweden, Switzerland, the United Kingdom, and 
the United States; and two non-NEA Member Countries: 
Romania, and Ukraine). The objectives of INEX l were 
defined as follows: 

• to examine the process for alerting and communicating 
with neighbouring countries and the international 
community in the case of a nuclear accident, taking into 
consideration bilateral/multilateral agreements and 
international obligations; 

• to examine the process for reaching conclusions on the 
need for national interventions or protective measures; 

• to examine actions proposed in relation to the export and 
import of contaminated food and foodstuffs; and 

• to examine the process for identifying the need for and 
requesting assistance to cope with a radiological 
emergency. 
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The exercise was viewed by parti cipa nt s as being 
ex tremely useful and enlightening. Based on exercise 
results, conclusions and recommendations were drawn in 
the areas of communications, radiation and contamination 
monitoring and database management, assistance from orto 
affec ted countri es, cross -border iss ues, short-term 
countermeasures, long-term countermeasures, agricultural 
issues , and dec ision-making. These conclusions and 
recommendati ons are discussed in de tail in the fin al 
analys is report publi shed by the NEA: INEX l, An 
International Nuclear Emergency Exercise. 

It should also be noted th at, based on th ese 
reco mmendatio ns, the NEA organi sed a workshop on 
Short-Term Countermeasures (Stockholm, June 1994), and 
is organi sing workshops on the Agri cul tural Aspects of 
Nuclear and/or Radiological Emergency Situations (Pari s, 
June 1995), and on Emergency Data Management (Zurich, 
September 1995). Proceedings from ali these Workshops 
will be published as NEA reports. 

Finall y, based on INEX 1 recommendations, the NEA is 
currently planning a second series of emergency exercises, 
called INEX 2. Scheduled to take place during 1996 and 
1997, thi s co mmand- pos t exercise will inclu de th e 
simultaneo us parti cipati on of many co unt ries and 
international organisations. The objecti ves of INEX 2 are 
to exerc ise the intern ational aspec ts of rea l-ti me 
informati on exchange , using rea l meteo rolog ica l 
conditions, to exercise decision-making based on plant
co nditi on inform ati on, and to exercise th e pu bli c 
info rmation component of a nuclear emergency. INEX 2 
will be repeated in severa! different geographical regions. 
Each region will include an acc ident host country, which 
will superimpose the INEX 2 requirements on an ex isting 
national-leve! command-post exercise, bordering countries, 
and fa r- field countri es. Regional exercises centred around 
Switzerland, Canada, Finland, and Hungary are anticipated. 
As with INEX 1, the res ul ts of these exercises will be 
summarised and published as NEA reports. 
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~ NEW PUBLICATIONS 

NEA ACTIVITY REPORT 1994 
Free upon request. 

METHODS OF PROJECTING OPERATIONS AND 
MAINTENANCE COSTS FOR NUCLEAR POWER PLANTS 
ISBN 92-64- 14413-7 
Pri ee: France FF 130 - Other countries: FF 170 f 21 US$ 32 DM 49 

This is the first NEA attempt at a comprehensive international comparison 
of different methodologies used to estimate operations and maintenance 
(O&M) costs, which have increased for nuclear power plants in the last 
decade. Cost information from 14 NEA countries is analysed on the basis 
of a standardised framework of detailed components of O&M costs. The 
rationale for different O&M cost projections reported in previous NEA 
studies on generation cost is di scussed, and suggestions are made for future 
studies on both generation cost and O&M cost. 

NUCLEAR ENERGY DATA 1995 
Bilingual: ISBN 92-64-04456-6 
Pri ee: France FF90 - 0therCountries: FF 11 5 f iS US$23 DM 33 

Nuclear Energy Data is the OECD Nuclear Energy Agency's annual 
compilation of basic statisti cs on electricity generation and nuclear power 
in OECD countries. The reader will fi nd quick and easy reference to the 
presen t status of and projected trends in total electri city generating 
capacity, nuclear generating capacity, and actual electiicity production, as 
weil as on supply and demand for nuclear fuel cycle services. Data from 
Mexico appear for the first ti me in this 1995 edition. 

FUTURE HUMAN ACTIONS AT DISPOSAL SITES 
ISBN 92-64- 14372-2 
Priee: France 95- Other Coun tries: FF 125- f 16- US$ 23- DM 37 

The assessment of the long-term safety of radioacti ve waste repositories 
incl udes examining natural or human disrupti ve events and evaluating their 
impact. This report reviews the main issues raised by potenti al future 
human ac ti ons at disposai sites, presents a general framework for the 
quantitati ve assessment of such ac ti ons and di sc usses the means of 
reduci ng the associated risks. 

NUCLEAR LAW BULLETIN 
ISSN 0304-34 1X 
An nual Subscri ption 
Priee: France FF 210 - Other countries: FF 230 US$ 44 DM 88 
No. 55 + Supplement- June 1995 
INDEX Nos. 1 to 55 

THE ROLE OF CONCEPTUAL MODELS IN DEMONSTRATING 
REPOSITORY POST-CLOSURE SAFETY 
Proceedings of an NEA Workshop, Pari s, 16-18 November 1993 
ISBN 92-64- 14429-3 
Pri ee: France FF 190 - Other counti·ies: FF 245 f 31 US$ 50 DM 70 

Conceptual models are an in tegral part of investigation programmes to 
identify, characterise and assess potential sites fo r the geological disposai 
of long- li ved rad ioactive waste. However, they can be affected by 
uncerta inties and di vergent views. ln light of this, the OECD Nuclear 
Energy Agency organised a workshop to discuss how conceptual models 
are defined, developed, communicated and managed. This publication 
presents the proceedings of that workshop. 

ENVIRONMENTAL AND ETHICAL ASPECTS OF LONG-LIVED 
RADIOACTIVE WASTE MANAGEMENT 
Proceedings of an International Workshop organi sed by the Nuclear 
Energy Agency in co-operation with the Environment Directorate 
Paris, 1-2 September 1994 
ISB N 92-64-14373-4 
Priee: France FF 200 - Other countries: FF 260 f 33 US$ 48 DM 78 

Ali countries engaged in nuclear production give special attention to the 
safe di sposai of radioacti ve waste, particularly concerning long-term 
protection of humans and the environment. Many other countries using 
radioactive materials for medical, industrial or research pUI-poses only are 
also concerned by this issue. Practically speaking, ali countries are general! y 
interested in keeping abreast of the development of radioactive waste 
management policies and of underlying technical and non-technical studies. 

These issues and their influence on the decision-making process were 
examined at a special work shop of the NEA Radi oactive Waste 
Management Committee. This volume presents the full proceedings of thal 
workshop, including papers and transcribed di scussions, which sought to 
provide a broad basis for an in-depth reflection on long-term disposai 
ISSUeS. 

HYDRAULIC AND HYDROCHEMICAL CHARACTERISATION OF 
ARGILLACEOUS ROCKS 
Proceedings of an International Workshop, Nottingham, UK, 7-9 June 1994 
ISBN 92-64-14485-4 
Priee: France FF 180- Other countries: FF 235 f 30 US$ 48 DM 67 

For the last decades, hydraulic testing and groundwater sampling in high
to-moderate-permeability rocks for the disposai of radioacti ve waste have 
become increasingly routine and we il documented in literature and 
textbooks. Appl ying these methods to low- and very-low-penneability 
rocks, such as argillaceous rocks, poses new challenges because of their 
inherent characteristics, and requires modifications in equipment, testing 
procedures, and inte1-pretation methods. 

This publication presents the papers of an intern ati onal work shop 
di scuss ing the many challenges in volved and reviewing the new and 
innovati ve techniques being developed throughout the world under the 
auspices of national programmes for radioacti ve waste disposai. 

GEOVAL '94: VALIDATION THROUGH MODEL TESTING 
Proceedings of an NEA/S KI Symposium, Paris, 11-14 october 1994 
ISB N 92-64-14467-6 
Priee: France FF 560- Other countries: FF 670 f 84 US$ 135 DM 190 

The long-term safety of spent fu el and hi gh-leve l radioacti ve waste 
disposai sites is assessed according to the quality of safety analyses which 
are based on both subjecti ve and objecti ve elements. Although hard data 
and inferences from objecti ve tacts must be preferred whenever possible, a 
need ex ists in ali cases for validating procedures that demonstrate that the 
reference models and analyses are not unjustifiably biased. 

GEOVAL '94 was the third in a series of symposia dedicated to the subject 
of mode! validation. Grouped around the common theme of "Validation 
through mode! tes ting with ex periments", six sess ions covered the 
advancement of the state of the art in recent years; the INTR A V AL 
project , running from 1987 to 1993; leassons learned within integrated 
ex perimental studies, including the results from underground research 
laboratories; and strategie approaches for including validati on in the 
planning for siting, design, and li censing of deep geological repos itori es of 
long-li ved high-level waste. 

These proceedings a Iso include the transcript of the fin al panel di scussion 
which summarised the conclusions of the symposium as a who le. 
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NEW PUBLICATIONS 

"SARCOPHAGUS SAFETY '94": 
THE STATE OF THE CHERNOBYL NUCLEAR POWER PLANT 
UNIT4 
Proceedings of an International Symposium 
Zeleny Mys, Chernobyl, Ukraine, 14-18 March 1994 
ISBN 92-64-14437-4 
Priee: France FF 395 - Other countries: FF 495 f 62 US$ 99 DM 139 

Nine years after the Chernobyl disaster, scientific data for remediai and 
recovery programmes sti ll need to be assembled and evaluated. Many 
questions must be addressed before the site can be radiologically stabi li sed 
and environmental remediations found. Can the nuclear and radiation 
safety conditions of the site be assured? What is the state of integrity of 
the "sarcophagus" built around the remains of the destroyed nuclear reactor 
Unit 4? What is the nature and degree of the radioactive contamination? 
How are personnel employed there protected medically and biologically 
from radiation? What are the regulatory and legislative provisions relevant 
to site control? 

This report presents sorne 40 papers, origina lly presented in Russian and 
Ukrainian, at the scientific Symposium of experts from countries of central 
and eastern Europe and New Independent States of the former Soviet 
Union. 

REVIEW OF NUCLEAR FUEL EXPERIMENTAL DATA 
Fuel Behaviour Data Available from IFE-OCDE Halden Project for 
Development and Validation of Computer Codes 
ISB N 92-64- 14422-6 
Priee: France FF 70 - Other countries: FF 90 f Il US$ 17 DM 26 

Today it is no longer possible to support nuclear power operation without 
computer code calculations which treal ali aspects of fuel performance 
simultaneously and consistently. The need for calculations to represent best 
estimates requires that computer codes be developed and validated against 
good quality data. The best quality data for this purpose come from weil 
instrumented and dedicated test reactors. 

This report reviews the data av ai labie from the OECD Hal den Reactor 
Project and touches upon that available from other sources. lt concentrates 
on experiments on thermal performance, fi ss ion product release, clad 
properties and pellet-clad interaction. lt also discusses the creation of an 
internationally available database covering as many reactor systems as 
possible, and related issues. 

SCIENTIFIC ISSUES IN FUEL BEHAVIOUR 
A Report by an NEA Nuclear Science Committee Task Force 
ISBN 92-64-14420-X 
Priee: France FF 95 - Other countries: FF 125 f 15 US$ 24 DM 36 

Modern nuclear reactor fuel has proven to be very reliable. However, the 
extension of plant li fe together with higher enrichment in fi ssile material 
and higher di scharge burnup considered today for improving th e 
competitiveness of nuclear energy places stri cter demands on the 
performance of the fuel. A re li able prediction of its behaviour at extended 
burnup requires an improved understanding of the underlying basic 
phenomena and in return quantifies, as irradiation proceeds, the 
degradation of those physical and mechanical properties that may li mit the 
plant li fe. 

This report describes the most important scientific issues in fuel behaviour 
and identifies the activities that would best benefit from international co
ordination and co-operation. Priorities are given and conCJ·ete actions 
proposed. 
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SHIELDING ASPECTS OF ACCELERA TORS, TARGETS 
AND IRRADIATION FACILITIES 
Proceedings of a Specialists' Meeting 
Arlington, Texas, USA, 28-29 Apri ll 994 
ISBN 92-64-14327-0 
Priee: France FF 280- Other countries: FF 350 US$ 68 DM 106 

Particle accelerators have evol ved over the last half-century from simple 
deviees to powerful machines, and will continue to have an important 
impact on research, technology and li festyle . Today they cover a wide 
range of applications, from television and computer displays in households 
to the investigation of the origin and structure of matter. It has become 
common practice to use them for material sc ience and medi ca l 
applications. 

In recent years, requirements from new technological and research 
app lications have emerged: increased pm·ticle beams intensities, higher 
flexibility , etc., giving ri se to new radiation shi elding aspects and 
problems. 

These Proceedings review newer accelerator faci lities, identify problematic 
aspects concerning radiation shielding that need to be solved, and indicate 
areas where international co-operation and co-ordination are hi ghl y 
desirable. 

ADVANCED MONTE CARLO COMPUTER PROGRAMS 
FOR RADIATION TRANSPORT 
Saclay (France), 27-29 Ap1il 1993 
ISBN 92-64-14376-9 
Priee: France FF 400 - Other countries: FF 500 US$ 93 DM 150 

The Monte Carlo random sampling method has been used for more than 
thirty years to solve problems in radiation transport arising in radiation 
shields, nuclear reactors, medial equipment and other technologica l 
applications. The success of the method stems from its wide application 
fi eld and accuracy in modelling and fl ex ibility, but wid es pread 
implementation has been limited primm·ily by intensive computation and 
use by experts. 

New computer architectures reali sed in vector and p3I·allel machines, for 
example, 31·e eleminating computing power shortage. The development of 
user-friendly, intelligent procedures is facilitating use by non-specialists. 

Thi s publication records the proceedings of a group of ex perts who 
gathered to di scuss the most recent developments, exchange their 
experience and suggest fm1her work to improve the modelling computer 
codes. 

THE ENVIRONMENTAL AND ETHICAL BASIS 
OF GEOLOGICAL DISPOSAL 
A Collective Opinion of the NEA Rad ioactive Waste Management 
Committee 
Free upon request. 

ISOE: THIRD ANNUAL REPORT 
OCCUPATIONAL EXPOSURES 
AT NUCLEAR POWER PLANTS (1969·1993) 
Free upon request. 
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