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Nuc/ear energy is used in many advanced technologies, such as powering the Galileo spacecraft in its flightto the planet Jupiter. 



NEW AVENUES FOR NUCLEAR POWER 
Kunihiko Uematsu 

At the end of 1988, 429 nuclear power reactors 
were connected to electricity supply networks, 
producing 17 per cent of the electricity gener

ated in the world, and representing an accumulated 
operating experience of more thon 5000 reactor 
years; there were also 105 power reactors under 
construction . This steady expansion of nuclear elec
tricity generation has, over a period of about 
30 years, produced only one accident with major 
consequences for public health. 

The shore of the OECD countries in this achievement 
amounts to more thon 80 per cent of world nuclear 
capacity (with 3200perating reactors), whi le the 
quantity of electric ity currently generated in th is area 
represents 23.5 per cent of the total electricity output. 
However, while th is percentage wi ll continue to 
increase for a year or two, actual nuclear expansion 
will decline for the first time, due to the lack of orders 
fo r nuclear power plants. By the year 2000, the 
amount of electricity generated by nuclear power is 
expected to stabilise at 22.7 per cent. At the same 
time, projections of nuclear power generation capac
ity for the OECD area by the end of the century have 
been gradually reduced from the 365 GWe projected 
in 1986 to no more than 297 GWe today. 

Al ready man ifest for a decade, the continuing decline 
in the projected nuclear growth rate over the last few 
years has been caused mainly by lower energy 
demand, as weil as by reduced nuclear competitivity 
due to the fall in fossil fuel prices. But the repercus
sions of heightened public concern about nuclear 
risks after the Chernobyl acc ident have had a direct 
and strong influence on nuclear planning; many 
OECD countries have decided to delay or even hait 
any further development of their nuclear programmes 
under pressure of public opinion. 

Although the pol itical and psychological consequ
ences of the Chernobyl accident remain substantial , 
projections of electricity demand suggest that nuclear 
energy will remain an irreplaceable element in both 
short-term and long-term global energy pol icies. 
Electric ity has become a key feature of energy 
policies and energy security in OECD countries and it 
is clear that it will assume growing importance in 
supplying energy in th is area in the future. Therefore, 
ail options for generating electricity will have to be 
kept open if governments and industry are to maintain 
the ir ab ility to respond rapidly and in a flexible 
manner to increased electricity demand beyond the 
year 2000. While energy conservation measures and 
the use of renewable energies (so lar power, wind 
power, biomass, etc.) may be helpful in this context, 
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only those energy sources whi ch have achieved the 
required level of technological and economic matur
ity can match the requ irements of extensive electricity 
supplies. 

Already, economic recovery in a number of OECD 
countries is resulting in higher forecasts of electricity 
demand growth, now expected to increase by 2.3 per 
cent a year until the year 2000. Those countries 
without surplus capacity to generate electricity could 
find themselves in a difficult situation due to pressure 
of demand in the short term. Another indicator is the 
chang ing attitude towards nuclear power, seen more 
and more as a U clean U energy source which could 
contribute to reducing the emission into the atm os
phere of greenhouse gases, especially carbon 
dioxide (C02), from fossil fuel combustion. T oday, the 
OECD area contributes 55 per cent of CO2 emissions 
worldwide, while it has only one-sixth of the world's 
population. It is therefore a special responsibility for 
the industrialised countries to take quick action 
to reduce CO2 emissions. On the other hand, the 
fact that non-OECD countries are now rapid ly 
increasing their energy consumption should be ta ken 
into account in future plans to abate atmospheric 
pollution. 

Many new technologies to reduce CO2 em issions are 
evolving but none will be applicable on an industrial 
scale before the year 2000. Wh en the effect of 
greenhouse gases on the climate was considered at 
both the Ministerial meeting of the IEA, he Id on 
30th May 1989, and at the Summit of the Arch of 
16th July, it was acknowledged that nuclear power 
would be among the options for energy sources which 
would contribute to solving this environmental prob
lem of international concern . 

While these objective factors put nuclear energy in a 
more favourable light, its future contribution to 
energy needs wi ll depend to a considerable extent on 
the nuclear industry's success in maintaining - in
deed improving - its competitivity and in reducing 
public concern about safety. 

Nuclear risk aversion reached a cl imax with the 
Chernobyl accident, and as a result, the overall 
lechnical and safety performance of the nuclear 
industry - second to no other technologically adv
anced industry - often tends to be ignored or, at 
best, underestimated. The persistent sensitivity of 
public opinion regarding nuclear matters exerts 
substantial influence on policy- making in many 
countries. A cruc ial objective today is to restore 
public confidence in the ability of nuclear energy to 
conlr ibute to energy security in an evolving world, 
where the conditions for susta ined development must 
be continuously adapted to more demanding social 
and environmental requ irements. 
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Safe and economic operation of nuclear power 
plants, although a necessary prerequisite, may not be 
enough to restore public confidence. Beyond accu
rate and reliable scientific facts, which must continue 
to be provided to policy-makers to assist in their 
energy policy decisions, specifie efforts need to be 
mode to take into account the social implications of 
nuclear power management in arriving at policy 
decisions acceptable to the publ ic. T 0 do this, it is 
necessary to improve commun ications with policy
makers and the public and to devise ways for 
appropriate publ ic participation in technological 
decisions which are likely to affect their future 
well-being. Such communications should also be 
established with representatives of groups which are 
traditionally opposed to nuclear power and have 
acquired politicallegitimacy by achieving democratic 
representation in national parl iaments and in region
al or municipal councils. The breakthrough of Green 
parties in the political arena, in particular, must be 
seen as a positive evolution likely to help in the 
development of an improved dialogue between 
interested parties on key nuclear issues. 

Meanwhile, however, the expected era of stagnation 
in nuclear power growth for the next 10-15 years 
makes the question of the continued viabil ity of the 
nuclear industry more acute. In the absence of new 
orders for power plants, will the industry be able to 
respond in an effective manner to projected in
creased energy demand at the turn of the century -
and, in part icular, to marshall new resources rapidly 
to meet high workloads if current concerns about the 
global effect of fossil plants on the environment prove 
justified? Preserving the potential for future nuclear 
development implies that industry and governments 
together must provide the relevant technological 
know-how and qualified manpower resources, as 
weil as the requ ired regulatory and licensing capabi
lities, to ensure the competent design, manufacture, 
management, control and maintenance of nuclear 
plants. This is a most important goal for the long term, 
but also for the short term, if we are to ensure that 
existing nuclear power plants can continue to be 
managed in a safe and responsible manner. In other 
words, organising the survival of the industry during a 
stagnant era for new plant orders means to maintain 
the existing technological and regulatory framework, 
thereby preserving the ability to bu ild more plants of 
the same type; to continue R&D to ensure the highest 
safety performance of existing plants; and to under
take R&D work to support the development of 
improved reactor systems. 

Many of the industrial countries have advanced water 
reactor development programmes underway to im
prove the safety performance and economics of 
reactor technology. Already at this stage, we are 

witnessing progress in developing a new generation 
of reactors having such characteristics. Major emph
asis is placed on simplified designs, reduced reactor 
size, and enhanced safety features which put less 
rel iance on human intervention: the PIUS (Process 
Inherent Ultimate Safety) reactor under development 
in Sweden and the ISER (Intrinsically Safe Economie 
Reactor) under development in Japan, are examples 
of such work. Smaller reactors are expected to 
provide shorter construction periods, lower genera
tion costs, improved safety features and a belter 
opportun ity to match supply with demand. Th is in turn 
could open up new market opportunities in develop
ing countries. Other innovative technologies include, 
of course, the fast breeder, reactors fo r industrial 
heat, the use of high energy ion izing particles in 
sc ientific applications, 1/ spin -off" technolog ies, etc. 
These are ail activities which could help mainta in a 
strong intellectual and technical base for a resurg
ence of nuclear energy programmes wh en it is 
needed. Finally, and most importantly, efforts to 
ensure the surv ival of the nuclear industry are 
necessary to avoid a severe curta ilment of options 
open to governments to pursue the ir energy policy 
goals. 

Se veral OECO countries place emphasls on the development of 
advanced reactor designs such as this one, which ore simpler, 
smaller and place less relionce on human intervention. 

Clearly, such intensive and cont inuous efforts in 
nuclear energy development cou Id only be commit
ted, and the correspond ing resources be provided if 
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Solor energy is one of the renewoble energy sources expected ta ploya raie in the next century. The pieture shows the experimental "solar 
furnace " built by the French National Centre for Scientifie Researeh (CNRS). 

prospects exist for the long -term use of nuc\eor 
power worldwide. The lack of a wider perspective 
wou ld inevitably create doubts and lessen motivation, 
which wou Id, in turn, have adverse effects on existing 
nucleor infrastructures, personnel and operations. 

ln such a context, international co-operation is bound 
to play an important role in assisting individual 
countr ies to adapt to these new challenges. The 
Nucleor Energy Agency, as a group of advanced 
industrial ised countries, can make a specifie contribu
tion by closely monitoring technological develop
ments likely to improve the safety and economics of 
nucleor reactors. At the same time, sustained efforts 
by credible international organ isations can assist in 
restori ng publ ic confidence in the capability of 
nucleor energy to contribute in a safe manner to 
long -term security of energy supplies. The NEA is 
prepared to contribute to these efforts by developing 
exchanges on national public information policies 
and practices and by discussing ways and means to 
improve communications with pol icy-makers and the 
publ ic on key nucleor issues. 

Striving for safe and reli able operation of nuclear 
reactors in ou r Member countries would be mean ing
less if we did not ensure that similor conditions also 
prevailed in non-OECD countries. This is the case of 
the Newly Industrialised Economies (NIES), for instan
ce, wh ich ore developing ambitious nucleor power 
programmes and ore therefore faced with safety and 
regulatory issues similor to those under scrutiny in 
OECD Member countri es. The highly sophisticated 
expertise and practical experi ence acquired by the 
NEA in these areas should be made available to these 

countries in the context of the informai relationships 
which the OECD is developing with them. The NEA is 
also mindful of any assistance which it might be 
called upon to provide in a subsequent stage to other 
nucleor countries, such as the Eastern European 
countries, where plans exist for significant nuclear 
power development programmes. 

Finally, international co-operation is needed to 
elucidate the effect of the greenhouse gases on the 
rise in global temperatures and to assess the con
tribution of technologies and energy policies to 
reducing their emission. The United Nations Environ
ment Programme (UNEP) and the World Meteorolo
gical Organisation (WMO) have taken the lead by 
sponsoring a wide-ranging programme to which 
other international organisations, like the OECD, ore 
making a special contribution. As a nucleor inter
governmental organ isation, the NEA will have a 
specifie role to play in the overall re-assessment of 
nucleor energy in this contex!. 

These newly emerging factors are bound to change 
the perspective for nucleor power development in the 
long-term. After a period of uncertainty and stagna
tion, for both economic and political reasons, new 
avenues ore already opening up to ensure that 
the benefits of a plentiful, economically attractive 
and safely manageable energy source should con
tinue to be available to meet the increased energy 
requirements of the 21 st Century. Every opportunity 
should be seized to demonstrate that these objec
tives ore within the means of governments and the 
nucleor industry and to pave the way for D 
their achievement. 
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ln an article published in the April 1989 NEA 
Newsletter, Mr. B.L. Long, Director of the OECD 
Environment Directorate, described the complex 

challenge arising from the apparently conflicting 
constra ints of growing energy production and envi
ronmental protection. He also showed the need for an 
integrated and multidisciplinary approach to find 
satisfactory answers to this steadily deepening world
wide problem. The extensive impl icat ions now being 
discussed foreshadow major difficult ies at 011 sc ienti
fic, technological , economic and policy levels. No 
doubt these difficulties con be resolved only progres
sively on the basis of experience acquired in certain 
advanced fields where environmental protection has 
been taken into account very early on, as in the 
nuclear industry, as weil as through purposeful 
co-operation between 011 those concerned, and, 
ultimately, among the governments who are respon
sible for protecting the public and the environment. 

ln a narrower context, for instance, the management 
of hazardous wastes, whether they be toxic chemicals 
or radioactive substances, is one such environmental 
protection issue which illustrates both the difficulties 
encountered and the basis for potential solutions. The 
production of hazard ous waste is often inevitable, 
irrespective of the industrial process or energy 
production method concerned . In practically 011 
cases, the problems have to be solved initially at the 
locallevel, but in the long run the accumulation of the 
waste and the dispersal of its toxic components may 
entail a hazard for human health in general and 
widespread contam ination of the environment. The 
tronsfer of waste from one country to another also 
poses an international problem. 

OPTIMISING PROTECTION 

Whatever the nature of the risk connected with 
hazardous waste, any scientifically and intellectually 
satisfactory management method should systemati
colly aim at practical solut ions meeting un iversally 
recognised human health and environmental protec
tion criteria which would be fully compl ied wi th at 
optimum co st; in other words at a cost such that 
additional expenditure would not be justified since 
the protect ion level wh ich would result would not be 
commensu rate with the expend itu re committed. Th is is 
an ideal concept recommended in particular by the 
International Commission on Radiological Protection 
(ICRP) in its "optimisation principle " for protection 
against rad iation. Th is approach introduces the 
concept of risk, particularly relative, acceptable, 

MR. JEAN-PIERRE OLIVIER IS HEAD OF THE NEA RADIATION PROTECTION AND 
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objective, or even perceived, risk , and the need for 
va lue judgements concerning social and economic 
aspects, which are always diff icult to assess. It is 
extremely difficult to apply this principle in practice. 
Factors such as the evaluat ion of the biolog ical 
tox icity of the waste, the persistence of its harmful 
effects over time, margins of uncertainty connected 
with "best est imates" of safety and the evaluation of 
potential environmental damage (especially long
term damage), and the economic impact of protection 
measures (which may vary considerably depend ing 
on whether developed or devel op ing cou ntries are 
concerned) considerably hinder the search for sat is
factory solutions. Furthermore, hazardous waste 
management polic ies must be co-ord inated to some 
extent, both to handle the different types of risk 
entailed with the same level of strictness and same 
scientific objectiveness and to prevent any unwar
ranted discrepancies from ar ising. 

Underground drilling is corried out in Switzerlond to meosure 
geophysicol ond hydrogeologicol properlies importont for the 
design of deep geologicol repositories for high-Ievel radiooctive 
waste. 

PRINCIPLES OF NUCLEAR WASTE 
MANAGEMENT 

The nuclear industry fo llowed this approach right 
from the start, by tak ing into account very early on 
both the risks rel ating to the intentiona l release of 
liquid or gaseous effluents into the environment and 
those relat ing to the management of solid waste, 
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wh ich must be isolated from the biosphere (for 
periods of up to several hundred thousand years in 
the case of long-lived, high-Ievel waste). The few 
sign ificant instances of radioactive environmental 
contamination have mostly been caused by accidents 
or relative lack of operational experience with the 
first few nuclear facilit ies. In spite of the fact that not 
ail solutions proposed have yet been implemented
either because there is no urgency to do so or 
because of difficulties connected with public opinion 
responses - , radioactive waste management is 
based on straightforward and widely accepted fac
tors and principles. 

The risk ar ising from radioactive waste is unique and 
relatively weil identified : it concerns radiation and 
there are ways of deal ing with it through the 
applicot ion of international standards and criteria 
aimed at ensuring adequate protection of the public 
and the environment. The use, ownership and trans
port of any radioactive substance is strictly regulated 
both nationally and internationally so that radioactive 
waste control takes place at the source, from 
product ion to removal or final disposaI. The control is 
performed by competent authorities under strict prior 
notification and licensing systems, the objective being 
to prevent short- and long-term radiological risks. 

ln most developed countries, centralised systems have 
been set up to conduct ail management operations 
relating to radioactive waste from nuclear power 
programmes and the different uses of radioisotopes. 
Management costs are usually directly or indirectly 
covered under national regimes complying with the 
Polluter Pays Principle. Due to the continuing risks of 
certain types of waste, disposai must take into 
consideration the protection of future generations. 

The responsibility towards future generations is fully 
perceived and accepted and it is standard practice to 
seek solutions which are partially or totally passive 
from a safety standpoint, such as the isolation of 
long- lived waste in deep, stable geological forma
tions so as to prevent any need for institutional control 
beyond a limited period of a few hundred years at 
mosl. 

COMPARISON WITH TOXIC WASTE 

Now that a high level of sophistication has been 
reached in radiolog ical risk analysis and research on 
how to handle th is risk (probably far ahead of similar 
research in other fields), it is sometimes suggested 
that the principles of radioactive waste management 
might be used as a model for ail other hazardous 
waste. In many respects, th is seems an attractive 

suggestion and indeed, major international meetings 
have recently been held on the subject (1,2). Useful 
lessons have been drawn, giving us a general picture 
of current realities and future prospects for the 
management of non -radioactive hazardous waste. 

Compared with radioactive waste management, that 
of hazardous waste differs in a number of respects: 

There is no longer a single, well-defined risk, but 
multiple risks relating for instance to the pyrophoric, 
corrosive or toxic properties of such waste: hazar
dous wastes are produced in very large quantities 
from an extremely wide range of domestic or 
industrial sources and are often not clearly identi
fiable. 

The scientific basis for evaluating and controlling 
such risks, in particular through protection standards 
and criteria specific to each hazardous substance, is 
available only for some of these products and, in 
many cases, has not been the subject of international 
harmonization. 

As a rule, the activities which generate hazardous 
wastes have not been conducted under appropriate 
and centralised control in the pa st. Owing to the 
multiple sources, such control is extremely difficult to 
implement and, in spite of recent progress, particular
Iy the work within OECD on the transfrontier move
ments of waste, the problem is not yet entirely solved. 

As a result, in practically ail countries, there are many 
situations which now need to be pul (Ighi, such as 
inadequately controlled discharges of hazardous 
wastes which are likely to affect both human health 
and the environmenl. As the most urgent need is 
generally for rehabilitation measures, the introduc
tion of risk prevention systems for the future some
times takes second place. 

The production of hazardous waste is not confined to 
developed countries with advanced technologies at 
the ir disposai for waste handling and recycl ing and a 
su itable institutional framework for regulation and 
control. It also occurs in developing countries, where 
the means available are much more limited, or even 
nonexistenl. 

As a rule, no advanced estimate is made of the co st of 
hazardous waste management. When harmful situa
tions generated by past activities have to be put right, 
serious financing difficulties arise and major special 
funds have to be set up to deal with the most urgent 
ones. 

The dominant feature in radioactive waste manage
ment is that the nuclear properties of any substance 
are practically indestructible and radioactive decay 
follows immutable laws. In fact advantage is taken of 
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radioact ive decay to manage waste accord ing to the 
duration of its radioact ive toxicity. Other types of 
hazardous waste cannot be dealt with in the sa me 
way, as the risks they present may often be modified 
or even cancelled through a va ri ety of processes, 
such as incineration. Consequently, there is a range of 
different processing and recycling options wh ich 
should considerably reduce the volume of waste 
req uiring disposai . 

CHARACTERISTICS SHARED BY ALL TYPES OF 
WASTE 

There are many sim ilarities between hazardous and 
rad ioact ive waste management, part icularly in rela
tion to the study of the behaviour over time of 
hazardous waste, which usually ends up in public or 
specially des igned repos itories. For instance: 

o The dissolution and transfer of hazardous waste to 
groundwater in the short and long-term; 

o The importance of the geolog ical and hydro 
geolog ical characterist ics of selected disposai sites; 

o Possible establishment of a set of successive 
barriers slowing down the migration of hazardous 
waste out of the conta inment system; 

o Need for prior study of environ mental character is
tics, wh ich ch iefly means env ironmental impact 

assessments, a field pioneered by the nuclear indus
try, and surveillance of the disposai site fo r sc ient ific 
and administrative pu rposes; 

o Long-term impl ications : the point is often made 
that radioactive waste management is an excep
tionally serious issue due to the very long-term 
problem of long- lived rad ionucl ides. However, cer
tain hazardous wastes also have harmfu l propert ies 
wh ich may persist at least as long as those of certa in 
rad ioact ive wastes, if not longer. Long -term cons id
erations should therefore be as relevant to certa in 
types of hazardous waste as they are to radioactive 
waste. 

POLICY FOR THE FUTURE 

Although of a very general nature, these few observa
tions on the management of rad ioact ive waste and 
other hazardous waste suggest a number of com
ments on future pol icy. 

Overall , if the measures to protect human health and 
the environment are defined on the bas is of an 
ob jective analysis and control of ri sks, ai l such 
measures should rely on an integrated and systematic 
approach ta the different types of ri sk, implying the 
establishment of criteria and standards based on 
recogn ised scientific pri nciples, and lead ing to re
latively rel iable estimates of the different types of ri sk 
entai led. 

Spenl fuel, which is Ihe principal source of high-Ievel radioac/ive was/e, is inilially slared in special pools allhe reac/or sile. 



MANAGING NUClEAR AND TOXIC WASTES: AN OVERAll APPROACH 

This approach should obviously take into account ail 
relevant social and economic aspects. Where poss i
b�e ' however, subjective judgement should be min imi 
sed, to avoid distorting management polic ies by 
penal ising those practices for which the perceived 
risk is out of proportion to the actual risk. In order to 
achieve th is, it will be necessary to inform and 
educate the publ ic. 

On the basis of the experi ence acqu ired with nuclear 
energy and tak ing into account current trends in 
environmental protection, an integrated approach to 
regulatory pol icy may indeed emerge progressively 
in order to encompass precisely ail the sc ientific, 
techn ical , economic, lega l and moral aspects in
volved in the definition of waste management 
methods. 

ln practice, a whole range of measures will seem 
desirab le or probable, from various economic and 
tax incentives aimed at systemat ically minim ising 
waste product ion to direct government interventian, 
possibly includ ing the prohibition of certa in practices 
or products wh ich might turn out to be more harmful 
than usefu l. In th is connection , it is worth bearing in 
mind that the first principle of the Recommendations 
by the ICRP states that "no practice (i nvolving the use 
or production of rad ioactive substances) shall be 
adopted unless its introduction produces a posit ive 
net benefi t". In the case of rad ioactive waste, th is 
" justificat ion " principle obviously appl ies to the 
practices which produce the waste, i.e., nuclear 
power generation or the use of rad ioisotopes, 
weigh ing overall benefits and drawbacks of such 
pract ices, including the production of effluents or 
hazardous waste. The use of rad ionucl ides in various 
mass consumer goods has been banned, since the 
ri sks involved are not sufficiently offset by the 
advantages of such products. 

Finally, as in the nuclear field, it is expected that 
safety and protection of human health and the 
environment wi ll be taken into cons ideration very 
early on in the study of installations likely to produce 
hazardous waste, where possible at the design stage, 
and a su itab le regulatory system will be set up to 
mon itor the hazardous substances from production to 
waste generat ion and disposai under safe, duly 
inventoried and authorised cond itions. Wh en past 
inadequacies have been removed in th is way, it will 

th en be possible to concentrate ail efforts on the 
prevention of the ri sks and damage likely to arise 
from such waste. 

Progress can only occur very gradually, for the task 
before us is huge. Certain countries have already set 
the bail rolling by taking government action to en trust 
ail responsibilit ies relating to environmental protec
tion to competent bod ies reporl ing to a single 
authority. Furthermore, the obvious international 
dimension of management practices referred to in 
Mr. Long 's article is bound to facilitate such an 
approach, wh ich is increasingly coming to the atten
tion of international bodies such as the United 
Nations Environment Programme (UNEP), the World 
Health Organisation (WHO) and OECD. In their own 
fields, these bodies will promote further harmoniza
tion of environmental protection polic ies. It is there
fore to be hoped that an integrated and overall 
approach will be developed systematicailly at the 
national and international level, along with appropri
ate institutional measures and practical solutions. This 
should lead to greater acceptance of the measures 
taken for ail hazardous waste, regard less of the risk 
involved and the origin of the waste. It is only by 
pursu ing th is approach that man and the environment 
can benefit from sc ientific and technolog ical adv
ances under optimum conditions. Though scientific 
prog ress undoubtedly generates pollution and other 
constra ints, experience so far has shown that it is 
neither desirable nor possible to disregard its positive 
aspects. 
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Plutonium is an inevitable by-product of the use 
of uranium fuels in fission reactors. Its major 
isotopes are themselves fissile and provide a 

means of extracting a major part of the energy 
potentially recoverable from the world's uranium 
resources through the use of fast reactors. For this 
reason, and because economically recoverable ura
nium resources are quite lim ited, plutonium has been 
seen by many as a material to be stored until such 
time as it could be used as a fast reactor fuel. 

Plutonium has also been a focus for anti-nuclear 
groups. The fact that, like uranium 235, it can be used 
in nuclear weapons has led to concerns that its more 
widespread extraction and use as a nuclear fuel 
could contribute to their proliferation, and that steps 
taken to guard against its abuse would lead to 
infringement of civil liberties. It has also been 
portrayed as being uniquely toxic and dangerous to 
man. These exaggerated fears of a small minority 
were not calmed despite the International Nuclear 
Fuel Cycle Evaluation (INFCE) (1) of 1979-1980, but 
the fact remains that the international safeguards 
regime has operated effectively and that no signator
ies of the non -proliferation treaty have broken its 
conditions. Furthermore there is now over 30 years' 
experience of the use of plutonium fuels in both fast 
and thermal reactors, during which it has been amply 
demonstrated that it can be handled safely and 
without adverse consequences for the public or for 
workers in the nuclear industry. 

Mil. P.M.5. JONES 15 CHIEF ECONOMIC ADVI5EII AT THE UNITED KINGDOM 
A TOMIC ENEIIGY AUTHOIIITY AND CHAIIIMAN OF THE NEA COMMITTEE FOII 
TECHNICAL AND ECONOMIC 5TUDlE5 ON NUCLEAII ENEIIGY DEVELOPMENT 
AND THE FUEL crCLE. 

Plutonium's use as a reactor fuel has been increasing 
as the number and size of prototype and lead fast 
reactors has grown. However, the general slow down 
in the growth of electricity demand and nuclear plant 
construction expansion during the 19805, compared 
with that which had been anticipated in the 19705, has 
led to a situation in wh ich stocks of separated 
plutonium and stocks of plutonium contained in spent 
thermal reactor fuel have increased sign ificantly. At 
the sa me time the date foreseen for the ir use in 
sizeable programmes of commerc ial fast reactors has 
receded. This has led to renewed interest in the use of 
plutonium in the form of mixed uran ium-plutonium 
oxide fuels (mixed oxide or MOX) in thermal reactors, 
where plutonium substitutes for the fiss ile 
uranium 235 employed in conventional uran ium oxide 
fuels. 

AN NEASTUDY 

A recent study by an expert group convened by 
NEA (2) has set out in simple terms the basic facts 
about plutonium and its use, concentrating part icular
Iy on the economics and logist ics of its use in 
equilibrium fuel reloads in existing light water reac
tors during the 19905. 

The group did not re-examine the issue of nuclear 
weapons proliferation wh ich had been covered 
exhaustively at INFCE but concluded that it would be 

The plulonium exlrocled from spenl MOX fue ls con be a good fuel 
for fosl breeder reoclors such os Ihe Super Phénix piani in Fronce. 
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important to ensu re that the international institutional 
and techn ica l arrangements currently in place to 
guard aga inst the misuse of civil plutonium rema ined 
effective in the future environment, while avoiding 
undue adverse impacts on commerc ial fuel cycle 
activi ties. 

Although it is not wide ly recognised, plutonium does 
occur naturally in minute quantiti es and it is not 
uniquely hazardous. It is only one amongst a large 
number of toxic materials used in industry that have to 
be used wi th caution ta minimise well-understood 
ri sks. For pluton ium, these ri sks embrace acute 
toxicity effects which con result from exposure to 
large quantities, and delayed cancers that con result 
from chron ic exposure to and inhalation or ingestion 
of small amounts, due to the alpha particles emitted in 
the rad ioactive decay of the pri ncipal pluton ium 
isotopes. As remarked earl ier, extens ive experience 
has shown that the ri sks con be effectively contained . 

The energy potential of pluton ium con be exploited in 
a number of ways. More of it con be extracted in 
uran ium-fuelled thermal reactors by means of higher 
burn-up fuels. Alternatively the plutonium con be 
extracted from spent fuel by reprocessing and mixed 
with uran ium in thermal or fast reactor fuels, normally 
in the form of the mixed dioxides known as MOX. 

MOX FUEL 

A util ity own ing thermal reactors and plann ing to use 
MOX fuel is faced wi th a number of decisions in 
which techn ical and economic cons iderati ons ploy a 
ma jor role but wh ich will 0 150 be influenced by 
political , environ mental and social factors relating to 
its particular circumstances. Dec isions embrace, inter 
alia, the duration of spent fuel storage prior to 
reprocess ing, the period and form of storage of 
plutonium of ter its recovery, and the burn -up required 
of the MOX fuel , wh ich will affect its composition . 
Add itiona lly, decisions will be needed in due course 
on whether MOX fuels themselves should be stored or 
reprocessed . 

Since pluton ium substitutes for uran ium 235, the 
quantities requi red for fuel fabrication wi ll depend 
upon the source of the uranium incorporated into the 
fuel. Natural uran ium, dep leted uran ium from enrich
ment plant tails or uran ium recovered from spent fuel 
could be used conta ining respectively 0.7 per cent, 
about 0.25 per cent, and about 0.9 per cent fiss ile 
uran ium 235. 

An important techn ica l cons ideration in decisions 
concern ing the timing of spent fue l and plutonium 
storage is th e bu ild -up of gamma-emitting 
americium 241 from the decay of the pluton ium 241 

isotope. This both decreases the energy worth of the 
plutonium and con lead to greater handling problems 
due to the higher levels of penetrating radiation . Both 
effects are reduced if pluton ium is used promptly after 
its separat ion. Techniques for handling intense gam
ma emitters are of course available and are used in 
deal ing wi th spent fuel itself and in reprocessing 
plants. There is no reason why similar sh ield ing 
approaches could not be used in MOX fuel fabrica
tion plants wi th appropriate automation, but it would 
add to the fabrication costs . The alternative of 
chemically removing americium from aged plutonium 
stocks is also an available option. 

ECONOMies AND LOGISTICS 

The detai led economics and logistics of pluton ium 
recycle in thermal reactors will clearly depend on the 
precise choices made concerning the different 
aspects of the fuel cycle described above as weil as 
on the costs of the individual stages of the fuel cycle. 

The pri nciple attraction of recycling uranium and 
plutonium recovered from spent uran ium fuel is to 
avoid the need to pure hase fresh uranium and to 
elim inate the isotopie enrichment stage (Figure 1). 
Both uranium recycle and plutonium recycle can 
individually reduce fresh uranium requirements by 
20 per cent. The former can marginally reduce 
enrichment needs while the latter can totally elim inate 
the need for enrichment by substi tuting fiss ile pluto
nium for uranium 235. 

Figure 1 
THE STAGES FOR THE URANIUM OXIDE AND 
MIXED OXIDE FUEL CYCLES FOR THE PWR 
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• Ali calculations are based on the use ot depleted uranium ln MOX fuel . 
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These savings can be achieved at the expense of the 
extra costs associated with the fabrication of MOX 
fuel which are significantly higher than those of 
uranium fuels. 

ln looking at the economics of the MOX fuel cycle, 
there are two main cases to be considered. The first of 
these is the case wh en the plutonium has already been 
separated or is contracted to be separated as part of 
the cost of management of spent uranium oxide fuels 
from thermal reactors. In this case the recovered 
plutonium and uranium are effectively free materials 
so far as the util ity owning them is concerned. The 
second case is one in which the spent thermal reactor 
fuel is being stored and the decision to reprocess it is 
governed by the economic attractiveness of the use of 
recovered plutonium and uranium in reactor fuels. In 
this latter case, the net costs of recovery con be 
cons idered, from the utility's perspective, as the priee 
of the recovered uranium and plutonium. (In an 
overall national economic optimisation, a somewhat 
different approach could be preferred in wh ich the 
total costs of operating reactors and fuel cycle plants 
for different fuel strategies would be calculated on a 
systems cost basis over time). 

When the plutonium and recovered uranium are 
"free," the savings that con be obtained by using 
MOX in plaee of U02 fuels are expected to be 
considerable (Figure 2), based on the currently antici
pated costs of the front-end stages of the two fuel 
cycles (Table 1). Sensitivity analyses suggest that the 
economic advantage of MOX wou Id persist down to 
uranium priees in the region of $50/kg U (Figure 3) 
which is below typical current contract priees. 

The ranges of costs shown in Table 1 arise from the 
cons iderable differenees of expectation among 
OECD member countries which arise partly from the 
different technolog ies being employed, the different 

Figure 3 
SENSITIVITY OF FUEL COSTS TO URANIUM 

PRICE, SWU COSTS AND MOX 
FABRICATION COSTS 

(USING FREE PLUTONIUM) 
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seo le of their activities, and the anticipated degree of 
util isation of indigenous plants. MOX fabrication 
costs are an important factor and they are expected to 
decrease as the scale of operations increases during 
the 1990s. One particular attraction of MOX fue ls 
(Figure 2) is the fact that their unit costs per kg are not 
significantly influenced by the required burn-up and 
plutonium content so that they are relatively more 
attract ive for higher burn-up fue l designs. 

The economics of MOX fuels in the case where they 
have to pay the priee of pluton ium recovery is far 
more complicated. In addition to the front -end fuel 
cycle costs described above, the costs of reprocessing 
have to be taken into account together with the costs 
of temporary plutonium storage, reproeess ing waste 
storage and disposaI. At the same time, savi ngs con 
be made by the avoidance of spent fuel storage and 
its ultimate disposaI. (The comparison would differ 
somewhat if for pol icy, env ironmental or other 

Figure 2 
ILLUSTRATIVE COSTS PER KWH FOR EQUILIBRIUM REPLACEMENT PWR FUELS 

(USING FREE PLUTONIUM) 

6.0 

5.0 

4.0 
:2 

~ 
l 3.0 
0 
0 

~ 
1.0 

1.0 

Fuel type: 

Bumup; 

• Oiscounfed cost al lhe charge 0 1 reactOf' 
(Discount rate: 5 %) 

33.000 MWdll 43,000 MWd/ t 53,000 MWdlt 

(°.:'-°.1 Fabrication 

~ Enrichment 

k:::::::f~1 ConverSion 

~ Uranium 

1000 

MOXfuel 

33,000 MWd/ t 43,000 MWd/ t 53,000 MWdll 

(MOX labricahon cast variants) 



STRATEGIES FOR PLUTONIUM UTILISATION 

TABLE 1: FRONT-END FUEL CYCLE COSTS 
US $ of Januory 1987 

Stage Illustrative Illustrative 
Cast Range reference value 

Uranium purchase $50 ta $100/kg U $80/kg U 

Conversion' $7/kg U 

Enrichment" $70 ta $130/SWU $100/SWU 

U02 fabrication , •• $175 ta $300/kg U $200/kg U 1 

1 

MOX fabrication $700 ta 1000/kg HM $800/kg HM (Heavy Metal) 

Pu storage 

l 
$1 ta '$2/g Pu (T) pa 

Pu pu ri fication $10 ta $28/g Pu (T) $18/g Pu (T) 

, 
For recycled U $18/kg but not relevant for MOX fue ls. 

.. For recycled U taken as $1 O/SWU (Separative Work Units) higher in a range $0 ta $20/SWU: not relevant for MOX fuels. 
, .. For recycled U a premium of $30/kg U would be appropriate. 

Fuel transport costs are included in the fab rication costs. 

reasons it was firmly in tended to reprocess spent fuel 
ot some unspecified time. Then the decision to recover 
pluton ium ond uran ium would only be advanced in 
time rather thon being a substitute for a once-through 
thermal reactor fuel regime in which it was firmly 
intended to dispose of the spent fuel in suitable 
repos itories after a period of storage.) 

Wh ile reprocess ing is a well-established technology 
and both major reprocessing companies, British 
Nuclear Fuels and COGEMA, expect costs to be 
sign ificantly reduced in the future, it remains true that 
the pri cing pol icies of these or other entrants to the 
business could affect the economic allractiveness of 
pluton ium recycl ing. Furthermore there is no estab
lished commercial market as yet on which to base 
judgements about the future costs of long-term spent 
fuel storage and disposai or the costs of reprocessing 
waste storage and disposai, ai l of wh ich will be 
sign ificantly scale-dependent and heavily inlluenced 
by national pol icies for waste storage and disposai . 

For th ese reasons it is not poss ible to give a definitive 
view, which would be applicable in ail countries, on 
the economic allractiveness of mixed oxide fuels 
paying fo r plutonium recovery. However, it can be 
shown that, in certain circumstances, spent fuel 
reprocessing wou ld be economically favoured over 
the use of once-through uranium fuels and that MOX 
paying the net cost of plutonium recovery would be 
favoured over uranium fuel. This would be the case 
where the values of recovered plutonium and uranium 
respect ively at the time of reprocessing at least 
compensated for the difference between the cost of 

----------- - - ----

reprocessing on the one hand, and the costs of spent 
fuel disposai on the other, due account being taken of 
the different times at which costs arise. 

The values of recovered plutonium and uranium can 
be derived from the price of natural uranium and the 
costs of separative work by calculating the savings 
that could be realised using the recovered products 
as a substitute for uranium 235 in enriched fuel made 
from natural uran ium. 

This analysis is based on an assumption of prompt 
recycle of recovered plutonium. Should its recycle be 
subject to protracted delay, then its value would be 
affected by storage costs and by any additional costs 
for americium removal, should these become neces
sary prior to the fabrication of MOX fuel. 

EXPERIENCE WITH PRODUCTION AND USE 

The different perceptions of the likely balance of 
future costs can be seen in the fact that neither the 
United States nor Canada have current plans to 
reprocess spent fuel or to use MOX fuels in thermal 
reactors, both believing it to be uneconomic in their 
circumstances at the present time, while Belg ium, 
France, the Federal Republ ic of Germony, Switzer
land and Japan ail use or plan to use MOX in thermal 
reactors for the savings they expect to achieve. The 
Un ited Kingdom, like France and other fast reactor 
countries, already uses plutonium fuels in its ad
vanced gas cooled reactors where the economics are 
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less favourable than in PWRs. British Nuclear Fuels 
have however indicated that they plan to provide 
thermal MOX fuel fabrication services by the mid-
1990s when the first of the UK PWRs will, coincidental
Iy, come into service. 

Thermal MOX production capacity within OECD was 
around 50 tonnes of heavy metal per annum in 1987 
and is projected to rise to some 460 tonnes of heavy 
metal per annum by 2000. Th is is small compared with 
the amount of spent fuel that is produced annually in 
thermal reactors (8000 tonnes pa) but would be 
capable of absorbing a high proportion of the 
plutonium that could in principle be recovered by the 
planned oxide-fuel reprocessing capacity expected 
to be in operation by the turn of the century. 

As indicated earlier, there is considerable experience 
already of MOX fuel manufacture and its behaviour 
in thermal reactors. High burn-up has been success
fully achieved with no difficulty and studies have 
shown that MOX fuels can be safely used at 
MOX-to-uranium oxide fuel ratios of at least 30 per 
cent in existing thermal reactors without mod ification . 
Current expectation is that during the 1990s, at least, 
MOX fuel will be limited to about one-third of the fuel 
charge in the reactor at any one time. In the longer 

....... 
The fabricotian of plutonium fuel in th,s pilat plant i/lustrates one 
of several ways the energy patential of plutonium con be 
explalted. 

term, reactors fuelled wholly with MOX may be 
introduced although this could involve some design 
and operational mod ification for optimum perfor
mance. 

The overall economics of plutonium recycle in thermal 
reactors wou Id be sign ificantly improved in cases 
where the spent MOX fuel itself was co- reprocessed 
with spent uranium fuels, since th is would sign ificant ly 
reduce the net un it costs of plutonium recovery. There 
are no particular problems associated with th is 
course of action. However, bearing in mind the 
in-pile time for fuels and the subsequent out -of-pile 
cooling prior to reprocess ing as weil as the lead times 
involved in the fabr icat ion of fresh MOX fuel , the 
prospect of co- reprocessing on a sign ificant scale 
will not become real ity until the late 1990s. 

It is now evident that sign ificant and growing use of 
MOX fuels in thermal reactors can be expected over 
the com ing decade. Th is need not affect the subse
quent introduction of fast reactors since the plutonium 
extracted from spent MOX fuels is itse lf a good fast 
reactor fuel. However, if sign ificant quantities of 
plutonium were to be tied up in thermal reactors, it 
could slow the rate of fast reactor introduction. Th is 
would only become a cause of concern if the rate of 
introduction of nuclear power were to be sign ificantly 
accelerated in response, for example, to fears about 
the environmental impacts of fossi l fuel burn ing. 
Under such circumstances the li kely date fo r large
scale deployment of fast reactors cou ld weil be 
brought fo rward by ren ewed worri es about the 
long -term adequacy of uranium resou rces and ex
pectations concerning the futu re levels of uran ium 
priees needed to stimulate adequate suppl ies. Such 
considerations are not cu rrently influencing fuel cycle 
choices fo r the coming decade. 

REFERENCES 

1. Reports of the International Fuel Cycle Evaluation, 
IAEA, Vien na, 1980 . 

2. Plutonium Fuels: An Assessment, 
NEA/OECD, Paris, 1989. D 



THE TMI PROJECT: NEW DEVELOPMENTS 
R. Van Houten and N. R. McDonald 

The removol of fuel and internai structures from 
the reactor vessel of the Three Mile Island (TMI) 
Unit 2 power station, damaged in the accident in 

1979, is almost complete. During th is work, evidence 
of the complexity of the accident has continued to be 
revealed. The NEA has sponsored two international 
studies to help interpret th is ev idence in the interests 
of improved reactor safety and the development of 
accident management procedures. 

The first of these studies*, has involved the assessment 
of core samples recovered in the context of the TMI-2 
Accident Evaluation Programme conducted by the 
u.s. Department of Energy. It has focussed on core 
damage progression and the mechanisms which 
controlled the behaviour of fission products during 
the accident. This work is almost complete and will be 
reported in a future Newslelter. 

The second study**, the OECD TMI Vessellnvestiga
tion Project (TMI-VIP), will examine damage to the 
lower head of the TMI-2 reactor vessel to establish its 
margin to failure when subjected to the incursion of 
molten fuel to this region of the vessel during the 
accident. The virtual completion of fuel removal will 
allow the crucia l phase of this project, extraction of 
steel samples from the inner wall of the lower head 
itself, to proceed in November 1989. 

ln the final stages of defuelling the reactor, its owner, 
GPU Nuclear (GPUN), had to eut through and 
remove the central areas of a succession of five 
perforated, thick steel plates that supported the 
reactor core. This provided the access necessary to 
recover fuel debris in the lower head and it has made 
possible the extraction of the TMI- VIP samples. 
Rep licas of these plates are included in the mock-up 
of the TMI- 2 reactor vessel in which ail defuelling and 
extraction operations are meticulously planned and 
practiced before execution in the vessel itself. The 
mock -up also includes examples of the cannisters 
into which recovered fuel and debris is placed for 
storage and ultimate disposaI. 

The core debris in the lower head consisted of an 
overburden of material that had fallen down during 
the defuelling and a 60 centimetre thick cake of 
previously molten core materials, amounting in ail to 
about 10,000 kg . It concealed the lower head and its 
52 integral instrument penetration nozzles as weil as 

• An OECD Programme to Investigate the TMI Reactor Pressure 
Vessel, Autumn Newsletter 1986. 
.. A New NEA Programme to Investigate the TMI Reaelar Pressure 
Vesse l, Autumn Newsletler 1988. 
DR. ROBERT VAN HOUTEN, OF THE US NUClEAR REGULA TORY COMMISSION, 
IS THE PROGRAMME MANAGER FOR THE OECD TMI VESSEL INVESTIGATION 
PROJECT 
DR. NEIL MCDONALD, OF THE NEA NUCLEAR SAFETY DIVISION, IS THE 
SECRETARY OF THE PROJECT'S MANAGEMENT BOARD. 

the lower end of the instrument guide tubes located 
above those nozzles. Removal of the overburden and 
the cake of congealed core material, which shaltered 
readily on impact, proved to be relatively straightfor
ward using the mechanical and suction procedures 
developed by GPUN. It first revealed severe damage 
to at least ten of the th ick -walled (to 5 centimetres) 
instrument guide tubes, including complete loss of 20 
to 30 centimetre lengths. Removal of the cake re
vealed losses of from 15 to 25 centimetres of length 
from the nozzles corresponding to the damaged 
guide tubes. The damage was concentrated in the 
south west quadrant of the reactor vessel. Surprising
Iy, there appeared to be liltle such damage in the 
southeast quadrant through which the melt was 
believed to have flowed, except at the point of entry 
of the melt on the eastern periphery. Also, much of the 
now-exposed surface of the lower head showed no 
visual evidence of damage. The noticeable exception 
was the presence of several surface cracks near and 
between two badly eroded nozzles in the southwest 
quadrant. The nature, origin and significance of these 
cracks, including whether they are in the stainless 
steel cladding of the vessel or in an adherent layer of 
core material and whether they actually formed 
during the accident, are malters for investigation in 
the Project. 

These observations of the actual conditions in the 
lower head region have provided a basis for the 
Project Management Board to review the programme 
with its technical advisers, the Operating Agent 
(USNRC) and contractors. The emphasis remains on 
extracting up to twenty samples of the lower head 
steel wall and nozzles during the 30-day period 
available for this in November 1989. Priorities for the 
sample locations have been set. The custom
designed extraction equipment has been manufac
tured and proved and the work crew will rehearse 
procedures in the mock-up vessel . Studies of steel 
representative of that in the TMI- 2 vessel have also 
been commenced to provide a base-line for assess
ment of the effects of the accident on the structural 
integrity of the vessel. Samples of fuel debris corre
lated to the steel samples have also been collected or 
identified. 

ln addition to these already-foreseen activities, the 
evidence for extensive damage to instrument guide 
tubes and nozzle extensions has prompted the 
extension of the Project's sample collection program
me to include these items. This will ensure that the 
evidence they could provide to the overall under
standing of severe core accident scenarios will be 
accessible. 

The examination of the materials collected and the 
assessment of the results is planned to D 
continue until at least autumn 1991 . 
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To assure the safe storage of radi oactive waste 
over very long periods of time, advanced 
approaches are needed to assess the perform

ance of waste repositories. The development of 
repository concepts, the selection of sites and licens
ing procedures require detailed analyses of the 
potential for radionuclides to be released from the 
waste repository to the groundwater and thereby 
transported to the environment. Such release and 
subsequent transport could be enhanced by disrup
tive natural events such as earthquakes and gla
ciation, or by human actions, such as intrusion into a 
repository, either deliberate or accidentaI. 

ln fact, in cases where the repository concept and the 
chosen site pravide excellent conditions for safe 
storage of the waste, potential human actions might 
become the highest risk factor affect ing the safety of 
the repository. This is more likely to be true of shallow 
disposai sites for low-Ievel waste but must also be 
considered a factor in assessing deep repositories. 
Inevitably, predicti ng the likelihood of such an 
intrusion relies to a great extent on subjective 
judgementi therefore, the exchange of information 
and discussion of viewpoints at the internationallevel 
can make a valuable contribution. 

With this in mind, a Workshop was organised by NEA 
in June 1989 on "Assessment of the Risks Assoc iated 
with Human Intrusion at Radioactive Waste Disposai 
Sites ". 

SOME BASIC QUESTIONS 

When assessing the risks of human intrusion at waste 
repos itories, a basic set of questions about man and 
society in the future must be discussed : 

o How effic iently and for how long can inst itut ional 
control be maintained? 

o What will be the ab ility of future generations to 
keep and understand information about the reposi
tory, possibly for thousands of years? 

o How do we view intrusion deliberately intended 
bya future society or ind ividuals, either to recover the 
resources in the waste, or due to negl igence or even 
sabotage? 

MR. CLAES THEGERSTROM IS A MEMBER OF THE NEA RAO/AT/ON PROTECTION 
ANO WASTE MANAGEMENT OIVIS/ON. 

o If we assume that the intruder is unaware of the 
ex istence of the waste at the moment of intrusion, 
what can we assume about his abil ity to understand 
and carry out remedial actions once he has detected 
the waste? 

o Is there a relationsh ip between the social orga
nisation and the le~el of technology in a future society 
and the related likelihood and consequences of 
intrusion? 

o Should we try to include in a disposa i system the 
ability to repair it as weil as to isolate the waste, and if 
so, can these two abilities be comb ined? 

Questions like these have no sc ientific answers. The 
answers depend on what fundamental values one 
holds regarding how to predict the behaviou r of 
future generations, their abil ities compared to our 
own and the ir ri ght to take responsibility. T 0 answer 
such questions, assessors must re ly on their own 
judgements and discuss them openly. 

INSTITUTIONAL CONTROL 

Obviously, once a repository has been sealed and 
closed, it will still be protected from human intrusion 
by legal/i nstitutional restrictions on the use of the 
repository site. Detailed information of the waste 
buried, the repository and the site characteristics will 
be kept ava ilable in arch ives of reports and computer 
data bases. Some mon itor ing 01 radioact ivity in the 
surround ing environment might also continue for 
some period . Over time, however, as generations 
come and go, there is a possibility that control will be 
less stringent or discontinued and that knowledge and 
information will be partially or wholly lost. It is 
therefore normally assumed that the strict control 
needed to prevent any intrus ion cannot be guaran
teed for more than at most a few hundred years. In the 
Un ited States, lor example, the Env ironmenta l Protec
tion Agency allows no cred it in performance assess
ments lor active institutional control beyond 100 years 
alter disposa I. Assessments for low-Ievel waste 
disposai practices in France have to show that the 
sites are safe without institutional contro l alter 
300 years. 

UNINTENTIONAL INTRUSION 

The most commonly stud ied intrus ion scenarios are 
those of indirect, un intentiona l intrus ion - for instan
ce, a farmer who dri lls a weil close to the repository. 



HUMAN INTRUSION ATWASTE DISPOSAL SITES 

Hydrological and chemical conditions might then be 
disturbed and influence the performance of the 
repos itory. T 0 determine how likely this possibility 
might bel extrapolations are made of present and 
historical data on drilling rates for wells, likely water 
withdrawal and modelling of changes in groundwater 
pathways. 

THE BASIS FOR HUMAIII INTRUSION 
SCENARIO DEVELOPMENT 
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Human intrusion as an exposure mechanism is 
perhaps most clearly seen in terms of shallow 
disposai facilities. Examples range from the possibil
ity of someone drilling into a waste facility during 
exploratory work to redevelop the site to more 
extreme cases of possible inadvertant major excava
tion of a site to provide foundations for new buildings 
or to construct a road through the site. For repositor
ies in salt formations, the possibility of future mining 
acti vi ty is given serious consideration. 

It is very difficult to estimate the probability of these 
events occurring, due to the problems associated with 
extrapolation of present and post data to postulate 
trends into the future. Nevertheless, such estimates 
are sometimes requi red by national regulations or to 
determine the suitability of a site. Even if probability 
estimates cannot be used to make scientific predic
tions, a systematic, quantitative approach would 

generally help identify important factors likely to lead 
to human intrusion and thereby lessen the likelihood 
of it occurring. 

ASSESSING THE CONSEQUENCES OF 
INTRUSION 

To determine the consequences of human intrusion, a 
limited number of screened, representative scenarios 
con be analysed. For both shallow and deep reposi
tories, these are likely to centre on: 

o Consequences to intruders who directly contact 
the waste materials; 

o Consequences due to wider dispersion of the 
waste materials; 

o Consequences for normal evolution scenarios if 
the behaviour of the geosphere is altered. 

It is generally easier to assess the consequences of 
intrusion thon to assess the risk of it happening, due to 
the difficulties with probabilities mentioned above. 

Only in a few countries have national regulations and 
criteria for waste disposai taken into account the 
implications of human intrusion. One example is the 
detailed criteria developed by the U.S. Environmental 
Protection Agency in a rule promulgated in 1985 and 
presently under revision. They give rather detailed 
indications of the time period to be considered 
(10,000 yearsL the credit tha! con be given to 
institutional control (100 years) and the type of 
scenarios and parameter values (i .e., inadvertent 
drilling rates) that have to be considered. Other 
countries, like Canada and the United Kingdom, do 
not give such detailed indications but have estab
lished a general risk criterion, leaving it up to those 
who assess the safety of the repository to decide what 
approach to take against human intrusion. 

MITIGATION MEASURES 

One of the most important reasons to assess human 
intrusion risks systematically is to identify measures to 
mitigate the consequences of such an event. These 
measures are either technical in nature or related to 
the planning stage of the repository development and 
siting programme. Examples of lechnica/ measures 
include: 

o Criteria governing the form of the waste and the 
concentration of radioactivity. Waste packages which 
demonstrate low solubility, less tendency to form dust 
when exposed to open air, a strong cannister 
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providing shielding, etc. would help lessen the 
consequences of a direct intrusion, should it take 
place; 

o Intrusion barriers su ch as a thick concrete coyer 
above the waste disposai site are sometimes used, or 
considered, to lower the probabil ity of inadverlent 
direct intrusion; 

O The detailed design of a repository in general and 
its location (above or below the water-table, at 
greater depth, etc.) might be adapted to lower the 
intrusion risks to an acceptable level. One example is 
the Swedish repository for low-Ievel waste, SFR, 
which has been located in bedrock under the Baltic 
Sea, th us substantially eliminating the risk of 
accidentally drilling into the repository in the future. 

Examples of planning measures include: 

o Providing institutional control. This is an obvious 
measure that, in princip le, should continue as long as 
the waste represents a potential danger. A related 
issue is the ownersh ip of the land on which the 
repository is built (normally the State). 

o Avoiding attractive sites with, for example, miner
ai resources that might be likely targets for future 
exploration. (Ii has been pointed out that even "good 
tight rock " cou Id be an attractive resource for future 
exploration, for instance for chemical waste dis
posaI.) 

o Using physical means at the site itself to record it 
as a repository. Much work has been done in this 
area in the U.S., with consideration given to such 
aspects as the size of markers, construction materials, 
and the use of signs and multiple language texts to 
warn potential intruders. The adoption of below
ground markers, for example hundreds or thousands 
of very durable warning disks, has also been 
explored. These matters seem to have received less 
attention recently, and in some quarlers are regarded 
as unnecessary. 

Work on the assessment of human intrusion has 
developed significantly in the last decade and should 
form an integrated part of overall safety studies for 
repositories. (Iear presentation of the fundamental 
underlying assumptions and results of the assess
ments is an important factor. Simple, effective 
methods are likely to be more credible, while too 
much sophistication could be counter-productive. 
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A 1984 study in the U.S. suggested various ways of putt ing 
physical markers at a Waste Repository Site to prevent 
unintentional intrusion by future generations. 

The problem of human intrusion has clearly recogn iz
able limitations. One cannot sc ientifical ly pred ict how 
man and society will develop and what uses, for 
example, may be made of the earth 's subsurface 
environ ment thousands of years from now. On the 
other hand, based on past history and present-day 
conditions, it is possible to discuss in a meaningful 
way how man might interfere with a repository in the 
future. Th is will illustrate potent ial ri sks from human 
intrusion and will help to develop waste disposai 
practices that can be cons idered sufficiently D 
invulnerable to human intrusion . 



REDUCING OCCUPATIONAL EXPOSURE IN NUCLEAR POWER PLANTS 
C. Viktorsson 

A reduction in occupational exposures at nuc
lear power plants is desirable, not only 
because it affects the health and safety of plant 

personnel, but also because it enhances the safety 
and reliability of plants by making their operation 
more efficient and economical. Considerable effort is 
therefore being spent in th is area. 

A report recently prepared by NEA gives an overview 
of the current situation and trends in Member 
countries, in the context of the present NEA program
me to create an international Information System on 
Occupational Exposure. 

Many factors play a role in determining the radiation 
doses to workers: the reactor types (as seen in 
Figure 1), the particular des ign of a reactor, the 
reactor age, the mode of operation, the plant 
ava ilability, the level of maintenance and backfitting 
requ irements, etc. Furthermore, the lessons learned 
from pa st reactor operation and results of research 
and development projects, as weil as a strong 
management commitment to reduce occupational 
exposure, are of paramount importance. 

SOURCES OF OCCUPATIONAL EXPOSURE 

The ma in reactor types are Light Water Reactors 
(LWRs), Heavy Water Reacto rs (HWRs) and Gas
Cooled Reaclo rs (GCRs). LWRs account for 
75 per cent or 250 of the reactors in OECD countries; 
of these, about two-thirds are Pressurized Water 

MN. CHNISTEN VIKTONSSON IS A MEMBEN OF THE NEA NADIATION PNOTEC
TION AND WASTE MANAGEMENT DIVISION. 

Reactors (PWRs) and one -third are Boiling Water 
Reactors (BWRs). The overall trend in occupat ional 
exposures for different kinds of reactors is shown in 
Fig ~ re 1. lt appears that the average annual collective 
dose to workers, which is the sum of ail individual 
doses, is considerably higher in LWRs, particularly 
BWRs, than in HWRs and GCRs. However, there has 
been a downward trend for LWRs since 1983, 
part icularly due to the decreasing doses in the U.S. 
and Japan, which operate more than ha If of ail LWRs 
in OECD countries. 

The principal cause of exposure to workers from 
nuclear power plant operation is assoc iated with 
maintenance act ivities, particularly such special ised 
work as steam generator ma intenance in PWRs. The 
Commission of the European Communities (CEC) has 
estimated (1) that approximately 70 per cent of the 
annual collective dose in LWRs comes from mainte
nance activities. Sim ilar trends have been identified 
for other types of reactors. Additional activities which 
contribute to the exposure of workers are inspections, 
backfitting requirements, refuel ling and associated 
service activities. 

What is being done, or can be done, at plants to 
efficiently reduce personnel exposure? T wo main 
areas are of interest: first, the reduction of sources of 
exposure, and second, the reducti on of exposure 
duration. 

MEASURES TO REDUCE EXPOSURES 

Corrosion products are the main sources of radiation 
fields. Therefore, efforts are directed to control and 
restrict the build-up of corrosion products, part icular
Iy as regards the cobalt isotopes Co-58 and Co-60. 

12 Figure 1 

'" '" o 
o 
al 
> 

10 

8 

u ~ 6 
~ ~ 
o ~ 

V ;;; 
nWR 

<li E 4 
OIO~ 

'" 
<li 
> 
< 2 

O~I----~---'--~----~--~--~----~--~---T----r---~---' 
1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 

PWR 

Calendar Yea r 

·19 · 

NEA NEWlETTER 
AUTUMN 1989 



REDUCING OCCUPATIONAL EXPOSURE IN NUCLEAR POWER PLANTS 

-20-

NEA NEWLETTER 
AUTUMN /989 

The methods for controll ing these sources can be 
grouped in four categories: cobalt reduction and 
replacement, pre-conditioning surfaces to reduce the 
build-up of corrosion products, water chemistry 
control and decontamination. The efficiency of each 
of these depends very much on the specific conditions 
that preva il at each plant. 

Reducing maintenance and other requirements is a 
good way to approach the second area - the control 
of exposure duration. For this purpose, improving the 
reliability of material and components is essential. 
Furthermore, the use of remote-controlled tools and 
robots has become more and more prevalent as a 
way of reducing the direct presence of workers in 
high rad iation areas. These tools are today cons i
dered necessary to carry out difficult service and 
repair activities as weil as inspections in high 
radiation areas. 

A th ird and most important group of measures to 
control doses, often called work management, in
cludes work planning and preparation, radiation 
protection actions such as shielding and cleaning, 
training and information, co -ordination of technical 
activities and optim isation of work forces. The use of 
job-related or real-t ime dosimetry to measure radia
tion exposure is also a proven instrument in the area 
of occupational dose control. 

THE ALARA PRINCIPLE 

T wo questions wh ich have preoccupied regulators 
and utilities for some time are how far to go in 
reducing radiation doses in the society in general and 
in relation to nuclear power plant operation in 
particular, and how to establ ish priorities among 
certa in areas. The International Commiss ion on 
Radiolog ical Protection (ICRP) has provided some 
assistance by originating the concept of optimisation 
of protection, which is commonly called the ALARA 
principle (As Low As Reasonably Ach ievable, social 
and economic factors taken into account). 

The rationale in applying ALARA in nuclear power 
plants is to ach ieve a level of exposure low enough to 
guarantee sufficient protection of the worker but at 
the same time to preserve the economic viability of the 
installations. Many different approaches to im
plementing ALARA are used, more formally in some 
countries than in others. The basic components are 
commitment, good management and the use of 
proper tools and procedures. 

Monitors check warkers ta measure their expasure ta radiation. 
Some of this dota will be collected and analysed by the new NEA 
International In formation System on Occupational Exposure. 

The key to a successful ALARA programme seems to 
be the commitmentat ail levels, but in particular at the 
management level. Th is commitment must be transfer
red throughout the organ isat ion, to ail ind ividuals, 
and translated into respons ibil ities for ail key person
nel. 

A strong commitment from management and the 
workforce can be sufficient to ach ieve the goals 
wh ich have been specified. However, specific man
agement structures may be useful to strengthen 
operating efficiency; for example, in some organ isa
tions, committees (somet imes ca lled ALARA Commit
tees) provide a multi-discipl inary fo rum for the 
discussion of the ma in radiation protection issues and 
choices. 

No ALARA progra mme can be efficiently run without 
the support of tools and procedures, such as reviews, 
audits and pred ict ive plans (" dose budgets") . The 
tools and procedures cannot be appl ied with out the 
use of criteria expressed in terms of reference values 
or performance goals. In the U.s., for example, the 
Institute of Nuclear Power Operations (INPO) has 
promoted the use of performance goals of different 
types, one being the average an nual collective dose. 
Figure 2 illustrates the U.S. nuclear industry's ability 
to accompl ish this particular goal on co llective doses 
during the 1980s. 
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Figure 2 
AVERAGE ANNUAL COLLECTIVE DOSE PER REACTOR IN THE USA 
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Source : INPO 1989 

Extens ive planning, surveillance, supervision and 
follow -up systems have been established to allow 
those responsib le at the plants to follow the outcome 
of particular actions on a day -to-day basis. Such 
systems are used to provi de data relevant to rad iation 
protection wh en evaluat ing performance. 

When routine or special repetiti ve maintenanCe 
operations in nuclear power plants are performed 
over a period of lime, in most cases, the trend for 
co llective exposures decreases throughout successive 
operations. Th is evolut ion is generally accompanied 
bya simultaneous reduction in the average individual 
doses fo r the vorious categories of operotors invol
ved . Figure 3 illustrates the typical "dose profile " for 
on important ma intenance operat ion, steam gener
ator replacement. As con be seen, significant prog
ress has been mode wi th regard to personnel 
exposure, which is closely related to reducing the 
durotion of the ma intenance work. 

Goal 

From on ALARA perspective, the objective of good 
radiation protection practices for maintenance work 
shauld be to identify and implement cost-effective 
protect ion actions for repetitive operations to reduce 
sources and exposure times. This con only be 
ach ieved if plant designers and operators have os 
much information available os possible to estimate 
the consequences of the ir choices. 

INFORMATION SYSTEM ON 
OCCUPATIONAL EXPOSURE 

ln order to contribute towords improving the protec
tion of workers in nuclear power plants in the OECD 
Member countries, it has been suggested that NEA 
co-ordinate international efforts towords expanding 
the dota base available to the nucleor utilities on 
levels and trends of occupational exposure and 
dose -reduction techn iques. 
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Figure 3 
EVOLUTION OF THE OCCUPATIONAL COLLECTIVE DOSE ASSOCIATED WITH STEAM GENERATOR 

REPLACEMENT OPERATIONS PERFORMED AT US NUCLEAR POWER PLANTS 
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Steam generator replacement projects 

1. Surry 2 - 1979, 3 generators 4. Turkey Point4 - 1982, 3 generators 7. D.C. Cook - 1988, 4 generators 

2. Surry 1 - 1981, 3 generators 5. Point Beach - 1984, 2 generators 8. Indian Point 3 - 1989, 4 generators 

3. Turi<ey Point 3 - 1982, 3 generators 6. H.B. Robinson - 1984, 3 generators 

Source : Nuclear Piani Journal, Vol. 7, No. 3,1989. 

Note : ln 1989, the 3 ste am generators in Ringhals (Sweden), were changed with a collective dose of about 3 manSv. The operation was completed 
in less than 100 days. 

The exi stence of an international data bank on 
occupational exposure would allow participants to 
get direct and timely access to relevant data including 
task-related doses, dose-saving methods, etc. This 
would also benefit participants by providing an 
opportunity for learning from each other's ex
perl ence. 

The usefulness of such an international system would 
be enhanced if the data bank were supplemented by 
a dynamic mechanism for regular dissemination of 
information and for data analysis and evaluation to 
help assess trends and identify problem areas in 
occupational radiation protect ion at nuclear power 
plants. Such a scheme would improve radiati on 
protection during plant operation and maintenance 
and help in designing new nuclear power plants and 
equ ipmenl. 

The NEA is therefore taking steps to create an 
international Information System on Occupational 
Exposure (ISOE). The information in ISOE will come 
from two principal sources : operational experience 
from nuclear power plant operators and relevant 
information from outs ide sources such as sc ientific 
journals and meetings. 

The physical core of ISOE will be a radiati on 
protection-oriented data bank for the collection, 
storage and retrieva l of data, open to participants for 

consultation at any time. In ISOE data will also be 
compiled, analysed and evaluated accord ing to the 
requirements and needs of the part icipants. The 
information in the System and the results of evaluation 
and analysis will be made ava ilable to parti cipants 
on request and by the dissem ination of repo rts. 

The preparatory work for ISOE has been completed, 
and the System is currently being tested th rough the 
implementation of a Pilot Project aimed at applying, 
on an experimental basis, the system proposed for 
ISOE and demonstrating the feas ibil ity and the 
interest of establ ishing the System on a permanent 
bas is. The Pilot Project, which includes more than 
90 nuclear power reactors from part icipat ing utilities 
in 8 countries*, was started in early 1989 and is 
expected to be completed by mid -1 990. 

* Canada, Finland, France, Japa n, Spain , Sweden, Un ited King
dam and United States. 
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RE·ENTRY OF NUCLEAR·POWERED SATELLITES 
C. Viktorsson and R. Finck 

ln the post, thousands of items have been launched 
into space. Besides the planned and controlled 
re-entry of space vehicles, many of these items 

have, due to different problems, re-entered the 
earth 's atmosphere and disintegrated. In some cases, 
debris survived re-entry. The experience with Cos
mos-954, which accidently crashed in Canada in 
1978, has shown that pieces of considerable size and 
weight con impact on earth and cause a hazard to the 
population. Therefore, particularly as some satellites 
conta in radioactive substances, preparedness to 
handle such emergencies must be mainta ined. 

Power supplies in space vehicles are of different types 
depending on such factors as the weight and orbit of 
the satellite, the duration of the mission and the power 
consumption . Most common sources of power are 
solar or chemical cells, rechargable batteries, or 
nuclear energy sources. For deep spa ce missions, 
nuclear energy seems to be the only source available 
which is powerful enough. 

T wo types of nuclear energy sources are used. The 
rad ioisotope generator uses the heat from the decay 
of a radionuclide to produce electricity. The main 
rad ionuclide used is plutonium 238, with a half-life of 
87.7 years. Secondly, for higher energy demands, 
nuclear reactors containing highly enriched uranium 
are used. 

THE HISTORICAL PERSPECTIVE 

On at least six occasions up to the beginn ing of 1989, 
nuclear-powered satellites have experienced mal
functions with impending releases of radioactive 
substances. Actual releases occurred in three of these 
cases. The most well- known of these are the Cosmos-
954 and the Cosmos-1402 cases. The third accident 
occu rred in 1964 wh en an American satellite powered 
with a plutonium generator accidentally re-entered 
the atmosphere and dispersed its radioactive content. 

The Sovi et satellite Cosmos-954 was launched in 
September 1977 and included a nuclear reactor. After 
the mission was completed, the safety systems should 
have separated the reactor from the body of the 
satellite and boosted it into a higher "parking " orbit. 
They failed, however, and the satellite went out of 
control. A few months later, in January 1978, it 
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LEAR-POWERED SATELLITES, HELD IN STOCKHOLM IN 1989. 

crashed on Canadian territory. Radioactive debris 
that survived re-entry were spread over a 600 km 
path in the northwest of the country. 

The Cosmos-1402 was launched in August 1982. In 
the beginning of 1983, the safety systems malfunc
tioned and the reactor re-entered the atmosphere in 
February 1983, probably dispersing some of its 
radioactive material in the atmosphere. The remain
ing parts of it fell into the seo 1 600 km east of Brazil. 

SATELLITE ACCIDENT SCENARIOS 

For the purposes of emergency planning, a number of 
possible accident scenarios con be envisaged. In the 
case of a highly improbable event involving the 
break-up and dispersing of a satellite containing an 
alfa -emitting radioisotope generator, special re
quirements are placed on the monitoring capacity. 
Small particles of plutonium are very difficult to find 
by normal gamma detection methods. The method 
which would probably be recommended is to use 
infra-red detectors. Typical amounts of radioactivity 
in such generators are 1 500-3000 terabecquerels 
(TBq) [40-80 kilocuries (kCi)]. This requires up to 5 kg 
of plutonium 238. The current design to prevent 
releases is to contoin the radioisotope, thereby 
avoiding it breaking up in 011 foreseeable conditions. 
At the end of the lifetime of the space -vehicle, the 
capsule with the radionuclide should withstand the 
friction heat wh en re-entering the atmosphere and 
should not break up when hitting the ground. 

The main radiological hazard from accidents involv
ing reactors derives from the fission products pro
duced during operation. The inventory of fission 
products with half-lives of more thon two days might 
be on the order of 1 500 TBq (40 kCi ) after several 
months of operation. Typical amounts of uranium 235 
in a reactor of the Cosmos-954 type is 30 -50 kg. The 
standard method used to prevent occidental releases 
has been to boost the reactor into an orbit high 
enough to allow the satellite, or parts of it, to stay 
there until the fission products have decayed. Failures 
in these safety systems are the main reason for 
accidents. 

The differences in accident scenarios should be 
considered when emergency plans are developed. 
Many experts in the field argue that, due to new 
designs of radioisotope generators, an accident 
involving the break -up of such a device is highly 
improbable. Even in the case of reactor-equipped 
satellites, there seems to be a development towards a 
design allowing intact re-entry. This might again 
create new accident scenarios. 
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EMERGENCY RESPONSE MEASURES 

The environmental consequences of a nuclear
powered satellite accident are similar to those of 
occidental releases from land-based nuclear facili
ties. Therefore, preparedness for satellite accidents 
should be integrated into the overall planning for 
nuclear emergencies at a national level. However, 
there are important differences. In contrast to land
based nuclear facilities, the location of a nuclear 
satellite accident cannot be predicted until shortly 
before its impact. Not only the launching State but any 
country could receive the impact. 

Furthermore, highly radioactive fragments and 
coarse particles could be dispersed over many 
thousands of square kilometers. The distances be
tween fragments could vary from hundreds of meters 
to hundreds of kilometers. T 0 search for and retain 
such fragments and particles is a tremendous task 
which must be deployed with a different strategy and 
different equipment thon that used for fixed land
based accidents. Those aspects which are particular 
to satellite accidents should thus be cons idered in 
emergency response plans. 

Parts of Ihe nuclear-pawered Sa viel salellite Casmas- 954 were faund scaltered over a 
600 km palh in northwesl Canada. 

Finally, the recommendations of the International 
Commission on Radiological Protection, ICRP, could 
be the basis for radiation protection measures, as is 
the case for land -based radiological accidents. The 
countermeasures of relevance are numerous and the 
choice depends on a number of factors, such as the 
accident scenario, the population density in the 
concerned area, the search resources, and the local 
and seasonal conditions. One suggestion of particu
lar importance, however, is to give information to the 
population about the prevailing situation and to 
recommend precautionary measures, such as not 
touching any unfamiliar object on the ground. 

An NEA Expert Group reviewed this subject in its 
Report on Emergency Preparedness for Nuclear 
Powered Satellites, to be published by NEA later this 
year. The Report recognised that the efficiency of the 
emergency response depends on several facto rs, of 
which the two most important are the accuracy of the 
predictions of the possible impact area and the 
availability of technical information about the source. 
The Report recommended that support for th is work 
also be sought outside the NEA Member countries; it 
has therefore been submitted to the International 
Atomic Energy Agency for consideration with in 0 
their programme of work in this field. 



NEWS BRIEFS 

LONG-RANGE ORIENTATION FOR THE NEA 

The NEA has recently begun a review of its future 
long-term orientation to adjust its programme to 
chang ing international trends in the field of energy 
and the environment. The main considerations in this 
review will include the ability of the nucJear industry 
to respond to an increased demand for electricity in 
the context of a sustainable economic development 
and the potential contribution of nuclear power to 
environmental pol icies aimed at reducing worldwide 
atmospheric pollution from burn ing foss il fuels. Other 
important issues will be technological innovations 
and the development of new reactor concepts condu
cive to the improved safety, rel iability and competitiv
ity of nuclear energy and the adaptation to changing 
energy markets. 

COMMITIEE ON NUCLEAR REGULATORY 
ACTIVITIES 

A new Committee on Nuclear Regulatory Activities 
(CNRA) has been formed to provide a forum for the 
exchange of information and experience among 
nuclear regulatory organisations in OECD countries. 
Th is Committee will be responsible for the pro
gramme of the Agency concerning the regulation, 
licensing and inspection of nuclear installations with 
regard to safety. Thus, it will review developments 
which could affect regulatory requirements and 
provide Member countries with a better understan
ding of the motivation for any new requ irements 
under consideration. 

The Committee will focus primarily on current power 
reactors and other nuclear installations, but it may 
0150 cons ider the regulatory implications of new 
nuclear facility designs. The CNRA replaces the 
Sub-Committee on Licensing of the Committee on the 
Safety of Nuclear Installations (CSNI). Its inaugural 
meeting was he Id in Paris on 6th-7th November 1989. 

COMMUNICATING WITH THE PUBLIC ON 
NUCLEAR POWER PLANT OPERATING 
EXPERIENCE 

As part of NEA's information programme, a Seminar 
took place in June to exchange experience among 
national regulatory authorities and utilities on com
municating with the media and the public about 

incidents in nuclear facilities. The Seminar focused on 
those incidents which are not serious enough to create 
an emergency situation but nevertheless raise con
cern in the media and the public. The participants 0150 

discussed ways of increasing media and public 
awareness of the value and significance of interna
tional systems designed to collect and disseminate 
reports on operating experience within the nuclear 
community. 

THE OECO LOFT PROJECT 

The Loss-of-Fluid-Test (LOFT) Project, which be
came a joint project of the OECD Nuclear Energy 
Agency in 1983, was successfully concluded on 
30th September 1989. Il was the only reactor test 
facility in the world to use real nuclear fuel and to 
allowa complete simulation of the most serious kind 
of nuclear accident, that which involves a 1055 of 
coolant in the reactor. The goals of the Project were to 
improve the ability to understand and predict abnor
mal behaviour of pressurized water reactor systems 
or components and to enhance their safety and 
reliability. The final test, which caused significant fuel 
damage, was particularly valuable because of the 
special instruments which measured the conditions in 
the fuel as it melted. A detailed examination of the 
damaged fuel was carried out in order to resolve 
uncertainties concerning the peak fuel temperature, 
the extent of oxidation, and the relocation of the 
melted fuel. 

As a result of the OECD LOFT Project, the capabilities 
for analyzing the phenomena associated with reactor 
accidents have been enhanced. A meeting will be 
he Id in May 1990 in Madrid to present the accom
plishments of the Project in the context of the overall 
evolution of nuclear safety in OECD countries and to 
explore the opportun ities for similar international 
ventures in the future. International co-operation 
aspects of the Project will be discussed, particularly 
the benefits of pooling the efforts of the several 
participating countries, which far exceeded those 
achievable by individual countries alone. 

OECO/NEA STRIPA PROJECT 

An international Symposium on the OECD/NEA
sponsored Stripa Project was held in Stockholm in 
October 1989 to discuss in situ experiments associ
ated with the deep geological disposai of radioactive 
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waste. The objective of the Symposium was to 
summarise accomplishments within Phase Il of the 
Project (completed in 1987) and to review preliminary 
findings and future plans for Phase III (1986-1991) . 

Pa pers and discussions centred on three broad 
topics: the development of advanced methods and 
instruments for site investigations; methods for site 
characterisation and model validation, in particular 
as concerns groundwater flow through heter
ogeneous fractured rock; and techniques and mate
rials for the engineered seal ing of possible ground
water flow paths. The Symposium was jointly spon
sored by the Swedish Nuclear Fuel and Waste 
Management Company (SKBL the managing partici
pant of the Project. Proceedings will be published by 
NEA in early 1990. 

SAFETY ASSESSMENT OF LONG-TERM 
RADIOACTIVE WASTE DISPOSAL 

Experts met at a Symposium in Paris in October to 
discuss the long-term safety of nuclear waste dis
posaI. The aim was to allow participating countries to 
review the state of the art on the safety assessment of 
different disposai concepts for radioactive waste. The 
Symposium focused attention on the methods being 
used to assess the long-term safety of disposai 
concepts for various types of radioactive waste 
following permanent closure of the repos itory. It was 
sponsored jointly by the NEA, the Commission of the 
European Communities and the International Atomic 
Energy Agency, in co-operation with the 
French Commissariat à l'Energie Atomique. 0 

One of the central fuel elements used for reactor safety experiments in the OECD LOFT Projet. 
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Good Performance in Nuclear Projects 
(Proceedings of on International Symposium) 

The nuclear industry has demonstrated good 
performance in many areas relating to the design, 
engineering, construction and operation of nuclear 
facilities. Th is report of an international symposium he Id 
in Tokyo highlights examples of good performance in 
nuclear projects which can aid the industry in seeking 
even betler performance, thus strengthening the 
contribution nuclear energy can make to sustainable 
economic growth. 

(6689103) ISBN 92-64-03239-8 
Price: FF 450 - f 54 - US$ 95 - DM 185 - Yen 16200 

Advanced Water-Cooled Reactor Technologies 

Eighty per cent of the world's power reactors are water 
cooled and moderated. Many improvements in their 
design and operation have been implemented since the 
first such reactor started commercial operation in 1957. 
This report addresses the safety, environmental and 
economic rationales for further improvements, as weil as 
their relevance to currently operating water reactors. 

(6689111) ISBN 92-64-13302-X 
Price: FF 130 - t 16 - US $ 28 - DM 54 - Yen 4 680 

The Role of Nuclear Reactor Containment in Severe 
Accidents 

The conta inment is a structural envelope which 
completely surrounds the nuclear reactor system and is 
designed to confine the radioactive releases in case of an 
accident. This report summarises the work of an NEA 
Senior Group of Experts who have studied the potential 
role of containment in accidents exceeding design 
specifications (so-called severe accidents). Some 
possibil ities of enhancing the ability of plants to reduce 
the risk of significant off-site consequences by 
appropriate management of the accident have been 
examined. 

(6689061) ISBN 92-64 -13263-5 
Price: FF 50 - f6 - US $11- DM 21 - Yen 1800 

ln-Core Instrumentation and Reactor Assessment 
(Proceedings of a Specialists' Meeting) 

Information on the conditions in the reactor core is 
essenti al for the safe and economic operation of nuclear 
reactors. These proceedings review the important 
aspects of measurement and interpretation of reactor 

core parameters. Contributions from industry and 
research laboratories on the state of the art coyer 
measurement methods, deteclor technology, core 
performance evaluation and operating experience. 

(6689053) ISBN 92-64-03225-8 
Priee: FF 260 - f 31.50 - US $ 55 - DM 107 - Yen 9 360 

The Influence of Seasonal Conditions on the 
Radiological Consequences of a Nuclear Accident 
(Proceedings of an NEA Workshop) 

The impact of an accidentai release of radioactivity to the 
environment can be strongly influenced by prevailing 
environmental conditions. Thus, potential variations in 
accident consequences caused by variable seasonal , 
meteorological or climatic conditions are of significance 
to the development and application of protective 
measures and emergency response plans. These 
proceedings present the results of a workshop organised 
by the NEA to examine such aspects of emergency 
response to a nuclear accident. 

(6689033) ISBN 92-64-03232-0 
Priee: FF 130 - f 16 - US$ 28 - DM 54 - Yen 4 680 

Plutonium Fuel: An Assessment 

Since the 1950s, plutonium used in fast reactors has been 
seen as the key to unlocking the vast energy resources 
contained in the world's uranium reserves . However, the 
slowing down in projected installation rates of nuclear 
reactors, combined with discovery of additional uranium, 
has led to a postponement of the point in time when fast 
reactors will make large demands on plutonium supplies. 
There are several options concerning its use or storage in 
the meantime. This report sets out the facts and current 
views about plutonium and its civilian use, both at present 
and in the medium term. lt explains the factors influencing 
the choice of fuel options and illustrates how economic 
and logistic assessments of the alternatives can be 
undertaken. 

(6689071) ISBN 92-64-13265-1 
Priee: FF 150 - f 18 - US $ 32 - DM 62 - Yen 5 400 

Sealing of Radioactive Waste Repositories 
(Proceedings of a joint NEA/CEC Workshop) 

Il will be cruc ial to the safety of radioactive waste 
repositories to properly backfill and seal any openings or 
disturbances created during the characterisation and 
development of a repository, to prevent mobile 
groundwater from coming into contact prematurely with 
waste canisters. These proceedings present the results of 
a workshop organised to review the progress of in situ 
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investigations of repository sealing technology for 
boreholes, shafts, fractures and disturbed zones. 
Recommendations are made on priorities for further 
investigations of sealing technology in support of 
repository design and long-term performance 
assessments. 

ISBN 92-64 -03290-8 
Price: FF 220 - f 26 - US $ 47 - DM 91 - Yen 7 920 

OECO Nuclear Energy Data, 1989 

Nuclear Energy Data is the Nuclear Energy Agency's 
annual compilation of basic statistics on electricity 
generation and nuclear power in OECD countries.lt is 
intended to be a quick and easy reference on the present 
status of and projected trends in total electricity 
generating capacity, nuclear generating capacity, and 
actual electricity production, as weil as on supply and 
demand for nuclear fuel cycle services. 

(6689043) ISBN 92-64-03226-6 
Price: FF 35 - f 4.50 - US $ 7.50 - DM 15 - Yen 1260 

Nuclear Law Bulletin No.43, June 1989 - No.44, 
Oecember 1989 

(6789431) ISSN 0304-341X 
Price: FF 150 - f 17.60 - US $ 33 - DM 65 

Free on Request 

Issue Brief No.5, June 1989 - Advanced Water Reaelor 
Technology - No.6, August 1989 - The Management of 
low- and Intermediate-level Radioactive Waste 

Nuclear Power Plant Operation - Learning from Experience 
(Ieaflet) 

NuclearWaste Bulletin, September 1989 

NEA Activities in 1988 
(Seventeenth Annual Report of the OECD Nuclear Energy 
Agency) 



WHERE TO OBTAIN OECD PUBLICATIONS 
OÙ OBTENIR LES PUBLICATIONS DE L'OCDE 

A .·gentina - Argentine 
Carlos Hirsch s. R. L. 
Galeria Güemes, Fl o r id a 165, 4 0 Piso 
1333 Buenos Ai res 

Tel. 30 . 7 122,331.1787 Y 331.2391 
Telegram : H irsch-Baires 
Telex : 21112 UAPE - AR . ReL s / 2901 
Telefax : (541 ) 334-1719 
Cod igo 93 - Carlos H irsch SRL 

Aus U'alia - Australie 
D. A. Book (Aust. ) Pty . Ltd . 
11-13 Station Street (P. O . Box 163 ) 
Mitc ham, Vic . 3132 Te !. (03)873 4411 
Te lex : AA37911 DA BOOK 
Telefax : (03 ) 873 . 5679 

A ustria - Autriche 
OECD Publications and Information Centre 
4 Simrockstrasse 
5300 Bonn (German y) Tel. (0228)21. 60.45 
Telex : 8 86300 Bonn 
Telefax : (0228)26 . 11 . 04 
G erold & Co . 
G rab en 31 
Wien 1 Tel. (1)533 . 50 . 14 

Belgium - Belgique 
Je an De Lannoy 
Av enue du Roi 202 
B-l060 Bruxelles 

Te l. (0 2) 53 8 . 51.69 / 538.08 . 41 
Telex : 63220 

Canada 
Renouf Pub li sh ing Company Ltd . 
1294 Aigoma Road 
Ottawa, Ont. KIB 3W8 Tel. (613)74\.4333 
Telex : 053-4783 Telefax: (613) 74\. 5439 
Stores : 
61 Sparks Street 
Ottawa , Ont. KIP SRI Tel. (613 ) 238 . 8985 
2 11 Yonge Street 
Toronto, On t. M5B 1M4 

Federa l Publications 
165 Universi ty Avenue 

Te l. (416 )36 3 . 3171 

Toronto, ON M5H 3B9 Te l. (416 ) 58 1 .1552 
Te lefax : (416)581 . 1743 
Le s Publications Fédérales 
1185 rue de l'Université 
Mon\réal, PO H3B 1R7 Tel. (514 )9 54-1633 
Les Ed itions La Liberté Inc . 
3020 Chemin Sainte-Foy 
Sai nte-Foy , P. O . G1X 3V6 

Tel. (418 )658 . 3763 
Telefax : (418)658 . 3763 

Denmark - Danemark 
Munksgaa rd Export and Subscription Service 
35, Na rre Sogade , P . O . Box 2148 
DK-1 0 16 Kobenha vn K 

Tel. (4533) 12.85 . 70 
Telex : 19431 MUNKS DK 
Telefax : (4533 ) 12 . 93 . 87 

Finland - Finlande 
Akateeminen Kirjakauppa 
Keskuskatu l , P . O . Box 128 
00 100 Helsink i Tel. (3580) 12141 
Telex : 12508 0 Te lefax : (358 0) 121.444 1 

F"ance 
OECD / OCDE 
Ma il Orders / Co mmandes par co rrespon
da nc e: 
2 rue André-Pasca l 
75 775 Paris Cedex 16 Te !. (1) 45.24 .82.00 
Bookshop / Li b ra iri e : 
33, rue O c ta ve - Fe u ill et 
750 16 Paris Tel. ( 1) 45 . 24 . 81.67 

(1)45 . 24 . 81.81 
Te le x : 62 0 160 OCDE 
Telefax : (33- 1) 45 . 24 . 85.00 
Lib ra i r ie de J' Uni vers it ê 
12a, rue Nazareth 
136 0 2 Aix- en-P rovence Te l. 42 . 26 . 18 . 08 
Gel'many - Allemagne 
OECD Publications and Informat io n Centre 
4 Sim rockstrasse 
5300 Bonn 
Telex : 8 863 00 Bon n 
Tele fax : (0 228 )26 . 11 . 0 4 

Gl'eeCe - Grèce 
Librai rie Ka uf fm ann 
28 rue du Stade 

Te l. (0 228 )2 1.60 . 45 

ID S 64 Ath e ns Te l. 322.21.60 
Telex : 218187 LUCA Gr 

Hong Kong 
Government Information Servic es 
Publicat ions (Sales ) Off ic e 
Information Service Departme nt 
No . 1 Battery Pa th 
Ce nt ral Te l. (5) 23 . 3 1. 9 1 
Telex : 80 2 . 61190 

Iceland - Islande 
Mal Ma g Me nning 
Lau ga vegi 18, Po st holf 392 
12 1 Re y kjavi k Tel. 15 199 / 24 240 

India - Inde 
Oxford Book and Stationery Co . 
Scindia House 
New Delhi 110001 Tel. 331.5896 /5 308 
Telex: 31 61990 AM IN 
Telefax: (11)332.5993 
17 Park Street 
Calcutta 700016 Tel. 240832 

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

Ireland - Irlande 
TDC Publishers - Library Suppliers 
12 North Frederick Street 
Dublin 1 Tel. 7448351749677 
Telex : 33530 TDCP El Telefax : 748416 

Italy - Italie 
Libreria Commissionaria Sansoni 
Via Benedetto Fortini, 120 / 10 
Case lia Post. 552 
50125 Firenze Tel. (055)645415 
Telex : 570466 Telefax: (39.55)641257 
Via Bartolini 29 
20155 Milano Tel. 365083 
La diUusione delle 'pubblicazioni OCSE viene 
a .. icurata dalle prlncipali iibrerie ed anche 
da : 
Editrice e Libreria Herder 
Piazza Montecitorio 120 
00186 Roma Tel. 679.4628 
Telex : NATEL 1621427 
Libreria Hoepli 

i~~i1°~\~~o Tel. 865446 
Telex : 31.33.95 Telefax : (39.2)805.2886 
Libreria Scienti!ica 
Dott . Lucio de Bias io "Aeiou" 
Via Meravigli 16 
20123 Milano Tel. 807679 
Telefax : 800175 

Japan - Japon 
OECD Publications and information Centre 
Landic Akasaka Building 
2-3-4 Akasaka, Minato-ku 
Tokyo 107 Tel. 586 . 2016 
Telefax : (81 . 3)584 . 7929 

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

Malaysia/Singapore -
Malaisie/Singapour 
University of Malaya Co-operative Bookshop 
Ltd. 
P . O. Box 1127 , Jalan Pantai Baru 59100 
Kuala Lumpur 
Malaysia Tel. 756 . 50001756 . 5425 
Telefax : 757 . 3661 
Information Publications Pte . Ltd . 
Pei-Fu Indus trial Building 
24 New Industrial Road No . 02-06 
Singapore 1953 Tel. 283 . 1786 / 283 . 1798 
Teldax: 284.8875 

Netherlands - Pays-bas 
SDU Uitgeverij 
Christoffel Plantijnstraat 2 
Pos t bus 20014 
2500 EA ' s-Gravenhage 
Voo r bestellingen : 

Te l. ~070l78. 99. Il 
Tel. 07078 . 98 . 80 

Telefax: 07047.63 . 51 Telex : 32486 stdru 

New Zealand - Nouvelle-Zélande 
Government Printing Office 
Customer Services 
P . O . Box 12-411 
Freepost 10-050 

i~r'à~oâ'7'f3e~~ôfo n Telefax : 04499-1733 

Norway - Norvège 
Narve sen Info Center - N IC 
Bertrand Narvesens vei 2 
P . O. Box 6125 Etterstad 
0602 Oslo 6 

Tel. (0 2)67 .8 3.10 / (02)68.4020 
Telex : 79668 N IC N Telefax : (472)68.5347 

Pakistan 
Mirza Book Agency 
65 Shahrah Ouaid-E-Azam 
Lah o re 3 Te l. 66839 
Telex : 44886 UBL PK . Attn : MIRZA BK 

Portugal 
Li v rar ia Portugal 
Rua do Carma 70-74 
1117 Lisboa Codex Te l. 347 . 49 .8 213 / 4 / 5 

Singapore/Malaysia -
Singapour/Malaisie 

See "Malaysia/Singapore" 
VoiT "Malaisie/Singapour 

Spain - Espagne 
Mundi-Prensa Libros S .A . 
Castello 37, Apartado 1223 
Madrid 28001 Te!. 43\.33 99 
Telex : 49370 MPLl Telefax: 275.39.98 
Libreria Bosch 
Ronda Universidad Il 
Barcelona 7 Te!. 317 53 . 08 / 317.53 . 58 

Sweden - Suède 
Fritzes Fackboksfiiretaget 
Box 16356, S 10327 STH 
Regeringsgatan 12 
DS Stockholm Tel. (08)23.89 . 00 
Telex: 12387 Telefax : (08)20.50.21 
Subscription Agency /Abonnements : 
Wennergren-Williams AB 
Box 30004 
104 25 Stockholm Tel. (08)54.12.00 
Telex: 19937 Telefax: (08)50 . 82 . 86 

Switzerland - Suisse 
OECD Publications and Information Centre 
4 Simrockstrasse 
5300 Bonn (Germany) Tel. (0228)2\.60.45 
Telex: 8 86300 Bonn 
Teldax: (0228)26. Il. 04 
Librairie Payot 
6 rue Grenus 
1211 Genève Il Tel. (022)73\.89.50 
Telex: 28356 
Maditec S .A. 
Ch . des Palettes 4 
1020 Renem /Lausanne Tel. (021)635.08.65 
Telefax: (021)635 . 07.80 
United Nations Bookshop / Librairie des Na
tions-Unies 
Palais des Nations 
1211 Genève 10 

Tel. (022)734.60.11 (ext. 48.72) 
Telex: 289696 (Attn: Sales) 
Telefax: (022)733.98 .7 9 

Taïwan - Formose 
Good Faith Worldwide Int'!. Co. Ltd. 
9th Floor, No. 118, Sec. 2 
Chun~ Hsiao E . Road 
Taipel Te!. 391 .7 396 /391. 7397 
Telefax : 394 .917 6 

Thailand - ThaYiande 
Suksit Siam Co. Ltd . 
1715 Rama IV Raad, Samyan 
Bangkok 5 Tel. 251 . 1630 

Turkey - Turquie 
Kültur Yayinlari Is-Türk Ltd. StL 
Atatürk Bulvari No . 191/Kat. 21 
Kavaklidere /A nkara Tel. 25.07.60 
Dolmabahce Cad. No. 29 
Besiktas/lstanbul Tel. 160.71.88 
Telex : 43482B 

United Kingdom - Royaume-Uni 
H . M . Stationery Office 
Gen . enquiries Tel. (01) 873 0011 
Po s tal orders only: 
P . O . Box 276, London SW8 5DT 
Personal Caliers HMSO Bookshop 
49 High Holborn , London WC1V 6HB 
Telex: 297138 Teldax : 873.8463 
Branches at : Belfast, Birmingham, Bristol, 
Edinburgh, Manche"er 

United States - États-Unis 
OECD Publicatio ns and Information Centre 
2001 L Street N.W . , Suite 700 
Washington, D. C. 20036-4095 

Tel. (202)785 6323 
Tele x: 440245 WASHINGTON b. C. 
Telelax : (202)785.0350 

Venezuela 
Libreria dei Este 
Avda F . Miranda 52 , Aptdo . 60337 
Edificio Galipan 
Caracas 106 

Tel. 95\.1705 / 95\.2307 / 951.1297 
Telegram : Libresle Caracas 

Yugoslavia - Yougoslavie 
Jugoslovenska Knjiga 
Knez Mihajlova 2, P . O . Box 36 
Beograd Tel. 62\.992 
Telex : 12466 jk bgd 

Oeders and inquiries (rom countri es where 
Distribulors have not yet becn appointed 
should be sent ta : OECD Publications 
Service, 2 rue Andre-Pascal, 75775 Paris 
Cedex 16 . 
Les commandes provenant de pays ou 
l'OCDE n'a pas encore désigné de dIS
tr ibuteur devraient être adressc:es à . OCDE, 
Service des Publicatio ns, 2, rue André
Pascal, 75775 Paris Cedex 16 . 



3:JN'VH~ NI 03.lNIHd 
686L LOOvL 'oN -9L X303:J SIH'Vd SLLSL 'le3Sed-~Jpu'V sni 'z 'SNOI.l'V:JIlSnd 0:J30 




