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As part of Iheir public informolion programme, Duke Power Company (US.) shows school children how eleclricily is produced by nuc/ear 
power. 



COMMUNICATING WITH THE PUBLIC: THE CURRENT SITUATION 
G. Martinez·ferone 

ln the last decade, there has been a marked 
increase in public awareness of the technolog ica l 
hazards involved in the production of energy, and 

of their possible consequences for man and the 
environ ment. In 011 OECD countries, th is new aware
ness has been accompanied by a legitimate concern 
on the part of the publ ic to be kept informed of 011 
aspects relating to national energy pol icies, and to be 
consulted on the decisions to be taken . In fact, there is 
a growing con cern in industrial ised countries about 
the negative effects on the environment of nearly ail 
forms of massive energy production . However, the 
nuclear industry appears to be in a somewhat 
peculiar si tuation; although it has scored sign ificant 
successes from the economic, safety and environmen
tal viewpoints, and has put cons iderab le effort into 
improving its image and keeping the public informed, 
it often has to contend with a general lack of publ ic 
support. In effect, nuclear energy polarises concerns 
which are historically related to events that are 
troubling for the conscience of mankind. 

CURRENT PUBLIC OPINION ABOUT 
NUCLEAR ENERGY 

Poils taken between 1983 and 1989 show that a 
maiority of the public rarely favours nuclear energy. 
The worries exacerbated by Chernobyl now seem, 
however, to have fallen back to pre -1986 levels. 

An energy poil conducted in the second half of 1989 
by the European Economic Commun ity reveals that 
while the public in Europe now accords great 
importance to environmental questions, it rema ins 
relatively ignorant of the realities underly ing these 
questions. In fa ct, 78 per cent of those interviewed 
gave top priority to protecting the environment and 
controll ing pollution, ranking this ahead of the need 
to ensure a supply of energy (51 per cent). The 
energy/environment interface has thus become the 
number one issue in European countries. Poils carri ed 
out in other OECD Member countries generally 
confi rm th i 5 trend. 

Although some people adopt a real istic attitude and 
acknowledge that there are certa in advantages to 
nuclear power (energy independence and co st effec
tiveness), the fact remains that, accord ing to the same 
poil , 51 per cent of the population are of the opinion 
that the hazards re lated to nuclear power are 

M~S. GENEVIEVE MA~TINEZ· FE~ONE IS A CONSULTANT WITH THE NEA. 

unacceptable, wh ile 46 per cent do not consider it to 
be a 1/ cleon 1/ source of energy. 

ln this respect, it is interesting to note that despite the 
growing concern about pollution, only a small 
percentage of the publ ic is properly informed about 
the causes of atmospheric pollution. Thus, nearly 
20 per cent of those interviewed thought that nuclear 
energy was to blame for acid rain, the greenhouse 
effect and the hole in the ozone layer. 

INTERNATIONALISATION OFTHE NUCLEAR 
DEBATE 

The poils carried out in OECD countries 0150 show 
that, as far as acceptance of nuclear power is 
concerned, there tend to be more similarities among 
countries than differences. It is obvious that there is a 
growing internationalisation of the most controversia l 
questions being asked by the public and by policy
makers. Publ ic concern is centred essentially on the 
safety of nuclear power plants, the disposai of 
rad ioact ive wastes and the harmful effects of 
radiati on . The depth of concern varies from country to 
country, but the international dimension of the debate 
must be taken into account in the formulation of 
national energy policies. 

Like the radioactive cloud from Chernobyl, the 
discussion about nuclear energy therefore spills over 
national borders . Are our nuclear power plants safe, 
and even more to the point, are those of our 
neighbours? How is the problem of radioactive 
wastes to be dealt with? Why do some countries 
reprocess their high-Ievel wastes while others prefer 
to store them? Governments and those in charge of 
nuclear programmes are finding, therefore, that an 
international approach to the problems related to 
nuclear energy is a significant help in formulating 
coherent, credible and open information pol icies. 

Wider publicity needs to be given to the fruits of such 
co-operation,which include the development of an 
international severity scale for nuclear incidents and 
accidents, the work of the International Comm ission 
on Radiological Protection, the co-ordination of 
research on radioactive waste management, and the 
European Directives on informing the public about 
health protection in the event of a radiation emergen
cy. However, even when the publ ic, whether locally or 
nationally, is given to feel that its concerns and doubts 
are shared internationally, and that governments 
worldwide are work ing together on these problem s, 
tangi ble qualitative progress remains to be made in 
the field of public information. 
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PUBLIC INFORMATION PROGRAMMES 

ln the early 19805, ail countries with nuclear power 
programmes made considerable efforts to gain or 
maintain public confidence. Since the accident at 
Chernobyl, when significant inconsistencies 
appeared in the information available in different 
regions or counlries, the quest for credibility and 
transparency has become even more important. In 
spite of the differences in national political and 
institutional systems, public information programmes 
share many common features: information meetings 
and liaison committees at local and national levels, 
direct contact with the communities concerned, 
mobile exhibits and information stands, the distribu
tion of brochures, educational materials for schools, 
audiovisual aids and media advertising. Never
theless, differences in approach may be noted. Some 
countries, such as the United States, the United 
Kingdom and Japan, have no hesitation in using 
advertising, while others feel, and rightly 50, that such 
campaigns would be badly received by the public in 
their countries and could be counter-productive. 

Particular emphasis has been placed on relations with 
the media. Information about nuclear energy and the 
associated research and regulations is provided on a 
continuous basis to selected specialised journalists to 

enable them to present a balanced picture of nuclear 
issues. However, less effort has been made to inform 
the general media, where rumour can play an 
important role in the presentation of information. 

Four years after Chernobyl, how can these informa
tion campaigns be rated? For most OECD countries, 
the success achieved has been relative. The difficul
ties concerning perception of nuclear energy are not 
easily overcome by the publ ication of good operoting 
results or by favourable statistical comparisons wi th 
other industries. The idea thet publ ic confidence can 
be gained merely by publ ish ing deta iled information 
about nuclear reactors, safety, radiation doses, etc. 
therefore needs reconsideration. Very often, the 
message fails to get across clearly, due to the 
absence of a common language. Certain terms used 
in nuclear jargon, such as "advanced reactors " or 
"passive safety measures," can give ri se to misunder
standings. Often the message aimed at the public is 
neither formulated nor communicated in a compre
hensible fashion . Furthermore, the public sometimes 
develops a particular resistance to the information in 
question, and therefore rejects any message not 
corresponding to its preconceived opin ion. 

ln addition, certa in of the arguments recently put 
forward in relation 10 evaluating future technology 
may be misunderslood. For example, boasling of a 
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COMMUNICATING WITH THE PUBLIC 

new generation of safer and more economical 
reactors might incorrectly imply that the present 
generation is neither safe nor economical. The 
argument that nuclear power will help limit thermal 
pollution should also be used with caution and 
moderation, as it may appear to be biased. 

The most cred ible and effective information cam
pa igns are those that continually present to the public 
a balanced and regularly updated view of the risks 
and benefits of nuclear energy. But these days, the 
publ ic requires more than regular and objective 
information . lt wishes to participate fully in the debate 
on the future of nuclear energy. One-way information 
is therefore insufficient, and needs to be com
plemented by more active forms of consultation. 

NUCLEAR ENERGY AND THE PUBLIC: WHAT 
POLICY FOR THE FUTURE? 

Relationships with the public concerning decisions on 
nuclear programmes or the selection of a site, for 
example, can occur on severallevels, which may be 
described as follows: 

D The traditional case of informing the public after a 
decisi on has already been taken; 

D Informing the public before a decision is ta ken, 
often with an offer to register comments; 

D Publ ic consultation with the goal of reaching a 
consensus; 

D Consultation requ iring public agreement on a 
proposed decision before it may be confirmed. 

The first two levels fall into the information rather than 
consultation category, and the second may have little 
effect on the decision taken by the authorities. The 
thi rd level is that of collaboration. The different 
parties involved try as far as possible to reach 
agreement, but are not obliged to do so. Should they 

fail, the authorities have the last word. The fourth level 
is that which transfers the responsibility of the 
decision to be taken to the group consulted. 

The question of which form of consultation is the most 
appropriate is a delicate one. How far should 
authorities be prepared to go in consulting the 
public? Assuming that they were willing to give the 
public the final word, what would be the consequen
ces? Unless the public consultation process is careful
Iy prepared, a small number of people might be able 
to adversely affect the good of the public at large. 
Examples in Canada and the United States show that 
a high degree of consultation and participation in 
nuclear site selection procedures can result in agree
ment being reached between those responsible for 
nuclear programmes on the one hand, and local 
communities on the other. However, technical re
quirements are essential components for any site 
designation. Thus, a balance needs to be found 
between these requirements and the concerns of the 
public, without compromising safety. The right answer 
will depend largely on the various institutional and 
cultural traditions. 

Ail nuclear programmes must give priority to the 
protection of man and the environment, to solving the 
problems of the disposai of radioactive waste, and to 
the strict regulation of permissible doses of radiation. 
New technological challenges are appearing over 
the horizon, and those in charge of nuclear pro
grammes will have to address the problems related to 
the decommissioning and ageing of nuclear reactors. 
The nuclear industry will have everything to gain by 
explaining clearly the nature of these problems, since 
the need for good communication has become an 
irreversible feature of modern society. In any event, 
the public should not be expected to choose nuclear 
energy because it "Iikes" it, but because it "accepts " 
it as one of the necessary means of producing 
electricity. The best way of convincing the public is to 
give it the means to brm its opinion in a responsible 
fashion. This should be the goal of communi- D 
cation in the field of nuclear energy. 
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PROBABILISTIC SAFETY ASSESSMENTS: CAN THEY BE RELIED UPON? 
J. Murphy 
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A Probabilistic Safety Assessment (PSA) is the 
calculation and comparison of the probability 
of different accident scenarios occurring in a 

nuclear power plant, in an altempt to identify those 
areas of greatest, and least, safety concern. Although 
first known as a Probabilistic Risk Analysis (PRA), 
later studies focussed on identifying any gaps in the 
safety fabric of the plants, ra ther than simply the 
"boltom line" quantitative risk results obtained, and 
the term PSA gradually came to be used in preference 
to PRA. The fi rst such assessment, the Reaelor Safety 
Study, was publ ished as WASH -1400 by the U.S. 
Nuclear Regulatory Commission (NRC) in 1975.ln this 
study, an analysis was made for the first time of the 
risks of severe core damage occurring in two U.S. 
commerc ial nuclear power reaelors. Ris k, whi ch was 
measured by taking into account both the probability 
of such damage and the consequences, was found to 
be low for both plants, relative to other man -made 
and naturally occurring risks. 

Following the completion of this study and similar 
efforts conducted in parai lei in other countries (most 
notably, Phase A of the German Risk Study), research 
efforts were initiated in several countries to develop 
advanced methods for assessing accident frequen 
cies. Improved means were found to colleel and 
analyse operational plant data and methods were 
initiated to improve the ability to quantify the effeels 
of human errors. Studies were begun to belter prediel 
the nature and effeel of multiple failures of plant 
systems and components originating from a common 
cause. Finally, limited research was carried out on 
those physical processes identified in the Reaelor 
Safety Study as being key to a potential severe 
accident. 

The 1979 accident at Three Mile Island- Unit 2 (U S. ) 
greatly changed the charaeler of the aJ1alysis of 
severe accidents world-wide. 8ased at least ln part 
on the comments and recommendations of the maior 
investigations of that accident, a substantial research 
programme on severe accident phenomena was 
planned and initiated with international sponsorship. 
This programme, which included both experimental 
and analytical studies, has been the subieel of many 
reviews and comments. It was recommended that part 
of this extensive research effort include both the use 
of probabil istic risk analysis techniques to comple
ment the traditional methods of analysing nuclear 
plant safety, and the development of probabilistic 
goals to help define an acceptable level of plant 
safety. 

MR. JOSEPH A. MURPHY IS DEPUTY DIRECTOR OF THE DIVISION OF SYSTEMS 
RESEARCH, OFFICE OF NUClEAR REGULA TORY RESEARCH, U.S. NUClEAR 
~EGULATORY COMMISSION AND IS A MEMBEI/ OF NEA WOI/KING GI/OUP 
NO. 5 ON RISK ASSESSMENT. 

With time, considerable effort has been made in th is 
area throughout the NEA Member countries, as wei l 
as by both the NEA and the International Atom ic 
Energy Agency (IAEA). As a result, several countries 
have developed safety goals, and nuclear power 
plants throughout the world have been analysed 
using probabilistic techniq ues. T 0 date, weil over 
thirty plants have been analysed, important insights 
have been gained relat ive to the aelions tha! might be 
taken to improve plant safety, and many of these 
actions have been put into effeel. 

ln 1984, the U.S. NRC issued a state-of-the -art report 
evaluating risk analysis techn iques. Th is report 
showed that although the basic methods of modell ing 
reaelor systems remain unchanged, a wealth of 
experience has been obtained in applying these 
methods, and improved computer codes now permit 
the efficient handling of the more complex models 
requi red to analyse the effeels of fires and external 
events such as earthquakes. Much, if not ail , of the 
analysis of internai events can now be performed on 
personal computers, substantially reducing the cost 
and improving the efficiency of studies performed 
today. At the present time, we are limited more by the 
lack of readily accessible data on root causes from 
operating and maintenance log books than of 
methods to analyse the data. Methods for evaluating 
the reliability of solid-state reaelor control and 
proteelion devices are not yet applied routi ne ly, 
although the efforts underway at the OECD Halden 
Reaelor Proieel, which the NEA is co-ordinating, 
should do much to improve the situat ion. 

UNCERTAINTIES STILL EXIST 

Although improved methods of analysis are ava ilable 
and considerable data have been acquired on the 
role human interaelions play in safety assessments, 
weaknesses still exist in the abil ity to address 
cognitive and comprehensive errors, or to consider 
the pervasive effeel of a poor safety altitude at a 
plant. Work is underway in these areas in many 
countries, however, including a substantial program
me on man-machine interfaces within the Halden 
Proieel (see artic le by G. Ishack in this issue). 

Considerable data have been acquired on the 
frequency of initiating events and the rel iability of 
components. However they are oHen not in a form 
that makes them readily available to PSA analysts. 
Thus, while a comprehensive plant -specific analysis 
is within the current capabilities, it is sometimes not 
performed because of the costs and resource alloca
tions req uired. 



PROBABILISTIC SAFETY ASSESSMENTS 

A fu/l-scale Probabilistic RisK Assessment wos made at the BibiJs nuc/ear power plant in the Federal Republic of Germany. 

As described above, a deta iled and comprehens ive 
research programme is weil underway to understand 
how severe accidents progress, how the conta inment 
responds and how radionucl ides are transported . 
Although the uncertainties associated with the ability 
to pred ict some of these elements are sti ll very large, 
in general, estimates of the amount of the various 
rad ionucl ides which might reach the environment are 
now lower than those pred icted in earl ier stud ies. 

As for the consequences to humans of the potential 
releases, models to analyse these consequences have 
been substantially improved. However, some mod
ification may be necessary to reflect the new informa
tion regard ing the biological effects of ion izing 
rad iat ion now becoming avai lable. 

The ability to analyse the effect of fires, floods and 
other external events has also improved substantially. 
Major limitations still exist in estimating the frequency 
of very rare catastrophic events (such as great 
earthquakes) and it does not appear that the limita
tions will be resolved in the near future for the simple 
reason that such events are 50 rare. Similarly, some of 
the subtle effects associated with certa in other 
external events will require more extensive study 
before they can be quantified without cons iderable 

uncertainty (e.g., effects of smoke and soot during 
fires). 

Although the process of performing a PSA may 
appear to be relatively simple, it requires a highly 
competent and ded icated staff and a deta iled know
ledge of the plant, particularly the interactions among 
the various plant systems and between the plant and 
those who operate and maintain il. The analysts must 
be given a clear directive to obta in the best estimate, 
emphasizing neither conservati sm nor optimism. They 
must be careful not to tailor results to meet estab
lished limits or goals. A certain discipline is also 
required from ail those using the final product to seek 
the underlying insights regarding plant performance, 
and to avoid degenerating into subjective" number 
exercises " . 

USING A PSA WISEL y 

Given these strengths and weaknesses, how can 
probabilistic results be utilised? A comprehensive 
discussion appears in a recent NEA study entitled 
Probabilistic Safety Assessment in Nuclear Power 
Plant Management, wh ich evaluates the value of a 
PSA as a general engineering analysis for assessing 
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and managing the safety-related operations of a 
nuclear power plant. The report concluded that a PSA 
provides plant management with insights not readily 
available from traditional analyses. While some of 
these insights derive from probabilistic evaluation, 
the majority simply arise from the systematic yet 
unprejudiced nature of the PSA process and from the 
integrated model of the behaviour of plant systems 
and operator actions which a PSA can create. A PSA 
also provides a logical, plant-specifie framework for 
regulatory discussions and negotiations that can be 
used both for evaluating plant-specifie issues and for 

. resolving generic safety issues. 

The benefits derived by plant operators are generally 
greatest when there is a full commitment to develop
ing and maintaining an internai PSA capability, with 
minimal dependence on outside experts except for the ' 
initial transfer of the technology. Although such 
commitments are quite expensive, the benefits are 
generally considered to outweigh the cost. PSAs for 
existing plants have always identified effective ways 
of achieving plant safety, thus contributing to the 
overall effectiveness of plant operation. 

Therefore the report comes to the unambiguous 
conclusion that a PSA is directly beneficial to those 
implementing it in support of the design or operation 
of nuclear power plants, and to ail those concerned 
with ensuring plant safety. The resulting reduction in 
the frequency of severe incidents and accidents is 
equally beneficial to the industry as a whole. 

The same techniques are also of interest to the 
regulator in a variety of ways, e.g., by permitting an 
independent review of regulatory requirements to 
ensure that potentially significant risk factors are 
properly considered. Furthermore, the models gener
ated by a PSA are useful in evaluating the significance 
of both plant-specifie and generic issues and in 
developing strategies to react to or manage a severe 
accident as it occurs. As before, the boundary 
conditions and assumptions used in the original 
analyses must be taken into account. Finally, the 
results of PSA studies provide useful information for 
prioritising the expenditure of resources for future 
safety resea rch . 

ln brief, the strongest insights to be gained from a PSA 
derive from the integrated and comprehensive exami
nation that such analyses entail, the structured exami
nation of operating experience, and the attention 
devoted to system interaction. The weakest insights 
are those that derive primarily from the quantitative 
rankings alone, and for this reason, such application 
of the results is discouraged. While the quantitative 
results are important, they should be considered as 
most useful for a coarse screening of the results. 
Overall use should not be highly dependent 
on absolute quantitative values nor should 
they be used in isolation. Rather, they represent 
an additional tool, an additional source of informa
tion for use in making regulatory decisions, in 
concert with the more traditional analytical D 
techniques. 



COMPARING THE COSTSOF ELECTRICITY GENERATION 
G.H. Stevens 

M
any years have passed since the advent of 
nuclear power was hailed as providing 
"electricity too cheap to meter". Neverthe

less the ma in motivat ion for nuclear power develop
ment programmes is to provide a cheap and secure 
source of electricity both for the short and the long 
term. The co st at which electricity can be provided is 
therefore a highly important issue, as is the choice of 
the method of calculating this cost. NEA conducted 
comparat ive studies of electricity generation from 
coal-fired and nuclear plants in 1983, 1986 and 1989, 
the last time in co -operation with the International 
Energy Agency. On ail three occasions use has been 
made of data collected by the International Union of 
Producers and Distributors of Electricity (UNIPEDE), 
whose work has been supplemented by additional 
types of data and data from non -European countries. 

There are several ways of presenting Ihe cosls of 
electri city generalion, and the method chosen will be 
determined to a large extent by the purpose for which 
the calculation is made. When the purpose is to 

M~. GEOFF~EY STEVENS IS HEAD OF THE NEA NUClEA~ DEVElOPMENT 
DIVISION. 

compare the advantages of investing in alternative 
means of electricity generation it will not usualiy be 
appropriate to use the current operational costs for 
existing stations. One apparently simple method is to 
look at the annual generating cost for a single station. 
However, while il might be straightforward to eslab
lish the annual fuel and operating costs, there could 
be difficulties in deciding the correct allowance to 
make for investment in the plant itself and in stocks of 
fuel for il, for the costs of handling wastes, for 
mid-life refurbishment, and for eventual decommis
sioning. For example, should the period over which 
the investment is amortized reflect the economic life 
of the plant or some probably shorter period, such as 
the time over which loans have to be repaid? Should 
the amortization be in equal amounts each year or is 
some other formula preferable? ln either case the 
generating cost appears to change abruptly at the 
end of the amortization period. 

Looking at the annual generating costs for a single 
station is an approach frequently used by utilities, 
particularly for presenting costs of generation for 
existing stations. Il tends to yield costs which vary 
from year to year as plant performance changes, so 
does not provide a reliable basis for investment 
policy. 
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USING THE LEVELISED COST FOR A SINGLE 
STATION 

A more useful measure for this purpose is the 
levelised cost for a single station. An ideal calculation 
of this type will take account of the f10w of money 
expended over a period of time on the station, its f~el , 
its operation and 011 subsequent stages Includmg 
spent fuel management, waste handling and ~ecom
missioning. A standard discountlng pr~cedure IS used 
with a discount rate appropriate to the Industry to flnd 
a total cost in present worth terms. When this is 
divided by the sum of the discounted annual electricity 
output over the station's life, a levelised generatlon 
co st is obtained. Usually constant value money IS 
used, particularly for international comparisons. 

This second method is useful for general purposes but 
it does not establish the full economic impact of a new 
generating station when it is introduced int? a grid 
system. It is this input which wrll be the basls for an 
existing utility's investment decision. A mathematlcal 
model of the whole of the existing power generatlon 
and distribution network is required so that, using 
predictions of electricity demand patterns, it is 
possible to simulate which stations will be used wh en 
and for how long. Thus the effect of introducing 
differing plants with their own different cost structures 
con be analysed. However, as the results are system 
specific, they cannot readily be ~enerallsed for the 
purposes of international comparlson. 

For this reason, the levelised single station cost has 
been used for NEA studies. It has been found that the 
costs of generation by one type of plant, say cool or 
nuclear, vary greatly between countrres. 'Some of thls 
variation arises from local factors su ch as site costs, 
labour rates and the regulatory framework, but 
temporary departures of currency exchange rates 
from equilibrium values can also generate apparent 
differences of cost. For these reasons NEA studles 
have concentrated on comparing the ratio of genera
tion costs for different plant types within each country. 

The basis of the studies is data collected from utilities, 
sometimes directly, sometimes through government 
agencies. For the latest study they w~re asked to 
provide projections of costs for generat.mg plants for 
base-Ioad operation to be commlssloned ln the 
period 1995 -2000. The projections for i nvestment 
costs were to be well-founded in the bids and 
contracts recently negotiated, and the fuel and 
operating costs were to be the best estimate the 
utilities could make of the costs to be expected over 
the plant's life. In the case of the United States, it was 
believed that post experience was not a good gu!de 
to future investment costs; the U.S. administration 

provided costs which they thought would be repre
sentative of future nuclear plants. As far as pOSSible, 
the costs were to include 011 resource costs wh ich 
would be changed by the selection of one generating 
technology rather than another. For example,. station 
specific costs for R&D or training were to be Included 
but not general company overheads. 

No effort was made to constrain util ities' vi ews on any 
of the co st elements but they were asked to use 
standard values for plant lifetime, load factor (pro
portion of total possible output from a fu ll year's 
operation which the plant was expected to provl de) 
and discount rate, as weil as calcu latlons based on 
their own views of these values. 

COMPARING DATA FROM NUCLEAR AND 
FOSSIL FUEL PLANTS 

ln the latest exercise, information was obta ined from 
17 OECD and 5 non-OECD countries. The widest set 
of data were for coa l and nuc lear plants although 
some utilities contributed data on gas -fired power 
stations. The results were that on the expected pri ces, 
gas-fired power plants of the trad itiona.1 type :,,:ould 
not be competiti ve; in an annex there IS add ltlona l 
data of a less wel l-substantiated nature on the 
expected costs of newer technolog ies such as com
bined-cycle gas-fired plants. As to the coa l versus 
nuclear comparison, there is a competit ive advantaQe 
for nuclear in Japan, in most of western Europe and m 
North American regions distant from coal fields when 
the calculations are performed using a discount rate 
of 5 per cent, which is close to the rate used by a 
majority of the participating OECD. countrr es. USl ng a 
discount rate of 10 per cent, wh lch IS a Iittie above the 
rate actually used by two European countries wh ich 
currently operate nuclear power reactors, those 
countries still show an advantage fo r the nuclear 
option, although in most other countries the adopt io,n 
of this assumption would remove nuclear electrr clty s 
cost advantage. 

A number of sensitivity tests were done wh ich showed 
that a large range of changes adverse ta the nuclear 
case would not remove the co st advantage estab
lished in the 5 per cent discount rate câse. On the 
other hand, the use of a 10 per cent discount rate and 
lower cool prices, which were suggested ta the expert 
group on behalf of the IEA's Coallndustry Advisory 
Board, would place the nuclear costs higher thon coo l 
costs in 011 countries cons idered. 

Nuclear fuel costs provided for the study included the 
costs foreseen by the utilities for dealing with the bock 

. end of the nuclear fuel cycle, including the disposai of 
radioactive waste. In the seven cases in which the 
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reference case had shown a marked advantage 
(20 per cent or more cost differential), the nuclear fuel 
cost wou ld need to ri se by between 80 and 290 per 
cent in discounted real te rms before the l1 uclear 
odvantage would disappear. Thus a qu ite marked 
ri se in bock -end costs could be accommodated 
without renderi ng nuclear electricity uncompetitive. 

Particular attention was also pa id to decomm iss ion
ing costs. In ail the nucl ear cases, a sum of 8 te 18 per 
cent of the origina l investment cost had been included 
in undiscounted terms. When discounted to the 
presumed date of carry ing out the decommissioning 
opera tions, whi ch wou ld be after the end of commer
cial operations (30 to 100 years has been quoted), 
these expend itures represent about 2 per cent of the 
original investment cost. As it was not clear in ail 
cases how much contingency allowance had been 
incl uded in the decommission ing co st est imates, an 
allowance of 25 per cent was added. However, 
neither that nor the inc lusion of a sensitivity test of a 
100 per cent increase in decomm issioning costs did 
more than add about 1 per cent to the overall nuclear 
generation cost. 

It is interesting to compare the latest results with those 
obtained in previous stud ies. Since 1986, a marked 
reduct ion in fossil fuel pri ces has led to downward 
revision of expectations of futu re coa l prices. Th is is 
the one consistent change in any of the major cost 
elements. When account is taken of the movements in 
exchange rates and nationa l priee levels, there is 
qu ite a wide spread of changes in the projections of 
other cost elements. For example, whereas the U.S. 
expects a marked ri se in the cost of Operation and 
Maintenance (0 & M) of nuclear power plants, other 
countries' projections va ry by between minus 28 and 
plus 24 per cent from earlier estimates. The projec
tions of 0 & M costs fo r coal plants have changed by 
amounts varying between minus 62 and plus 98 per 
cent. Overoll the changes in nuclear C03tS lie between 
minus 17 and plus 19 per cent wh en compared with 
the 1986 figures, whereas fo r coal the spread of 
changes is from 0 to minus 40 per cent. 

Sialis Iles concernlng Ihe cosl of generallng e/eclrlcily were 
co//ecled and ana/ysed ln a recenl NEA//EA sludy. 

ln terms of contribution to the overall electric ity 
generation cost in a nuclear power plant, it is the 
orig inal investment which has the preponderant role. 
The figures in the study described above show that the 
investment cost represents between 47 and 70 per 
cent of the nuclear generation cost. It is scarcely 
surprising that great attention is paid to means of 
reducing the investment cost. One obvious route has 
been to obta in economies of scale as individual unit 
sizes have risen over the last three decades from 
about 150 MW(e) to the 1 455 MW(e) reactors now 
under construction in France. The French nuclear 
programme has also benefited from the construction 
of multiple reactors on one site and from orderi ng a 
series of reactors of the same design. These factors 
may go a long way to explain why the French 
reported the lowest ratio of investment to total 
generation cost. 

Not ail countries are in a position to accept large un its 
onto their electricity distri bution grids nor to contem
plate nuclear programes of the size adopted in 
France. Nevertheless a number of means can still be 
used to keep investment costs dowr.. As interest on 
funds used during construction can be a large part of 
the investment cost wh en the plant construct ion period 
is as high as (or even in some cases greater than) 
6 years, there is a major incentive to redesign the 
plant so that it can be built more quickly, perhaps by 
prefabrication of large modules off-site. Th is has the 
advantage that product ion standards are often easier 
to maintain in a factory environment. The design and 
management processes have been subject to con
siderable scrutiny, with computer-aided design, 
three-dimensional graphie displays of complex inter
locking piping runs and computerised project man
agement ail being deployed to speed design and 
construction . A particular benefit of the extremely 
sophisticated computer graphies now in use is the 
ability to resolve, in the design office, conflicts in the 
requi rement for space and hence avoid much costly 
reworking on site. 

The NEA recently called together an expert group to 
advise on the benefits which might be gained by the 
wider application of these practices. Their work was 
to some extent constrained by the commercial nature 
of some of the information which was basic to their 
study but they have convincingly demonstrated sever
al ways in which 15 to 20 per cent of the cost of a 
one-off power reactor of about 950 MW(e) could be 
saved. Not ail the savings could be expected to 
cumulate but there is evident scope for containing the 
costs of nuclear power plants and thereby maintain 
ing them as competitive when newer, more effic ient 
fossil-fuelled plants come into widespread use. 
A report describing the results of the cost 
reduction study will shortly be made available. D 

-11 . 

NEA NEWSlETTER 
SPRING /990 



THE OECD LOFT PROJECT: AN IMPORTANT DISCOVERY 
J. Feil 

·12· 

NEA NEWSLETTER 
SPR/NG /990 

INTRODUCTION 

The Loss-of-Fluid -Test Project, which became a 
joint project of the NEA in 1983, was successful
Iy concluded on 30th September 1989 at the 

Idaho National Engineering Laboratory (U.S.). The 
results were reported fully at a public meeting in 
Madrid in May 1990, and preliminary results have 
been described in previous NEA Newslellers 
(Fa111985 and Fall1987 issues) . Nine countries* in 
addition to the U.S. participated in the project. 

LOFT was the only reactor test facility which simu
lated ail the components of power reactors and also 
used real nuclear fuel. It was able to provide a 
complete simulation of the most serious kind of 
nuclear accident, that which involves a loss of cooling 
water in the reactor. The goals of the Project were to 
improve the ability to understand and predict abnor
mal behaviour of pressurised water reactor systems 
or components and to enhance their safety and 
reliability. 

The final test was designed to create a severe 
accident similar to that which occurred at Three Mile 
Island Unit 2 in 1979 - that is, an accident in which 
very high temperatures caused the fuel to melt and 
resolidify in the reactor vessel. This test was carried 
out in July 1985 under rigourous experimental condi
tions to measure as precisely as possible the exact 
sequence of events when cooling water is withheld 
from a reactor core until the fuel melts. At the end of 
the experiment, special measuring instruments 
allached to the various surfaces inside the reactor 
showed an interaction of phenomena which proved 
unexpectedly difficult to understand. The full informa
tion from this test, in particular the data from the 
post-irradiation examination, was only available 
towards the end of the project, and a consistent 
picture of the main events has only now been 
obtained. 

For the final test, one fuel bundle and its control rods 
were placed in the middle of the core, surrounded on 
ail four sides by a thick layer of material containing 
zircaloy and zirconium dioxide. In this way, a test 
could be made of just the one bundle without 

* Participating countries: Austria, Finland, Germany (Fed . Rep. ), 
Italy, Japon, Spain, Sweden, Switzerland, Un ited Kingdom and 
United States. 

MR. JESSE FEH IS A CONSULTANT AT W/NFRITH TECHNOlOGY CENTRE, UN/TED 
K/NGDOM AND WAS THE lAST CHA/RMAN OF THE PROGRAMME REVIEW 
GROUP FOR THE LOFT PROJECT. 

damaging the fuel in the rest of the core and without 
letting the coolant in the rest of the core interfere with 
the results of the test. 

PLANNING AND CONDUCTING THE FINAL 
TEST 

The experiment began with a break in a pipe carrying 
cooling water through the reactor cooling circu it and 
this led to overheating of the core. Normally such a 
loss of cooling water would be terminated by the 
injection of water from the emergency cooling system 
(a system which is provided for ail water reactors). 
However, in order to simulate a severe accident, 
leading to fuel melting, the emergency coolant 
injection was delayed for almost thirty minutes. This 
final water injection cooled the core and concluded 
the experiment. 

As a result of overheating the fuel (the transient), 
fission products were released from the gap between 
the fuel pellets and the surrounding zirconium mater
ial, more fission products were released from the fuel 
as it continued to heat up, and the silver in the control 
rods vaporised, caus ing them to burst. This vapor in 
turn escaped from the vessel , carrying some of the 
fission products with it. 

Il was recognised in planning the experiment that heat 
would come from two sources - the decay heat from 
fission products already present in the fuel and the 
reaction of the zircon ium fuel cladding with steam 
produced in the transient. However, the relative 
importance of these two heat sources and the 
timescale on which they operated was not revealed 
until a complete analysis was made of the results . 

The fi rst part of the test corresponded to the 
anticipated scenario. During the overheating tran
sient, the heat input was predominantly from the 
decay of fiss ion products, while the zirconium -steam 
reaction was less important because a limited amount 
of steam was available. At the start of the reflooding 
period, however, rapid cooling of the lower part of 
the fuel generated a large amount of steam. Although 
fuel components which had melted in the first part of 
the test formed blockages in the lower part of the 
vessel, the zircon ium was able to react with the steam 
and thus provide a substantial add itional source of 
heat. This caused material in the upper part of the 
bundle to melt. As the reflood water reached the 
upper part of the bundle, it rap idly cooled those fuel 
surfaces that had not reached extreme temperatures. 
However, the inner surfaces of the bundle that had 
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Important new information on severe accident mechanisms was revealed by the final test at the Of CD LOFT facility in the United States. 

reached such high temperatures took much longer to 
cool, causing an unexpected and much larger release 
of fission products. 

MEASURING THE RESULTS 

During the test, special instruments (thermocouples) 
measured the temperatures along the fuel bundle and 
at various other places inside the reactor vessel. It 
was recognised at the outset that many of these 
instruments were not designed to withstand the very 
high temperatures which would occur during the test. 
Other instruments measured the amount and kind of 
fissi on products released in the steam and deposited 
on reactor component surfaces, the characteristics of 
the aerosols that transported the fission products, as 
we il as the amount of hydrogen generated. 

ln addition to readings from the instruments, radio
graphs were made of the fuel bundle and sections of 
it were polished, photographed and carefully analy
sed. The data obtained by the examination of these 
fuel cross-sections proved vital to the understanding 
of important features of the transient. 

CONCLUSIONS 

Readings from most of the thermocouples before they 
failed, as weil as readings from the few that did not 
fail, and an examination of the fuel after the test, 
showed that temperatures rose up to 2800 C. (5100 F.) 
of ter the beginning of the reflooding period. Furth
ermore, four times more hydrogen was produced 
during the reflooding period than during the over
heating transient. Calculations using thermal
hydraulic codes also provided evidence that not 
enough steam was available in the test fuel bundle 
during the transient to supply the total amount of 
hydrogen measured, further confirming that the 
highest temperatures were reached during the re
flooding period. The unexpected temperature ri se at 
the reflooding stage and the phenomena that caused 
it constituted one of the most important findings of the 
final LOFT test. 

Important parallels can already be seen with the 
evidence from the analysis of the Three Mile Island 
accident. Il is clear that further analysis of these 
conclusions, based on detailed code calculations, 
and their integration into nuclear safety considera
tions, will continue to occupy the interna- D 
tional community for a number of years. 
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The NEA has cooperated with the IAEA since 
1967 in studying the world's uran ium resources. 
The NEA focuses on the principal industrialised 

countries while the IAEA provides information con
cerning the developing countries and those which 
have been known as Centrally Planned Econom ies 
(e.g . Czechoslovakia). Although there is less concern 
now over the adequacy of these resources than 
formerly, a statistical update is published annually 
concerning uran ium resources, production and de
mand. Every second year this is accompanied by a 
more detailed analysis of supply and demand pros
pects for the next fifteen years or 50. Every fourth year 
this analysis is extended to look at prospects over a 
period of th irty to fort y years. "Uran ium Resources, 
Production and Demand " (known as the "Red Book ") 
for 1989 is of this last type. 

The basic data were collected in the first half of 1989, 
with resources and product ion up to the end of 1988. 
The known resources considered recoverable at up to 
$80/kg uranium (U) stood at 2201 000 tonnes
roughly equivalent to the needs of about 

Mi. JAMES JOOSTEN IS A MEMBER OF THE NEA NUCLEAR DEVElOPMENT 
DIVISION. 

500 Pressurised Water Reacto rs of 1 000 MWe 
capacity for thirty years. In the category of best 
identified or "Reasonably Assured Resources," new 
discoveries have accounted for ail but 9000 tonnes of 
the 73000 tonnes U produced in 1987 and 1988. 

There was a decrease of 118000 tonnes to the 
773000 tonnes U in low cost previ ously ava ilab le 
under, "Est imated Add itional Resources - Category
l," primarily as a result of mining and mil ling losses 
not previously ta ken into account. The known re
sources recoverable at up to $l30/kg U stood at 
3365000 tonnes U. 

Since 1985, annual production of uran ium in the 
World Outside Central ly planned economies Area 
(WOCA) (36600 tonnes U in 1988) has fallen short of 
pred icted reactor-related requirements 
(40600 tonnes U in 1988). The shortfall is gradually 
bringing down the excess inventory bu ilt up during the 
late 19705 and early 19805 in expectation of greater 
use of nuclear reactors. The current excess inventory 
(i.e., excess over the two-year supply wh ich utilities 
and fuel cycle companies seem to prefer to hold), 
together with speculation about the potential scale of 
Soviet trade in uran ium, has brought spot market 

NEA NEWSlETTER 
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. 
prices below $10/ kg U. This in turn has contributed to 
a large reduction of exploration expenditures (from 
$241 million in 1983 to $146 million in 1988-
expressed in constant 1989 U.S.$). 

INCREASE IN FUTURE DEMAND 

Look ing to the future{ excess inventory is expected to 
be worked off by the mid -19905. Production centres 
associated with known resources recoverable at up to 
$80/ kg U will be able to cope with demand until after 
2000. Bringing in production centres on resources 
recoverable at up to $130/Kg U will keep adequate 
supplies ava ilable to about 2005. Th is would require 
some ri se in the price of uranium above the present 
range of $50 to $80/kg U in order to provide an 
incent ive to bring into use by 2005 some 
14000 tonnes U/year capab ility which is currently 
regarded as "planned or prospective capabilit(. 

A rough equ ilibrium would be reached between 
supply and demand at about 52 000 tonnes U. There
after the demand for uran ium is expected to increase 
although with growing uncerta inty as to the quantities 
involved. T wo scenarios are presented. A "Iow" case 
assumes that about 15 years will pa 55 before nuclear 
electricity generation extends into OECD countries 
not already us ing it and that in these countries only 
relatively slow progress will be made in increasing 
capacity. Very few non-OECD WOCA countries use 
nuclear electricity generation in this case. 

ln the "high " case{ it is assumed inter o/io that 
continued good operation of nuclear power plants 
and waste disposai facilities leads to greater public 
acceptance with an approach towards maximum use 
in those countries already operating nuclear plants. 

The increased acceptance of nuclear power is 
expected to lead to a greater willingness to help 
non-OECD WOCA countries exploit it but{ even SOI 

only a few developing countries are expected to 
make significant progress. In the "Iow" case nuclear 
electricity generation grows to 3 700 TWh/year in 
2030 (from 2000 TWh/year in 2000); in the "high" 
case the nuclear share of electricity production in 
2030 would be 5300 TWh. An alternative way of 
presenting these scenarios is that in the " low" case{ 
the nuclear share of electricity generation stays at 
about 20 per cent wh ile in the "high" case{ it grows to 
a little under 30 per cent. 

The " Red Book " data suggest that by 2030 on Iy some 
27000 tonnes of annual uranium production capabil
ity can be ident ified as against demand of 
73000 tonnes U and 109000 tonnes U in the "Iow" 
and "high " cases. The use of Fast 8reeder Reactors { 
entering service after 2020{ could reduce the uranium 
demand by 9000 tonnes and 14000 tonnes respec 
tively in 2030 but a large apparent gap would still 
exist. This is not thought to be a cause for concern{ 
however{ as large uranium resources are available 
which would be tapped once uranium pr ices rose to 
provide the incentive for investment in exploration 
and production. T aking ail uranium resources (includ
ing those believed to ex ist{ on the basis of indirect 
evidence and geological extrapolations{ the "Spe
culative Resources ") about 9.5 to 12 million tonnes of 
uranium appear to be amenable to extraction by 
techniques already practised. 

Previously reported work suggested that further large 
quantities of uranium resources will be found in the 
countries with Centrally Planned Economies. The 
latest Red Book for the first time contains information 
on three of these countries: Bulgaria{ China D 
and Czechoslovakia . 
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The OECD Halden Reactor Proiect (situated at 
Halden, Norway) derives from a decision, taken 
in 1956 by the Council of the Organization for 

European Economic Cooperation (the herold of the 
OECD), to study the possibility for ioint European 
ventures in nucleor energy. The Proiect was launched 
to satisfy the two-fold obiective of demonstroting the 
operobility of a boiling heavy water system, and 
performing numerous physics and dynamics studies. 

During the thirty -two years that the Proiect has thus 
for spanned, membership varied according to the 
needs and priorities of the different institutions with 
related interests. Presently, OECD Member Countries 
that participate in the Halden Proiect via one or more 
of their organisations include Denmork, Finland, F.R. 
Germany, Italy, Japon, Norway, Sweden, the United 
Kingdom, and the United States. The current agree
ment extends until 31 st December 1990. 

The Proiect's successful performance coupled with the 
increasing demand for practical applications, from 
countries both with and without a nuclear power 
programme, has resulted in the emphasis being 

Mg. GUlgGUIS ISHACK IS A MEMBEg OF THE NEA NUClEAg SAFID DIVISION. 

gradually shifted to light water reactor research of a 
broader scope. The current programme is equà lly 
divided between activities in two oreas : fue l perform
ance experiments and analys is, and computerized 
mon-machine communication . This article focusses 
on the latter. 

COMPUTERIZED MAN-MACHINE 
COMMUNICATIONS 

The Proiect studied on-line computer controls from 
January 1967 through December 1969. A lorge pro
cess computer was installed for the purpose of 
applying modern control theories to contro l and 
supervision problems in the plant. Thus the import
ance of mon-machine interface stud ies was recog
nized at Halden at a relatively eorly stage in the 
history of commercial nucleor power. 

The activities in the process computer control field 
have undergone a steady expans ion and presently 
coyer a wide ronge of topics. Of particular import
ance ore the developments in the oreas of operator 
support systems and preparation and analysis of 
experiments to evaluate mon-mach ine systems. 

Compulers are used exlensive/y la assisl nuc/ear power p/anl personne/la operale reac/ors. 
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COPING WITH IISOLUTIONS" 

Operators in a nuclear power plant control room are 
frequently expected to accomplish a myriad of tasks, 
satisfy a multitude of requirements, follow a host of 
procedures, analyze a variety of transients, respond 
to numerous requests and ensure that ail functions are 
effected error-free. It is therefore not surprising that 
each of several work groups, such as plant engineers, 
system designers, and ergonomists, has over the 
years proposed and, in many cases, implemented 
"Solutions " to what was deemed to be the Operators' 
primary source of "Troubles ". If the major problem 
seemed to be caused by inadequate or insufficient 
information, the logica l "fix " wou Id have to be 
additional alarms and parameter displays; and if the 
root cause of a certain incident was identified as 
being poo ri y written procedures or a lack of 
appropriate ones, the follow- up actions would almost 
certainly inc lude the institution of several additional 
written instructions. 

Furthermore, if "bad presentation " were cited as the 
reason for a certain error, the operator might end up 
with a superposition of more fanciful or colourful 
displays portraying the status of various processes, 
systems and components. Thus, in their attempt to 
"help" the Operator, the various players involved in 
the cycle of nuclear electricity production have 
inadvertently burdened him with an overwhelming 
amount of training manuals, written instructions, 
visual aids and audible alarms. Furthermore, and 
perhaps more importantly, it should be noted that the 
modifications, changes, additions, and in short "im
provements " done for the "benefit " of the Operators 
rare ly invo lve any input from them - the most 
affected. 

The Halden Project on the other hand, has been 
successful to a large extent, in addressing the 
situations encountered in a plant's control room 
through grouping them into distinct areas, some of 
wh ich are highl ighted hereunder. 

SYSTEMS TO AID OPERATORS 

T 0 assist the operator during normal operating 
conditions, the reactor core surveillance system 
"SCORPIO " was developed. Testing of that system 
was carried out both at the Halden laboratories and 
at a power plant in one of the participating Member 
Countri es. It is thus ensured that plant operators are 
involved in the evaluation process. 

"HAMMLAB", the Halden Project Mon-Mach ine 
System Laboratory, has been built around a full-scale 
simulator of a pressurized water reactor for carrying 
out mon-machine system expe,.iments and system 
validations. T 0 ascertain that the Project's integrated 
approach to the study of the "Man-Machine System " 
is performed with equal emphasis on the physical , 
methodological and theoretical aspects, work carried 
out by relevant industries, utilities, and research 
laboratories in Signatory Countries is systematically 
followed . 

Due to the pressing need within the nlJclear commun i
ty for improving both operational safety and power 
plant efficiency, it was felt imperative to develop a 
system which coordinates the activities in the man
machine communication area. It was with this objec
tive in mind that "ISACS" (the Integrated Surveillance 
and Control System) was conceived . The three main 
parts of ISACS - the man-machine interface (MMI), 
the coordinating hardware and software and the 
computerized operator support systems (COSS)
act as one integrated unit with respect to the operator. 
(See Figure next page.) 

Introducing the ISACS concept strongly influences the 
operator's role, giving extensive support in identifying 
the status of the plant, planning control actions and 
implementing them, th us relieving the operator of 
trivial tasks and providing advice in complex 
situations. In the ISACS concept, it is a basic 
requirement that the operator remain in control of the 
process, with ISACS supplying the information neces
sary to better perform the required tasks. 

The " PICASSO " system is a tooffor generating colour 
graphies and mon-machine dialogue in real-time 
environments. The main aims behind PICASSO were 
to make possible the use of the same man -machine 
interface software for different applications and to 
develop a system that could also be used by 
personnel without computer experience. Use of effec
tive design tools resulted in a reduction in the 
programming efforts that would have been otherwise 
required, thus enabling more attention to be devoted 
to the user-friendliness of the man -machine interface 
system. 

ln order to achieve the dual target of reducing the 
number of alarms to which the operator is required to 
respond, and obtaining warnings sufficiently early to 
avoid taking drastic countermeasures to restore 
normal plant conditions, an Early Fault Detection 
(EFD) module was developed. EFD continuously 
monitors process parameters and calculates possible 
deviations between their measured and expected 
values; these deviations eventually lead the system to 
identify the possible source of the disturbance. 
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The ISACS system 

INSTRUMENTATION 
BASIC PROCESS 

INFORMATION SYSTEM (SCADA) 

~ 
AUTOMATIC [ co~s, ~ CONTROL 

PROCESS 

1 1 ISACS 
1 - COORDINATOR 

1 
1 COSSs 
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The Computerized Operation Manual "COPMA" 
was firsl presenled in 1985 by Halden slaff. Il is a 
compulerized system that enables operators to re
trieve procedures From a procedure database, and 
follow either one procedure, or several procedures in 
parallel. Execution of a procedure is initiated simply 
by selecting it from the list of ava ilable procedures. 
Th is greatly reduces the operator's response time 
(eliminates the need to search through manuals), 
ensures cons istency in executing procedures and 
elim inates the potent ial for human error (e.g. sk ipping 
a step, misinterpreting an instruction, etc. ). 

There are other facets to the Halden Project's 
activities in the man-machine interface area (e.g. 
post -trip guidance system, software validation, etc.); 

- MMI 

~ i 
OPERATOR 

however, the above brief exposé demonstrates how 
the Project handles the general question of "balan
cing automation and human act ion " by address ing 
discrete situations with in that broad doma in such as 
normal operation, system val idati on, early fa ull 
detection, activity coordination, graph ie displays, and 
procedure retrieval and execution. 

Many of the operalor aids developed with in the 
Halden project have been and are be ing used al 
some power stations in the Signatory countri es, as 
weil as al the Halden reactor itself and on the 
HAMMLAB simulalor. Special ists monitor operator 
performance, with and wilhout these aids, and 
feed thei r observations bock 10 the system D 
designers. 



THE NUCLEAR POWER SITUATION IN OECDCOUNTRIES 

1989 SITUATION 

During 1989, nuclear electricity generation in 
OECD countries rose from 1 421 .3 TWh ta 
1 451 TWh. Nuclear power provided nearly 

23 per cent of electricity generated in the OECD area. 
The number of nuclear power plants in OECD 

Member countries rose ta from 320 in 1988 ta 323 in 
1989, as 7 were added ta the grid and 4 were 
decomm issioned. The total installed nuclear copoci ty 
0150 rose slightly, from 247.6 GWe in 1988 D 
ta 253.9 GWe in 1989. 

ESTIMATES OF TOTAL AND NUCLEAR ELECTRICITY CAPACITy(d) 
(nel GWe) 

COUNTRY 

Auslralia 
Au slria 
Belgium 
Canada 
Denmark 
Fin land 
France 
Germany F.R. 
Greece 
Iceland 
Ireland 
Ila ly 
Japo n (b, c) 
Luxembou rg 
Nelherland 
New Zeala nd 
Norway 
Porluga l 
Spain 
Sweden 
Swilzerland 
T urkey 
Uniled Kindom 
Uniled Siaies 

OECO Totol 

(a ) Secretar ia t es limate. 
lb] For fiscal year. 

1988 
(Actuel) 

Tetel Nuclee, % 

34.8 0.0 00 
16.7 0.0 0.0 
14.0 5.5 39.3 
97.6 119 12.2 
8.1 00 0.0 

119 2.3 19.3 
1010 52.8 52.3 
96.4 21.5 22.3 

8.4 0.0 0.0 
0.9 0.0 0.0 
3.7 0.0 0.0 

56.7 1.1 19 
154.5 26.3 17.0 

12 0.0 0.0 
18.0 0.5 2.8 
7.4 0.0 00 

26.0 0.0 0.0 
6.9 0.0 0.0 

43.5 7.6 17.5 
32 .9 9.7 29.5 
15.3 3.0 19.6 
14.5 0.0 0.0 
713 10.4 14.6 

709.0 95.0 13.4 

1550.7 247.6 16.0 

1989 1990 
(Actuel) 

Totol Nucleo, % Totol Nucleor 

34.9 0.0 0.0 35.2 00 
16.8 0.0 0.0 15.2 (e) 0.0 
14.0 5.5 39.3 13.6 5.5 
98.9 11 .9 12.0 103.9 13.7 
8.2 0.0 0.0 8.4 0.0 

12.3 2.3 18.7 12.6 2.3 
100.3 52.8 52.6 102.8 55.8 
97.4 22.4 23.0 97.8 22.4 
8.6 0.0 0.0 9.2 0.0 
0.9 0.0 0.0 0.9 0.0 
3.7 0.0 0.0 3.7 0.0 

57.0 (0) 1.1 1.9 59.2 (a) 1.1 (a) 
158.2 27.6 17.4 1618 29.1 

12 0.0 0.0 1 2 00 
18.1 0.5 2.8 17.6 0.5 
74 (a) 0.0 0.0 7.9 (a) 0.0 

26.6 0.0 0.0 26.6 0.0 
7.3 0.0 0.0 7.3 0.0 

43.5 7.6 17.5 43.5 (a) 7.6 
33.2 10.0 30.1 33.4 10.0 
15.3 3.0 19.6 15.4 3.0 
15.8 0.0 0.0 17.2 0.0 
72.8 112 15.4 74.4 (a) 10.9 (a) 

718.0 98.0 13.6 724.0 100.0 

1570.4 253.9 16.2 1592.8 261.9 

(d) Including electricity generated by the user (autoproducer) 
unless staled otherwise. 

(e) Gross do la con\lerted to net by Secreta nat. (e) Exc luding auloproducers. 

(nel GWe) 

STATUS OF NUCLEAR POWER PLANTS (as of 31 st December 1989) 
Nuclear Power Plants by Developing Stage 

% 

00 
0.0 

40.4 
13.2 
0.0 

18.3 
54.3 
22.9 

0.0 
0.0 
0.0 
1.9 

18.0 
0.0 
2.8 
0.0 
0.0 
0.0 

17.5 
29.9 
19.5 
0.0 

14.7 
13.8 

16.4 

COUNTRY 
Conncctcd to the grid Und.r construction Firmly commit.d Plonned 

Units Copocity Units Copocity Units Copocity Units Copocity 

Belgiu m 7 5.5 a 0.0 a 0.0 0 0.0 
Canada 18 119 4 3.5 a 0.0 4 2.7 
Finland 4 2.3 0 0.0 a 0.0 a 0.0 
France 55 52 .8 8 10.8 a 0.0 1 14 
Germa ny R.F. 21 22.4 1 0.3 0 0.0 0 0.0 
Ilaly 2 1.1 0 0.0 0 0.0 0 0.0 
Japan (a) 38 27.6 14 12.6 3 3.3 14 13.2 
Nelherlands 2 0.5 a 0.0 0 0.0 a 0.0 
Spain 10 7.6 2 19 a 0.0 0 0.0 
Sweden 12 10.0 0 0.0 0 0.0 a 0.0 
Swilzerland 5 3.0 0 0.0 a 0.0 a 0.0 
United Kingdom 39 112 1 1.2 a 0.0 1 12 
Uniled Siaies 110 98.0 5 6.0 a 0.0 0 0.0 

OECO Totol 323 253.9 35 36.3 3 3.3 20 18.5 

(a) Gross dota converted to net by the Secretariat. 
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l n the framework of the Paris Convention and the 
Brussels Supplementary Convention to which 
most Western European countries are a Party, 

compensation for nuclear damage is in principle 
covered by a first tier of insurance or private financial 
security borne by the nuclear operator, followed 
by a second tier funded by the nuclear operator's 
State and a third tier made up of contributions from 
ail the Parties to the Brussels Supplementary 
Convention. 

Under the Paris Convention, the operator's maximum 
liability is set at 15 million Special Orawing Rights 
(SOR) of the International Monetary Fund. This 
amount may however be raised or reduced according 
to the ava ilable insurance capacity or the level of risk 
to be covered, it being understood that it cannot be 
less than 5 million SORs. While the limits set by the 
Brussels Supplementary Convention were increased 
by a factor of 2.5 to 300 million SORs by the Protocol 
of 16th November 1982 amending that Convention, 
the above-mentioned amounts under the Paris Con
vention remained unchanged, despite the fact that a 
majority of its Contracting Pa rties were in favour of a 
substantial increase. 

ln practice, however, in the case of a number of 
countries, the legislation implementing the 1982 
amendments also provided for an increase in the 
nuclear operator's liability and financial security, 
sometimes to a very high level. In some countries, on 
the other hand, the amount remained unchanged, 
while yet other countries decided to set the aperator's 
commitments at an "intermediate" level . This has 
resulted in very uneven levels of liability compared to 
the more uniform situation that prevailed in the years 
following the adoption of the Conventions. 

When revising their national legislation, most of the 
countries Party to the Paris and Brussels Conventions 
wished at the very least to maintain the initial balance 
between private and public funds for coyer of nuclear 
incidents which had been upset by the 1982 revision 
of the Conventions. It should be noted, moreover, that 
for nuclear operators to bear - up to the limit of their 
financial possibilities - the cost of damage likely to 
be caused by their installations conforms to the spirit 
of the Polluter- Pays Principle. Moreover, it is no 
longer necessary in general to refer to the limited 
resources of the insurance market, which had im
posed relatively low amounts when the Paris Conven
tion was adopted, even if there may sometimes be a 
problem in apportioning capacity between third
party liability insurance and insurance for damage to 
the instal lation itself. 

NEED FOR HARMONIZATION 

This situation, characterised by considerable dispari
ties from one country to another, had severa l 
drawbacks. On an economic level it was likely to give 
ri se to distortions in operating conditions appl ied by 
the electricity utilities. Also, the predominance of 
public funds to coyer nuclear incidents in certain 
countries brought into question the legitimacy of a 
third -party liability regime based on the limitation of 
the liability of operators of nuclear instal lations. It 
could also affect the Paris and Vienna Conventions' 
prospects of attracting new countries, especially since 
their amounts of financ ial security had been criticized. 
Finally, the disparities noted cou Id have, in the 
present climate of pub lic op inion, helped endorse 
the - wrong - idea that Member countries' govern
ments did not ail show the same concern for 
protecting victims of a nuclear incident. 

For these reasons, the NEA Steering Committee for 
Nuclear Energy recently endorsed the vi ews of the 
Group of Governmental Experts on nuclear third
party liability that it would be desirable to seek to 
re-establ ish, at a higher level, a greater harmon iza
tion of the nuclear operator's amounts of liability and 
financial security, at least as regards major nuclear 
instal lations (in particular, power reactors) which 
present the risk of caus ing considerab le off -site 
damage. The Steering Committee adopted a Recom
mendation on 20th April 1990 that the Contracting 
Parties to the Paris Convention should, in the ir 
national legislation, set the limit of the operator's 
liability at the very least at a specified agreed level of 
150 million SORs. On the other hand, no specifie 
time-l imit is set for ach ieving th is objective. Th is will 
depend on the capacity of the insu rance market and 
Member countries' legislative procedu res and in 
certain cases can only be a relatively long-term goal. 

The amount suggested in the Recommendation is 
greater than the average capacity likely to be 
currently available on the insurance market in certain 
countries, but it is considered that it could be ach ieved 
progressively in ail countries Party to the Paris 
Convention during the next few years. It takes into 
account the amounts set in the most recent national 
laws. Furthermore, it is below the level wh ich triggers 
the third tier of compensation of the Brussels Sup
plementary Convention. It is, however, high enough to 
constitute a substantial improvement as compared to 
the present requ irements of the Paris Convention, 
because simply to apply the same multipl ication 
factor as that appl ied fo r the 1982 revision of the 
Brussels Supplementary Convention was cons idered 
meaningless in the aftermath of the Chernobyl 
accident. 



NUCLEAR LlABILITY 

ln fixi ng th is new amount at 150 million SORs, the 
Group of Governmental Experts noted that certa in 
nationa l laws provided for automatic reinstatement of 
insu rance coyer after an incident wh ich reduced the 
insu rance capacity available and, consequently, the 
amount of the operator's liabi li ty. When fixing a 
maxi mum amount for the operator's liability and the 
related financial securi ty, it is important to keep in 
mind the different situations in Contracting States 
regard ing the possibility of obtaining that financial 
security for each nuclear incident. For example, in 
some countries, to prevent the insurance amount from 
being reduced or spent following a first incident, the 
operator must reinstate the coyer in full and immedia
tely, while in other countries ei ther there is no such 
obl igation or it is limited to re instating only 10 per 
cent or 15 per cent of the maximum amount. The 

EDITOR'S NOTE 

The Autumn 1989 issue of the Newsletler 
(Vo lume 7, No.2) conta ined an article entitled 
"Strategies fo r Plutonium Utilisation " by Profes

sor P.M.S. Jones. The section concerning Experience 
wi th Production and Use, at the botlom of page 13, 
inadvertently omitted one li ne of text. The last 
sentence on the page should have read : "The United 

objective in the Recommendation of achieving 
150 million SORs must therefore be cons idered in the 
light of each country's particula r situation and the 
conditions of actual reinstatement of the financ ial 
coyer. 

The Recommendation also suggests that the Contrac
ting Parties examine the possibility of a simplified 
mechanism to revise the amounts in nationallaws to 
take account of inflation or other needs. This would 
bean improvement, particularly as it would fac ilitate 
adjustment of the amounts to reflect increases in 
insu rance capacity. The delays and complexi ty of 
procedures for amending legislation are a ma jor 
reason for not revaluing thèse amounts D 
over the years. 

Kingdom, like France and other fast reactor countries, 
already uses plutonium fuels in its prototype fast 
reactor but if has no plans to use MOX in its advanced 
gos cooled reactors where the economics are less 
fovourable thon in PWRs. " The sentence as orig inally 
printed was, therefore, incorrect. NEA regrets D 
this error. 
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INTERNATIONAL SEVERITY SCALE 

The NEA and the International Atomic Energy Agency 
(IAEA) have introduced an international seve rit y scale 
for nuclear events for a 1-year trial period. The Scale 
is intended to standardize the reporting of nuclear 
events worldwide and to facilitate communication 
between the nuclear community, the media and the 
public on such events. 

The Scale, which runs from zero for events with no 
safety significance to seven for major accidents such 
as Chernobyl, has been circulated to Member States 
of NEA and IAEA with an invitation to begin trial use 
of it as early as possible. Provision has been made for 
the Scale to be refined thereafter, based on experi
ence gathered during the trial period. 

PUBLIC INFORMATION WORKSHOPS 

NEA recently organised two workshops on topics 
concerning public information in the field of nuclear 
energy. 

The first, a Seminar on Risk Communication and 
Nuclear Energy, was held on 11 th-12th January 1990. 
The objective of the Seminar was to provide partici
pants with an opportunity to work jointly on practical 
issues specific to communicating risk in the field of 
nuclear energy and to examine closely the skills 
needed to address those issues. The Seminar was led 
by Dr. Vincent Covello, Director of the Center for Risk 
Communication at Columbia University, New York. 
The subjects discussed included methods to identify 
risk communication problems, recognise underlying 
public concerns, build credibility in the community, 
evaluate training methods and interact with news 

media and concerned public groups. Participants 
were executives and public information officers of 
nuclear regulatory authorities and utilities, as weil as 
relevant public administrations. 

The second Workshop, entitled "Communicating for 
T omorrow: a Review of Nuclear Energy Publ ic 
Information Issues in OECD Countries, " was held on 
7th-9th March 1990. This Workshop, which updated a 
similor meeting held by NEA in 1984, had three main 
objectives: to take stock of the status and trends of 
public opinion fours years after the Chernobyl 
accident, to review national policies and programmes 
for public information and to discuss specific issues 
likely to improve communication and public under
standing. As background material for this Workshop, 
NEA conducted a Survey of Nuclear Energy Public 
Information Policies and Programmes in OECD Coun
tries. The Proceedings of this Workshop will contain 
the results of that survey, the main papers presented 
at the Workshop and a summary of the Working 
Group and Panel discussions. 

GEOVAL-90 SYMPOSIUM 

A Symposium, organised jointly by NEA and the 
Swedish Nuclear Power Inspectorate (SKI), was held 
on 14th -17th May 1990 to evaluate the mathematical 
models used in research on the disposai of radioac
tive waste. In this Symposium, the current state of 
knowledge concerning these models was evaluated 
from several perspectives - scientists, regulatory 
agencies and organisations responsible for imple
menting safe disposai of nuclear waste. The discus
sion focussed on the modelling of potential transport 
of radionuclides in various types of rock and the 
impact that repository excavation and heat 0 
generation will have on rock properties. 



NEW PUBLICATIONS FROM THE NEA 

Risks Associated With Human Intrusion at 
Radioactive Waste Disposai Sites 
(Proceedings of an NEA Workshop, 1989) 

Repositories for disposai of radioactive wastes, near or 
deep below the ground surface, already exist or are 
being planned in most OECD Member countries. 
Assessment of the impact of potential future human 
intrusian at disposai sites, as discussed in these 
proceedings, forms part of the analysis of the overall 
long-term safety of disposai practices. 

ISBN 92-64-03292-4 
Price: FF150-f18-US$32- Yen 5250 

Emergency Preparedness for Nuclear- Powered 
Satellites 

Governments have been prompted by several pa st 
incidents to develop emergency planning and 
preparedness measures in relation to the accidentai 
re -entry af nuclear-powered satellites (NPS) into the 
atmosphere. This report describes nuclear power sources 
used in satellites, characlerizes the environmental 
consequences of past accidentai re-entries by NPS, and 
reviews international co -operation and national 
emergency planning practices in a number of countries. 
Guidelines are proposed to further strengthen 
emergency planning. 

ISBN 92-64 -13352-6 
Price: FF90 - f11 - US$19 - DM35 - Yen 3200 

Radioactive Waste Disposai: ln Situ Experiments 
(Proceedings of the 3rd NEAIStripa Project Symposium, 
Stockholm, 1989) 

The International Stripa Proiect was launched in 1980 
under NEA auspices at the disused Stripa iron-ore mine 
in Sweden to study the ability of crystalline rock to isolate 
radioactive waste. This is the third in a series of 
proceedings from Symposia held since then to review 
progress in the three main areas covered by the Proiect: 
(1) the development and improvement of site assessment 
methods and concepts; (2) characterization of the Stripa 
granite and validation of concepts for groundwater flow 
and radionuclide transport through fractures; and 
(3) techniques and materials for the engineered sealing 
of possible groundwater flow paths through crystalline 
rock. 

ISBN 92-64-03333-5 
Price : FF21 0 - f25 - US$45 - DM82 - Yen 7400 

Probabilistic Safety Assessment in Nuclear Power 
Plant Management 
(1989) 

Probabilistic Safety Assessment (PSA) techniques have 
been widely used over the past few years to assist in 
understanding how engineered systems respond to 
abnormal conditions, particularly during a severe 
accident. The use of PSAs in the design and operation of 
such systems thus contributes to the safety of nuclear 
power plants. Probabilistic safety assessments can be 
maintained to provide a continuous up-to-date 
assessment ("Living PSA"), supporting the management 
of plant operations and modifications. 

ISBN 92-64-13318-6 
Price: FF120-f14 .50-US$25~DM47 - Yen 4200 

Emergency Planning in Case of a Nuclear Accident
T echnical Aspects 
(Proceedings of a Joint NEAICEC Workshop, Brussels, 1989) 

The Chernobyl accident revealed in many countries a 
number of deficiencies in their preparedness to respond 
to large nuclear accidents. These proceedings present 
the results of a workshop organised by the NEA and the 
Commission of the European Communities to analyse the 
lessons from Chernobyl and assess the extent to which 
they have been incorporated into preparedness schemes 
nationally as weil as internationally. 

ISBN 92-64-03291-6 
Price: FF220 - f26 - US$47 - DM91 - Yen 7920 

Proceedings of the Symposium on the Safety 
Assessment of Radioactive Waste Repositories 
(Proceedings af the 1989 Paris Symposium) 

How to dispose of radioactive waste is a major issue in 
discussions of nuclear energy and the environment. These 
proceedings of an international symposium, organised 
iointly by the OECD Nuclear Energy Agency, the 
International Atomic Energy Agency and the Commission 
of the European Communities, in co-operation with the 
French Atomic Energy Commission, provide a 
comprehensive overview af the advanced approaches 
and methodologies developed to assess the long-term 
safety of radioactive waste repositories. 

ISBN 92-64-03334-3 
Price: FF530 - f64 - US$112 - DM205 - Yen 19000 
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Projected Costs of Generating Elctricity from Power 
Stations for Commissioning in the Period 1995-2000 
(A Joint NEAilEA Study, 1989) 

This study reviews the projected electricity generation 
costs for base load power generation options expected 
to be available in the medium term, using an agreed 
common economic methodology. 

ISBN 92-64 -13316-X 
Price: FF200 - f24 - US$42 - DM78 - Yen 7000 

Nuclear Energy in Perspective 

This report provides the interested non-specialist reader 
with insights on five major issues associated with nuclear 
power generation : nuclear development and economics, 
protection of man and the environment, power plant 
safety, radioactive waste management and 
compensation for damage from a nuclear accident. 

ISBN 92-64 -13320-8 
Price: FF120 -f14.50- US$25- DM47 - Yen 42000 

Uranium: Resources, Production and Demand 
(including a separate Summary) 

Nuclear power generating capacity con continue to 
expand only if there is confidence in an adequate supply 
of uranium. This report presents compilations of uranium 
resource and production data established in early 1989. 
It also presents projections of the nuclear industry's future 
natural uranium requirements and reviews the status of 
uranium exploration, resources and production in over 
fort y countries. 

ISBN 92-64-13364-X 
Price: FF250 - DO - US$52 - DM97 - Yen 8800 

OECD Nuclear Energy Data, 1990 

Nuclear Energy Data is NEA's annual compilation of 
basic statistics on electricity generation and nuc lear 
power in OECD countries. The reader will fi nd quick and 
easy reference to the present status of and projected 
trends in total electricity generating capacity, nuclear 
generating capacity, and actual electrici ty production, as 
weHas on supply and demand for nuclear fue l cycle 
services. 

ISBN 92-64-03370-X 
Price: FF50-f6-US$11-DM20- Yen 1750 

FREE ON REQUEST 

Interim Oceanographie Description of the 
North-East Atlantic Site for the Disposai of 
Low-Level Radioactive Waste 

Occupation al Dose Control in Nuclear Power 
Plants - An Overview 

Neutron Activation Cross Sections for Fission and 
Fusion Energy Applications 
(Proceedings of a Specialists' Meeting, USA, 1989) 

Information Booklet on NEA 

Nuclear Energy Agency Catalogue of Publications 
February 1990 

The International HYDROCOIN Project 
Level2: Model Validation 

Nuclear Waste Bulletin, No. 5, June 1990 
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0602 Oslo 6 

Tel. (02)67 . 83 . 10/(02)68.40.20 
Telex: 79668 NIC N Telelax : (02)68.19.01 
Pakistan 
Mirza Book Agency 
65 Shahrah Ouaid-E-Azam 
Lahore 3 Tel. 66839 
Telex: 44886 UBL PK. Ann: MIRZA BK 
Portugal 
Livraria Portugal 
Rua do Carma 70-74 
1117 Lisboa Codex Tel. 347.49.82/3/4/5 
Singapore/ Malaysia 
Singapour/ Malaisie 
See "Malaysia/Singapore" 
Voir "Malaisie/Singapour" 

Spain - Espagne 
Mundi-Prensa Lib ros S.A. 
Castello 37, Apartado 1223 
Madrid 28001 Tel. (91) 431.33.99 
Telex: 49370 MPLI TeleCax: 575 . 39.98 

Libreria Internacional AEOOS 
Consejo de Ciento 391 
08 009 - Ba rcelona Tel. (93) 301-86-15 
Te lelax : 575 . 39 .98 

Sweden - Suède 

:~~z~6Jsar~ofô~ë2VWJ 
Regeringsgatan 12 . 
DS Stockholm Tel. (08)23.89.00 
Telex : 12387 Telelax: (08)20 .50.21 
Subscription Agency/Abonnements: 
Wennergren-Williams AB 
Box 30004 
10425 Stockholm Tel. (08)54.12.00 
Telex: 19937 Telelax: (08)50 .82,86 

Switzerland - Suisse 
OECD Publications and Information Centre 
4 Sirnrockstrasse 
5300 Bonn (Ge rmany) Tel. (0228) 21. 60. 45 
Telex: 8 86300 Bonn 
Telelax: (0228)26 .11 .0 4 

Librairie Payot 
6 rue Gre nus 
1211 Geneve 11 
Telex: 28356 

Tel. (022)731. 89 . 50 

Maditec S.A . 
Ch. des Palettes 4 
1020 Renens/Lausanne Tel. (021)635 .08.6 5 
Telefax: (021)635.07.80 

United Na tions Bookshop / Librairie de, Na
tions-Unies 
Palais des Natio ns 
1211 Genève 10 

Tel. (022)734.60.11 (ext. 48.72) 
Telex : 289696 (Ann: Sales) 
Telefax : (022)733.98.7 9 

Taïwan - Formose 
Good Faith Worldwide Int ' 1. Co . Ltd , 
9t h Floor, No. 118. Sec. 2 
Chung Hsiao E . Raad 
Taipet Tel. 39 1.7 396/391 . 7397 
Telefax: (02) 394.9 176 

Thailand - Thalande 
Su ksit Sia m Co . Ltd . 
1715 Rama N Raad, Samyan 
Bangkok 5 Tel. 251,1630 

Turkey - Turquie 
Kültur Yayinlari Is-Türk Ltd. Sti. 
Atatürk Bulvari No. 191/Kat. 21 
Kavaklidere/Ankara Tel. 25 . 07.60 
Dolmabahce Cad. No . 29 
Besiktasllstanbul Tel. 160 .7 1.88 
Telex: 43 482B 

United Kingdom - Royaume-Uni 
H. M. Stationery Office 
Gen. enquiries Tel. (071) 8730011 
Postal orders only: 
P. O. Box 276, London SW8 50T 
Personal Caliers HMSO Bookshop 
49 High Holborn , London WC1V 6HB 
Telex: 297138 Telelax: 071.873.8463 
Branches at: BeUast, Birmingham, Bristol, 
Edinburgh , Manchester 

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

Tel. (202)785.6323 
Telex: 440245 WASHINGTON D. C. 
Telelax : (202)785.0350 

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

Tel. 95 1.1705/951.2307/951.1297 
Telegram: Libreste Caracas 

Yugoslavia - Yougoslavie 
Jugoslovenska Knjiga 
Knez Mihajlova 2, P . O . Box 36 
Beograd Tel. 621. 992 
Telex: 12466 jk bgd 

Orders and inquiries from countries where 
Distrtbutors have not yet been appointed 
should be sent ta : OECD Publtcations 
Se rvice , 2 rue Andre-Pascal , 75775 Paris 
Cedex 16. 
Les commandes provenant de pays où 
l'OCDE n'a pas encore désigne de dis
tributeur devraient être adressees à : OCDE . 
Service de s Publications, 2, rue Andre
Pascal, 7577 5 Paris Cedex 16 . 
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