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The Fast Reactor Fuel Cycle Develop
ment Laboratory at Dounreay enables 
new processes and equipment to be 
developed and tested for reprocessing 
irradiated fuel and its separation into 
plutonium, uranium and treated waste 
streams. The top of the storage tanks 
is shown in the cover photo of an alpha 
pulsed column rig. 
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The NEA News/etter is published twice 
yearly in English and French by the Nuclear 
Energy Agency. The opinions expressed in 
the News/etter are those 01 the contributors 
alone and do not necessarily rellect the 
views 01 the NEA Secretariat or 01 Member 
countries. Material in the News/etter may be 
Ireely used provided the source is 
acknowledged. Correspondence should be 
addressed to : 

The Editor, NEA News/etter 
OECD Nuclear Energy Agency 
38, Boulevard Suchet 
75016 Paris, France 
Telex 630.668 AEN/NEA 

The OECD Nuclear Energy Agency (NEA) 
was established on 20th April 1972, repla
cing the European Nuclear Energy Agency. 
The NEA groups the 19 European Member 
countries 01 OECD together with Australia. 
Canada, Japan and the United States. The 
Commission 01 the European Communities 
and the International Atomic Energy Agency 
take part in the NEA's work. 

The purpose 01 the NEA is to lurther the 
development 01 the peacelul uses 01 nuclear 
energy by sponsoring economic, technical 
and scientilic studies and projects, and by 
contributing to the optimisation 01 salety and 
regu latory policies and practices. 
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Instruments located outside nuclear power stations serve to monitor environ mental radioactivity, or that which might escape 
from the plant under certain accident conditions. 
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International co-operation 
following Chernobyl 
Ambassador Richard T. Kennedy 

T he accident at the Chernobyl reactor on 
26th April 1986 sent shock waves throughout the 

world , in countries with nuclear power programmes as weil 
as in those without them. Two characteristics in particular 
distinguished it from lesser incidents - it released large 
amounts of radiation and this radiation affected , not only 
the Soviet Union but countries hundreds of kilometres 
away. After nearly 4,000 reactor years of experience 
without a single known death due to radiation , 31 Soviet 
citizens died in a relatively short period as a result of the 
accident and many more may be affected over the coming 
years . 

Although the reactor design did not resemble those 
bui lt in Western countries , this was scant comfort for those 
in the West exposed to the actual and potential danger 
caused by the radiation released from Chernobyl. 
Throughout Europe, the accident provoked restrictions on 
the production , transport and consumption of agricultural 
products, as weil as other preventive measures taken to 
protect the public health. Ali countries , no matter how far 
away, were suddenly reminded of their vulnerability to a 
major nuclear accident that might happen elsewhere. 

Even more serious was the realisation that although 
most countries were willing to provide co-operation, that 
which resulted was woefully lacking in some respects. 
Widespread confusion was created by widely differing 
approaches to radiation safety levels and preventive 
measures taken in European countries to protect the public 
health . Communications were poor, not only between the 
Soviet Union and European countries , but sometimes even 
between national authorities and their own citizens. Thus, 
the issues of nuclear safety, radiation protection , emergen
cy planning and communications have dramatically con
firmed the state of interdependence in which our nations 
live today, particularly from the standpoint of environmen
tal and health protection, as weil as the related impact on 
agricultural trade. Other recent events with transborder 
implications - such as the accidentai pollution of the 
Rhine by chemical releases - have forewarned us of the 
need to address vigorously , and as a matter of priority , the 
issue of major industrial accidents. It is therefore not 
surprising that organisations responsible for providing 
international leadership on the matter of nuclear emergen
cies were quickly spurred into action . 

Ambassador Kennedy is Ambassador-at-Large and Special 
Adviser to the United States Secretary of State, on Non
Proliferation Policy and Nuclear Energy Affairs. He is at 
present Chairman of the OECO Steering Committee for 
Nuclear Energy, the governing body of the Nuclear Energy 
Agency (NEA) and is the U.S. Representative to the Interna
tional Atomic Energy Agency (IAEA). 
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The International Atomic Energy Agency (IAEA) , to 
which the Soviet Union belongs, quickly responded by 
visiting the scene of the accident, receiving extensive 
briefings from Soviet authorities and providing the public 
with as much information and analysis as possible. In 
August 1986, a special meeting of the IAEA was called to 
receive a detailed briefing by the Soviet authorities and to 
review the causes and consequences of the accident. 
NEA's Committee on the Safety of Nuclear Installations 
(CSNI) and the Committee on Radiation Protection and 
Public Health (CRPPH) met several times to review the 
impact of the accident on Member countries from the 
safety and radiological viewpoints and determined that the 
effects would be minor. Comparisons were made between 
the Soviet RBMK reactor and the reactors currently 
operating in OECD countries , with the result that, as the 
accident was specific to the safety characteristics of this 
Soviet reactor, no immediate or important modifications to 
existing or planned reactors in OECD countries were found 
to be needed. 

Similar meetings were he Id in other international 
organisations such as the Commission of the European 
Communities and the World Health Organisation. Although 
the latest assessment of health consequences of the 
accident outside the Soviet Union suggests that they will 
be too small to be measurable or even identifiable, the 
accident nevertheless had an undeniable impact. Interna
tional organisations now face the task of determining what 
improvements should be made to their existing program
mes or what new initiatives are needed to address the 
problems raised by Chernobyl. 

The realisation that a radioactive cloud does not 
respect national boundaries has increased interest in 
international commitments at the worldwide level regarding 
immediate notification of radioactivity releases, mutual 
assistance, compensation for damage and the strengthen
ing of safety standards. These and other means of 
international co-operation have been high priority issues at 
the IAEA, the CEC and the NEA. These three bodies play 
complementary roles , with the IAEA representing the 
largest group of countries , including those with centralised 
economies and developing countries ; the CEC represent
ing certain European countries , and the NEA representing 
a different cross-section , i.e., the industrialised market
economy countries , not limited to Europe, with the most 
advanced nuclear programmes. 

A number of initiatives have been taken in response 
to the Chernobyl accident by the three organisations, 
either separately or jointly. The main initiatives can be 
divided into four categories : a) operational safety; b) radia
tion protection ; c) public information and communication ; 
and d) third-party liability and compensation of victims. 
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International co-operation 

Operational Safety 

Because of the significant role which operator error 
played in the accident, one area of serious concern is the 
role and training of operators and other reactor personnel. 
Much attention has already been paid to this issue, 
especially alter the Three Mile Island accident, and 
extensive activities were carried out at both the national 
and international level. Following Chernobyl , these activi
ties are being reinforced: the IAEA will sponsor a major 
conference on the man-machine interface in 1988, and the 
NEA will focus on the use of simulators and operator 
training programmes. 

Another important aspect of nuclear safety concerns 
the reactor containment and other design features which 
can mitigate the consequences of , or prevent, severe 
accidents. The NEA will conduct far-reaching studies on 
the ability of containment designs to cope with severe 
accidents , while IAEA research will focus on design 
features that could minimise the oft-site consequences of 
an accident. 

Closer attention will also be paid to the actual 
operation of existing reactors. The NEA will review the 
general safety approaches currently in use in the nuciear 
power plants of its Member countries and will substantially 
upgrade its Incident Reporting System, including improved 
analysis of the root causes of reactor incidents reported 
through this system. 

The IAEA had already established Operational 
Safety Review Teams (OSARTs) of 12 to 15 international 
nuclear safety experts who are sent to review the 
operational safety of nuclear power plants at the request of 
the national authorities responsible for them. Since 
Chernobyl , demand for these visits has increased . 

Radiation Protection 

The establishment of Intervention Levels (or the 
levels of radiation exposure of the public which trigger 
government intervention) for nuclear emergencies is the 
responsibility of national authorities, due to the large 
variety of administrative, social and environmental condi 
tions existing in the various countries. Inevitably, differ
ences have developed in setting up Intervention Levels 
and their application criteria . However, it has been 
recognised for a number of years that, unless neighbouring 
countries adopt a consistent approach to this problem, a 
transboundary release of radioactivity could cause un
necessary concern and confusion in the aftected countries , 
as was experienced in the altermath of Chernobyl. 

General guidance has been developed over the 
past few years by the IAEA, the CEC, the World Health 
Organisation (WHO) and the International Commission on 
Radiological Protection (ICRP) recommending that dose 
ranges be established to delineate the level below which 

The Chernobyl plant suffered extensive damage during the most serious accident ever to occur at a nuclear power plant. 
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A drawing of the Chernobyl plant shows the location of the damaged areas. 

no action is needed and the upper limit which calls for 
immediate action . However, significant differences still 
exist in the guidance for applying these dose ranges. The 
NEA, IAEA, and WHO are co-ordinating efforts to further 
clarify and beller harmonise these general criteria and their 
interpretation . The CEC, for its part, is sponsoring an 
international scientific seminar to develop an international 
consensus on values to be adopted . 

A related area where much work remains is in the 
measurement and reporting of radiation levels. The 
systems and formats used for the acquisition , processing 
and reporting of these data differed extensively from 
country to country , adding to the difficulty of establishing a 
coherent overall picture of the radiological situation . The 
NEA intends to review and standardise reporting criteria 
and formats , while the IAEA and the CEC are establishing 
data banks for collection and retrieval of information on 
environmental radioactivity . 

Many other radiation protection subjects will be 
studied by these organisations, including treatment and 
diagnosis of highly-exposed persons , an epidemiological 
study of the population near Chernobyl , guidance on 
large -scale decontamination , the effect of such factors as 
season and weather on accident consequences and 
emergency countermeasures , and the review of current 
emergency planning criteria , to name only a few. 
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Public Information and Communication 

An important contributing factor to the confusion and 
public concern created by the Chernobyl accident was the 
difficulty national authorities experienced in communicat
ing information and instructions to their citizens. How to 
inform the public and who should be responsible for it are 
issues which each country must decide independently, but 
each country should have an effective method for doing so. 
Furthermore, countries should have fast and efficient 
systems for exchanging data among themselves. Cher
nobyl revealed the weakness of su ch systems at both the 
local and international levels. 

The IAEA quickly established two international 
conventions on Early Notification of a Nuclear Accident 
and Emergency Assistance in the case of a Nuclear 
Accident or Radiological Emergency. The two Conventions 
were presented to IAEA members for adoption in Septem
ber, only five months alter the accident. This was not only a 
record achievement for such a large organisation but also 
a clear indication of the seriousness and urgency with 
which its members viewed this particular area of concern . 

The IAEA, CEC and NEA have placed increased 
emphasis on information transmillal and mutual assistan
ce. The NEA will review the methods by which its Member 
countries informed the public during Chernobyl , and will 
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discuss ways of making the public better understand 
complex scientific concepts. Each of the three organisa
tions can contribute to the rapid transfer of information 
among its members du ring an emergency, and their 
current systems, which are intended to be complementary , 
are being upgraded in light of the accident. 

Third Party Liability and Compensation 
of Victims 

Because the USSR is not party to any of the 
international conventions on nuclear third party liability, the 
accident at Chernobyl- the first nuclear accident with 
transfrontier effects - was not governed by any special 
regime of liability and insu rance for nuclear damage. The 
two basic international Conventions which govern these 
issues: the Paris Convention of 1960 (at the European 
level) and the Vienna Convention of 1963 (at the worldwide 
level) have a number of shortcomings which were revealed 
by the accident. Few countries are party to either one, and 
in addition , there is at the moment no direct relationship 
between them . Therefore , one of the first tasks undertaken 
by the international organisations in this area will be to 
increase the number of contracting parties and to resolve 
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the issue of a relationship between the two Conventions . In 
addition , the scope of nuclear damage to be compensated 
for will be reviewed in the light of Chernobyl and the 
definitions of damage will be improved and harmonised. 

Conclusion 

Nuciear energy continues in a number of OECD 
countries to be an essential source of electricity supply 
with economic and environmental advantages over other 
energy sources. Nuclear power now provides 15 per cent 
of the world 's energy supply, and will reach 20 per cent in 
the next decade. Nearly a quarter of ail electricity used 
today in the OECD cou nt ries is generated in nuclear power 
plants. These and other cou nt ries which depend upon 
nuclear power will work to maintain the highest safety 
standards and th us assure their future energy security 
through the nuclear option. But ail countries, whether they 
have nuciear power plants or not, have a vital interest in 
assuring the highest level of nuciear safety. A new record 
of excellence is needed to regain the worldwide confidence 
and support of the public, and no government can create 
this single-handedly. International organisations, through 
increased co-operation , will make an important contribu 
tion to this goal. • 
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Prospects for nuclear power 
in OECD after Chernobyl 
D.E.J. Thornton 

N ew projections of the growth of nuclear power have 
been established for the purpose of the third edition 

of the Yellow Book relating ta nuclear fuel cycle supply and 
demand. This edition, jointly published by the NEA and the 
IAEA, updates the nuclear power projections made in the 
1982 edition , based on current views of more modest 
growth scenarios. 

For the short term (up ta the year 1995), the amount 
of nuclear generating capacity is fairly weil known , since it 
consists mainly of nuclear power plants already operating 
or under construction. Within the OECD area, capacity is 
projected ta rise from 207 GWe in 1985 ta about 320 GWe 
in 1995. These estimates are lower than those of the 
previous Yellow Book. However, if nuclear energy is ta 
meet the goal set by energy planners in OECD countries 
for the rest of the century , ail projects currently in the 
pipeline must be completed , and approximately 50 GWe of 
addition al nuclear capacity must be ordered and construc
tion begun between 1986 and 1995. 

The ability ta handle this level of orders appears ta 
be within the current capacity of the nuclear industry. On 
the other hand, as electricity growth rates and nuclear 
programme expectations have declined over the last 
decade, nuclear reactor vendors, equipment and service 
suppliers , and construction companies have taken mea
sures ta reduce surplus capacity and ski lied manpower. 
Thus , there is considerable concern about the future 
viability of the nuclear industry. A prolonged absence of 
orders in the short term cou Id have a critical effect on the 
industry's ability ta respond ta future projected increases in 
the need for nuclear power. 

For the long term (from 1995 ta 2025), there is larger 
uncertainty concerning the overaillevei of energy, electric
ity and nuclear power demand, the mix of nuclear power 
technologies ta supply the nuclear contribution, and the 
level of resources and services required. The next century 
may weil be characterised by dwindling ail and gas 
resources combined with an improvement in the living 
conditions in less-developed countries , and the pressure 
ta switch ta more abundant and cheaper sources of supply 
such as nuclear power and coal may be greater. 

Dr. D.E.J. Thornton is Head ,)f Fast Reactor Plant Perform
ance at the UKAEA, Risley Nuclear Power Development 
Establishment and is Chairman of the NEA Working Party on 
Nuclear Fuel Cycle Requirements, which was responsible for 
the preparation of the Yellow Book. 
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Against this background, a continuing expansion of 
electricity use beyond 2000 is projected, including reliance 
on nuclear power ta support this expansion. Because of 
the larger uncertainty in the long term, a scenario approach 
was used ta project electricity and nuclear energy growth. 
Commensurate with this, cases were developed ta 
illustrate in detail the impact of varying reactor deployment 
strategies. Under the assumptions made for these cases, 
nuclear capacity in the OECD will rise ta between 560 and 
1150 GWe by 2025. 

These projections for bath short and long term are 
shawn in the Table below. 

Projected range of nuclear power capacity 

Low-High rounded net GWe 

Year (end) 1985 1995 2000 

OECD 207 320 365-429 

Developing WOCA * 12 22 36-71 

WOCA 219 342 401-500 

CPE** 35 85 96-146 

World 254 427 497-646 

World Outside Centrally Planned Economy Areas. 
Centrally Planned Economies. 

2025 

555-1 150 

120- 405 

675-1 555 

200- 605 

875-2160 

These projections are some 40 ta 50 per cent lower 
than those used in the 1982 edition of the Yellow Book due 
ta the economic recession , reduced ordering rates and 
lower growth rates. 

The impact of the Chernobyl accident 

Studies made for the Yellow Book show that in the 
year preceding the Chernobyl accident, 7 OECD countries 
accounted for 90 per cent of the nuclear power generation 
in the OECD area (the United States, France, Japan, the 
Federal Republic of Germany, Canada, Sweden and the 
United Kingdom in descending arder of size; see Table 
below) . 
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Nuclear power prospects 

Nuclear Electricity generation by leading OECO 
user countries 

Terawatt-hours/year 

1985 2000 (rank) 

United States 384 659 (1) 
France 213 392 (2) 
Japan 157 375 (3) 
Federal Republic 01 Germany 120 154 (4) 
Canada 57 109 (6) 
Sweden 56 63 (8) 
United Kingdom 52 121 (5) 
Italy 9 69 (7) 

Total 1048 1942 

Ali OECO 1 147 2175 

This Table, which reflects pre-Chernobyl estimates 
of nuclear power plans, shows little difference in the 
ranking of OECD countries between 1985 and 2000, save 
that the somewhat larger growth of nuclear capacity in the 
United Kingdom than in Canada wou Id move it from the 7th 
to the 5th position. In addition , a substantial growth in 
Italy's nuclear sector would cause its inclusion in the list , in 
the penultimate position. OECD's total nuclear power 
generation was expected almost to double by the end of 
the century*. 

At present, as weil as in the pre-Chernobyl period, 
NEA Member countries reflect a diversity of attitudes 
towards nuclear energy. In general terms, these countries 
could be divided into three groups, as follows: 

1. Those countries already largely committed to nuc
lear power. France has 14 reactors under construc
tion and Japan confirmed the report recommending 
that nuclear capacity be more than doubled by the 
year 2000. The United Kingdom has approved the 
construction of the first of a series of PWR plants, 
while Belgium, Canada and the United States report 
that the Chernobyl accident also does not seem to 
have affected their current nuclear power program
mes. 

2. Those countries which are reassessing or delaying 
their nuclear programmes as a consequence of the 
Chernobyl accident. In the Federal Republic of 
Germany, efforts by opposition parties to phase out 
ail nuclear plants failed when the government 
coalition won the January 1987 elections. However, 
the Federal Chancellor has spoken of the possibility 
of reducing the role of nuclear power in the long 
term, and State governments have delayed or 
cancelled local plans for nuclear projects. 

* The latest NEA estimates 01 projected OECD nuclear capacity 
can be lound on page 20 01 this Newsletter. 
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ln Italy, the accident touched off a wide-ranging 
debate, although the percentage of electricity pro
duced by nuclear energy is relatively small (about 
4 per cent) . A national energy conference was held 
in February 1987 to hear the views of political , 
economic, technical and environ mental speakers . 
No clear consensus emerged , and the country is 
divided between those political parties which take 
the view that nuclear power has a large part to play 
in reducing the nation 's 80 per cent dependence on 
overseas sources of energy and those which 
oppose further nuclear power plans. A suggestion 
for 5-6 year moratorium on nuclear development 
has been made to allow alternatives to be studied . 

ln Switzerland , the public impact of Chernobyl 
raised the possibility of a national referendum and 
will result, in any case, in further delays to the 
construction of the Federally-approved Kaiseraugst 
plant. 

ln Finland , the government cancelled its review of 
applications for addition al nuclear plants and addi
tional nuclear power is not included in government 
energy policy targets up to 1995. 

ln the Netherlands, the accident caused the govern
ment to postpone its 1985 decision to expand 
nuclear capacity by at least two plants. This delay 
will allow for a re-evaluation of nuclear energy in 
relation to other energy sources and to the future 
electricity situation . 

3. Those countries which either had already expressed 
their intention to forego the nuclear energy option 
(Den mark and Austria) or had no plans to introduce 
nuclear power in the foreseeable future (Ireland, 
Norway and Portugal) . 

It will be recalled that the Swedish government 
decided some years ago to phase out its nuclear 
power programme by the year 2010 . Alter Cher
nobyl , the Energy Council was asked to examine the 
effects of the accident and to study the consequ
ences of a more rapid phase-out. Bills are expected 
to be submitted to Parliament proposing that two of 
Sweden's 120perating reactors be shut down 
between 1993 and 1996. 

Even without the Chernobyl accident, uncertainties 
regarding the long term were high. The OECD/NEA 
publication just referred to draws attention to the uncertain
ties in energy growth projections filty years into the future. 
It gives plausible high and low projections for electrical 
consumption differing by almost a factor of 2, and cautions 
against regarding even these figures as in any way limiting. 
Against this background , the additional uncertainty result 
ing from the Chernobyl accident must be regarded as 
small.. 
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The Chernobyl accident and 
its implications for reactor safety 
in OECO countries 
L. Hogberg 

Introduction and general conclusions 

On the 9th 01 May, 1986, i.e., less than two weeks 
alter the Chernobyl accident, the Committee on the 

Salety 01 Nuclear Installations (CS NI) initiated an evalua
tion 01 the accident and its possible implications lor reactor 
salety in OECD countries. 

The detailed evaluation entrusted to an ad hoc 
group 01 experts concluded that the Chernobyl accident 
has not brought to light any new phenomena or salety 
issues that are not already covered by current reactor 
salety programmes lor commercial power reactors in 
OECD countries. This, as weil as design and operational 
differences between the Chernobyl plant and commercial 
nuclear power plants in OECD countries, leads to the 
conclusion that no immediate modilications or regulatory 
actions are considered necessary with respect to commer
cial nuclear reactors in OECD countries as a consequence 
01 the accident. 

Nevertheless, given the seriousness 01 the Cher
nobyl accident, an appraisal 01 current salety programmes 
is a prudent course, lor example, to determine whether 
some lurther verilication studies are advisable or il some 
shilt in emphasis between various technical areas should 
be considered. There are a number 01 candidate areas lor 
such an appraisal , although their relative importance may 
vary between OECD countries, depending on differences 
in reactor designs and national regulatory practices. Such 
national appraisals are weil under way in OECD countries. 

Although the analysis performed by CSNI places 
emphasis on water-cooled reactors, its conclusions 
appear generally applicable to ail types 01 commercial 
power plants in the OECD countries. 

The Chernobyl accident and its causes 

The physical events which the Soviet experts 
believe caused the accident are plausible. The general 
scenario presented by the USSR has been conlirmed by 
independent analyses performed in Canada, Finland, the 

Mr. L. Hôgberg is Deputy Director General, Head of the Office 
of Regulation and Research of the Swedish Nuclear Power 
Inspectorate and serves as a Vice-Chairman of CSNI and the 
Chairman of the Ad-Hoc Group of Experts on Chernobyl. 
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Federal Republic 01 Germany, Italy, Japan, and the United 
States. Basically, the reactor was operating in an unstable 
condition with the lollowing characteristics : 

• A large positive void coefficient 01 reactivity ; 

• A slow control system response; 

• An extreme sensitivity to changes in pressure and steam 
Ilow; 

• A control rod system positioned so that belore scram 
could begin, positive reactivity would be inserted. 

A number 01 events causing a perturbation to the 
core reactivity may have initiated the power excursion. A 
deeper understanding 01 what directly triggered the 
overpower transient will require addition al inlormation lrom 
the USSR. Nevertheless, the explanations in the Soviet 
report are plausible. According to the latter, the sequence 
01 events which led to the initial power surge was most 
likely the coasting down 01 lour main coolant pumps and 
the resultant reduction 01 the Ilow rate 01 the coolant in the 
core, which , in turn , caused the mechanics and energetics 
01 the accident to proceed . 

Furthermore , it appears Irom inlormation presented 
by the USSR that the Soviet designers correctly under
stood the characteristics 01 the RBMK reactor and 
produced a design which they considered capable 01 
providing protection against the risks they had loreseen. 
However, the design 01 the RBMK reactor was potentially 
dangerous - notably the combination 01 positive void 
coefficient with the characteristics 01 the reactor control 
system mentioned above. The required depth 01 under
standing 01 potential risks was clearly not possessed by 
the operators carrying out an experiment during the night 
01 the accident. Also, operators grossly violated operating 
rules . These deliciencies in design and operation may weil 
have been symptomatic 01 a more general weakness in the 
salety management structure as indicated in the Soviet 
accident analysis. 

The design 01 the engineered salety leatures was 
sound in principle lor the chosen design basis accidents -
lailure 01 a single pressure tube within the reactor space or 
01 a large steam pipe outside the reactor space - and lor 
the allowable range 01 operating conditions. However, it 
appears that insufficient accident analyses were per
lormed to develop the design 01 the shutdown system and 
to enhance its capability to compensate lor lailures 
elsewhere in the salety structure, such as the possibility 
that operation outside the permissible range would be 
attempted . Il appears that engineered salety leatures 
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Reactor safety 

could be by-passed fairly easily by the operators. 
Furthermore , the containment design left limited margin for 
loads which exceed the design basis events; the ability to 
mitigate releases of radioactive material into the environ
ment during a severe core damage accident was poor. 

Proposed improvements in RBMK 
reactor safety 

It is believed that the technical measures identified 
by the Soviet experts in the aftermath of the Chernobyl 
accident to improve the safety of RBMK reactors will 
provide a much needed increase in stability and control of 
these reactors . However, in the absence of more detailed 
information , it is not possible to make quantitative 
judgments regarding the effectiveness of such measures. 

ln addition to a new analysis of design basis 
accidents, a Probabilistic Risk Analysis is highly recom
mended to ensure the reduction of ail high risk accidents to 
acceptably low probabilities. Collaborative efforts on an 
international scale should be encouraged in this area. 

Ultimately, it is the implementation of increased 
technical discipline and quality of operation which will 
determine the safety of the RBMK reactors . Even with the 
proposed technical improvements implemented to their 
optimum effectiveness, the safe operation of these 
reactors remains highly dependent on the quality of 
operations , and hence on the underlying quality of the 
nuciear safety culture in the USSR. This dependence on 
quality of operations is of course also true for reactors in 
OECD countries, but it appears to be more pronounced for 
the RBMK reactors with regard to preventing severe 
accidents involving large releases of radioactivity. 

Relevance to safety programmes in 
OECD-countries 

To put into perspective the analysis of the 
Chernobyl accident and the applicability of any fessons 
fearned to commercial power reactors in OECD countries, 
it should first be noted that the quest for nuciear safety in 
OECD countries in the last decade has been marked by 
constant and strenuous efforts to learn from actual 
experience - in addition to the study of postulated 
hypothetical events. The objective is twofold: to improve 
the operation of nuclear reactors and their safety, and to 
avoid the repetition of conditions likely to turn into 
dangerous situations. The analysis of the Three Mile Island 
accident and the safety improvements made in response 
to that analysis are an important element in this safety 
work. It is apparent that the principallessons which can be 
drawn from the Chernobyl accident - in the areas of 
reactor design and operation , operating procedures, 
operator training , exchange of operating experience, plant 
management, containment philosophy, emergency res
ponse - had already been learned by OECD countries 
several years ago, and that that knowledge has already 
mostly been implemented in commercial power reactors in 
OECD countries. 
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However, a number of technical areas have been 
identified where, from a cursory review, the need for some 
additional studies or shift in emphasis in ongoing program
mes should be considered . These areas include: 

Reactor operations: Although requirements in place in 
OECD countries are generally considered adequate to 
assure that operating activities will be performed in 
accordance with approved procedures and with en
gineered safety features available, some work to improve 
these requirements , especially during lower power or 
shutdown, is in progress in some OECD countries. Aiso 
the importance of ongoing development of symptom
based emergency operating procedures covering si tua
tions beyond the design basis should be stressed and 
efforts to complete implementation should proceed. 

Reactor design: Within standard review areas, water 
cooled reactors in OECD countries are far removed from 
potentially destructive energy levels as a result of reactivity 
excursions. Where applicable, further examination is 
recommended of low probability events which exceed the 
design basis. Furthermore, a systematic re-evaluation of 
accident initiators at low power and du ring shutdown is 
recommended , although no specific safety problems have 
been identified. While administrative requirements could 
result from such a re-evaluation , no design changes are 
expected . 

Severe accident issues: No new phenomena concerning 
the prediction of severe accident source terms for reactors 
in OECD countries were observed from the Chernobyl 
accident. In particular, the accident has little relevance to 
the current treatment of steam explosions in OECD 
countries. Whether further consideration of reactivity
driven steam explosions is warranted will depend on the 
outcome of any evaluation of events beyond the design 
basis with a very low probability of occurrence. 

Research programmes and regulatory initiatives to 
address severe accident issues are currently in prog ress in 
OECD countries and generic vulnerabilities have been 
identified for some types of containments . Additional 
features designed to limit the off-site consequences of 
core melt accidents are being considered or are already 
installed in some OECD countries. New programmes or 
initiatives are not considered necessary as a result of the 
Chernobyl accident. However, experience from Chernobyl 
should be taken into account in studies of accident 
management under severe accident conditions , including 
fire-fighting and multi-unit site aspects. 

ln general , therefore , most of the candidate areas of 
interest for further studies either have been previously 
resolved or do not warrant further action beyond current 
programmes. No immediate safety concerns have been 
identified . However, additional information may now be 
available that was not factored into previous safety 
evaluations. 

While these conclusions are considered generally 
applicable to ail OECD countries , they should be validated 
or modified at the national level to take into account 
detailed differences in regulatory policies and practi ces 
and reactor designs . 
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Reactor safety 

Federal Republic of Germany: Grafenrheinfeld reactor. The NEA concluded that the Chernobyl accident did not place in 
technical doubt the design and safety features of DECO reactors. 

Concluding remarks 

The CSNI response to the Chernobyl accident 
clearly demonstrated the value of existing co-operation in 
the area of reactor safety among OECO countries. When 
an accident as severe as that at Chernobyl occurs 
anywhere in the world , it is essential for ail countries to 
assess the impact - if any - on their own nuclear safety 
programmes. This assessment must start promptly after 
the accident although it may take some time to reach final 
conclusions. Oue to the rapid response to the Chernobyl 
accident by the CSNI and the technical information 
exchange network it represents, individual OECO coun
tries, in making their assessments, were able to benefit 
from sharing and discussing data and results within the 
OECO reactor safety community . • 
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The radiological impact of the 
Chernobyl accident in OECD countries 

S hortly after the Chernobyl reactor accident, the NEA Committee on Radiation Protection and Public Health made a 
preliminary assessment of the radiological impact of the accident in OECD countries. A review of this assessment 

was provided in the Fall 1986 NEA News/effer, Vol. 4, No. 2. A more comprehensive assessment has now been carried out 
based on extensive radiological data which have become available in Member countries since the accident. The 
conclusions of this assessment can be summarised as follows : 

"On the basis of the information made available by 
Member countries, it can be concluded that , although the 
radiological consequences of the accident were serious in 
the area surrounding the Chernobyl site, only in some 
countries of the OECD area did the levels of radioactive 
contamination provoked by the release warrant protective 
actions directly motivated by radiation protection conside
rations. On the whole, however, these consequences do 
not raise any major concern for the health of the population ' 
in OECD Member countries. In particular, individuals in 
those countries are not likely to have been subjected to a 
radiation dose, in terms of effective dose equivalent, 
significantly greater than that received from one year of 
exposure to the natural radiation background . As a 
consequence, the lifetime average risk of radiation-related 
harm for the individual members of the public has not been 
changed to any significant extent by the accident. 
Moreover, the impact on the populations of the OECD 
countries in terms of collective dose appears to be small in 
comparison with collective doses from natural background 
or many man-made radiation sources. The number of 
associated health effects (somatic and hereditary) that can 
be theoretically calculated from the collective dose will be 
very small in comparison with the natural incidence of 
similar effects over the next few decades. The radiation-

induced health effects will not constitute a detectable 
addition to this natural incidence. 

"As is described in the report , the radio logical 
impact of the Chernobyl accident in OECD Member 
countries was very uneven, but there was also consider
able variation between responses in the different coun
tries, even when they experienced simi lar levels of 
contamination . It is believed that su ch differences arose 
primarily from four factors : 1) the large emphasis given to 
non-radiological , non-objective criteria in the decision 
making process ; 2) differing levels of uncertainty on actual 
impacts ; 3) the use of different methodologies in asses
sing the potential impact ; and 4) the use of different 
assumptions and values of parameters related to environ
mental transfer mOdelling , dosimetry modelling and char
acteristics of the affected population groups. 

"There is no doubt that the Chernobyl accident, its 
development and the way in which its consequences have 
been managed have offered a number of lessons to be 
learned. Further improvement of emergency preparedness 
and public protection measures will depend on an in -depth 
reflection on these lessons, a process which is actively 
being pursued by national authorities and international 
organisations , including the NEA." 

These conclusions confirm the validity of the preliminary evaluations made by the NEA. While the radiological impact 
was only minor in OECD countries, this accident revealed the need for improved preparedness to cope effectively with a 
nuclear emergency having transnational consequences .• 
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Assessing the performance of nuclear 
waste disposai systems 
c. Thegerstrôm 

T he fundamental function of a nuclear waste disposai 
system is to contain and isolate the radioactive 

materials so that they cause no harm to man or his 
environment, either now or in the future . This means that 
one is confronted with the problem of predicting the 
behaviour of the system over long time periods. Although 
the future behaviour need not be predicted in minute detail , 
enough needs to be understood about it to ensure that no 
harmful releases of radioactivity from the waste repository 
will occur. To gain this level of understanding and to 
demonstrate it to responsible authorities and the public is 
one of the major tasks in any nuclear waste disposai 
programme. 

A safety analysis of the disposai system should be 
based on a good scientific understanding of ail parts of the 
system. This encompasses mainly : 

• The physical/chemical and radioactive properties of the 
waste materials and canisters (the source) ; 

• The chemical interactions and transport of radiation 
materials within or close to the repository (the near
field) ; 

• The chemical interactions and transport of radioactive 
materials in the geological formation surrounding the 
repository (far-field) ; and 

• The effects of dispersion and/or reconcentration of 
radioactive materials that may be released to the 
biosphere. 

ln ail these areas, research is performed through 
experiments and observations in laboratories or in the 
field. Mathematical models are developed to describe 
important processes that might occur. The large amount of 
data obtained from experiments and field tests are 
collected in a systematic way and stored in data bases. 

ln a safety assessment, the available information 
should be used as aptly as possible to assess the future 
effects of the repository on the environ ment. The quality of 
such a total system performance assessment and the 
relevance of its results will depend on whether: 

• Ali important events or processes that may influence the 
releases from the repository have been identified 
(scenarios) ; 

• The mathematical models give a correct description of 
these processes (i.e. are validated) at the level of detail 
needed for this particular purpose; 

C. Thegerstrôm is a member of NEA's Radiation Protection 
and Waste Management Division. 
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• The input data used is representative of the actual site 
conditions and repository design ; and finally, 

• The calculations and the interpretation of results are 
correctly made. 

For the geological disposai of high-Ievel waste, no 
country has yet reached the stage of making a formai 
safety assessment for the licensing of a repository at a 
specific site. However, extensive formai assessments of 
the feasibility of safe waste disposai in a given geological 
medium have been carried out in some countries (e.g. 
Sweden and Switzerland) and are expected soon in other 
countries (e.g. Canada). 

International co-operation on 
performance assessment and the role 
of NEA 

Over the last few years, a great deal of effort has 
been devoted by countries with waste disposai program
mes to the development and application of performance 
assessment methodologies. In this context , transfer of 
information and co-operation at an international level are 
extensively used to avoid duplication of work and to benefit 
from the open exchange of ideas and know-how. 

ln the present programme of the NEA Radioactive 
Waste Management Committee (RWMC) , performance 
assessment has been recognised as a priority area under 
rapid development, where a strong need exists for 
international co-operation and co-ordination . 

The major NEA activities related to performance 
assessments include: 

• The organisation and co-ordination of information ex
change and co-operation between groups developing or 
using Probabilistic Systems Assessment Codes (PSAC) . 
These codes typically incorporate simplified sub-models 
for release and migration of radioactive material in the 
near-field, migration in the geosphere and transport! 
uptake in the biosphere. They can be used to simulate 
the performance of the total system and to account for 
parameter uncertainties in a systematic manner. PSA 
codes for assessments of radioactive waste disposai 
systems are now being used or developed in several 
countries and the PSAC User Group currently has 
15 Member organisations from 9 OECD Member coun
tries and from the CEC Joint Research Centre at Ispra, 
Italy. (These activities were described in the Fall 1986 
issue of the NEA Newsletter, Vol. 2, No. 4 Disposai of 
radioactive waste: using codes for probablistic systems 
assessment) . 
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• The setting up of data bases in support of modelling and 
assessment activities, notably the ISIRS data base on 
sorption data and the NEA Thermochemical Data Base 
(TDB) on basic thermodynamic data for compounds of a 
selected set of elements with importance in safety 
assessment. The ISIRS is a data base system for the 
storage and handling of information related to experi
ments on the sorption of radioelements onto different 
kinds of materials and minerais. The TDB responds to 
the need for a comprehensive, internally consistent and 
internationally recognised chemical thermodynamic data 
base. (For further details, see the Fall 1985 issue of NEA 
Newsletter, Vol. 3, No. 2 Geochemical data bases at the 
NEA). 

ln addition , initiatives in other areas of performance 
assessment are now under way, notably: 

• The review and discussion at an international lever of 
issues related to the identification and selection of 
scenarios for performance assessments. Such issues 
inciude terminology, general approaches and methods 
for scenario identification, the question of time
perspectives, the assignment of probabilities to scenar
ios, and the specification of intrusion scenarios. The 
general objective is to promote consistency in 
approaches and methodologies being used. 

• Work on near-field assessments with particular emph
asis on determining the need and possibilities for model 
intercomparisons and verification/validation. 

SITE & SYSTEM , 
flUD OBHRUATIONS. 

[ HP ERIM[NTS . 
NATURAL RNALOGUES, 

BASIC 5(1[N([, 

CONF 1 DENCE 1 N 
LONG-TERM SAFETY 

Schematic illustration of elements and interactions in the 
assessments providing confidence in the long-term safety of 
waste repositories. 
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• Promoting the interaction between experimentalists and 
modellers. 

• The organisation of short courses on the use of 
geochemical computer codes. 

ln ail projects involving the use of computer codes 
and data bases, the NEA Data Bank at Saclay provides 
supporting services and specialist assistance. Such com
puter-based support enhances the role of NEA as a 
catalyst and co-ordinator for international activities in the 
area of performance assessment. 

The NEA Performance Assessment 
Advisory Group 

Given the importance of co-ordinating NEA's activi 
ties in this field and of obtaining guidance and advice on 
the technical and scientific issues involved , a Performance 
Assessment Advisory Group (PAAG) has been set up by 
the RWMC. The PAAG consists of Member countries' 
representatives with key positions in the national perform
ance assessment programmes, including both the govern
ment and industry organisations responsible for the 
programmes and regulatory bodies. 

The general objective of PAAG is to provide an 
international forum to consider performance assessments 
of safe disposai systems for ail radioactive waste types, 
with the emphasis on the long term , in order to help build 
confidence within the technical community . 

The Group focuses its activities on: 

• Model development, including verification , validation and 
code development and exchange ; 

• Data acquisition, including data from site investigations , 
data base development, and assessment of uncertainty 
in data and co-ordination with in situ research and 
laboratory studies; 

• Regulatory needs, including the development of per
formance objectives and criteria. 

PAAG may also have an important role to play in 
focusing ail the elements of performance assessment at an 
international level , to provide the type of integrated 
understanding of safety aspects upon which the accepta
bility of nuclear waste repositories depends. The drawing 
illustrates a variety of methods and assessment tech
niques that can and should be used to acquire knowledge 
about the long-term safety of a waste repository . Il 
emphasizes the importance of using performance assess
ment techniques that are broad , systematic and integrated 
in order to give a correct picture of the overall safety 
characteristics of the system. 

International co-operation has an important role in 
this respect. The exchange of ideas , experience and 
results being organised within the NEA will promote 
development in this area and will help to ensure the high 
quality of the analyses upon which the acceptabil ity of 
nuclear waste disposai is to be judged . • 
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Status and trends of nuclear power plant 
performance data 
M. Crijns 

R ecent statistics show that, in many countries, 
nuclear reactor performance is improving. Perfor

mance indicators reflect the technical reliability of the plant 
systems and components and of the operations manage
ment. Futhermore, the economic efficiency of energy 
production is increased if the production of electricity can 
be modulated according to demand (what the specialists 
cail/oad-fol/owing mode). 

Plant performance is frequently measured in terms 
of load factors , or the energy actually produced compared 
to the maximum that could be produced during the period 
measured . For example, if the demand for electricity 
decreases , the output of the power plant can be decreased 

M.J. Crijns is a member of the NEA's Nuclear Development 
Division. 
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accordingly, although its potential production level would 
remain the same. Therefore, to achieve a more exact 
measurement of plant performance , a different 
measurement, called an energy availability factor, is used 
to reflect the plant's technical capabi lity for energy 
production . The energy avai lability factor measures the 
energy that could have been produced on demand, 
whether it was produced or not, compared to the maximum 
possible production during the period measured . Thus, 
while load factor statistics are stil l used for various 
resource and cost studies, utilities are gradually shifting to 
the use of energy availability factors to report plant 
performance statistics. 

ln the majority of countries , the an nuai energy 
avai lability factors are above 70 per cent and most nuclear 
plants in the world are expected to gradually achieve a 70 
to 75 per cent level. This level would already indicate good 

100 

90 

80 

70 

.~::<... .. /# 
. 

60 

50 
1 

.. 
Belgium 

____ Canada - Germany 

Japan 

40 ---B- Finland ----*- Sweden J 40 

35 

o 

France Swi tzerland 

~5 
1 1 0 

77 78 79 80 81 82 83 84 85 
Year 

Source: IAEA PRI S, Report NBLX044 86-06-01 

This graph shows the increase in the en erg y availability factors in certain OECD cou nt ries between 1977 and 1985. 
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performance. Energy availability lactors 01 80 per cent and 
higher on a sustained basis indicate a level 01 excellence 
which is being reached by some countries and utilities and 
is being used as a target by the others. Some countries 
have already achieved this level 01 perlormance over a 
period 01 several years. 

Programmes to improve plant performance are 
usually designed to achieve economic and reliable energy 
production with a high level 01 salety and environmental 
protection . Improvements in plant performance can lead, 
among other things, to increased energy availability and 
can reduce the amount 01 time the reactor is out 01 service, 
the number 01 times it is automatically shut down, and the 
exposure 01 operating personnel. 

Good performance is olten characterised by close 
co-operation 01 ail parties involved in nuclear energy use: 
plant operators, suppliers 01 equipment, regulators and 
research bodies. Comparisons show that much depends 
on operator skills and on quality control during the 
construction 01 the plant. Furthermore, analysis shows that 
good performance records, once achieved , are usually 
maintained in subsequent years. 

Presently a number 01 organisations are using their 
own data bases to report performance statistics. The 
results 01 these different data bases have been used to 
explain the differences in plant performance between 
countries and between utilities. This is olten not easy, and 
sometimes even impossible, due to differences in delini
tions and reporting practices . 

For good comparisons to be made between plants 
or countries, the current method 01 performance reporting 
needs to be improved. Experts lrom 12 countries and 
4 international organisations have reviewed the present 
status 01 performance reporting and have drawn some 
conclusions on these difficulties. The lindings 01 the joint 
NEAlIAEA Working Group are contained in a report 
entitled Status and Trends of Nuclear Power Plant 
Performance Data', which includes a number 01 recom
mendations and suggestions lor lurther work. In particular , 
the report suggested that the practices of reporting 
performance data be further harmonised, including the 
adoption of a consistent set of definitions and terminology. 
These must be strictly followed in order for international 
comparisons to be valid .• 

* Available on request. 

Performance indicators reflect the technical reliability of plant systems and components such as this turbine at the Hunterston 
'B' Nuclear Power Station in Scotland and therefore the ability to supply electricity when needed. 
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Extending the life of nuclear plants: 
sorne safety aspects 
N.R. McDonald 

T he planned operational life for which a nuclear plant 
is designed and licensed is generally between 20 

and 40 years. Several plants in OECD countries are 
approaching the time when a decision must be made either 
to extend the service of the plant beyond its originallifetime 
or to decommission il. This decision usually involves 
comparing the cost of maintaining old equipment in a safe 
operating condition and replacing worn out components to 
the co st of a complete new facility . Although the choice will 
depend upon the specific conditions and requirements of 
each plant, in many cases it appears to be economically 
justifiable to undertake the steps which will enable 
continued safe operation beyond the original lifetime. 

A symposium was organised in February, 1986 by 
the NEA in co -operation with the IAEA to identify the 
important factors influencing life extension , such as plant 
design , maintenance practices and the physical properties 
of components, to review the experience to date, to study 
economic viability and to indicate the future direction of 
work in this area*. Although safety issues were not 
discussed in detail , one of the reports presented con
cerned the broad technical issues involved in assessing 
the long-term integrity, and hence the ultimate service life , 
of the components of light water reactors that must retain 
the hot, pressurised coolant water and steam. The safe 
operating condition of the reactor pressure vessel , contain
ing the nuclear core, is the principal limiting factor in the 
nuclear power plant , as it would probably be impractical to 
replace il. For the other pipes and components of concern , 
repair or replacement is feasible , and the key considera
tions are the timing and cost of such action . 

The report discussed several important interacting 
factors which must be considered when determining the 
capability of a component to continue to function safely 
and effectively. To make this determination , one must 
identify: 1) the phenomena causing a loss of safety 
margins or component function ; 2) the information needed 
to assess the state of the components ; 3) the ability to 
physically get that information or otherwise determine the 
state of the component ; and 4) the criteria to be used in 
determining how much, if any, degradation of a component 
can be accepted. 

Among the important phenomena which can cause 
the degradation or malfunction of a component are loss of 
toughness through neutron irradiation and ageing , the 

N.R. McDonald is a member of the NEA's Nuclear Safety 
Division. 

An article on incentives and luture directions 01 Plant Lile 
Extension will appear in the next issue 01 the Newsletter. 
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development of cracks through fatigue , corrosion , etc. , and 
the effect of repair and maintenance work. A number of 
research programmes at the NEA and in Member 
countries are devoted to the detection and study of these 
phenomena. 

To determine the exact state of components , one 
must first examine the original records and design 
information . This may not be easily available for older 
plants , which were built before the study of life extension 
measures began. Other important information includes 
ordinary operational data such as temperature, pressure, 
water chemistry, etc. and unusual operational data from 
reports by licensees on incidents occurring at their 
reactors. Certain information on the physical state of the 
component can only be obtained by actually inspecting it , 
which poses additional problems of access to the equip
ment in highly radioactive areas or areas which are 
physically difficult to reach . 

ln addition to this information , other measures must 
be taken to assess the degradation or loss of function of a 
component. For example, models are being used to 
understand the basic and long-term behaviour of the 
components , benchmark exercises and other means are 
available to understand crack growth and fracture mecha
nics , and skilled and experienced personnel are important 
to perform the necessary assessments with the required 
level of confidence. 

The approach adopted in deciding how much, if any, 
degradation of inherent structural integrity can be accepted 
toward the end of service life of a component will be 
specific to each country depending on its laws, regulations 
and procedures. However, to obtain the measure of 
confidence needed to permit specific decisions based on 
integrity assessments will require progress on a number of 
technical issues such as those mentioned above. 

Although no specific technical limitations have been 
identified which would rule out life extension for structural 
integrity reasons, there are a number of areas in which 
more understanding and better data will be required for 
assessment purposes, if the necessary confidence in the 
safe operating condition of the nuclear power plant 
components is to be obtained. Experts in fracture mechan
ics and non-destructive examinations, together with reg
ulatory authorities, should work to achieve a better mutual 
understanding of the technical issues involved and the 
basis for national approaches. This is the objective of 
several activities in the programme of NEA's Committee on 
the Safety of Nuclear Installations . • 
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The cost of nuclear and coal electricity 

T he NEA report Projeeted eosts of generating e/eetrieity from nue/ear and eoa/-fired power stations for eommissioning 
in 1995 was reviewed in an article published in the NEA News/etter, Vol. 4, No. 1, Spring 1986, (E/eetrieity 

generation eosts). An energy consulting company in the United Kingdom , Cambridge Energy Research Ltd. (CER) , has 
recently published a report on Nue/ear Economies and the Priee of Goa/ in which ail the original data have been taken with 
due acknowledgement from the NEA report. However, the assumptions made - and therefore the conclusions reached -
differ significantly from those of the NEA. Professor P.M.S. Jones (United Kingdom), Chairman of the NEA Group of 
experts which produced the NEA report , presents below his critical review of the CER work. 

The CER authors have used the NEA data without 
amendment to conduct a number of sensitivity analyses 
which are presented graphically (country by country) and 
in tabular form. In the NEA study the results were 
presented mainly in terms of generation costs (U.S. 
milis/kWh) and cost ratios , with separate sensitivity 
analyses by country showing the break-even values for 
important parameters like nuclear capital costs , nuciear 
fuel costs , plant load factors and coal prices . CER, on the 
other hand, have chosen to present ail their analyses in 
terms of break-even levelised coal prices. Their report 
makes some question able assumptions and adopts a 
presentation that could mislead the casual reader as 
outlined below. 

The Cambridge authors opted very sensibly to have 
ail fossil plant costs based on new units fitted with flue gas 
desulphurisation. They therefore added a sm ail correction, 
based on data in the NEA report , to the coal-based 
generation costs provided by France, the United Kingdom, 
Italy and Spain . Their assumptions that operating costs 
would nevertheless remain unchanged lead them to 
under-estimate the likely extra cost of coal-fired electricity 
by some 2 to 3 mills/kWh for France and the United 
Kingdom. While this is small , it can lead to a significant 
error in break-even coal prices, in the region of 10-20 per 
cent. 

For their sensitivity analyses , they have adopted 
their own ranges which differed from the NEA best 
estimates. Some of these ranges are unrealistically 
pessimistic. For example , plant lives are varied down to 
10 years from the already conservative 20 to 25 years 
adopted by NEA. Levelised nuclear fuel costs are varied 
over a range of 40 per cent , weil outside the range 
considered plausible in the detailed analysis of the nuclear 
fuel cycle published by NEA in 1985. Not surprisingly, if 
one chooses a wide enough range, one can conclude that 
a selected parameter has signifieant impact on relative 
costs . 

The two biggest weaknesses in the CER presenta
tion concern their treatment of exchange rates and 
discount rates. As successive NEA working groups have 
pointed out , exchange rates are a major factor in 
international comparisons. They can lead to big differ
ences in apparent co st relativities between countries , 
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depending on the base dates selected for the comparison , 
even when no real changes have occurred . NEA opted to 
use ratios of coal/nuclear generation costs as a compara
tor since this ratio is significantly less sensitive to the 
selected base date than are absolute costs . 

CER have illustrated this sensitivity in the case of 
coal by recalculating break-even levelised coal prices in 
1986 money. This in itself is quite legitimate but two things 
have to be stressed: firstly that the costs are levelised 
projected costs covering the period 1995-2020 and not 
current prices ; and secondly, that they include any 
allowance countries have made for long-term currency 
adjustments. For example, in the case of the Sizewell 
inquiry, Sir Frank Layfield agrees with CEGB that the L will 
depreciate against the U.S.$ by about 25 per cent in real 
effective terms between 1982 (the Sizewell data base 
date) and 2000. Real sterling price increases have to be 
built into the forward cost estimates where reactor 
components or fuel will be purchased in world markets. 
This could increase both nuciear capital (slightly) and fuel 
costs and be reflected in higher break-even coal costs 
measured in sterling . Five per cent higher might be a 
reasonable projection. These, on conversion to U.S. 
dollars at the current higher exchange rates , give rise to a 
set of break-even coal prices that cannot be directly 
compared with current market prices. 

This effect and desulphurisation taken together 
would suggest that break-even levelised (1995-2020) coal 
prices for Sizewell wou Id be in the region of $42/tonne in 
June 1986 money rather than the $53/tonne quoted by 
CER , who compounded the problem by setting their figure 
alongside early 1987 spot ARA steam coal prices : steam 
coal actually supplied to EEC countries in the third quarter 
of 1986 averaged $47.3/tonne with a range of $36.5 to 
$60.4, the lower price being for South African coal. The 
United Kingdom average imported price was $53.6/tonne 
while Japan paid $42.4 with a range from $41 .8 to $44 .6. 
(Source : IEA Energy Prices and Taxes , OECD 1987) . 
Domestically-produced coal in the United Kingdom costs 
the CEGB around $60/tonne . (11 should be noted that NEA 
common assumptions for their comparison purposes were 
not identical with CEGB's expectations for Sizewell. The 
NEA basis is used here .) 

The NEA Newsletter, spring 1987 



C) 
<l: 
c 
o 
ï: 
~ 
.0<: 

Qi 
Z ro 
~ 

TI 
w 

The CER give equal weight to 5 per cent and 10 per 
cent discount rates in the presentation of their results and 
use an even wider range for sensitivity analysis (2-15 per 
cent). Whi le reporting the NEA view that a 5 per cent real 
rate is the most appropriate, based on practices in the 
OECD (where the majority of countries employ 4-6 per 
cent real rates of return), CER claim that current very high 
interest rates that may be obtained in financial markets in 
the Western countries make it likely that any pressure on 
discount rates in the future will be upwards. 

What is the situation? ln February 1987 the United 
Kingdom and Ital y have high monetary interest rates in the 
range of 10 to 12 per cent . For long-term bonds, which are 
perhaps an appropriate comparator for power stations, the 
rate is 10 per cent. In the United States it is 7.4 per cent , 
the Federal Republic of Germany 4.3 per cent , Japan 
4.2 per cent , France 8.5 per cent , Belgium 7.5 per cent , 
Switzerland 3.6 per cent and the Netherlands 6.1 per cent. 
But ail these make no correction for inflation which is 
currently running at 4 per cent in the United Kingdom and 
Italy, 3 per cent in the United States, 1 per cent in the 

NEA Update 

Federal Republic of Germany, 0 per cent in Japan, 2 per 
cent in France and 2 1/2 per cent per annum for the OECD 
as a whole. Thus a discount rate of 5 per cent in real terms 
could be argued to be too high rather than too low, 
particularly bearing in mind the fa ct that current real rates 
of interest in the United Kingdom are higher than they have 
ever been and the general world trend is downwards. 

The conclusion reached by the NEA that nuclear is 
likely to retain a sizeable economic advantage over coal in 
most OECD countries seems unassailable. The CER 
questioning of this conclusion based on uncertainties 
largely of their own making does not stand up to critical 
examination. Of course if world coal priees can be brought 
down en masse to the lowest current spot market priees of 
$36/tonne and maintained there for the next 30 to 40 years 
in the face of growing demand, some countries would not 
find nuclear competitive. The question is whether that is a 
likely scenario. 

The NEA report is available through OECD at t:9 . 
The CER report is available from CER Lld. at 5::95 .• 

UL' __________________________________________________________________________________________________ --__________ ~ 

Federal Republic of Germany: Gundremmingen reactor. The electric energy generated by just one of the fuel assemblies shown 
above is approximately equivalent to that from 3 500 tons of coal in a conventional power plant. 
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NEA Update 

THE NUCLEAR POWER SITUATION 
IN OECD COUNTRIES 

1986 Situation 

l n the twelve-month period beginning in January, nuciear electricity generation in OECD countries rose by 8 per cent 
from 1 145 terawatthours (TWh) to 1 238 TWh. Nuciear power now accounts for some 22 per cent of electricity 

generated in the OECD area . In 1986, the number of nuciear power plants connected to the grid in NEA Member countries 
rose to 303 , with some 19 new reactors coming on line . The total instalied nuciear power capacity also increased by 8 per 
cent to 224 GWe . • 

Plants connected to the grid 
Nuclear electricity Nuclear 

Country Units Capacity generation share 
(GWe) (TWh) (%) 

Belgium 8 5.4 37.1 67.0 
Canada 18 11 .0 68.7 15.1 
Finland 4 2.3 18.0 38.4 
France 49 45.0 241.4 69.8 
Germany, F.R. 21 18.9 113.3 29.6 
Italy 3 1.3 8.4 4.6 
Japan 35 25.8 157.7 24.6 
Netherlands 2 0.5 3.9 5.9 
Spain 8 5.6 35.6 28.9 
Sweden 12 9.6 67.0 50 .3 
Switzerland 5 2.9 21 .3 39.2 
United Kingdom 38 10.2 51 .8 18.4 
United States 100 85.3 414.0 16.6 

Total DECO 303 223.8 1 238.2 21.8 

Data as of 27th April 1987. 

Estimates of nuclear electricity capacity to the year 2000 

Country 

Belgium 
Canada 
Finland 
France 
Germany F.R. 
Italy (b) 
Japan (a,c) 
Netherlands 
Spain (b) 
Sweden 
Switzerland 
Turkey 
United Kingdom (b) 
United States 

DECO Total 

(a) For fi scal year. 
(b) Secretariat's estimate . 
(c) Gross data converted into net. 
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Net GWe 

5.4 
13.6 
2.3 

57.3 
23.0 

1.3 
33.0 

0.5 
7.4 
9.8 
3.0 
00 

12.2 
105.0 

273.8 

1990 

Nuclear 
Share 

(%) 

38.0 
13.4 
19.7 
53.3 
23.0 

2.1 
18.3 
3.4 

16.8 
29.2 
19.5 
0.0 

18.6 
15.3 

17.4 

2000 

Nuclear 
Net GWe Share 

(%) 

6.8 43.6 
16.2 13.4 
2.3 16.3 

67.4 52. 1 
25.6 24.9 

8.1 10.9 
60.0 (c) 25.0 

2.5 (b) 15.4 
10.4 21 .5 
7.4 (b) 21 .1 
4.0 22.5 
0.7 1.8 

18.0 26.9 
111 .0 14.9 

340.4 18.8 
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New publications from the NEA 

Reducing the Frequency of Nuclear 
Reactor Scrams 
(Proceedings of an NEA Symposium) 

While reactor scrams are of vital importance in bringing the 
plant to a safe and stable condition in case of an 
emergency, too frequent scrams can have negative side 
effects on plant operat ions, both in terms of safety and 
economics. This report contains the proceedings of an 
international symposium organised by the NEA to analyse 
the reasons for differences in the frequency of reactor 
scrams observed in OECD countries and to discuss how 
these could be reduced in order to improve plant 
performance. 

ISBN 92-64-02937 -0 
Priee : s:: 22.00 US$ 44 .00 FF 220.00 

Nuclear Energy and Its Fuel Cycle 
- Prospects to 2025 

Nuclear power wi ll supply an increasing share of the 
world 's electricity but will expand more slowly than had 
been expected , and no shortages of uranium or other fuel 
cycle services are foreseen before the end of the century. 
Wh ile exploration for new uranium deposits should 
cont inue to ensure long-term supplies , advances in reactor 
design and enrichment and reprocessing techniques could 
achieve reductions in uranium demand. 

ISBN 92-64-12919-7 
Priee : s:: 15.00 US$ 30 .00 FF 150.00 
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Electricity, Nuclear Power and Fuel 
Cycle in OECD Countries - Main Data 

Free on request. 

Statistical data and projections up ta the year 2025 are 
provided based on figures from the end of 1986. 

Nuclear Law Bulletin No. 38 

ISSN 0304-341 X 
Priee : 52 12.00 US$ 24.00 FF 120.00 

Chernobyl and the Safety of Nuclear 
Reactors in OECD Countries 

This report assesses the bearing of the Chernobyl accident 
on the safety of nuclear reactors in OECD cou nt ries. Il 
discusses analyses of the accident performed in several 
countries as weil as improvements to the safety of RBMK 
reactors announced by the USSR. Several remaining 
questions are identified . 

ISBN 92-64-12975-8 
Priee: s:: 11 .00 US$ 23.00 FF 110.00 
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