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Foreword 

The purpose of this report is to assist the interested non-specialist reader 
in the appraisal of a number of key factors in the development and regulation of 
nuclear power. It strives to provide information in clear language on five main 
subject areas about which an interested layman would wish to obtain a knowl
edgeable view: nuclear development and economics, the protection of man and 
the environment, nuclear plant safety, the management of waste and the compen
sation of damage from an accident. These major issues are regularly addressed in 
the programme of the Nuclear Energy Agency, providing solid experience at the 
international level on which to base accurate public information. It is hoped that 
this report, published under the responsibility of the NEA Secretariat, will help to 
put into perspective the role of nuclear power as a source of electricity generation. 

* 

The Secretariat of the Nuclear Energy Agency wishes to thank Dr. Stephen 
D. Salaff, a free-lance writer in Toronto (Canada), for his invaluable contribution 
to the preparation of this report. 
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Preface 
by 

Dr. Kunihiko UEMATSU 
Director General 

of the OECD Nuclear Energy Agency 

One light bulb out of six is supplied with electricity generated by nu
clear power stations throughout the world. For the OECD area as a whole, this 
proportion rises to almost one out of four and, in some countries, nuclear energy 
provides a much greater share of the electricity supply. 

More than three decades of operation have provided over 5000 reactor-
years of nuclear power experience. The nuclear industry, which has now reached 
the stage of an adult technology with an appreciable operating performance, 
is subject to the most severe safety and regulatory requirements and its safety 
record, measured by protection of workers and the general public, is second to no 
other industry. According to OECD statistics, the contribution of this source of 
energy should continue to increase in the coming years, although at a substan
tially reduced rate. Most informed observers agree that coal and nuclear energy 
will, on a global basis, form the backbone of longer-term energy policies. 

The emergence of worldwide concerns regarding global warming pollu
tion is a major political challenge for all countries, developed and developing 
alike, and acts as a strong incentive to review existing and prospective energy 
sources. The potential contribution of nuclear power toward achieving worldwide 
environmental goals has begun to be acknowledged as, for example, in the final 
Declaration of the 1989 Summit Conference of industrialised countries held in 
Paris. 
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In spite of its good performance, the further deployment of nuclear power 
continues to face serious uncertainties. The persisting sensitivity of public opinion 
regarding nuclear matters, fed by a few significant incidents, accidents or lapses 
in good management, has exerted a serious influence on policy-making in many 
countries. The international consequences of the 1986 accident at the Chernobyl 
nuclear power station in the USSR gave new grounds for public anxiety and led 
many governments to suspend their nuclear power plans or even to consider aban
doning the nuclear energy option altogether. 

Beyond completion of the 54 plants under construction or already or
dered in the OECD area, only three countries at present (Prance, Japan and the 
United Kingdom) have planned further nuclear expansion. This decline in future 
construction, combined with uncertain capital returns, has led nuclear compa
nies to consider a greater concentration of their resources and labour force and 
to diversify their activities. While the need for new generating capacity until the 
turn of the century can be safely met, there is more uncertainty over the ability 
of this industry to respond quickly to any upsurge in demand beyond that date, 
resulting, for example, from environmental concerns about the climatic effects of 
fossil fuels. Governments and industry together are responsible for plans to meet 
the long-term demand for base load electricity, and these will undoubtedly in
clude nuclear energy as well as coal, together with other renewable energy sources. 

Meeting this challenge means creating or maintaining public and polit
ical confidence in our ability to constantly improve nuclear technology, contain 
the costs, ensure the highest degree of safety for nuclear plants, prevent severe 
accidents or minimize their consequences, protect people and nature from radia
tion damage, safely manage waste from a long-term perspective, and last but not 
least, ensure that potential damage from an accident will be fairly compensated. 

Is the national and international nuclear community capable of achiev
ing these goals? The answer lies largely in the progress which has already been 
made in developing and regulating this industry year after year. 

Past operating experience, intensive research and development, and the 
lessons learned from the few accidents which the nuclear industry has suffered, 
have contributed to our ability to improve the management of nuclear plant safety 
in all circumstances, notably by better integrating the human factor in plant man
agement and by conceiving new strategies to cope with the most severe accidents. 
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To keep radiation exposure of workers and the public resulting from the 
routine operation of nuclear plants within acceptable limits, a comprehensive phi
losophy has been developed, backed by physical, technical and medical controls. 
These are agreed internationally and are subject to constant review. Much has 
been done as a result of the Chernobyl accident to improve emergency planning 
and preparedness in the event of an accidental release of radioactivity. This effort 
will be continued, notably to achieve harmonization of criteria governing national 
responses to an emergency with transboundary effects and to avoid international 
disparities in the measures applied to protect populations. 

The issue of radioactive waste continues to concern public opinion be
cause of the negative connotation of waste in general, and the belief that radioac
tivity from this waste can create permanent problems which will burden future 
generations. However, all OECD countries with nuclear programmes have made 
substantial progress in creating comprehensive radioactive waste management 
systems. Questions of treatment, conditioning and storage have been mastered 
from a technical, engineering and safety viewpoint. Efforts are now concentrated 
on the feasibility and long-term safety evaluation of repositories for high-level 
waste and spent nuclear fuel, although technically speaking, there is no great ur
gency, as such waste represents a comparatively small volume. The real challenge 
is to gain public and political understanding that the management of radioactive 
waste is being confidently addressed within a rigorous regulatory framework in 
all relevant countries. 

From the early days of nuclear power operation, governments have sought 
to implement a comprehensive system for the compensation of damage from a 
nuclear accident and for a clear definition of the operator's liability. Based on the 
realisation that this damage could well extend beyond national borders, and that 
an effective system was necessary for the acceptable development of the nuclear 
industry, international conventions were developed for this purpose as early as the 
1960s, followed by detailed national legislation. The Chernobyl accident, putting 
the system to the test for the first time on an almost worldwide scale, revealed the 
need to make urgent adaptations to ensure its international effectiveness, both in 
terms of geographical scope and coverage of damages to the environment. The 
Nuclear Energy Agency and the International Atomic Energy Agency have made 
serious progress in this direction, although several aspects of compensation for 
nuclear damage still require further work. 
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In an evolving world, where the conditions for sustained economic de
velopment must be continuously adapted to more demanding social and envi
ronmental goals, adequate energy resources in qualitative and quantitative terms 
represent a crucial objective. Mankind can certainly continue to rely to a large 
degree on creativeness and technical innovation to develop new forms of energy to 
meet this demand in the future. Today, and in the coming decades, however, the 
choice is inevitably limited to energy sources which have already demonstrated 
their potential on economic, safety and environmental grourds. Nuclear energy 
is one of them. 
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1. 

The Logic and Economics 
of Nuclear Energy 

Introduct on 

Several decades have passed since the heady days when enthusiasm for nuclear 
power and national pride in nuclear technology led to the notorious prediction 
that, nuclear generated electricity would be "too cheap to meter". At that time 
nuclear power was seen as the salvation for the problems of energy supply which 
had been severe, particularly in Western Europe following World War II, and 
which were viewed as a potentially serious constraint on long-term economic 
growth in the industrialised countries. 

In the intervening period, a sizeable nuclear industry has been built 
up worldwide. In the OECD area, six countries design and construct complete 
nuclear reactors and several others have partial design, component manufacture 
and construction capacity. Thirteen OECD countries generate electricity from 
nuclear plants, deriving more than one-fifth of their electricity by this means in 
1988. During 5000 reactor-years of nuclear power experience, many utilities have 
consistently achieved high levels of plant performance. Stringent safety standards 
have been developed, applied and monitored by national regulatory authorities, 
with willing and informed compliance by the operators. The safety record of the 
nuclear enterprise in OECD countries, measured by protection of workers and 
the general public, has been second to no other industry. 

Admittedly, however, well-publicised lapses from good operating prac
tice have alerted the public to the particular risks of nurlear power. These inci
dents have led to concerns, expressed at times with considerable conviction and 
intensity, over reactor safety and other aspects of nuclear power development. 
These concerns were markedly heightened by the accident at Three Mile Island-2 
in 1979 and even more by the Chernobyl disaster in 1986. 
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Even while controversies aroused by these events continue, opinion polls 
in 1988 such as in the United States and in the United Kingdom reveal that a 
cleax majority of the public expects nuclear power to be a crucially important 
component of future energy supply. 

This view stems from several key facts. In some countries, nuclear elec
tricity is cheaper than electricity produced from other fuels. Various observers 
suggest that the balance may tilt further toward nuclear as fossil fuels become 
scarce, as greater simplicity and stability are introduced into the licensing of nu
clear plants (with considerable reduction in capital cost) and as improved designs 
further cut the investment cost. The use of nuclear power, by diversifying energy 
sources, weakens the hold of any one group of fuel suppliers and thus enhances 
the long-term security of energy supply to consumers. In the shorter term, the 
physical ability to store vast quantities of energy, safely and cheaply, in the form 
of uranium is also regarded as beneficial. 

These fundamental realities underpin the logic of nuclear energy. Minis
ters of most OECD countries meeting at the International Energy Agency (IEA) 
in 1987 agreed that any restriction on the nuclear option for the IEA as a whole 
would increase demand for other energy sources and thus raise the cost of achiev
ing energy security. At the 1989 meetings of the IEA and OECD Ministers, it 
was acknowledged that nuclear power would be among the options for energy 
sources which would contribute to solving international and domestic environ
mental problems. They also acknowledged that each country should properly 
choose its own mix of energy sources. In addition, associations of industrialists 
in several OECD countries, seeking to guarantee a relatively cheap source of re
liable energy, are among the strongest proponents of the use of nuclear power. 
It is clear that if nuclear electricity were not competitive economically, it would 
have no future. 

Nuclear Electricity Generation Today 

Overall, 429 reactors operate in 25 countries and another 105 are under construc
tion. These reactors provided almost 17 per cent of the world's electricity in 
1988, some 80 per cent of it being produced by OECD countries. The annual 
growth rate projected by the NEA and the International Atomic Energy Agency 
(IAEA) to the year 2000 shows a 1.6 per cent growth for OECD countries and 
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about 8 per cent for other countries. Owing to more rapid growth outside the 
OECD, its share will decrease to around 70 per cent in 2000. Within the OECD 
area, fulfillment of existing reactor construction commitments will maintain the 
nuclear share of total electricity generation at over 22 per cent until 2000. 

The Maturity of Nuclear Industry 

With the extensive operating experience accumulated during more than three 
decades of commercial operation, the nuclear industry is now approaching tech
nological and economic maturity. Nuclear utilities, equijjment manufacturers and 
service suppliers have demonstrated their ability to construct and operate large 
nuclear power stations, to progressively improve current reactor models, and to 
provide the whole range of industrial nuclear fuel cycle services. 

Recent statistics from the IAEA, the North American Electric Relia
bility Council, and the Institute of Nuclear Power Operations in generai reflect 
regular improvements in reactor availability (the percentage of time reactors are 
operable), reliability (technical performance when in operation) and other indi
cators of ability to function as designed. Electricity production by some reactors 
is now being modulated to match daily or weekly shifts in demand. The ability 
of nuclear reactors to manoeuvre safely in this way will become indispensable for 
more countries as the share of nuclear reactors in their generating capacity grows 
to exceed the demand for base load electricity (that part of electricity demand 
which persists for most hours in the year). 

On the other hand, it must be recognized that nuclear power develop
ment has been slower and more limited than anticipated. Until the beginning 
of the 1970s, forecasters projected high levels of future nuclear power capac
ity. Toward the late 1970s, however, that optimism waned and forecasts dropped 
markedly. Long-term uncertainties were caused by a series of interrelated factors, 
including less-than-anticipated electricity demand growth in the OECD, partly 
owing to economic recession; protracted policymaking and public acceptance dif
ficulties; and increased plant construction times and costs. The severe accident 
at Chernobyl in April 1986 evoked further doubts about the future of nuclear 
energy in a number of countries and caused several of them either to delay deci
sions to further develop their nuclear energy programmes, or to terminate them 
altogether. 
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Table 1 

Total and nuclear electricity generation 
in the O E C D area, 1988 

COUNTRY 

Australia 
Austria 
Belgium 
Canada 
Denmark 
Finland 
France 
Germany, F.R. 
Greece 
Iceland 
Ireland 
Italy 
Japan 
Luxembourg 
Netherlands 
New Zealand 
Norway 
Portugal 
Spain 
Sweden 
Switzerland 
Turkey 
United Kingdom 
United States 

OECD Total 

TOTAL (1) 

132.0 
45.9 
61.9 

487.0 
29.8 
51.3 

372.4 
402.5 

30.5 
4.4 

12.2 
196.8 
641.8 

0.6 
67.2 
27.0 

110.0 
21.4 

133.3 
141.4 

57.5 
64.8 

282.9 
2701.0 

6077.9 

NUCLEAR (1) 

0.0 
0.0 

40.9 
78.2 
0.0 

18.4 
260.2 
137.8 

0.0 
0.0 
0.0 
0.0 

174.8 
0.0 
3.4 
0.0 
0.0 
0.0 

48.3 
66.4 
21.5 

0.0 
53.3 

527.0 

1430.2 

PERCENTAGE 
NUCLEAR 

0.0 
0.0 

66.1 
16.1 
0.0 

35.9 
69.9 
34.2 
0.0 
0.0 
0.0 
0.0 

27.2 
0.0 
5.1 
0.0 
0.0 
0.0 

36.2 
47.0 
37.4 
0.0 

18.8 
19.5 

23.5 

Note: (1) Net terawatt-hours. One terawatt-hour equals one trillion 
(one thousand billion) watt-hours 
A 1000 megawatt reactor running at 80 per cent capacity factor 
generates 7 terawatt-hours of electricity, the equivalent of 
about 2 million tonnes of coal. 

Source: Nuclear Energy Data, OECD Nuclear Energy Agency, 1989. 
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Diverse National Experiences 

Table 1 shows nuclear electricity production in t h . twenty-four OECD countries, 
compared to their total electricity output. Seven member countries in 1988 ac
counted for 90 per cent of all OECD area nuclear electricity generation: the 
United States, France, Japan, the Federal Republic of Germany, Canada, Swe
den and the United Kingdom. The pattern will still be similar in the year 2000. 

At present, just as before Chernobyl, OECD member countries reflect 
a diversity of attitudes towards nuclear energy. These countries can now be di
vided into three broad groups: those in favour of the continued and expanded use 
of nuclear power; those where post-Chernobyl delays are perceptible; and those 
which will probably not begin (or continue) the use of nuclear energy. 

• Some countries have declared their continued intention to rely on nuclear 
power, and their pre-Chernobyl programmes have remained relatively unaf
fected by the accident. These nations include France, where nuclear energy 
in 1988 accounted for 70 per cent of total electricity generation, the highest 
ratio in the world. The eight French reactors under construction are sched
uled to be brought into service by 1993 and two further 1450 MWe reactors 
are planned for later in the 1990s. In Japan, the industry-government per
spective envisages a nuclear share rising from 25 per cent in 1988 to 35 per 
cent by 1995 and to about 60 per cent by 2030. This translates into more 
than two completed units annually in 1990-2000 and over three units after 
2000. 

The United Kingdom began construction of the Sizewell B nuclear station 
in 1987, the first in an anticipated series of replicated pressurized water 
reactor plants. In Canada, the construction and commissioning of four ad
ditional nuclear units is continuing close to schedule at Darlington, Ontario, 
and new plants are under active consideration for Ontario, New Brunswick 
and Saskatchewan. In the United States, 7 nuclear generating plants are 
scheduled to begin commercial service in the next three years, with another 
11 plants under construction. While there are considerable delays in bring
ing US backlog plants into operation, these are not directly attributable to 
the Chernobyl accident. 
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• The Chernobyl accident has prompted reassessments in several countries 
which were considering additional nuclear plants. In the Federal Republic 
of Germany, a long term reduction in the role of nuclear power has been 
officially discussed, and some state governments have slowed plans for new 
reactor projects. Also in this middle category are Belgium, Switzerland, 
Finland, and the Netherlands. In Italy, the outcome of three national ref
erenda in November 1987 was negative for nuclear power and has been 
followed by a moratorium on nuclear plant construction. 

• Some countries either have already expressed their intention to forego the 
nuclear energy option (Australia, Austria and Denmark) or do not plan 
to introduce nuclear power in the foreseeable future (Ireland and Norwav). 
Sweden has twelve operating nuclear reactors, but voters in a 1980 national 
referendum decided to shut them all down by the year 2010. After the 
Chernobyl accident, Sweden began to examine an accelerated phaseout and 
has decided to shut down two reactors in 1995-1996. 

Prospects for the Future of Nuclear Power 

Although the political and psychological consequences of the Chernobyl accident 
remain substantial, projections of electricity demand suggest that nuclear energy 
will remain an irreplaceable element in both short-term (up to the year 1995) 
and long-term (from 1995 to 2025) global energy policies. World industry and 
the governments of most industrialised countries continue to view nuclear energy 
as a valuable fuel diversification option. 

The Short Term 

Nuclear power growth has in the main already been planned until around 1995. 
Virtually all new short-term additions will be reactors now already under con
struction. During this five-year period, the current surplus of electric power 
generation capacity will shrink gradually and possibly vanish. Some countries or 
regions where high electricity demand has recently materialized will likely respond 
by constructing small fossil-fuelled plants embodying innovative technology, since 
these can be built more quickly than today's generation of nuclear plants. 

During the past ten or twelve years, OECD nuclear plant manufacturing 
has contracted steadily, owing to reluctance to build nuclear plants, coupled in 
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some count rife* #itii reduced electricity demand projections. Declining nuclear 
programme e*ptr *tions and mounting financial uncertainties have prompted nu
clear reactor an-') s.quipment vendors, engineering and service companies to rut 
their capacity ar.'t • -"hour force. The lack of new orders has led many firms to 
restructure and diw.sify into other business areas, to form joint ventures or to 
merge, in order to u iintain the commercial viability of the nuclear industry. The 
success of these strategies will depend on how soon the uncertainties surrounding 
new reactor const! rtion can be dispelled. 

Tfce industry can no doubt meet the nuclear capacity goals of OECD 
countries for the year 2000, because they require only a few additional reactor 
projects now in the construction pipeline. Of greater concern is the ability of 
the industry to marshall new resources quickly to meet high workloads if cur
rent concerns about the environmental and climatic effects of fossil plants prove 
justified. 

The Long Term 

The commercial nuclear manufacturing industry is dedicated to serving only one 
type of client: electricity producers. These customers comprise what is sometimes 
called a single market, whose overall contraction inevitably affects the entire nu
clear equipment and service sector. Another important feature of the nuclear 
industry is the long lead time required for technical planning, development and 
implementation of the manufacturing infrastructure, plus long plant construction 
periods, ranging from 6 to 15 years from order decision to commissioning. 

The nuclear industry requires very large outlays of capital in order to 
meet its long-term needs, and hence depends strongly on the stability of investor 
expectations and national energy policies. For developing countries, nuclear fi
nancing has a large foreign exchange component. These factors could inhibit a 
timely industry response to expected increases in long-term energy and electricity 
demand. 
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Table 2 

Projected range of nuclear power capacity (l) 

Year 

OECD 

World 

1985 

207 

253 

1995 

320 

427 

2000 
low 

365 

497 

high 

429 

646 

2025 
low 

555 

875 

high 

1150 

2160 

Note: (1) Net gigawatts electric. One gigawatt equals 
1,000 megawatts or one billion watts. 

Source: Nuclear Energy and Its Fuel Cycle: 
Prospects to 2025, 
OECD Nuclear Energy Agency, jointly with 
the International Atomic Energy Agency, 1987. 

Nuclear capacity forecasts of the NEA and IAEA in 1986 were called into question 
by public reaction to the Chernobyl accident. The experts who authored these 
forecasts already had some doubt as to whether the manufacturing industry would 
be able to produce the capacity required. These misgivings were reinforced by 
the subsequent stagnation of the nuclear industry. Considerable effort would be 
needed to revive manufacturing capacity and train engineers and technicians if 
governments decided that nuclear programmes even larger than those of the high 
forecast were necessary. 

Renewed growth in electricity usage, coupled with utility reluctance to 
commit new capacity, may be creating a strong pent up demand for new power 
plants. Although the initial response will be to build small fossil-fired units 
quickly, this could increase the cost of electricity, because the higher specific fuel 
and operating costs of these plants might outweigh their lower capital cost. Over 
the long term, utilities anticipating new facilities for baseload generation will 
carefully consider the suitability and comparative economics of the two leading 
fuel contenders: uranium and coal. 
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The Nuclear/Coal Cost Comparison 

The different cost elements and their payment arrangements over time differ for 
various types of electricity generation plants. Measured by cost per installed unit 
of capacity, renewable energy sources (such as hydropower) have high initial cap
ital costs and negligible or no fuel costs, whereas fossil-fired (coal, oil and natural 
gas) stations have high fuel costs and more modest capital requirements. Nuclear 
stations fall between the two, but bear the future costs of radioactive waste man
agement, as well as plant decommissioning, which are considerably higher than 
for non-nuclear plants. Capital costs include interest on capital employed during 
construction, which typically amounts to around 10 to 15 per cent of total capital 
costs for power plants constructed in six to eight years. 

For the purpose of studies conducted by NEA and jointly with IEA, the 
economic life of both coal and nuclear plants to be commissioned in the period 
1995-2000 is taken to be 30 years, although it is recognised that the technical life 
expected by many utilities is greater than that. These comparisons refer to costs 
"levelised" over this 30-years operating life. 

A recent joint NEA/IEA report, using a 5 per cent discount rate, shows 
that despite decreased coal costs and the considerable movements in exchange 
rates between various national currencies since 1983, electricity generation by nu
clear power plants in the European countries of OECD and Japan are expected 
to enjoy a cost advantage over coal stations in 8 of 12 countries (the highest 
advantage being 80 per cent in Belgium). In North America, the result depends 
on the geographic region. Nuclear power generation will have an economic edge 
in central and Atlantic Canada of 6 to 33 per cent and a lead of 7 per cent in the 
eastern United States. Nuclear power will be significantly more expensive in the 
Rocky Mountain areas of the US and Canada, where low-cost coal can be mined 
in abundance. 

In view of the large capital investment component in electricity genera
tion costs, the highest electronuclear generating cost reported to the NEA/IEA is 
more than twice the lowest reported cost. A similar twofold spread characterises 
the coal generation costs. However, owing to the greater weight of capital-related 
expenditures in the nuclear alternative, nuclear energy incurs higher costs than 
coal in the initial years. 

The United States' comparative cost data assume that future construc
tion schedules could match the pace of France and Japan, or at least repeat the 
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best recent domestic performances (eight years), thus reducing nuclear costs con
siderably below current levels. (Construction times for fossil fuel plants in the 
United States Lave ranged from three to seven years.) 

The nuclear generation cost differences are chiefly explained by the large 
international variations in nuclear capital investment costs. These amount to a 
ratio of two between the cheapest and the dearest capital costs. Some of this 
variation is due to engineering factors, such as detailed plant designs, along with 
sites and plant cooling methods. There are diverse assumptions for the size of the 
reference plant and for the number of reactor units being built on the site (the 
first units of a kind are generally more expensive). Some countries, like Canada 
and France, have reduced their unit investment costs considerably by series or
dering, co-location of plants and a relatively stable single reactor supplier market. 
However the US, the UK and others have not yet benefited from replication of 
a single reactor design. Among other factors, high investment costs have been 
associated in the US with energy policy and regulatory uncertainties, and in the 
UK with several changes in reactor type. 

Intrinsic economic parameters also contribute to national cost variations. 
Thus the pattern of taxes and subsidies, and the cost of labour, materials and 
energy will lead to different plant construction costs in different countries even 
for identical reactors. A further major distortion can arise when exchange rates 
fail to mirror internal costs. 

For coal-fuelled generation, the critical cost variables are the price of 
delivered coal, plant siting, and the severity of controls on atmospheric pollu
tion. However, even when fitted with relatively costly flue gas desulphurisation 
equipment ("scrubbers"), coal-fired plants remain cheaper than nuclear genera
tion near the main North American coal fields. 

Coal is a commodity that varies significantly in price depending on its 
source and its quality, and the cost of coal to users is strongly influenced by 
geographical and transportation factors. Transportation costs depend on the 
location of the mine and its distance to the electricity generating plant. Coal 
extraction costs vary considerably and, for example, are higher in the Federal 
Republic of Germany and in the United Kingdom than in North America or Aus
tralia. 
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Table 3 

Summary of Levelised Discounted Electricity Generation Costs 
(Projected for 30 year lifetimes and a 5% discount rate) 

January 1987/mills per kWh 

1 
1 

Country 

Belgium 

Canada 
- Central 
• East nuclear 

/Enst coal 
- East nuclear 

/West con! 

Denmark 
- « " > 
- b 
- c 

Finland 

France 

Germany, F.R 

Greece 

Italy'2» 

Japan 

Netherlands 

Invest
ment 

15.6 

13.2 

154 

154 

-
-
— 

16.4 

12.9 

21.4 
21.4 

-

23.4 

21.4 

17.6 

NUCLEAR 

Ofe M" 

5.4 

2.4 

7.6 

7.6 

-
-
— 

4.6 

5.4 

7.4 
7.4 

-

6.3 

8.7 

6.4 

Fuel 

8.1 

4.0 

3.1 

31 

-
-
— 

6.5 

9.1 

11.1 
11.1 

-

10.7 

13.2 

10.6 

Total 

29.1 

19.6 

26.2 

26.2 

-
-
— 

27.5 

27.4 

39.9 
39.9 

-

40.4 

43.3 

34.6 

Invest
ment 

13.9 

8.2 

9.1 

10.3 

6.9 
8.4 

10.5 

9.4 

11.3 

10.1 
10.1 

11.0 

12.7 

18 0 

9.7 

COAL 

0 & M 

9.2 

1.9 

3.7 

3.3 

5.6 
6.4 
7.5 

6.3 

4.8 

8.5 
8.5 

1.6 

6.0 

13.3 

4.0 

Fuel 

29.1 

15.9 

15.1 

7.9 

25.;; 
25.2 
25.7 

17.3 

23.5 

38.1 
25.3(7) 

21.5 

23.53 
/8.1 

24.4 

19.1 

Total 

52.2 

26.0 

27.9 

21.5 

37.7 
40.0 
43.7 

33.0 

39.6 

66.7 
43.9 

34 2 

4 3 1 
/57.7 

55.7 

32,8 

Ratio 
Coal 

Nuclear 

1.79 

1.33 

1.06 

0.82 

-
-
— 

1.20 

1.45 

1.42 
1.10 

-

1.07 
/1.43 

1.28 

0.95 

* O & M Operation ond Maintenance 
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Country 

Portugal'5' 

Spain'31 

Sweden 

Turkey 

United Kingdom' *» 

United States'*' 
- Midwest 
-West 
- East 

Invest
ment 

-

25.4 

-

22.5 

22 6 

21.7 
21.7 
21.7 

NUCLEAR 

O k M Fuel 

-

8.7 

-

3.7 

6.8 

114 
11.4 
11.4 

-

8.5 

-

6.0 

6.6 

5.0 
5.6 
5.6 

Total 

-

42.6 

-

32.2 

36.0 

38.7 
38.7 
38.7 

Invest
ment 

11.1 

12.5 

12.6 

11.6 

13.1 

15.0 
15.1 
16.3 

COAL 

0 k M Fuel 

5.7 

6 0 

84 

2.8 

7.1 

6.0 
4.1 
4.7 

25.9 

22.8 

25.0 

19.4 

18 1 

14.4 
11.9 
20.5 

Total 

427 

41.3 

46.0 

33.8 

38.3 

35.4 
31.1 
41.5 

Ratio 
Coal 

Nuclear 

-

0.97 

-

1.05 

1.07 

0.91 
0.81 
1.07 

Notes: 
(1) Plant sizes: 1 x 600 MW (a), 1 x 350 MW (b) and 1 x 250 MW (c). 
(2) Coal prices in low and high estimates. 
(3) Coal data referred to units importing coal. 
(4) Nuclear O&M costs include decommissioning. 
(5) Plant size 2 x 546 MW. Total generation cost for 4 x 283 MW plant without 

sulphur removal equipment is reported 40.0 mills/kWh. 
(6) Investment includes decommissioning, O&M includes research and central 

overheads (excl. taxes) for nuclear and central overheads (exCl. taxes) 
for coal, fuel includes cost of coal stocks. 

(7) Imported coal case. 

Source: Projected Costs of Generating Electricity from Power Stations for 
Commissioning in the period 1995-2000. A joint study by the OECD Nuclear 
Energy Agency and the International Energy Agency, 1989. 
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Apart from these national and local factors, uncertainties about future 
prices on the world coal market are large enough in themselves to cause significant 
variations from the reference case chosen for NEA/IEA economic comparisons of 
nuclear and coal generation. 

Estimates of the costs of electric power generation fired by oil or natural 
gas indicate that oil and gas will in general be substantially more expensive than 
nuclear and coal for OECD area baseload electricity generation. However, at fuel 
prices predicted by some observers, gas-fired plants would be competitive. 

Cost Sensitivities 

The ratios between coal and nuclear generation costs depend strongly on the 
underlying assumptions and expectations concerning a number of key variables 
including plant commissioning dates, lifetimes and capacity factors, capital costs, 
the future prices of fuel and especially discount rates. (The discount rate is a 
parameter which expresses the time-related cost of money, and accounts for the 
fact that expenditure in the future is preferred to the same level of expenditure 
today. The yearly capacity factor is a measure of power actually produced com
pared to a year's theoretical production at full power.) 

Sensitivity analyses are performed by studying the effects of changes to 
the reference case parameters adopted for these variables. These tests reveal that 
for coal and nuclear plant economic lifetimes above 20 years, the overall genera
tion cost ratios are not sensitive to plant longevity. 

The fact that nuclear competes at a common capacity factor as low as 
50 per cent in more than half the countries, including most of OECD Europe, 
Japan and central Canada, supports the view that nuclear reactors which operate 
in a load-following mode will likewise be economically competitive with coal. 

Nuclear fuel costs, including costs for the back-end of the nuclear fuel 
cycle, could increase markedly in most countries and more than double in 6 of 
them before the nuclear advantage would be lost. Nuclear investment costs (in
cluding interest during construction, contingency fund allowances and a reactor 
decommissioning allowance) could rise in real terms by between 7 per cent and 
148 per cent while still preserving the nuclear advantage in OECD Europe, Japan 
and central Canada, even with constant coal station investment costs. Decom
missioning costs in the future are typically expected to be about 1 to 3 per cent 
of total capital investment costs when discounted at 5 per cent annually. (The 
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discount rates of most OECD countries range from 4 to 6 per cent annually. No
table exceptions are Belgium, France and the United Kingdom, at around 8 per 
cent, and Greece and Portugal at 10 per cent.) 

One of the most contentious uncertainties concerns coal prices after 1995. 
Individual countries have differing expectations depending on whether they can 
mine cheap indigenous coal, or whether they expect to buy on the world coal 
market. 

For OECD Europe and Japan, the average assumed coal price in 2005 
is US$ 2.5 per gigajoule. This figure, which depends in individual countries on 
transport costs and future exchange rate movements, lies within the range of 
costs adopted for world-traded coal in several current independent studies. The 
coal price would have to fall below $ 1.25 per gigajoule in the majority of cases 
in order to swing the economic choice from nuclear to coal. The expectation of 
lower coal prices near cheap sources is a major factor affecting the competition in 
parts of western North America where the projected levelised coal price is $ 1.4 
per gigajoule in 2005. Western Canadian prices based on Alberta minemouth 
coal are still lower at US$ 0.8 per gigajoule. 

The NEA/IEA cost comparison considers two alternative assumptions 
for the annual discount rate: 5 and 10 per cent. Those European O. C D countries 
with the smallest advantage at the 5 per cent rate would lose this edge at 10 per 
cent. However, when using a 10 per cent discount rate and projections of coal 
prices furnished by utilities and government agencies participating in the studies, 
nuclear retains a significant advantage in Belgium, France, F.R. Germany and 
Japan. On the same basis coal has a significant advantage in three countries, and 
two countries have broadly comparable costs. These figures exclude the North 
American countries where costs are regionally dependent, and Italy, whose coal 
cost projections covered a wide range. 

The Economics of the Nuclear Fuel Cycle 

The economic advantages of nuclear power flow in large part from its long-term 
fuel cycle economies. 

Nuclear fuel costs depend on existing national fuel policies and on future 
fuel cost expectations. Some countries have deployed the once-through fuel cycle, 
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in which spent fuel will be conditioned and disposed of directly. Others prefer 
the reprocessing route, in which the spent fuel is chemically treated to recover 
plutonium and unused uranium for recycling in new reactor fuel. Only France 
and the United Kingdom currently offer reprocessing services on the international 
market. Japan is constructing commercial reprocessing facilities. Several other 
countries have contracted for spent fuel reprocessing but have no current plans 
to acquire their own reprocessing capacity. 

Table 4 breaks down the fuel cycle cost data for each option. The two 
results of 7.78 and 8.56 mills per kilowatt hour show a 10 per cent advantage for 
the once-through cycle. However, a small difference of this size, arising from the 
economics of the nuclear industry taken quite narrowly, may be offset by national 
strategic considerations. 

Front-end Costs 

The preparation of nuclear fuel begins with uranium supply and extends through 
the delivery of l. .bricated uranium fuel elements to the nuclear generation plant. 
The prices for uranium purchase, conversion, enrichment and fuel fabrication are 
established by competition in world markets. 

Since the beginning of large-scale civil nuclear power production in the 
mid-1960s, the uranium industry has generally produced at levels above reac
tor requirements. This overproduction led to a bu'ld-up in uranium inventories, 
currently amounting to three to four years of world reactor requirements. How
ever, reactor requirements reached the level of uranium production in 1985. This 
does not necessarily mean uranium shortages however, since, in addition to using 
stocks built up in earlier years, some production centres currently on standby can 
be reactivated to assure supply through the 1990s. 

At the current rate of nuclear power growth, production capabilities 
from known reserves should be sufficient to meet requirements until at least the 
year 2000, but by 2005 new discoveries would be needed to support any additional 
reactor capacity. 

Uranium prices are uncertain, and the spot price recently fell to a historic 
low in real terms. Many utilities now refrain from renewing long-term contracts 
and so have considerable freedom to buy on the spot market. Because of the 
large supply of uranium, the price could well stay low for several years even if 
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Table 4 

Breakdown of Pressurised Water Reactor 
Fuel Cycle Component Costs 

(US mills per kilowatt hour) 

Front-end components 

Uranium 
Conversion 
Enrichment 
Fuel fabrication 

Front end subtotal 

Back-end components 

Transport of spent fuel 
Storage of spent fuel 
Reprocessing and vitrification 
Spent fuel conditioning 
and disposal 
Waste disposal 

Back-end subtotal 

Uranium credit 
Plutonium credit 

Credit subtotal 

Total costs 

Reprocessing 
cycle 

3.48 
0.17 
2.28 
0.88 

6.81 

0.14 
0.17 
2.18 

-

0.08 

2.57 

-0.54 
-0.28 

-0.82 

8.56 

Once-through 
fuelling 

3.48 
0.17 
2.28 
0.88 

6.81 

0.14 
0.65 

-

0.18 

— 

0.97 

_ 

— 

-

7.78 

Source: The Economics of the Nuclear Fuel Cycle, 
OECD Nuclear Energy Agency, 1985. 
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production is maintained at its present level. The surplus stocks are, however, 
expected to be exhausted by the mid 1990s and by that time prices will likely rise 
to a point (somewhere in the range $ 50 to $ 80/kg) where it becomes profitable 
to increase production. Thereafter, further price increases would be needed to 
support establishment of new production capacity and renewed exploration ac
tivity. Previous studies have suggested that prices would then be increasing at a 
rate up to 2 per cent a year. Higher rates of increase might occur if there were 
a delay, perhaps for environmental policy reasons, in opening up new production 
capacity or if there were a resurgence of growth in nuclear electricity generation. 
In contrast, prices for conversion, enrichment and fabrication services are not 
expected to increase and might decline during the planned life of reactors built 
in the next two decades. 

Back-end Costs: Reprocessing or Once-through 

The back-end of the fuel cycle starts when spent fuel is transported offsite from 
reactor cooling ponds or dry storage areas. These shipments may begin after 
two years of storage, or much later, depending on utility policy and on the plans 
made when the reactor was constructed. In contrast to the mature status of the 
front end of the fuel cycle, many countries have yet to develop firm spent fuel 
management policies. 

The basic technology of reprocessing and waste vitrification is becoming 
well established. The back-end costs account for about 30 per cent of the repro
cessing cycle, after allowing financial credit for recovered plutonium and uranium, 
and for about 24 per cent without plutonium credit. The costs of reprocessing 
plants are sensitive to scale, and reported variations in overall unit costs are due 
in part to the different types and sizes of national facilities. 

Once-through fuelling is designed from the outset to dispose of spent 
reactor fuel without reprocessing. Once-through spent fuel management begins 
with a preliminary spent fuel cooling period of perhaps 30 to 40 years or more. 
The fuel itself will then be further conditioned for disposal as high level waste. 
Once-through spent fuel disposal is still in its development phase, and a number 
of technological alternative choices are open: wet storage with or without con
solidation, dry storage in vaults, casks or wells, with possible use of a variety of 
materials for the racks, containers and liners, and a choice of heat removal sys
tems. Despite some cost uncertainties, the back-end is not expected to account 
for more than about 12 per cent of the cost of the once-through fuel cycle. 
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There are no apparent economic reasons why the back-end of the fuel 
cycle should constrain further development of nuclear power. However, costs 
are not the sole criterion in national assessments of back-end options. National 
strategy, energy policy, and environmental and public acceptance considerations 
are also important. Indeed, wider credence in the technology of waste disposal 
and plant decommissioning would help nuclear power realize its full potential for 
long-term world energy supply. 

Decommissioning Costs 

The operating life of nuclear facilities can sometimes be extended by the refur
bishment, replacement or upgrading of components and equipment. Nonetheless, 
every nuclear plant must eventually be shut down. A number of utilities now ac
cumulate decommissioning funds over the operating lives of nuclear plants, which 
together with interest on them are expected to finance the decommissioning of 
these plants. 

Decommissioning will normally begin when useful plant operations end, 
but could start earlier in the event of premature shutdown for technical, economic 
or political reasons, or in case of an accident. The decommissioning process em
braces all activities from the time a nuclear facility is permanently withdrawn 
from service until the site is released for another use. The decommissioning pro
cess is designed to protect the health and safety of plant workers, the public and 
the environment. 

Among nuclear facilities, the highest decommissioning costs are incurred 
at nuclear power plants. Decommissioning expenses for front- and back-end fuel 
cycle facilities are small compared to those for the reactors they support. 

Not many reactor plants are scheduled for decommissioning within the 
next ten years, but a growing number will end their design lives early next cen
tury. With the conservative (low) assumption of a 25-year reactor lifetime, nearly 
300 reactors throughout the world will be decommissioned beginning around 2010. 

The spent nuclear fuel, radioactive process fluids, and some radioactive 
wastes may be removed from the reactor and its process systems when plant 
operation ends. Some plant decommissioning alternatives envision an early start 
on full or partial dismantling. Others entail an initial storage and surveillance 
period of several decades, during which plant radioactivity will decay significantly. 
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Worker access will then be possible with less need for radiation shielding and re
mote handling operations. Thus the decommissioning process may in some cases 
be completed within a decade, while in other scenarios it may extend over longer 
periods, possibly a century or more. After full decommissioning, with removal of 
the entire plant, the site may be released in a radiologically unrestricted "green 
field" state. In some decommissioning concepts, the site will be re-usable for 
industrial (possibly nuclear), commercial or domestic purposes. 

The cost of decommissioning today's generation of reactors cannot yet 
be closely estimated, since no large reactor units have been completely decom
missioned. Estimates are based on the experience already gained internationally 
from decommissioning research and small (up to 100 MWe) power reactor facili
ties, from maintenance, surveillance and component replacements in large nuclear 
power plants, and from analogous non-nuclear work. 

Plant decommissioning costs depend on the timing of the various planned 
decommissioning stages. Thus, for example, long storage and surveillance periods 
will reduce plant radioactivity and hence the amount of decontamination, remote 
operations, and worker protection required during dismantling. Worker produc
tivity will then be increased, and the quantities of radioactive waste for transport 
and disposal may be reduced. These eifects will result in lower dismantling costs, 
but higher cumulative storage costs, and larger expenses for maintenance, secu
rity, and possibly insurance and licensing fees. 

The timing and sequence of plant decommissioning stages will depend 
on the type, design, and operating history of the facility. Accounting factors 
such as anticipated inflation, interest and discount rates are also essential inputs 
into analyses and comparisons of decommissioning costs. In a wider cost-benefit 
perspective, the value of possible worker dose reduction will also be considered 
in the search for optimum decommissioning strategies. 

Decommissioning cost uncertainties will gradually diminish with grow
ing experience from current and planned decommissioning projects. The coot of 
disposing of the vaste will also be better identified. 

Estimates for various decommissioning strategies leading to unrestricted 
site access have been compiled by NEA from utilities in Canada, the Federal 
Republic of Germany, Finland, Sweden and the United States. For a standard 
large (1,300 megawatt) reactor, these vary between 97 and 186 million US dollars 
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(in January 1984 values, undiscounted and including a 25 per cent contingency 
allowance), partly depending on storage duration. 

These estimates are not sufficiently precise for direct utility planning 
use. Nonetheless, they define a realistic range of anticipated decommissioning 
costs for large nuclear plants. 

Future Cost Containment 

Inevitable differences in plant designs, costs for labour, materials and energy, as 
well as siting constraints and plant replication practices, all have a profound effect 
upon ultimate plant costs. Capital investment constitutes a major proportion of 
total nuclear electricity generation costs. The average interest charges lie between 
10 and 15 per cent of the initial investment costs (based on a real interest rate 
of 5 per cent per year), although particularly lengthy construction periods for 
nuclear plants can result in interest charges that may exceed 30 per cent. 

The most promising approaches to reducing nuclear plant costs include 
minimising construction lead times to reduce interest charges; replicating stan
dardised plants to gain the maximum benefit from continuity and learning; sim
plifying design and construction techniques. Operation and maintenance costs 
can also be reduced by plant co-location, which offers advantages of common 
stocks of spare parts and components, and common services and operations. The 
extension of the economic life of plant without significant plant modification ex
penses can also reduce electricity generation costs. 
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2. 

Protecting Man and the 
Environment against Radiation 

Introduction 

Everyone on earth is exposed to radiation, which occurs in nature and pervades 
the environment. The human body itself is slightly radioactive, for all living tis
sue contains traces of radioactive substances. Radiation produced artificially is 
no different in kind or effect from that originating naturally. 

Radiation is inherently hazardous to human beings, who must be pro
tected from unnecessary or excessive exposures. The degree of exposure varies 
with location, living habits, diet, occupation, and other factors. The radiation 
effects of most concern are malignant diseases in exposed persons and inherited 
defects in their offspring. The likelihood of occurrence of such effects is related 
to the dose of radiation received. 

It is also true that the properly controlled use of radiation contributes 
much to human well-being. Radiation is essential in medicine and other sciences, 
and in industry. The risks associated with any exposure must be balanced against 
the benefits of the practice which causes that exposure. 

On average, radiation of natural origin causes the highest human ex
posures. Nuclear power produces only a small percentage of the total radiation 
emitted artificially, while other sources such as medical X rays provide much 
greater doses to populations as a whole. Other daily activities like burning coal, 
air travel and living in well-insulated homes can substantially increase exposure 
to natural radiation. While much radiation of natural origin is unavoidable, ar
tificial radiation can be controlled. (More details are provided in the annexes 
to this chapter on Radiation and Radioactivity, Sources of Human Exposure and 
Effects of Radiation on Human Beings.) 
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NATURAL 87% 

FALLOUT 0.5% 

MISCELLANEOUS 0,5% 

\ N OCCUPATIONAL 0,4% 

NUCLEAR DISCHARGES 0,1% 

Radiation exposure of the UK Population. 
Contributions to the average effective dose equivalent. 

Source: Living with Radiation, UK National Radiological Protection 
Board, 1986, p.20. 

Principles and Objectives in Radiation Protection 

The perception of radiation hazards at the beginning of the century led to the 
gradual establishment of a highly sophisticated system of radiation protection. 
This system is based on the recommendations of the International Commission 
on Radiological Protection (ICRP) and is widely applied internationally. 

For several decades, radiation was used mainly in medicine. After World 
War II, when radiation was employed for military and industrial purposes, radia
tion protection became the object of much scientific research, due to the nuclear 
programmes of the more advanced countries and also to study the effects of 
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the atomic bombings of Hiroshima and Nagasaki in 1945. In fact, surveys of 
after-effects in these two cities provided a major contribution to studies on the 
fundamental phenomena of radiation and its biological consequences. In sev
eral countries, the scope of radiobiological research programmes has far exceeded 
comparable research on harmful substances used in various other industrial and 
technological fields. 

The objectives and principles of radiation protection evolved with con
tinuously improving knowledge of radiation effects. The fundamental objective 
has remained unchanged: to protect human health and well-being. In the first 
decades of this century, when knowledge was confined to the acute (short-term) 
effects of radiation, which were apparent only when radiation doses exceeded a 
threshhold limit, the aim was to prevent undesirable effects in exposed persons. 
This could be achieved simply by keeping doses below a certain threshhold. 

When it was later learned that radiation can cause delayed somatic (bod
ily) and genetic (hereditary) effects at any level of exposure, the objective shifted 
from absolute to relative protection. Exposures were limited as much as possible, 
while preserving the benefits expected from the production and use of radiation. 

This concept required the definition of "acceptable risk", considering 
that all human activities bear risks. As expressed in the ICRP basic recommen
dations of 1977: "The aim of radiation protection should be to prevent detri
mental non-stochastic (acute) effects and to limit the probability of stochastic 
(delayed) effects to levels deemed acceptable". 

The method initially used was an individual approach in which no per
son would be unacceptably exposed. This gave rise, several decades ago, to the 
first ICRP recommended exposure limits for workers and individual members of 
the public. Where radiation exposures are distributed unevenly, this requires that 
the most exposed person should be adequately protected. This would resolve the 
problem for all less exposed persons. 

However, it gradually became clear that resolving the problem for the 
most exposed person would not resolve it for the group as a whole. It is conceiv
able that a large number of people could each receive a dose significantly below 
the limit, and that the resulting sum of doses could be unacceptably high. Thus, 
it became necessary to incorporate a collective approach, intended to limit both 
individual exposures and the total detriment in the group of exposed persons. 
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Conceptual Approach 

The current ICRP radiation protection philosophy is based on three principles 
which apply to activities resulting in radiation exposure. These principles are 
contained in a "dose limitation system," based logically on the following three 
rules: 

a) No practice should be adopted unless it produces a positive net benefit 
("justification of operations"); 

b) Exposures should be kept as low as reasonably achievable, taking account 
of economic and social factors ("optimisation of protection"); 

c) The dose to individuals should not exceed the limits recommended by the 
Commission for the given circumstances ("individual risk limitation"). 

Justification 

In principle, when considering any operation or practice involving exposure to 
ionizing radiation, an analysis of costs and benefits should be made to determine 
whether such exposure is acceptable or not, to ensure that the total detriment is 
sufficiently low compared to the benefits resulting from this activity. 

This cost/benefit analysis should consider all the benefits to society, 
whether quantifiable or not. Similarly, the costs cover all negative aspects of a 
given operation, including financial expenditures and harmful effects on man and 
the environment. Thus the justification process is quite political, and not simply 
technical or scientific. 

Optimisation of Protection 

Optimisation plays an essential part in radiation protection. To determine if a 
specific exposure can be "reasonably" reduced, it is important to consider the 
accrued benefits from such a reduction and the increased costs this may imply. It 
is thus necessary to determine if the given activity causes a level of radiological 
damage (and therefore of collective dose) low enough, so that any additional dose 
reduction would not justify the increase in cost necessary to achieve it. 

The principle of optimisation of protection therefore entails striking the 
correct balance between preventing collective harm to a population group from 
a given activity, and the social and economic costs of such prevention. This is 
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a public health approach with the societal objective of protecting groups and 
communities as well as individuals alone. 

The Limitation of Individual Risks 

In some cases, applying optimisation might result in activities which would seem 
optimal from an overall radiation detriment viewpoint but which could leave some 
individuals insufficiently protected, and exposed to high doses. However, individ
ual protection is re-established by the third principle of the system, which limits 
all individual risks. According to this principle, an upper limit is imposed on 
doses which might be received by exposed persons, regardless of the cost involved. 

In practice, the ICRP has recommended a set of values for the individual 
annual dose limit which refer to occupational and general public exposure, and 
to various exposure conditions, including that of the whole body and of specific 
organs. 

The ICRP is now thoroughly revising its basic recommendations, pub
lished in 1977, and changes in detailed criteria and numerical values of recom
mended limits may be published during the next few years. 

Individual Dose Limits Recommended by the ICRP 
(current 1989 recommendations) 

Category 

Workers 

Members of the Public 

Annual Effective Dose Equivalent 
(millisieverts) 

50 mSv per year 

1 mSv per year (average over life) 

5 mSv in one year 
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The Regulatory System 

The basic principles of health protection are applied in practice to prevent and 
control radiological hazards. In this complex process, radiation protection con
cepts are gradually transferred from international organisations to national au
thorities throughout the world. Since the scientific bases and conceptual ap
proaches of radiation protection have been widely accepted, this discipline is 
truly universal. The substantial uniformity in national regulations, operational 
practices and technical methods offers considerable advantages for the protection 
of workers and the general population. 

This process has matured through various forms of international co
operation: 

a) The Scientific Level. The United Nations Scientific Committee on the 
Effects of Atomic Radiation (UNSCEAR) collects and critically examines 
technical information on the effects of radiation and the radioactive con
tamination of the environment. The ICRP interprets the scientific data and 
develops principles and concepts to help assess and protect against radia
tion risks. 

The ICRP is an independent, non-governmental body, and thus has no le
gal power. Although ICRP recommendations are not binding, the scientific 
prestige of the Commission has led most countries to base their radiation 
protection regulations entirely, or in large part, on the recommendations 
and guidance which it publishes. 

b) The Level of International Standards. This level comprises large in
ternational organisations concerned with prevention and protection, and 
includes three United Nations agencies: the International Atomic Energy 
Agency (IAEA), the World Health Organization (WHO), and the Inter
national Labor Office (ILO). Included also are the OECD/NEA and the 
Commission of the European Communities (CEC). Through committees 
and national expert groups, these organisations interpret the scientific and 
conceptual approaches recommended by the ICRP, facilitate their practical 
application, and help governments transform them into regulations. Some 
of these organisations have also published radiation protection standards, 
valuable chiefly for the institutional and political authority they embody. 
Although these standards are not usually binding on Member countries, 
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they play a crucial role in shaping national legislation. However, the CEC 
Radiation Protection Standards, in the form of Community Directives, do 
in fact bind Community Members. 

c) The Level of National Application. The national regulatory systems 
are the last link in the outgoing chain of protection. Of course, those coun
tries that have had significant nuclear power programmes for some time 
ar~ also those which developed their radiation protection regulations most 
rapidly and completely. Indeed, industrial research and development pro
grammes in the field of nuclear energy have often been a powerful incentive 
in the elaboration of radiation protection regulations. 

The characteristics of these national regulations and codes of practice, and 
the bodies which enforce them are clearly influenced by th* legal and ad
ministrative systems of each country. Since the fundamental principles and 
quantitative bases of radiation protection are essentially the same every
where, the systems for enforcing the protection of the workers and the 
general public will be similar. For each activity involving radiation sources 
or radioactive substances, physical and technical controls as well as medical 
controls are applied. Radiation protection is judged adequate only when 
both types of control are satisfactory. 

Radiation Protection Practices 

Nuclear operators are required by law to apply strict radiological protection 
surveillance over facilities, operations, workers and the environment. In addi
tion to this operator responsibility, governments supervise the enforcement of 
radiation protection measures on both the sources of risk and the quality of op
erator surveillance. The public authorities carries out this function independent 
of the nuclear industry through prior licensing procedures for the facilities and 
activities involving radiation hazards, and through inspections of these facilities 
and activities. 

Protection of the public against operational hazards requires strict con
trol over the amount of radioactive materials released from the plant and over 
the methods of release, to ensure that all dose limitations are respected. This 
includes pre-operational studies on risk assessment (the movement of radioac
tive materials through the environment and their pathways to human beings), 
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and effluent and environmental monitoring (to assess the radiological condition 
of the environment and to detect any abnormalities) utilizing extensive networks 
of measuring stations. 

Protection of plant personnel requires a combination of extensive mea
sures to restrict external and internal exposure. These measures include regular 
monitoring of staff, medical surveillance, area monitoring and surveys, work or
ganisation and planning (including procedures to control access to contamination 
zones), operational procedures and provision of adequate protective safety devices 
and equipment. Health physicists and radiation protection experts ensure that 
the radiation protection programme is correctly designed, planned and imple
mented, and advise on all relevant aspects of radiation protection. 

Extensive radiation and health surveillance records are also kept to help j 
meet the objectives of the radiation protection programme and are provided to ) 
the regulatory agency. The regulator is empowered to intervene to ensure com- j 
pliance with all applicable dose limitations. j 

Finally, extensive scientific studies and research work are conducted in 
the field of radiation protection to improve application of concepts and practices, 
and to develop more effective techniques and instrumentation. 

Contingency Planning for Nuclear Accidents 

Unexpected events that have the potential to release significant quantities of ra
dioactive materials into the environment may create an exceptional risk, although 
with a very low probability of occurrence. The radiation protection system rec
ommended by the ICRP for exposures resulting from normal operations does not 
apply to such situations. The ICRP, IAEA and WHO have published guidance 
for national authorities on how best to handle accidents at nuclear power plants 
and other fuel cycle facilities. 

These guidelines stress that all the countermeasures that can be applied 
to reduce the radiation exposure of members of the public carry some detriment 
to the people concerned - possibly new health risks or social disruption and dis
tress. Countermeasures must be appropriate to the specific risk and must be 
applied at the proper time. The decision to introduce them will be based on a 
balance of the burden they entail and the reduction in exposure which they can 
achieve. 

40 



f in 

/ 

carry out certain tasks, plant personnel work behind special glass panels 
to protect themselves from high levels of radiation 
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During an accident, many crucial decisions must be made in rapid suc
cession under pressure. Prediction of the accident course will inevitably be un
certain. To help public health and safety officials minimize these difficulties and 
the confusion they may cause, emergency plans are formulated which describe 
the conditions under which specific accident responses will be taken. 

Advance planning encompasses a large range of potential accidents and 
their consequences, including major disruptions with low probability of occur
rence. Preliminary preparations also include the definition of offsite emergency 
planning zones and provision for extensive environmental monitoring within these 
zones. With such preparations, the routes of radiation exposure can be tracked 
at various distances from the accident site. Contingency planning also includes 
careful training of personnel and the execution of periodic exercises to practice 
and test the effectiveness and efficiency of intended countermeasures. 

Guidelines for Accident Management and Recovery 

In most postulated types of serious nuclear accidents, radionuclides would be re
leased into the atmosphere. (Accidental releases to the aquatic environment are 
less probable and are also likely to involve a significant delay before populations 
are exposed). Exposure can result from direct radiation from the plant where the 
accident occurred, external radiation from the airborne plume or from activity it 
deposits on the ground, and internal irradiation from radioactive materials that 
have been inhaled or ingested through contaminated food. 

The application of countermeasures to decrease or prevent these expo
sures depends strongly on the composition, amount and timing of the radionuclide 
releases from the plant, the geography and population structure of the area, and 
the prevailing weather conditions. Hence, emergency plans must be sufficiently 
flexible to allow their adaptation on a case-by-case basis. 

Countermeasures suitable for the early accident phase include shelter
ing of the population, prompt administration of stable iodine tablets to protect 
against incorporation of radioactive iodine, and evacuation. 

Evacuation is the timely movement of people to avoid or reduce their 
exposure. This measure is the most disruptive and difficult to implement; it 
must therefore be applied only when absolutely necessary, for instance to avoid 
the short-term accumulation of doses leading to acute effects. A poorly timed 
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evacuation undertaken during the passage of the plume could cause higher doses 
than if individuals were instructed to shelter. 

Countermeasures available late in the accident phase include control of 
access to the most affected areas; relocation of the population; decontamination 
(removal of deposited radioactive material), control of food and water (including 
the use of stored animal feeds); and medical care. Each of these responses is 
aimed at controlling one or more specific exposure routes. 

Once the emergency situation has stabilized, steps can be taken to 
help restore normal living conditions and the unrestricted distribution of food
stuffs in areas that have been affected by earlier countermeasures. Decontam
ination of built-up areas and agricultural land is the main recovery phase pro
cedure. Planned decontamination campaigns, combined with radionuclide decay 
and weathering, will reduce radiation levels. 

Extending International Guidance 

The experience gained from the Chernobyl accident has provided extensive infor
mation on accident management and recovery. International guidance on emer
gency response planning prior to Chernobyl was mainly developed for accidents 
of relatively short duration, where protective measures would apply to an area 
close to the site of the accident. The Chernobyl accident highlighted the trans-
boundary effects and implications of a serious accident and the need for improved 
national and international preparedness for such events. International guidance 
therefore must be expanded to cover impacts in areas remote from the site, and 
to long-term contamination problems. 

Among the many different steps taken for this purpose by various inter
national organisations, priority is being given to harmonising intervention levels 
(the levels of radiation doses above which protection measures must be taken). 
This would help avoid the considerable and unjustified differences in the appli
cation of protective measures taken in OECD countries following the Chernobyl 
accident. 

According to a 1988 report of an NEA group of experts (Intervention 
Levels for Protection of the Public Following a Nuclear Accident), this effort 
might generate a range of internationally accepted reference dose levels, within 
which operational intervention levels would be established by individual countries 
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according to the type of accident situation and to local conditions and require
ments. In this context, primary consideration is given to the control of public 
exposures arising from the consumption of contaminated food and the interna
tional trade of food. The CEC has already adopted intervention levels for the 
control of foodstuffs and feeding stuffs and has defined conditions governing im
ports of agricultural products from non-CEC countries. 

Other routes of radiation exposure include the contamination of fields, 
buildings, roads and other surfaces and large areas. The establishment of har
monised intervention levels for these and other potential routes of exposure also 
needs to be considered. 

Current Trends 

Radiation protection is a continuously evolving discipline, which has progres
sively developed and refined its principles and concepts using advanced scientific 
knowledge and technology, as well as new studies on social and public attitudes 
towards risks in general and radiation risks in particular. 

A comprehensive system for keeping radiation exposure of the public and 
workers within acceptable limits applies in all countries with nuclear power pro
grammes. This system is based on internationally agreed principles, criteria and 
standards which are kept under review by members of the scientific community 
and adjusted periodically to take account of the latest scientific and technological 
progress. 

The concept of optimisation of protection is a powerful tool for exer
cising strict control to maintain occupational exposures below permissible dose 
limits. Optimisation of protection involves careful and sometimes difficult cost-
benefit balancing. This is the subject of continuous scrutiny at both national 
and international levels and improvements are being introduced as experience 
dictates. One of the principal difficulties in applying the principle and methods 
of optimisation is that it must be done on a case-by-case basis. Attention is now 
being focussed on the possibility of developing criteria to standardise the optimi
sation process. This could significantly simplify the work of plant designers by 
deriving common design targets from generic optimisation processes. 
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The ICRP is presently reviewing and updating its basic recommenda
tions (mainly those presented in ICRP publication 26, of 1977) in the light of new 
scientific developments and experience drawn from the practical implementation 
of existing radiation protection principles and standards. In this work, the ICRP 
will consider current work on the risk of cancer from radiation exposure, and in 
particular the latest evidence of the Radiation Effects Research Foundation in 
Hiroshima and Nagasaki of changes in the estimates of the organ dose received 
by the survivors of the atomic bomb explosions, and the resultant increase in 
estimated risks of cancer. In 1988, UNSCEAR assessed the likely increase of the 
risk factors and the ICRP is currently considering the implications of this increase 
for the current radiation dose limits. 

Another important development is the work of the ICRP, IAEA and 
NEA on the possible need to develop an integrated risk management approach 
in the field of radiation protection. This effort would transform the present sys
tem of dose limitation, applied to the control of exposures which are known with 
certainty, into a comprehensive system of risk limitation which would cover the 
prevention of both certain and uncertain exposures, including the risk of acciden
tal exposures. 

Substantial international recommendations and much guidance also ex
ist for emergency planning and the protection of plant personnel and the public 
in the event of accidental releases of radioactive materials from nuclear facilities. 
However, the Chernobyl accident has revealed specific weaknesses in emergency 
preparedness in OECD countries and an overall effort is now being directed to
wards improving existing plans to cope with a nuclear emergency. 

The technically unjustified diversity of response actions and intervention 
criteria in various countries after the Chernobyl accident has suggested the need 
for a more consistent approach to emergency planning, especially for nuclear ac
cidents with transfrontier consequences. The international community is engaged 
in a co-ordinated effort to clarify and expand existing guidance on accident man
agement. The main objective is to cover areas beyond the accident site and the 
emergency planning zones and to mitigate the effects of severe accidents having 
widespread, transboundary and long-term impacts. 

Finally, an issue which is growing in importance and causing concern 
among national authorities in Member countries is the exposure of large popula
tions to considerable and sometimes excessive levels of radon in their dwellings 
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and working places. The full significance of this problem has only recently be
come apparent, and the need to balance radiation protection and socio-economic 
considerations will command much attention from national authorities during the 
next few years. 
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Annex 1* 

Radiation and Radioactivity 

All matter is composed of elements like hydrogen, lithium, carbon, oxygen, iron 
and lead. Elements consist of atoms, which behave like miniature solar syterns. 
Each tiny nucleus is surrounded by orbiting "planets" called electrons. Although 
the nucleus is only about one hundred thousandth of the size of the entire atom, 
it is very dense and accounts for almost all its mass. 

The nucleus is generally a cluster of particles which cling tightly to each 
other. Some of these particles carry a positive electrical charge and are called 
protons. The number of protons determines the element: an atom of hydrogen 
has one proton, an atom of oxygen has eight, and an atom of uranium has 92. 

The other particles in the nucleus are called neutrons, because they carry 
no electrical charge. While atoms of the same element, which are called nuclides, 
always have the same number of protons in their nucleus, they can have differing 
numbers of neutrons. Those nuclides with different numbers of neutrons belong 
to different varieties of the same element and are called its "isotopes". Thus 
uranium-238 has 92 protons and 146 neutrons, while uranium-235 has 92 protons 
and only 143 neutrons. 

Some nuclides are stable, and lead uneventful, unchanging lives. But 
they are a minority. Most are unstable, and try to become nuclides of other 
elements. This property of spontaneous transformation is called radioactivity and 
the process of transformation is called radioactive decay. The nuclides which have 
this property are called radionuclides. But while all radionuclides are unstable, 

* Annexes 1, 2 and 3 are largely derived from "Radiation - Doses, Effects, Risks", United 
Nations Environment Programme, 1985 and "Livingwith Radiation", UK National Radiological 
Protection Board, 1986. 
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some are more unstable than others. The time it takes for half of any amount of 
an element to decay is known as its "half life". Each radionuclide has a unique 
and fixed half-life. Values for radionuclide half-lives range from fractions of a 
second to millions of years. The process goes on relentlessly. After one half-life, 
50 out of 100 atoms remain unchanged; during the next half-life, 25 of these will 
decay, and so on. Thus it is possible to calculate the amount of radionuclide 
remaining at any future time. The rate of transformations of a radionuclide is 
called its "activity". The activity is measured in units called becquerels (Bq): 
one becquerel equals one transformation per second. 

R a d i a t i o n T y p e s 

Several radioactive elements exist in nature, and the best known are uranium and 
thorium. Several other elements have naturally-occurring radioactive isotopes, 
most notably carbon-14 and potassium-40. Over the last few decades, several 
hundred radioactive isotopes of natural elements have been created artificially, 
including strontium-90, caesium-137, and iodine-131. Several new radioactive el
ements have also been produced, like plutonium and promethium. (Plutonium 
also occurs in trace quantities in uranium ores.) 

Radionuclides most commonly emit alpha particles, beta particles and 
gamma rays. There are many other radiations, of which two require special men
tion, X-rays and neutrons. They have properties similar to gamma rays, but 
generally have lower energy. 

The different forms of radiation are emitted with different energies and 
penetrating power - and so have different effects on living things. Thus, alpha 
radiation is stopped by a sheet of paper, and can scarcely penetrate the dead 
outer layers of the skin. So alpha radiation is not dangerous unless substances 
emitting it enter the body with the breath or in food, or through an open wound. 
Beta radiation is more penetrating, and will pass through one or two centimetres 
of living tissue. Gamma radiation, which travels at the speed of light, is extremely 
penetrating and can pass through the body. X-rays and neutrons can also pass 
through the body. Radionuclides that emit gamma rays may be hazardous either 
outside or inside the body. 

R a d i a t i o n D o s e s 

The energy of radiation is responsible for its damage, and the amount of energy 
deposited in living tissue is called the "dose". 
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The amount of radiation energy that is absorbed per gram of tissue is 
called the "absorbed dose" and is measured in units called grays (Gy). But equal 
absorbed doses do not necessarily have equal biological effects; for instance, the 
same dose of alpha radiation is much more damaging than one of beta or gamma 
radiation. So the doses need to be weighted for their potential for harm, and 
alpha radiation accordingly receives twenty times the weight of the others. This 
weighted dose, known as the "dose equivalent," is measured in units called siev-
erts (Sv), and provides ameasureof the risk of harm from exposure of a particular 
tissue to various radiations. 

Some parts of the body are more vulnerable than others. For example a 
given dose equivalent of radiation is more likely to cause fatal cancer in the lung 
than in the thyroid. The reproductive organs are of particular concern because 
of the risk of genetic damage. The different parts of the body are therefore also 
weighted differently. Once it has been weighted appropriately, the dose equiva
lent becomes the "effective dose equivalent" and is also expressed in sieverts. 

Risk Weighting Factors 

Units 

Becquerel (Bq): The special 
name for the unit of activity. 
One becquerel corresponds to one 
disintegration per second of any 
radionuclide. 

Gray (Gy): The special name 
for the unit of absorbed dose. 
It is the quantity of energy imparted 
by ionising radiation to a 'tnit mass 
of matter such as tissue. 

Sievert (Sv): The special name 
of a unit of dose equivalent. 
This is the absorbed dose weighted 
according to its damage potential. 

Source: Radiation - Doses, Effects, Risks, 
United Nations Environment 
Programme, 1985, p.11 
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If all the individual doses received by a group of people are added to
gether, the sum is called "the collective dose" and this is expressed in person-
sieverts (person-Sv). The collective dose is used when an assessment of the col
lective radiation detriment in an exposed population is needed. 

Hierarchy o f Dose Quantities* 

Absorbed dose 
energy imparted by radiation to unit mass of tissue 

v 
Dose equivalent 

absorbed dose weighted for harmfulness 
of different radiations 

v 
Effective dose equivalent 

dose equivalent weighted for susceptibility 
to harm of different tissues (risk weighting factors) 

v 
Collective effective dose equivalent 

effective dose equivalent to a group from a source 
of radiacion 

* Source: Living with Radiation, VK National Radiological Protection Board, 1986, p. 11 
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Annex 2* 

Sources of Human Exposure 

There are many sources of human exposure to radiation. Some of them are nat
ural in origin and have always been present on earth since its creation, although 
their intensity is sometimes enhanced by human intervention. Sources of artifi
cial radiation, in increasing number and variety, are being introduced by modern 
technology. 

Natural Sources 

Most of the radiation received by the world's population comes from natural 
sources. These include cosmic rays and terrestrial radiation. People are irra
diated in two ways. Radioactive substances may remain outside the body and 
irradiate it "externally". Or these substances may be inhaled in air, swallowed in 
food and water, or enter the body through the skin, and so irradiate "internally". 

Although everyone on the planet receives natural radiation, some peo
ple are much more exposed than others. Doses in some areas with particularly 
radioactive rocks or soils are much higher than the average, while at other places 
doses are much less. Lifestyle is another factor. Thus the use of certain building 
materials for houses, cooking with gas, open coal fires, home insulation, and even 
air travel can all increase exposure to natural radiation. 

Cosmic Radiation 

The origin of cosmic rays is a matter of debate. One view is that they come 
mainly from our galaxy, the other that they originate beyond it. The sun also 
gives rise to cosmic rays. Those of undetermined origin are fairly constant in 

* Annexes 1, 2 and 3 are largely derived from "Radiation - Doses, Effects, Risks", United 
Nations Environment Programme, 1985 and "Living with Radiation", UK National Radiological 
Protection Board, 1986. 
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number, but those from the sun are emitted in bursts during solar flares. As 
they penetrate the atmosphere, cosmic rays undergo complex reactions and are 
gradually absorbed, so that the dose decreases as altitude decreases. 

T e r r e s t r i a l R a d i o a c t i v i t y 

All materials in the earth's crust are radioactive. Uranium, thorium, and potassium-
40 are the chief sources of this radioactivity. 

Since building materials are extracted from the earth, they too are ra
dioactive, and people are irradiated indoors as well as outdoors. 

Some radionuclides resulting from the decay of uranium and thorium 
(such as lead-210) are present in air, food and water, and these irradiate the 
body tissues internally. Potassium-40 is taken into the body in diet and is a ma
jor source of internal irradiation. A number of radionuclides such as carbon-14 are 
created in the atmosphere by cosmic rays, and these also contribute to internal 
irradiation. 

Scientists have only recently begun to realise that the most important of 
all sources of natural radiation is a gas, called radon, which results from the ra
dioactive decay of uranium. It is now estimated that, together with its "progeny" 
(radionuclides or "daughters" formed when it decays), radon normally contributes 
about three-quarters of the annual dose received by the average individual from 
terrestrial sources. 

Radon seeps out of the earth everywhere, but. radon levels in air vary 
markedly with location. Paradoxically, perhaps, people are mainly exposed to 
radon indoors. Very high levels of radiation can result if a dwelling stands on 
particularly radioactive ground, or has been constructed with especially radioac
tive materials. Energy conservation measures can greatly increase radon concen
trations. Insulating houses and stopping draughts reduces ventilation, a measure 
which conserves heat but also allows radon to build up. 
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external 0.3 
cosmic 
internal 0.015 

Source: Radiation - Doses, Effects, Rtsks, United Nations 
Environment Programme, 1985, p. 14. 

Artificially Enhanced Natural Exposures 

A variety of natural sources of exposure are enhanced by human technological 
intervention. Cosmic rays, for example, are a source of enhanced exposure for air 
travellers at high altitude. 

Coal, like most natural materials, contains traces of radionuclides. Coal 
combustion releases these into the environment. Geothermal energy is another 
source of increased radiation, as reservoirs of steam and hot water trapped in the 
earth and containing radioactivity are tapped to generate electricity or to heat 
buildings. 
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Phosphate rock is mined extensively around the world, mainly for use 
in fertilisers. Most phosphate ore deposits under exploitation contain high con
centrations of uranium. Radon is released during the mining and processing of 
the ores, and the fertilisers themselves are radioactive and contaminate food. 
This contamination is normally only slight, but it may increase if the fertiliser is 
applied to the soil in liquid form or if phosphate products are fed to animals. 

Human-Made Sources 

Medical Sources 

At present, medicine is much the greatest source of human exposure from artifi
cial radiation. Indeed in many countries medicine accounts for nearly all of the 
dose received from artificial sources. 

Radiation is used both to diagnose and to treat disease. The X-ray sets 
used in hospitals and clinics are probably the best-known source of artificial radi
ation. They are employed for a wide variety of diagnostic procedures from simple 
chest radiography to complicated dynamic studies of the heart. Also, radionu
clides are administered for investigations of organ functions and the diagnosis of 
many diseases, 

Radiation is also used therapeutically. One of the main methods of 
treating cancers is to heavily irradiate the malignant tissues and thus destroy the 
tumour cells. This is achieved by irradiating body tissues or organs using ra
diation sources or by administrating radionuclides which concentrate in specific 
organs. For example, iodine-131 is used to treat thyroid cancer. 

Fallout from Atomic Weapon Testing 

Artificial radioactivity has been spread throughout the world by nuclear weapons 
testing in the atmosphere. About 3 tonnes of plutonium-239, for instance, have 
been deposited on land. A wide variety of other radionuclides is involved, and 
those of principal interest from the point of view of longer-term dose are carbon-
14, strontium-90, and caesium-137. 

Much of the radioactivity is initially pushed into the upper atmosphere, 
from which it descends slowly to the lower atmosphere and then more quickly 
to earth. This process is called fallout. Since the treaty of 1963 banning nu
clear weapon tests, the activity in the upper atmosphere has declined markedly, 
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although the decline is occasionally reversed by further atmospheric explosions 
carried out by noa-signatory states. 

Discharges to the Environment 

While the production of nuclear power is the most controversial of all the human-
made sources of radiation, it makes a very small contribution to human exposure. 
In normal operation, most discharges of radioactive materials from nuclear facil
ities emit very little radiation to the environment. 

The dose received by members of the public depends on the nature and 
activity of the radionuclides released and how they are dispersed and partially 
reconcentrated in the environment, as well as on the location and lifestyle of the 
persons involved. People living near nuclear installations do receive higher doses 
than the general public but these do not exceed at most a few per cent of doses 
from natural sources. 

There are also controlled discharges of a minor nature to air and surface 
water from various research, industrial, and medical establishments. Even though 
the resulting individual and collective doses are negligible, they are subject to the 
same legal constraints as discharges from nuclear power facilities. 

Some solid low-activity nuclear waste is buried in local and selected dis
posal grounds. In the past, some of it was dumped at sea. The individual and 
collective doses from these practices are also very small. 

Occupational Exposure 

Radiation of artificial origin is widely used in general industry, primarily for 
process and quality control, for diagnostic purposes in dentistry and veterinary 
medicine, and as an essential academic research tool. Therefore, many persons 
are exposed to radiation at jobs apart from medicine and the nuclear power in
dustry. 

Occupational doses in nuclear plants vary widely, depending on the type 
of facilities, their age, and other factors. Clearly, however, uranium mining and 
nuclear power reactor maintenance are the activities producing the highest indi
vidual and collective doses to workers. 

Some other workers are also exposed to higher doses of natural radia
tion than usual. Aircrews form the largest group, since the altitude at which they 
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work increases their exposure to cosmic rays. For example, some 70,000 aircrews 
in the United States and 20,000 in the United Kingdom receive doses averaging 
between one and two extra millisieverts a year. 

Coal and metal miners also receive enhanced doses. These are highly 
variable, but in some forms of underground mining, can rival the higher exposures 
experienced in uranium mines. 

Miscellaneous Sources 

Finally, some common consumer products contain materials which expose a gen
erally unaware public to radiation. 

Luminous watches and clocks provide the biggest worldwide dose. They 
have an annual impact four times as great as environmental releases from nuclear 
energy, and give rise to the same collective dose as air travel and occupational 
exposures in the nuclear industry. 

Watches were formely luminised with radium, which exposed the owner's 
body to penetrating radiation. Radium is now being replaced by tritium or 
prometheum-147, which give much smaller doses. Yet hundreds of thousands of 
watches containing radium are still in use. Radionuclides are also used to illu
minate exit signs, compasses, gun sights, telephone dials, and many other devices. 

57 



Total Radiation Doses 

Summary of Est imates of Effective Dose Equivalents 

Source of practice 

Annual 

Natural background 
Medical exposures 

(diagnostic) 
Occupational exposure 
Nuclear power 
production 

Single 

All test explosions 
together 

Nuclear accidents 

Present annual 
individual doses (niSv) 

Per person Typical 
(World (exposed 

population) individuals) 

2.4 1 - 5 
0.4-1 0.1 -10 

0.002 0.5 - 5 

0.0002 0.001-0.1 

0.01 0.01 

Collective dose 
commitments 

Million Equivalent 
person Sv years of 

background 

Per year of practice 

11 1 
2-5 0.2-0.5 

0.01 0.001 

0.001 0.0001 
(0.03)a (0.004)° 

Per total practice 

5 0.5 
(26)a (2.4)a 

0.6 

a The additional long-term collective dose commitments from 
radon and carbon-14 for nuclear power production and 
carbon-14 for test explosions are given in parentheses. 

Source: Sources, Effects and Risks of Ionizing Radiation, 
United Nations Scientific Committee on the Effects of Atomic 
Radiation 1988 Report to the General Assembly. 
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Annex 3* 

Effects of Radiation on Human Beings 

Irradiation of the body triggers chains of events which may lead to complex al
terations of the exposed tissues. 

While the early, acute effects of high doses are usually prompt, it is al
most always extremely hard to pin down the effects of low doses. In part, this is 
because these effects become evident much later. Even then, it is hard to appor
tion blame because cancer and genetic damage have many other causes besides 
radiation. 

Radiation doses must reach a certain minimum level, called the dose 
threshold, to produce acute injury. There is no known threshold for the induction 
of late radiation effects. Accordingly even small doses can cause health effects. 
Hence, no radiation exposure can be called safe. Yet, at the same time, no level 
is uniformly dangerous. Even at quite high doses, not everyone is affected in 
the same way, and bodily repair mechanisms usually offset the damage done. 
Similarly, persons exposed to radiation are not fated to develop cancer or sustain 
genetic damage, although they are at greater risk than persons not irradiated. 
The magnitude of the risk will increase with the size of the dose. 

E a r l y Effects 

If the whole body is exposed to a very high radiation dose, the person irradiated 
will die. Very high doses of 100 gray or more usually damage the central nervous 
sytem so badly that death may ensue within hours or days. 

* Annexes 1, 2 and 3 are largely derived from "Radiation - Doses, Effects, Risks", United 
Nations Environment Programme, 1985 and "Living with Radiation", UK National Radiological 
Protection Board, 1986. 
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Radiation Doses Required to Cause Death 

A 
100 Gy 

B 
10-50 Gy 

c 
3 SGy 

A kills through central nervous system damage 
in hours or days 

B kills through gastrointestinal damage 
in about one to two weeks 

C50"c killed through bone marrow damage 
m one to two months 

' 2 3 ^ 5 6 
time Iweeksl 

Source: Radiation - Doses, Effects, Risks, United Nations 
Environment Programme, 1985, p. 51. 

At doses of 10 to 50 gray to the whole body, the victim may die from gastroin
testinal damage between one and two weeks later. Doses below 10 gray may 
not cause gastrointestinal injury, or may permit recovery from it, but could still 
cause death after a month, mainly from damage to the red bone marrow (the 
blood-forming tissue). A whole-body dose of about 3 to 5 gray will kill half the 
people who receive it. So the higher doses merely hasten the time of death. 

The brief exposure of a limited area of the body to a very high dose may 
cause not death, but other early effects. Thus an instantaneous absorbed dose 
of 5 Gray or more to the skin would probably cause reddening (erythema) in a 
week or so, with earlier and more serious damage at the higher doses. Similar 
doses to the testes or ovaries might cause sterility. But if the same total doses are 
received over a longer period, there may be no early signs of injury. The size of 
the dose needed to cause damage depends, in fact, on whether it is imparted at 
once or by degree. As most organs can repair radiation damage to some extent, 
they can tolerate a series of smaller doses better than the same total dose at. once. 
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Current radiation protection practice has virtually eliminated the oc
currence of acute effects in all radiation applications. 

Late Effects 

Extensive studies of about 100,000 survivors exposed to the A-bomb explosions at 
Hiroshima and Nagasaki in 1945 have so far shown that cancer is the only cause 
of increased mortality among them. The fundamental processes by which cancer 
is induced by radiation are not fully understood and information on radiation-
induced human cancer remains limited. The wealth of useful experimental infor
mation from animal tests cannot substitute for evidence of what actually happens 
to people. 

The scientific bodies working in this field, including UNSCEAR and the 
ICRP, have adopted two basic assumptions to explain and describe the late effects 
of radiation. The first is the absence of a dose threshold. The second assumption 
is that the risk increases in direct proportion to the dose. Doubling the dose will 
double the risk, trebling it will treble the risk, and so on. Using these admittedly 
imperfect, but convenient, assumptions, it is possible to estimate the risks of 
different types of cancer and derive a system of protection which eliminates any 
unacceptable risks. 

Hereditary Effects 

Genetic effects of radiation are even more difficult to estimate than the cancer 
effect. This is partly because there is little information on what genetic dam
age humans sustain through irradiation, partly because a survey of hereditary 
conditions takes many generations; and partly because, like cancer, these defects 
might be difficult to distinguish from others with different causes. So far, no con
clusive evidence for hereditary effects attributable to radiation has been found 
in human populations. Extensive studies of the children of the survivors of the 
atomic bombings of Japan have not shown statistically significant increases in 
hereditary defects. 

Irradiation During Pregnancy 

Special mention must be made of the risks to children irradiated in the womb. 
If an embryo or fetus is exposed to radiation, developmental defects such as a 
smaller head and mental retardation, may be induced when the exposure occurs 
during formation of certain embryonic organs. Irradiation of the infant in the 
womb may also increase the risk of childhood malignancies. The risk factor is 
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uncertain, but has been estimated at twice the overall risk of cancer for the aver
age individual. Hence care is taken to avoid subjecting pregnant women to X-ray 
examinations involving the abdomen, and restrictions are placed on the doses to 
fertile and pregnant women employed as radiation workers. 
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3. 

Making Nuclear Power 
Plants Safe 

Introduction 

Of the several types of nuclear reactors which generate electric power, the most 
widely used are the light water reactors (LWRs), comprising the pressurized wa
ter (PWR) and boiling water (BWR) reactor types. Some 73 percent of reactors 
in the OECD area are LWRs, compared to 14 percent gas-cooled reactors and 6 
per cent heavy water CANDU reactors. LWRs provide 88 percent of the total 
OECD nuclear electrical generating capacity (and 84 percent of the total world 
capacity), and therefore the nuclear safety considerations in this section refer 
mostly to the LWR system. 

The fundamental objective of nuclear safety is to prevent accidents and 
to ensure that the normal operation of nuclear installations causes no significant 
discharge of radioactive materials into the environment and no excessive exposure 
of plant workers to radiation. In addition to prevention, nuclear safety provisions 
also aim at mitigating the effects o r an accidental release of radioactivity. 

Confidence in nuclear power safety is based on increased nuclear plant 
operating experience and knowledge, on the intensive safety research and devel
opment which has accompanied the growth in the number and size of operating 
plants, and on solid regulation and licensing procedures. 

The Approach to Nuclear Safety in OECD Countries 

Although the objectives of preventing accidents and mitigating their effects are 
relatively easy to explain, the overall approach to nuclear safety cannot be de
scribed in a simple manner as it involves a large number of highly sophisticated 

63 



technological systems, concepts and practices which complement each other. In 
general terms, the safety strategy in OECD countries marries a cohesive defense-
in-depth principle to modern methods of safety assessment and stringent regula
tory control. 

Defence-in-Depth 

The defence-in-depth concept recognizes that people and machines are fallible, 
and that the unexpected can happen. While nuclear plants, like other complex 
industrial facilities, cannot be perfect or risk-free, they need not be flawless in or
der to be safe. They must instead be designed and constructed with the intrinsic 
capability to accommodate imperfections, equipment failures and operator errors. 
In plant design, therefore, engineered backup systems are provided to detect mal
functions rapidly and respond to them before they deteriorate into accidents. 

Defense-in-depth is characterized by the provision of several levels of 
protection, including: 

• primarily, successive physical barriers preventing the release of radioactiv-

ity; 

• a series of independant safety systems to protect the barriers and the plant 
itself against possible damages; 

• measures to protect the public and the environment from harm in case the 
multibarrier system is not fully effective. 

In line with this central concept of defense-in-depth, a coherent set of 
safety provisions are implemented, at both the design and operating stage, under 
the control of independant regulatory authorities. 

• The successive protective barriers are designed to prevent the release of 
radioactive fission products generated in the fuel. The first barrier is the 
fuel matrix itself, a relatively stable ceramic material which greatly resists 
the release of fission products to the gap between the fuel and its cladding. 
The cladding, which serves as the second barrier, surrounds the fuel and 
can contain fission products. If this covering is breached, releasing fission 
products, the third barrier is the reactor coolant system pressure boundary, 
which is likewise designed to contain radioactive materials. 
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Pressure ti"lit Reactor containment, 
barriers: Fuel encapsulation (O.Tmm) Reactor vessel (15cm) concrete and steel (100cm) 

ther Barriers: Tnerma! barrier Radiation shielding, concrete (300nn) 

Multiple Barriers Against Release of Radioactivity 

• The basic function of the massive containment buildings which completely 
surround all commercial water-cooled power reactors in OECD countries is 
to bottle up the release of steam and any entrained radioactive substances 
from most postulated types of reactor accidents. This substantial envelope, 
made of steel or concrete or both, is thus a special safety system and also 
thf last physical barrier to protect the environment and the public from the 
radioactive materials which may be released in an accident. Containment 
buildings are also equipped with special isolation systems, including large 
local air coolers, pressure relief valves and filters. The aim of the controlled 
leakage systems (filtered venting to the atmosphere, or to another build-
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ing), now being installed in a number of OECD countries, is to relieve the 
excess pressure which may be generated by the most severe types of reac
tor accidents, and thus minimize the release of radioactive materials. The 
value of containment was demonstrated at Three Mile Island, where for 
example only 18 curies of iodine-131, a fission product particularly harmful 
to humans, leaked out of the containment, although an estimated 25 mil
lion curies of iodine-131 were released from the extensively damaged reactor 
core during the accident. 

• Defence-in-depth requires that plant monitoring and protection systems be 
built with sufficient redundancy to ensure safe operation during both normal 
plant operating conditions and postulated transients (changes in reactivit" 
of the reactor core) and accidents. This duplication of functions serves to 
restore the plant to its normal operating condition following foreseeable in
terruptions and incidents and to return it to a stable condition in the case 
of an accident. The key systems in plant operation are backed up by special 
independent duplicate or even triplicate systems that can perform the same 
tasks. Redundant systems and components may employ different principles 
in order to avoid complete loss of function in the event of a common fault 
affecting them at the same time. Finally, instrument cables, safety systems 
and components are physically separated to reduce the possibility of simul
taneous damage from an external source. 

• A series of separate safety systems reinforces the multiple physical barriers. 
These systems are not used for normal operation of the plant, and have a 
single purpose: the timely prevention or limitation of accidents plus miti
gation of accident effects. These systems provide a separate and redundant 
response to nuclear accidents. They are functionally and physically inde
pendent of the normal process systems and of each other. One of them, the 
shut-down system, can quickly and automatically shut down the reactor. 
Another, the emergency core cooling system, is automatically activated if a 
break in the reactor primary circuit (the main cooling circuit which removes 
heat from the core) causes a significant reduction in the amount of coolant 
available. This system can also be operator-activated if smaller leaks occur 
which do not trigger it automatically. The emergency core cooling system 
can refill the reactor core with coolant and remove decay heat from the fuel. 

• Safety margins are provided in the design, construction and operating stages 
of a nuclear power plant to ensure its reliable behaviour during routine full 
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power operation, and during expected changes like refuelling and adjust
ments in reactor power output dictated by the utility grid. 

• Quality control and quality assurance analysts confirm that all equipment is 
manufactured according to specifications. Safety assessment analysts ver
ify that the probability of undetected component faults is low, and then 
examine the consequences of postulated component failures. If these con
sequences are considered unacceptable, additional measures are taken to 
limit or avoid them. Station staff check the functioning of equipment and 
ensure that all systems operate within the range specified by the design en
gineers. Thorough quality checks extend from material selection, design and 
manufacture to shipping, storage and installation, and continue into plant 
operation and maintenance. Quality control and assurance standards be
come stricter as the importance of the equipment to plant safety increases; 
the tightest standards are imposed on the highest priority safety equip
ment. Preoperational testing and inspection during plant commissioning 
provide extra assurances of quality. Plant process and safety systems must 
be testable and testing programmes are implemented to demonstrate contin
ued ability to meet performance specifications. Good design and stringent 
quality control are supplemented by periodic inspection and maintenance 
of major components throughout the lifetime of the plant. Furthermore, 
efforts to maintain the necessary level of operational safety grow in impor
tance as the average age of operating nuclear power plants increases. 

• The standardization of reactors, initially undertaken to reduce costs and 
construction time and to simplify licensing, can also enhance plant quality 
and safety. (The reactors in a standardized series are essentially identical, 
except for site-specific features.) Advanced standardized reactor designs are 
being developed to reduce plant complexities and to simplify plant opera
tions. Standardization of training, operation, maintenance and inspection 
procedures also pays dividends in reducing plant worker radiation doses 
and improving plant performance. Multiple ordering of standardized units 
simplifies quality assurance in design, manufacture and construction and 
may allow more effective management control. 
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Safety Assessment Methods 

Two complementary approaches are used to assess the safety of nuclear power 
facilities. The first is a traditional "deterministic" method, which considers how 
a significant release of radioactive materials to the environment could occur fol
lowing specific postulated sequences of events. These sequences are considered 
credible, but very unlikely, and are termed "Design Basis Accidents" (DBA). 
Significant radiation releases will occur during a DBA only when the accident 
breaches many protective barriers. The adequacy and integrity of these defences 
are checked for the range of DBAs, and are considered satisfactory if they confine 
the accident to within design margins. 

Plant designers conservatively calculate the radiological consequences of 
these design basis accidents, usually under pessimistic ("worst-case") atmospheric 
conditions. Typical design basis accidents include the total loss of reactor coolant, 
reactivity control, feedwater, or offsite power. Their consequences are then com
pared with standards for permissible emergency radiation exposure levels. Plants 
are sited, designed, constructed, operated and licensed so that if a design basis 
accident occurred, the resulting radiological doses to the public would not exceed 
the limits set by the regulator. This concept has traditionally guided the formal 
licensing process because it identifies a number of easily defineable plant func
tional and reliability needs. 

A newer approach is called "Probabilistic Safety Assessment" (PSA). 
PSA is a combination of logical structures (called event trees and fault trees) and 
analytical techniques used to estimate the likelihood and consequences of events 
that could provoke an accident. The application of PSA techniques to nuclear 
power plants began in the early 1970s. In the years since the 1979 TMI acci
dent, there has been a rapid expansion in the use of PSA to estimate the public 
and economic risks that could result from accidents in commercial nuclear power 
plants. More than one hundred PSA studies on individual nuclear plants have 
been completed in OECD countries. Some of them have been sponsored by gov
ernmental regulatory agencies, while others were conducted entirely by industry 
or as joint ventures. 

The conceptual insights and aids to engineering judgment provided by 
these quantitative assessments have a wide spectrum of applications for the nu
clear industry and for governmental regulators. These include the identification of 
crosslinked failure modes, better understanding of plant behaviour and demands 
on operators under abnormal conditions, and evaluation of the public risk effects 
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of proposed changes in plant design, hardware or operating procedures. Some 
PSAs have shown, for example, that factors of human unreliability contribute to 
at least half of the public risk that might arise from reactor accidents. Hence 
personnel training in many OECD countries has for some years included testing 
operator responses on simulators which incorporate accident sequences identified 
by PSAs. 

In the first stage of a PSA, after the development of a computer model 
•.(.• particular power plant, engineers assess the likelihood of the failure of a plant 
component or system, and the resulting impact on other components or subsys
tems. The failure frequencies of a given piece of equipment are estimated, based 
on in-service testing of prototype, experimental and operating equipment, and 
also on statistical data from operating power plants. Then the initiating failure 
is tracked step by step through many possible consequences. With application 
of binary logic (yes or no) to the event trees and fault trees, the probabilities 
of system failures and corresponding accident sequences can then be calculated. 
Finally, the analysis estimates the plant damage and radiological consequences to 
the public for each of the accidents considered. The results of such assessments 
help to identify and rank possible weaknesses in nuclear plants, and the accident 
paths of greatest risk. 

Probabilistic methods are useful, in particular, to calculate the likelihood 
of severe accidents which could result in an uncontrolled release of radioactive 
material into the environment, and as an aid in their prevention or management. 
A severe accident is one which exceeds the design basis and causes failure of 
the structures, materials and systems which assure proper reactor core cooling. 
While such extraordinary events have a very low probability of occurrence, they 
are still considered in the safety assessment of nuclear power plants. PSA is thus 
a major tool for allocating resources and regulatory priorities to those measures 
most likely to enhance public safety and minimize economic risk. 

The Safety of the Nuclear Fuel Cycle 

Although power plants receive the most scrutiny, safety and environmental con
cerns are also focussed on the mines and facilities that produce, recycle, store 
and dispose of the fuel for nuclear reactors. The same stringent regulations and 
controls apply to fuel cycle facilities and operations as for power reactors. 
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The total risk of radiation exposure to the public from accidents in fuel 
cycle facilities is small compared to that associated with the operation of power 
reactors. Those accidents which would, in theory, lead to releases of radioactive 
materials to the environment do not do so because the mechanisms to breach 
containment barriers and the necessary energy levels are not present in fuel cycle 
facilities. In general, mechanisms which might cause such release and dispersion 
of radioactivity develop relatively slowly. This permits effective corrective actions 
to be taken quickly. 

However, steps are needed, in particular in plants where uranium and 
plutonium are present in solution, such as reprocessing plants, to avoid critical-
ity accidents (an uncontrolled chain reaction occuring in an assembly or facility 
containing fissile materials when the geometry or composition of such an assem
bly is not adequate). The most important aspect of such accidents is the very 
high direct radiation doses (usually fatal) which may be sustained by operating 
personnel in the immediate vicinity. In most cases, such accidents would not lead 
to any significant release of radioactive material beyond the boundaries of the 
facilities nor result in exposure to the public. On the other hand, the storage 
of highly active liquid fission products gives rise to a significant potential for 
accidents with widespread consequences: this might only occur as a result of an 
extended loss of cooling of storage tanks, such as reported recently about the 
accident involving radioactive waste from a military nuclear plant at Kyshtym, 
in the Southern Urals in the the Soviet Union, in 1957. (The safety problems 
involved in the management of radioactive wastes from power production and 
fuel cycle operations are discussed in Section 4 of this volume.) 

Regulation and Licensing 

Virtually all activities in civil nuclear power production and the nuclear fuel cycle 
must be carried out under government license. Regulatory authority and control 
over nuclear plants, and on the handling, trade and transportation of nuclear 
materials, is more direct and rigorous than in any other industry. Regulatory 
authorities can readily order changes to existing facilities and may close down 
licensed nuclear plants if justified on safety grounds. 

Within the overall defence-in-depth framework, different OECD coun
tries attach diverse meanings to particular safety concepts. While there are many 
similarities in regulatory policies and procedures in the OECD area, regulation 
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Modern construction methods are used to ensure that nuclear 
reactors meet the most stringent safety requirements 

and licensing are shaped by national circumstances, including the reactor system 
in use, available energy alternatives, and population density. Other national fac
tors include the organisation of electric power production, legislative and socio
political institutions, and national heritage. Hence, although the basic safety 
and regulatory philosophy remains essentially the same, there are numerous dif
ferences between national regulatory policies and practices. 
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Regulatory control involves rigorous safety assessment during the design, 
construction, commissioning and operating life of the plant. This control extends 
to the eventual decommissioning stage as well. A prerequisite for the issuance 
of a license for a nuclear facility is approval by the regulator of the applicant's 
proposed design, construction, and operation specifications and organizational 
experience, including emergency plans. Continuous demonstration of such com
petence is an essential aspect of regulatory requirements. 

As the operating staff at nuclear plants are the most knowledgeable 
about their facility, only they are in a position to take around-the-clock safety 
action. The onus is therefore on the operating company to demonstrate to the 
regulator high standards of nuclear safety, security and environmental protection. 
Regulators, for their part, are responsible for the establishment of safety policies 
and performance standards. They oversee all plant activities including siting, 
design and fabrication. In addition, they review quality assurance and opera
tor training programs, and planning for emergencies and post-accident recovery. 
Regulators join operators in the collection and dissemination of safety informa
tion and related planning measures. 

Through inspections of the plants, regulators verify - by direct obser
vation, interviews of personnel, and examination of records - that the plants are 
operated safely and in compliance with the regulations. Unusual modifications 
of the plant, or planned deviations from its normal operating rules, must receive 
prior written regulatory approval. Each significant incident must be reported to 
the regulator, who jointly analyses it with the operator. The conclusions of these 
reviews may lead to modifications of the plants or their operating procedures. 
Such feedback of operating experience is vital to validate safety strategies and to 
maintain the necessary high standards in implementing them. 

Plant owners and the safety regulators frequently call upon experimen-
' tal and analytical research to learn whether operating facilities meet licensing 
', requirements. The discipline of probabilistic safety assessment in particular has 

helped to focus new regulatory requirements on the most pertinent issues in con-
( trolling public risk. Safety regulators are also advised by recognised experts in 

reactor safety, radiological protection and related fields. Continuing dialogue 
between safety researchers and licensing authorities is needed to derive the max
imum benefits from research results. 

Because of specific national factors, decisions on the safety and security 
of nuclear power are generally made by regulators at the national level. However, 
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by regularly exchanging views and information about these aspects as well as on 
their own particular concerns, regulatory authorities can become familiar with 
other regulatory systems. This enables them to better appraise the adequacy 
of their own systems, and can lead to more harmonization of national licens
ing decisions. Such consultations also encourage the development of commonly 
accepted standards and practices, which helps create public confidence that reg
ulators are maintaining a level of safety approved by the international community. 

Through international ventures, all countries, including those just launch
ing nuclear research and power programmes, can more rapidly and at lower cost 
acquire and improve the operational knowledge and experience needed for sound 
regulatory judgment. International discussions of safety research results help 
national authorities to assimilate the large body of international know-how and 
adapt it to the formulation of well-balanced licensing recommendations. 

The Lessons of Nuclear Operating Experience 

Despite all precautions taken, serious accidents have occurred in the nuclear in
dustry, as in other high technologies. Fortunately, these have been few and have 
impelled the responsible governments and industries to intensively review all of 
the lessons which can be learned and to develop and implement the technical and 
regulatory mechanisms needed to prevent their recurrence. 

Most contemporary industrial activities involve risks to the public. In 
particular, all energy sources have current or potential harmful effects. For exam
ple, the burning of fossil fuels releases large quantities of carbon dioxide into the 
atmosphere, and the buildup of excess carbon dioxide is widely considered a cause 
of global warming (the "greenhouse effect"). But accidents at individual nuclear 
power plants can inflict offsite damage which has almost no parallel for coal and 
oil-fired facilities. In electricity production, only the failure of large hydropower 
dams and reservoirs, and the failure of large natural gas storage facilities could 
lead to comparable widespread impacts. A failure such as a burst dam can re
sult in thousands of immediate fatalities and vast downstream flood damage, but 
an accident at a nuclear facility can cause the widespread release and dispersion 
of radioactive fission products, resulting in some immediate deaths, long-term 
delayed deaths from cancers, and long-term radioactive contamination. These 
after-effects are the worst aspect of nuclear accidents. 
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A few technically serious accidents involving power excursions or exten
sive reactor contamination occurred prior to the 1986 Chernobyl accident. These 
took place at the NRX research reactor at Chalk River (Canada, 1952), the 
Army Low Power Reactor (SL-1) in Idaho (US, 1961) and the Fermi Experimen
tal Breeder Reactor in Michigan (US, 1966). Early accidents in Europe include 
those at Windscale, UK (a fire at a reactor built to produce plutonium for military 
purposes, 1957) and Saint-Laurent, France (a fuel meltdown at a gas-cooled power 
reactor, 1969). In the March 1979 accident at the Three Mile Island (TMI)-Unit 
2 nuclear station in Pennsylvania, the reactor core partly melted. This acci
dent occurred because operators recognised too late that a valve was stuck open 
causing an escape of reactor coolant water. Applying generally accepted radia
tion protection criteria, the US Nuclear Regulatory Commission found that the 
health effects from the relatively small amounts of radioactivity released outside 
the plant were inconsequential. Most of the radioactive substances released by 
the accident were bottled up by the concrete and steel containment structures. 
This was confirmed by many independent studies in the past ten years. 

These accidents, coupled with experiences in other nuclear energy pro
grammes, showed that nuclear safety depends not only on well-designed and re
liable equipment, but also on an effective "safety culture" as reflected by proper 
operating rules, clear procedures and knowledgeable personnel. These lessons 
have been assimilated into the nuclear safety programmes of OECD countries. 

The most serious accident in the history of nuclear electricity generation, 
and the first with widespread transnational boundary consequences, occurred in 
April 1986 at the reactor Unit Four of the Chernobyl nuclear power station, in 
the Ukraine, USSR. A rapid and massive power surge in the core of the reactor 
caused a steam explosion, the destruction of the reactor, and severe contamina
tion of the countryside around the plant by radioactive materials released from 
the reactor fuel. Two plant workers were killed in the accident itself, and 29 
plant workers and firefighters died of injuries, burns and radiation exposure. In 
all, between 200 and 300 people were hospitalized for treatment of radiation in
juries and burns. The remains of the reactor have been entombed in a protective 
concrete structure equipped with radiation and temperature monitoring devices. 

The specific features of the radiation discharge, particularly its ten-day 
duration and the high (initially 1,000 to 2,000 metres) altitude reached by the 
radioactive plume, caused the spread of radioactivity across Europe and over a 
broad area of the globe. 
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The USSR has emphasized that the primary cause of the Chernobyl 
accident was an unanticipated combination of serious violations by operating 
personnel of well-established safety rules and procedures, which placed the reac
tor in an unstable state. The USSR conceded moreover that operator errors at 
Chernobyl were compounded and amplified by the design features of the Cher
nobyl RBMK graphite-moderated, water-cooled reactor. The RB.MK reactor, 
built only in the Soviet Union, was not designed to cope with its inherent "power 
runaway" instability (a large "positive void coefficient") at low power, which 
can dominate the behaviour of the reactor, and its relatively slow (20 second) 
control rod shutdown system. The lack of a full containment structure, which 
is considered essential for water-cooled power reactors in OECD countries, has 
also been cited by a number of safety analysts as a major RBMK plant drawback. 

OECD experts agreed that the Chernobyl accident revealed no new phys
ical phenomena, nor any nuclear safety issues that are not already satisfactorily 
addressed by exi ting safety programmes for commercial power reactors in OECD 
countries. This fact, taken together with design and operation differences between 
the Chernobyl plant and commercial nuclear power plants in OECD countries led 
to the finding that no immediate modifications or regulatory actions were consid
ered necessary in those countries as a consequence of the accident. Nonetheless, 
given the seriousness of the Chernobyl accident, an appraisal has been made 
of current safety programmes to evaluate the need for new studies or shifts in 
existing research work. 

The Human Factor 

The safety and production problems of large and complex industrial facilities fre
quently stem from unanticipated events and human errors. In the case of nuclear 
energy, an important objective, in addition to designing equipment to match 
the highest safety requirements, is to minimize the effect of human fallibility 
to the greatest possible extent. While a number of utilities already had supe
rior safety awareness programmes in place before TMI, there emerged universal 
agreement that well-trained, safety-conscious operators, attentively supervised 
and controlled by responsible utilities and governmental regulators, are very im
portant contributors to nuclear safety. 

Simulators for training and appraising operators, and improved data dis
plays and alarm systems have all been developed to help reactor operators and 
other staff to better monitor, diagnose and respond to their plants. Computer-
controlled simulators draw on long experience in aircraft flight simulation to 
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replicate the actual control rooms of nuclear units, and model the sequences of 
real-life events and tasks. They use interactive mechanisms and computer pro
grams to challenge trainees at all levels of expertise with key problems, such as 
loss of reactor coolant, and sharpen their reactions to less serious fault conditions 
and incipient failures. 

Operators must also learn how to understand and respond to events that 
may differ from those presented in the training programme. The TMI accident 
showed that the ability to recognise and correct undesirable plant conditions is 
essential at each level of plant responsibility. Nuclear safety assurance demands 
that this ability be inculcated and periodically updated and verified. It also 
showed that operating procedures should be more "symptom oriented" to provide 
better guidance and direction to operators responding to an accident. Thus they 
do not have to precisely diagnose the cause of an accident before they can act 
decisively to mitigate it and return the plant to a stable condition. This is an 
important lesson gained from the TMI accident and largely confirmed by the 
Chernobyl accident. 

S h a r i n g t h e Lessons L e a r n e d 

In addition to improving operator training, close attention is being paid to learn
ing from and sharing reactor operating experience. One important factor in the 
prevention and mitigation of nuclear accidents is the dissemination of compre
hensive information on reactor operating experience. Thus, all important safety 
information should be shared as widely and equitably as possible. Systematic 
pooling and distribution of pertinent data is an excellent way to ensure that suf
ficient safety knowledge is absorbed and implemented everywhere. Information 
about shortcomings and anomalies in operating experience and management ac
countability enables power producers and regulatory authorities to prevent the 
recurrence of similar mishaps, and spotlights areas where the design, construction 
and operation of plants can be improved. 

Objective and technically knowledgeable international organisations can 
channel information to individual countries, and help them assimilate and adapt 
it to their own programmes. OECD Member countries periodically review nuclear 
plant operating procedures, taking into account information developed from the 
NEA's international Incident Reporting System. This system was established 
in 1980 and was the first major multilateral exchange of operating data and 
experience between national nuclear safety organisations. A similar system has 
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been set up by the IAEA to promote information exchange worldwide. The two 
systems are run in close co-operation. 

The Value of International Co-operation 

Owing partly to the Three Mile Island accident and partly to other factors (in
creasing number of reactors, greater public concern, and higher costs of safety 
research programmes), safety issues have been increasingly considered as matters 
of international concern. International co-operation is clearly an indispensable 
tool for further improving safety. Exchanges and collaboration on the adoption 
of new regulatory decisions and on such safety issues as the installation of new 
equipment, together with the exchange of operating experience, incident report
ing and analysis, human reliability and operator aids, training, and emergency 
preparedness are of paramount importance to all OECD Members. In response to 
TMI, OECD countries broadened and deepened their safety collaboration. The 
benefits of this cooperation are essential in the face of new challenges to nuclear 
power programmes. 

The tradition of good international co-operation in the peaceful uses of 
nuclear energy also facilitated decisive action after the 1986 Chernobyl accident. 
The IAEA organised a comprehensive post-accident review meeting which led 
to the elaboration and adoption with record speed in July-August 1986 of two 
closely-linked international conventions. One provides for early notification of 
accidental releases of radioactivity with potential transboundary consequences. 
The second deals with the provision of emergency assistance. Both are now in 
force. 

It is vital that the lessons which can be learned from these two large 
nuclear accidents continue to be analysed in great detail and turned into effective 
national and international measures to improve nuclear safety. Among them, hu
man reliability was shown to be of utmost importance for the safe operation of 
nuclear facilities. International co-operation is therefore focused on feedback of 
operational experience to improve safety technology and on minimizing the effect 
of human fallibility, in parallel with research concerning severe accidents. The 
purpose is to increase the safety performance of nuclear operators, to prevent the 
development of accident conditions and - should an accident occur - to minimize 
its consequences by using proper management methods. The long-term signifi
cance of these accidents thus may lie less in their direct effects and more in the 
impetus they have given to work to further strengthen nuclear safety. 
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4. 

Managing Radioactive Wastes 

Introduction 

The nuclear energy debate regularly emphasizes the radioactive wastes produced 
in the nuclear fuel cycle. This issue has been highlighted by the concern that ra
dioactivity from these wastes, which may persist over very long periods of time, 
will contaminate the human and natural environment and that unsolved prob
lems in managing the wastes might be transmitted to future generations. 

In reality, radioactive wastes are not the only industrial byproducts 
which include long-lived components. Thus, their toxic properties must be com
pared with other routinely produced wastes of modern society. In fact, the ra
dioactive wastes from nuclear energy are significantly smaller in volume than 
most other categories of industrial wastes, and have so far been managed with 
minimal effects on public health and safety. However, the volume of radioactive 
waste will grow in the years ahead as nuclear energy continues to develop, and 
as old reactors are decommissioned and dismantled. 

Radioactive wastes are commonly divided into categories, each of which 
requires specific management and disposal techniques, consistent with accepted 
radiation protection objectives. 

A solid scientific and technical foundation has been built in the last 
decade or more in all countries with nuclear power programmes, allowing the 
development of strategies for managing nuclear wastes. The treatment, condi
tioning and storage of all types of radioactive wastes are now technically feasible. 

The main task now is to obtain public and political acceptance of pro
posed sites for the disposal of low-level, short-lived wastes. The disposal of high-
level and long-lived waste is less urgent, but several countries are nevertheless 
directly addressing it. 
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The Technical and Regulatory Framework 

Radioactive waste management, and in particular disposal, is subject to licensing 
procedures which form part of a coherent and comprehensive policy based on the 
ICRP system of dose limitation. This policy, which covers the entire nuclear fuel 
cycle and many applications of radioisotopes, aims to systematically prevent un
acceptable radiological hazards from arising in the management of wastes. Some 
countries even make nuclear development conditional on the "demonstration" 
that satisfactory radioactive waste disposal solutions exist or can be readily im
plemented on the basis of presently available technology. 

Radioactive waste management has the following safety and environ
mental objectives: 

• To comply with radiological protection principles for present and future 
generations; 

• To preserve the quality of the natural environment; 

• To minimize any constraints on future generations as far as practicable. 

It is relatively easy to achieve these objectives in the short-term, but 
difficult in the case of long-lived wastes which will remain radioactive for periods 
measured in thousands of years. Nevertheless, a long-term commitment for such 
wastes must be undertaken and this is accepted by regulatory authorities and the 
nuclear community. The basic principle is that future generations should be pro
tected at least at the same level as present ones, and therefore current radiation 
protection standards should apply to the long-term future as well. 

The ethical obligation to avoid unacceptable consequences in the future 
- including the need to keep open the future exploitation of possible natural 
resources and land uses - is therefore clearly perceived for radioactive wastes, 
perhaps more than for any other human activity affecting future generations. A 
purely factual analysis of the concepts of radioactive waste management and their 
implementation shows that today's stringent policy objectives are consistent with 
this obligation. 
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Radioactive Waste Management Concepts and Practices 

The management of radioactive wastes begins where the waste is produced, con
tinues with waste treatment, conditioning (solidification into a durable matrix 
form) and storage, and concludes with disposal. Storage and disposal are two 
very different but complementary activities, which must not be confused. 

Used fuel discharged from nuclear reactors is stored 
temporarily in pools either on the reactor site or 

at storage centres away from the reactor 
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Storage 

Storage consists in the emplacement of waste materials with the intention to re
trieve them at a later time. Storage plays a major role in waste management but 
it is only a temporary measure and not a solution to the problem of long-lived 
wastes. 

Storage fulfills two contrasting functions. On the one hand, storage is 
undertaken for economic reasons or to optimise the safety of the overall process, 
as part of a fully developed waste management strategy. (For example, prior to 
reprocessing, fuel is stored to allow the short-lived radioactivity to decay.) The 
other function is to gain time pending the final evaluation of optimum treatment 
and disposal options. Storage installations rely primarily on a system of barriers 
to provide containment or isolation of the wastes, and on institutional controls 
to continuously monitor performance and restrict access. 

High-level reprocessing wastes are initially stored in liquid form in water 
cooled stainless steel tanks. Later, they are solidified to facilitate handling, 
surveillance and maintenance at storage facilities. 

Spent fuel elements are stored at the reactor site, generally under water. 
This is comparable to storage of high-level liquid reprocessing wastes. To avoid 
the accumulation of large quantities of spent fuel at reactors, away-from-reactor 
(AFR) facilities are built for centralised extended storage, providing a transition 
between on-site reactor storage and fuel reprocessing or disposal. Such AFR fa
cilities can be located at the surface or underground. 

Storage of other types of waste such as low-level, intermediate-level and 
waste contaminated by long-lived radionuclides, is now an established practice. 
When extended storage is envisaged, the wastes are normally treated, conditioned 
and packaged taking into account the intended storage environment. The most 
common types of engineered storage facilities include concrete bunkers, near-
surface excavations and trenches, and covered surface pads. 

Extended storage at production sites or in i centralised facility may, in 
principle, be considered an acceptable waste management strategy, provided that 
it will be followed by a permanent solution at the appropriate time. 
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Disposal 

Disposal concepts aim to isolate the wastes from the biosphere for a period long 
enough to ensure that any subsequent return to the environment would not lead 
to unacceptable levels of exposure to humans or other biological species. This ob
jective can be attained either by providing containment with an adequate degree 
of reliability for the required length of time, and/or by providing a mechanism to 
delay the dispersal of contained radioactivity until an appropriate time and by 
ensuring that such dispersal should occur in a medium (water for instance) ca
pable of diluting to acceptable levels any radionuclides returning to the biosphere. 

The fact that, unlike other types of waste, radioactive wastes decay is 
a key factor in the establishment of disposal policies, since it decreases exposure 
risks with time and helps to determine a predictable end-point for hazards. Thus, 
the length of the isolation period is governed by the radiotoxic properties of the 
wastes, and in particular the half-lives of the radionuclides it contains. A surface 
or near-surface engineered facility is usually regarded as suitable for short-lived, 
low-level wastes, provided some form of site surveillance and other institutional 
control measures are maintained after closure of the site to prevent human intru
sion. 

In contrast, deep geologic isolation, a totally passive system, is consid
ered necessary for long-lived wastes. In this case, where the site is well-selected 
and the probability of interference by natural events and human actions is very 
limited, institutional control measures will not be required in the far future. 

A number of practical disposal options are already available for most 
types of radioactive wastes. They are based on two main approaches to disposal: 
"dilute and disperse" when appropriate for relatively low-levels of contamination 
(essentially for gases and liquids), and "concentrate and contain" for the vast 
majority of radioactive wastes. 

Certain liquid and gaseous wastes are regularly disposed of by dispersal 
into rivers, lakes, coastal waters and the atmosphere. This practice is limited to 
wastes with low levels of radioactivity and usually containing short-lived radionu
clides. Disposal by dispersion has been practised for several decades under control 
and monitoring procedures designed to ensure that it is properly employed. 

Near-surface disposal is a method currently used for certain kinds of 
solid radioactive wastes, mainly those containing short-lived radionuclides. It is 
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employed where the resulting exposures are acceptably low, and where further 
treatment of the wastes would not result in a reduction of these exposures com
mensurate with additional costs or radiological impacts to workers. Near-surface 
disposal entails covering the wastes with soil to a depth of a few tens of metres 
at most. The wastes themselves may be above or below the original land surface. 
Because the wastes are near the surface, erosion, biological activity and even de
liberate intrusion must be taken into account in the design of the disposal facility. 
In addition, institutional controls are normally considered essential to limit the 
possibility of intrusion. However, institutional control cannot be imposed for too 
long, and a maximum of 300 years is usually taken as a prudent limit. This results 
in a clear requirement for surface and near-surface disposal facilities: the type of 
wastes they can accept should allow the site to be released for unrestricted use 
at the end of the agreed institutional control period. 

Near Surface Disposal of Short-lived Radioactive Waste 
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Among the options discussed for disposing of high-level wastes, an in
ternational consensus has emerged that deep geological disposal on land is the 
most appropriate means for isolating such wastes permanently from the human 
environment. 

Candidate geological formations must be able to contain and isolate the 
radioactive wastes from the human environment until the radiotoxicity of the 
wastes decays to non hazardous levels. In order to increase the safety of geolog
ical disposal, most such disposal concepts rely on a system of independent and 
often redundant barriers to the movement of radionuclides, in an effort to pro
vide a high degree of assurance that exposure to humans remains at acceptably 
low levels. These barriers generally include the leach-resistant waste form itself, 
corrosion-resistant containers which encapsulate the wastes, special radionuclide-
and groundwater- retarding material placed around the waste containers, com
monly referred to as backfill, and the geological formation itself - the principal 
barrier - which should both retard the transport of radionuclides in circulating 
groundwater, and isolate the wastes from the human environment. 

There are five important reasons why deep geological disposal on land 
has evolved into the disposal method of choice for virtually every country with a 
nuclear power programme. 

t It is an entirely passive disposal system with no requirement for continuing 
human involvement to ensure its safety. 

» Radioactive wastes present no hazard while they remain in a deep under
ground repository. The depth of burial (several hundreds of metres or more) 
virtually eliminates the possibility of intentional human intrusion and, with 
a suitable choice of location, minimizes the likelihood of inadvertent intru
sion. 

• Flexibility and convenience are provided by the large variety of geological 
environments suitable for disposal. Geological media under consideration 
are rock salt, clay, and a range of crystalline rock formations including 
granite, welded tuff, basalt and various metamorphic rock types. 

t The disposal option is demonstrably practical and feasible with the aid of 
technology already used in other mining and civil engineering practices. 

• Although waste disposal implies the lack of intention to retrieve the wastes, 
the repository can be designed so that the wastes could be recovered while 
the repository is in operation, or even after closure. 
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Other options discussed in OECD countries include disposal in geolog
ical formations under the deep ocean floor, disposal on the ocean floor, disposal 
in glaciated areas, extraterrestrial disposal, and destruction by nuclear transmu
tation. 

Disposal in geological formations under the stable, deep ocean floor, 
also called subseabed disposal, is conceptually similar to deep geological disposal 
on land, with some notable differences. Whether the wastes are emplaced in the 
relatively soft near-seabed unconsolidated sediments, or in the underlying consol
idated sediments or in even deeper rock formations, the emplacement technology 
is not fully defined. A major difference would be the enormous dilution capacity 
provided by the ocean, should the containment system prematurely fail and allow 
substantial releases of radionuclides to the ocean floor. Despite the fact that the 
high sea, which is common property, presents major political complications, sub-
seabed disposal is currently the only disposal option under serious consideration 
as an alternative to deep geologic disposal on land. 

Disposal of high-level wastes on the ocean floor with highly engineered 
containment would not be internationally acceptable at this stage. Disposal in 
glaciated areas such as Antarctica would require sustantial changes to interna
tional legal and political agreements. Disposal in outer space would provide the 
greatest degree of isolation from the human environment, but its cost, technolog
ical complexity, and potential risks all weigh against it at the moment. Finally, 
nuclear transmutation, the conversion of long-lived radionuclides into shorter-
lived or even stable nuclides, is being studied but will not be feasible in the near 
future. 

Implementation of Waste Disposal 

The geological disposal option involves many technical, political and social choices. 
The key technical issues concern engineering feasibility and long-term safety. 

Engineering Feasibility 

Evidence for the feasibility of proposed engineering designs for deep underground 
repositories conies from extensive experience in mining and civil engineering, and 
from specific field experiments with highly radioactive materials or heat sources. 
Numerous studies show that civil and mining engineers can now construct prac
tical disposal systems for current repository designs, at the required depths, in a 
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wide variety of geological media and sites. Further technological development is 
needed in some areas, including tunnel excavation in deep plastic clays, and in 
long-term field instrumentation and measurement techniques. 

Each waste disposal facility will be unique. Attention must therefore be 
paid to site-specific conditions and to the waste type. Studies should consider 
constraints on the design imposed by the geological setting, thermal (heat) load
ing, and practical engineering capabilities in deep mining. 

Engineering design and geology should complement each other for the 
optimum use of a disposal site. A variety of techniques employed in current min
ing practice, including shaft lining, rock reinforcement and support, and grouting 
can enhance both short-term and long-term safety. 

Important aspects of high-level radioactive waste disposal are the need 
to dissipate heat for several hundred years and the identification of ground water 
circulation pathways which could transport radionuclides away from the reposi
tory. 

A good understanding now exists of how to control effects of decay heat 
in the different host rocks and disposal systems, taking into account both the 
structural integrity of the geological environment and local physical and chem
ical effects. In most cases, t^ese effects can be modelled and reliably predicted 
whenever adequate site characterisations are available. Thermal loadings can be 
determined for each site to prevent structural problems. 

Backfilling and sealing of a repository after waste emplacement are being 
extensively studied. A variety of potentially suitable backfilling materials exist, 
including clay, cement, bitumen and spoil from excavating. Several backfilling 
techniques have already been tested on a pilot scale. There is little doubt that 
specific engineering techniques can be found to suit each situation. 

Safety Assessment of Long-Term Disposal 

Given the impossibility of directly demonstrating the safety of particular geolog
ical disposal options over the many thousands of years for which radioactivity 
persists, proof of this safety must be indirect. All safety assessments for a geo
logical disposal system at a particular site rely heavily on predictive computer 
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modelling of repository behaviour over time, on the duration of waste isolation 
and on the movement of the radionuclides that may be released. 

The credibility of this predictive modelling derives from the scientific un
derstanding of the local geology, hydrogeology and rock mechanics; the chemical, 
physical and geological processes which could breach the waste isolation; and the 
subsequent migration of radioactivity through the geosphere and the biosphere. 
Techniques are available for the detailed characterisation of many aspects of par
ticular sites, and most of the release and migration processes are understood. 

Extensive research has thus far not identified any properties or processes 
which would disqualify any of the geological media currently under consideration. 
However, further research is needed to improve the data base and to set up real
istic models of the migration of radioactivity through the specific host rocks. 

Computer codes will assist in evaluating the overall risk. Some of these 
codes are already in use, while others are being developed. Continuing efforts are 
needed to refine them, verify their applicability, determine their limitations, and 
incorporate these results in ongoing research. 

Research and Development Programmes 

Investigations and experiments on the construction of radioactive waste reposito
ries are an integral part of national and international programmes for evaluating 
the safety and feasibility of geological disposal. 

Among the objectives of field research is the development of methods and 
instrumentation for specific site investigation and characterisation techniques. 
For example, to preserve as far as possible the integrity of potential disposal sites, 
the use of non-destructive and remote rock investigation techniques is preferable. 
Seismic and radar tools are being specifically developed for this purpose. 

Another important objective of current in-situ research programmes is 
the validation of performance assessment models. Experimental, site-specific ob
servations are compared with numerical model predictions to test the ability of 
these models to accurately forecast important safety phenomena. Experiments to 
validate the models can help to reduce uncertainties in conceptual assumptions 
and parameter values. 
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A concerted effort is currently being made in several national and ;n-
ternational research programmes to use natural geologic analogues to improve 
understanding of specific process models. Examples of such analogues include 
the Oklo natural fission reactor (Gabon) and uranium ore deposits at Koongarra 
(Australia) and Cigar Lake (Canada). Interpretation of field observations from 
such natural analogues can provide confidence in assessments of repository per
formance. 

In-situ research is also essential to generate data to support modelling 
and performance assessments. Extensive field studies are being conducted on 
a variety of parameters and processes, including groundwater flow patterns and 
nuclide migration rates. Information on the interactions of waste packages, engi
neered barriers and the host rock is also being obtained from in-situ studies, as 
a complement to traditional laboratory studies. 

Finally, evaluations of the engineering feasibility of repository construc
tion, operation and closure have already been conducted and others are planred 
at several in-situ research facilities. Such activities are designed to show the capa
bility of specific technologies to implement a given disposal concept at a specific 
site in a particular host formation, and also to optimise the components of the 
disposal system. 

This type of research applies to both near-surface and deep underground 
disposal. 

Institutional and Financial Aspects 

The long-term management of radioactive waste involves more than questions of 
technology alone. To ensure the safety of containment methods for some waste 
categories, storage and disposal facilities must be monitored (or subjected to other 
control measures) for lengthy periods even after closure. Management costs must 
necessarily be incurred quite some time after the wastes are actually produced. 
Lastly, while the risk of damage occurring in the distant future is very low, it 
cannot be discounted altogether. Over a longer period of time than for other nu
clear activities, competent institutions must implement control measures, finance 
management operations and compensate any damage caused, without imposing 
too heavy a burden on future generations. 
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Institutional Aspects 

The continuity and longevity requirements of radioactive waste management lie 
well beyond the scope and normal capabilities of industry, and public authori
ties must establish structures to carry out long-term programmes and implement 
institutional controls to help maintain the safety of technical waste containment 
systems. Extensive government powers are not unusual in the nuclear field, where 
technical choices are policy matters and where regulatory authorities have ex
tremely broad powers. 

Institutional controls on containment systems, whether of a technical or 
administrative nature, have three distinct objectives: 

• Prevent human intrusions by man which might, directly or indirectly, breach 
the integrity of the containment system (particularly for shallow ground 
disposal systems); 

• Ensure that the facilities, structures and equipment are kept in good work
ing order; and 

• Monitor the surrounding environment to verify that there is no uncontrolled 
release of radioactivity from the containment facilities. 

Methods of allocating responsibility for control and the practical exe
cution of management operations among different public and private agencies 
depend on the administrative and industrial structures in different countries. 
Since many officials will be involved in management tasks as well as institutional 
control, governments will ensure that the powers and responsibilities of all parties 
concerned - political authorities, regulatory authorities, specialised government 
agencies, public service departments, public or semi-public undertakings, private 
enterprises, and others - are clearly defined and co-ordinated throughout man
agement operations and the entire period of institutional control. 

Several OECD countries have already taken or are considering measures 
to progressively build up comprehensive radioactive waste management systems. 

In the last ten years, the trend in many countries has been to establish 
specialised public or semi-public bodies within a general framework established 
by the governments, with clearly defined responsibilities for planning and im
plementing waste disposal activities. This is the case notably in Belgium (ON-
DRAF/NIRAS), France (ANDRA), the Federal Republic of Germany (PTB), 
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Italy (NUCLECO), Spain (ENRESA), the Netherlands (COVRA), Switzerland 
(NAGRA) and the United Kingdom (NIREX). While the task of conditioning 
the wastes is left generally to the industry producing it, these bodies will de
fine technical specifications and quality criteria, ensure quality control, conduct 
site studies and supervise or undertake the design, construction and operation 
of disposal centres. Responsibility for the definition of management strategies is 
sometimes shared with government ministries. 

In the United States, the definition of general radiological criteria and 
standards for siting and operating low-level waste disposal sites as well as per
formance objectives and licensing guidance are the responsibility of federal au
thorities including the Environmental Protection Agency (EPA) and the Nuclear 
Regulatory Commission (NRC). However, the Low-Level Waste Policy Act of 
1980 assigned to individual states the responsibility for creating regional low-level 
disposal facilities, in co-operation with neighbouring states, in order to provide 
sufficient disposal capacity. The Department of Energy (DOE) has been vested 
with the responsibility of managing high-level wastes under the Nuclear Waste 
Policy Act of 1982, as amended in 1987. 

There is therefore a clear centralisation of responsibilities for regulatory 
functions in OECD countries, while executive roles may be delegated to public, 
semi-public or even private agencies. This centralisation of responsibilities helps 
to minimise the number of disposal s'tes, including in the United States where 
interstate "compact" sites are scheduled for adoption. 

One important advantage of this overall regulatory regime is control 
at the source of the waste production (nuclear facilities, R&D establishments, 
radioisotope production and applications and hospitals) and the fact that ra
dioactive waste is identified as such at its origin and then traced, recorded and 
controlled along all subsequent treatment, conditioning, transport and storage 
pathways. Book-keeping procedures and the usual safety rules followed in nuclear 
establishments normally ensure that all the wastes generated are well controlled 
and cannot, be disposed of outside the agreed systems. 

Another important issue concerns ownership of radioactive waste dis
posal sites. The need for direct surveillance and control of access after the clo
sure of surface disposal sites, land use restrictions and third party liability issues 
strongly suggest the need for government ownership, and this is the solution likely 
to be adopted in most countries. 
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Financial Aspects 

The main reason for developing special solutions to finance long-term waste man
agement is a concern for safety. The establishment and maintenance of contain
ment systems for long-lived wastes presupposes that the financing required for 
technical and institutional purposes will be available when needed. 

Under present regulations, nuclear operators who generate the wastes 
are responsible for their short-term management, whether carried out by the 
operators or for themselves by specialised firms. Expenditure for short-term ac
tivities are borne by waste producers, either directly out of their investment and 
operating budgets, or as remuneration for services. 

In practice, solutions for financing will depend chiefly on the waste man
agement strategy selected and on future nuclear programme developments. Stor
age of spent fuel or other wastes beginning soon after their production should 
not cause real financing problems, even if continued for more than 50 years. The 
costs of maintaining storage facilities, even over a long period, are too small to 
create financial difficulties. The possible costs of limited surveillance after closure 
of a repository will be low, even if this period stretches over a hundred years or 
more, and financing should not be a problem. It would not be too difficult for 
the waste producer or the reprocessing company to make financial arrangements 
to emplace wastes in a geological repository or at shallow depth, provided the 
repository can be established within a relatively short period of time. 

On the other hand, for the disposal of high-level wastes or sptnt fuel 
after a long period of storage, the time factor will have a major effect on financ
ing. The period between generation of the wastes and final disposal could be 
far too long for the nuclear operators who generate the wastes to consider direct 
participation in the costs of moving them to disposal sites, investment in such 
sites, and the remuneration of services. There is also the possibility that the 
waste-producing entities may no longer exist, particularly if nuclear programmes 
are stopped. 

This problem has been addressed in a number of countries by adopting 
legislation establishing financing schemes for long-term and other waste manage
ment operations. Some of this legislation provides for compulsory contributions 
to financing funds by utilities or other enterprises generating radioactive waste. 
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The orders of magnitude for expenditure on long-term management of 
radioactive wastes agree: the figures are for billions of dollars, but they do not 
represent more than a small percentage of the cost of the electricity produced. 
They are generally subject to contingency factors of 10 to 40 percent. Variations 
linked to interest rates, inflation and technological progress are difficult to esti
mate. 

International Co-operation 

International co-operation is an essential element of all national programmes, 
both for the establishment of strategies and policies and for research and devel
opment. The cost-shared R&D programme of the Commission of the European 
Communities (CEC) illustrates in-depth co-ordination among European coun
tries, and includes discussion of the results. As an order of magnitude, the CEC 
contributes some 20 per cent of the global national R&D efforts. Other exam
ples of R&D activities at the international level are two NEA-sponsored projects: 
the Stripa Project in Sweden to assess the suitability of crystalline rocks for deep 
underground disposal, and the Alligator Rivers Natural Analogue Project in Aus
tralia. 

The most important aspect of international co-operation is the safety 
assessment of repositories and in particular the best method to use in such as
sessments, since they must be both technically and scientifically reliable and 
widely accepted. Given the time scale involved, a first step is to define long-term 
radiological protection objectives for waste disposal. The merit of international 
co-operation, particularly within NEA and ICRP, is to encourage wide debate 
on these issues and to develop some guiding principles. As future populations 
should be protected at least at the same level as current generations, this requires 
a cautious approach concerning the long-term behaviour of waste repositories due 
to a number of uncertainties. 

Both NEA and CEC programmes emphasize safety assessment method
ologies for waste repositories. These cover such items as geosphere and biosphere 
modelling, probabilistic techniques, identification and selection of disruptive sce
narios and, above all, the coherent integration of all these elements into credible 
safety assessments. The joint CEC/IAEA/NEA International Symposium held 
in Paris in October 1989 on safety assessments of waste repositories underlined 
the relevance of international co-operation to national programmes. 
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Examples of this co-operation are international exercises to compare the 
computer codes used in hydrology and geosphere migration and code validation 
exercises. Other activities include the establishment of international geochemical 
data bases such as the NEA Thermochemical Data Base (TDB), and the PAGIS 
Project of the CEC. 

The broad objective of international co-operation is to promote a greater 
degree of confidence in the techniques used to forecast the long-term behaviour of 
waste repositories and their safety. The results of safety analyses conducted so far 
indicate that deep underground disposal can satisfy the relevant safety require
ments, even over the long-term. This view is held by the majority of the scientists 
working on such studies. Additional R&D is still considered necessary, mainly 
to better characterise disposal sites and to optimise disposal systems technically 
and economically. Such optimisation does not call into question the validity of 
the disposal concept itself. 

Finally, it has been suggested that the number of disposal sites be lim
ited by encouraging co-operative solutions for a few countries. Preliminary studies 
carried out on international projects by NEA and IAEA have shown that there 
are in principle no significant obstacles from the technical, economical, legal or 
safety standpoints. However, it is very unlikely that initiatives can be successfully 
implemented in the near future, due to the current psychological and political at
titudes towards radioactive waste management. 

Current Trends 

Policy decisions on waste management have already been taken by many countries 
with a commitment to nuclear power, and new organisations have been created to 
implement radioactive waste management programmes. In other countries, exist
ing specialised agencies are entrusted with this responsibility. All of these organi
sations exercise their mandates in the framework of extensive national guidelines, 
legislation and schedules for waste management and disposal. 

The establishment of criteria, development of safety performance meth
ods and site investigation work are key activities essential to the successful selec
tion, characterisation and construction of geological repositories for the disposal 
of radioactive waste. 
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Research and development efforts now focus on the characteristics of 
potential host media and disposal sites. Site-specific data is beir j collected to 
help design repositories and assess their long-term safety. Feasibility studies are 
underway for repositories in different types of host rock. 

It is generally recognised that while many national research and devel
opment projects must continue, there is no technical urgency for disposal of the 
relatively low volumes of spent fuel and high-level reprocessing wastes in storage 
today. There are even some technical advantages in delaying disposal by interim 
storage for several decades to allow radioactive decay to reduce heat generation 
and toxicity. Although a good understanding of how to control effects of decay 
heat in the different host rocks and disposal systems now exists, there are strong 
technical incentives for such a delay before disposal. These include increased op
portunities to improve repository design and safety assessments. 

The waste management schedules of most countries do not envisage the 
start of high-level waste disposal operations until at least the year 2000. After 
repository construction, the gradual commissioning of repositories for spent fuel 
and high-level reprocessing wastes in a few countries can be envisaged in the pe
riod 2000-2020. This would represent a decisive step toward routine industrial 
disposal in economically and industrially optimised conditions beginning around 
202C. Whrn national sites have operated well for some time in the OECD area, 
there may then be incentives for governments to open them to other countries 
through international co-operation in order to reduce the number of repositories. 

For the time being, however, the real challenge in waste disposal will be 
to successfully integrate technology-related activities into a process which acco
modates public concerns in the framework of well-established national regulatory 
policies. 
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Annex 

Nature of the Wastes 

All industrial processes give rise to waste products. Radioactive wastes are pro
duced in the generation of electricity by nuclear fission, and also in the many 
applications of radiation and isotopes to industry, agriculture, medicine and re
search. 

Several different kinds of waste arise in generating nuclear electricity. 
The main categories are: 

• The residues (tailings) left from processing uranium ore, where the radioac
tivity is low-level, but long-lived; these residues are naturally occurring sub
stances, mined with the uranium, together with some chemicals used in the 
separation process. 

• The materials and equipment (protective clothing, cleaning materials, fil
ters, etc.) which become contaminated during the operation of nuclear 
facilities. These wastes contain mainly low-level and short-lived radioactiv
ity. 

• The low- and intermediate level, and relatively short-lived wastes that will 
result from the eventual dismantling of nuclear reactors. 

• The wastes arising from the nuclear fuel after it has been used in a reactor, 
comprising either the wastes resulting from the further processing ("repro
cessing") of that used fuel, or the used fuel itself. This category includes 
the only high-level radioactive wastes resulting from nuclear electricity gen
eration, as well as some intermediate- and low-level wastes produced when 
the fuel is reprocessed. Wastes in this category account for the dominant 
proportion (99%) of the radioactivity produced during nuclear electricity 
generation. 

It is also appropriate to note the distinction between short-lived and 
long-lived wastes. These terms refer to the half-life of a given radioactive ele
ment: the time it takes to lose half of its radioactivity. Those with half-lives 
longer than approximately 30 years are generally considered long-lived. 
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For safety and technical reasons, the various forms of nuclear wastes are 
usually categorized by their levels of radioactivity, heat content, and potential 
hazard: 

• Low-Level Wastes (LLW) generally contain negligible amounts of long-
lived radionuclides. They are produced by nuclear activities in industry, 
medicine, research, and in nuclear power operations, and include items like 
packaged gloves, rags, glass, small tools, paper, and filters which have been 
contaminated by radioactive material. Uranium tailings are exceptional in 
containing several long-lived radionuclides. 

• Intermediate-Level Wastes (ILW) contain lower levels of radioactivity and 
heat content than high-level wastes, but they still must be shielded during 
handling and transport. Such wastes may include resins from reactor oper
ations or solidified chemical sludges, as well as pieces of equipment or metal 
fragments. 

• High-Level Wastes (HLW) arise from the reprocessing of spent fuel from 
nuclear power reactors to recover uranium and plutonium for re-use. These 
wastes contain transuranic elements, and fission products that are highly 
radioactive, heat-generating, and long-lived. Before final disposal and iso
lation from the biosphere, they require treatment and solidification. Spent 
fuel that is not reprocessed is also considered a high-level waste. 

• Alpha-bearing Wastes (also called transuranic or plutonium-contaminated 
material) include wastes that are contaminated with long-lived, alpha-
emitting nuclides. They arise principally from spent fuel reprocessing and 
mixed-oxide fuel fabrication. 

I 
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5. 

Liability and Compensation 
for Nuclear Accidents 

Introduction 

Since the early years of the nuclear power industry, Uability and compensation 
for nuclear accidents have been addressed in special legislation. In most cases, 
this legislation implements international Conventions to which the countries are 
Parties. Other countries, while not Parties to these Conventions, have developed 
legislation which is generally consistent with the principles they reflect. The Con
ventions and legislation are constantly reviewed to ensure that they adequately 
cover new developments in nuclear industry. In particular, the Chernobyl acci
dent highlighted issues requiring further clarification or development. 

The Nuclear Compensation Regime 

Cognizant of the risk that severe nuclear accidents could result in extensive dam
age to the public, governments established special nuclear third-party liability and 
insurance systems. Early in the history of nuclear power, Governments sought 
both to protect the public from possible damage and to ensure that the nuclear 
industry would not carry an intolerable financial burden. The operator of a nu
clear installation is held liable for compensating victims of nuclear accidents at 
that installation, up to a certain specified limit. This compensation is assured by 
compulsory financial security held by the operator. 

For the most part, such special systems were established under interna
tional Conventions. This was considered important because it was realized that 
damage caused by a nuclear accident cannot be limited by national borders. 
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The Paris-Brussels and Vienna Conventions: Innovative Legal 
Solutions 

Two international conventions regulate liability for nuclear damage to persons 
and property. The first is the Convention on Third-Party Liability in the Field 
of Nuclear Energy (the Paris Convention, I960)* established under OECD aus
pices and applying in 14 European OECD countries. The second is the similar 
Convention on Civil Liability for Nuclear Damage (the Vienna Convention, 1963) 
established under IAEA auspices and applying in 12 countries outside the OECD. 
The Paris Convention is reinforced by the Convention Supplementary to the 
Paris Convention on Third-Party Liability in the Field of Nuclear Energy (Brus
sels Supplementary Convention, 1963), applying in 11 of the 14 Paris Convention 
countries, which provides for additional compensation by Governments. 

The goal of the nuclear third-party liability regime established by these 
Conventions is to ensure rapid, adequate and equitable forms of compensation 
for victims of a nuclear accident compatible with the economic rationale for in
dustrial nuclear power development. 

This dual objective led to the development of regimes based on the fol
lowing principles. First, the liability of a nuclear operator for damage caused by a 
nuclear accident is limited. Secondly, a number of special obligations are imposed 
on the operator to protect the victims of a nuclear accident. In particular, the 
responsibility of nuclear operators is absolute; they are liable for damage caused 
by a nuclear accident, whether or not they were negligent or otherwise at fault. 
This simplifies actions for damages, since the nuclear technology is so complex 
that fault could be very difficult to prove. Moreover, the liability of the operator 
is exclusive. This "channelling" of liability onto the operator further simplifies 
actions for damages by victims. In all cases, operators must hold insurance or 
some other financial security to cover their liability and thus ensure that victims 
will be compensated for damage up to the amount of that liability. 

* The Paris Convention and the Brussels Supplementary Convention were each amended by an 
Additional Protocol adopted on 28th January, 1964 before they entered into force to achieve 
harmonization with the Vienna Convention. They were further amended by Protocols adopted 
on 16th November, 1982. These Protocols serve mainly to change the unit of account to Special 
Drawing Rights (SDRs) and to increase the compensation provided under the Brussels Sup
plementary Convention. Although only the Protocol to the Paris Convention is in force, it 
is anticipated that the Protocol to the Brussels Supplementary Convention will shortly take 
force. Accordingly, this chapter discusses the Paris Convention and the Brussels Supplementary 
Convention as amended by the 1982 Protocols. 
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Under the Paris Convention, maximum liability is in principle estab
lished at 15 million SDR (Special Drawing Rights of the International Monetary 
Fund) (approximately US$ 19.2 million)* National legislation may, however, fix 
a greater or lesser amount subject to a lower limit of 5 million SDR (US$ 6.4 
million), nakii:g into account the availability of suitable financial cover, and, with 
respect to a lesser amount, the nature of the nuclear installation or substances 
involved and the likely consequences of an incident originating therefrom. 

The Brussels Supplementary Convention establishes additional compen
sation from public funds through a three-stage mechanism. The first tier of com
pensation of at least 5 million SDR (about US$ 6.4 million) is provided by the 
operator's insurance or other financial security under the Paris Convention. The 
second tier, from this amount up to 175 million SDR (approximately US$ 223.7 
million), is met from public funds provided by the country in which the installa
tion is located. The third tier, covering damage between 175 and oOO million SDR 
(US$ 223.7 million to US$ 383.4 million), is met from public funds provided jointly 
by the countries party to the Brussels Supplementary Convention according to 
a distribution formula based on their gross national product and reactor capacity. 

The Paris and Vienna Conventions were linked on 2lst September, 1988, 
by the Joint Protocol Relating to the Application of the Vienna Convention and 
the Paris Convention. While the Paris and Vienna Conventions are very simi
lar, they are each applicable only with respect to damage caused by operators 
of nuclear installations located in a State Party and to damage suffered in State 
Parties. Consequently, victims in the territory of the Parties to one Convention 
lacked protection if an accident occurred at an installation in the territory of a 
Party to the other Conventions. (No State is a Party to both Conventions due 
to the potential conflicts involved in their simultaneous application.) The Joint 
Protocol resolves this matter by entitling its Parties to treatment as if they were 
Parties to both Conventions. Thus, victims in such States will benefit from the 
compensation provisions of the Conventions for damage caused by nuclear instal
lations in States which are Parties to either Convention. 

* Based on exchange rates for mid-May 1989. 
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Table 5 

Status of Eatiflcation or Accession to the International Nuclear Liability Conventions 

1960 Paris Convention 

Signatories 

Austria 
Belgium" 
Denmark "* 
Finland* 
FVance 
Germany, F.R." 
Greece" 
Italy" 
Luxembourg 
Netherlands" 
Norway" 
Portugal" 
Spain" 
Sweden" 
Switzerland" 
Turkey" 
United Kingdom" 

Ratification 
/Accession 

03.08.66 
04.09.74 
16.06.72 
09.03.66 
30.09.75 
12.0570 
17.09.75 

28.12.79 
02.07.73 
29.07.73 
31.10.61 
01.04.68 

10.10.61 
23.02.66 

Ratification of 
1982 Protocol 

19.09.85 
16.05.89 

25.09.85 
30.05.88 
28.06.85 

03.06.86 
28.05.84 
07.10.88 
08.03.83 

21.01.86 
19.08.85 

1963 Brussels Supplementary Convention 

Signatories 

Austria 
Belgium 
Denmark 
Finland 
France 
Germany F.R. 
Italy 
Luxembourg 
Netherlands 
Norway 
Spain 
Sweden 
Switzerland 
United Kingdom 

Ratification 
/Accession 

20.08.85 
04.09.74 
14.01.77 
30.03.66 
01.10.75 
03.02.76 

28.09.79 
07.07.73 
27.07.66 
03.04.68 

24.03.66 

Ratification of 
1982 Protocol 

20.08.85 
10.05.89 

25.09.85 
14.06.85 

13.05.86 
29.09.88 
22.03.83 

08.08.85 

1969 Vienna Convention 

Signatories 

Argentina* 
Bolivia 
Cameroon* 
Chile* 
Colombia 
Cuba 
Egypt** 
Huncafy 
Mexico 
Morocco* 
Nigeria 
Peru 
Philippines* 
Trinidad and Tobago 
Yugoslavia 

Ratification 
/Accession 

25.04.67 
10.04.68 
06.03.64 

25.10.65 
05.11.65 
28.07.89 
25 04.89 

24.07.79 
26.08.80 
15.11.65 
31.01.66 
12.08.77 

" Countries which have signed the Joint Protocol of 1988. 
*" Countries %nich have ratified the Joint Protocol of 1988. 



Of the over 400 nuclear power reactors worldwide, more than 120 are 
covered by the Paris Convention, and three by the Vienna Convention (one of 
them in Europe). The Paris Convention has promoted the establishment of a 
community of geograpl.ically contiguous OECD countries implementing similar 
nuclear liability and insurance rules. This facilitates trade and transport between 
them and promotes just and equal legal treatment of their citizens. Several 
countries with large nuclear power programmes have not joined either the Paris 
or Vienna Conventions, including the United States, Canada, Japan and the 
USSR. However, the Price-Anderson Act in the US (1957), the Nuclear Liability 
Act in Canada (1970), and the Compensation for Nuclear Damnge Act in Japan 
(1961) directly address the liability issue in those countries. 

Legislation of OECD Countries with Major Nuclear Power 
Programmes not Party to the Paris o r Vienna Conventions 

United States: The Price-Anderson Act 

Compensation for damage caused by nuclear accidents in the United States is 
governed by the Price-Anderson Act legislated in 1957, three years after the com
mercial nuclear power era began in the United States. The Act was significantly 
amended in 1988. 

Like the Paris and Vienna Conventions developed soon after, and with a 
view to encouraging the development of a nuclear industry which was considered 
commercially risky, the Price-Anderson Act limited legal liability for third-party 
bodily injury or property damage caused by a nuclear accident. To protect vic
tims, the Act required the operator to hold financial cover for this liability. At 
the time the Act was established, the relevant limit was US$ 560 million. The 
cap was raised to approximately US$ 7 billion in 1988. To cover this liability, 
the operator is required to hold commercial insurance of US$ 160 million. In 
addition, a secondary layer of coverage is funded from a retrospective premium 
system. Under this system, nuclear reactor operators could be required to pay 
up to US$ 63 million per reactor (but no more than US$ 10 million in any one 
year) if damage from a nuclear accident exceeded the primary layer. 

Under the Price-Anderson Act, common law continues to apply for the 
purposes of determining liability. However, in the event of a major nuclear acci
dent (an "extraordinary nuclear occurrence"), so classified on the basis of quan
titative measures of radiological contamination and exposure, compensation for 



International agreements cover the transportation of spent 
fuel and other radioactive materials between countries. 

bodily injury and property loss claims will be awarded without the need to es
tablish fault. 

In addition to the protection available through the operator's liability 
and financial coverage obligations, Congress has declared its intention to pro
vide further compensation funds if a nuclear accident should cause losses above 
the limit of liability. The Price-Anderson Act states that when damage exceeds 
this amount "Congress will thoroughly review the incident and ... take whatever 



action is deemed necessary and appropriate to provide full and prompt compen
sation to the public for all [claims of the type covered by the Price-Anderson 
Act]". 

Canada: Nuclear Liability Act 

Although Canada is not a Party to either the Paris Convention or the Brussels 
Supplementary Convention, its Nuclear Liability Act of 1970 is largely based on 
them. Thus the Act makes the operators of nuclear installations exclusively and 
absolutely liable for damage caused by nuclear material under their control and 
requires this liability to be covered by insurance. This liability is limited by 
indirect mechanisms: a ceiling is placed on the amount of insurance which the 
operator is required to hold, an«i the liability ceases if the Governor in Coun
cil, being of the opinion that damage could exceed the amount insured, makes 
a Proclamation under the Act. The amount of insurance currently required un
der the Act is C$ 75 million. This consists of basic insurance for an amount 
prescribed by the relevant government bodies, and supplementary insurance to 
cover the difference, if any, between the amount of the basic insurance and C$ 75 
million. The Act also provides for State intervention to compensate damage ex
ceeding the amount insured, up to a limit of C$ 75 million. For compensation 
beyond this amount, Parliamentary authorisation is required. 

Japan: Compensation for Nuclear Damage Act 

Like the regimes established by the Paris and Vienna Conventions, Japan- ese 
legislation makes the operator of a nuclear installation absolutely and exclusively 
liable for damage cauced by a nuclear accident. In contrast to those Convention 
regimes and the legislation of the United States and Canada, however, Japanese 
law does not limit the liability of the operator of a nuclear installation. The 
operation of a nuclear installation is forbidden unless financial security of Yen 
10 billion (US$ 7 million)* (or for certain categories of installations presenting 
a lower risk, a lower amount fixed by the Cabinet) for compensation of nuclear 
damage is provided. 

* The Diet has passed legislation increasing this amount to Yen 30 billion (US$ 21 million), 
Official Gazette 31st March, 198.\ This legislation is not yet in force. 



This security may be provided by private insurance with a Government 
indemnity agreement, by a cash or securities deposit or by other approved equiv
alent arrangements. Under Government indemnity agreements, the state under
takes to indemnify an operator up to the amount of required financial security 
for certain losses not covered by the insurance contract. In addition, if damage 
exceeds the amount of financial security, the Japanese legislation provides that 
the Government may assist the responsible operator if it seems necessary in order 
to fulfil the purpose of the law, and subject to authorisation by the National Diet. 

The Challenge of Chernobyl 

Until the 1986 Chernobyl reactor accident, the principles of the nuclear liability 
regime established by the Paris-Brussels and Vienna Conventions were generally 
considered satisfactory. Chernobyl highlighted two specific problems which had 
already been discussed within the organisations administering these Conventions. 
These are the limited geographical scope of the Conventions, and their coverage 
of countermeasures. 

Geographical Scope 

The Chernobyl accident was not governed by the special international regime of 
nuclear third-party liability as the USSR has not joined any of the international 
conventions on nuclear third-party liability. Indeed, as indicated above, less than 
one-third of the nuclear power plants in the world are covered by the Paris or 
Vienna Conventions. Following the Chernobyl accident, increased efforts have 
been made by both the NEA and the IAEA to encourage additional countries 
with nuclear installations to join the Conventions. The Joint Protocol signed in 
1983 will hopefully provide new incentives for States to join the Paris and Vienna 
Conventions. 

Preventive Measures and Economic Damage 

The individual and collective radiation doses received by populations outside the 
USSR from the Chernobyl accident were considered minor. Nonetheless, in view 
of the magnitude of the radioactive release, most governments of OECD Euro
pean countries took measures to protect citizens from radiological hazards. 

These measures were extremely varied, ranging from reinforcement of 
normal environmental monitoring programmes to compulsory restrictions and 



bans on the trade and use of foodstuffs. They included: restrictions on the sale 
and use of milk and other dairy products, fresh leafy vegetables and some types 
of meat; limitations on travel to the regions most affected by the accident; and 
embargos on imports of some foodstuffs from the USSR and other East Euro
pean countries, and even from other OECD countries. The groups most affected 
by these bans and restrictions, mainly agricultural producers, suffered income 
losses and other economic damage. The Chernobyl accident showed that serious 
economic consequences can result from contamination of the environment over 
widely dispersed areas. An evaluation of the damage and after-effects suffered 
within the Soviet Union itself accentuates the fact that the costs of compensat
ing direct physical injury (death and sickness) resulting from a severe nuclear 
accident affecting the environment represent only a limited fraction of the total 
socio-economic damage. 

The governments of those countries where measures caused significant 
economic damage compensated certain of the losses incurred. With the exception 
of the Federal Republic of Germany, none of th-se payments were made under 
national nuclear third-party liability legislation. Instead, the legal basis for com
pensation varied by country, ranging from payments from national contingency 
funds to special government orders or administrative decisions. This has raised 
the question of whether the damage covered by the Paris and Vienna Conventions 
includes the cost of measures taken to reduce the effects of a nuclear accident. 

The concept of "nuclear damage" is not defined in either of these Con
ventions. This is in contrast to more recent environmental protection conventions, 
for example those covering civil liability for oil pollution damage, which expressly 
provide compensation for reasonable preventive measures. The NEA Group of 
Governmental Experts on Nuclear Third-Party Liability is currently studying 
this question. Its resolution will require consideration of the treatment accorded 
to costs incurred by governments as opposed to the losses of individuals and, in 
particular, the effects of compensating such preventive measures on the compen
sation available for those who suffer direct damages from an accident. 

Other Issues 

Unlimited Liability and Compensation Levels 

Recently, one of the Parties to the Paris Convention introduced legislation dero
gating from a basic principle of the nuclear third-party liability regime: the 



limitation of the nuclear operator's liability. The Atomic Energy Act of the 
Federal Republic of Germany now provides for unlimited liability of nuclear op
erators. Switzerland (which has signed but not ratified the Paris Convention) has 
also introduced similar legislation. Other countries argue, however, that remov
ing the ceiling on liability would upset the compromise underlying the Paris and 
Vienna Conventions. 

The debate on limited liability skould not obscure a more fundamental 
question: are the financial guarantees available to cover nuclear risk sufficient to 
meet the consequences of a serious nuclear accident? Recent damage estimates 
(the United States General Accounting Office estimates that the financial conse
quences to the public of a nuclear plant accident could range between US$ 300 
million and US$ 15 billion, while in January 1988 the USSR stated that the Cher
nobyl accident had to that date cost it US$ 14 billion) raise serious doubts in this 
regard. 

The Brussels Supplementary Convention, in creating a mechanism for 
supplementary compensation from funds provided by the contracting govern
ments, tends to equalise the global amounts available in case of a major nuclear 
accident. However, in some countries, monetary fluctuation and slow updating of 
internal laws have led to markedly low levels of operator liability under the Paris 
Convention. Other countries have greatly increased the level of the operator's 
liability. The significant disparities between countries do not necessarily reflect 
the role of nuclear power in their economies. Harmonization of liability levels is 
recommended by the NEA as a measure to strengthen the nuclear third-party 
liability regime and to increase public confidence in this system. 

Coverage for Decommissioning and Nuclear Waste Management 

The NEA is currently considering the application of the Paris Convention to nu
clear activities including decommissioning and radioactive waste management, 
not expressly addressed by the Convention. NEA member countries have agreed 
that nuclear installations in the process of being decommissioned are covered by 
the Convention, in the interests of both the potential victims of a nuclear acci
dent and of the nuclear operator. The stage of the process at which the decreased 
risk associated with a decommissioned installation might no longer warrant the 
continued application of the special liability regime remains to be determined. 

With respect to radioactive waste management, installations for the dis
posal of nuclear waste may be divided into two categories: those where disposal 



operations are being carried out (the pre-closure stage) and those where disposal 
operations have been completed, the repository has been sealed and the wastes 
are no longer subject to active surveillance (the post-closure stage). The OECD 
Steering Committee has decided, pursuant to its powers under the Paris Con
vention, that installations for the disposal of nuclear waste in the "pre-closure" 
stage are covered by the Paris Convention. Specific attention must now be paid 
as to whether the Paris Convention or some other system should apply to the 
"post-closure" stage. 



Table 6 

Compensation Amounts for Nuclear Accidents 
in Some OECD Countries 

(March 1989) 

Austria 
Belgium 

Canada 

Denmark 
Finland* 
France* 
Germany F.R. 

Italy 
Japan 

Netherlands* 

Nuclear Operator 

Liability ceiling and/or Approximate 
financial security required equivalent 

where applicable MUSS 
in M national currency 

units 
Sch 500 (1976) 40 

BF 4 000 (1985) 110 

C$ 75 (1970) 57 

SDRs 60 (1989) 80 
FM 42 (1972) 10 
FF 50 (1968) 8,5 

unlimited liability and 270 
DM 500 financial security (1985) 

L 7 500 (1975) 5,5 
unlimited liability and 210 

Y 30 000 financial security (1989) 
Gld 400 (1987) 200 

Indemnification ceiling including 
additional State intervention 
M national Approximate 

currency units equivalent in 
or M SDRs M US$ 

SDRs 120 and 160 
appropriate measures 

by Government 
To be decided 

by the Government 
SDRs 300 400 
SDRs 120 160 

FF 600 100 
DM 1 000 540 

L 75 000 55 
To be decided 

by the Diet 
Gld 1 000 (1979) 500 



Norway 
Spain 

Sweden 
Switzerland 

United Kingdom 

United States 

Nuclear Operator 

Liability ceiling and/or Approximate 
financial security required equivalent 

where applicable M US$ 
in M national currency 

units 
SDRs 60 (1985) 84 
Ptas 850 (1986) 6,5 

Skr 800 (1985) 130 
unlimited liability and 280 

SF 400 financial security (1985) 

$20 (1983) 37 

$ 160 (Ins.) + approx.S 7000 id. 
(Retros.premium) (1988) 

Indemnification ceiling including 
additional State intervention 
M national Approximate 

currency units equivalent in 
or M SDRs M US$ 

SDRs 300 (1985) 400 
SDRs 120 160 

additional measures 
to be taken by the 

State 
Skr 3 000 500 
SF 1 000 700 

additional amount 
if necessary 

SDRs 300 and 400 
appropriate measures 

by Parliament 
To be decided 

by the Congress 

M = Million (106) 
() = Date of national legislation 

SDR = Special Drawing Rights (IMF) 1 SDR = 1.31 US$ (15.03.89) 
* = Pending revision of national legislation 
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This report provides the interested non-specialist reader 
with insightson 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. 


