
• . " • ? • . ; . r : ! I N I S - m f — 1 3 7 1 2

••!' . • ' - - V

Oti
of the Mun Issues



r-'

POLICY PLANNING FOR NUCLEAR POWER:
AN OVERVIEW OF THE MAIN ISSUES

AND REQUIREMENTS



Member States of the
International Atomic Energy Agency

Afghanistan
Albania
Algeria
Argentina
Australia
Austria
Bangladesh
Belarus
Belgium
Bolivia
Brazil
Bulgaria
Cambodia
Cameroon
Canada
Chile
China
Colombia
Costa Rica
Cote d'lvoire
Croatia, Republic of
Cuba
Cyprus
Democratic People's Republic

of Korea
Denmark
Dominican Republic
Ecuador
Egypt
El Salvador
Estonia
Ethiopia
Finland
France
Gabon
Germany
Ghana
Greece
Guatemala
Haiti
Holy See
Hungary
Iceland
India
Indonesia
Iran, Islamic Republic of
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jordan
Kenya
Korea, Republic of
Kuwait
Lebanon
Liberia

Libyan Arab Jamahiriya
Liechtenstein
Luxembourg
Madagascar
Malaysia
Mali
Mauritius
Mexico
Monaco
Mongolia
Morocco
Myanmar
Namibia
Netherlands
New Zealand
Nicaragua
Niger
Nigeria
Norway
Pakistan
Panama
Paraguay
Peru
Philippines
Poland
Portugal
Qatar
Romania
Russian Federation
Saudi Arabia
Senegal
Sierra Leone
Singapore
Slovenia
South Africa
Spain
Sri Lanka
Sudan
Sweden
Switzerland
Syrian Arab Republic
Thailand
Tunisia
Turkey
Uganda
Ukraine
United Arab Emirates
United Kingdom of Great Britain

and Northern Ireland
United Republic of Tanzania
United States of America
Uruguay
Venezuela
Viet Nam
Yugoslavia
Zaire
Zambia
Zimbabwe



INTERNATIONAL ATOMIC ENERGY AGENCY

POLICY PLANNING
FOR NUCLEAR POWER:

AN OVERVIEW OF THE MAIN
ISSUES AND REQUIREMENTS

IAEA
Vienna

1993



© IAEA 1993

Permission to reproduce or translate the information contained
in this booklet may be obtained by writing to:

Division of Publications
International Atomic Energy Agency

Wagramerstrasse 5
P.O. Box 100

A-1400 Vienna
Austria

POLICY PLANNING FOR NUCLEAR POWER:
AN OVERVIEW OF THE MAIN ISSUES AND REQUIREMENTS

IAEA, VIENNA, 1993
STI/PUB/941

Printed by (he IAEA in Austria
August 1993



FOREWORD
by the Director General

This special report, Policy Planning for Nuclear Power: An Overview of the
i. •' in Issues and Requirements, has been prepared in response to the express request
of a number of IAEA Member States for a document to assist decision makers in
developing countries on the introduction of nuclear power.

The report contains information on the political, governmental, economic,
financial and technical issues and requirements associated with planning and
implementing a safe, economic and reliable nuclear power programme. It highlights
the main areas in which policies must be developed and decisions taken, as well as
the role and responsibilities of government, the plant owner and national industry.

Also presented are the main criteria to assist policy planners in defining options
and strategies which can achieve a balance among such objectives as cost effective
and efficient electricity production, realistic and acceptable financing arrangements,
national development requirements, safety and environmental protection. Further
information and details on the technical and other issues presented in this report are
given in the list of related IAEA publications and documents at the end of this report.

Throughout the process of planning and implementing a nuclear power
programme, the IAEA can provide its Member States, upon request, with expert
advice and assistance on all of the main issues and requirements presented in this
special report. This is in keeping with its mandate to foster the peaceful uses of
nuclear energy and sustainable development in its developing Member States.



EDITORIAL NOTE

Although great care has been taken to maintain the accuracy of information contained
in this publication, neither the IAEA nor its Member States assume any responsibility for
consequences which may arise from its use.

The use of particular designations of countries or territories does not imply any judge-
ment by the publisher, the IAEA, as to the legal status of such countries or territories, of their
authorities and institutions or of the delimitation of their boundaries.

The mention of names of specific companies or products (whether or not indicated as
registered) does not imply any intention to infringe proprietary rights, nor should it be
construed as an endorsement or recommendation on the part of the IAEA.
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INTRODUCTION

The reliable and adequate supply of energy, and especially electricity, is neces-
sary not only for economic development but, as is increasingly apparent, also for
economic and political stability. Severe energy shortages, both actual and antici-
pated, have often led to controversy and potential instabilities within and among
States.

Thus, providing safe, reliable and cost effective energy is an essential political,
economic and social requirement, and challenge. Planning and decision making for
energy and electricity production is thus one of the most important functions for
policy makers.

This report assumes that a country is aware of other options for electricity
generation and considers nuclear power as a serious option for electric system expan-
sion. A nuclear power programme would comprise a number of nuclear power plants
and the supporting infrastructure, to be constructed over a long time period. It should
be emphasized that nuclear power would be a less meaningful option if only a single
plant is considered.

If additional electricity generation capacity is needed on an urgent basis, other
options, such as gas, oil or coal fired power plants, can be constructed more quickly
than nuclear power plants. The planning and implementation of a nuclear power
programme and project involve longer time periods and have specific requirements
concerning national industrial, technical and regulatory infrastructures. In the long
term, however, nuclear power can be more economical and beneficial to the environ-
ment, as well as to the development of the country.

NUCLEAR POWER REVIEW

Nuclear Power Plant Status

Nuclear power plants which are well managed and operated by well qualified
personnel have proved to be safe, reliable and economic means for producing elec-
tricity. Over 6400 reactor-years of operating experience have been accumulated by
nuclear power plants. Development is progressing on new reactor types and on
evolutionary versions of existing types, with the aim of producing designs with
improved safety, reliability and economics.

There are now 72 nuclear power plants under construction in 18 countries.
While the demand for and construction of new nuclear plants is virtually stagnant
in North America, it is moving ahead in France and the United Kingdom. Several
countries in western Europe are giving positive reconsideration to the nuclear power
option. Russia and eastern Europe have generally confirmed their need for and
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commitment to nuclear power, but are severely constrained by a lack of financial
resources. East Asia is moving ahead quite strongly with new construction, espe-
cially Japan and the Republic of Korea. China and India are very positive in pursuing
a nuclear power programme, with China becoming an exporter of nuclear power
plants. Countries such as Egypt, Indonesia and Turkey are seriously considering
nuclear power but, as with most developing countries, are constrained by a lack of
financing and adequate technical infrastructures.

There are several major suppliers of light and heavy water reactors. They
typically offer product quality, involving a high level of technology and proven
dependability, consolidated by extensive operating experience accumulated through
many years of successful operation. Each supplier has its own design technology and
standards. Both the pressurized water reactor (PWR) and boiling water reactor
(BWR) types of light water reactor (LWR) use enriched uranium fuel. CANDU
reactors are pressurized heavy water reactors (PHWRs), using heavy water coolant
and natural uranium fuel. Approximately 1% of all currently operating plants are
heavy water reactors (HWRs), 20% are BWRs and 57% are PWRs. Large and small
plants are available from suppliers in several countries. Developing countries which
build nuclear power plants for their own use may emerge as future suppliers.

In the development of current and advanced reactor designs, suppliers have
focused much attention, as well as research and development work, on small and
medium power reactors (SMPRs) with sizes of 600 MW(e) or less, as well as on
larger sized reactors of around 1000 MW(e). Many of these designs draw upon
proven systems and equipment which are performing satisfactorily in currently oper-
ating nuclear power plants.

As of the end of 1992, 424 nuclear power reactors with an installed generating
capacity of sorr.t 330 GW(e) produced around 17% of the total electricity generated
in the world, a contribution comparable to that from hydroelectric plants. The share
of electricity generated by nuclear power is greater than 40% in six countries, and
is at least 25% in 15 countries.

At present, about 30% of the world's primary energy consumption is used for
electricity generation, about 15% is used for transportation and the remaining 55% .;
is in the form of heat. Thus, the potential for the application of nuclear power in the i
non-electrical energy sector is quite large. Currently, only a few nuclear power \
plants are being used for non-electrical applications, to supply hot water and steam. Sjf

Economics of Nuclear Power

In a number of countries the economic advantage of nuclear power has been
established and is projected to continue. In other countries, the nuclear power option
was found to break even or to be more expensive than the alternatives. An economic
assessment of the nuclear power option will be based on certain factors, such as the



availability of other low cost energy resources; the level of technical infrastructure
of the country (including the size and reliability of the electricity distribution grid,
industrial capabilities and availability of qualified manpower); and assurances of the
supply of equipment, fuel and other items essential for a nuclear power programme.
Other key economic factors to be considered include the high initial capital invest-
ment costs, low fuel and production costs, waste disposal cost, high availability
factors and minimum demands on the transportation system compared with those of
electricity production using other fuels.

Studies of the economics of nuclear power in comparison with alternatives
have shown that nuclear power can compete economically with other baseload plants
in a range of situations, but will have difficulty in competing with fossil-fuel-fired
plants in countries with small and rapidly fluctuating demand, in low load growth
situations, and in areas with low cost hydroelectric or fossil fuel resources.

The economic competitiveness of a nuclear power project does not imply
its financial viability under all circumstances. Nuclear power will have high initial
capital requirements, and during the construction and early operation phases the
cumulative expenditures for a nuclear power plant, including debt servicing, are
larger than for a fossil fuel plant. This is clearly a very important consideration
for utilities which are short of capital for investment purposes. Investment costs for
fossil fuel plants are estimated to be about 40% less than for nuclear power plants.
Subsequent costs for fuel, operation and maintenance are much lower for nuclear
power plants than for fossil fuel plants. Most well operated plants have very good
financial viability.

Owing to the large capital investments involved, nuclear power projects are
very sensitive to delays in project completion. Disruptions of the original schedule
will lead not only to sometimes very large cost overruns, but also to delays in
revenues from electricity generation — during this time the repayments on project
financing must be maintained. Well managed nuclear power projects are being com-
pleted within five to six years. One of the aims of the smaller advanced reactors now
being developed is to permit completion within three years.

Public Acceptance of Nuclear Power

In parallel with the necessary political. Financial and technical preparatory
work that needs to be carried out to launch a nuclear power programme, it is
extremely important to provide adequate and regular information to the public, the
media and other opinion makers so as to foster broad understanding of the need for
and benefits of nuclear power and to gain support for the programme.

Experience has shown that in order to facilitate public understanding and
acceptance of nuclear power activities, there is a need to supply the public with
timely, adequate and easy-to-understand information on the safety philosophy,



regulatory requirements and licensing procedures. This requires a basic information
strategy to be articulated at the local, national and regional levels.

The introduction of a major nuclear facility will attract a great deal of attention
at the local and national levels. To the extent that a future plant may be located near
the border with a neighbouring country, there are likely to be transboundary and
international ramifications as well.

Public environmental protection concerns have grown substantially every-
where over the past twenty years. At the international level, there has been a clear
evolution from the 1972 Stockholm Declaration, the Conference on Security and
Co-operation in Europe Helsinki Final Act of 1975, and the Global Nature Charter
of the United Nations General Assembly of 1982, to the various documents adopted
at the 1992 United Nations Conference on Environment and Development in
Rio de Janeiro, reinforcing governmental undertakings to inform the public. In many
countries, legislation on environmental protection and access to information has been
developed reflecting this concern.

Safety

Safety is an essential requirement in the application of nuclear power, since the
consequences of an accident can create a severe hazard to both operating personnel
and the surrounding population and environment. Good operating practices in terms
of nuclear safety, reliability and economics result in power generation with minimal
risk and significant benefits.

Despite the amount of radioactive material present in nuclear power plants,
both occupational radiation doses and doses to the public can be kspt small. Occupa-
tional doses are a fraction of the annual dose limits on occupational exposure recom-
mended by the International Commission on Radiation Protection (ICRP). Doses to
the public are a minimal addition to the natural background radiation.

The fundamental safety requirements for nuclear power are met by not one,
but several, engineered systems, so that if one system fails there are others which
continue to provide protection. This concept is termed 'defence in depth'.

The safety of a plant is ultimately determined by the quality of plant operation.
The operating staff must be qualified, properly trained and periodically retrained,
work according to procedures, have access to technical support when needed,
be properly organized and motivated and apply the lessons of past experience.
A safety and quality culture is critical in preventing incidents and accidents, and
requires procedures and training aimed at mitigating the consequences of such
events, should they occur. This includes the on-site effects of events and the public
emergency response measures in the vicinity of the plant.



Health and Environmental Aspects

Experience has shown that nuclear power can provide an environmentally
sound option for electricity production. Energy development policies and pro-
grammes must now take into account environmental factors — not only the local
environmental impact of energy options, but also national and international obliga-
tions concerning the environment.

With the introduction and increasing use of nuclear power for electricity gener-
ation, the pollution associated with oil and coal fired plants will decrease. For exam-
ple, in France, where over 56 000 MW(e) of nuclear capacity now produces more
than 70% of the electricity, sulphur dioxide (SO2) emissions dropped from
380 000 t in 1979 to 160 000 t in 1987 and carbon dioxide (CO2) emissions
declined from 500 million tonnes to 370 million tonnes. In comparison, the CO2

emissions per kW-h(e) in the United Kingdom, which has over 70% of its electricity
generated by coal fired plants, are about eight times greater than those in France.

Balanced against this is the small risk of release of radioactive materials from
an accident, affecting both public health and the environment. Normal releases of
radiation from nuclear power plant operation are minimal and far below natural
background levels of radiation. However, while there is a small risk of potentially
large accidents, the safety record of nuclear power has in general been good, with
the significant exceptions being the accidents at the Chernobyl nuclear power plant
in the former USSR and at the Three Mile Island plant in the USA. The latter resulted
in no significant radiation doses to the public. The fatality rates in the full cycle of
nuclear generation, from mining to waste disposal, are the lowest in the energy
industry.

, With regard to radioactive wastes, the operation of all nuclear power plants in
the world at present produces about 7000 t of spent fuel per year. If the electricity

* generated by nuclear fuel had been generated by the combustion of coal, it would
have resulted in the annual emission of 1800 million tonnes of CO2 and millions of
tonnes of SO2 and NOX, even with the best flue gas cleaning equipment available.
In addition, some 70 million tonnes of ash are produced, containing some 90 000 t
of heavy metals, which are not always disposed of in a long term safe manner.

| To further reduce the effects of radiation exposure on the public, the environ-
l ment and in occupation related activities, new standards are being developed on
i; radiation protection and are expected to be adopted in 1994 for application by
s governmental bodies and radiation protection specialists. The major changes include
ij reduced occupational dose limits and a more coherent treatment of the intervention
I required to avert or reduce exposures following accidents.
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Nuclear Fuel

Nuclear power can represent a certain measure of energy security because fuel
requirements are small and fuel can thus be easily stocked for several years.

There are at present ample sources of supply for nuclear fuel, and an excess
capacity is keeping prices low. Specialized services are available for reprocessing
and for the management of radioactive waste; there is also experience in power plant
decommissioning. It is uncertain which is presently the most economical approach,
fuel reprocessing or direct disposal. There is no urgent need for reprocessing to
recover fuel, as there are delays in the development of the fast breeder reactor,
as well as a surplus of plutonium and of fuel for water cooled reactors. Most utilities
have opted for interim spent fuel storage until national policies on plutonium utiliza-
tion, reprocessing and long term disposal become clearer.

Radioactive Waste Management

Disposal of the irradiated fuel and radioactive waste is another unique require-
ment of nuclear power. Although the quantity of waste is small, radioactivity levels
of spent fuel are high and remain so for many years. Waste is generally classified
as high, intermediate or low level and is stored at the nuclear power plant until
removed to an interim storage facility or permanent disposal site, usually within the
country which generated it.

There exists mature and available technology which is now being used for the
disposal of low level and intermediate level waste from nuclear power plant opera-
tion. The technology for the disposal of high level waste is still under development
and public acceptance of sites for disposal of spent fuel remains a problem.

POLICY PLANNING AND DECISION MAKING
FOR A NUCLEAR POWER PROGRAMME

The introduction of nuclear power technology requires that a country be able
to take certain essential decisions and assume certain responsibilities. These deci-
sions, and the associated responsibilities and functions, concern the main participants
in the process, who must work together in close co-operation and harmony:

• The government, represented by the relevant ministries, specialized agencies
and commissions in charge of the energy sector, which must assess the viability
of a nuclear power programme, make the consequent decisions and provide
ongoing support.



• The owner/operating organization, usually the country's utility, or utilities, in
charge of electricity generation and distribution, who will operate the nuclear
plant.

• The regulatory body, which must be independent and highly qualified to estab-
lish and monitor safety requirements.

• National industry, which is expected to participate effectively and profitably
in the implementation of the nuclear power programme and to take advantage
of the spin-off effects introduced by the transfer of nuclear and other high tech-
nology and quality assurance approaches.

• Education and training system, which is expected to provide a continuing
supply of qualified personnel in various fields of expertise.

Role of the Government

The government and the plant owner will have to decide which costs they are
prepared to accept and which amounts of local and foreign financing can be obtained
and allocated to a nuclear power programme over a number of years, until its
benefits can be reaped. The government must give long term support to its decisions,
guarantee programme continuity and permit the owner to recoup the high initial
capital investment through the realistic economic pricing of electricity.

The government is the main participant in much of this process and must bear
the ultimate responsibility of:

• Assuming the commitment for a nuclear power programme.
• Establishing a legal framework and regulatory body for regulation and enforce-

ment of nuclear safety and radiological protection.
• Enacting legislation for third party liability for nuclear damage. Such legisla-

tion is intended to assure the availability of adequate financial resources to
compensate for damage resulting from the operation of nuclear installations.

• Setting up a legal framework for relevant industrial codes and standards.
• Planning and implementing policies for waste management and disposal.
• Adhering to the principles of and accession, where appropriate, to international

agreements related to non-proliferation, physical protection, safety and a civil
liability regime.

• Recommending to governments to oversee adequate and stable financing of a
nuclear power programme, or projects from local and external sources.

• Establishing targets, together with the utility and local industry, for the level
of national participation in the nuclear power programme; supporting national
industry to attain this level; and ensuring that relevant public organizations and
industries are staffed with qualified personnel at all levels.

• Promoting the necessary R&D to permit effective technology transfer/adapta-
tion and the required industrial development.



• Developing and implementing, together with the relevant organizations, a sys-
tematic education/training programme for personnel for the nuclear power
programme, with emphasis on technical professionals, technicians and skilled
craftsmen.

It is therefore of vital importance that governmental policy makers be fully
aware of the importance of:

• The conditions and constraints on the financing of nuclear power projects,
especially in developing countries.

• Overseeing the preparatory activities efficiently.
• Setting realistic targets for national participation, which requires correct

assessment of the capabilities of domestic suppliers and infrastructures (e.g.
communication, transportation, education and training), and upgrading capa-
bilities where necessary and/or feasible.

• Participating actively in the execution of the nuclear power programme.

In this respect, a co-ordinated planning process operating at various levels is
essential. The main planning process should determine:

• The schedule of the nuclear power programme.
• The extent of national participation which is possible and desired, whereby

there is a minimum necessary level which a country must be able to achieve
if nuclear power is to be considered a feasible option.

• The investments in resources (money and people) necessary to achieve the
intended national participation goals.

• The level of foreign assistance required and available.
• An effective plan for technology transfer/adaptation.

For successfully financing a nuclear power project, it is necessary for the
f government, in co-operation with the owner, to:

• Commit itself to the nuclear power programme with the necessary long term
; support.

• Make a thorough financial analysis, together with an economic analysis, for
\ evaluating the feasibility of the project and programme.
I • Maintain generally acceptable credit ratings in order to obtain project financing
\ and to be able to service debt.
\ • Set electricity tariffs at a level necessary for sound financial strength, since one
'- . of the major sources of difficulties for utilities is the uneconomic pricing of
I electricity.

• Secure financing for as much as possible of the local cost component of the
project in local currency from sources within the country itself— the impor-
tance and complexity of this is often underestimated.

• Utilize thoroughly a full range of domestic and foreign expertise to deal with
the technical, financial and legal complexities.

g



• Carrying out a programme of inspections to ensure compliance with estab-
lished rules and regulations.

• Establishing and monitoring compliance with rules and regulations for the
physical protection of nuclear materials.

The primary responsibility for the safe siting, design, construction, commis-
sioning and operation of a nuclear power plant lies with the owner/utility. The safety
of the nuclear power plant must be demonstrated by the applicant in a safety analysis
report. This report is the most important document for the licensing of nuclear instal-
lations, and it is the responsibility of the owner to produce this document. The
regulatory body is responsible for making an independent assessment of the ade-
quacy of safety by means of a technical review of the information presented by the
owner and other organizations supporting the owner's presentation.

In many countries an environmental impact statement and additional licences
are required for waste management, pollution control, environmental protection, etc.

Among licensing requirements, the qualifications of the operating personnel of
a nuclear power plant are of particular importance. It is to be emphasized that not
only the operating personnel, but particularly those persons who evaluate their
qualifications for licensing purposes, should be well qualified and competent.

While the methods of evaluating the qualifications and competence of operat-
ing personnel vary from country to country, the level of competence and qualifica-
tions which they require and must attain to perform a given job (the same set of tasks
and functions) must attain international levels.

In response to the needs of its Member States, the IAEA has established a set
of standards, guides and practices on the safety of nuclear power plants and pro-
grammes, the Nuclear Safety Standards (NUSS) Programme. NUSS documents
make available to Member States recommendations deemed essential to provide a
basis for the regulation of nuclear power plants and associated activities, and to serve
as a standard frame of reference for safety analysis review and assessment. Other
international and national technical standards are available to supplement the NUSS
standards.

International Safety Obligations

The accident at the Chernobyl nuclear power plant in April 1986 proved the
need for international co-operation on nuclear safety, as the consequences of an acci-
dent can extend beyond national boundaries.

It is therefore recommended that a country which is planning a nuclear power
programme accede to the following international conventions, if it has not already
done so:

• Convention on Early Notification of a Nuclear Accident: This involves setting
up the organizational and communication links to inform the IAEA and neigh-



bouring States in the event that an accident occurs in the country. As of
mid-1993, there were 67 States Parties to this Convention.

• Convention on Assistance in the Case of a Nuclear Accident or Radiological
Emergency: This involves setting up co-operation links between countries to
assist each other in the event of an accident. As of mid-1993, there were
64 States Parties to this Convention.

Non-Proliferation and Safeguards

The main issues for policy makers concern decisions on:

• Providing assurances concerning their non-proliferation intentions, which can
have a critical impact on nuclear supply. This may involve, for example,
adherence to the Treaty on the Non-Proliferation of Nuclear Weapons (NPT),
or other international agreements involving the application of comprehensive
safeguards.

• Setting up a State's System of Accounting and Control (SSAC) for covering
nuclear material under international safeguards.

• Designing of installations to facilitate the effective and efficient application of
safeguards, and the early provision of design information.

Nuclear power technology is dependent on international trade and international
agreements. The technology is such that there is a need for initial and continuing
assistance for sophisticated spare parts, fuel supply, engineering and technical
support services, as well as operator training and retraining. Thus, countries seek
assurances of supply, insofar as that relates to various categories of plant, compo-
nents and equipment, fuel supply, waste disposal, and technological and operational
support throughout the life of the plant. For these and other reasons, long term
co-operative agreements with the main supplier(s) are highly desirable and
frequently essential.

The potential use of some nuclear materials and some technology for weapons
purposes has been recognized from the beginning. Since the first international trans-
fers of nuclear fuel, equipment and technology, assurances of exclusively peaceful
application have been a condition of supply.

Assurance of fuel supply and of other items needed for a nuclear power
programme should be possible if a country undertakes to provide adequate assur-
ances of non-proliferation, that is, assurances that materials, facilities, equipment
and know-how supplied for a nuclear power programme will be used solely for
peaceful purposes. Thus, supplies are very largely conditional upon non-
proliferation assurances and the concomitant acceptance of IAEA safeguards. Many
countries are now reaping the benefits of nuclear power by demonstrating their
commitment to obligations under the NPT or other agreements involving the applica-
tion of comprehensive IAEA safeguards.
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A cornerstone of the international non-proliferation regime is the NPT. which
entered into force in 1970. As of early 1993, there were 154 States Parties to this
Treaty. A conference to be held in 1995 will review the operation of the Treaty and
decide upon its extension.

A country which has not acceded to the Treaty, but which intends to implement
a nuclear power programme, will find that a condition for nuclear supply by most
suppliers today will be either adherence to NPT or acceptance of full scope
safeguards under the terms of international agreements, such as the Treat}' for the
Prohibition of Nuclear Weapons in Latin America (Treaty of Tlatelolco), the
Argentina-Brazil Co-operation Agreement, the South Pacific Nuclear Free Zone
Treaty (Rarotonga Treaty), or, at the very least, under specific agreements between
the supplier, the IAEA and the recipient country.

Any State (with the exception of the five declared nuclear weapon States),
which becomes party to the NPT makes the commitment not to receive, manufacture
or otherwise acquire nuclear weapons or other nuclear explosive devices and to
accept IAEA safeguards on all its source and special fissionable material in all its
peaceful nuclear activities, so-called 'full scope' or comprehensive safeguards.

The basic idea underpinning assurances of non-proliferation is that interna-
tional verification through IAEA safeguards can provide independent assurance of
compliance with peaceful undertakings in connection with the NPT or other inter-
national agreements.

Physical Protection

While the aim of safeguards is to demonstrate compliance with international
non-proliferation obligations, notably the commitment not to divert nuclear material
from peaceful purposes, the purpose of the physical protection of nuclear material
is to protect nuclear facilities and to minimize the possibilities of sabotage or
unauthorized removal of nuclear material. ,

The responsibility for establishing, implementing and maintaining a physical $
protection system within a State lies entirely with that State. To meet this commit- $i
ment, a State considering the introduction of nuclear power and the use of special |
fissionable material must set up a system for ensuring the adequate physical protec- *|
tion of nuclear material and facilities. The State must promulgate and regularly |
review its regulations for the physical protection of nuclear material and facilities, i
whether in the possession of the State or of private owners. 3

A country contemplating a nuclear power programme is advised to accede to -i
the Convention on the Physical Protection of Nuclear Material; 44 States are now
Parties to this Convention. The main purpose of this Convention is to ensure the
application of appropriate measures to protect nuclear material from unauthorized
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removal, use or alteration while the nuclear material is being transported
internationally.

National Participation

One of the most significant issues for government policy planners and decision
makers is the formulation of objectives and strategy for national participation in the
nuclear power programme. National participation means the use of human, material
and technology resources from the country in the execution of such a programme.

Each country will decide on the level and extent of national participation in its
nuclear power programme. It must be emphasized that there is a minimum necessary
level of national participation in such a programme (even for a plant constructed
under a build-own-operate arrangement (see the section entitled 'Financing
Arrangements for Nuclear Power Projects')), and a country must be able and willing
to accept the responsibility to achieve this minimum level. If it cannot do this, then
nuclear power cannot be considered to be a realistic energy option.

Nuclear power is a complex technology which makes great demands on
national industry, quality and qualified technical personnel. Launching such a
programme, requires a governmental policy which promotes and supports not only
the programme, but also the relevant necessary national infrastructures and national
participation goals and activities. Thus, national infrastructures are critical to the
successful execution of a nuclear power programme. Infrastructure includes:
organisational and regulatory frameworks; the availability of qualified personnel and
education and training capabilities for producing such personnel; financial and indus-
trial capabilities; and research and development capabilities.

For a nuclear power programme to be successful, a certain level of technical
and quality performance must exist in the relevant industrial, technical and manage-
ment education and training infrastructures. Countries have found that the high level
of quality requirements which must be attained and maintained for a safe and reliable
nuclear power programme have beneficial effects for the non-nuclear industry,
providing know-how and impetus for the upgrading of the quality, product value and
technological level of other parts of the industrial infrastructure.

If a realistic and well formulated plan can be developed and implemented, it
can stimulate the country's economic and industrial development. If poorly
implemented, it can affect the plans, schedule and safety of nuclear power and can
be a waste of resources. The extent of participation varies from country to country
and is determined by those industrial capabilities and resources already existing at
the outset of the programme. National participation may be small at first, but grows
as the nuclear power programme develops.

Between minimum participation and too ambitious targets there is an optimum
level of participation that should be aimed at which will produce positive economic
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and industrial spin-offs without jeopardizing the execution of the project. Optimum
participation must be determined by the decision makers and policy planners, who
must take into account the limitations related to the technical and investment capabili-
ties of industries, competitiveness and market size, as well as the availability of
relevant technology and know-how. National participation must not negatively affect
the quality, cost or schedule requirements of the nuclear power project.

The optimum level of national participation is one which can evolve with time
and experience and which best suits the infrastructure already in place. However,
it is not infrequent that the assessments of planners underestimate the time and effort
necessary to attain the required quality of national products; this conflict between
time and quality requires careful monitoring. Too frequently, the call for maximum
participation is emphasized, whereas the real objective should be optimum participa-
tion. Excessive local involvement not based on established and proven experience
may involve risks in terms of delays, cost overruns, inadequate quality, safety and
reliability.

The technological, safety and reliability requirements of nuclear power also
demand highly qualified and competent personnel, who can prove to be a national
asset and also provide an impetus for improving national technical education and
training capabilities, which will be beneficial for other industries.

It is a governmental responsibility to verify that the education and training
system can respond to the requirements of the country's industrialization process in
general and the nuclear power programme in particular and to establish policies for
any necessary expansion and upgrading of university level programmes and of train-
ing in relevant technical areas. This is a priority for a country embarking on a nuclear
power programme and, owing to the long lead times involved, must be initiated as
early as possible.

Role of the Plant Owner

As with any major industrial project involving very large amounts of engineer-
ing, hardware and labour, execution of a nuclear power project requires the
co-operation and concurrence of four major participants who share responsibility for
specific project tasks. They are:

• The owner of the plant who, while delegating some of the tasks to others,
nonetheless assumes overall project responsibility.

• The main contractor, who acts as overall project co-ordinator. He is respon-
sible for site management and may perform the functions of the architect-
engineer, including project engineering and project management.

• The vendors and contractors of plant items and services, who design, manufac-
ture, construct/erect and start up their equipment.
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• The operating organization, within the owner organization, which operates and
maintains the plant and, after plant acceptance testing, takes full responsibility
for the plant's operational safety, within a third party liability regime.

Normally the owner and operating organization functions are performed by the
same electric utility. Depending on its own capability, the utility will delegate some
of these functions while retaining responsibility for those that represent the minimum
level of responsibility which must be assumed by the owner. The following list,
while not exhaustive, represents an overview of the main areas and responsibilities
involved in various phases of the nuclear power programme:

• The final decision as to the project feasibility, based on electricity system
expansion planning analyses and grid stability assessment.

• Planning and implementing the major project phases, including an overall
schedule and individual schedules for preliminary work, procurement, equip-
ment manufacturing, shipment and erection, plant testing and startup.

• Arranging local and foreign financing of the project, including a workable
repayment schedule.

• Compliance with national regulatory and licensing requirements to obtain the
necessary permits and licenses.

• Compliance with international requirements and obligations for nuclear
materials accounting in connection with international safeguards, physical
protection and safety.

• Establishing and enforcing the overall quality assurance programme.
• Establishing an effective project management group, as well as effective

organizational structures, for nuclear power plant operation and maintenance.
Establishing procedures, management and reporting lines, individual responsi-
bility and accountability.

• Recruiting and training/retraining personnel to achieve and maintain the
qualifications and competence needed to perform tasks and functions in the
nuclear power project/plant — in particular, operating personnel.

• Providing information for the public.
• Operating the plant safely, reliably and economically.
• Establishing and maintaining an emergency planning and preparedness scheme

in co-operation with local government authorities.
• Obtaining and maintaining insurance or other financial security in connection

with its civil liability for damages caused by an accident, as the operator of a
nuclear power plant is usually exclusively liable for such damages.

Role of Research and Development

Research and development (R&D) have an important and active function in
support of a nuclear power programme and nuclear industry, including the support
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of technology transfer, nuclear regulation, nuclear materials technology, manufac-
turing and information management systems.

Thus, the following functions are considered to be those which are necessary
and appropriate for co-ordinated R&D activities to have relevant and useful input
into a nuclear power programme:

• Concentrating on adaptations and applications of transferred technology,
including keeping up with technological changes and applications.

• Supporting industry in developing the expertise required to achieve national
participation objectives.

• Channelling the acquired technology to the appropriate segments of the
national industry.

• Maintaining active co-operation with the relevant R&D organizations in other
countries.

• Co-operating with those involved in university teaching and research pro-
grammes to provide first-hand contact with state of the art technology.

Research and development bodies can play a major role in assisting the nuclear
industry by offering expert advice as problems arise and providing the testing facili-
ties required to assess material properties and component performance, as well as
analysis in support of problem diagnosis.

Technology Transfer

Technology transfer requires that the recipient acquire , absorb , adapt and use
information and know-how. Merely transferring equipment and documentat ion is
insufficient. i

Within the nuclear context , the basic technologies that can be transferred are
related to design, quality control technology, manufacturing and construct ion,
project engineering and management , operat ion and maintenance of the nuclear
power plant . Each technology and area requires a different approach and method for
successful technology transfer.

The re a re several stages in the process of technology transfer. In the initiating \
stage, plant and equipment a re specified and provided by the supplier , while the «
recipient operates the process according to the suppl ier ' s specifications and instruc- |
t ions. T h e recipient usually requires special t raining as well as technical support from )

I the supplier for dealing with abnormal condit ions.
I The selective stage is characterized by the increased technical understanding
j of recipients , permit t ing them to be selective in their choice of process , equipment
; and foreign suppliers as well as in operat ion and maintenance methods and tech-

«.» niques. However , the recipient remains dependent on the supplier for technical
I support in m o r e difficult situations.

15



In the adaptive stage, the recipient, with the supplier's assistance, modifies the
supplier's technology to adapt it to the specific local conditions and requirements.
The highest level is the mastery stage, in which recipients have such good command
of the technology acquired that they can now modify it at will to suit their own objec-
tives and policies.

There are many types of arrangement under which technology can be trans-
ferred, such as the licensing agreement, technical co-operation agreement, joint
ventures and technical assistance.

The importance of training cannot be overemphasized. All technology transfer
arrangements should specify the training to be provided and the level of qualification
and competence which trainees have to achieve. Training programmes will often
require the trainee to work in the supplier's plant or organization away from his/her
home country and thus the ability to use effectively the language of the supplier's
country.

The problems encountered in transferring technology include the following
factors:

• Political. Technology transfer for a nuclear power programme can develop
successfully only in a favourable long term political climate. Export controls
by the country providing technology transfer may be imposed in the absence
of a favourable long term political climate.

• Financial. Lack of well established financial support for technology transfer,
inadequate financing resources or reduction in financing may cause delays and
other problems in the transfer.

• Liability. Suppliers of technology may have to bear responsibility for accidents
and injuries incurred in connection with the projects in which they are involved
if the party with primary responsibility for the project (recipient country) has
no liability and/or cannot pay for damages and injuries.

• Industrial. Experience in several countries indicates that the transfer of
manufacturing capabilities to industry is in general successful, while problems
are experienced in transferring capabilities in the engineering sector and in
utility project management. The discipline required for achieving the necessary
quality is particularly difficult until the concept of total quality and its benefits
are fully understood by the industry.

• Organizational. A centralized responsibility for and control over the nuclear
technology transfer is a prerequisite for success. Relegating the promotion of
technology transfer to individual organizations and industries can lead to poor
results.

• Technical standards and language. The supplier and receiver countries may
well use different technical standards, measurement units and language. These
will be an impediment to smooth technology transfer unless the technical
differences are properly understood and accounted for and there is a sufficient
level of language proficiency.
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Training and Qualification of Personnel

To implement a nuclear power project and to achieve reliable operation of a
nuclear power plant and programme, it is essential to have highly qualified and moti-
vated personnel, who are needed to plan, construct, operate and maintain a nuclear
power plant and later to expand the system with more plants.

When the commitment has been made for the first nuclear power plant, it will
be necessary for the utility to consider seriously the building and staffing of a training
centre for operations and maintenance personnel. The centre should be equipped
with one or more simulators, computer aided training tools, the necessary equipment
and plant mock-ups for maintenance training. It should be capable of expansion to
keep pace with the evolving nuclear power programme.

Ensuring that personnel with the necessary qualifications and experience are
available for the operation and maintenance of a nuclear power plant requires firstly
a national educational infrastructure (undergraduate and post-graduate university
levels, technical schools) which can provide professional and technician-level
individuals suitably educated in both the theoretical and practical aspects of technical
subjects. It also requires that a well designed training programme incorporating the
best international practices be developed and implemented at a very early siage of
the nuclear power programme.

The best international training practices, now being implemented in many key
nuclear power programmes, involve a broad scope, performance based and job
specific systematic approach to training (SAT), with its special emphasis on objective
performance indicators, evaluation and feedback throughout all phases of the
programme. The ultimate aim of such training is the professionalism of personnel
at all levels of the nuclear power plant. Training is thus the means by which a safety
and quality culture is implemented and maintained.

FINANCING ARRANGEMENTS FOR
NUCLEAR POWER PROJECTS

A major requirement for nuclear power projects is the ability to obtain, on
reasonable terms, the amounts of local and foreign financing needed. While it has
in the past been possible for certain developing countries to obtain financing for
nuclear power projects, the financing of such projects presents an increasingly
critical problem, not only becausz of the amount needed, but also because the lending
organizations must be convinced of the creditworthiness of the utility and the country

•. t before extending such financing. To obtain financing for a nuclear power project,
I it is necessary to have a good credit rating and to set electricity tariffs at economically
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realistic levels. Lending bodies are interested first and foremost in both the technical
and financial soundness of a nuclear power project, with assurances that debts can
be repaid on schedule. Many of these requirements are also associated with other
large capital intensive projects.

There are four main characteristics of nuclear power projects which make the
arranging of adequate financing difficult. These are: high investment costs; longer
construction times than those for fossil fuel power plants; public acceptance issues;
and potential uncertainties in costs and schedule owing to, for example, regulatory
and public intervention, policy and programme changes. One of the major ways of
overcoming some of these problems is to build up strong capabilities in the manage-
ment of large, complex projects, to avoid delays and cost overruns, and to deal effec-
tively with unexpected problems.

The large capital requirements may approach or even exceed the overall avail-
able credit limits identified by lenders for an individual developing country. Also,
lenders may be reluctant to concentrate their financial risk in a single project of this
magnitude. The initial investment per unit could be reduced to a certain extent by
choosing smaller sized nuclear power plants of a standardized design.

The investment climate is improved if the government and the owner organiza-
tion achieve good records of consistent and fair dealings with lenders and investors.
Only countries with acceptable credit ratings would qualify for bank loans and other
credits for financing a nuclear power project. The development of sound economic
policies, as well as good debt management and project risk sharing, would all
contribute to this end.

The World Bank and other international lenders are highly critical of subsi-
dized electricity tariffs, which as a group constitutes one of the major sources of
difficulty in financing a nuclear power project. Financial capabilities and electricity
tariffs are of special importance in arranging for and repaying loans for power
projects. While social and political considerations must be taken into account in
determining tariffs, it is crucial that electricity tariffs reflect costs. Power utilities
must show good financial performance to obtain support from financial institutions.

Public acceptance of nuclear power is an important issue and, especially since
the Chernobyl accident, heightened public concern over nuclear risks has had a direct
and profound influence on nuclear projects worldwide. In particular, if there is a lack
of public acceptance during the implementation of a nuclear power project, there
could be risks involved in the completion of the project, thus affecting the ability to
service debt and to adhere to financial commitments and guarantees.

Conventional Financing Approaches

There are national and international sources for conventional financing. The
local or national financing sources are: the investor's own resources — equity capital
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and cash flow; debt capital — domestic bonds, local bank credits and credits or dona-
tions from public entities, stand-by facilities for cost increases and prepayments for
future services of the project.

Examples of international financing sources include: export credits, as pro-
vided by export credit agencies of various supplier countries, equipment supplier's
credits, multilateral development institutions, such as the World Bank Group,
regional development banks and organizations, and other institutions; bilateral
financing sources; and international markets for commercial loans and international
bonds.

Canada, Japan, the United States of America and western European countries
have agreed to comply with the 'OECD Consensus' (i.e. the Arrangement on Guide-
lines for Officially Supported Export Credits, agreed upon in 1976, and its annex,
Sector Understanding on Export Credits for Nuclear Power Plants, agreed upon in
1984), which spells out the guidelines, terms and conditions for the financing of
nuclear power projects in developing countries. Under this agreement, these coun-
tries have agreed not to provide tied aid credits, aid loans, grants, or any other kind
of financing on credit terms that are more favourable than those set out in the OECD
Consensus.

Thus, there will be limited sources available for financing a nuclear power
project in a developing country and the cost of money is unlikely to be much lower
than commercial terms.

Importance of Local Financing

One of the most difficult problems, whose complexity is often underestimated,
with regard to financing nuclear power projects in developing countries is arranging
for the financing to cover local costs. Experience so far has shown that it is often
impossible to raise enough money for local cost financing from foreign sources, local
capital markets or government budgets and this has been a reason for delays in
project implementation.

As much as possible of the total project costs, but in any event the local portion
of these costs, should be financed with domestic funds. Sound sources of local
currency funding for investment in a public utility power project would be the
government budget and funds of the project's operating organization/utility, either
from equity or from accumulated earnings set aside especially for such a planned
investment. These sources could be supplemented by credits raised in the domestic
capital market. Difficulties in financing local costs arise from shortages of govern-
ment funds and constraints in local capital markets. A well functioning domestic
capital market is particularly important for organizing local financing.

In general, if a country is not in a position to organize the financing of the local
costs of a nuclear power project, then the project may not be viable.
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New Financing Approaches

In view of the need of most developing countries for more foreign exchange
and the present difficult international financing climate, including constraints on
export credits, the creditworthiness problems of developing countries and the recent
stringent regulation of the risk exposure of financial institutions, innovative financ-
ing approaches are being sought and tested. These include non-recourse, or limited
recourse, financing techniques for mobilizing additional external financial resources
for power development, such as the build-operate-transfer (BOT) and build-own-
operate (BOO) approaches; the World Bank's partial guarantee approach, and other
options. To date, no large nuclear or non-nuclear power project in developing
countries has been implemented using these new approaches.

The basic framework of a BOT approach is as follows. A number of foreign
investors form a consortium, the consortium establishes a joint venture company
(JVC) with a local utility, and this JVC sells the electricity generated to the utility.
The foreign investors procure most of the funds for the project, which are used to:

• Build a power plant with foreign engineering expertise.
• Operate the plant with foreign investors/operator management for a certain

period of time until all costs, debt service and equity are recovered by means
of the electricity tariff.

• Transfer the ownership of the plant to the country in which it is built.

A variant of BOT is the BOO approach, which does not involve transferring
ownership of the plant to the host country. A BOO plant can, in principle, continue
in private hands throughout the useful life of the project or up to an earlier date
agreed on by the host government and the private owner.

When a power plant is constructed in developing countries using a BOT
approach, the following advantages may generally be expected:

• Attraction of foreign capital in the form of non-governmental debt for power
plants.

• Reduction of risks related to construction and operation as a result of the con-
sortium's expertise and experience.

• Provision of practical opportunities for training and technology transfer during
the course of construction and operation.

However, it should be noted that there are a number of serious arguments
against the BOT approach. Such projects are immensely complicated and time
consuming undertakings, both from the legal and financial points of view, and the
overall costs of a BOT project would be higher than for a project financed directly
from sovereign borrowings. In the BOT approach, the host government does not
formally guarantee the project company's loans for executing the project, but instead
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generally gives some guarantee to buy the electricity generated from the project. This
is because project financing in the BOT approach involves a non-public debt
transaction.

In addition, the BOT approach for nuclear power projects is likely to involve
additional complexities and time, and a costly development process because siting,
licensing, environmental and financial considerations are more complicated for a
BOT than for conventional power projects. Thus, investors/sponsors should be
prepared to accept long lead times and large project development expenditures.

The World Bank has recently developed a new co-financing programme,
'Expanded Co-financing Operations' (ECOs) , for dealing with structural problems
associated with country risks, where foreign investors and private institutions often
hesitate to take part in a large infrastructure project in a developing country. These
ECOs incorporate the objectives and principles of the World Bank's 'B-Loan'
programme, but widen its scope. They are intended to promote increased private
Financial flows by providing enhanced coverage of risks that would not otherwise be
assumed by private lenders. They are to be made available to eligible borrowers to
attract private financing for specific projects, or investment programmes that are
identified and appraised by the World Bank, and that are normally accompanied by
World Bank loans.

Main Requirements for Financing a Nuclear Power Project
in a Developing Country

For successfully financing a nuclear power project in a developing country, it
is essential for the host government/utility to:

• Commit itself to the nuclear power programme with necessary government
support.

• Make a thorough financial analysis, together with an economic analysis, for
evaluating the feasibility of the project.

• Maintain generally acceptable credit ratings in order to obtain investments and
debt financing.

• Finance as much as possible of the local cost component of the project in local
currency from sources within the host country itself — the importance and
complexity of this are often underestimated.

• Utilize thoroughly a full range of expertise to deal with the technical, financial
and legal complexities.

• Set electricity tariffs at a level necessary for sound financial strength, since one
of the major sources of financial difficulties for utilities has been the uneco-
nomic pricing of electricity.

• Be perceived as a reliable, stable country where successive governments
honour commitments made by their predecessors.
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NUCLEAR FUEL
AND WASTE MANAGEMENT ACTIVITIES

Fuel Supply Activities

Fuel supply activities include uranium production, conversion and enrichment,
as well as the fabrication/procurement of nuclear fuel. There exists internationally
an overcapacity at all stages, but there is a trend to close down unprofitable uranium
mining operations. The supply of fuel services can easily be contracted and the estab-
lishment of domestic facilities is rarely economical.

Spent Fuel and Radioactive Waste Management

The management of spent nuclear fuel starts with the discharge of the fuel from
the reactor core. Two general approaches to spent fuel management are possible.

• Reprocessing, in which the spent fuel is processed to isolate plutonium and
uranium for recycle, also produces a residue of fission products and actinides,
known as high level waste.

• Direct disposal, in which the conditioned spent fuel itself is disposed of as
waste after a period of storage.

The selection of a strategy for spent fuel management is based on economic,
political and energy policy considerations. Regardless of which strategy is adopted,
the spent fuel or high level waste must be appropriately conditioned, transported to
a disposal site, and disposed of therein. There is broad agreement that deep geologi-
cal disposal, using a system of natural and engineered barriers to isolate the wastes
from the environment, is the preferred method.

A 1991 study by the International Union of Producers and Distributors of Elec-
trical Energy (UNIPEDE) estimated the overall costs of waste management to be
approximately 2.5-11% of the total cost of electricity generation.

Objectives of Safe Radioactive Waste Management

Safe waste management involves the application of technology and resources
in a regulated manner so that the exposure of the public and workers to ionizing
radiation is controlled and the environment protected in accordance with national
regulations and internationally agreed upon standards.

To meet these overall objectives, the following internationally agreed upon
principles need to be applied:

• Radioactive waste shall be managed in a way that limits the risks to humans
to acceptable levels.
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• Radioactive waste shall be managed in a way that risks to human health beyond
national borders would not be greater than the acceptable level in the country
of release.

• Radioactive waste management shall be conducted in a way that provides
protection of the environment. The generation of radioactive waste shall be
minimized.

• Waste management shall be conducted in a way that limits the burden on future
generations, and in such a way that risks to future generations do not exceed
levels that are acceptable today.

• The country shall ensure that an appropriate legal framework and organiza-
tional infrastructure with independent regulatory features exist when practices
involving radioactive substances are introduced.

• Radioactive waste shall be managed taking into account potential implications
for and, in the context of, the overall national waste management system.

In addition to the above principles, a national waste management system must
also include effective and continuing communication between the regulatory body,
the operator and the public.

Objectives of a National Waste Management Strategy

In planning a national waste management strategy, a comprehensive frame-
work that ensures safe waste management must be developed that includes the
following elements:

• A systematic approach for the handling, storage and disposal of the radioactive
waste.

• The creation and maintenance of a national inventory of the radioactive waste.
• A legal framework, with regulatory features.
• The identification of the parties involved in the different steps of waste

management and their responsibilities, including a decision on post-closure
institutional controls, especially of disposal facilities.

• The funding structure and framework for resource allocation, which are essen-
tial for the successful functioning of the waste management system, including
funds to pay for surveillance and maintenance during post-closure institutional
controls, especially of repositories.

• Research and development to support the regulatory and operational needs,
or arrangements to obtain such information from international sources.

• A rational set of safety, technical and environmental objectives for waste
management practices from which standards and criteria may be derived within
the regulatory system.

• Implementing organizations which have the resources required to design,
construct, operate and decommission the waste management facilities to serve
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the national programme; part or all of this service may be obtained through
co-operation between Member States and international organizations.

Internationally agreed upon safety standards for the safe disposal of radioactive
waste are being developed in the recently established IAEA Radioactive Waste
Safety Standards (RADWASS) Programme.

Decommissioning of Nuclear Facilities

The term 'decommissioning' refers to the taking out of service of a plant or
facility. In general, nuclear power plants or stations are decommissioned after their
useful life. For nuclear power plants, a 'useful life' period of 30 years is often used,
but in reality they have a projected useful life which can extend much longer with
suitable life management programmes, which include maintenance, repair and refur-
bishing of the nuclear power plant.

When developing a nuclear power programme, an important factor which must
be taken into account is the eventual decommissioning of the nuclear power plant(s).
Decommissioning may include structural dismantling or demolition, site cleanup,
overhauling, adaptation for other use, and/or a number of other activities. In particu-
lar, such sites are highly suitable and valuable locations for other types of power
plant, as they were selected as a result of expensive and extensive analyses. The
regulatory, funding and design requirements to facilitate decommissioning should
be fully considered and planned for during the early phases of a nuclear power
programme.

The total costs for decommissioning would amount to approximately 1 % of the
unit cost for electricity generated. An estimated 1 % surcharge on the unit cost (cost
per kW-h) of electricity is often charged by a utility to cover the costs for
decommissioning.

In developing the most appropriate national strategy, analyses should be
performed to determine the positive (and negative) effects of delayed or immediate
dismantling. A deferral of dismantling for 80-100 years would reduce the costs for
decontamination as well as for radiation protection, but would also raise maintenance
and surveillance costs. As in all nuclear related activities, the radiological safety of
workers and the public is a critical requirement in any analysis.

ROLE OF THE IAEA

Member States of the IAEA which are developing countries are as a rule
entitled to request technical assistance and co-operation for the peaceful uses of
nuclear energy, including the use of nuclear power for electricity production.
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The range of assistance and support which can be provided by the IAEA upon
the request of the Member State include:

• Transfer of and training in the use of computer based tools for economic analy-
sis of energy and electricity demand, and for optimizing the expansion of the
electricity generation system (analysis of various options).

• Missions of experts to assist in the planning and implementation of the various
phases of a nuclear power programme, including during the operation phase.

• Experts to advise on the design, development, implementation and evaluation
of training for nuclear power plant personnel.

• Expert advice on infrastructure requirements and on setting realistic targets for
national participation.

• Expert missions to assess the safety related and regulatory aspects of a nuclear
power programme.

• Expert advice on safeguards requirements, training of personnel for setting up
and implementing a SSAC and other safeguards related activities.

• Expert missions to advise on the nuclear fuel cycle and waste disposal aspects
of a nuclear power programme.

• Fellowships for the training of personnel for the nuclear power programme,
including operating and regulatory personnel, and for technical visits to rele-
vant organizations in other Member States.

• Courses at the national, regional and interregional levels for training nuclear
power plant and regulatory personnel, as well as on techniques for overall
energy planning and related topics.

• Guidebooks, guidelines, safety standards and guides to assist governmental and
utility organizations in the planning and implementation of a nuclear power
programme. These documents provide information on internationally agreed
standards and best practices.

• Procurement of the equipment necessary to achieve the objectives of approved
technical co-operation projects.

CONCLUSION

Embarking on a nuclear power programme entails a variety of prerequisites
and ongoing responsibilities for a country. When these conditions are met, then the
achievement of safe, clean and economic electricity generation through nuclear
power will provide significant benefits to the country in many areas.
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