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The development and implementation of an 
appropriate infrastructure to support the successful 
introduction of nuclear power and its safe, secure, 
peaceful and sustainable application is an issue 
of central concern, especially for countries that 
are considering and planning their first nuclear 
power plant. In preparing the necessary nuclear 
infrastructure, there are several activities that need to 
be completed. These activities can be split into three 
progressive phases of development. This publication 
provides a description of the conditions expected to 
be achieved by the end of each phase to assist with 
the best use of resources. ‘Milestones’ refer to the 
conditions necessary to demonstrate that the phase 
has been successfully completed.
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STRUCTURE OF THE IAEA NUCLEAR ENERGY SERIES

Under the terms of Articles III.A and VIII.C of its Statute, the IAEA is 
authorized to foster the exchange of scientific and technical information on the 
peaceful uses of atomic energy. The publications in the IAEA Nuclear Energy 
Series provide information in the areas of nuclear power, nuclear fuel cycle, 
radioactive waste management and decommissioning, and on general issues 
that are relevant to all of the above mentioned areas. The structure of the 
IAEA Nuclear Energy Series  comprises three levels: 1 — Basic Principles and 
Objectives; 2 — Guides; and 3 — Technical Reports.

The Nuclear Energy Basic Principles publication describes the rationale 
and vision for the peaceful uses of nuclear energy.

Nuclear Energy Series Objectives publications explain the expectations 
to be met in various areas at different stages of implementation.

Nuclear Energy Series Guides provide high level guidance on how to 
achieve the objectives related to the various topics and areas involving the 
peaceful uses of nuclear energy.

Nuclear Energy Series Technical Reports provide additional, more 
detailed information on activities related to the various areas dealt with in the 
IAEA Nuclear Energy Series.

The IAEA Nuclear Energy Series publications are coded as follows:
NG — general; NP — nuclear power; NF — nuclear fuel; NW — radioactive 
waste management and decommissioning. In addition, the publications are 
available in English on the IAEA Internet site:

http://www.iaea.org/Publications/index.html

For further information, please contact the IAEA at PO Box 100, Vienna 
International Centre, 1400 Vienna, Austria. 

All users of the IAEA Nuclear Energy Series publications are invited to 
inform the IAEA of experience in their use for the purpose of ensuring that 
they continue to meet user needs. Information may be provided via the IAEA 
Internet site, by post, at the address given above, or by email to 
Official.Mail@iaea.org.
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FOREWORD

One of the IAEA’s statutory objectives is to “seek to accelerate and enlarge 
the contribution of atomic energy to peace, health and prosperity throughout the 
world.” One way this objective is achieved is through the publication of a range 
of technical series. Two of these are the IAEA Nuclear Energy Series and the 
IAEA Safety Standards Series.

According to Article III.A.6 of the IAEA Statute, the safety standards 
establish “standards of safety for protection of health and minimization of danger 
to life and property”. The safety standards include the Safety Fundamentals, 
Safety Requirements and Safety Guides. These standards are written primarily 
in a regulatory style, and are binding on the IAEA for its own programmes. The 
principal users are the regulatory bodies in Member States and other national 
authorities.

The IAEA Nuclear Energy Series comprises reports designed to encourage 
and assist R&D on, and application of, nuclear energy for peaceful uses. This 
includes practical examples to be used by owners and operators of utilities 
in Member States, implementing organizations, academia, and government 
officials, among others. This information is presented in guides, reports on 
technology status and advances, and best practices for peaceful uses of nuclear 
energy based on inputs from international experts. The IAEA Nuclear Energy 
Series complements the IAEA Safety Standards Series.

Energy is essential for development. Nearly every aspect of development 
— from reducing poverty and raising living standards to improving health 
care and industrial and agricultural productivity — requires access to modern 
energy sources. Current forecasts suggest that global electricity use will increase 
65–100% by 2030, with most of the growth in developing countries. Many IAEA 
Member States without nuclear power have expressed interest in introducing it in 
order to meet their energy needs without increasing reliance on fossil fuels.

To introduce nuclear power, a wide range of infrastructure issues needs 
to be considered. The IAEA described these issues in the 2007 brochure 
Considerations to Launch a Nuclear Power Programme, targeted mainly at 
policy makers. Later that year, the IAEA followed up with the original version 
of this publication, Milestones in the Development of a National Infrastructure 
for Nuclear Power, which expanded the three phases of development outlined 
in the brochure and laid out a sequential process to develop a nuclear power 
programme. It provided a more detailed description for a broader audience of 
the full range of infrastructure issues to be addressed and the expected level of 
achievement for each issue by the end of each phase.



Milestones in the Development of a National Infrastructure for Nuclear 
Power was well received. It is widely used, and its framework and terminology 
have been broadly adopted. 

It has now been revised to incorporate several developments since 2007. 
First, in 2009 the IAEA began offering Integrated Nuclear Infrastructure Review 
missions, based on the ‘milestones framework’, to countries introducing or 
expanding nuclear power, and these have generated practical lessons that are 
incorporated in this revision. Second, since 2007 the IAEA has published more 
detailed advice on many of the 19 infrastructure issues summarized in this 
publication. Those publications incorporate developments after 2007, and the 
content of this revision harmonizes those more detailed publications. Third, this 
revision takes into account lessons learned from the 2011 Fukushima Daiichi 
accident and the implementation of the IAEA Action Plan on Nuclear Safety. 
Fourth, the original publication was framed in the context of a competitive 
bidding process, assuming this would apply in most cases. However, other 
approaches are also being used, involving, for example, strategic partners, sole 
suppliers and direct negotiations through intergovernmental agreements. 

The aim of this publication is to help Member States to understand the 
commitments and obligations associated with a nuclear power programme 
— most importantly that, even if extensive foreign assistance is acquired, the 
responsibility for implementing a nuclear power programme rests with the 
country and cannot be subcontracted.

This publication can also be used by countries that already have nuclear 
power to help to assess their preparedness for expanded use. Suppliers, nuclear 
energy agencies and utilities may also find assessments based upon this 
publication useful. Such assessments could build confidence that the relevant 
countries are able to regulate, construct and operate nuclear power plants safely 
and securely.

The guidance in this new edition of Milestones in the Development of a 
National Infrastructure for Nuclear Power is provided within the context of the 
IAEA’s other guidance and materials relevant to nuclear power development. 
These include the IAEA safety standards, with IAEA Safety Standards Series 
No. SSG-16, Establishing the Safety Infrastructure for a Nuclear Power 
Programme, providing guidance on the establishment of a national nuclear safety 
infrastructure as a key component of the overall preparations required for new 
nuclear power programmes. SSG-16 is intended to be used in conjunction with 
this new edition of Milestones in the Development of a National Infrastructure 
for Nuclear Power.

The IAEA officers responsible for this revision were M. Aoki, M. Ferrari 
and A. Starz of the Division of Nuclear Power.





EDITORIAL NOTE

This publication has been edited by the editorial staff of the IAEA to the extent considered 
necessary for the reader’s assistance. It does not address questions of responsibility, legal or 
otherwise, for acts or omissions on the part of any person.

Guidance provided here, describing good practices, represents expert opinion and is 
reflective of the publication’s review process, which included consultations with Member States, 
but does not constitute recommendations made on the basis of a consensus of Member States.

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 
judgement 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.

The IAEA has no responsibility for the persistence or accuracy of URLs for external or 
third party Internet web sites referred to in this publication and does not guarantee that any 
content on such web sites is, or will remain, accurate or appropriate.
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1. INTRODUCTION

1.1. BACKGROUND

A nuclear power programme is a major undertaking requiring careful 
planning, preparation and investment in time, institutions and human resources. 
While nuclear power is not alone in this respect, it is different because of the safety, 
security and safeguards requirements associated with using nuclear material.

A decision to start a nuclear power programme should be based 
on a commitment to use nuclear power safely, securely and peacefully. This 
commitment requires establishing a sustainable national infrastructure that 
provides governmental, legal, regulatory, managerial, technological, human 
resource, industrial and stakeholder support for the nuclear power programme 
throughout its life cycle. The demonstration of compliance with international 
legal instruments, internationally accepted nuclear safety standards, nuclear 
security guidelines and safeguards requirements is essential in establishing 
a responsible nuclear power programme.

The required infrastructure includes not only facilities and equipment, 
but also the human and financial resources and the legal and regulatory 
framework within which the programme will be carried out. Essentially, the same 
infrastructure is needed whether the programme is planned for the production 
of electricity, for seawater desalination or for any other peaceful purpose. 

It is the responsibility of the country introducing nuclear power to establish 
the necessary infrastructure. Those supplying equipment to a new nuclear power 
programme will expect progress on a schedule that will ensure that their products 
are used safely, securely and sustainably.

This publication is intended to provide guidance for the benefit of those 
starting such programmes, based on relevant international legal instruments, 
IAEA safety standards and guidance publications and documents, as well 
as the experience and good practices of countries that have nuclear power plants 
in operation. Experience has shown that early attention to the 19 infrastructure 
issues presented here will facilitate a successful nuclear power programme. 
Insufficient attention to any of them may compromise safety or lead 
to costly delays or even project failure. This publication assumes that a country 
contemplating the introduction of nuclear power has a stable political, economic 
and social environment.

Timescales for nuclear power are long. Each nuclear power plant involves 
a commitment in the order of 100 years, through construction, operation, 
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decommissioning and waste disposal. Experience suggests that the time from the 
initial consideration of the nuclear power option by a country to the operation 
of its first nuclear power plant is about 10–15 years. This may vary depending 
on the resources devoted to the programme. Depending on the circumstances 
in the country and the resources available, implementation could take longer.

The use of nuclear material requires constant strict attention to nuclear 
safety, nuclear security and safeguards. This is a responsibility not only to a 
country’s own citizens but also to the international community. It is embodied 
in both national and international legal instruments.

Regarding nuclear safety, the fundamental safety objective is to protect 
people and the environment from the harmful effects of ionizing radiation. 
A comprehensive safety framework needs to be developed that permeates all 
19 infrastructure issues described in this publication. The IAEA safety standards 
provide a system of Safety Fundamentals, Safety Requirements and Safety Guides 
for ensuring safety, reflecting an international consensus on what constitutes 
a high level of safety. Safety Standards Series publications also include a roadmap 
for safety infrastructure development for their use by countries contemplating 
the introduction of nuclear power. It will be incumbent on the government, the 
owner/operator1 and the regulatory body to develop awareness of safety issues 
and maintain a safety culture throughout the entire programme.

Regarding nuclear security, the fundamental security objective is to protect 
persons, property, society and the environment from the harmful effects of a 
nuclear security event. As with safety, a comprehensive nuclear security regime 
needs to be developed and sustained to prevent, detect and respond to nuclear 
security events.

Regarding safeguards, a country must ensure that there is no risk 
of proliferation of nuclear weapons and that all nuclear material is adequately 
accounted for and protected. This also requires the development of the 
appropriate culture, systems and practices to ensure that all staff are aware of their 
responsibilities and the importance of their actions.

1.2. OBJECTIVE

This publication defines milestones in the development of the infrastructure 
necessary for introducing nuclear power, and provides guidance on the activities 

1 The owner and the operator may be two separate entities. This is discussed further 
in Section 3.3, on management. This publication will distinguish between the owner and 
operator when it is important to do so and will use the combined term ‘owner/operator’ when 
the distinction is less important.
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that need to be carried out before each milestone. A country can use it to 
ensure that:

(1) It has recognized the commitments and obligations associated with the 
introduction of nuclear power.

(2) It has adequately prepared the entire national infrastructure for building 
a nuclear power plant.

(3) It has developed all the capabilities needed to regulate and operate 
a nuclear power plant safely, securely and cost sustainably and to manage 
the resulting radioactive waste.

1.3. SCOPE

This publication covers both the ‘hard’ infrastructure (i.e. electrical grid and 
sites, etc.) and ‘soft’ infrastructure (i.e. nuclear law, regulations, training, etc.) 
needed for a nuclear power programme. 

Infrastructure needs are discussed from the time a country first considers 
the nuclear power option, through decision making, planning, procurement, 
construction and preparations for commissioning. Subsequent steps — operation, 
decommissioning, spent fuel and radioactive waste management — are addressed 
only to the degree necessary for planning purposes prior to commissioning. 
They are included because all stages, including operation and decommissioning, 
as well as spent fuel and radioactive waste management, should be considered 
when the decision is made to proceed with nuclear power and because planning 
for these stages should be in progress by the time specifications for the plant 
are set. By the time the country is ready to commission a nuclear power plant, 
it should be ready to manage the longer term commitments associated with 
operation, spent fuel and radioactive waste management, and decommissioning.

1.4. USERS

This publication is principally for decision makers, advisers and senior 
managers in government, industry and regulatory bodies in a country interested 
in introducing nuclear power.

It may also help international organizations to assess a country’s progress 
in developing the infrastructure necessary for nuclear power and to provide 
timely and meaningful assistance.

Other organizations, such as suppliers, nuclear energy agencies and 
operator organizations, may use this publication to increase confidence that 
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a country has the infrastructure necessary for nuclear power or to identify areas 
for potential assistance.

Countries interested in expanding existing nuclear power programmes may 
also find the publication helpful, particularly if it has been a long time since they 
last built a nuclear power plant.

1.5. STRUCTURE

This publication has two sections in addition to this introduction. 
Section 2 presents the three major infrastructure milestones in the development 
of a nuclear power programme. Section 3 presents 19 infrastructure issues and, for 
each issue, the main activities to be carried out in order to reach each milestone.

1.6. USING THIS PUBLICATION

This publication is intended to help a country to plan the steps necessary 
to develop a national infrastructure for nuclear power and to assess its progress 
towards that goal. It is not a comprehensive guide on how to create the entire 
infrastructure needed for a nuclear power programme, but rather presents the 
elements of infrastructure that should exist at significant points in the development 
process. More detailed information and guidance on each of the 19 infrastructure 
issues is available in the IAEA publications listed in the regularly updated 
bibliography at:

http://www.iaea.org/NuclearPower/Infrastructure/Bibliography/index.html

2. THE PROGRAMME TO DEVELOP INFRASTRUCTURE

2.1. INFRASTRUCTURE MILESTONES

The activities needed to prepare the infrastructure for nuclear power can 
be split into three phases, with the duration of each dependent on the degree 
of commitment and resources applied in the country. The term ‘infrastructure 
milestone’ is used to identify the point at which the activities required in that 
phase of development have been successfully completed. Each ‘infrastructure 
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milestone’ therefore corresponds to the completion of a set of activities, with 
no implications about the speed with which it is reached.

The three phases in developing the infrastructure necessary to support 
a nuclear power programme are:

 — Phase 1: Considerations before a decision to launch a nuclear power 
programme is taken;

 — Phase 2: Preparatory work for the contracting and construction of a nuclear 
power plant after a policy decision has been taken;

 — Phase 3: Activities to implement the first nuclear power plant.

The completion of each phase is marked by a specific milestone at which 
the progress of the development effort can be assessed and a decision can be made 
to move on to the next phase. These milestones are:

 — Milestone 1: Ready to make a knowledgeable commitment to a nuclear 
power programme;

 — Milestone 2: Ready to invite bids/negotiate a contract for the first nuclear 
power plant;

 — Milestone 3: Ready to commission and operate the first nuclear power plant.

Figure 1 is a schematic representation of the phases and milestones.

NUCLEAR POWER INFRASTRUCTURE DEVELOPMENT

FIRST NUCLEAR POWER PLANT PROJECT

AT LEAST 10–15 YEARS

Nuclear power 
option included 

in national 
energy strategy 

Pre-project 
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Final investment 
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Contracting
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Commissioning

 Operation
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FIG. 1.  Development of the infrastructure for a national nuclear power programme.
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The three phases and three milestones refer to developing the national 
infrastructure to support a nuclear power programme. The programme includes 
one or more nuclear power plants, possible related projects, such as uranium 
exploration and fuel fabrication, and the supporting infrastructure. As the 
programme develops, many specific activities will be undertaken to implement 
the first nuclear power plant project, and it is important that the distinction 
be clear. Projects are temporary undertakings to develop and construct nuclear 
power plants. The infrastructure provides the processes and capabilities to enable 
the project activities and the subsequent operation of the nuclear power plant 
to be implemented safely, securely and sustainably.

In the development of the nuclear infrastructure, three key organizations are 
involved: the government, the owner/operator of the nuclear power plant and the 
regulatory body2. Each has a specific role to play, with responsibilities changing 
as the programme advances. The owner/operator may be State owned or private, 
be part of a domestic or international utility or be another commercial entity. The 
development of the regulatory body should ensure growing independence so that 
in Phase 2 it is effectively independent in its regulatory decision making. It will 
not be entirely separate from other governmental bodies, but must have sufficient 
authority, staffing and financial resources to be able to make independent 
regulatory decisions, free from any undue influences, such as pressures associated 
with changing political circumstances or economic conditions, or pressures from 
government departments or other organizations.

In this publication, it is assumed that the government will create 
a mechanism (which may involve high level and working level committees) 
to coordinate the work of these and other organizations involved in infrastructure 
development. In this publication, this mechanism is called the nuclear energy 
programme implementing organization (NEPIO). It should be noted that this 
designation is used here for illustrative purposes only. The country may organize 
the activity in a manner most appropriate to its own customs and needs. 

Table 1 shows the 19 infrastructure issues that need to be considered for 
each milestone. The order does not indicate relative importance. Each issue 
is important and requires careful consideration. Different organizations will 
need to consider which issues relate most to them and to plan their work and 
resources accordingly. The three key organizations — that is, the government, the 
owner/operator and the regulatory body — need to ensure awareness of all issues.

2 There may be more than one regulatory body. For example, there may be one for 
nuclear safety and another for nuclear security. Thus, statements in this publication about ‘the 
regulatory body’ should generally be read as ‘the regulatory body or bodies’.
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TABLE 1.  INFRASTRUCTURE ISSUES

The 19 infrastructure issues

National position
Nuclear safety
Management
Funding and financing
Legal framework
Safeguards
Regulatory framework
Radiation protection
Electrical grid
Human resource development

Stakeholder involvement
Site and supporting facilities
Environmental protection
Emergency planning
Nuclear security
Nuclear fuel cycle
Radioactive waste management
Industrial involvement
Procurement

2.2. MILESTONE 1: READY TO MAKE A KNOWLEDGEABLE 
COMMITMENT TO A NUCLEAR POWER PROGRAMME

At the beginning of Phase 1, it is assumed that a country has determined 
that it needs additional energy and has considered nuclear power as a possible 
option to meet some of these needs. During Phase 1, the country will analyse 
all issues that would be involved in introducing nuclear power, so at the end 
of Phase 1, it is in a position to make a knowledgeable decision on whether or not 
to introduce nuclear power.

In Phase 1, it is essential that the country acquire a comprehensive 
understanding of the obligations and commitments involved, and what would 
be required to fulfil them, before any decision on implementation be taken. It is 
important that the country have a clear understanding of its energy needs and 
the potential role of nuclear power within its long term energy and economic 
development plans. 

A country considering nuclear power would probably already have 
infrastructure for nuclear security, radiation safety and emergency preparedness 
covering its current facilities and activities. Building on the existing infrastructure 
and associated experience should greatly assist the country in establishing the 
necessary infrastructure for a nuclear power programme.

In Phase 1, the NEPIO should ensure overall coordination, ensure the 
engagement of all important parties, compile the information and studies 
necessary for a knowledgeable policy decision on whether to proceed with 
nuclear power and, at the end of Phase 1, provide a comprehensive report that, 
should it recommend a positive national decision, defines and justifies a national 
strategy for nuclear power. Any pre-feasibility study done during Phase 1 can 
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be a significant input to the comprehensive report, although it is important that 
the report fully address all 19 infrastructure issues described in Section 3.

2.3. MILESTONE 2: READY TO INVITE BIDS/NEGOTIATE 
A CONTRACT FOR THE FIRST NUCLEAR POWER PLANT

Following the policy decision to proceed with the development of a 
nuclear power programme, substantive work for achieving the necessary level 
of technical and institutional competence should be undertaken. This phase 
requires a significant, continuing commitment from the government, and 
the responsibility should be clearly assigned to an appropriate governmental 
ministry. It is also important that the work of all organizations continue to be well 
coordinated and driven through the NEPIO. The key NEPIO functions include: 

 — Maintaining momentum and providing a continuing forum for 
communication and cooperation among the organizations described 
throughout Section 3 (e.g. the owner/operator, the grid operator, the 
regulatory body, relevant government agencies, legislators and other 
decision makers);

 — Ensuring that the roles of the key organizations (i.e. the government, the 
regulatory body and the owner/operator) are well defined and understood 
by all stakeholders;

 — Ensuring that the key organizations develop in line with the project schedule;
 — Ensuring that the rationale for the national decision to introduce nuclear 
power is well understood by all stakeholders;

 — Ensuring that the contracting approach and technical specifications remain 
consistent with the country’s nuclear power development strategy.

During Phase 2, the country will carry out the work required to prepare for 
the contracting, financing and construction of a nuclear power plant. It should 
develop the necessary infrastructure (covering all 19 infrastructure issues) 
to the point of complete readiness to invite bids/negotiate a commercial contract 
between the owner3 and the supplier. An effectively independent regulatory body 
should be developed to a level at which it can fulfil all of its authorization and 
inspection duties.

3 The reference here to just the owner, rather than the owner/operator, reflects the 
possibility that a country may prefer that a sole supplier or strategic partner offer operating 
services as part of its proposals. In those cases, the ‘operator’ would only be established with 
the conclusion of the contract negotiations at the beginning of Phase 3.
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The owner/operator has a key role at this time to ensure that by the end 
of Phase 2, it has developed the competence to manage a nuclear power project, 
meet regulatory requirements and be a knowledgeable customer in Phase 3. The 
owner/operator should also have, by the end of Phase 2, clear plans to develop 
or acquire during Phase 3 the capability to safely operate the plant.

2.4. MILESTONE 3: READY TO COMMISSION AND OPERATE 
THE FIRST NUCLEAR POWER PLANT

For countries using competitive bidding, Phase 3 starts with the bidding 
and subsequent negotiation of the contract for the design, construction and 
commissioning of the nuclear power plant. For other countries, Phase 3 starts 
directly with the negotiation of the contract. Much of the work on infrastructure 
development will be well advanced by the beginning of Phase 3, but the greatest 
capital expenditure for the nuclear power plant will occur during Phase 3. 
Depending on the specific agreements between the owner/operator and the 
contractor(s), the contract may involve different phases of work (e.g. detailed 
design and construction) with different price agreements (e.g. fixed price or cost 
plus). After agreement on the contract, the final investment decision by investors 
may wait for final project cost and schedule agreements and other financial 
arrangements. Whatever the detailed contract arrangements are, the final 
investment decision is a pivotal step.

The initial work will be to develop the site specific design, produce the 
preliminary safety analysis report and achieve all the required licensing and 
planning approvals. At this stage, the project costs and schedule can be finalized. 
Subsequent work will then include all procurement and construction activities, 
under appropriate management arrangements, and will involve regulatory 
oversight and approvals throughout the phase.

Milestone 3 is reached when the entire infrastructure is in place to start the 
stages of nuclear power plant commissioning that involve nuclear testing. Some 
verification and non-nuclear testing of equipment and systems will start during 
Phase 3.

By successfully completing Phase 3, the country will have established 
a nuclear power programme to realize the benefits of energy security and economic 
development envisioned in the initial policy decision. At the end of Phase 3, the 
owner/operator must be fully capable of, and licensed for, commissioning and 
operating the nuclear power plant. If the owner/operator has been newly created, 
or is new to nuclear power, this will have required significant development and 
training for all staff and a demonstration that the owner/operator can manage the 
project throughout the lifetime of the nuclear power plant.
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The regulatory body will have been in operation for some time, having 
developed safety regulations, reviewed contract specifications, licensed 
construction of the plant and carried out inspections during construction. 
It should now be clearly seen as a competent, effectively independent regulatory 
body to provide continuing oversight of all facilities and activities, and to enforce 
continuing compliance with all regulatory requirements.

The competence of both the owner/operator and the regulatory body 
may well be ensured through expertise and support from experienced foreign 
organizations, including the nuclear power plant supplier. Consideration should 
be given to the need to ensure competence throughout the lifetime of the nuclear 
power plant.

While achieving Milestone 3 is a major accomplishment, it should 
be remembered that it is only the beginning of a lasting commitment to the safe, 
secure, peaceful and sustainable application of nuclear power.

3. DESCRIPTION OF INFRASTRUCTURE ISSUES

Each of the 19 infrastructure issues presented in this section requires 
specific actions during each of the three phases. Completion of the actions 
for a phase represents attainment of the associated milestone. Those actions 
are described here at a relatively high level. More details are available in the 
IAEA publications listed in the bibliography at:

http://www.iaea.org/NuclearPower/Infrastructure/Bibliography/index.html

Again, the order in which the 19 infrastructure issues are presented does not 
imply relative importance. All are important and require appropriate attention.

3.1. NATIONAL POSITION

The government should adopt a clear statement, which reflects broad 
political support, of its intent to develop a nuclear power programme, and it should 
communicate that intent locally, nationally, regionally and internationally. 
The rationale and strategy for pursuing such a programme should be based 
on a national energy policy supporting the desired economic development goals 
of the country and should identify the contribution that nuclear power will make 
to that policy. While nuclear energy is most often used to generate electricity, 
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if there is an intention to develop nuclear powered desalination or process heat 
production, this should also be addressed in the statement.

Strong government support at every stage is vital to the success of a nuclear 
power programme, and the intention to develop such a programme should 
be announced at the most senior level of government. Government leadership 
and funding is necessary for initial programme development, and continued 
government support will be required throughout the lifetime of the nuclear 
power programme. The government will also have to consider underwriting 
certain financial risks associated with the programme through, for example, loan 
guarantees or a power purchase agreement. Careful consideration should be given 
to the means of maintaining the long term political, economic and social stability 
that will be required for a successful programme.

3.1.1. National position: Milestone 1 — Ready to make a knowledgeable 
commitment to a nuclear power programme

The introduction of nuclear power requires long term commitments, 
both nationally and internationally. A time frame in the order of 100 years 
should be considered for a nuclear power plant, with waste disposal obligations 
extending significantly longer. The initial implementation period will be at least 
10–15 years. It is of the utmost importance to fully understand these long term 
programmatic commitments before even considering a specific nuclear power 
plant project.

A full understanding of the commitments can best be achieved by forming 
a NEPIO. Its principal purpose in Phase 1 is to compile the information and 
to complete the studies necessary for a knowledgeable policy decision on whether 
or not to proceed at this time with the development of a nuclear power programme. 
It should have clear terms of reference to that effect. Its role should be recognized 
by all relevant government ministries and organizations. It should report to a 
senior minister or directly to the head of government, and be given the necessary 
resources and staff to perform its functions and tasks. It may make considerable 
use of consulting expertise, but it is critical for the leadership to remain with the 
NEPIO. The NEPIO should ensure engagement, communication and cooperation 
of all important parties, including the country’s major utilities, the regulatory 
body for security and radiation safety, other relevant government agencies, 
legislative representatives and other decision makers. Key staff from a number 
of these organizations should be part of the NEPIO itself. It should establish 
a policy and guidance to inform interested parties of nuclear power benefits, 
costs and risks in order to facilitate their involvement in the decision making.

At the end of Phase 1, the NEPIO should produce a comprehensive 
report that, should it recommend a positive national decision, defines and 
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justifies a national strategy for nuclear power. Any pre-feasibility study 
done during Phase 1 can be a significant input to the comprehensive report, 
although it is important that the report fully address all 19 infrastructure issues. 
It should address:

 — An analysis of energy demand and energy alternatives;
 — An evaluation of the impacts of nuclear power on the national economy, for 
example gross domestic product and employment;

 — A preliminary technology assessment to identify technologies that are 
consistent with national requirements;

 — Consideration of siting possibilities and grid capacity;
 — Consideration of financing options, ownership options and operator 
responsibilities;

 — Consideration of long term costs and obligations relating to spent fuel, 
radioactive waste and decommissioning;

 — Consideration of possible human resource needs and external support needs 
of the regulatory body and owner/operator;

 — Recognition that there remains a non-zero possibility of a severe accident, 
and the country will need to be able to deal with the consequences of such 
an accident;

 — Consideration of the needs of each of the infrastructure issues and a plan 
for how they will be met in Phase 2.

The report should also address:

 — The necessity of ensuring the safety, security and peaceful use of radioactive 
material and nuclear facilities;

 — Joining the appropriate international legal instruments;
 — Developing a comprehensive legal framework;
 — Having an effectively independent regulatory body;
 — Planning for emergencies;
 — Developing project management capabilities and human resources;
 — Ensuring long term financial resources;
 — Funding decommissioning and radioactive waste management;
 — Ensuring domestic and international confidence by maintaining open, 
transparent and timely communication.
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3.1.2. National position: Milestone 2 — Ready to invite bids/negotiate a 
contract for the first nuclear power plant

Phase 2 starts with a policy decision to proceed with the development of a 
nuclear power programme. The government should formally approve a specific 
proposed nuclear power programme, based on the Phase 1 comprehensive 
report, and it should decide on the strategy for developing contract arrangements 
for the nuclear power plant (e.g. competitive bidding, strategic partnerships, 
‘build-own-operate’ or another alternative).

During Phase 2, the NEPIO then ensures that the approved programme 
policies and strategies are translated into firm action plans for each of the 
19 infrastructure issues and that corresponding responsibilities are assigned to the 
organizations that will become permanent parts of the overall infrastructure. The 
remaining subsections of Section 3 give more specifics for each of the issues. 

As noted earlier, what is important is that the NEPIO’s coordination 
functions are carried out and that responsibilities are clear. It is recognized that 
this can be accomplished through various organizational arrangements.

In Phase 2, one key step is the development of an effectively independent 
regulatory body with all the required expertise, resources and responsibility for all 
regulatory matters necessary for a nuclear power programme. This is addressed 
further in Section 3.7.2. A second key step is the designation of an owner4 that 
will negotiate the specific contract with the supplier of the nuclear power plant 
at the beginning of Phase 3. This is addressed further in Sections 3.3.2. 

3.1.3. National position: Milestone 3 — Ready to commission and  
operate the first nuclear power plant

To be ready to commission and operate a nuclear power plant, the country 
should have established by the end of Phase 3 the infrastructure to regulate and 
safely operate the plant in compliance with national laws, national regulations 
and international commitments. It should have developed a competent regulatory 
body and a competent owner/operator for commissioning and operating the 
nuclear power plant. It should also have assigned to a specific agency continuing 
responsibility for the government’s role in the nuclear power programme. 

4 The reference here to just the owner, rather than the owner/operator, reflects the 
possibility that a country may prefer that a sole supplier or strategic partner offer operating 
services as part of its proposals. In those cases, the ‘operator’ would only be established with 
the conclusion of the contract negotiations at the beginning of Phase 3.
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Over the course of Phase 3, the NEPIO — with representation from the 
owner/operator, the regulatory body and the specific agency now responsible 
for the government’s role in the nuclear power programme — should ensure the 
overall development of the infrastructure to meet the national strategy. Areas 
requiring particular coordination across organizations include:

 — Ensuring that the relevant legislation is maintained and amended, 
as appropriate;

 — Ensuring that the owner/operator and the regulatory body are fully 
funded, staffed with competent personnel and provided with the necessary 
resources, and have assumed their responsibilities with full authority;

 — Ensuring all organizations give appropriate attention to safety, security 
and safeguards;

 — Ensuring funding and implementation of grid developments;
 — Ensuring that emergency response plans are established and demonstrated;
 — Ensuring that stakeholder involvement remains a priority;
 — Ensuring that the financing is sufficient to sustain safe and secure operations, 
and that mechanisms are available for compensation for nuclear damage;

 — Ensuring that the human resource development programmes are sufficient 
to support continuing safe operation;

 — Ensuring that responsibilities have been assigned and an appropriate 
funding plan has been implemented for waste, long term spent fuel 
management and decommissioning;

 — Ensuring that mechanisms are in place for exchanging information with 
other nuclear power countries and providing mutual support.

3.2. NUCLEAR SAFETY

Nuclear safety requires commitments by all elements of the government, 
owner/operator, regulatory body, nuclear technology and equipment suppliers 
and other organizations to ensure safety in all aspects of the nuclear power 
programme. Most of the actions described in this publication have some impact 
upon safety.

Past experience has demonstrated that reliance on engineered safety 
systems is, by itself, insufficient to ensure nuclear safety. Nuclear safety also 
requires an infrastructure that ensures vigilance, fosters a safety culture and 
includes emergency preparedness and response.
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3.2.1. Nuclear safety: Milestone 1 — Ready to make a knowledgeable 
commitment to a nuclear power programme

An integral part of becoming ready to make a knowledgeable commitment 
to a nuclear power programme is the recognition of the importance of safety. 
Safety is a necessary component of all activities associated with the design, 
manufacture, construction, commissioning, operation and decommissioning of a 
nuclear power facility.

With respect to safety, the studies and report prepared in Phase 1 by the 
NEPIO should focus on the need to take into account:

 — The IAEA safety standards;
 — The prime responsibility of the licensee for safety5;
 — An effective legal and regulatory framework for safety, including 
an independent regulatory body;

 — The establishment of effective leadership and management for safety;
 — Decommissioning and long term management of spent fuel and 
radioactive waste;

 — Efforts to prevent and mitigate accidents;
 — Arrangements for emergency preparedness and response (see Section 3.14.1); 
 — Siting (see Section 3.12.1).

In addition to the importance of the legislative and regulatory frameworks 
for a successful nuclear programme, the NEPIO Phase 1 report should stress 
that it is essential that a safety culture be developed within all organizations 
involved in the nuclear programme. A safety culture requires that all individuals 
involved in the programme recognize that safety is intrinsic to every aspect 
of the programme, accept personal responsibility for safety and perform all their 
activities with that responsibility in mind.

Building a nuclear power plant implies a long term commitment 
to participate in the international framework on nuclear safety. The country should 
plan to become a party to international instruments on safety (see Section 3.5) 
and to share knowledge and experience through information networks and 
participation in regional and international organizations. Early membership as a 
Contracting Party to the Convention on Nuclear Safety, and the Joint Convention 
on the Safety of Spent Fuel Management and on the Safety of Radioactive Waste 
Management (Joint Convention) (see Section 3.5), and active participation in the 

5 The Convention on Nuclear Safety and the IAEA safety standards refer to the entity 
with the prime responsibility for safety as the licensee. A country’s legal and regulatory 
frameworks (see Sections 3.5 and 3.7) will define requirements for becoming a licensee.
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associated peer reviews will demonstrate commitment to the global nuclear 
safety framework.

3.2.2. Nuclear safety: Milestone 2 — Ready to invite bids/negotiate a 
contract for the first nuclear power plant

Following the policy decision to proceed with the development of a nuclear 
power programme, in Phase 2 all organizations contributing to the programme 
should develop a safety culture. This includes government representatives, 
suppliers, the owner/operator and the regulatory body. 

The country will likely have a policy and strategy for nuclear safety 
covering its current facilities and activities. The government should expand the 
policy and strategy to cover nuclear power.

Senior positions in the regulatory body should be filled early in Phase 2, 
and senior positions in the owner/operator should be filled as early as possible. 
Qualifications for the head of the regulatory body should be defined in the 
national laws or regulations. The regulatory body should specify requirements 
on how the competence for owner/operator staff in positions related to safety and 
security is ensured.

The regulatory body and the owner/operator should develop a detailed 
understanding of the IAEA safety standards. The intended strategy for developing 
safety regulations should be established early in Phase 2, as it may have an impact 
on the choice of technology. The use of proven licensed technology creates the 
possibility for the country’s regulatory body, in establishing its own regulations, 
to make use of the experience of regulatory bodies from countries that have used 
the technology.

A protocol for communications about licensing and safety issues between 
the regulatory body, the owner/operator and the suppliers should be developed 
and, as needed, implemented by the regulatory body and the owner/operator 
(see Section 3.7.2).

3.2.3. Nuclear safety: Milestone 3 — Ready to commission and operate 
the first nuclear power plant

A country’s first nuclear power plant may be supplied by a foreign supplier, 
and the supplier will likely propose a set of codes and standards. The regulatory 
body and owner/operator should assess the applicability of these codes and 
standards and their consistency with national safety requirements. 

The owner/operator as well as the regulatory body should continue 
to develop a safety culture in their organizations.
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Early in Phase 3, the owner/operator should, with the support of the supplier 
as appropriate, prepare all documentation required for obtaining the necessary 
licences in accordance with regulatory requirements. It should maintain good 
communication with the regulatory body. The documentation should include 
a safety analysis report, as defined by the national licensing process established 
by the regulatory body. It should include safety and security analyses of the 
plant’s design. 

The owner/operator should also establish mechanisms to maintain the 
knowledge of the safety design and its configuration management over the 
lifetime of the plant. In addition, it is suggested that the owner/operator maintain 
a long term relationship with the nuclear power plant supplier to support safe 
operation in both normal and emergency situations.

The regulatory body will be responsible for conducting a comprehensive 
review and independent verification of the owner/operator’s safety analysis 
report to verify compliance with regulatory requirements. Other responsibilities 
for the regulatory body in Phase 3 are summarized in Section 3.7.3.

3.3. MANAGEMENT

The roles and responsibilities of management will change as the process 
of developing a national nuclear power programme progresses from study 
to implementation to operation. Management of a nuclear power programme 
is demanding, and highly competent managers are vital to success at all stages. 
Effective management entails strong leadership, management systems, project 
management, strategy and planning, organization and competence development.

3.3.1. Management: Milestone 1 — Ready to make a knowledgeable 
commitment to a nuclear power programme

In Phase 1, management requirements for both the country’s nuclear power 
programme and the first nuclear power plant project within that programme will 
be one of the issues addressed in the comprehensive report prepared by the NEPIO. 
The NEPIO will need the expertise necessary to address all relevant issues. 
While gaps in the necessary expertise can be filled by consultants, leadership 
responsibility and accountability should remain with national institutions. 

The NEPIO Phase 1 report should emphasize the need for a commitment 
to leadership and management systems that will promote a safety and security 
culture. The national regulatory body for security and radiation safety will 
be represented in the NEPIO, and the NEPIO report should identify the future 
management developments required to regulate a nuclear power programme. This 
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is addressed further in Section 3.7.1. Similarly, the country’s major utilities will 
be represented in the NEPIO and can help to identify management developments 
required to plan, procure, construct and operate a nuclear power plant.

It is important that the knowledge gained on management issues during the 
Phase 1 comprehensive study be shared. Those in the NEPIO or engaged by the 
NEPIO in Phase 1 should ensure the transfer of this knowledge to the future 
regulatory body and future owner/operator.

3.3.2. Management: Milestone 2 — Ready to invite bids/negotiate a 
contract for the first nuclear power plant

In Phase 2, the owner/operator should be designated and should begin 
to implement the defined strategy for the first nuclear power plant and to prepare 
to negotiate a commercial contract. This publication uses the phrase ‘bid 
invitation specifications’, which is applicable to a country using a competitive 
bidding process. A country using an intergovernmental agreement, strategic 
partner or sole supplier, instead of a competitive process, should therefore 
interpret ‘bid invitation specifications’ as ‘specifications for negotiating with 
a sole supplier’.

During this phase, the owner/operator should:

 — Define an organizational structure and recruit appropriate staff;
 — Establish an integrated management system;
 — Develop, in conjunction with the NEPIO, a financing strategy, a contracting 
strategy, a fuel supply strategy and a spent fuel and radioactive waste 
management strategy (see Sections 3.4.2 and 3.16.2);

 — Begin staff training to create a safety and security culture;
 — Establish a nuclear security programme (see Section 3.15.2);
 — Assess alternative technologies to determine which are most appropriate 
or preferred;

 — Complete site selection, site assessment and environmental impact 
assessment studies (see Sections 3.12.2 and 3.13.2);

 — Implement a stakeholder involvement programme (see Section 3.11.2), 
especially with respect to candidate sites;

 — Establish bid invitation specifications and evaluation criteria;
 — Build project management capabilities and a competent procurement team, 
recognizing that different contracting approaches (turnkey, split package 
or others) will require different levels of competence;

 — Establish working relationships with the regulatory body;
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 — Train staff and establish a project management organization that will 
emphasize quality management and be able to ensure that all contract 
requirements are fully met;

 — Institute procedures to ensure that knowledge critical to safe and secure 
operation will always be preserved.

For many of these activities, the national strategy may have already defined 
the high level decisions, and the NEPIO will look to confirm that the detailed 
implementation is in accordance with the national strategy. The NEPIO should 
also ensure that the rationale for the national decision to introduce nuclear power 
is well understood by all stakeholders.

There are existing and proposed owner/operator arrangements where the 
owner and the operator are separate entities. Detailed arrangements in such cases 
will depend on the legal and regulatory regime, the allocation of liabilities and 
the need to demonstrably meet regulatory requirements for licensees. 

The government, during Phase 2, should ensure that relevant government 
agencies expand their capabilities to be ready to handle expanded demands, 
for example, for managing environmental protection, immigration, import and 
export controls, and emergency preparedness and response.

The regulatory body should establish an integrated management system 
and take the additional associated steps described in Section 3.7.2.

3.3.3. Management: Milestone 3 — Ready to commission and operate 
the first nuclear power plant

For a country using competitive bidding, the owner/owner designated 
during Phase 2 should begin Phase 3 by inviting bids, evaluating the bids 
received and selecting the winning bid(s) in accordance with the bid evaluation 
criteria. The subsequent activities listed below apply both to countries using 
competitive bidding and to countries using alternative approaches. Specifically, 
the owner/operator should:

 — Negotiate the contract(s) consistent with the contracting strategy developed 
in Phase 2;

 — Obtain financing consistent with the financing strategy and the contract;
 — Prepare a licence application in compliance with the regulatory requirements;
 — Initiate and manage the construction contract, including appropriate 
auditing to verify compliance;

 — Complete construction and apply for a licence/authorization to operate 
the plant;
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 — Develop the capability for safe and secure operation, including recruiting 
and training staff, obtaining licences and obtaining certifications as required 
for any needed external maintenance and support organizations; 

 — Establish working relationships with international and professional 
organizations related to nuclear power, for example the World Association 
of Nuclear Operators;

 — Develop procedures for event reporting;
 — Contract for a continuing fuel supply;
 — Establish mechanisms for turnover responsibility from the main supplier 
to the owner/operator;

 — Maintain public support for the operation of the plant.

By the end of Phase 3, the owner/operator must be capable of assuming 
full responsibility for safe, secure operation in accordance with national laws and 
regulations which take into account internationally accepted norms and standards.

Steps to be taken by the regulatory body in Phase 3 are addressed 
in Section 3.7.3.

There are a number of government responsibilities in Phase 3 — for 
example handling finance and tax issues, providing environmental oversight, 
and managing trade and immigration — which will be distributed to appropriate 
government ministries.

It is important that the NEPIO continue: 

 — To maintain momentum and to provide a continuing forum for 
communication and cooperation among the important organizations;

 — To ensure that the roles of the key organizations (i.e. the government, 
regulatory body and owner/operator) are well defined and understood 
by all stakeholders;

 — To ensure that the key organizations develop in line with the project 
schedule;

 — To ensure that the rationale for the national decision to introduce nuclear 
power is also well understood by all stakeholders;

 — To ensure that decisions made throughout Phase 3 remain consistent with 
the country’s economic development strategy and the joint interests of the 
important parties.

3.4. FUNDING AND FINANCING

The funding and financing requirements for a nuclear power programme 
overall, and a nuclear power plant specifically, are very large. In this publication, 
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‘funding’ refers to items that are the responsibility of the government (e.g. ensuring 
resources for regulation). ‘Financing’ refers to items that are the responsibility 
of the owner/operator (whether government owned or a private utility), whose 
costs will be recovered by selling electricity (e.g. the costs of construction, fuel 
and equipment replacements).6

Initial funding for infrastructure development will likely come from 
government sources. Specific items that will require government funding 
are listed in Section 3.4.1, such as the development of human resources and 
the establishment of the legal framework, regulatory body and safeguards 
arrangements. A demonstrated, continuing government commitment to funding 
all the areas outlined in this subsection will be important in developing the 
confidence of the financial community to invest in the plant.

Financing for the first nuclear power plant can be pursued in a number 
of ways, and a typical financing structure for a project will include both debt and 
equity finance from several sources. One potential source is the host government 
itself. However, the viability and extent of such financing will depend on the 
country’s overall economic situation, and for some countries the potential for 
such financing may be severely limited. 

Export financing is typically a significant source of debt financing for 
a nuclear power plant. However, export financing will still cover only part of the 
overall investment, even though that part may be substantial. 

Local or foreign commercial debt financing may also be needed, possibly 
encouraged by specific government guarantees. Such guarantees may be direct 
(e.g. a guarantee to lenders that their loans will be repaid) or indirect (e.g. power 
purchase agreements or electricity market regulation to guarantee sufficient 
revenue from electricity sales). Perceived creditworthiness will be very important 
if the government’s direct or indirect guarantee is to benefit the project. The 
country’s economic policy, debt management and legal risk sharing mechanisms 
are all important to creditworthiness.

A country may seek to reduce the extent to which it must provide financing 
by engaging local or foreign equity partners who invest directly in the project 
in exchange for a share in the owner/operator profits or electricity supplied at an 
agreed price. A foreign equity partner may also supply expertise to the jointly 
owned owner/operator (e.g. in design, manufacturing, construction or operation); 

6 Funding and financing sometimes intertwine. For example, if the regulatory body is 
to be funded partly by fees from the owner/operator, the owner/operator will need to finance 
these fees through electricity sales. Similarly, the costs of long term storage and disposal of 
radioactive waste, or of decommissioning, may be covered by building up funds that would be 
financed by small percentages of the revenues from electricity sales, rather than funded from 
the government’s general revenues.
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such a partner is often referred to as a strategic partner. An arrangement in which 
the country seeks a foreign company or consortium to build, own and operate the 
plant is one particular type of partnership arrangement. 

With any partnership, the country would still have significant funding 
responsibilities (e.g. for its regulatory body and emergency preparedness), and 
it might be required to cover some financial risk through, for example, a power 
purchase agreement or loan guarantees. Strategic partnerships arrangement 
would be more likely to involve direct negotiations with selected suppliers than 
the solicitation of competitive bids and could require agreements between the 
partners’ respective governments. 

3.4.1. Funding and financing: Milestone 1 — Ready to make a 
knowledgeable commitment to a nuclear power programme

The comprehensive study conducted by the NEPIO in Phase 1 should 
review all relevant funding requirements and financing options.

Regarding funding, the study should recommend how the following 
activities will be funded:

 — Establishment of the legal framework;
 — The regulatory body for safety, security and safeguards;
 — The government’s stakeholder involvement programme;
 — Siting and environmental protection activities that are the responsibility 
of the government (see Sections 3.12 and 3.13);

 — Emergency preparedness and response;
 — Education, training and research;
 — Any required improvements to the electrical grid if such improvements are 
the government’s responsibility;

 — Any proposed incentives and direct government support to promote 
localization;

 — Storage and disposal of radioactive waste, including spent fuel;
 — Decommissioning.

Regarding financing, the NEPIO’s recommendation should identify 
potential options together with financial and risk management strategies that 
together (a) create sufficient confidence for lenders and investors to support 
a nuclear power plant project and (b) ensure the long term viability of the 
owner/operator to fulfil all its responsibilities. Even if the recommendation does 
not include the government as a direct sponsor of the project, it should address 
the government’s role in reducing financial risks.
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3.4.2. Funding and financing: Milestone 2 — Ready to invite 
bids/negotiate a contract for the first nuclear power plant

During Phase 2, longer term funding plans for the items listed 
in Section 3.4.1 should be developed by the government and any agencies that 
have been given responsibility for items on the list, with appropriate coordination 
by the NEPIO. Funding plans for education, training, research, regulation, spent 
fuel, emergency preparedness and response, waste and decommissioning may 
involve important contributions from the owner/operator, which should therefore 
be directly involved in preparing such funding plans during Phase 2.

Regarding financing, the complexity of obtaining financing for a first nuclear 
power plant will require significant expertise. During Phase 2, the financing plan 
for the nuclear power plant project should be established together with a strategy 
for managing associated financial risks. The principal responsibility for this 
should likely lie with the owner/operator, but the government also has a key role 
to play. This is likely to be an iterative process as organizations (owner/operator, 
government and potential investors) seek to develop a viable financing strategy. 

Controlling the cost of financing will require attention to many issues. 
Financing sources seek a return on their loans or investments and confidence 
in their capital recovery over a reasonable period. This is true for both public 
and private financing, but public financing may have a higher risk tolerance than 
private financing. However, common to both approaches is the control of risk.

Nuclear power carries some unique and significant financial risks. There 
is a risk of a nuclear accident or a nuclear security event that causes substantial 
damage liability and the loss or permanent shutdown of the facility. There are 
risks of significantly increased costs and uncertainty because of construction 
delays, regulatory delays, operational difficulties and delays from public 
intervention. Possible changes in the electricity price — if it is not guaranteed 
in a power purchase agreement or by market regulation — during the long period 
required to recover investment costs could result in low, or negative, returns 
on the original investment.

A successful financial plan should consider the country’s susceptibility 
to these risks, allocate the management of each risk to the most appropriate 
organization, consider how to minimize them and, should delays arise 
nonetheless, determine how any cost overruns will be financed. Factors that are 
important to financial institutions include the political and economic stability 
of the country, the degree of stakeholder involvement, prospects for continued 
economic development, the protection of foreign investment, the promulgation 
of legislation conducive to nuclear power, the existence of a competent 
operator and regulatory body, and the capability to manage large capital 
construction projects. Particularly important considerations for the government 
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in making the country’s financial environment attractive to potential lenders and 
investors include:

 — A strong policy in support of nuclear power;
 — Established creditworthiness;
 — Good stakeholder involvement to foster sufficient public support;
 — A complete legal and regulatory framework to support both the safe, secure 
and peaceful use of nuclear power and the financial guarantees necessary 
for the chosen financial approach;

 — A competent, effectively independent regulatory body with secure 
continuing funding;

 — Effective nuclear security and safeguards programmes with secure 
continuing funding;

 — A commitment to developing national expertise and human resources 
to support a long term commitment;

 — Plans in place to fully cover the costs of decommissioning, and the costs 
of long term management and disposal of spent fuel and radioactive waste;

 — A structure for electricity tariffs that is sufficient to ensure a return 
on capital investment.

3.4.3. Funding and financing: Milestone 3 — Ready to commission and 
operate the first nuclear power plant

Regarding funding, it is important that mechanisms be implemented 
to provide funding for decommissioning, long term spent fuel and radioactive 
waste management, including disposal. Reliable funding must be ensured for the 
regulatory body and the government’s responsibilities with respect to stakeholder 
involvement, safeguards, environmental protection, human resources 
development, improvements to the electrical grid and incentives for localization. 
It is also important that the operator have insurance to cover a nuclear accident 
in place before the nuclear fuel is transported to the reactor.

Regarding financing, most important in this phase will be the agreement 
about the financing arrangements based on the contract and financing negotiations. 
It will also be important that there be a high level of confidence that electricity 
tariffs will be sufficient to ensure both a return on capital investment and the 
safe operation of the plant. If support for financing was part of the competitive 
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bidding process, the evaluation of proposed financing arrangements will be a key 
aspect of the owner’s7 evaluation of bids at the beginning of Phase 3.

3.5. LEGAL FRAMEWORK

The legal framework for nuclear power should establish the responsibilities 
of all organizations necessary for a successful nuclear power programme.

National legislation should comprehensively cover all aspects of nuclear 
law (i.e. nuclear safety, nuclear security, safeguards and civil liability for 
nuclear damage). It should implement international legal instruments to which 
the country is a party or intends to become a party. Box 1 lists the international 
instruments adopted under IAEA auspices that are relevant to the establishment 
of a nuclear power programme. 

Experience has proven that safety and credibility are best served 
by institutionally separating the enabling and regulatory aspects of nuclear power. 
Legislation should therefore separate the functions of the nuclear regulatory body 
from those of any other body or organization promoting or using nuclear power.

As noted in Section 2.2, any country considering nuclear power would 
probably already have an infrastructure for radiation safety that covers 
the country’s existing facilities and activities, including radioactive waste 
management and transport. In overseeing the development of the legal 
framework for a nuclear power programme, the government should make use 
of the experience and knowledge gained in developing and implementing the 
existing infrastructure.

Nuclear law is a specialized field. Professional input from experts 
is essential to correctly formulate appropriate legislation. The legislation should 
be consistent with national legal practices, institutions, economic circumstances, 
the level of technological development and cultural values.

7  The reference here to just the owner, rather than the owner/operator, reflects the 
possibility that a country may prefer that a sole supplier or strategic partner offer operating 
services as part of its proposals. In those cases, the ‘operator’ would only be established with 
the conclusion of the contract negotiations at the beginning of Phase 3.
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BOX 1:  RELEVANT INTERNATIONAL LEGAL INSTRUMENTS ADOPTED 
UNDER IAEA AUSPICES

Convention on Early Notification of a Nuclear Accident (INFCIRC/335)

Convention on Assistance in the Case of a Nuclear Accident or Radiological 
Emergency (INFCIRC/336)

Convention on Nuclear Safety (INFCIRC/449)

Joint Convention on the Safety of Spent Fuel Management and on the Safety 
of Radioactive Waste Management (INFCIRC/546)

Convention on the Physical Protection of Nuclear Material (INFCIRC/274) and 
Amendment thereto (GOV/INF/2005/10-GC(49)/INF/6)

Vienna Convention on Civil Liability for Nuclear Damage (INFCIRC/500)

Protocol to Amend the Vienna Convention on Civil Liability for Nuclear Damage 
(INFCIRC/566)

Convention on Supplementary Compensation for Nuclear Damage (INFCIRC/567)

Joint Protocol Relating to the Application of the Vienna Convention and the Paris 
Convention (INFCIRC/402)a

Comprehensive safeguards agreement — based on The Structure and Content 
of Agreements Between the Agency and States Required in Connection with the 
Treaty on the Non-Proliferation of Nuclear Weapons (INFCIRC/153 (Corrected))

Additional protocol — following the provisions of Model Protocol Additional 
to the Agreement(s) Between States(s) and the International Atomic Energy 
Agency for the Application of Safeguards (INFCIRC/540 (Corrected))

Revised Supplementary Agreement Concerning the Provision of Technical 
Assistance by the IAEA

a The Convention on Third Party Liability in the Field of Nuclear Energy (Paris Convention) 
is another relevant legal instrument under the auspices of the Organisation for Economic 
Co-operation and Development.
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3.5.1. Legal framework: Milestone 1 — Ready to make a knowledgeable 
commitment to a nuclear power programme

A fundamental understanding of the requirements for a legal framework 
should be developed by the NEPIO and discussed with the appropriate 
government institutions. The knowledge and experience of the regulatory body 
for the control of radiation sources will be valuable, and the existing legal 
framework for radiation safety, security and emergency response should be taken 
into account. An understanding of the relevant international legal instruments and 
their implications for national legislation will be needed.

The NEPIO’s comprehensive Phase 1 report should include the need to put 
in place legislation to establish an independent nuclear regulatory body with 
adequate human and financial resources and a system of authorization, inspection 
and enforcement. The legislation should clearly delineate the responsibilities 
of all authorities involved in the nuclear power programme and cover all areas 
of nuclear law, for example radiation protection, the safety and security of nuclear 
facilities and radioactive material including physical protection, emergency 
preparedness and response, mining and milling, transport, radioactive waste 
and spent fuel management, decommissioning, nuclear liability and coverage, 
safeguards, and export and import controls.

The report should also identify all additional legislation that may affect 
the nuclear programme, including legislation which would need to be enacted 
or amended. This could include, for example, legislation on environmental 
protection, emergency preparedness and response, occupational health and safety, 
foreign investment, financial guarantees or other financial legislation.

3.5.2. Legal framework: Milestone 2 — Ready to invite bids/negotiate a 
contract for the first nuclear power plant

During Phase 2, as outlined in Section 3.5.1, the country should enact 
comprehensive national legislation covering all aspects of nuclear safety, 
nuclear security, safeguards and civil liability for nuclear damage. It should also 
put in place all legislation that may affect the nuclear power programme. The 
legislation should be in force prior to inviting bids for the first nuclear power 
plant. Failure to do so significantly increases the risk of subsequent costly delays. 
Because nuclear legislation is complex and specialized, the country should 
be sure to allow sufficient time and devote sufficient resources to completing 
it on schedule.

Also during Phase 2, the country should take the necessary steps to adhere 
to the international legal instruments in Box 1.
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3.5.3. Legal framework: Milestone 3 — Ready to commission and 
operate the first nuclear power plant

By the beginning of Phase 3, comprehensive nuclear legislation and all 
other legislation that may affect the nuclear power programme should be in force, 
together with mechanisms to ensure compliance. During Phase 3, all actions 
to implement the relevant international legal instruments should be completed. 
The legal framework should be maintained, reviewed and amended as necessary 
during the lifetime of the nuclear power programme.

3.6. SAFEGUARDS

There are a number of international treaties and agreements, such as the 
Treaty on the Non-Proliferation of Nuclear Weapons (NPT), in which parties 
undertake to accept safeguards. In the case of the NPT, the safeguards accepted 
by each party are set forth in an agreement concluded with the IAEA for 
verifying the fulfillment of the country’s obligations. The objective is to prevent 
the diversion of nuclear material from peaceful uses.

A country contemplating a nuclear power programme should have a clear 
commitment to its international non-proliferation obligations and safeguards 
agreement with the IAEA. It should have a clear understanding that with the 
introduction of nuclear power, there will be a substantial jump in the capabilities 
required to meet its safeguards obligations. The size of the jump will partly 
depend on the country’s technological and fuel cycle choices (e.g. plans for the 
number of reactors, options for the front and back ends of the fuel cycle, and 
whether refuelling is on-line or off-line).

3.6.1. Safeguards: Milestone 1 — Ready to make a knowledgeable 
commitment to a nuclear power programme

Non-nuclear-weapon States that are party to the NPT are required 
to have a comprehensive safeguards agreement (CSA) and associated Subsidiary 
Arrangements conforming to INFCIRC/153 (Corrected) in force with the 
IAEA. Many countries with a CSA have also concluded an additional protocol 
on the basis of INFCIRC/540 (Corrected), providing for the implementation 
of the IAEA’s strengthened safeguards system. The country should be aware 
of the obligations of the Additional Protocol and, if it intends to ratify and has 
not already done so, a plan should be in place by the end of Phase 1 for timely 
ratification. The CSA and the Additional Protocol contain specific rights and 
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obligations undertaken by the country and the IAEA to provide for the effective 
implementation of safeguards.

Many countries that do not have any nuclear facilities have concluded small 
quantities protocols (SQPs), which have the effect of temporarily suspending 
many of the detailed provisions of the CSA. However, if the country currently 
has an SQP in force, by the end of Phase 1 it should have in place a plan for 
rescinding the protocol in a timely manner. 

In order to exercise the required State control and to facilitate cooperation 
with the IAEA in implementing the provisions of its CSA and Additional 
Protocol, the country should establish and maintain an effective State system 
of accounting for and control of nuclear material (SSAC). This is an obligation 
under the CSA, independent of the amount of nuclear material or the extent 
of nuclear applications in the country. Establishing an SSAC includes designating, 
as part of the country’s nuclear law, the responsible regulatory body. Making the 
regulatory body for safety and/or security also responsible for the SSAC offers 
potential synergies. 

The NEPIO’s comprehensive report at the end of Phase 1 should cover the 
country’s additional efforts that will be needed with the introduction of nuclear 
power to ensure the required:

 — Cooperation between the country, facility operator and the IAEA 
in safeguards implementation;

 — Completeness and correctness of the country’s declaration in order to ensure 
effective independent verification by the IAEA;

 — Preparations by entities likely to be involved in the programme to meet 
their reporting obligations to the designated regulatory body.

3.6.2. Safeguards: Milestone 2 — Ready to invite bids/negotiate a contract 
for the first nuclear power plant

In the preliminary stages of the development of a nuclear programme, the 
SSAC and its regulatory oversight might involve only one or two individuals, 
whose primary objective would be to provide information to the IAEA and 
to implement activities required by the applicable safeguards agreement, 
for example early provision of initial design information to the IAEA. 
The country should consider including in the bid invitation specifications 
requirements on safeguards design features that would facilitate effective 
safeguards implementation.
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As the nuclear programme develops, the SSAC organizational and 
functional responsibility should be adjusted as required for the country to fulfil its 
safeguards obligations most effectively. In addition, the terms of all international 
and regional instruments to which the government is a party, or intends 
to become a party, should be examined to ensure that its national legislation 
is consistent with the obligations in those instruments. The country may need 
to prepare new legislation, rules, regulations and procedures. For example, 
development of the nuclear power programme may require adjustments in the 
country’s import–export controls. Plans for the effective implementation and 
enforcement of such legislation should be completed during Phase 2.

If a country plans to develop enrichment, fuel fabrication or reprocessing 
capabilities, it should provide early information on its plans to the IAEA. If it 
is party to conventions or agreements requiring early notifications about its plans, 
it should comply with such requirements.

3.6.3. Safeguards: Milestone 3 — Ready to commission and operate 
the first nuclear power plant

In non-nuclear-weapon States party to the NPT, safeguards measures 
are applied to all nuclear material and facilities, and most nuclear related 
activities, under the jurisdiction of a country. During Phase 3, the IAEA will 
work closely with facility personnel and the regulatory body to verify the design 
information provided to the IAEA, to install IAEA equipment for containment 
and surveillance, and to put clear communication mechanisms in place for the 
fulfillment of all agreements between the country and the IAEA. All elements 
of the safeguards infrastructure at the facility should be in place and ensured for 
the long term prior to fuel arriving at the first nuclear power plant. This includes 
trained and fully equipped staff, procedures for the accounting and control 
of nuclear materials, an accounting system that can be verified by the IAEA and 
established reporting mechanisms to the regulatory body.

3.7. REGULATORY FRAMEWORK

A competent, effectively independent, well resourced nuclear regulatory 
body that has the strong support of the government is crucial to the long term 
success of a national nuclear power programme and the confidence of the public 
and international community. The development of such a body should be given 
high priority by the NEPIO, either as a new regulatory body or as an extension 
of the existing regulatory body. The development of competent human resources 
is as important for the regulatory body as it is for the owner/operator. The 
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technical capabilities of the regulatory body should be sufficient for evaluating 
regulatory compliance and nuclear and radiation safety, security and safeguards 
issues involving all aspects of the nuclear power programme. 

The structure of the regulatory framework for nuclear power varies from 
country to country and may reflect the country’s existing regulatory framework for 
the regulation of radiation sources and radiological facilities. In some countries, 
there may be different regulatory bodies responsible for nuclear security and 
nuclear safety. Thus, as noted earlier, statements about the ‘regulatory body’ 
should generally be read as the ‘regulatory body or bodies’.

As noted in Section 3.5, experience proves that safety and credibility are best 
served by institutionally separating the enabling and regulatory aspects of nuclear 
power. For developing the infrastructure for a nuclear power programme, 
however, separation does not mean that the regulatory body should not take part 
in the communication, engagement and cooperation fostered by the NEPIO. 
Any existing regulatory body should be represented in the NEPIO in Phase 1, 
and in subsequent phases the regulatory body for the nuclear power programme 
should continue to be part of the NEPIO while maintaining its full independence.

Countries introducing nuclear power may consider building on the 
infrastructure already in place for radiation safety and nuclear security while 
recognizing that regulating nuclear power is significantly more complex than 
regulating radiation sources. Expanding an existing regulatory body to cover 
nuclear power may be a more efficient use of resources — particularly human 
resources — that are likely to be limited in many countries.

The body of regulations to fully support a nuclear power programme 
is extensive. If a country is only considering a single reactor design, 
it may be helpful to base its regulations largely on those of a country that has 
experience with that design. The advantages of this approach are that the buyer 
country’s regulatory body might be able to finalize its regulations more quickly 
and the supplier would already be familiar with the regulations. If a country 
chooses to adopt the regulations of another country, it is essential that the country 
fully understand them and be competent to implement them. It should also adapt 
the regulations to reflect specific national requirements and to ensure that the 
IAEA safety standards are adequately incorporated.

3.7.1. Regulatory framework: Milestone 1 — Ready to make a 
knowledgeable commitment to a nuclear power programme

The NEPIO’s recommendations at the end of Phase 1 should include plans 
to develop a regulatory framework in Phase 2 that matches the proposed nuclear 
power programme and takes account of the existing regulatory framework for 
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radiation safety and nuclear security. The fundamental elements of a regulatory 
framework include:

 — Designation of an effectively independent competent regulatory body 
with clear authority, adequate human and financial resources and strong 
government support;

 — Assignment of core safety, security and safeguards regulatory functions for 
developing regulations, review and assessment, authorization, inspection, 
enforcement and public information;

 — Authority and resources to obtain technical support as needed;
 — A clear definition of the relationship of the regulatory body to other 
organizations;

 — Clearly defined responsibilities of licensees;
 — Authority to implement international obligations, including IAEA 
safeguards;

 — Authority to engage in international cooperation;
 — Provisions to protect proprietary, confidential and sensitive information;
 — Provisions for stakeholder involvement and communication with the public.

In developing its recommendations, the NEPIO should ensure 
communication and cooperation among all important parties, including 
the country’s major utilities, the regulatory body for security and radiation 
safety, other relevant government agencies, public stakeholders, legislative 
representatives and other decision makers. As the regulatory body will need to be 
established early in Phase 2, prospective senior managers should be identified 
in Phase 1.

3.7.2. Regulatory framework: Milestone 2 — Ready to invite 
bids/negotiate a contract for the first nuclear power plant

Early in Phase 2, the country should establish a licensing system and 
an effectively independent regulatory body with sufficient competence to evaluate 
licence applications and to make safety, safeguards and security decisions. 
The legal framework (see Section 3.5) will define the scope of the regulatory 
body’s authority. 

Early in Phase 2, the regulatory body will need to define siting requirements. 
It should determine criteria for approving nuclear power plant designs and 
establish a licensing process prior to the definition of the bid invitation 
specifications for the first nuclear power plant.
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The regulatory body should establish with all stakeholders mechanisms for 
open communications that are transparent and demonstrate the independence of the 
regulatory body. As the licensing process is developed, it should be publicized, 
so it is clear to all stakeholders. The regulatory body and the owner/operator 
should develop and, as needed, implement a protocol for communications about 
licensing and safety, security and safeguards issues between the regulatory body, 
the owner/operator and the suppliers. This should include arrangements for the 
transmittal of information, correspondence, agreement of actions and formal 
meetings at a range of levels of seniority.

During Phase 2, the priority issues for regulatory attention are:

 — Overall organization, staffing and training;
 — Management systems within the regulatory body and training to create 
a safety and security culture;

 — Establishment of technical support arrangements and international 
relationships with other regulatory bodies to, among other things, expand 
the technical support available to the regulatory body;

 — The import/export, transshipment, transport, storage and handling 
of nuclear material and other radioactive material;

 — The safety of nuclear material and other radioactive material in use, storage 
and transport;

 — Nuclear security, including physical protection of nuclear material and 
nuclear facilities;

 — Safeguards;
 — Radiation protection;
 — Regulations, codes and standards for siting, design and construction 
necessary for licensing a nuclear power plant;

 — Emergency preparedness requirements and emergency response 
responsibilities (site, off-site and national)8;

 — The formal licensing process;
 — The oversight process for regulated activities that includes inspections 
and enforcement.

8 Off-site emergency arrangements are not necessarily the responsibility of the 
regulatory body. Responsibilities for off-site emergency preparedness and response should 
be defined in legislation, and the government should establish procedures for coordination 
between the owner/operator and other response organizations. Response organization is 
an organization designated or recognized by a State as being responsible for managing or 
implementing any aspect of an emergency response. It includes the operator in addition to 
other response organizations such as disaster management agencies, civil protection authorities, 
medical emergency services and fire brigades.
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The framework will ultimately need to cover all phases of the programme, 
including operation, decommissioning and spent fuel and radioactive waste 
management, but at this stage some aspects may be covered by future work plans.

Sufficient competent staff should be in place with adequate financial 
resources:

 — To license or approve sites;
 — To review, assess and license nuclear plant designs and/or project activities 
as called for in the national legal and regulatory framework;

 — To inspect and oversee nuclear construction and to enforce compliance 
with regulations;

 — To ensure sufficient communication and stakeholder involvement.

The regulatory body should have plans to augment the staff as necessary 
to perform its functions during licensing, construction, commissioning and 
operation.

3.7.3. Regulatory framework: Milestone 3 — Ready to commission and 
operate the first nuclear power plant

In Phase 3, the independent regulatory body should continue staff 
development, conduct safety and security reviews of the proposed nuclear power 
plant, conduct licensing and inspection activities, and develop an operational 
oversight plan. 

Once the nuclear power plant supplier has been chosen, the regulatory 
body should consider cooperation with regulatory bodies in countries that have 
regulated similar plants, whether provided by the same supplier or by others. 

By the beginning of Phase 3, all regulations, codes and standards for nuclear 
facility construction should be in place, and staffing should be sufficient for 
efficiently licensing the nuclear power plant and providing regulatory oversight.

Prior to fuel arriving on-site, staffing should be sufficient for carrying out 
the regulatory body’s emergency response role. 

Regulatory requirements for operator training and certification should have 
been developed, and the regulatory body should confirm that the licensee has 
demonstrated compliance.

The regulatory body’s plans to maintain competent staff and develop future 
staff should be in place. Open communications with appropriate stakeholders 
should be well established, including the government, the owner/operator, the 
public and international organizations.

Prior to commissioning, the regulatory body should issue the appropriate 
licence or approvals. By the end of Phase 3, the regulatory body should have 
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developed comprehensive programmes for inspection and enforcement, and 
competent staff should be in place to provide regulatory oversight of the 
operation and maintenance of the plant by conducting inspections and enforcing 
regulations in accordance with these programmes.  

3.8. RADIATION PROTECTION

This subsection covers protection of workers and the public on-site during 
planned operation. Radiation protection from off-site releases from planned 
operation is addressed in Section 3.13, and protection from accidental releases 
is addressed in Section 3.14.

As noted earlier, because of medical, industrial and research applications 
of ionizing radiation, a country considering nuclear power would likely already 
have a national infrastructure for radiation safety. While the radiation protection 
aspects of a nuclear power programme require additional consideration, they will 
likely best be addressed by building on the existing infrastructure. Appropriate 
expansion to cater for the special needs of a nuclear power programme would 
then take place.

The IAEA safety standards provide guidance in establishing the necessary 
radiation protection requirements and practices. The IAEA safety standards take 
into account the guidelines of the International Commission on Radiological 
Protection, and they incorporate the latest knowledge on the consequences 
of radiation exposure as presented in the United Nations Scientific Committee 
on the Effects of Atomic Radiation.

3.8.1. Radiation protection: Milestone 1 — Ready to make a 
knowledgeable commitment to a nuclear power programme

The NEPIO should develop an understanding of the additional hazards 
presented by nuclear power plant operation over and above those posed 
by medical, industrial and research applications of ionizing radiation. In its report 
at the end of Phase 1, the NEPIO should identify how existing programmes will 
need to be enhanced to address nuclear power plant operation, transport, storage 
and radioactive waste management.

3.8.2. Radiation protection: Milestone 2 — Ready to invite bids/negotiate 
a contract for the first nuclear power plant

Although the radiation risk associated with nuclear power plant operation 
will not be present for some time, plans need to be prepared in Phase 2, and 
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preliminary actions taken, to develop programmes to control and monitor the 
exposure of individuals on-site before any radioactive material arrives on-site. 
This includes:

 — Developing specific regulations by the regulatory body;
 — Planning by the owner/operator for monitoring and protecting workers and 
the public;

 — Establishing mechanisms to involve and communicate transparently with 
all stakeholders;

 — Reflecting radiation protection plans in the plant’s design requirements;
 — Planning for associated staff recruitment and training and the procurement 
of equipment and services.

3.8.3. Radiation protection: Milestone 3 — Ready to commission and 
operate the first nuclear power plant

It is necessary to have all radiation monitoring and protection programmes 
implemented prior to the time radioactive material first arrives on-site. Therefore, 
by the time of initial fuel delivery, the owner/operator should have:

 — Radiation monitoring equipment in place on-site;
 — Radiation dosimetry requirements in place for all workers;
 — Programmes in place to minimize radiation exposure during plant operation 
and maintenance.

The regulatory body should have reviewed the owner/operator’s radiation 
protection programmes and verified their compliance with regulatory requirements, 
including requirements for procedures and equipment to protect workers and 
responders during severe accidents. 

3.9. ELECTRICAL GRID

Nuclear power plants are most efficiently and safely run as base load 
generation, and the grid should be large enough to make that possible. In addition, 
the system frequency is difficult to control if more than 10% of the grid’s capacity 
is suddenly taken off-line, as might happen if there were a reactor trip in a unit 
that large. As a result, if a new nuclear reactor were to account for more than 
10% of the total grid capacity at the time it were connected, detailed studies 
would need to establish that the system frequency could be reliably controlled 
after a reactor trip. In addition to its size, the grid’s reliability is also important, 
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since the off-site power it provides for safety systems needs to be highly reliable. 
Therefore, an early step in considering the introduction of nuclear power is an 
assessment of the electrical grid’s current and planned size and reliability. For 
this reason, the grid operator should be represented in the NEPIO.

3.9.1. Electrical grid: Milestone 1 — Ready to make a knowledgeable 
commitment to a nuclear power programme

The NEPIO Phase 1 study should address the following in connection with 
the electrical grid:

 — The capabilities of the existing grid in relation to the available nuclear 
power plant technology, including its ability to reliably take a nuclear 
power plant’s base load output, its ability to withstand a loss of the 
plant’s output and its ability to reliably supply off-site power during outages 
and in an emergency;

 — The anticipated future growth of grid capacity;
 — The historical reliability of the electrical grid;
 — The potential for local or regional interconnections to improve 
grid characteristics.

3.9.2. Electrical grid: Milestone 2 — Ready to invite bids/negotiate a 
contract for the first nuclear power plant

In Phase 2, the grid operator should identify the requirements for 
connecting a nuclear power plant. The grid operator, in cooperation with the 
owner/operator, should undertake detailed studies to determine any expansion, 
upgrade or improvement necessary to accommodate the size, technology and site 
that are anticipated for the new plant.

The grid operator, again in cooperation with the owner/operator, should 
have in place by the end of Phase 2:

 — Plans for enhancing or expanding the grid to be compatible with the new 
nuclear power plant;

 — Plans to increase or strengthen regional interconnections to achieve 
acceptable grid reliability;

 — Plans to provide redundant, reliable sources of off-site power for the nuclear 
power plant;

 — Funding and/or financing to ensure that these plans are implemented 
on schedules compatible with the new nuclear power plant.
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3.9.3. Electrical grid: Milestone 3 — Ready to commission and operate 
the first nuclear power plant

The execution of the plans adopted in Section 3.9.2 should create 
the necessary conditions to successfully commission and operate a nuclear 
power plant. During Phase 3, the grid operator, in conjunction with the 
owner/operator should:

 — Develop arrangements to ensure coordination of grid operations with power 
plant operations;

 — Verify the completion of all upgrades and enhancements to the grid 
and interconnections;

 — Continue to analyse and improve the reliability of the grid;
 — Install and test the redundant off-site power supplies to the nuclear 
power plant.

The owner/operator and regulatory body should ensure that there is a 
contingency plan for timely restoration of off-site power in the event of a major 
loss of grid capability.

3.10. HUMAN RESOURCE DEVELOPMENT

The knowledge and skills necessary to introduce nuclear power include 
much of the knowledge and skills needed for other large power plants. They 
include management and administrative skills and technical skills spread across 
most scientific and engineering disciplines. There are also specific needs for 
nuclear power, for example expertise in reactor, nuclear and atomic physics and 
nuclear materials science. This applies to the regulatory body, the owner/operator, 
technical support organizations and other relevant organizations.

In addition to their fundamental scientific and technical education, staff 
typically require special training in safety, security and radiation protection. 
A nuclear power programme requires all individuals to recognize that safety, 
security and safeguards are intrinsic to every aspect of the programme, to accept 
personal responsibility for these issues and to perform all their activities with that 
responsibility in mind.

Human resource needs will depend on the scope of the nuclear power 
programme, for example the number and variety of envisioned facilities and 
technologies. How to fill those needs, both initially and in the longer term, will 
depend on the balance the country chooses between engaging foreign expertise 
and building up its own expertise, and how quickly it plans to shift that balance 
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over time. Building up national capabilities will require significant education 
and training, and that national personnel gain practical experience. This can 
be achieved in a variety of ways, for example by hiring experienced foreign staff 
to work alongside national personnel and by sending national personnel to work 
in foreign organizations.

Certain roles will require several years of specialized training and 
experience in the design and operation of the specific technology chosen for 
deployment. Specialized education and training can be obtained from the 
suppliers of the nuclear system. To ensure a sustainable workforce, it is important 
for a country to expand its own education and training capabilities and to develop 
a strategy to retain skilled human resources.

3.10.1. Human resource development: Milestone 1 — Ready to make a 
knowledgeable commitment to a nuclear power programme

At the beginning of Phase 1, the NEPIO’s first human resource concern 
will be its own staffing. As noted in Section 3.1.1, it is important that the NEPIO 
be given the necessary resources, staff and any training required. It may well use 
consultants, but it is critical for leadership to remain with the NEPIO.

During Phase 1, the NEPIO should identify the knowledge and skills 
needed for a nuclear power programme. Its comprehensive report at the end 
of Phase 1 should review human resource development options and recommend 
an outline of the principle features of a national human resource development 
plan. Even if the country will initially make extensive use of knowledge and 
skills from other countries, it should consider how it would develop its own long 
term knowledge and skills.

Important areas for consideration by the NEPIO include:

 — Identifying the full range of scientific, technical, managerial and 
administrative disciplines that will be needed, and assessing their 
availability within the country;

 — Assessing the domestic and foreign capacity for educating and training the 
people who will be needed;

 — Identifying specialized recruiting and training that will be needed in, for 
example, nuclear safety, nuclear security, safeguards, radiation protection, 
management systems and emergency preparedness and response;

 — Assessing the domestic and foreign availability of specialized education 
and training;

 — Assessing the domestic research capabilities that may need to be developed;
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 — Outlining workforce plans to either develop or import the human resources 
needed by the owner/operator, the regulatory body and other involved 
organizations in order to implement the nuclear power programme;

 — Aligning recommendations on human resource development with 
recommendations about the country’s policy on industrial involvement 
(see Section 3.18).

3.10.2. Human resource development: Milestone 2 — Ready to invite 
bids/negotiate a contract for the first nuclear power plant

The owner/operator should develop sufficient knowledgeable staff during 
Phase 2 to prepare for negotiating the contract. While operation and maintenance 
staff will not be in place in Phase 2, some knowledge of operational and 
maintenance requirements will be needed.

During Phase 2, the regulatory body will need to develop its competence, 
as by the end of Phase 2, the majority of the human resources for the regulatory 
body will need to be in place and competent to fulfil their licensing functions. 
In view of the high value placed on licensing and inspection experience, the 
regulatory body should investigate opportunities for its staff to gain experience 
through cooperative arrangements with foreign regulatory bodies. Arrangements 
with those experienced in regulating the reactor technologies that the country 
will most likely acquire would be particularly valuable.

In Phase 2, the NEPIO should establish both a policy on national 
participation in the manufacturing, construction, operation and support of the 
nuclear power plant and a plan to put that policy into effect. The policy and the 
plan will affect human resource development plans.

All organizations should identify the knowledge and skills they will need 
in Phase 3 and beyond and establish workforce plans to develop them. The plans 
should identify future organizational structures as well as staff requirements and 
include recruitment and training plans based on capacity gap analyses. 

The NEPIO should coordinate the plans of the different organizations, 
including the owner/operator, regulatory body, research and technical support 
organizations, to optimize the country’s efforts as much as possible. The 
coordinated plans should cover education, training and experience requirements, 
and should consider bilateral and international training activities. For all 
organizations, the intended senior staff should be in place or identified as soon 
as possible during Phase 2. For the regulatory body, this will need to be early 
in Phase 2.
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Depending on the country’s acquisition strategy, human resource needs 
in Phase 2 may include:

 — Engineering, operational, legal, contracting and procurement expertise 
to prepare for contract negotiations; 

 — The technical and scientific expertise needed to manage and review the 
site assessment;

 — The technical and regulatory expertise to develop and implement 
regulations, codes and standards for nuclear safety, site approval, plant 
licensing, radiation protection, safeguards, nuclear security (including 
physical protection systems), emergency preparedness and response, spent 
fuel and radioactive waste management, and decommissioning;

 — Design safety assessment expertise as part of the three bullet points above;
 — Expertise in stakeholder involvement;
 — Business and technical expertise for fuel cycle procurement 
and management;

 — Expertise in systematic approach to training (SAT) to develop and conduct 
training programmes.

3.10.3. Human resource development: Milestone 3 — Ready to commission 
and operate the first nuclear power plant

While significant planning of human resource development is needed 
in the earlier phases, the main task of staff development for the owner/operator 
organization takes place in Phase 3. At the start of the phase, its main focus will 
be on project management, and by the end of Phase 3, all the necessary human 
resources should be in place and competent to commission and operate the first 
nuclear power plant. In addition, education and training programmes to develop 
a continuing flow of qualified people to all areas of the programme should 
be well under way, and the government should continue to promote educational 
and industrial development for national participation in the nuclear programme.

The owner/operator should acquire, or have access to, a plant specific, full 
scope simulator for training control room operators, and their initial training 
should be completed prior to fuel being loaded. Initial training for the rest of the 
staff should be completed by the end of Phase 3. (Training will be ongoing 
throughout the lifetime of the plant and, in that sense, never completed.) 
If possible, the owner/operator should arrange with the supplier or other 
owner/operators for training of the operating team on existing similar plants. All 
organizations involved in the nuclear power programme should have a systematic 
way of categorizing, disseminating and retaining knowledge, including training 
material, obtained through international cooperation and contracted commercial 
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services. The start of operation may involve significant support from an existing 
nuclear power country with plans to transfer knowledge. It is important that 
the plans for that knowledge transfer be clearly defined and resourced in order 
to ensure a smooth transfer of capability and responsibility.

Specific human resource requirements include:

 — The technical and scientific expertise needed to prepare a licence 
application, including the required safety analysis report; 

 — Technical and management expertise in construction project management 
and the management system required to control and supervise the 
plant’s construction and commissioning;

 — The technical and regulatory expertise to develop and implement 
regulations, codes and standards for operator licensing;

 — Full competent staffing for the regulatory body covering all aspects 
of authorization, inspection and enforcement;

 — Full competent staffing for nuclear power plant operation, maintenance and 
technical support;

 — Workforce succession and personnel development planning to sustain 
competence in all areas of the national nuclear power programme;

 — Enhanced educational opportunities for nuclear science and technology.

3.11. STAKEHOLDER INVOLVEMENT

Strong, continuing government support is necessary through all phases 
of a nuclear power programme. Government support is facilitated by stakeholder 
support, which is in turn facilitated by effective stakeholder involvement. 
Effective stakeholder involvement addresses concerns early and explains the 
nuclear power programme’s rationale, plans and progress.

Stakeholders include the general public, legislators, government agencies 
and decision makers, and, as the nuclear power programme progresses, the 
owner/operator, the regulatory body, potential suppliers, workers, communities 
near possible sites, neighbouring countries and non-governmental organizations. 

Stakeholder involvement is best achieved through an open dialogue 
between the government, owner/operator and all stakeholders. The most 
influential stakeholders and societal opinion leaders will vary across countries 
and could include national and local government officials, heads of business and 
industry, the media, and leaders of non-governmental organizations. However, 
all concerned citizens should be provided with the relevant information and 
opportunities to be involved.
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While open information programmes are important, sustained, successful 
sociopolitical involvement will depend on the competence and credibility of the 
organizations and individuals responsible for the nuclear power programme. The 
competence of the regulatory body and the owner/operator is vital to maintaining 
public confidence.

3.11.1. Stakeholder involvement: Milestone 1 — Ready to make a 
knowledgeable commitment to a nuclear power programme

Each of the three key organizations — the government, the owner/operator 
and the regulatory body — will eventually need its own stakeholder involvement 
strategy and plan. In Phase 1, however, the government and the NEPIO are 
the ones with major roles. It is important that they understand the importance 
of gaining and keeping the confidence of the country and the international 
community by maintaining open and timely interaction regarding all aspects 
of the programme.

The government and the NEPIO should begin to address this commitment 
from the very beginning. Expert consultants in the areas of public communication 
and education may be employed to assist. However, national leaders are in the 
best position to understand the social norms of their society and provide the 
necessary guidance. Effective public communication is a skilled discipline and 
those involved should receive professional training.

During Phase 1, the NEPIO should take initial steps:

 — To conduct surveys to determine the public’s knowledge and receptiveness 
to nuclear power;

 — To develop public information tools that respond to the results of the surveys 
and to explain the government’s interest in, and the potential benefits from, 
nuclear power;

 — To develop and begin implementing a plan of interaction with all 
stakeholders, including neighbouring countries9;

 — To train senior staff to interact with stakeholders in response to any request.

The NEPIO’s comprehensive Phase 1 report should take account of the 
views of stakeholders involved in the Phase 1 process and propose a stakeholder 
involvement plan based on transparency and openness. This should be designed 
to make the public and other stakeholders familiar with nuclear technology, 

9 States party to conventions or agreements such as the Convention on Nuclear Safety 
and the UNECE Convention on Environmental Impact Assessment in a Transboundary Context 
have obligations regarding foreign stakeholders.
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nuclear power, its benefits and its risks, including the non-zero potential for 
severe accidents.

3.11.2. Stakeholder involvement: Milestone 2 — Ready to invite 
bids/negotiate a contract for the first nuclear power plant

As the country begins to implement the plan recommended 
in the Phase 1 report, the three key organizations should establish stakeholder 
involvement programmes as they are created. Different organizations will have 
different messages, mechanisms and principal stakeholders, and the NEPIO 
should provide a continuing forum for communication and cooperation among 
the key parties and ensure clarity about the roles and responsibilities of each 
organization in stakeholder involvement.

The government should continue public information and consultation 
activities according to the plan developed in Phase 1. The regulatory body 
and the owner/operator should each develop, and begin to implement, its own 
stakeholder involvement programme.

Appropriate actions in Phase 2 are that:

 — The government continues to communicate the reasons for, and expected 
benefits of, nuclear power and to respond to concerns raised by stakeholders.

 — The government communicates the national process used for site selection, 
supporting the owner/operator, who should engage local stakeholders and 
address their issues.

 — The regulatory body explains its independent role in licensing, inspection 
and compliance.

 — The regulatory body establishes and communicates the formal process for 
public participation in licensing.

 — The owner/operator explains the basic technology being employed, its 
construction plans, its safety responsibilities and the impact on, and benefits 
for, the local community.

 — All organizations conduct knowledge and opinion surveys as part of their 
stakeholder involvement programmes.

 — All organizations ensure that senior staff who communicate with the public 
are trained.

 — All organizations openly discuss issues and how they are being addressed.
 — Public information centres are established as appropriate.
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3.11.3. Stakeholder involvement: Milestone 3 — Ready to commission and 
operate the first nuclear power plant

By the start of construction, each of the organizations involved should have 
established credibility with all stakeholders. The communication efforts should 
continue throughout the construction and preparation for operation, and the 
NEPIO should continue to provide a forum for communication and cooperation 
among the key parties.

Appropriate actions in Phase 3 are that:

 — All organizations continue to conduct surveys as part of their stakeholder 
involvement programmes.

 — The government continues to communicate the reasons for, and expected 
benefits of, nuclear power and respond to concerns raised by stakeholders.

 — The owner/operator routinely communicates the construction progress and 
preparations for operation.

 — The regulatory body continues to communicate its role and provides 
information on its licensing, inspection and enforcement programmes.

 — The regulatory body provides opportunities for public involvement 
in licensing, inspection and enforcement according to the process 
established in Phase 2.

 — Governmental agencies (e.g. for environmental protection, emergencies, 
and public and occupational health) communicate on issues relevant 
to their responsibilities.

 — The regulatory body and owner/operator communicate their plans for 
routine communication, once the nuclear power plant is operational, with 
all stakeholders, including local communities.

 — The government, regulatory body and owner/operator communicate the 
on-site and off-site emergency response plans.

 — All organizations continue to openly discuss issues and how they are 
being addressed.

3.12. SITE AND SUPPORTING FACILITIES

Siting studies involve several stages. To ensure that each stage builds 
smoothly on its predecessor, it is essential to maintain a validated, referenced 
databank with all information collected on all the sites that are considered. Good 
data management is important not just for selecting and licensing the best site, 
but also to help to resolve possible future issues that arise during operations 
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and require further justification. It also facilitates future siting studies for future 
nuclear power plants.

In addition to the site for the nuclear power plant, sites for other facilities, 
such as interim spent fuel storage or other fuel cycle and waste processing 
facilities, should also be studied. The possibility of siting a low level waste 
disposal facility near the new nuclear power plant should be considered, 
as it would reduce waste transport. Other important considerations are transport 
options between facilities, physical infrastructure to house workers, ready 
access for equipment delivery, the availability of water and electricity, and ways 
to minimize impacts on local communities.

Involving all stakeholders early, substantively and frequently in the site 
selection process contributes to the success of the project. 

Important elements of site study and characterization are:

 — Ease of integration into the electric system;
 — Demography;
 — Land use;
 — Geology and tectonics;
 — Seismology and volcanology; 
 — Other external natural hazards;
 — Heat removal options;
 — Hydrology;
 — Meteorology;
 — Oceanography;
 — Nuclear safety and radiation protection; 
 — Nuclear security;
 — Environmental impacts and environmental monitoring;
 — Risks from human induced events;
 — Availability of local infrastructure;
 — Ease of access;
 — Legal constraints;
 — Public interaction;
 — Emergency planning.

3.12.1. Site and supporting facilities: Milestone 1 — Ready to make a 
knowledgeable commitment to a nuclear power programme

Siting activities need to begin early. In Phase 1, these will be the 
responsibility of the NEPIO. The first step is a site survey, which should investigate 
potential regions and sites and reject unsuitable sites through a screening 
analysis. To screen potential sites, the NEPIO will need to identify exclusion 
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and avoidance criteria10 covering safety, security, cost, socioeconomic issues, 
engineering, environmental impacts, and the possible impact of external hazards 
on security and emergency response capabilities. The site survey should include 
consultations with stakeholders early in the process and before any substantive 
decisions are made. It should identify one or more candidate sites for the NEPIO 
to recommend in its comprehensive report at the end of Phase 1. If acceptable 
candidate sites cannot be identified, the programme cannot go forward.

3.12.2. Site and supporting facilities: Milestone 2 — Ready to invite 
bids/negotiate a contract for the first nuclear power plant

Early in Phase 2, the regulatory body will need to define siting requirements 
that should be taken into account by the owner/operator in the site selection 
and assessment.

The owner/operator should then carry out the additional ranking analysis 
needed for site selection, which narrows the list of candidate sites to a shorter 
list of preferred candidate sites. The selection should be justified against clearly 
defined siting criteria covering safety, engineering, security, environmental 
impacts, emergency response and socioeconomic aspects. The next stage after 
site selection is site assessment to justify the acceptability of the preferred sites 
based on detailed investigations and site characterizations. The site assessment 
results in the derivation of the site related design basis, which should be reflected 
in the bid invitation specifications for the nuclear power plant.

Other actions to be completed in Phase 2 include:

 — Ensuring the availability and integrity of the preferred sites;
 — Identifying local legal, political and public acceptance issues and 
resolutions implemented or planned;

 — Identifying necessary improvements and developing implementation plans 
for local infrastructure at the preferred site or sites, such as access, services 
and facilities;

 — Initiating environmental monitoring to establish site baselines.

10 ‘Exclusion’ criteria identify features that would absolutely preclude a site from 
consideration. ‘Avoidance’ criteria identify features that make a site less attractive, while 
recognizing that it might still be suitable if it has sufficient compensating benefits.
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3.12.3. Site and supporting facilities: Milestone 3 — Ready to commission 
and operate the first nuclear power plant

Phase 3 includes the formal confirmation of the site’s suitability and the 
completion of all licensing and approval processes established by the nuclear 
regulatory body. It includes ongoing monitoring of the site before operation 
to confirm its acceptability. Monitoring will continue subsequently to confirm 
that the site continues to meet the design intent.

3.13. ENVIRONMENTAL PROTECTION

This subsection addresses impacts on people and the environment from 
small releases of gaseous and liquid radioactive effluents during normal plant 
operation. Large radionuclide releases are low probability events, which are 
treated through the nuclear safety programme, although there will need to be 
some discussion of potential accidents in the environmental impact assessment. 
This subsection also addresses land use, water use, water quality and other more 
conventional environmental impacts. 

3.13.1. Environmental protection: Milestone 1 — Ready to make a 
knowledgeable commitment to a nuclear power programme

During Phase 1, the NEPIO should consider land use, water use, water 
quality, and impacts on people and the environment from low level radioactive 
effluents associated with the normal operation and maintenance of a nuclear 
power plant and related facilities. 

The NEPIO should review the suitability of the country’s existing 
framework for environmental protection and its international obligations, and 
it should collect and analyse initial environmental information in connection with 
the site survey described in Section 3.12. 

The NEPIO’s comprehensive report at the end of Phase 1 should reflect 
the initial environmental information and the exclusion and avoidance criteria 
discussed in Section 3.12. It should also include recommendations about possible 
enhancements or clarifications in existing environmental laws, regulations 
and responsibilities.
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3.13.2. Environmental protection: Milestone 2 — Ready to invite 
bids/negotiate a contract for the first nuclear power plant

Based on the recommendations from Phase 1, any desired enhancements 
or clarifications in existing environmental laws, regulations and responsibilities 
should be implemented in Phase 2. The country’s environmental regulatory 
body for the nuclear power programme should develop the skills and resources 
required to fulfil its responsibilities, and the interface between it and the nuclear 
regulatory body should be clearly established.

The owner/operator should study the prospective impacts on people and the 
environment as needed to select its preferred candidate sites and to ensure that 
they can comply with the country’s environmental laws and regulations.

Important issues to be considered include:

 — Pathways for effluent transport and concentration in the surrounding 
environment;

 — Predominant plant and animal life and their particular sensitivities;
 — Local demographics and trends;
 — Predominant land use;
 — Water use and the possible need for cooling towers;
 — Impacts of construction activities on the local environment.

For its preferred candidate site or sites, the owner/operator should conduct 
environmental assessments according to the country’s environmental laws and 
regulations. Based on such assessments, it should include, in the bid invitation 
specifications developed in Phase 2, a comprehensive specification of the 
environmental site conditions, factors, characteristics and data for the sites.

3.13.3. Environmental protection: Milestone 3 — Ready to commission and 
operate the first nuclear power plant

In Phase 3, the owner/operator will complete all licensing and approval 
processes established by the nuclear regulatory body and the environmental 
regulatory body for the nuclear programme. The licensing conditions for facility 
operation should include any specific environmental requirements identified 
in the environmental studies and assessments carried out in Phases 1 and 2. 

In Phase 3, an environmental monitoring programme should be 
implemented, including the establishment of baseline data. 
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3.14. EMERGENCY PLANNING

Nuclear power plant safety systems are designed to minimize the probability 
of a large release of radioactive material from the plant. The probability 
is not zero, however, and previous accidents have demonstrated that emergency 
planning for the protection of plant personnel, emergency workers and the 
public beyond the site boundary is a necessary element of overall plant safety. 
Emergency planning ensures the capability to take actions that will effectively 
mitigate the consequences of an emergency.

3.14.1. Emergency planning: Milestone 1 — Ready to make a 
knowledgeable commitment to a nuclear power programme

The NEPIO should develop an appreciation of the requirements for 
emergency planning. Its comprehensive report at the end of Phase 1 should 
evaluate the status of the country’s emergency preparedness and response (EPR) 
and ensure that the government is aware of:

 — Any expansion of EPR capabilities that will be required to support a nuclear 
power programme;

 — The resources that will be needed to develop, maintain and demonstrate 
an emergency response capability;

 — Its responsibility for EPR and the need to define clear responsibilities for 
all organizations involved.

The evaluation should address any need for new arrangements at an 
international level, including participation in international legal instruments and 
cooperation with neighbouring countries, the IAEA and other international 
organizations. The Phase 1 site survey discussed in Section 3.12.1 should cover 
site characteristics important for EPR.

3.14.2. Emergency planning: Milestone 2 — Ready to invite bids/negotiate 
a contract for the first nuclear power plant

In Phase 2, the evaluation and recommendations in the NEPIO 
Phase 1 report about the country’s EPR status and needs should be used as the 
basis for enhancing EPR capabilities. In the course of Phase 2: 

 — The government should specify the response organizations at national, 
regional and local levels with responsibilities for EPR and establish 
a national coordination mechanism.
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 — It should specify the general approach for EPR on the basis of the probability 
and severity of possible emergencies, both safety related and security 
related, and establish regulations governing all EPR requirements.11

 — It should start implementing new arrangements as identified in 
Phase 1 for strengthening EPR infrastructure. Gaps in existing national and 
local institutions and communication networks should be identified and 
filled or included in an action plan to be implemented in Phase 3. 

3.14.3. Emergency planning: Milestone 3 — Ready to commission and 
operate the first nuclear power plant

Before the first nuclear fuel arrives on-site, emergency arrangements should 
be completed and tested. Actions to be taken during Phase 3 are the following.

The government should prepare a national plan for dealing with 
emergencies irrespective of their causes (i.e. accidents or nuclear security events) 
that includes:

 — International cooperation;
 — Dealing with multiple external initiating events;
 — Severe accident management on-site;
 — Protecting workers, emergency workers and the public;
 — Radioactive waste management.

Consistent with this plan:

 — The owner/operator should implement an emergency preparedness 
programme for the nuclear power plant.

 — The government should implement emergency preparedness programmes 
at the local, national and international level.

 — The government should ensure that the emergency response plan of the 
nuclear power plant is coordinated with the plans of other national institutions 
involved in emergency response and with neighbouring countries.

 — The regulatory body should verify the compliance of the on-site emergency 
arrangements with regulatory requirements.

 — The government, the regulatory body and the owner/operator should 
demonstrate emergency response capabilities by conducting exercises 
including local authorities and communities.

11 As noted in Section 3.7.2, off-site emergency arrangements are not necessarily the 
responsibility of the regulatory body. Off-site regulations should be established according to 
responsibilities defined in legislation.
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3.15. NUCLEAR SECURITY

Nuclear security concerns the prevention of, detection of, and response 
to, intentional unauthorized acts related to nuclear material, other radioactive 
material, and associated facilities and activities. 

The responsibility for nuclear security rests entirely with the country. 
Its nuclear security regime comprises its legal and regulatory frameworks and 
administrative measures governing nuclear security, the organizations responsible 
for nuclear security, and the nuclear security measures themselves. The nuclear 
security regime is part of the country’s overall security regime.

For its nuclear security regime to be effective, all organizations assigned 
responsibilities for nuclear security must first be fully aware of the importance 
of nuclear security and ensure the development of a nuclear security culture. 
There are 12 essential elements: 

 — Government responsibility; 
 — Definition of nuclear security responsibilities; 
 — Legislative and regulatory frameworks for nuclear security; 
 — Protection of nuclear material and other radioactive material during 
international transport; 

 — Definitions of offences and associated penalties related to nuclear security; 
 — International cooperation and assistance in nuclear security; 
 — Assessment of nuclear security threats; 
 — Assessment of targets and potential consequences; 
 — Use of risk informed approaches; 
 — Detection of nuclear security events; 
 — Planning for, preparedness for and response to nuclear security events;
 — Measures to sustain the nuclear security regime.

3.15.1. Nuclear security: Milestone 1 — Ready to make a knowledgeable 
commitment to a nuclear power programme

The NEPIO’s comprehensive Phase 1 report should prepare 
recommendations concerning the national policy and strategy for nuclear 
security, roles and responsibilities of government agencies for nuclear security 
and international legal instruments relevant to nuclear security. It should 
identify the elements of a legal framework for nuclear security and evaluate the 
country’s human resource needs and the availability of institutions to develop 
competence in nuclear security. 
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3.15.2. Nuclear security: Milestone 2 — Ready to invite bids/negotiate a 
contract for the first nuclear power plant

The nuclear security regime should use a graded approach based 
on assessments of the credibility and potential consequences of both internal and 
external nuclear security threats.

In the course of Phase 2, the following actions should be implemented:

 — The legislative and regulatory frameworks for nuclear security should 
be put in place (see Sections 3.5 and 3.7).

 — Nuclear security requirements for the physical protection of nuclear material 
and nuclear facilities should be defined through the development of design 
basis threat(s); such requirements should ensure security is maintained 
even during severe accidents.

 — Programmes for the management of sensitive information, promotion 
of a nuclear security culture and trustworthiness of personnel should be put 
in place.

 — Roles and responsibilities should be assigned for preparing for, detecting 
and responding to nuclear security events.

 — A programme should be put in place to develop competencies 
to approve nuclear security plans and to inspect facilities to verify the 
plans’ effectiveness.

3.15.3. Nuclear security: Milestone 3 — Ready to commission and operate 
the first nuclear power plant

Security arrangements will need to come progressively into place during 
Phase 3 in order to secure the plant during construction and the fuel once 
it arrives on-site. The required timing of activities should be agreed by the main 
organizations. The main actions to be completed in Phase 3 are:

 — Construction, testing and acceptance of the physical protection system 
by the owner/operator as approved by the regulatory body;

 — Ensuring good coordination between safety, security and 
safeguards arrangements;

 — Approval of the security plan (including a contingency plan12) by the 
regulatory body; 

12 A contingency plan is a predefined set of actions to counter suspected sabotage or 
theft. The contingency plan is one component of the security plan.
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 — Implementation of nuclear security requirements for protecting nuclear 
material and facilities, and the inspections, verification and on-site exercises 
needed to demonstrate the physical protection system’s effectiveness;

 — Implementation of the national response plan, including arrangements with 
outside response forces to supplement on-site response, as well as training 
and exercises.

3.16. NUCLEAR FUEL CYCLE

A country should choose its fuel cycle strategy relatively early, as the choice 
will influence its selection of a specific nuclear technology. The fuel cycle has 
two components. The front end comprises activities prior to using the fuel in a 
nuclear power plant. The back end comprises activities after the fuel is removed 
from the reactor. The front end consists of mining, milling, chemical conversion, 
enrichment and fabrication. The back end consists of spent fuel storage, transport 
and either the disposal of spent fuel or reprocessing and disposal of high level 
radioactive waste. Enrichment and reprocessing technologies are sensitive from 
the point of view of proliferation.

All front end services can be routinely purchased in the international 
nuclear market, which reduces the need to develop a national fuel cycle 
infrastructure. Back end functions are generally provided nationally, and some 
can also be provided internationally. On-site and interim storage are generally 
the responsibility of the owner/operator. Technologies for spent fuel storage are 
mature, with multiple suppliers available to respond to specific needs. Ultimate 
disposal is generally a national responsibility, either of the government or the 
owner/operator. There are also some opportunities for international reprocessing 
of spent fuel. 

3.16.1. Nuclear fuel cycle: Milestone 1 — Ready to make a knowledgeable 
commitment to a nuclear power programme

In Phase 1, the NEPIO should develop a broad knowledge of the steps 
in the nuclear fuel cycle and identify approaches that may be feasible for the 
country. Investments and human resource needs will vary considerably across 
options. For most countries, the development of a completely indigenous nuclear 
fuel cycle concurrent with the first nuclear power plant would be difficult and 
unlikely to yield economic benefits. However, a country with abundant uranium 
may decide to embark on mining and milling operations, while purchasing 
conversion, enrichment and fabrication services.
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In Phase 1, the NEPIO should also analyse the country’s energy security 
concerns and the desirable levels for fresh fuel inventories.

Regarding the back end, it will be necessary to provide on-site spent fuel 
storage for at least ten years of cooling time, irrespective of future plans for the 
fuel. It is also likely that interim spent fuel storage, whether on-site or off-site, will 
be needed for several decades. The NEPIO should analyse possible alternative 
options for spent fuel and radioactive waste management so that decisions taken 
at the end of Phase 1 are well informed about the challenges that spent fuel and 
waste create for a nuclear power programme. The issue of ultimate disposal 
is discussed in Section 3.17.

The NEPIO Phase 1 report should provide thorough information on:

 — The individual steps in the nuclear fuel cycle;
 — Potential sources of supplies and services for each step;
 — National natural resources and capabilities with respect to each step;
 — Feasible options for a national fuel cycle strategy covering all steps in both 
the front and back ends; 

 — Security and non-proliferation implications of different fuel cycles;
 — Human resource requirements.

3.16.2. Nuclear fuel cycle: Milestone 2 — Ready to invite bids/negotiate a 
contract for the first nuclear power plant

Decisions on the fuel cycle strategy should be made in Phase 2, since the 
chosen strategy will influence the bid invitation specifications to be prepared 
in Phase 2. These need to cover:

 — Arrangements for purchasing the first reactor core;
 — The additional fuel inventory to be contracted with the first nuclear 
power plant;

 — The specific fuel cycle services that will be either purchased or developed 
domestically as part of the nuclear power programme;

 — The long term strategy with respect to purchasing or developing fuel 
cycle capabilities;

 — The long term strategy with respect to reprocessing;
 — The capacity of the on-site spent fuel storage to be contracted along with 
the first nuclear power plant;

 — The strategy for interim spent fuel storage, transport and ultimate disposal.
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3.16.3. Nuclear fuel cycle: Milestone 3 — Ready to commission and operate 
the first nuclear power plant

During Phase 3, the fuel for the initial core will be delivered to the site, 
provisions for the additional fuel inventory, in accordance with the national 
strategy, will have been contractually committed and on-site spent fuel storage 
will have been constructed as part of the nuclear power plant. The ultimate waste 
disposal strategy is discussed in Section 3.17.

During Phase 3, it will also be necessary to develop plans to implement 
the interim storage strategy, including identifying a suitable location, transport 
capabilities and funding arrangements. The plans for interim spent fuel storage 
will need to be consistent with the on-site storage capabilities.

3.17. RADIOACTIVE WASTE MANAGEMENT

The management and disposal of all radioactive waste is an essential aspect 
of nuclear power. Such waste needs to be properly managed to avoid imposing 
undue burdens on future generations. The Joint Convention stipulates that 
radioactive waste should be disposed of in the country in which it is generated. 
However, it also allows the possibility of waste being disposed of elsewhere 
in the interests of safety and efficiency. 

Radioactive waste is divided into six levels, three of which require particular 
attention when developing the infrastructure for a nuclear power programme: 
low, intermediate and high.13 The ability to manage low level waste (LLW) and 
intermediate level waste (ILW) exists in many countries in conjunction with 
medical, industrial and research applications. Programmes and technology for 
LLW and ILW minimization and processing have been implemented in many 
countries, and some countries have also developed disposal capacity for LLW 
and ILW. Even in these cases, however, a country introducing nuclear power 
will need to understand the additional volume and the different spectrum 
of radioactive isotopes in LLW and ILW associated with nuclear power.

No disposal facility for high level waste (HLW) (including spent fuel that 
is not intended for reprocessing) is yet in operation. The most advanced projects 
are scheduled for operation after 2020. In the meantime, the demonstrated 
capability to store spent fuel safely for decades provides time for developing 
final disposal strategies. Nevertheless, waste disposal is often a subject of public 

13 The other three levels are exempt waste, very short lived waste and very low 
level waste.
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concern, and early consideration should therefore be given to the country’s final 
disposal strategy. Currently, the most common strategy for HLW is planned 
disposal in deep geological formations.

3.17.1. Radioactive waste management: Milestone 1 — Ready to make a 
knowledgeable commitment to a nuclear power programme

The NEPIO Phase 1 report should identify all additional responsibilities 
for radioactive waste that will come with a nuclear power programme. It should 
emphasize the need to communicate effectively about the options for safely and 
securely dealing with radioactive waste and should consider:

 — The country’s existing capabilities, regulatory framework and experience 
with radioactive waste handling, storage, transport and disposal;

 — The additional volume of LLW and ILW, and the variety of isotopes 
expected from nuclear power facilities;

 — Technological options and research on the ultimate disposal of spent fuel 
and HLW from reprocessing; 

 — Options for financing spent fuel and HLW management and disposal;
 — The benefits of becoming a party to the Joint Convention if the State is not 
yet a party;

 — The human resource and other infrastructure development needs associated 
with radioactive waste management for a nuclear power programme.

3.17.2. Radioactive waste management: Milestone 2 — Ready to invite 
bids/negotiate a contract for the first nuclear power plant

During Phase 2:

 — The government should lead national planning for waste disposal, including 
LLW, ILW and HLW. It should establish policies, identify a responsible 
organization or agency to lead the national planning and give it clear terms 
of reference.

 — The national planning for radioactive waste disposal should consider the 
extent to which geological conditions exist in the country to allow disposal 
of all types of radioactive waste and/or the potential for contracting for 
waste disposal with other countries.

 — National strategies should be established for all expected radioactive 
waste streams, and the government should revise as needed the laws and 
regulations for radioactive waste management.
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 — Plans should be established to fully finance long term radioactive waste 
management, radioactive waste disposal and decommissioning as noted 
in Section 3.4.2.

 — The owner should develop, for inclusion in the bid invitation 
specifications, provisions for minimizing radioactive waste volumes 
and toxicity, requirements for associated facilities and requirements for 
a decommissioning plan.

 — The government and owner/operator should plan to begin or enhance 
the country’s radioactive waste disposal programmes and facilities 
to accommodate operation of the first nuclear power plant.

3.17.3. Radioactive waste management: Milestone 3 — Ready to 
commission and operate the first nuclear power plant

LLW and ILW will be generated as soon as the reactor begins operation. 
Therefore, towards the end of Phase 3:

 — Existing, enhanced or new facilities for the storage or disposal of LLW and 
ILW should be fully operational and prepared to receive radioactive waste 
from the nuclear power plant.

 — The responsible organization and funding system should be in place.
 — An initial decommissioning plan should have been developed as part 
of the licensing of the design, and appropriate funding arrangements should 
be in place.

The organization leading the national planning for radioactive waste 
disposal should continue to follow international progress on HLW disposal, and 
national policy should be revised as appropriate. 

3.18. INDUSTRIAL INVOLVEMENT

Many commodities, components and services are required to construct and 
support the operation of nuclear facilities. Such supporting activities can be a 
source of jobs and economic growth for the country. They can also help to transfer 
technology to the country. However, supplying equipment and services to nuclear 
facilities requires an industry that can comply with nuclear codes, standards 
and quality requirements, and may well require government commitment 
and investment. In the early stages of developing the country’s nuclear power 
programme, the NEPIO should establish a policy on developing industrial 
capabilities and technology transfer. As the programme proceeds, the policy 
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should lead to plans and their eventual implementation to develop the desired 
level of industrial involvement.14

3.18.1. Industrial involvement: Milestone 1 — Ready to make a 
knowledgeable commitment to a nuclear power programme

The NEPIO Phase 1 study should assess opportunities for national and local 
industrial involvement in the nuclear power programme. Its Phase 1 report should 
explain the qualifications necessary to provide nuclear equipment and services, 
and nuclear quality standards, which are more stringent than for other industrial 
operations. Before agreeing to participation by the domestic industry, a nuclear 
power plant supplier would need to be assured that the domestic industry is able 
to meet nuclear standards. It is important that the NEPIO carry out a realistic 
assessment of the country’s capabilities. A country’s first nuclear power plant 
may be constructed with limited local industrial involvement, but there may well 
be plans to expand that involvement as the programme develops.

The NEPIO Phase 1 report should:

 — Assess national and local industrial capabilities and potentials, including 
the training and development needs to realize those potentials;

 — Assess industry’s interest in participating in the nuclear power programme;
 — Assess the level and likelihood of the investments required to upgrade 
industrial facilities and programmes;

 — Recommend targets for short term and long term industrial participation 
and policies to reach those targets.

3.18.2. Industrial involvement: Milestone 2 — Ready to invite 
bids/negotiate a contract for the first nuclear power plant

Based on the short term and long term targets recommended in the NEPIO 
Phase 1 report, the government and industry should establish programmes 
to transition to national and local suppliers as their capabilities develop.

The owner/operator and/or the government should assess directly, 
or through the supplier, the national and local capabilities to supply on schedule, 
at competitive prices and with appropriate quality controls and assurance, 
commodities, components and services for building and operating a nuclear 
power plant. The results should be taken into account in the bid invitation 
specifications and evaluation criteria developed during Phase 2, which may 

14 Another term for increasing national and local participation is ‘localization’.
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include incentives to encourage bids promoting domestic industrial involvement. 
Whatever the desired degree of national industrial participation may be, it is 
important that the actual level of involvement should be within the domestic 
industry’s ability to meet schedule and quality requirements on time and within 
budget. Construction delays can greatly increase costs and decrease regulatory 
and public confidence.

Thus in Phase 2, the owner/operator should consider:

 — Which national or local suppliers can reliably supply commodities, 
components or services to the nuclear related or non-nuclear portions of the 
nuclear power plant;

 — Which upgrades in skills and capabilities are realistic in the time frame that 
would be required to support nuclear construction.

Decisions should be made about using national or foreign sources for 
commodities, components and services, and these should be reflected in any 
localization criteria in the bid invitation specifications developed in this phase.

3.18.3. Industrial involvement: Milestone 3 — Ready to commission and 
operate the first nuclear power plant

The government, in Phase 3, should continue to promote educational and 
industrial development for national participation in the nuclear programme. 
As the construction phase of the nuclear power programme nears completion, 
a reassessment of the supply sources to support operation can be undertaken. 
If the national and local industrial structure has progressed sufficiently, the 
supply of spare parts, consumable supplies, maintenance services and calibration 
services can be allocated accordingly. However, the same supplier qualification 
necessary for facility construction by the owner/operator is also needed for 
operational support, and in some cases the operational requirements may be even 
more stringent.

3.19. PROCUREMENT

This publication assumes that a country will procure its first nuclear 
power plant via a turnkey contract. Section 3.3 addresses the capability needed 
for procurement of the nuclear power plant. This subsection, therefore, only 
addresses the procurement of specific equipment that has requirements beyond 
those of standard procurement and the procurement of services for a nuclear 
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facility. It is important that the owner/operator specify the quality requirements 
and verify that the supplier meets those requirements.

3.19.1. Procurement: Milestone 1 — Ready to make a knowledgeable 
commitment to a nuclear power programme

The NEPIO should:

 — Be aware of the unique requirements associated with purchasing equipment 
and services for nuclear facilities;

 — Recognize the level of competence required to procure equipment and 
services for a nuclear facility.

Its comprehensive report at the end of Phase 1 should recommend 
a procurement policy that reflects these considerations and is consistent with 
the report’s overall recommendations for the nuclear power plant strategy and 
industrial involvement policy.

3.19.2. Procurement: Milestone 2 — Ready to invite bids/negotiate a 
contract for the first nuclear power plant

As noted above, the assumed strategy for a new owner/operator is to procure 
the plant via a turnkey contract. Nonetheless, in Phase 2 the owner/operator 
will need to establish a procurement capability for certain services. It should 
develop the capability to procure required services for pre-project activities 
(e.g. environmental impact assessment, siting and consulting), in particular:

 — To ensure suppliers have appropriate expertise and experience;
 — To prepare formal specifications for the services required;
 — To include quality standards in the service specifications.

3.19.3. Procurement: Milestone 3 — Ready to commission and operate 
the first nuclear power plant

In preparing for nuclear power plant operation and maintenance, it is 
likely that the owner/operator will establish its own procurement organization 
with the programmes and skills necessary to conduct ongoing purchasing 
of equipment and services. In doing so, it should consider not only procurement 
for normal operation and for emergency equipment to be pre-positioned on-site, 
but also procedures for the urgent procurement of additional supplies and 
equipment as needed in emergency situations. To prepare for such activities, 
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it is recommended that the owner/operator develop a plan to ensure the required 
competence and procedures are available before the end of Phase 3. Part of this 
should include arranging for procurement staff to work alongside the supplier 
procurement team in order to gain the experience required.
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STRUCTURE OF THE IAEA NUCLEAR ENERGY SERIES

Under the terms of Articles III.A and VIII.C of its Statute, the IAEA is 
authorized to foster the exchange of scientific and technical information on the 
peaceful uses of atomic energy. The publications in the IAEA Nuclear Energy 
Series provide information in the areas of nuclear power, nuclear fuel cycle, 
radioactive waste management and decommissioning, and on general issues 
that are relevant to all of the above mentioned areas. The structure of the 
IAEA Nuclear Energy Series  comprises three levels: 1 — Basic Principles and 
Objectives; 2 — Guides; and 3 — Technical Reports.

The Nuclear Energy Basic Principles publication describes the rationale 
and vision for the peaceful uses of nuclear energy.

Nuclear Energy Series Objectives publications explain the expectations 
to be met in various areas at different stages of implementation.

Nuclear Energy Series Guides provide high level guidance on how to 
achieve the objectives related to the various topics and areas involving the 
peaceful uses of nuclear energy.

Nuclear Energy Series Technical Reports provide additional, more 
detailed information on activities related to the various areas dealt with in the 
IAEA Nuclear Energy Series.

The IAEA Nuclear Energy Series publications are coded as follows:
NG — general; NP — nuclear power; NF — nuclear fuel; NW — radioactive 
waste management and decommissioning. In addition, the publications are 
available in English on the IAEA Internet site:

http://www.iaea.org/Publications/index.html

For further information, please contact the IAEA at PO Box 100, Vienna 
International Centre, 1400 Vienna, Austria. 

All users of the IAEA Nuclear Energy Series publications are invited to 
inform the IAEA of experience in their use for the purpose of ensuring that 
they continue to meet user needs. Information may be provided via the IAEA 
Internet site, by post, at the address given above, or by email to 
Official.Mail@iaea.org.
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The development and implementation of an 
appropriate infrastructure to support the successful 
introduction of nuclear power and its safe, secure, 
peaceful and sustainable application is an issue 
of central concern, especially for countries that 
are considering and planning their first nuclear 
power plant. In preparing the necessary nuclear 
infrastructure, there are several activities that need to 
be completed. These activities can be split into three 
progressive phases of development. This publication 
provides a description of the conditions expected to 
be achieved by the end of each phase to assist with 
the best use of resources. ‘Milestones’ refer to the 
conditions necessary to demonstrate that the phase 
has been successfully completed.
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