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			FOREWORD

			The IAEA’s statutory role is to “seek to accelerate and enlarge the contribution of atomic energy to peace, health and prosperity throughout the world”. Among other functions, the IAEA is authorized to “foster the exchange of scientific and technical information on peaceful uses of atomic energy”. One way this is achieved is through a range of technical publications including the IAEA Nuclear Energy Series.

			The IAEA Nuclear Energy Series comprises publications designed to further the use of nuclear technologies in support of sustainable development, to advance nuclear science and technology, catalyse innovation and build capacity to support the existing and expanded use of nuclear power and nuclear science applications. The publications include information covering all policy, technological and management aspects of the definition and implementation of activities involving the peaceful use of nuclear technology.

			The IAEA safety standards establish fundamental principles, requirements and recommendations to ensure nuclear safety and serve as a global reference for protecting people and the environment from harmful effects of ionizing radiation. When IAEA Nuclear Energy Series publications address safety, it is ensured that the IAEA safety standards are referred to as the current boundary conditions for the application of nuclear technology.

			Appropriate nuclear infrastructure is essential for the safe, secure, peaceful and sustainable application of nuclear power. Countries considering nuclear power face the challenge of building the necessary nuclear power infrastructure for their first nuclear power plant. The IAEA supports its Member States by providing guidance through increased technical assistance, missions and workshops, and with new and updated technical publications. IAEA Nuclear Energy Series NG-G-3.1, Milestones in the Development of a National Infrastructure for Nuclear Power, first published in 2007 and subsequently revised in 2015, presents an approach to developing nuclear power infrastructure and identifies three milestones in the development of nuclear power infrastructure. Known as the ‘Milestones approach’ it provides an internationally accepted methodology that supports a sound development process for a new nuclear power programme, enabling a country to understand and prepare for the commitments and obligations associated with developing a safe, secure and sustainable nuclear power programme and its governance.

			IAEA Member States have since requested additional information on determining how to assess the progress of their infrastructure development for nuclear power programmes. The present publication was prepared in response to their request. It provides a methodology for evaluating the status of national nuclear infrastructure development based on the guidance presented in the Milestones approach.

			The evaluation methodology provides a comprehensive means to determine the status of the infrastructure conditions covering all 19 issues identified in Milestones approach. This methodology can be used by any interested Member State for self-evaluation to identify the additional work needed to develop appropriate national nuclear power infrastructure. In addition, the methodology is used as the basis of Integrated Nuclear Infrastructure Review peer review missions. These reviews help to determine progress in developing the national nuclear infrastructure areas for which IAEA assistance is requested. The evaluation methodology also helps to enhance national and international confidence in a Member State’s ability to embark on a nuclear power programme including among potential nuclear power plant suppliers.

			This publication is the second revision of IAEA Nuclear Energy Series NG-T-3.2, Evaluation of the Status of National Nuclear Infrastructure Development, which addressed the first two phases in the development of a nuclear power programme as described in the Milestones approach. The first revision of the publication (NG-T-3.2 (Rev. 1)) took into account the feedback from its use in a number of Integrated Nuclear Infrastructure Review missions and self-evaluations, the publication of a number of guides for each infrastructure issue and the lessons learned from the accident at the Fukushima Daiichi nuclear power plant. The second revision of this publication includes the evaluation methodology for the third phase that was finalized using the feedback from two pilot Integrated Nuclear Infrastructure Review Phase 3 missions.

			The IAEA officers responsible for this publication were M. Ceyhan and J. Bastos 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.

					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.

					Guidance provided here, describing good practices, represents expert opinion but does not constitute recommendations made on the basis of a consensus of Member States.

					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 book 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 differs from other energy sources because of the safety, security and non-proliferation requirements associated with using nuclear material.

			The development of a nuclear power programme involves attention to many complex and interrelated issues over a long period. The introduction of a nuclear power programme involves a commitment of at least 100 years to maintain a sustainable national infrastructure throughout siting, construction, operation, decommissioning and waste disposal.

			The IAEA publication NG-G-3.1 (Rev. 1), Milestones in the Development of a National Infrastructure for Nuclear Power [1] (henceforth referred to as the Milestones publication), describes the detailed infrastructure needed to support such a programme. It identified 19 infrastructure issues to be addressed by a Member State that is considering the introduction of nuclear power as part of its national energy strategy. It noted that early attention to all the identified issues would facilitate a successful nuclear power programme, whereas insufficient attention to any of them might compromise safety or lead to costly delays or even project failure.

			As with any major programme, the commitment of resources to a nuclear power programme needs to be phased, and decisions to move to subsequent phases, where the commitment of resources will increase significantly, need to be made with a full understanding of the requirements, risks and benefits. The Milestones publication [1] identified three distinct phases in the introduction of a nuclear power programme:

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

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

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

			This publication is intended to complement the information presented in the Milestones publication [1] by providing an approach for evaluating the status of each of the 19 infrastructure issues in a Member State. It is therefore essential that people involved in developing infrastructure read and fully assimilate the guidance of the Milestones publication [1] before considering this evaluation approach.

			This publication addresses all three phases in the development of a nuclear power programme, as described in the Milestones publication [1]. 

			It is necessary to review progress across all 19 infrastructure issues, as each one is essential, and because they are interconnected. The management of each infrastructure issue and the human and financial resources required to support them need to be fully integrated. It is for this reason that the evaluation approach described in this publication addresses all 19 infrastructure issues.

			This publication supports Member States in ensuring that all 19 infrastructure issues are reviewed and to ensure that results are compiled to provide an integrated view of progress. An assessment can be carried out at any time; however, the basis of evaluation provided in this publication is specifically appropriate to the end of each phase. Such an assessment will allow the Member State to identify those areas that need more focus or additional resources, or to confirm its readiness to move to the next phase.

			The basis for the evaluation approach provided here comes from the Milestones publication [1], the requirements, recommendations and guidance of the IAEA safety standards, and the experience and good practices of Member States with developed nuclear power programmes. It is possible that there will be additional items, particular to Member State specific requirements, that will need to be addressed.

			1.2.	Objectives

			This publication provides a holistic approach to evaluating progress in the development of nuclear power infrastructure based on the guidance contained in the Milestones publication [1]. It can be used either by a Member State wishing to evaluate its progress (self-evaluation), or as a basis for an external evaluation where the Member State wishes to invite the IAEA to conduct an Integrated Nuclear Infrastructure Review peer review mission. The aim of the evaluation approach is to:

			—	Evaluate all relevant infrastructure issues in a consistent manner;

			—	Compile results in order to identify a comprehensive action plan for moving into a subsequent phase of the establishment of infrastructure for nuclear power;

			—	Provide a consistent international approach;

			—	Enhance national coordination and competence through participation in a detailed and comprehensive evaluation.

			1.3.	Scope

			The scope of this publication includes the evaluation of the 19 infrastructure issues that are discussed in the Milestones publication [1]. It provides a means of evaluating the status of the issues for all three phases in the development of a nuclear power programme.

			The results of the evaluation described in this publication include evidence that:

			—	All the work required in the phase leading up to the milestone has been completed adequately;

			—	The plans for the following phase are comprehensive and realistic.

			1.4.	Structure

			This publication consists of two main sections in addition to this introduction. Section 2 summarizes the programme phases and milestones associated with a nuclear power programme. It also describes the steps of the evaluation approach. Section 3 provides detailed guidance on the evaluation of each issue for all three phases. The Appendix provides examples of evaluation forms for recording the results of the review.

			1.5.	Users

			This publication is principally for decision makers, advisers and senior managers in government, industry and regulatory bodies in a Member State interested in developing nuclear power. This publication can also be used by Integrated Nuclear Infrastructure Review team members to help them assess a Member State’s progress in developing the infrastructure necessary for nuclear power and provide timely and meaningful assistance. Other organizations, such as suppliers, financing institutions, nuclear energy agencies and operating organizations, may also use this publication to increase confidence that a Member State has the infrastructure necessary for nuclear power or to identify areas for potential assistance. Member States interested in expanding their existing nuclear power programmes may also find the publication helpful, particularly if it has been a long time since they last built a new nuclear power plant.

			This publication provides guidance to Member States on how to evaluate the progress of their nuclear power infrastructure development and their readiness to move to the next phase. Neither this publication nor the Milestones publication [1] is intended to provide a comprehensive description of how to create the entire infrastructure needed for a nuclear power programme. More detailed information and guidance on each of the 19 issues is available in the IAEA publications listed in the regularly updated nuclear infrastructure bibliography on the IAEA web site1.

			2. INTEGRATED INFRASTRUCTURE EVALUATION

			2.1.	Development of the national infrastructure

			The Milestones publication [1] provides an overview of the overall programme to develop the national infrastructure for nuclear power. It is a nuclear power programme governance guideline. Figure 1, taken from that publication, shows the various phases of such a programme.
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			The activities are split into three progressive phases of development. The completion of each phase is marked by a specific milestone at which the progress of the development effort can be evaluated and a decision made to move on to the next phase. The 19 issues that need to be considered for reaching each milestone are listed in Table 1.
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			In general, the evaluation of Phase 1 involves the examination of the proposed work programme for Phase 2 and beyond in order to establish whether the issues have been fully understood and researched. It is necessary to understand the purpose of the evaluation of each phase. For Phase 1, the evaluation concerns the quality of information available, the effective investment of resources for informed decisions, and the management of programme risk. While a Member State can do less work in Phase 1, there is a much greater risk of an ill informed decision or of Phase 2 taking much longer than planned because the necessary issues have not been properly investigated. This publication takes into account international experience on how best to control these programme risks. However, there is no unique approach to developing the programme for the first nuclear power plant; therefore, the evaluation methodology provided here can only seek to ensure that a Member State has properly considered all the issues, is aware of key risks and has plans to manage them.

			Clearly, the introduction of a nuclear power programme in a country will involve the use of available international experience. Partnership agreements with vendors and Member States with experience of operating nuclear power plants and the use of recognized experts as consultants are encouraged. However, any evaluation of readiness to proceed to a further phase will need to ensure that a Member State wishing to implement a nuclear power programme has full ownership and a complete understanding of the key issues involved. Developing a nuclear power programme remains a national responsibility.

			2.2.	The Milestones framework

			2.2.1.	Milestone 1

			By Milestone 1, the Member State will be in a position to make a knowledgeable decision on whether it is appropriate to introduce a nuclear power programme. To achieve this milestone, the Member State will not only have determined that it needs additional energy and have included nuclear power as a possible option to meet some of these needs, but it will also have carried out the first phase of the programme, which involves the considerations and planning that occur before a firm decision is made to develop a nuclear power programme. During this phase, the responsible organization is the nuclear energy programme implementing organization (NEPIO) established by the government. A successful NEPIO is appropriately staffed and resourced and includes adequate expertise and experience.

			In the context of national socioeconomic development, the NEPIO develops a clear understanding of the potential role, appropriateness and viability of nuclear power in a Member State’s long term energy plan. The end of Phase 1 report will clearly demonstrate whether there is an adequate understanding of the infrastructure that needs to be developed, and will include viable plans for the introduction of nuclear power and identify resource requirements and timescales. The report will include plans for the development of organizations to undertake the role of regulatory body, owner and operator. It is also essential that the report addresses the development of an appropriate management system and that the organizations involved recognize their responsibilities for safety, security and safeguards.

			2.2.2.	Milestone 2

			At Milestone 2, the Member State will have the necessary infrastructure for the contracting, financing and construction of a 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 will have been undertaken, and the necessary legal and regulatory framework will be in place. An effectively independent regulatory body2 will have been developed to a level at which it can fulfil all of its authorization and inspection duties.

			The owner/operator has a key role at this stage to ensure that by the end of Phase 2 it has developed the competence to manage a nuclear project, meet regulatory requirements and be a knowledgeable customer in Phase 3. The owner/operator will also need to have clear plans to develop or acquire the capability to operate the plant safely by the end of Phase 3.

			2.2.3.	Milestone 3

			At this point, the Member State will be in a position to commission and operate its first nuclear power plant. The owner/operator needs to be fully capable and licensed. This will have required significant recruitment, development and training for all levels of staff. The regulatory body will have been in operation for some time and will have developed regulations, licensed construction of the plant and carried out inspections during construction. The regulatory body will now be clearly seen as a competent, effectively independent regulatory body, capable of providing continuous oversight over the nuclear power programme and enforcing compliance with all regulatory requirements.

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

			2.3.	Evaluation approach

			2.3.1.	Overview

			Self-evaluation is an important tool for any organization. The evaluation methodology described in this publication is to be carried out firstly by those who are directly involved in the development of the nuclear infrastructure issues. This may be followed by an independent review by others not involved directly in the initial evaluation. The methodology also forms the basis of the IAEA Integrated Nuclear Infrastructure Review (INIR) missions, which can be used to provide a peer review of the status of the nuclear infrastructure in a country after the self-evaluation process has been concluded. INIR missions are conducted in line with the process described in the Guidelines for Preparing and Conducting an Integrated Nuclear Infrastructure Review (INIR) published in 2017 [2].

			2.3.2.	Evaluation steps

			The Member State needs to determine the scope of the evaluation. However, it is important that all 19 infrastructure issues be covered in order to obtain a complete picture of the progress made. A complete evaluation comprises four main steps:

			(1)	Identifying the terms of reference for the evaluation, the organizations to be involved and the individuals who will conduct the evaluation;

			(2)	Evaluating the status of development of the infrastructure against the basis listed in Section 3 of this publication for the appropriate milestone being evaluated;

			(3)	Identifying areas needing further attention;

			(4)	Preparing an action plan to address these areas.

			All of the above steps need to be undertaken to obtain a comprehensive and accurate picture of whether the Member State has completed its work across all the issues for a particular milestone and any outstanding work.

			2.3.3.	Documenting results and formulating an action plan

			It is important to prepare an evaluation report that contains, at a minimum, the following elements:

			—	A description of the process used to conduct the evaluation;

			—	Summaries of the evidence reviewed and further actions required;

			—	Summary conclusions giving the state of achievement of each condition;

			—	Identification of the ‘team of evaluators’ by position and role;

			—	Identification of the ‘team of respondents’;

			—	References to any relevant material used for conducting the evaluation;

			—	Confidentiality requirements, if any.

			A tabular format is proposed to collate and summarize the results of the evaluations carried out for each condition. A sample form is suggested in the Appendix (A.1. Evaluation form for each infrastructure area). The form contains:

			—	The summary of the condition and examples of how the condition may be demonstrated (taken from Section 3 of this publication).

			—	The observations of the reviewer as to whether the summary of the condition has been met (e.g. work completed, work still outstanding).

			—	The evidence that supports the statements made in the observations section.

			—	An evaluation rating that indicates one of three status conditions:

			●	Significant actions needed: Work still needs to be initiated or completed to meet the condition3;

			●	Minor actions needed: Work needs to be finalized or revised3;

			●	No actions needed: All the work expected to meet the condition has been completed.

			It is helpful to summarize these individual evaluations to give an overall picture. A sample form is provided in the Appendix (A.2. Example summary form).4

			Upon completion of the report, an action plan is developed. The observations from the evaluation report are to be used by the Member State to determine the action plan. Each Member State decides on the most appropriate manner of preparing the action plan, but it needs to include:

			—	The issue being addressed;

			—	A clear statement of the action or actions showing how the identified shortfall will be addressed;

			—	An agreed completion time;

			—	The organization, function or person responsible for the completion of the actions.

			A suggested form for the action plan is included in the Appendix (A.3. Action plan pro forma). At the request of a Member State, the IAEA can provide a self-evaluation workshop covering the approach described in this publication, as well as practical examples of its application.

			3. BASIS FOR EVALUATION

			3.1.	Overview

			Sections 3.2, 3.3 and 3.4 provide a series of tables covering each infrastructure issue in Phases 1, 2 and 3. Each table contains the conditions that apply to that issue in that phase and an explanation of what is expected for each condition through a row entitled ‘Summary of the condition to be demonstrated’. It then lists examples of the detailed information that may provide evidence that the summary of the condition has been fulfilled, although it may not be necessary to have all the information listed. For several of the items listed, it is not so much whether the document exists but whether the scope and quality of the document are adequate. The point of the evaluation is not to tick the items off following an audit style inspection, but to ascertain whether adequate analysis and research have been conducted to judge that the condition has been fulfilled. For a self-assessment, this may involve reviewing a number of detailed documents, but for an Integrated Nuclear Infrastructure Review mission it is more likely to involve the review of some document contents lists and consideration of relevant questions about the content and methodology.

			The tables in Sections 3.2, 3.3 and 3.4 include a list of IAEA publications that are relevant to the summary of the condition to be demonstrated or are dedicated publications for Member States embarking on nuclear power programmes. These publications, together with other publications related to the infrastructure issue, can be found in the regularly updated nuclear infrastructure bibliography on the IAEA web site5. Two of these publications, IAEA Safety Standards Series No. SSG-16 (Rev. 1), Establishing the Safety Infrastructure for a Nuclear Power Programme [3], and IAEA Nuclear Security Series No. 19, Establishing the Nuclear Security Infrastructure for a Nuclear Power Programme [4], are structured in a manner that addresses specific infrastructure issues. For this reason, the tables in Sections 3.2, 3.3 and 3.4 refer to specific sections or actions identified in these publications. For other publications, the reference is to the publication as a whole.

			The tables often refer to evidence and plans. Evidence can include reports, meeting notes, correspondence, presentations, conferences attended with meeting reports, organization descriptions, job descriptions and summaries of experience. Plans can include various levels of detail, but they generally have clear actions with associated timescales and resources required. The documents will have been approved by a person/organization with the appropriate authority.

			There are, of course, various approaches that can be used to implement a nuclear power plant project, for example strategic partnerships, intergovernmental agreements or build–own–operate arrangements. This publication does not assume any particular approach, since the actual nuclear infrastructure requirements do not change. What may change are the means by which the conditions are fulfilled, so not all the examples listed will apply in every case.

			Some conditions make explicit reference to understanding and using the experience from other States operating nuclear power plants. This is not repeated for every issue, but it is clearly important for all infrastructure issues that the Member State makes use of the available international experience.

			As stated earlier, the purpose of this methodology is to evaluate whether a Member State is ready to move to the next phase of infrastructure development. For this reason, the conditions look not only to see whether activities have been completed, but also whether there is a clear work programme for the next phase of the project.

			Following the detailed evaluation of each condition, the Member State needs to follow a holistic approach to information gathering, development of resources and decision making. It is, for example, necessary to ensure that the development of regulations and guides progresses in a manner that is consistent with the readiness of the owner/operator to issue a bid specification.

			3.2.	Evaluation of infrastructure status in phase 1
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			Appendix 

EXAMPLES OF EVALUATION FORMS

			A.1.	EVALUATION FORM FOR EACH INFRASTRUCTURE AREA
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			A.2.	EXAMPLE SUMMARY FORM
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					1	See https://www.iaea.org/topics/infrastructure-development/bibliography

				

				
					2	There may be more than one regulatory body. This publication follows the same approach as that of the Milestones publication [1]. Thus, the phrase ‘the regulatory body’ may generally be read as ‘the regulatory body or bodies’.

				

				
					3	The judgement on whether the actions are significant or minor is based on the importance of the work to the overall programme and the resources needed to complete it.

				

				
					4	Electronic forms are available at https://www.iaea.org/topics/infrastructure-development

				

				
					5	See https://www.iaea.org/topics/infrastructure-development/bibliography
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