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			FOREWORD

by Rafael Mariano Grossi
Director General

			The IAEA’s Statute authorizes it to “establish…standards of safety for protection of health and minimization of danger to life and property”. These are standards that the IAEA must apply to its own operations, and that States can apply through their national regulations.  

			The IAEA started its safety standards programme in 1958 and there have been many developments since. As Director General, I am committed to ensuring that the IAEA maintains and improves upon this integrated, comprehensive and consistent set of up to date, user friendly and fit for purpose safety standards of high quality. Their proper application in the use of nuclear science and technology should offer a high level of protection for people and the environment across the world and provide the confidence necessary to allow for the ongoing use of nuclear technology for the benefit of all.  

			Safety is a national responsibility underpinned by a number of international conventions. The IAEA safety standards form a basis for these legal instruments and serve as a global reference to help parties meet their obligations. While safety standards are not legally binding on Member States, they are widely applied. They have become an indispensable reference point and a common denominator for the vast majority of Member States that have adopted these standards for use in national regulations to enhance safety in nuclear power generation, research reactors and fuel cycle facilities as well as in nuclear applications in medicine, industry, agriculture and research.

			The IAEA safety standards are based on the practical experience of its Member States and produced through international consensus. The involvement of the members of the Safety Standards Committees, the Nuclear Security Guidance Committee and the Commission on Safety Standards is particularly important, and I am grateful to all those who contribute their knowledge and expertise to this endeavour.

			The IAEA also uses these safety standards when it assists Member States through its review missions and advisory services. This helps Member States in the application of the standards and enables valuable experience and insight to be shared. Feedback from these missions and services, and lessons identified from events and experience in the use and application of the safety standards, are taken into account during their periodic revision.

			I believe the IAEA safety standards and their application make an invaluable contribution to ensuring a high level of safety in the use of nuclear technology. I encourage all Member States to promote and apply these standards, and to work with the IAEA to uphold their quality now and in the future.

			The authoritative versions of the publications are the hard copies issued and available as PDFs on www.iaea.org/publications.To create the versions for e-readers, certain changes have been made, including the movement of some figures and tables.

		

	
		
			THE IAEA SAFETY STANDARDS

			BACKGROUND

			Radioactivity is a natural phenomenon and natural sources of radiation are features of the environment. Radiation and radioactive substances have many beneficial applications, ranging from power generation to uses in medicine, industry and agriculture. The radiation risks to workers and the public and to the environment that may arise from these applications have to be assessed and, if necessary, controlled.

			Activities such as the medical uses of radiation, the operation of nuclear installations, the production, transport and use of radioactive material, and the management of radioactive waste must therefore be subject to standards of safety.

			Regulating safety is a national responsibility. However, radiation risks may transcend national borders, and international cooperation serves to promote and enhance safety globally by exchanging experience and by improving capabilities to control hazards, to prevent accidents, to respond to emergencies and to mitigate any harmful consequences.

			States have an obligation of diligence and duty of care, and are expected to fulfil their national and international undertakings and obligations.

			International safety standards provide support for States in meeting their obligations under general principles of international law, such as those relating to environmental protection. International safety standards also promote and assure confidence in safety and facilitate international commerce and trade.

			A global nuclear safety regime is in place and is being continuously improved. IAEA safety standards, which support the implementation of binding international instruments and national safety infrastructures, are a cornerstone of this global regime. The IAEA safety standards constitute a useful tool for contracting parties to assess their performance under these international conventions.

			THE IAEA SAFETY STANDARDS

			The status of the IAEA safety standards derives from the IAEA’s Statute, which authorizes the IAEA to establish or adopt, in consultation and, where appropriate, in collaboration with the competent organs of the United Nations and with the specialized agencies concerned, standards of safety for protection of health and minimization of danger to life and property, and to provide for their application.

			With a view to ensuring the protection of people and the environment from harmful effects of ionizing radiation, the IAEA safety standards establish fundamental safety principles, requirements and measures to control the radiation exposure of people and the release of radioactive material to the environment, to restrict the likelihood of events that might lead to a loss of control over a nuclear reactor core, nuclear chain reaction, radioactive source or any other source of radiation, and to mitigate the consequences of such events if they were to occur. The standards apply to facilities and activities that give rise to radiation risks, including nuclear installations, the use of radiation and radioactive sources, the transport of radioactive material and the management of radioactive waste.

			Safety measures and security measures1 have in common the aim of protecting human life and health and the environment. Safety measures and security measures must be designed and implemented in an integrated manner so that security measures do not compromise safety and safety measures do not compromise security.

			The IAEA safety standards reflect an international consensus on what constitutes a high level of safety for protecting people and the environment from harmful effects of ionizing radiation. They are issued in the IAEA Safety Standards Series, which has three categories (see Fig. 1).

			Safety Fundamentals

			Safety Fundamentals present the fundamental safety objective and principles of protection and safety, and provide the basis for the safety requirements.

			Safety Requirements

			An integrated and consistent set of Safety Requirements establishes the requirements that must be met to ensure the protection of people and the environment, both now and in the future. The requirements are governed by the objective and principles of the Safety Fundamentals. If the requirements are not met, measures must be taken to reach or restore the required level of safety. The format and style of the requirements facilitate their use for the establishment, in a harmonized manner, of a national regulatory framework. Requirements, including numbered ‘overarching’ requirements, are expressed as ‘shall’ statements. Many requirements are not addressed to a specific party, the implication being that the appropriate parties are responsible for fulfilling them.
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			Safety Guides

			Safety Guides provide recommendations and guidance on how to comply with the safety requirements, indicating an international consensus that it is necessary to take the measures recommended (or equivalent alternative measures). The Safety Guides present international good practices, and increasingly they reflect best practices, to help users striving to achieve high levels of safety. The recommendations provided in Safety Guides are expressed as ‘should’ statements.

			APPLICATION OF THE IAEA SAFETY STANDARDS

			The principal users of safety standards in IAEA Member States are regulatory bodies and other relevant national authorities. The IAEA safety standards are also used by co-sponsoring organizations and by many organizations that design, construct and operate nuclear facilities, as well as organizations involved in the use of radiation and radioactive sources.

			The IAEA safety standards are applicable, as relevant, throughout the entire lifetime of all facilities and activities — existing and new — utilized for peaceful purposes and to protective actions to reduce existing radiation risks. They can be used by States as a reference for their national regulations in respect of facilities and activities.

			The IAEA’s Statute makes the safety standards binding on the IAEA in relation to its own operations and also on States in relation to IAEA assisted operations. 

			The IAEA safety standards also form the basis for the IAEA’s safety review services, and they are used by the IAEA in support of competence building, including the development of educational curricula and training courses.

			International conventions contain requirements similar to those in the IAEA safety standards and make them binding on contracting parties. The IAEA safety standards, supplemented by international conventions, industry standards and detailed national requirements, establish a consistent basis for protecting people and the environment. There will also be some special aspects of safety that need to be assessed at the national level. For example, many of the IAEA safety standards, in particular those addressing aspects of safety in planning or design, are intended to apply primarily to new facilities and activities. The requirements established in the IAEA safety standards might not be fully met at some existing facilities that were built to earlier standards. The way in which IAEA safety standards are to be applied to such facilities is a decision for individual States.

			The scientific considerations underlying the IAEA safety standards provide an objective basis for decisions concerning safety; however, decision makers must also make informed judgements and must determine how best to balance the benefits of an action or an activity against the associated radiation risks and any other detrimental impacts to which it gives rise.

			DEVELOPMENT PROCESS FOR THE IAEA SAFETY STANDARDS

			The preparation and review of the safety standards involves the IAEA Secretariat and five Safety Standards Committees, for emergency preparedness and response (EPReSC) (as of 2016), nuclear safety (NUSSC), radiation safety (RASSC), the safety of radioactive waste (WASSC) and the safe transport of radioactive material (TRANSSC), and a Commission on Safety Standards (CSS) which oversees the IAEA safety standards programme (see Fig. 2).
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			All IAEA Member States may nominate experts for the Safety Standards Committees and may provide comments on draft standards. The membership of the Commission on Safety Standards is appointed by the Director General and includes senior governmental officials having responsibility for establishing national standards.

			A management system has been established for the processes of planning, developing, reviewing, revising and establishing the IAEA safety standards. It articulates the mandate of the IAEA, the vision for the future application of the safety standards, policies and strategies, and corresponding functions and responsibilities. 

			INTERACTION WITH OTHER INTERNATIONAL ORGANIZATIONS

			The findings of the United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) and the recommendations of international expert bodies, notably the International Commission on Radiological Protection (ICRP), are taken into account in developing the IAEA safety standards. Some safety standards are developed in cooperation with other bodies in the United Nations system or other specialized agencies, including the Food and Agriculture Organization of the United Nations, the United Nations Environment Programme, the International Labour Organization, the OECD Nuclear Energy Agency, the Pan American Health Organization and the World Health Organization.

			INTERPRETATION OF THE TEXT

			Safety related terms are to be understood as defined in the IAEA Safety Glossary (see https://www.iaea.org/resources/safety-standards/safety-glossary). Otherwise, words are used with the spellings and meanings assigned to them in the latest edition of The Concise Oxford Dictionary. For Safety Guides, the English version of the text is the authoritative version.

			The background and context of each standard in the IAEA Safety Standards Series and its objective, scope and structure are explained in Section 1, Introduction, of each publication.

			Material for which there is no appropriate place in the body text (e.g. material that is subsidiary to or separate from the body text, is included in support of statements in the body text, or describes methods of calculation, procedures or limits and conditions) may be presented in appendices or annexes.

			An appendix, if included, is considered to form an integral part of the safety standard. Material in an appendix has the same status as the body text, and the IAEA assumes authorship of it. Annexes and footnotes to the main text, if included, are used to provide practical examples or additional information or explanation. Annexes and footnotes are not integral parts of the main text. Annex material published by the IAEA is not necessarily issued under its authorship; material under other authorship may be presented in annexes to the safety standards. Extraneous material presented in annexes is excerpted and adapted as necessary to be generally useful.

			

			
				
					1	See also publications issued in the IAEA Nuclear Security Series.
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			1. INTRODUCTION

			Background

			1.1.	Requirements for the operation of nuclear power plants are established in IAEA Safety Standards Series No. SSR-2/2 (Rev. 1), Safety of Nuclear Power Plants: Commissioning and Operation [1], while requirements for the design of nuclear power plants are established in IAEA Safety Standards Series No. SSR-2/1 (Rev. 1), Safety of Nuclear Power Plants: Design [2].

			1.2.	This Safety Guide provides specific recommendations on controlling activities relating to modifications to nuclear power plants.

			1.3.	This Safety Guide was developed in parallel with six other Safety Guides on the operation of nuclear power plants:

			—	IAEA Safety Standards Series No. SSG-70, Operational Limits and Conditions and Operating Procedures for Nuclear Power Plants [3];

			—	IAEA Safety Standards Series No. SSG-72, The Operating Organization for Nuclear Power Plants [4];

			—	IAEA Safety Standards Series No. SSG-73, Core Management and Fuel Handling for Nuclear Power Plants [5];

			—	IAEA Safety Standards Series No. SSG-74, Maintenance, Testing, Surveillance and Inspection in Nuclear Power Plants [6];

			—	IAEA Safety Standards Series No. SSG-75, Recruitment, Qualification and Training of Personnel for Nuclear Power Plants [7];

			—	IAEA Safety Standards Series No. SSG-76, Conduct of Operations at Nuclear Power Plants [8].

			The collective aim of this set of Safety Guides is to support the fostering of a strong safety culture in nuclear power plants.

			1.4.	The terms used in this Safety Guide are to be understood as defined and explained in the IAEA Safety Glossary [9].

			1.5.	This Safety Guide supersedes IAEA Safety Standards Series No. NS-G-2.3, Modifications to Nuclear Power Plants1.

			Objective

			1.6.	The purpose of this Safety Guide is to provide recommendations on controlling activities relating to modifications to nuclear power plants, to meet the requirements established in SSR-2/2 (Rev. 1) [1], in particular Requirement 11.

			1.7.	The recommendations provided in this Safety Guide are aimed primarily at operating organizations of nuclear power plants and regulatory bodies.

			Scope

			1.8.	It is expected that this Safety Guide will be used primarily for land based stationary nuclear power plants with water cooled reactors designed for electricity generation or for other production applications (such as district heating or desalination).

			1.9.	This Safety Guide covers modifications to nuclear power plants, including modifications relating to plant configuration and to the operating organization, as well as temporary modifications. The responsibilities of the operating organization for the design, safety assessment and review, control, implementation and testing of these modifications are also within the scope of this Safety Guide.

			1.10.	The modifications made during the design and construction stages of a nuclear power plant are outside the scope of this Safety Guide.

			1.11.	The repair and replacement of equipment and components as part of the maintenance of the plant that lead to new components (e.g. owing to unavailability of spare parts) are within the scope of this Safety Guide. Other repair or replacement of equipment or components are outside the scope of this Safety Guide. Recommendations on such maintenance are provided in SSG-74 [6].

			1.12.	The modification and/or refurbishment of nuclear power plants for the purpose of extending their design lifetime could necessitate major design modifications and re-evaluation of plant safety, and such modifications are within the scope of this Safety Guide.

			Structure

			1.13.	 Recommendations relating to the management of modifications at nuclear power plants are provided in Section 2. Section 3 identifies the roles and responsibilities of the operating organization in relation to the modification programme and the use of contractors and other external organizations. Sections 4 and 5 provide recommendations on modifications and their assessment in respect of safety aspects. Section 6 provides recommendations on temporary modifications. Recommendations on the implementation of modifications relating to plant configuration and of organizational changes are provided in Sections 7 and 8, respectively. Section 9 provides recommendations on the training of personnel, and Section 10 provides recommendations on the management of documentation relating to modifications. Appendix I presents a proposed categorization of modifications based on their importance to safety. Appendix II presents an example of the steps to be followed when developing the overall modification programme.

			2. MODIFICATION MANAGEMENT PROGRAMME

			2.1.	Requirement 11 of SSR-2/2 (Rev. 1) [1] states that “The operating organization shall establish and implement a programme to manage modifications.”

			2.2.	Plant modifications are required to be performed in accordance with a management system that is established and implemented by the operating organization in accordance with the requirements established in IAEA Safety Standards Series No. GSR Part 2, Leadership and Management for Safety [10]. Relevant recommendations are provided in IAEA Safety Standards Series No. GS-G-3.5, The Management System for Nuclear Installations [11].

			2.3.	Throughout the lifetime of a nuclear power plant, the operating organization should regularly inspect, test and maintain the plant, in accordance with approved procedures, to ensure that the plant continues to meet the design requirements and remains consistent with the assumptions and results of the safety analysis. The management of plant modifications is required to be consistent with the control of plant configuration (see Requirement 10 and para. 4.38 of SSR-2/2 (Rev. 1) [1]). Modifications are also required to conform to the design requirements and to the plant configuration documentation that has been revised as part of the modification programme throughout the plant lifetime. No modification to a nuclear power plant, whether temporary or permanent, should affect the plant’s ability to be operated safely in accordance with the intent of the design.

			2.4.	The management of modifications to a nuclear power plant is the responsibility of the operating organization (see Requirement 1 and para. 3.1 of SSR-2/2 (Rev. 1) [1]). Recommendations on the roles and responsibilities associated with the modification programme are provided in Section 3.

			2.5.	The need for modifications to the plant should be assessed on the basis of the following:

			(a)	Operating experience, including national and international operating experience;

			(b)	The findings of periodic safety reviews and other relevant safety assessments;

			(c)	Current safety objectives;

			(d)	Regulatory requirements;

			(e)	The adequacy of the design basis for internal and external hazards;

			(f)	Advances in knowledge;

			(g)	Improvements in technology;

			(h)	Unavailability of spare parts.

			2.6.	Modifications are required to be characterized on the basis of their safety significance (see para. 4.39 of SSR-2/2 (Rev. 1) [1]) and should be designed and implemented in a time frame that is consistent with this safety significance. A suggested system for categorizing modifications on the basis of their safety significance is shown in Appendix I.

			2.7.	Modifications that might affect safety should be divided into the following two categories:

			(a)	Modifications directly relating to plant configuration:

			—	Modifications to structures, systems and components or process software (including the relevant documentation);

			—	Modifications to operational limits and conditions;

			—	Modifications to operating procedures;

			—	A combination of these.

			(b)	Modifications to the operating organization:

			—	Changes in organizational structure or resources;

			—	Modifications to the management system that might affect plant safety;

			—	Modifications relating to safety assessment tools and processes, including those made to reflect improved knowledge of physical phenomena (e.g. from the results of research and development);

			—	A combination of these.

			2.8.	An example showing the elements of a modification process for safety related modifications is given in Appendix II. The process presented in 
Appendix II distinguishes between plant configuration (i.e. technical, documentation and procedural) modifications relating to the plant design (see Sections 4 and 7) and modifications to the management system (safety related organizational changes; see Sections 5 and 8).

			2.9.	As part of the programme to manage modifications, changes in the supply chain of products or services should also be considered.

			2.10.	All modifications should be documented in proportion to their safety significance. In cases where this is not readily apparent, the absence of any safety significance should be demonstrated by the operating organization.

			2.11.	Modifications to computer based systems and associated hardware and software are required to be controlled using the same principles and methods that apply generally to modifications (see para. 4.42 of SSR-2/2 (Rev. 1) [1]). In some cases, issues might arise that uniquely affect computer based applications, and these should be taken into account in the procedure for modifications. Further recommendations are provided in IAEA Safety Standards Series No. SSG-39, Design of Instrumentation and Control Systems for Nuclear Power Plants [12].

			2.12.	Paragraph 4.40 of SSR-2/2 (Rev. 1) [1] states:

			“Modification control…shall ensure the proper design, safety assessment and review, control, implementation and testing of all permanent and temporary modifications. Consequences of the modification for human tasks and performance shall be systematically analysed. For all plant modifications, human and organizational factors shall be adequately considered.”

			When modifications are proposed, they should be reviewed to ensure consistency with the corresponding design and functional requirements. Previous plant modifications and improvements made on the basis of operating experience should not be inadvertently negated by new modifications. It should be ensured that the various steps shown in Appendix II have been completed. Appropriate justification should be given for each modification, and this should be assessed before the modification is made.

			2.13.	When a modification is necessary, the full consequences of the modification for the safety of the plant should be reviewed and the boundaries and impacts of the modification (including physical, system and control boundaries, and the conditions of the environment where the modification will be made) should be defined. Many systems within a nuclear power plant are interrelated; consequently, a modification in one area might affect other areas. A full review should therefore be performed before the final definition of the areas in which modifications are to be applied. Wherever possible, experience from other plants at which similar modifications have been made should be taken into account.

			2.14.	Modifications should be planned taking into account the following:

			(a)	The scope and significance of the modification;

			(b)	The organizations involved and their responsibilities, and the interactions between these organizations;

			(c)	Interfaces with nuclear security;

			(d)	The different phases of the modification and the content of these phases;

			(e)	The input and output data for modification phases;

			(f)	The structure of documentation;

			(g)	The procedures, plans and programmes to be implemented;

			(h)	Previous experience;

			(i)	The application of a graded approach;

			(j)	Items needing special attention, witness and hold points, and reporting.

			2.15.	Modifications relating to the configuration of the plant and the operational limits and conditions are subject to the requirements for the design of nuclear power plants established in SSR-2/1 (Rev. 1) [2]. In particular, the capability of the plant to perform all safety functions should be maintained.

			2.16.	The safety policy of the operating organization with regard to modifications should be based on the following:

			(a)	Maintaining barriers (and the protection of such barriers) to radioactive releases;

			(b)	Strengthening the independence of each level of defence in depth and ensuring the adequate reliability of each level during operation, as a consequence of all modifications and related operational activities.

			The influence of human and organizational factors on these barriers and levels of defence in depth should be considered in all operational activities relating to modifications, to avoid adverse effects on the reliability of the barriers and levels and on the independence of each level during the operation of the plant.

			2.17.	A defence in depth approach should be applied to all operational activities relating to modifications to the plant. These activities should be carefully planned, appropriately authorized and carried out by competent personnel in accordance with approved procedures issued under the management system, to achieve a high level of safety performance. In addition, adequate independent safety assessments and verifications should be carried out when designing and implementing modifications, to ensure their reliable accomplishment.

			2.18.	The installation of modified systems and/or equipment should be performed in accordance with the work control system and appropriate testing procedures for the plant. The modifications should be under the control of the operating organization at all times.

			2.19.	Before being put into operation, plant modifications should be tested and checked to demonstrate compliance with the design and to ensure that the correct configuration of the plant is maintained. For modifications that need to be tested under operational conditions (e.g. radiation levels, pressure, temperature), this should be done in accordance with an established commissioning programme. All relevant documents necessary for the operation of the modified plant are required to be updated, and operating personnel are required to be appropriately trained (see para. 4.43 of SSR-2/2 (Rev. 1) [1]).

			2.20.	Modifications to design features or equipment used for design extension conditions, including mobile and portable equipment, are also required to be performed in accordance with the plant modification programme.

			3. ROLES IN AND RESPONSIBILITIES FOR PLANT MODIFICATIONS

			Operating organization

			3.1.	The operating organization retains the prime responsibility for safety, including for all safety implications of modifications (see Requirement 1 of SSR-2/2 (Rev. 1)). [1]. This responsibility includes arranging for the appropriate review and approval of modifications. The operating organization should apply for the necessary licence or approval from the regulatory body to execute the modification, as appropriate.

			3.2.	Paragraph 4.39 of SSR-2/2 (Rev. 1) [1] states:

			“A modification programme shall be established and implemented to ensure that all modifications are properly identified, specified, screened, designed, evaluated, authorized, implemented and recorded. Modification programmes shall cover: structures, systems and components; operational limits and conditions; procedures; documents; and the structure of the operating organization. Modifications shall be characterized on the basis of their safety significance. Modifications shall be subject to the approval of the regulatory body, in accordance with their safety significance, and in line with national arrangements.”

			The modification programme should also specify compliance with relevant codes and standards for design, construction and installation.

			3.3.	The operating organization is required to maintain a formally designated entity that takes responsibility for the continuing integrity of the plant design (often referred to as the ‘design authority’) (see para. 3.2(f) of SSR-2/2 (Rev. 1) [1]). This entity should formally approve all modifications.

			3.4.	Paragraph 4.41 of SSR-2/2 (Rev. 1) [1] states that “The operating organization shall establish a formal system for informing relevant personnel in good time of temporary modifications and of their consequences for the operation and safety of the plant.”

			3.5.	The operating organization should ensure that the appropriate safety analyses have been performed before the implementation of a modification is commenced. Where an independent safety review of the scope and implications of a proposed modification is needed, it should be carried out by personnel who are not involved in the design and implementation of the modification.

			3.6.	The operating organization should arrange for the availability of competent personnel and suitable tools to assist in design studies and development work for modifications on plant items important to safety. These personnel should be involved in the preparation of specifications for modifications, the assessment of proposed designs and the supervision of the engineering work. Special arrangements should be made to support the plant activities relating to plant modifications that involve special tools or analysis methods.

			3.7.	The operating organization should ensure that modifications are carried out in the correct sequence, since subsequent modifications might be dependent upon the completion of previous modifications in a particular sequence.

			3.8.	The operating organization should ensure that modifications are planned and implemented in accordance with the management system (see para. 2.2).

			3.9.	The operating organization is required to carry out periodic safety reviews or safety assessments under alternative arrangements to confirm that the safety analysis for the plant remains valid considering the cumulative effects of modifications (see para. 4.44 of SSR-2/2 (Rev. 1) [1]). Relevant recommendations are provided in IAEA Safety Standards Series No. SSG-25, Periodic Safety Review for Nuclear Power Plants [13].

			3.10.	The operating organization should ensure that any revisions to plant documentation, personnel training and plant simulators necessitated by the modifications are implemented in a complete, correct and timely manner as part of the modification programme. Modifications to plant simulators should be prioritized and implemented on the basis of their scope and significance to ensure appropriate training.

			3.11.	The operating organization should take into account the experience gained from making a modification at a plant for the first time, before making the modification in other parts of the plant or at other plants.

			Use of contractors and other external organizations

			3.12.	While the operating organization may delegate or subcontract the engineering, assessment and execution of certain tasks for modifications to other organizations, it remains responsible for safety (see para. 4.33 of GSR Part 2 [10]). The operating organization should have staff with sufficient technical knowledge to guide and evaluate any modification work performed on its behalf.

			3.13.	When a contractor is involved in making modifications, the professional competence, experience and qualifications of all personnel involved should be confirmed, and it should be ensured that the contractor’s management system meets the expectations of the operating organization.

			3.14.	In assessing the consequences of a modification for plant safety, the original design organization, architect engineers and/or construction organization should be consulted, as appropriate, in order to provide assurance that the design basis and functions will be preserved following the modification.

			4. MODIFICATIONS RELATING TO PLANT CONFIGURATION

			4.1.	For the purposes of this Safety Guide, modifications relating to plant configuration are defined as any permanent or temporary alterations to structures, systems or components, process software, operational limits and conditions, operating procedures or plant configuration documentation. This includes any replacement or refurbishment of existing structures, systems or components. This does not include the replacement of a component by an equivalent component in recognized maintenance activities.2

			Categorization of modifications by safety significance

			4.2.	Proposed modifications should be categorized in accordance with their safety significance (see Appendix I). The principles for managing modifications are the same for all categories, but in each step of the modification process the categorization determines the level of detail of the safety review that should be applied.

			4.3.	The criteria used in determining the categorization of each modification should be defined and documented to help ensure the correct assessment of the safety significance associated with the implementation, testing and operation of the modification, even if the modified item is not safety classified.

			Safety assessment

			4.4.	In accordance with paras 4.6 and 5.2 of IAEA Safety Standards Series No. GSR Part 4 (Rev. 1), Safety Assessment for Facilities and Activities [14], the safety assessment of a nuclear power plant is required to be updated as necessary so as to take into account modifications to the design or operation of the plant.

			4.5.	An initial safety assessment should be carried out before starting a modification to determine whether the proposed modification has any consequences for safety. Human and organizational factors are also required to be considered when assessing the modification (see para. 4.40 of SSR-2/2 (Rev. 1) [1]). This initial assessment should be carried out by qualified and trained personnel, taking a systematic approach, and should be reviewed by an independent safety expert (see GSR Part 4 (Rev. 1) [14]). The implementation phase for the modification as well as the plant operation after the modification should be considered in the initial safety assessment. The result of the initial safety assessment should lead to a decision on the categorization of the proposed modifications, as described in paras 4.2 and 4.3.

			4.6.	Depending on the results of the initial safety assessment, a more detailed and comprehensive safety assessment might be needed. The extent and complexity of this additional assessment will depend on the nature and extent of the potential consequences of the modification for safety. If the initial assessment has clearly demonstrated that the modification will have no adverse consequences for safety during its implementation nor after the modification is made, then further safety assessment might not be necessary.

			4.7.	Modifications that might affect redundant safety related items should be subject to a comprehensive safety assessment, with particular consideration given to avoiding the possibility of common cause failures and common mode failures. The implementation of such modifications should be performed, if practicable, in a phased sequence in order to collect operating experience and test results on the first redundant train or part of the system, before proceeding to modify the other equivalent redundant trains or parts of the system.

			4.8.	A comprehensive safety assessment should include an evaluation of the effect of the modification on radiological hazards during its implementation and during subsequent commissioning, testing, maintenance, operation and decommissioning of the modified plant. This evaluation should include the effect of the modified plant item and its associated system on physically adjacent systems and plant items, and on interconnected systems or support systems such as electrical power supplies.

			4.9.	The comprehensive safety assessment should demonstrate that the modified plant can be operated safely and that it complies with the system specifications and relevant safety requirements. Special consideration should be given to demonstrating the following:

			(a)	The modification complies with all relevant requirements established in SSR-2/1 (Rev. 1) [2] and SSR-2/2 (Rev. 1) [1] for all relevant plant states.

			(b)	Interfaces with nuclear security have been taken into account.

			(c)	New or modified systems will not adversely affect the safety of other items important to safety under all plant states.

			(d)	Due account has been taken of the potential consequences of the modification being inadequately implemented.

			(e)	The occupational exposures from the implementation of the modification and the occupational exposures and public exposures (including potential exposures due to accidents) as a result of the modification are below approved limits and as low as reasonably achievable. In considering this, the need for the modification and any associated benefits to safety should be taken into account.

			(f)	The modification can be performed without adversely affecting the safety of the plant and will not introduce new hazards.

			(g)	The technical or operational effect of the modified system on each of the accident sequences considered in the safety analysis report has been adequately assessed.

			(h)	Each identified failure mode of the modified system has been assessed by appropriate evaluation methods. In addition to the direct effects on the plant, the effects on items important to safety should also be considered in the assessment.

			(i)	The impact of potential external events and the consequences of inadequate qualification of the structures, systems and components to withstand them has been assessed and/or analysed.

			(j)	The environmental impact has been evaluated and considered.

			(k)	The safety consequences of implementing the modifications (and of any temporary equipment used), and the ability to withstand anticipated operational occurrences and accident conditions during the implementation, have been considered.

			(l)	The potential interaction with other design changes has been reviewed to ensure control of the plant configuration after implementation of the modification (e.g. because a later change might depend on whether an earlier proposed change has already been made).

			(m)	The scope of commissioning testing meets system specifications.

			(n)	The radioactive waste arising from the plant modification will be properly managed.

			(o)	The need to temporarily disable any safety related plant interlocks, or to suspend any operating restrictions, has been fully assessed before implementation, and steps are in place to ensure the prompt reversal and reinstatement of such measures.

			(p)	In a case where a modification has already been implemented in a similar plant, any differences between the plants has been properly assessed before design documentation, implementation procedures or test procedures have been duplicated.

			4.10.	The comprehensive safety assessment should include a re-evaluation of the deterministic safety analysis and the probabilistic safety analysis, applying the relevant standards for safety evaluation and taking into account uncertainties in data. The results should then be used to inform a conservative decision making process. The results of the analysis can also be used to decide on additional risk reduction measures.

			4.11.	A risk informed approach should be used to assess possible alternative solutions to a proposed modification and to evaluate their impact on safety. This should be based on the results of the probabilistic safety analysis and the deterministic safety analysis, and on engineering judgement and operating experience feedback.

			4.12.	For multiple unit plant sites, the safety assessment for proposed modifications should take account of the potential for internal and external hazards to give rise to impacts on several or all units on the site simultaneously. Any modification proposed to enhance safety by providing interconnections between units should be assessed to show that the modification does not affect compliance with Requirement 33 of SSR-2/1 (Rev. 1) [2], in which each unit is required to have its own safety systems and to have its own safety features for design extension conditions.

			Review of proposed modifications

			4.13.	The scope, safety implications and consequences of proposed modifications should be reviewed by personnel not involved in their design or implementation. These reviewers should include representatives of the operating organization as well as engineering personnel, representatives of the design organization, safety experts, other technical experts and advisers on managerial and organizational issues, as appropriate. The reviewers may also include independent external advisers, as necessary (particularly for major modifications), to ensure that a full and adequately informed review of the modification, including all its safety implications for the plant, can be conducted. These reviews should also include appropriate independent validation and verification of software changes for major modifications.

			4.14.	Proposals for modifications submitted for independent review should be in accordance with the management system of the operating organization. The proposals should specify the functional requirements and safety requirements for the proposed modifications and should show how these are to be met. The amount of information needed will depend on the extent and complexity of the modification; however, at a minimum, submissions should include the following:

			(a)	Design documents or amendments to initial design documents for the part of the plant affected by the modification;

			(b)	A description of the design and justification of the proposed modification;

			(c)	Sketches, drawings and a list of materials;

			(d)	Specifications for parts and materials;

			(e)	Applicable codes and standards and relevant safety analyses;

			(f)	A safety assessment and, if applicable, proposed modifications to the operating limits and conditions, if any;

			(g)	An analysis of adverse environmental conditions or operating conditions, including any implications in terms of radioactive waste, contamination, radioactive releases and exposure to radiation;

			(h)	A description of the methods of fabrication, installation and testing, including the methods of validation and verification of software;

			(i)	Specification of the operating conditions of the plant, or parts thereof, necessary to implement the modification;

			(j)	Statement of requirements for the assurance of quality in the management system;

			(k)	A description of the equipment qualification (see Requirement 13 of SSR-2/2 (Rev. 1) [1]) and the testing and commissioning to be performed after implementation;

			(l)	A description of changes to the safety related plant maintenance and ageing management arrangements;

			(m)	A description of how to determine the effectiveness of the achievement of the objectives of the modification.

			4.15.	The results of the safety assessments for a modification should be reviewed by the safety committee (or a group of personnel with similar responsibilities) and should be subject to approval by the operating organization. As part of the graded approach, the safety committee should consider the categorization attributed to the modification (i.e. that based on the safety significance), and should request changes as necessary. This could result in a need for additional safety justifications for the modification.

			Design considerations

			4.16.	When modifications, including the installation of new or additional structures, systems and components, are first proposed, their compatibility with the original design bases should be assessed. Modifications relating to plant configuration should meet the requirements for the design of nuclear power plants established in SSR-2/1 (Rev. 1) [2]. In particular, the capability to fulfil the fundamental safety functions (see Requirement 4 of SSR-2/1 (Rev. 1) [2]) is not to be degraded.

			4.17.	The modifications should, whenever possible, minimize the deviations from the original design and its bases. When such deviations are inevitable, the modifications should be evaluated to ensure that they meet the requirements established in SSR-2/1 (Rev. 1) [2]. It should be ensured that, once established, the revised design requirements are justified, maintained and made available to all parties involved in the implementation of the modification.

			4.18.	The detailed design of modifications should include specifications for construction, installation, commissioning, equipment qualification and testing (including test acceptance criteria), ageing control and maintenance during operation and decommissioning.

			Modifications to operational limits and conditions

			4.19.	Paragraph 4.8 of SSR-2/2 (Rev. 1) [1] states that “The operational limits and conditions shall be reviewed and revised as necessary in consideration of experience, developments in technology and approaches to safety, and changes in the plant.” Recommendations on operational limits and conditions are provided in SSG-70 [3].

			4.20.	Where alterations to the operational limits and conditions become necessary, they should be considered to be modifications of high safety significance (i.e. Category 1 modifications, as described in Appendix I).

			4.21.	Where it is necessary to modify operational limits and conditions temporarily (e.g. to perform physics tests on a new core), particular care should be taken to ensure that the effects of the modification are analysed. The modified state, although temporary, is required to undergo assessment and approval in the same way as for a permanent modification (see para. 4.40 of SSR-2/2 (Rev. 1) [1]). Where a permanent approach is available as a reasonable alternative, this should be preferred to a temporary modification of operational limits and conditions.

			Modifications to procedures and documentation

			4.22.	Modifications to procedures and documentation should be categorized in accordance with their safety significance. A comprehensive and detailed safety assessment (see para. 4.6) should be carried out, as necessary.

			4.23.	Any modifications to procedures and documentation are required to be approved (see para. 7.4 of SSR-2/2 (Rev. 1) [1]). Modified documents should be verified and validated before use. Any other documents affected by the modifications are required to be revised, and operating personnel are required to be appropriately trained (see para. 4.43 of SSR-2/2 (Rev. 1) [1]).

			Modifications to computer based systems

			4.24.	A structured modification process should be in place to govern any hardware or software change, including a hardware upgrade, before the implementation of the change. Strict configuration control should be maintained throughout modification processes for software, in particular to resolve any conflicts resulting from modifications being carried out simultaneously. Only those items for which the pre-installation tests have been successfully completed should be installed in the plant. Recommendations on the design and control of software for nuclear power plants are provided in SSG-39 [12].

			4.25.	For modifications to be carried out on computer systems (in particular, software), a comprehensive validation and verification process should be implemented to ensure the suitability of the changes.

			4.26.	 Common mode failure deriving from software is required to be taken into consideration for computer based safety systems (see para. 6.37(e) of SSR-2/1 (Rev. 1) [2]). Thus, due consideration should be given to the recommendations provided in SSG-39 [12].

			Configuration control

			4.27.	Consistency is required between modifications, design requirements and plant documentation (see Requirement 10 and para. 4.38 of SSR-2/2 (Rev. 1) [1]). When modifications are made to structures, systems and components or process software, the relevant plant documentation should be modified accordingly. When modifications are to be made to operational limits and conditions (see paras 4.19–4.21), the associated operating instructions and procedures should be modified accordingly (see paras 4.22 and 4.23), and in some cases the associated structures, systems and components might also be subject to modification.

			4.28.	Configuration management should also be used to ensure that the implementation of the modification is in accordance with the design requirements as established in the design documentation.

			4.29.	Consideration should be given to the need to revise procedures, training and plant simulators or training facilities as part of the implementation of the modification (see also para. 4.21 of SSR-2/2 (Rev. 1) [1]). The procedures to be considered for revision should include operating procedures for normal operation, emergency operating procedures, severe accident management guidelines, surveillance and maintenance procedures, and calibration and testing procedures and plant instructions.

			4.30.	Training is required to be provided for plant personnel on the modified plant structures, systems and components (see para. 4.43 of SSR-2/2 (Rev. 1) [1]). This training should address all operational states and accident conditions, and maintenance and testing, as appropriate.

			4.31.	Any updates to the configuration of the plant simulator or training facilities should be included within the modification programme, to ensure that this programme accurately reflects all modifications and changes made to the plant.

			4.32.	Procedures should be put in place to avoid two or more potentially conflicting modifications being designed and implemented simultaneously on the same part of the plant or on interrelated parts of the plant. As such, the use of master drawings, safety analysis reports and procedures should be subject to rigorous controls. The operating organization should designate a specific entity (e.g. a section or team of personnel) to manage the modification programme. Requests for modifications should be routed through this entity, which should track modifications until they are fully implemented. When a proposed modification is rejected, this should be formally recorded. The entity responsible for managing modifications should also ensure that the originators of proposed modifications are advised of the need to coordinate their activities.

			5. MODIFICATIONS TO THE OPERATING ORGANIZATION

			Organizational changes

			5.1.	Requirement 3 of SSR-2/2 (Rev. 1) [1] states that “The structure of the operating organization and the functions, roles and responsibilities of its personnel shall be established and documented.” The operating organization should set up its organizational structure for the safe operation of nuclear power plants before the commencement of operation. Further recommendations on the operating organization for nuclear power plants are provided in SSG-72 [4].

			5.2.	Changes to the structure of the operating organization are required to be considered as part of the formal modification programme and are required to be characterized on the basis of their safety significance (see para. 4.39 of SSR-2/2 (Rev. 1) [1]). These changes should follow the formal modification process established at the plant (see Appendix II). Benchmarking and analyses of feedback from operating experience relating to organizational changes in the nuclear industry and in other industries should be used to support this process.

			5.3.	Paragraph 3.9 of SSR-2/2 (Rev. 1) [1] states:

			“Proposed organizational changes to the structure and associated arrangements, which might be of importance to safety, shall be analysed in advance by the operating organization. Where so required by the State’s regulations, proposals for such organizational changes shall be submitted to the regulatory body for approval.”

			Any changes or modifications to the operating organization should be carefully evaluated in order to avoid frequent modifications to the organizational structure that could affect the stability of the organization. Whenever organizational restructuring is undertaken at any level, the modified structure should be such as to ensure that the operating organization continues to fully meet its responsibilities, as described in Requirement 1 and paras 3.1–3.3 of SSR-2/2 (Rev. 1) [1]. An independent internal review should also be conducted to confirm that the provisions for the management of safety, including the provision for adequate control and supervision, will not be compromised.

			5.4.	Special attention should be paid to the review and revision of the programme for the training of personnel, to ensure in advance that management and staff have a broad understanding of the new tasks and functions associated with the organizational changes. In particular, it should be ensured that adequate provision has been made to maintain a suitable number of trained and competent personnel in all areas important to safety, and that any new organizational arrangements have been documented with clear and well understood functions, roles and responsibilities. The training needs for these functions, roles and responsibilities should be identified, and training should be provided for relevant staff, as necessary.

			Modifications to programmes for the management of operations

			5.5.	Recommendations on the management of plant operations, including the need for the operating organization to establish appropriate documented management programmes, are provided in Section 7 of SSG-72 [4]. Any modifications to such management programmes should be reviewed by the operating organization to assess their consequences for safety. Modifications to specific operation management programmes could influence other programmes; consequently, a thorough review should be performed to determine the extent to which this might affect safety.

			Modifications to safety assessment tools and processes

			5.6.	The safety of a nuclear power plant is assessed a number of times (e.g. at the design stage, the commissioning stage and during operation) to ensure that the plant is operated within safety limits and meets its licence conditions. The accuracy of, and confidence in, the safety assessment will depend on the assessment tools and input data with which the assessment is performed. The operating organization should, as part of a process of continuous improvement, consider updating the tools and should check whether the data used remain valid. Examples include improved computer modelling of physical processes, advanced understanding of fault (or accident) conditions, new safety assessment approaches and new in-service inspection techniques. Any modifications to the existing safety assessment tools should be reviewed for their safety implications, including an assessment of the uncertainty in determining safety margins.

			6. TEMPORARY MODIFICATIONS

			6.1.	Modifications that are implemented for a limited period of time should be treated as temporary modifications. Examples of temporary modifications are temporary bypass lines, electrical jumper wires, lifted electrical leads, temporary trip point settings, temporary blind flanges3 and temporary defeats of interlocks. Temporary modifications also include temporary construction and installations used for maintaining the design basis configuration of the plant in unanticipated situations. In some cases, temporary modifications can be made as an intermediate stage in making permanent modifications.

			6.2.	Temporary modifications should not be used instead of permanent modifications to speed up implementation or to bypass a full scope safety assessment. However, the process for temporary modifications should allow for the rapid review and assessment of any proposed modifications that have to be undertaken urgently. Such urgent actions should neither reduce levels of safety nor allow the modification to be implemented without a prior safety assessment. Paragraph 4.40 of SSR-2/2 (Rev. 1) [1] requires the same modification control measures for both temporary and permanent modifications.

			6.3.	Except in cases of urgent needs4 or when explicitly permitted by established procedures, the configuration of items important to safety should not be altered (such as by defeating interlocks or installing jumpers) without written orders or instructions from authorized persons. Such alterations should not violate operational limits and conditions. Any alteration should be reviewed by competent persons as soon as possible, before its implementation. Further recommendations on the control of temporary modifications to plant equipment are provided in SSG-76 [8].

			6.4.	Paragraph 4.41 of SSR-2/2 (Rev. 1) [1] states that “Temporary modifications shall be limited in time and number to minimize the cumulative safety significance.” To achieve this, any opportunity should be taken to remove temporary modifications as soon as possible, in particular during outages, or convert them into permanent modifications. Justification should be provided if a temporary modification persists longer than its agreed duration and a new time limit should be specified.

			6.5.	Documents such as drawings and procedures relating to a temporary modification should be clearly marked to show the presence of the modification until the modification is removed or changed to a permanent modification.

			6.6.	The procedure for obtaining authorization to implement a temporary modification should be the same as that for a permanent modification. This procedure should confirm that the temporary modification does not cause a change in the operational limits and conditions, unless this is separately justified, and does not result in any safety issues other than those that have been properly assessed. 

			6.7.	In the safety assessment and review of all proposed modifications (temporary and permanent), any existing temporary modifications and the cumulative safety significance of the proposed change should also be considered.

			6.8.	The operating organization should regularly review temporary modifications and decide whether they are still needed. The review should check that associated operating procedures, instructions and drawings, and operator aids conform to the approved configuration. The status of temporary modifications should be periodically reported (typically at monthly intervals) to the plant manager. Those that are considered to be needed permanently should be converted in a timely manner in accordance with the established procedure.

			6.9.	Paragraph 4.41 of SSR-2/2 (Rev. 1) [1] states:

			“Temporary modifications shall be clearly identified at their location and at any relevant control position. The operating organization shall establish a formal system for informing relevant personnel in good time of temporary modifications and of their consequences for the operation and safety of the plant.”

			Any precautions or restraints on operation due to a temporary modification should be clearly specified to all relevant operating personnel, in particular shift personnel, before putting the modification into effect.

			6.10.	An appropriate procedure should be established to control temporary modifications at the plant. The following should be included in this procedure:

			(a)	The designation of personnel who are allowed to initiate, approve, perform and remove temporary modifications.

			(b)	The procedures for technical reviews, in particular safety reviews to be performed before temporary modifications are made. Temporary modifications to items important to safety (including software) should be independently reviewed by personnel not involved in the design or implementation of the temporary modification.

			(c)	The control of documentation — such as operating flowsheets, operating manuals, maintenance manuals and emergency procedures — to ensure that this documentation reflects temporary modifications and that the plant continues to be operated and maintained safely while the modification is in place.

			(d)	The logging, labelling and tagging of temporary modifications in a distinctive manner.

			(e)	Communication with operating personnel and the involvement of such personnel in the implementation of the modification at the initial stage.

			(f)	The control of temporary modifications by the operators of the main control room.

			(g)	The procedures for setting a time limit on temporary modifications and the procedure to extend this time limit, if necessary.

			(h)	Checks to ensure the reinstatement of the plant configuration, and communication with personnel when a modification is removed.

			7. IMPLEMENTATION OF MODIFICATIONS RELATING TO PLANT CONFIGURATION

			Administrative control of modifications to plant configuration 

			7.1.	Requirement 10 of SSR-2/2 (Rev. 1) [1] states that “The operating organization shall establish and implement a system for plant configuration management to ensure consistency between design requirements, physical configuration and plant documentation.”

			7.2.	For major modification projects, the operating organization should establish the objectives and organizational structure necessary to achieve these objectives. The operating organization should also appoint a project manager, determine and assign responsibilities, provide appropriate control and supervision, and allocate adequate resources.

			7.3.	The implementation of plant modifications, including necessary testing, should be performed in accordance with the plant’s work control system (see Section 7 of SSG-76 [8]) and appropriate testing procedures. The implementation of modifications should be subject to the usual maintenance procedures (see SSG-74 [6]) and administrative procedures, together with any additional procedures generated by reviews and safety assessments.

			7.4.	The operating organization is required to ensure that all personnel, including contractors, who will be involved in the implementation of modifications that might affect safety are suitably qualified, experienced and trained (see Requirement 7 of SSR-2/2 (Rev. 1) [1]). Appropriate time should be allocated for all personnel affected by the modification to familiarize themselves with the changes.

			7.5.	Any change to the scheduling or sequencing of the implementation of a modification, including packages of modifications that might not be fully implemented or that are implemented in several stages, should be properly assessed and documented with regard to safety and operability.

			Specific safety considerations of modifications to plant configuration

			7.6.	The following safety aspects of the modification should be considered in a systematic manner:

			(a)	Exposure to radiation, including ensuring that radiation doses are as low as reasonably achievable;

			(b)	Radioactive waste management, including transport, decontamination and dismantling, as applicable;

			(c)	Measures to reduce the spread of contamination;

			(d)	Safe operation of the plant during the implementation of the modification;

			(e)	The impact of the modification on non-radiation-related safety;

			(f)	Working with personal protective equipment and working in confined spaces or at height.

			7.7.	The plant should be put in an appropriate safe operating condition for the modification to be made. The system to be modified should also be placed in a safe operating condition.

			7.8.	Consideration should be given to the need for special temporary emergency operating procedures if specific additional hazards associated with the implementation of the modification have been identified.

			7.9.	 The process for the control of software changes should include provisions to ensure that all copies of the software (e.g. the master copy, the copy of the software in use, and any development copies) are secure; duplicate copies of any software should be strictly controlled.

			Testing and commissioning of modifications to plant configuration

			7.10.	Post-modification testing is required to be performed (see para. 4.40 of SSR-2/2 (Rev. 1) [1]), and this testing should verify the operability of the overall system as well as the operability of specific components or subsystems involved in the modification. The testing programme should include checks, measurements and evaluations before, during and on completion of the modification. Testing and commissioning of modifications (which may include pre-installation tests of equipment and mock-ups), including equipment qualification, should be aimed at demonstrating that the modifications meet their design specifications for all operational states, in design basis accidents and, where appropriate, for design extension conditions.

			7.11.	Tests should be planned as part of the initial design of the modification. The testing of equipment before installation in the plant should be considered. Tests should include specific acceptance criteria based on performance criteria and testing provisions as part of the modification programme.

			7.12.	The commissioning test plan, including the justification for the scope of testing, should be independently reviewed in conjunction with the safety assessment for the modification and should then be made subject to approval by the plant management. The testing should not rely solely on the tests performed by the supplier (i.e. on tests which might not involve testing the complete system in a real configuration) and should verify that any connected systems are not improperly affected by the modification. Commissioning testing should also be used to validate new or revised operating procedures.

			7.13.	A qualification programme for structures, systems and components relating to the modification should be established, as necessary.

			7.14.	Arrangements should be made for the verification and validation of any changes to procedures, operational limits and conditions, and/or software, and this should be done as part of the commissioning. Validation can be done by testing on simulation models or by specially controlled operational tests to confirm that changes are operable and produce the desired results. When conditions do not allow testing to be conducted after the implementation of the modification, testing should be done in advance on specific test facilities. The ability to execute a testing programme successfully and efficiently might depend on the accessibility of the modified system for on-line measurements and might necessitate special provisions for testing and measurement. The need for such special provisions should be assessed at the design stage of the modification.

			7.15.	Special precautions should be taken with modifications to safety related software, which should be thoroughly tested off-line before it is put on-line. If possible, the software should be run in parallel during plant operation (but not connected to plant systems) while its compliance with the design under real plant conditions is checked.

			7.16.	The final approval of modifications before routine operation should be based on the successful completion of the commissioning tests and verification that the information and experience obtained confirms compliance with regard to the design. A modification commissioning report, including the acceptance criteria and the results of commissioning tests, should be produced to assist in this task. The report should be reviewed by the safety committee of the plant and should be made subject to approval by the plant management as a basis for permitting the normal operation of the modified plant.

			Putting modifications to plant configuration into operation

			7.17.	 Before a modification at a nuclear power plant is put into operation, the following should be ensured:

			(a)	All the documentation affected by the plant modification, such as the safety analysis report5, operational limits and conditions, drawings, operating and emergency procedures, periodic maintenance and testing procedures, and equipment indexes (commonly used for system operation, tag-outs and maintenance), has been updated and is available. Documents should not be released for use until the modification has been completed.

			(b)	The as-built configuration of modified systems has been verified and the design documentation and, if affected, the design basis document have been updated.

			(c)	Relevant personnel have been informed and trained in relation to the modification.

			(d)	Records for design, commissioning, the application of the management system, testing and installation have been reviewed for completeness and accuracy.

			(e)	The schedule of equipment to be put into operation when needed has been updated.

			7.18.	The modification of computer systems (in particular, software) during operation should be allowed only if supported by a detailed justification. Modifications to parameter settings that might need to be varied during the operation of the plant (such as trip settings and calibration constants) should only be undertaken on qualified equipment and by qualified personnel. The extent of the variation in parameters at the plant should be limited to the range that is justified in the plant safety analysis.

			7.19.	The correct alignment of all systems and components affected by the modification should be verified independently (within the operating organization) after the modification has been implemented and the commissioning tests have been performed.

			7.20.	To ensure reliable configuration control after implementation of the modification, the status of other design modifications should also be reviewed to ensure that any assumptions about the implementation of these modifications remain valid.

			7.21.	The completion of the modification should include a check that all temporary connections, procedures and arrangements used in implementing the modification have been removed or cancelled and that the plant has been returned to full operational status. It should also include a check that the plant documentation, including the surveillance programme, has been revised to take into account the modification and that the configuration of the plant corresponds to the revised documentation.

			7.22.	The impact of modifications on the plant simulator and associated computer codes should be evaluated to determine whether appropriate modifications have been incorporated and whether the effects of these modifications have 
been assessed.

			7.23.	The list of spare parts and consumables to be kept in storage at the plant as a consequence of a modification should be reviewed and updated.

			8. IMPLEMENTATION OF ORGANIZATIONAL CHANGES

			8.1.	Proposed organizational changes should be clearly defined, and their safety implications are required to be assessed (see para. 4.40 of SSR-2/2 (Rev. 1) [1]). During the implementation of organizational change, the adequacy of safety arrangements should be maintained, especially during the transition phase before the new organizational arrangements have become fully established. Organizational changes should be properly planned well in advance. The possible need for additional resources to cope with any increased workload during the transition phase should be considered.

			8.2.	Operating personnel should be involved in any restructuring of the operating organization in order to avoid undue uncertainty and concern with regard to the planned changes.

			8.3.	Large organizational changes should be implemented in steps, if appropriate. The implementation and completion of each step should be reviewed by a related group, or peer group from another organization or plant, to ensure that the objectives of the changes have been met.

			9. TRAINING OF PERSONNEL

			9.1.	Training is required to be conducted (see para. 4.43 of SSR-2/2 (Rev. 1) [1]) to ensure that the relevant personnel responsible for operation and maintenance are familiar with the modifications and are sufficiently knowledgeable to operate and maintain the modified equipment in a safe and reliable manner. Further recommendations on the training of plant personnel are provided in in SSG-75 [7].

			9.2.	The implications of plant modifications for training needs should be reviewed; if necessary, the training plans should be revised at an early stage of the modification process. The entity responsible for training should determine the needs for the training associated with the modification in consultation with the operating organization. Consideration should be given to the interfaces between modified and unmodified areas.

			9.3.	Appropriate training should be completed, as necessary, before the commissioning, operation and maintenance of the modified system. The training should include written information, procedures, pre-shift briefings or formal training, as appropriate, depending on the complexity of the modification and its consequences for the operation and maintenance of the plant.

			9.4.	The need for reauthorization of some plant personnel (see para. 3.12 of SSR-2/2 (Rev. 1) [1]) should be considered before they resume their duties after significant plant modifications relevant to safety have been implemented. Such reauthorization should be made on the basis of a review of the competence of the authorized person in respect of the modified configuration.

			9.5.	Before changes are made to the management system, appropriate training should be given to managers and other personnel on their new responsibilities.

			10.  MANAGEMENT OF DOCUMENTATION

			10.1.	Paragraph 4.42 of SSR-2/2 (Rev. 1) [1] states that “The plant management shall establish a system for modification control to ensure that plans, documents and computer programs are revised in accordance with modifications.” This system should ensure the following:

			(a)	That all relevant documents affected by the modification are identified and updated, and remain consistent with the plant specific design requirements, and that they accurately reflect the modified plant configuration;

			(b)	That all changes to the design over the lifetime of the plant are based on the actual status of the plant, as reflected in the current plant documentation;

			(c)	That the modified plant configuration conforms fully with the documentation and with the licence conditions.

			10.2.	Information technology applications should be used to support the management of modifications to ensure that the modification process stays consistent with the plant’s physical configuration and the plant documentation.

			10.3.	All relevant plant documents that have been revised or developed during the modification process should be subject to a system of configuration management established and implemented in accordance with Requirement 10 of SSR-2/2 (Rev. 1) [1]. Changes to these documents should be traceable to the modification and should be submitted for approval before being formally reissued.

			10.4.	Documents relating to modifications, in particular to installation and testing, should be updated as soon as practicable. Responsibilities should be clearly assigned for the revision of all documents, such as drawings (including digital representations), specifications, procedures, safety reports, operational limits and conditions, descriptions of equipment and plant systems, training materials (including for plant simulators), vendor equipment manuals and spare part lists.

			10.5.	Modified operational limits and conditions, and other operational documentation, should be included in plant documentation by means of approved processes and should be subject to review and approval at the same level as for the original operational documentation.

			10.6.	Expired documents should be marked as ‘invalid’ in an unambiguous manner. Recommendations on the suspension or cancellation of documents are provided in paras II.23 and II.24 of IAEA Safety Standards Series No. GS-G-3.1, Application of the Management System for Facilities and Activities [15].

			10.7.	Requirement 15 of SSR-2/2 (Rev. 1) [1] states that “The operating organization shall establish and maintain a system for the control of records and reports.” Documents and records relating to modifications and to the revised plant configuration should be stored appropriately to preserve access to them throughout the lifetime of the plant.

			Appendix I 

CRITERIA FOR THE CATEGORIZATION OF MODIFICATIONS BASED ON SAFETY SIGNIFICANCE

			I.1.	As described in paras 4.2 and 4.3, proposed modifications should be categorized and prioritized in accordance with their safety significance. This categorization should follow an established procedure, and the initial category proposed should be checked independently. This appendix contains an example method for dividing modifications into three categories.

			Category 1

			I.2.	Modifications in Category 1 are capable of having a significant effect on safety or involve an alteration of the principles and conclusions on which the design and the licensing of the plant were based. Such modifications might involve changes in the set of design basis accidents, they might alter the technical solutions adopted for meeting the safety goals or they might lead to changes in the operating rules. Modifications in Category 1 will involve a comprehensive safety assessment and might also necessitate prior approval, an amendment to the operating licence or the issue of a new licence by the regulatory body.

			Category 2

			I.3.	Modifications in Category 2 include changes in items important to safety and in associated operational approaches and/or procedures, and usually necessitate an update of the safety analysis report or other licensing documents. Modifications in Category 2 are characterized by a minor influence on safety and no significant alteration to the principles on which the licensing of the plant has been based. For such modifications, there should be no changes to the conclusions in the licensing documents. In the design stage for modifications in Category 2, it should be determined whether there are negative side effects, such as degradation of safety features or an expectation of causing significant radiation exposure from implementing the modification. For modifications in Category 2, the operating organization should inform the regulatory body, in accordance with established procedures.

			Category 3

			I.4.	Modifications in Category 3 are minor modifications that can be characterized in one of the following ways:

			(a)	The modification has no consequences for safety.

			(b)	The items to be modified are classified as items not important to safety and are not mentioned in the licensing documents.

			(c)	The modification, even if designed or implemented incorrectly, could not affect safety.

			Appendix II 

RECOMMENDED ELEMENTS OF A MODIFICATION PROCESS FOR SAFETY RELATED MODIFICATIONS

			II.1.	Figure II.1 presents an example of the steps to be followed when developing the overall modification process for safety related modifications.
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					1	INTERNATIONAL ATOMIC ENERGY AGENCY, Modifications to Nuclear Power Plants, IAEA Safety Standards Series No. NS-G-2.3, IAEA, Vienna (2001).

				

				
					2	An equivalent component is either one that is identical to the original component or one for which a safety assessment has previously verified that it can be considered an equivalent replacement for the original component because it meets the same design requirements.

				

				
					3	A blind flange is a piece of metal sheet mounted between two flanges to block flow.

				

				
					4	Urgent needs can occur when a change has to be implemented immediately to provide for the safety of personnel or the protection of items important to safety. In accident conditions, the normal process for implementing a modification might not be possible due to the urgency of the situation. Such changes are not exempt from the modification control process. However, urgent changes might be implemented after verbal approval from the responsible manager and then reviewed and processed appropriately as soon as possible in accordance with the normal process.

				

				
					5	If the safety analysis report is affected by a modification, it needs to be updated shortly after the modification is made.
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IAEA SAFETY STANDARDS

Under the terms of Article IIT of its Statute, the IAEA is authorized to establish or adopt
standards of safety for protection of health and minimization of danger to life and property, and
to provide for the application of these standards.

The publications by means of which the IAEA establishes standards are issued in the
TAEA Safety Standards Series. This serics covers nuclear safety, radiation safety, transport
safety and waste safety. The publication categories in the series are Safety Fundamentals,
Safety Requirements and Safety Guides.

Information on the IAEA’s safety standards programme is available on the IAEA Internet
site
hitps://www.iaca.org/resources/safety-standards

The site provides the texts in English of published and draft safety standards. The texts
of safety standards issued in Arabic, Chinese, French, Russian and Spanish, the IAEA Safety
Glossary and a status report for safety standards under development are also available. For
further information, please contact the IAEA at: Vienna International Centre, PO Box 100,
1400 Vienna, Austria.

All users of IAEA safety standards are invited to inform the IAEA of experience in their
use (e.g. as a basis for national regulations, for safety reviews and for training courses) for the
purpose of ensuring that they continue to meet users needs. Information may be provided via
the IAEA Internet site or by post, as above, or by email to Official Mail @iaca.org.

RELATED PUBLICATIONS

The IAEA provides for the application of the standards and, under the terms of Articles ITI
and VIILC of its Statute, makes available and fosters the exchange of information relating
to peaceful nuclear activities and serves as an intermediary among its Member States for this
purpose.

Reports on safety in nuclear activities are issued as Safety Reports, which provide
practical examples and detailed methods that can be used in support of the safety standards.

Other safety related TAEA publications are issued as Emergency Preparedness and
Response publications, Radiological Assessment Reports, the International Nuclear Safety
Group’s INSAG Reports, Technical Reports and TECDOCs. The IAEA also issues reports
on radiological accidents, training manuals and practical manuals, and other special safety
related publications.

Security related publications are issued in the IAEA Nuclear Security Series.

The TAEA Nuclear Energy Series comprises informational publications to encourage
and assist research on, and the development and practical application of, nuclear energy for
peaceful purposes. It includes reports and guides on the status of and advances in technology,
and on experience, good practices and practical examples in the arcas of nuclear power, the
nuclear fuel cycle, radioactive waste management and decommissioning.
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