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SAFETY GUIDE 
IN THE USE OF ATOMIC ENERGY "RECOMMENDATIONS FOR ENSURING RELIABILITY OF EQUIPMENT OF NUCLEAR FACILITIES"

RB-087-13

I.  General

1. This Safety Guide in the use of atomic energy "Recommendations for ensuring reliability of equipment of a nuclear facility" (RB-087-13) (hereinafter referred to as the Safety Guide) has been developed in accordance with Article 6 of Federal Law No. 170-FZ dated November 21, 1995 "On the use of atomic energy" for the purpose of compliance with the requirements of paragraph 23 of the federal rules and regulations in the field of atomic energy use "Requirements for quality assurance programs for nuclear facilities" (NP-090-11), approved by the order of the Federal Environmental, Industrial and Nuclear Supervision Service No. 85 dated December 17, 2015, and requirements of paragraph 17.2.15 of the federal rules and regulations in the field of atomic energy use "Requirements for the content of safety analysis report of a nuclear power plant with VVER reactors" (NP-006-98) (PNAE G-01-036-95) approved by the Decree of Gosatomnadzor No. 7 dated May 3, 1995.

2. This Safety Guide contains recommendations of the Federal Environmental, Industrial and Nuclear Supervision Service on the procedure for ensuring the reliability of equipment used independently or as part of systems (components) (including products, appliances, equipment, devices, mechanisms, automation and control facilities) of nuclear facilities (hereinafter referred to as NF).

3. This Safety Guide is intended for use by specialists of organizations-developers, equipment manufacturers and operating organizations involved in ensuring the reliability of NF equipment during its development (designing), manufacturing (production) and operation (including installation, adjustment, commissioning, decommissioning, routine repairs of equipment), as well as by the specialists of Rostechnadzor in the regulation of safe use of atomic energy.

4. The requirements of the federal rules and regulations in the field of atomic energy use NP-090-11, NP-006-98 may be implemented through the use of any other techniques (methods), other than those specified herein, subject to the substantiation of selected techniques (methods) for reliability assurance.

II. Recommendations for developing and monitoring the implementation of reliability program

5. For coordination, planning and monitoring of works aimed at the assurance of equipment reliability at all stages of its life cycle, including development (design), production (manufacturing) and maintenance of equipment, the organization-developer, the equipment manufacturer and the operating organization, respectively, should develop programmes to ensure the reliability (hereinafter referred to as RAP).

6. For a group of same-type equipment (components of equipment) developed (manufactured) at the same enterprise, it is recommended to develop one RAP for each stage of the equipment life cycle.

7. RAP should contain:

1) a list of measures to ensure the reliability of equipment, indicating the types of work at the appropriate stage of its life cycle;

2) divisions of the organization- developer of RAP, which act as coordinators and performers of the arrangements established in the RAP;

3) regulatory, technical and methodological documentation, which supports measures taken to ensure the reliability of equipment;

4) timing of each arrangement, as well as milestone dates of arrangements, after which the RAP progress is reviewed.

8. It is recommended to take into account the measures listed in paragraphs 11 to 20 hereof in the development of RAP. In addition, at all stages of the life cycle of equipment in the RAP, it is recommended to include activities associated with:

1) recruitment of personnel and their training in the organization of works for equipment reliability assurance;

2) building and maintenance of a safety culture among personnel;

3) the development of necessary methods, instructions and other technical and organizational documents to ensure and/or maintain the required reliability;

4) designer supervision, which provides control of parameters that determine the reliability of equipment;

5) the collection and systematization of information on equipment failures and abnormal operation;

6) provision of a feedback system on the reliability of equipment and its components between the organization operating NF and organizations associated with the development, manufacturing and supply of this equipment.

9. Organization-developer of RAP should monitor this program:

1) after the milestone dates for the implementation of measures established in the RAP;

2) as individual arrangements progress (routine monitoring);

3) when performing quality assurance audits.

10. The results of RAP follow-up should be issued in the form of a report, which contains:

1) description of the results and actual deadlines for the implementation of arrangements;

2) assessment of the completeness of implementation of reliability assurance measures provided for by the RAP;

3) conclusion on the implementation of RAP and the need to adjust it, indicating the appropriate period.

III. Recommendations for the procedure of equipment reliability assurance during its development

11. When developing equipment at the stage of engineering proposals, it is recommended to provide for the following main reliability assurance measures:

1) collection and analysis of information about the achieved reliability of domestic and foreign equivalents of the equipment developed with due regard to its design, operating conditions and modes;

2) analysis (assessment) of the ability to meet the requirements for equipment reliability set out in the technical assignment for its development (hereinafter referred to as TA) or in the document replacing it, taking into account the functions performed, conditions and modes of equipment operation;

3) preliminary assessment of the proposed options for the structural and functional construction of equipment;

4) justification and selection of the best option that meets the established requirements for the equipment reliability;

5) performing calculations confirming the required level of reliability for the accepted version of equipment construction;

6) preliminary assessment of possible design solutions that meet the specified reliability requirements, taking into account the types and levels of external impacts and other restrictions;

7) analysis of possible problems related to the implementation or confirmation of the specified level of equipment reliability;

8) making decision on the need for additional research, creating mock-ups (models) of equipment or its components;

9) preparation of proposals on ways to confirm reliability indicators, the need for reliability tests.

12. At the stage of preliminary design, it is recommended to provide for the following main reliability assurance measures:

1) analysis of the possible design of equipment that meets the requirements established in the TA;

2) development of mathematical models of reliability for solving problems of analysis, normalization and evaluation of equipment reliability;

3) assessment of the influence of external impacts and operating conditions and modes on the equipment reliability;

4) modeling the process of equipment operation in the specified modes and operating conditions;

5) analysis of possible modes and consequences of failures and their criticality (based on the severity of failure effects);

6) development of a list of critical components and parts that determine reliability;

7) preliminary assessment of equipment failure criteria;

8) selection of design solutions, components, materials, design methods to ensure the reliability of equipment;

9) development and justification of requirements for the reliability of equipment components, preparation of reliability sections (requirements) in the TA for the development of equipment components (parts);

10) establishment of the need for and planning experimental testing of equipment, including determination of the scope of tests with due regard to test conditions;

11) development of a procedure of determination of the necessary range of spare parts, tools and accessories (hereinafter, SPTA), assessment of the required volume of SPTA;

12) preliminary determination of the scope of technical characteristics, their quantitative and qualitative values to be checked (including reliability, durability, persistence, maintainability, test accessibility, and controllability of equipment);

13) preliminary selection and justification of methods and means of monitoring the technical state of equipment during its operation;

14) collection and analysis of information about the results of testing and operation, as well as about equipment reliability indicators, similar to the one developed for the operating conditions, design and materials used;

15) preliminary calculation of reliability indicators of possible options for circuit and structural construction of equipment, design and technological solutions, taking into account the results of testing and operation of similar equipment and monitoring their compliance with the requirements established in the TA.

13. At the stage of basic design, it is recommended to provide for the following main reliability assurance measures:

1) development of organizational and technical measures that ensure the necessary reliability of equipment under specified conditions (including external impacts), modes and time of  operation;

2) adjustment of the equipment design to ensure compliance with the reliability requirements specified in the TA;

3) adjustment of equipment failure criteria;

4) correction of mathematical models of reliability based on the results of circuit and design testing of equipment;

5) adjustment of the scope of experimental testing;

6) development of programs and testing of mock-ups to determine the impact on reliability of operating conditions and modes, as well as assessment of equipment compliance with reliability requirements;

7) development of programs and methods of reliability tests (field tests) of a pilot item (pilot batch) of equipment or a prototype of equipment;

8) selection of ways to protect against external impacts to ensure the specified reliability;

9) development of maps of operating modes;

10) development of requirements for systems to check technical characteristics of equipment;

11) establishment of requirements for equipment reliability assurance during its operation (including the frequency and scope of routine maintenance and repair of equipment);

12) adjustment of the structure and nomenclature of SPTA kits and components and their parameters;

13) selection and justification of the system for the collection and processing of information about the reliability of equipment and its components at various stages of the life cycle;

14) preparation of a list of equipment components and materials that are subject to incoming inspection in the manufacturing of equipment;

15) analysis of possible options for the manufacturing of components from the point of view of equipment reliability;

16) development of requirements for the technology and quality of manufacturing of equipment and its components;

17) performing a calculated assessment of reliability indicators of equipment components and equipment in general and monitoring of their compliance with the requirements established in the TA.

14. At the stage of development of detailed design documentation, manufacturing and testing of a prototype (pilot batch) of equipment, it is recommended to provide for the following main reliability assurance measures:

1) development of technology for manufacturing of a prototype of equipment and its analysis from the point of view of reliability of the main process operations;

2) analysis of equipment manufacturability, taking into account its impact on reliability;

3) development, manufacture or purchase of test equipment and controls for reliability testing;

4) monitoring and designer supervision of the completeness of the implementation of design documentation requirements in the manufacturing of a prototype (pilot batch) of equipment;

5) development of programs and methods for preliminary and acceptance testing of equipment;

6) development (if necessary) of special testing equipment and controls for reliability tests (including life tests) of a prototype (pilot batch) of equipment;

7) experimental testing and reliability tests (including accelerated tests (destructive and non-destructive) to confirm life characteristics) of prototypes, equipment components and equipment in general;

8) experimental verification of the working capacity reserves under the conditions of specified external loads and impacts (including the check of life reserve);

9) analysis of causes of failures and malfunctions (including drop-outs, false activations) in the process of experimental testing of prototypes, equipment components and equipment in general, making necessary improvements, checking the effectiveness of measures and means of protection against failures;

10) analysis and assessment of the influence of external impacts upon the reliability of equipment, development and implementation of measures to improve their stability;

11) analysis and assessment of the impact of operating modes on the equipment reliability, development and implementation of measures to eliminate or reduce this impact;

12) analysis of information about the results of preliminary and acceptance tests of a prototype (pilot batch) of equipment;

13) analysis and processing of information about the reliability of equipment components based on the results of their tests and the results of incoming inspection;

14) adjustment of design and process documentation based on the results of experimental testing and acceptance tests;

15) development of optimal SPTA kits, rules for replenishment of spare parts at the level of their sufficiency to ensure maintenance and repair of equipment;

16) selection and justification of the optimal volume and frequency of maintenance and routine repairs;

17) development of a procedure of assessment of equipment compliance with reliability requirements based on the results of testing of prototypes;

18) evaluation of equipment reliability indicators based on the test results of a prototype (pilot batch) and monitoring of their compliance with the requirements established in the TA;

19) selection of parameters that determine the reliability of equipment controlled during its manufacture;

20) analysis of the results of manufacturing a prototype, deviations from the requirements of documentation and their causes, analysis of the impact of accepted deviations on the reliability of equipment;

21) development of recommendations for RAP in the manufacturing of equipment.

IV. Recommendations for the procedure of equipment reliability assurance during its manufacturing

15. At the stage of equipment launching into manufacture, it is recommended to provide for the following main reliability assurance measures:

1) development of methods for the incoming inspection of components and materials that affect the reliability of equipment;

2) testing and periodic analysis of the stability and accuracy of the selected equipment manufacturing technology to meet the established requirements for equipment parameters that affect the compliance with the specified reliability requirements;

3) development and implementation of measures to eliminate deviations from the documentation that affect the level of equipment reliability;

4) development of methods for step-by-step inspection and measurement of process parameters;

5) development of a system and methods for statistical control and/or regulation of processes that make up parameters affecting the reliability of equipment;

6) organization of accounting for information about non-conformances identified during the manufacturing, inspection and initial run of equipment;

7) development (if necessary) and manufacturing (purchase) of special equipment, controls and measurements for reliability tests, if they are provided for;

8) development of technology (modes) and documentation of initial drills and runs, their adjustment, if necessary;

9) analysis of the causes of non-conformances identified during the manufacturing and testing of the development batch, development of measures to eliminate them;

10) correction, if necessary, of design and process documentation to eliminate identified non-conformances;

11) collection and processing of information about the reliability of equipment components based on the results of incoming inspection and testing.

16. At the stage of full-scale production of equipment, it is recommended to provide for the following main reliability assurance measures:

1) monitoring of compliance with the requirements of design and process documentation, identification and elimination of non-conformances affecting the reliability of equipment;

2) analysis of the causes of malfunctions (decrease in equipment reliability), development and implementation of measures to eliminate them, including correction of equipment documentation, if necessary;

3) conducting tests to check the impact of changes made to the design and/or manufacturing technology of the equipment on its reliability;

4) providing initial runs of equipment;

5) analysis of the reliability and accuracy of process equipment (a process); monitoring of the stability of processes (operations) that affect the parameters determining the reliability of equipment;

6) collection, processing and analysis of information about equipment defects detected during its manufacturing, correction of design and process documentation;

7) development of the reliability test program and procedure;

8) organization and conduct of reliability tests (including periodic tests);

9) analysis of reliability test results, causes of equipment failures and malfunctions, development of measures to eliminate them;

10) collection and processing of information on the results of incoming inspection of components and materials, tests (including acceptance, periodic, qualification, certification tests), as well as information on the results of operation of equipment and its equivalents;

11) evaluation of equipment reliability indicators based on test results and monitoring of their compliance with the requirements established in the TA.

V. Recommendations for the procedure of equipment reliability assurance during its operation

17. During installation, adjustment and commissioning of equipment, it is recommended to provide for the following main reliability assurance measures:

1) analysis of information about equipment failures detected during installation, adjustment and commissioning of equipment; development and implementation of measures to eliminate the identified non-conformances;

2) creation of a system for the collection, registration (encoding), storage, processing, analysis of data and evaluation of reliability indicators based on the results of equipment operation, which provides for the development of recommendations for equipment reliability and evaluation of the effectiveness of their implementation (hereinafter referred to as the equipment reliability monitoring system);

3) compliance with the requirements of design, engineering documentation and manuals (instructions) for the operation and installation of equipment, documenting all hidden works in accordance with the established form, deviations from the design, results of inspection of works completed;

4) improvement of technological procedures and processes to ensure the accuracy and stability of parameters that characterize the technology of work performance and ensure that equipment is not damaged during installation, adjustment and commissioning;

5) organization and implementation of controlled operation of equipment;

6) adjustment of the scope of SPTA, the scope and frequency of maintenance based on the results of controlled operation of the equipment.

18. The following should be provided for during the operation:

1) measures to ensure the reliability of equipment provided for in the operation documentation and documentation for maintenance and repair;

2) monitoring of compliance with the rules of equipment operation, timely identification and elimination of the causes of non-conformances;

3) verification of compliance with the actual conditions, models and operating modes of the equipment with the requirements established in the operation documentation;

4) development and implementation of additional measures to ensure the reliability of equipment (including identification of the need and introduction of new monitoring and measuring tools, test methods and reliability assessment, use of components with improved reliability characteristics);

5) assessment for the purpose of monitoring the maintainability of equipment based on the results of its maintenance and repair;

6) timely identification and elimination of the causes of failures, malfunctions, and equipment defects; making decisions on the need for equipment improvements; organization and performance of respective works;

7) identification of the need for adjustment and correction of the relevant design, engineering, process, operation documentation and documentation for maintenance and repair;

8) ensuring fulfilment of requirement for compliance with the established system and scope of maintenance and repair;

9) timely performance of technical certification (audits, inspections) of equipment;

10) implementation of measures within the framework of the equipment reliability monitoring system, including ensuring prompt transmission of reliability information to equipment developers and manufacturers, as well as other interested organizations;

11) assessment of equipment reliability indicators and monitoring of their compliance with the TA requirements for operation of equipment in accordance with the procedures developed and approved in accordance with the procedure established by the operating organization;

12) development of proposals for ensuring (maintaining) the reliability of equipment during operation, as well as reporting these proposals to the developer and manufacturer of equipment.

19. Decommissioning of equipment at the end of its specified service life, as well as performance of planned works related to maintenance, verification, audits, technical inspections, tests and repairs, should be carried out in accordance with the documents in force at the NF that establish the permissible time of decommissioning of equipment and the necessary measures in such a way as to ensure the NF safety.

20. When preparing and carrying out routine repairs of equipment, it is recommended to provide for the following main reliability assurance measures:

1) assessment of the technical state of equipment decommissioned for a routine repair;

2) analysis of information about malfunctions, study of experience in repairing similar equipment and repair documentation;

3) assessment of the impact of repair work on the reliability of equipment, justification of the possibility to restore the reliability of the repaired equipment;

4) development of proposals on the scope and timing of repairs necessary to restore the reliability of equipment;

5) conducting audits and tests of repaired equipment;

6) identification of the causes of failures and malfunctions of the repaired equipment based on the results of its inspections and tests, development of corrective measures and improvement of equipment;

7) correction of repair documentation (if necessary) based on the results of inspections and tests of the repaired equipment;

8) assessment of the reliability of the repaired equipment according to the method developed and approved in accordance with the procedure established by the operating organization;

9) assessment of compliance of the repaired equipment with the established requirements based on the test results;

10) development of proposals for adjustment of design and process documentation for the purpose of equipment reliability assurance during its further operation.

