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This document contains recommendations for performing and application of results of the NPP PSA in carrying out activities for design and operation of the NPP units, and for the procedure of probabilistic safety analysis of the NPP units and for the terminology used. This document has been developed considering the provisions of the Federal rules  and regulations "General provisions for safety assurance of nuclear power plants OPB-88/97” (NP-001-97 and “Siting of nuclear power plants. Basic criteria and requirements for safety assurance” (NP-032-01).
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ABBREVIATIONS

NP - nuclear power plant unit

PSA - Probabilistic Safety Assessment

NPP PSA-1 - probabilistic safety assessment of level 1

NPP PSA-2 - probabilistic safety assessment of level 2 

BDBA - beyond design-basis accident

IE – initiating event

TERMS AND DEFINITIONS

Accident sequence – sequence of events, leading to specific final state of the NPP unit. This sequence includes the initiating event, events, related to successful or unsuccessful safety performance by NPP systems and/or personnel, and successful or unsuccessful final state.

The NPP probabilistic safety analysis (the NPP PSA) is a system analysis of the NPP safety, in the process of which the probabilistic models are developed and values of probabilistic safety indices are determined, and which results are used for qualitative and quantitative assessments of the NPP safety level and for making decisions during design and operation of the NPP unit.

Level 1 NPP PSA (NPP PSA-1) is an NPP PSA, which content is the development of probabilistic model of the NPP unit for defining the final states with damage of radioactive sources and assessment of probability values of their implementation.

Level 2 NPP PSA (NPP PSA-2) is an NPP PSA, which content is the development of probabilistic model of the NPP unit for defining the final states with radioactive discharges to atmosphere and assessment of their implementation probability.

The NPP probabilistic model is inter-related aggregate of accident sequence mathematical models, systems, components, personnel actions, and databases with probabilistic characteristics of initiating events, reliability of components, systems, common cause failures, reliability of personnel and other input data, required for the assessment of NPP probabilistic safety indices.

Probabilistic safety indices means values of damage probabilities of radioactive sources or values of probabilities radioactive discharges to atmosphere.

Initiating event means an event, which occurrence would directly lead to an unsuccessful final state or can lead to the said state if safety functions are not performed. Based on the peculiarities of the PSA used methods, initiating events (IE) can be divided into three classes: Internal IE, IE caused by internal impacts and IE caused by external impacts.

Internal initiating event means an initiating event, caused by failures of components of the NPP unit systems or erroneous actions of the NPP personnel.

Initiating event, caused by an internal impact means an initiating event, caused by fire, flooding, a missile or a man-induced impact of another type within the limits of the NPP unit and not being an internal IE.

Initiating event, caused by an external impact means an initiating event, caused by an action, related to a phenomenon of natural or man-induced origin external in relation to the NPP unit.

Radioactivity source means a component of a NPP system containing nuclear fuel or radioactive substances.

Final state means a state of components, NPP unit systems and the NPP unit as a whole having set as a result of the accident propagation and characterised by the degree of damage of a radioactive source or by characteristics of the radioactive discharge and the radiation impact on personnel and public (a definition for the purposes of this document).

Unsuccessful final state means a final state, wherein the design limits specified for accidents are exceeded.

Successful final state means a final state, wherein the design limits specified for accidents are not exceeded.

Erroneous actions of the NPP personnel means errors and erroneous decisions made by the personnel including non-performance of required actions by the personnel.

NPP unit under design means a NPP unit being at the stages of design and/or construction.

Operating NPP means the NPP unit commissioned for commercial operation.

1. PURPOSE AND SCOPE

1.1. This Safety Guide (hereinafter - the Guide) defines the approach acceptable for the Federal Nuclear Supervision Service to meet the requirements of the Federal rules and regulations "General provisions for safety assurance of nuclear power plants OPB-88/97” (NP-001-97) and "Siting of nuclear power plants. Basic criteria and requirements for safety assurance” (NP-032-01) in the part of execution and application of the results of probabilistic safety analysis of nuclear power plants.

1.2. The Guide contains the recommended terminology, related to the NPP PSA.

1.3. The recommendations contained in the Guide are applicable for the activity, related to design and operation of the NPP.

1.4. If the organization, carrying out activity for using nuclear energy, shall prefer to use another approach than that defined in this Guide in order to meet the requirements of the above specified Federal rules and regulations, then it shall provide the basis for correctness of the choice made.

2. GENERAL

2.1. The PSA of the NPP unit during design and operation is conducted for the purposes of:

2.1.1. A comprehensive qualitative and quantitative assessment of the nuclear and radiation safety level of the NPP unit and making a decision on potential construction and operation of the NPP unit. The PSA report forms a part of the NPP design.

2.1.2. Development of recommendations for measures, directed at enhancing the safety level, and for defining priorities of their implementation.

2.1.3. The assessment for ensuring a sufficient reliability level of systems (components) important for safety, their immunity from failures due to common modes, including from faulty actions of the NPP operation personnel.

2.1.4. Substantiation of process procedures for safe operation of the unit NPP and other operational documentation.

2.1.5. Defining the list of scenarios for conducting design analysis of the BDBA, assessment of the effectiveness of measures for preventing or reducing consequences of the BDBA, development of guidelines for the BDBA control.

2.2. To be considered as a radioactive source, as a rule, but not exclusively:

2.2.1. In NPP PSA-1 - reactor core.

2.2.2. In NPP PSA-2 - reactor core and coolant circuit.

2.3. The PSA of the NPP unit is to be performed considering the recommendations of other safety guidelines in the field of the NPP PSA.

2.4. When making decisions using the results of the PSA it is required to be governed by the values of probabilistic safety indices of the NPP, given in the current Federal rules and regulations in the field of the use of atomic energy.

2.5. When performing the PSA of the NPP unit it is recommended to use data on initiating events and equipment reliability measures, obtained taking account of the operational experience of the NPP being analysed and operational experience of similar equipment, data of the NPP design engineers and developers of the reactor facility, separate systems and equipment.

2.6. The PSA of the NPP unit shall contain assessments of uncertainties, significance and sensitivity of values of probabilistic safety parameters.

3. THE NPP PSA DURING NPP DESIGN AND CONSTRUCTION

3.1. During design of nuclear power plant unit it is recommended to include the following in the composition of the PSA of the NPP unit:

3.1.1. NPP PSA-1 for internal IE and IE, caused by internal and external impacts. NPP PSA-1 shall be implemented for all NPP unit operation modes: at rated capacity level, at reduced capacity levels, in start-up and shutdown modes, in standby modes (during refueling of nuclear fuel, maintenance service and repair).

3.1.2. NPP PSA-2 for internal IE and IE, caused by internal and external impacts. NPP PSA-2 is recommended to be performed for NPP operation modes at rated capacity level and at reduced capacity levels.

3.2. During NPP design it is recommended to develop preliminary and final reports for the PSA of the NPP unit.

3.3. The preliminary report for the NPP PSA is developed during the design of nuclear power plant unit on the basis of design materials.

3.4. The final report for the NPP PSA is developed by the time of commissioning the unit operation by updating the preliminary report for the PSA of the NPP unit according to the results of the unit commissioning.

3.5. The results of the NPP PSA performed during design of the NPP unit are recommended for consideration:

3.5.1. In the process of developing the NPP design, including in defining the requirements and confirmation of the sufficiency of requirements to reliability parameters of elements, important for safety, for their inclusion in the design documentation.

3.5.2. During the formation of the list of BDBA scenarios for assessment of the NPP design and effectiveness of technical solutions and measures, directed at prevention and reduction of the consequences of the BDBA.

3.6. During construction of the NPP the results of the PSA of the NPP unit is recommended to be considered on:

3.6.1. Assessment of acceptability of changes introduced in the design documentation in the process of construction of safety-related systems and components.

3.6.2. Development of process regulations for safe operation and other operation documentation.

3.6.3. During development of guidelines for control of the BDBA.

4. NPP PSA DURING NPP OPERATION

4.1. During NPP operation period the NPP PSA is required to be performed or revised with due regard to the accumulated operational experience in the following cases:

4.1.1. If the NPP PSA had not been performed during the NPP design.

4.1.2. On substantiation of changes in license conditions for operation of the NPP unit, if such changes can affect the probabilistic safety indices of the NPP unit.

4.1.3. During periodic safety assessments of the NPP unit.

4.1.4. During substantiation of the opportunity to extend the specified operational lifetime of the NPP unit.

4.2. For the NPP unit under operation it is recommended to conduct:

4.2.1. NPP PSA-1 for internal IE and IE, caused by internal and external impacts. NPP PSA-1 shall be implemented for all NPP unit operation modes: at rated capacity level, at reduced capacity levels, in start-up and shutdown modes, in standby modes (during refueling of nuclear fuel, maintenance service and repair).

4.2.2. NPP PSA-2 for internal IE and IE, caused by internal and external impacts. NPP PSA-2 is recommended to be performed for NPP operation modes at rated capacity level and at reduced capacity levels.

4.3. The extraordinary revision of the NPP PSA is recommended to be made in cases of detection of specifics of the NPP unit not accounted by the existing NPP PSA, such as a change in the conditions of siting, performance of measures for safety enhancement, and making changes in the design documentation and the process regulations.

4.4. The PSA for the NPP unit under operation shall be made with the involvement of the NPP personnel.

4.5. The PSA of the NPP unit under operation shall be made on the basis of design materials, reflected in the report for substantiation of the NPP unit safety or in the report for the in-depth assessment of the NPP unit safety considering the actual state of the NPP unit and the available operation documentation.

4.6. When performing the PSA of the NPP unit it is required to consider all material changes in the parameters of the NPP site and the NPP siting area by the time of performing the PSA.

4.7. The results of the PSA of the NPP unit are recommended to be considered when:

4.7.1. Making a decision about extension of the NPP unit operation.

4.7.2. Analyzing any noncompliances with the requirements of regulatory documentation.

4.7.3. Justifying any changes in the design of safety-related systems.

4.7.4. Reconsideration, making amendments to process regulation for safe NPP operation and other operational documentation.

4.7.5. Justifying any changes in the instructions for elimination of design accidents and in guidelines for control of beyond design basis accidents.

4.7.6. In all other cases at the discretion of the operating organization.

5. SPECIFICS OF APPLICATION OF THE NPP PSA RESULTS 
TO UNITS OF THE SAME SERIES

5.1. The results of NPP PSA-1 and PSA-2  performed for NPP units being designed and operated may be applied to other NPP of the same series, if:

5.1.1. The units are located within one NPP site.

5.1.2. The absence of differences is demonstrated in the unit designs, their implementation, in organizational and engineering operating conditions, which could led to any change in the NPP probabilistic model and the values of probabilistic safety parameters.

6. VALIDITY OF THE NPP PSA RESULTS

6.1. The quantitative parameters of the PSA of the NPP unit shall be presented considering the results of analysis of their uncertainties.

6.2. It is required to confirm the stability of the NPP PSA conclusions to the variations of used input data, limits and assumptions.

6.3. It is recommended to use certified software applications for development of the NPP unit probabilistic model.

7. THE NPP PSA REPORT

7.1. The Report on the PSA of the NPP unit shall be executed in conformity with the structure, recommended in the safety guides in the field of the NPP PSA.

7.2. The Report on the PSA of the NPP unit shall provide information sufficient for reproduction of the analysis.

