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SAFETY GUIDE IN THE USE OF ATOMIC ENERGY 
"RECOMMENDATIONS ON DEVELOPMENT OF THE PROBABILISTIC SAFETY ASSESSMENT (LEVEL 1) FOR A NUCLEAR POWER PLANT POWER UNIT WITH REGARD TO INTERNAL INITIATING EVENTS"

(RB-024-19)

I. General provisions

1. This safety guide in the use of atomic energy "Recommendations on Development of the Probabilistic Safety Assessment (Level 1) for a Nuclear Power Plant Power Unit with regard to Internal Initiating Events" (RB-024-19) (hereinafter - the Safety Guide) has been developed in accordance with Article 6 of Federal Law No. 170-FZ dated November, 21, 1995 "On atomic energy use" for the purpose of  compliance with the requirements of par. 8, 22 and 30 of the Federal Rules and Regulations in the area of atomic energy use "General Requirements for the Probabilistic Safety Assessment of a Nuclear Power Plant Power Unit" (NP-095-15) approved by Order of the Federal Environmental, Industrial and Nuclear Supervision Service No. 311 dated August, 12, 2015 (registered in the Ministry of Justice of the Russian Federation on September, 4, 2015, No. 38807) (hereinafter - NP-095-15), par. 1.2.9 of the Federal Rules and Regulations in the area of atomic energy use "General Safety Assurance Provisions for Nuclear Power Plants" (NP-001-15) approved by  Order of the Federal Environmental, Industrial and Nuclear Supervision Service No. 522 dated December 17, 2015 (registered in the Ministry of Justice of the Russian Federation on February, 2, 2016, No. 40939) (hereinafter - NP-001-15). Recommendations on the PSA performance specified in the IAEA documents have been taken into account for development of this Safety Guide.

2. This Safety Guide contains the recommendations of the Federal Environmental, Industrial and Nuclear Supervision Service (hereinafter - Rostechnadzor) on development of the probabilistic safety assessment of Level 1 for internal initiating events (hereinafter - IEs) in all operation modes (hereinafter - the operational states) of the nuclear power plant (hereinafter - the NPP) power unit, including power operation, shutdown, cooldown, refueling, maintenance and repair of any systems (components), heat-up, start-up as well as in the course of spent nuclear fuel transportation within the NPP power unit with any reactor types (hereinafter - Level 1 PSA for internal IEs).

3. This Safety Guide is intended for application by design, engineering and operating organizations and also by Rostechnadzor.

4. The recommendations of this Safety Guide shall be applicable to NPP power units under construction and operation.

5. Level 1 PSA for internal IEs may be developed through the use of any other approaches different from the ones recommended in this Safety Guide subject to their substantiation for safety assurance.

6. This Safety Guide contains recommendations with regard to the aims, scope, composition and sequence of completion for individual Level 1 PSA tasks for internal IEs as well as to the content and scope of the Level 1 PSA reporting documentation for Internal IEs.

7. The list of abbreviations used in this Safety Guide is given in Appendix 1, terms and definitions are presented in Appendix 2, the recommended structure and composition of the Level 1 PSA report for internal IEs - in Appendix 3, the example of the selection procedure for initiating events - in Appendix 4 to this Safety Guide.

II. General information

8. In accordance with the requirements of par. 6 and 9 of NP-095-15 Level 1 PSA of the NPP power unit should be performed in order:

to calculate the cumulative probability of severe accidents for each NPP power unit within the period of one year for all initiating events resulting in a severe accident and all operational states of the NPP power unit (hereinafter - the cumulative probability of severe events for each NPP power unit within the period of one year) and to check its compliance with the target NPP safety parameter with regard to the cumulative probability of severe accidents for each NPP power unit within the period of one year;

to identify the initiating events, emergency sequences of the NPP power unit probabilistic model, the NPP power unit systems (components), the personnel's actions that are the most significant for the NPP safety;

to define the safety assurance arrangements for the NPP power unit and the priority of their implementation based on the Level 1 PSA results.

9. Level 1 PSA may be used:

to identify any factors with the most significant impact on the cumulative probability of severe accidents for the NPP power unit within the period of one year;

to perform qualitative assessment of the NPP power unit design compliance with the deterministic principles and requirements of the defense-in-depth concept;

to define the arrangements for the NPP power unit safety assurance;

to assess reliability of safety-related systems (components);

to substantiate the list of beyond design basis accidents;

to substantiate the list of initiating events of design basis accidents;

to substantiate the classification according to the effect on safety of the NPP systems (components);

to substantiate beyond design basis accident management guidelines;

to justify risk-informative decisions related to the NPP power unit safety;

to develop the risk monitoring model for the NPP power unit;

to analyze significance of any deviations from the regulatory requirements for the NPP power unit safety;

to evaluate any NPP operational occurrences.

10. It is recommended to perform Level 1 PSA for the NPP power unit stage by stage.

At the first stage it is recommended to consider internal IEs as the initiating events and all possible operational states as the operation modes.

At the second stage it is recommended to consider the IEs caused by internal impacts (on-site fires, on-site flooding, missiles and other impacts) and the power operation modes of the NPP power unit as the operational states.

At the third stage it is recommended to consider the IEs caused by external impacts of natural and human-induced origin and the power operation modes of the NPP power unit as the operational states.

At the fourth stage it is recommended to consider the IEs caused by internal impacts (on-site fires, on-site flooding, missiles and other impacts) and any NPP power unit operation modes different from power operation as the operational states.

At the fifth stage it is recommended to consider the IEs caused by external impacts of natural and human-induced origin and any NPP power unit operation modes different from power operation as the operational states.

This Safety Guide contains the recommendations on performance of the above-mentioned first stage of Level 1 PSA serving as the basis for other stages of comprehensive Level 1 PSA.

11. Performance of Level 1 PSA for internal IEs should include completion of the following tasks:

collection on the information required to perform Level 1 PSA for internal IEs;

selection and grouping of operational states of the NPP power unit;

selection of initiating events;

grouping of initiating events;

modeling of emergency sequences;

system reliability analysis;

determination of reliability indicators for system components and probabilities (occurrences) of IE;

personnel reliability analysis;

analysis of dependencies;

development of the NPP power unit probabilistic model;

determination of the cumulative probability of severe accidents and analysis of the Level 1 PSA results for internal IEs.

In the course of Level 1 PSA for internal IEs it is recommended to apply the methodology based on development of the event trees in simulation of emergency sequences and development of the failure trees in simulation of the systems performing safety functions.

The order of completion for the above-mentioned Level 1 PSA tasks for internal IEs (prior to the final calculation of the cumulative probability of severe accidents for the NPP power unit within the period of one year for all internal IEs) is not strictly successive and may have iterative nature (the tasks may be performed in parallel and/ or several times based on the results of other tasks).

12. It is recommended to calculate the cumulative probability of severe accidents for the NPP power unit within the period of one year. In case the above-mentioned probability is initially calculated for any period of time not equal to one year it is recommended to recalculate the probability for the period of one year.

13. It is recommended to perform Level 1 PSA for internal IEs with regard to the actual state of the NPP power unit or its design.

For the NPP power units under operation it is recommended to use the current data from the design documentation (technical safety appraisal, the safety analysis report and other documents) and the operation documentation (the process regulations for safe operation, the operation guidelines for the systems (components) and other documents), the operating experience data (start-up and shutdown schedules, the planned preventive maintenance (hereinafter - the PPM) process regulations and schedules, the loading schedules, the reports on any operational occurrences and other documents) as well as the operating experience data for the prototypes of the NPP power unit under consideration.

For the NPP power units under construction it is recommended to use the data from the design documentation (the safety analysis report and other documents), the operation documentation (the process regulations for safe operation, the operation guidelines for the systems (components) and other documents) for the NPP power unit prototype, the operating experience data (start-up and shutdown schedules, the PPM process regulations and schedules, the loading schedules, the reports on any operational occurrences and other documents) for the NPP power unit prototype.

14. It is recommended to use the NPP operating experience data for the period providing credible data but at least five years prior to the date (year) of Level 1 PSA commencement for internal IEs in Level 1 PSA for internal IEs at any NPP power units under construction and operation.

15. In the course of Level 1 PSA for internal IEs it is recommended to substantiate the adopted assumptions and to present them in the Level 1 PSA reporting materials for internal IEs. It is recommended to investigate the impact of assumptions on the Level 1 PSA results for internal IEs in the course of sensitivity analysis.

16. It is recommended to present the results of Level 1 PSA for internal IEs of the NPP power unit including description of the NPP power unit probabilistic model containing the emergency sequence models, functional events, basic events with their parameters, the packages of minimal cut sets and their occurrence probabilities as well as other components of the NPP power unit probabilistic model in the Level 1 PSA reporting documentation for internal IEs.

17. In case several NPP power units of the same type are located within one NPP site it is permitted to  extrapolate the Level 1 PSA results for internal IEs at one NPP power unit to other NPP power units subject to substantiation of absence of any differences in the designs and/or actual states of the NPP power units, administrative and technical operating conditions capable of resulting in any changes of the NPP power unit probabilistic model and the cumulative probability of severe accidents. It is recommended to present the substantiation results in the Level 1 PSA reporting documentation for internal IEs.

18. In case any references to the documents not included into the Level 1 PSA reporting materials for internal IEs are given it is recommended to provide particular references to the sections, subsections, paragraphs, figures, tables, graphs and other components of the reference documents.

19. In case deterministic calculations and/ or any other studies carried out for other NPP power units are used in Level 1 PSA for internal IEs (in order to substantiate the emergency sequence models, to determine the time allowance for the personnel to perform any actions, to substantiate the success criteria for the functions of any systems, to determine the IE frequencies and duration of the operational states, and also to define any other components of the NPP power unit probabilistic model and parameters) it is recommended to substantiate their applicability to the NPP power unit for which Level 1 PSA for internal IEs is performed, and to present the brief results (within the scope sufficient to confirm the substantiation) of the above-mentioned calculations and/ or studies (including their applicability substantiation) in the Level 1 PSA reporting materials for internal IEs.

20. It is recommended to specify the date recording the status of the NPP power unit design for which Level 1 PSA for internal IEs is performed in the Level 1 PSA reporting materials for internal IEs. In case Level 1 PSA for internal IEs at the NPP power unit has been subjected to any expert review it is recommended to provide references to the expert reports containing any comments taken into account in this Level 1 PSA for internal IEs.

III. Selection and grouping of the nuclear power plant power unit operational states

21. It is recommended to analyze the NPP power unit operational states stage by stage:

determination of all possible operational states and their characteristics;

determination and selection of the NPP power unit shutdown types;

determination of the boundaries between the operational states to be considered within the PSA for power operation of the NPP power unit (rated and reduced power) and the PSA for any operation modes of the NPP power unit different from power operation (cooldown, refueling, maintenance and repair of the systems (components), heat-up);

determination of the groups of operational states (in case of necessity);

determination of characteristics for the groups of operational states.

22. It is recommended to use the data specified in par. 13 of this Safety Guide as well as the results of computational substantiations and other analysis types in development of the list of all possible operational states for the NPP power unit.

23. It is recommended to consider the following in development of the list of operational states for the NPP power unit:

take-down of the safety channels and/ or any other equipment for repairs;

shutdown types;

the typical parameters of the operational state (the coolant pressure and temperature, residual heat in the nuclear fuel, the level in the pressurizer (hereinafter - the PRZR) and other parameters).

24. It is recommended to consider the following NPP power unit shutdown types:

scheduled shutdown for partial refueling;

scheduled shutdown for total refueling;

scheduled shutdown for planned repair and/ or maintenance;

shutdown due to any operational occurrences (with and without the nuclear fuel unloading).

It is recommended to consider both shutdowns with cooldown (to the "cold" state) of the reactor facility and shutdowns without the reactor facility cooldown (the "hot" state).

25. It is permitted to group the operational states of the NPP power unit in order to reduce the number of the simulated accident scenarios. It is recommended to group the operational states with due regard for:

IEs possible in these operational states;

criticality characteristics of the reactor (its critical or sub-critical state);

residual heat in the nuclear fuel (it is permitted to group the operational states characterized by lower residual heat and the operational states characterized by higher residual heat);

temperature, pressure and other parameters of the reactor coolant;

the coolant level in the reactor;

the reactor coolant circuit leak-tightness degree (whether the circuit is sealed or unsealed);

the number of the reactor coolant circuit loops connected to the reactor;

the nuclear fuel location;

the technique for residual heat removal from the nuclear fuel;

operability of the systems involved in performance of safety functions including the supporting systems;

availability or absence of any means for automatic activation of the systems to perform safety functions;

the state of any systems affecting the performance of safety functions: whether all system channels are in operation or in standby mode, or some channels are inoperable (for example, taken down for repair);

the state of the containment system (the sanitary and equipment locks are open/ closed);

the reactor facility parameters affecting the strength of vessel equipment including brittle strength of the reactor vessel; 

other parameters.

26. It is recommended to apply the following approaches in determination of the operational state parameters:

residual heat in the nuclear fuel should be assumed equal to the maximum value for this operational state;

the primary circuit temperature and pressure in the cooldown modes after the reactor shutdown should be assumed equal to the values corresponding to the operational state starting point; in the heat-up modes prior to reaching of the minimum controlled power level - to the values corresponding to the operational state end point;

the coolant level in the reactor for the operational states when it is not constant (decreases or increases) should be assumed equal to the minimum value for this operational state.

27. If any group includes the operational states different from each other in one or several parameters specified in par. 25 of this Safety Guide it is necessary to use the most unfavorable (with regard to the impact on the NPP power unit safety) parameters of the operational states included into the group for selection and grouping of IEs and also for simulation of emergency sequences.

28. It is recommended to determine duration of the operational states and groups of operational states based on the data sources specified in par. 13 of this Safety Guide.

In order to calculate duration of the operational states for NPP power units under construction it is recommended to use the average duration of the operational states for the NPP power unit prototypes based on their operating experience. In case of necessity it is recommended to take into account the correction of the operational state duration due to any difference in duration of scheduled shutdowns for the NPP power unit under construction and the NPP power unit prototype.

It is recommended to specify the data sources listed in par. 13 of this Safety Guide for determination of the duration of operational states and groups of operational states as well as the analysis containing information on the operational state duration calculations on the basis of the above-mentioned data sources in the Level 1 PSA reporting materials for internal IEs. In case any operational state duration values from any data sources specified in par. 13 of this Safety Guide are used in the calculations it is recommended to provide the information on the data used from the analyzed source in relation to the operational state duration in the reporting materials.

29. It is recommended to include descriptions of the identified operational states and groups of operational states as well as the data required to perform reliability analysis for the systems, deterministic analyses and to define the boundaries between the groups of operational states into the Level 1 PSA reporting materials for internal IEs.

IV. Selection of initiating events

30. Selection of initiating events should be performed in order to compile the list of initiating events capable of resulting in a severe accident at the NPP power unit in case of their occurrence.

31. It is recommended to compile the list of initiating events in two stages:

compilation of the preliminary list of events;

compilation of the final list of events.

32. It is recommended to perform the following activities in order to compile the preliminary list of events:

analysis of the consolidated IE lists (for the relevant reactor type and operational states) recommended for consideration by the IAEA;

analysis of the IE lists compiled in Level 1 PSA for internal IEs at the NPP power unit prototypes;

analysis of the IE lists prescribed for consideration in the analysis of design basis and beyond design basis accidents according to the regulatory documents;

analysis of the IE lists from the safety analysis reports (hereinafter - the SARs) considered in analysis of design basis and beyond design basis accidents;

analysis of the failure modes and consequences for the NPP power unit systems (components) presented in the guidelines for mitigation of design basis accidents, pre-accident situations and operational occurrences, the process regulations for safe operation of the NPP power units, the tables of protections and interlocks for the reactor and turbine rooms, the beyond design basis accident management guidelines;

analysis of the operating experience with regard to the NPP power unit and the NPP power unit prototypes.

Any other additional methods (for example, the logical diagram method) may be applied.

For compilation of the preliminary list of events with the potential to become initiating events (hereinafter - the events) it is recommended to present the IE lists from the above-mentioned data sources as well as the analysis results with regard to failure modes and consequences for the NPP power unit systems (components) and other analyses (including the lists of events compiled on the basis thereof) in the Level 1 PSA reporting materials for internal IEs in the tabular or any other form. It is recommended to include description of the analysis for compilation of the preliminary list of events as well as its results into the Level 1 PSA reporting materials for internal IEs.

33. For compilation of the preliminary list of events it is recommended to consider the events caused by:

failures of systems (components) including the supporting systems;

human errors including the personnel's actions in the course of the routine operability checks for the systems (components) and testing of the systems (components);

loss of external power supply for the NPP power unit (the event of the NPP external power supply loss due to any external causes is classified as an initiating event caused by external impacts but it is recommended to consider it in Level 1 PSA for internal IEs).

34. For compilation of the preliminary list of events it is recommended to consider the events capable of resulting in damage of fuel elements exceeding the maximum design limit at any location of fuel elements within the NPP power unit.

35. The preliminary list of events compiled in accordance with the recommendations specified in par. 31-34 of this Safety Guide should be used as the source data to develop the final list of initiating events.

36. It is recommended to compile the final list of initiating events through the use of the selection criteria for the events. It is recommended to develop and substantiate these criteria for various operation modes of the NPP power unit (power/ non-power operation of the NPP power unit) and to specify (the selection criteria and their substantiation) within the Level 1 PSA reporting materials for internal IEs. For example, the following conditions may be used as the criteria to select the events for the final list:

compliance of the event with the "initiating event" definition in accordance with NP-001-15;

generation of the command (request) for automatic termination of the chain fission reaction in the reactor core (the reactor shutdown) and/ or automatic activation of the systems in case of the event occurrence;

generation of the signal for the reactor shutdown by the personnel in case of the event occurrence;

compliance of the event with the category of internal initiating events caused by any operational occurrences due to failures of the systems (components) and human errors;

correspondence of the event to the analyzed location of fuel elements (the reactor core, the spent fuel pool, any other location);

the event occurrence probability in the analyzed operation mode of the NPP power unit.

Any other substantiated IE selection criteria may be used for compilation of the final IE list.

37. It is recommended to analyze the initiating events for the power operation mode of the NPP power unit separately from any other NPP power unit operation modes.

In the first instance it is recommended to compile the final IE list for the power operation mode of the NPP power unit in accordance with the procedure described in the recommendations stated in par. 31-36 of this Safety Guide.

Secondarily it is recommended to compile the final IE list for other operation modes of the NPP power unit in accordance with the procedure described in the recommendations stated in par. 31-36 of this Safety Guide with due regard for the developed final IE list for the power operation mode of the NPP power unit.

38. In the course of IE selection it is not recommended to exclude any events complying with the "initiating event" definition from consideration on the basis of:

low probability (frequency) of the IE occurrence and low contribution of the IE into the severe accident probability;

slow development of the accident or a long period of time between the IE occurrence moment and the reactor shutdown (automatic or manual) moment.

39. It is recommended to include analysis of the selection of initiating events (see the example of the procedure in Appendix 4 to this Safety Guide) into the Level 1 PSA reporting materials for internal IEs.

V. Grouping of initiating events

40. It is recommended to carry out consolidation of initiating events into IE groups (IE grouping) in order to reduce the number of the developed logical models for emergency sequences.

41. It is recommended to group the initiating events based on the similarity of:

accident development scenarios and the end states reached;

requirements for operation of the NPP power unit systems performing safety functions and the personnel's actions (success criteria for the functions of the systems).

It is recommended to include substantiation of the IE grouping into the Level 1 PSA reporting materials for internal IEs.

42. The success criteria for the functions of the systems specified for the initiating events in the course of their grouping should be substantiated through deterministic calculations. It is recommended to present the deterministic calculation results in the Level 1 PSA reporting materials for internal IEs, at least within the following scope:

the full and accurate name of the initiating event;

initial conditions;

assumptions adopted in the calculation;

the list of failures of the systems (components) considered in the calculation;

the name of the software tool used for the calculations;

figures with the graphs of parameters and/ or tables with the values of parameters substantiating the success criterion for the system functions and/ or the emergency sequence (hereinafter - ES) model.

43. It is recommended that the success criteria for the functions of the systems in any IE group should be at least as strict (conservative) as the success criteria for the functions of the systems for each IE within the group. It is recommended to keep the balance between minimization of the number of the considered IE groups on one hand, and excessive PSA conservatism introduced by the IE grouping procedure on the other hand.

44. For any initiating events with ruptures/ leakages of the pipelines it is recommended to determine the pipeline rupture size limits referred to different IE groups by deterministic calculations; the results of these calculations should be presented in the Level 1 PSA reporting materials for internal IEs within the scope recommended in par. 42 of this Safety Guide.

45. It is recommended to analyze the IE occurrence probability in the NPP power unit operational states identified for analysis and the compiled groups of operational states. It is not recommended to exclude any IE group for a particular group of operational states from consideration if occurrence of even one IE from the IE group is possible at least in one operational state within the group of operational states. The results of the above-mentioned analysis should be presented in the Level 1 PSA reporting materials for internal IEs in the tabular or any other form.

VI. Modeling of emergency sequences

46. ES modeling for the IE groups should be performed in order to determine:

multiple accident development paths with due regard for the potential actions of the personnel;

end states of the emergency sequences;

success criteria for the functions of the systems with due regard for the personnel's actions.

It is recommended to use the ES modeling results in reliability analysis for the systems, the human reliability analysis, development of the NPP power unit probabilistic model and definition of the scenarios for the required deterministic calculations.

It is recommended to use the "event tree" method in development of the ES models.

47. The ES models should be developed with due regard for the peculiarities of each IE group and each group of operational states.

48. It is recommended to determine and describe the types of ES end states in the Level 1 PSA reporting materials for internal IEs. It is recommended to use at least the following types of ES end states in development of the ES models:

the ES end state with damage of the fuel elements;

the ES end state without damage of the fuel elements.

Substantiated use of any other types of ES end states in development of the ES models is permitted. It is recommended to present the substantiation results in the Level 1 PSA reporting materials for internal IEs.

49. The time interval for the ES modeling should be substantiated but shall be assumed equal to at least 24 hours from the IE occurrence moment. It is recommended to present the substantiation results in the Level 1 PSA reporting materials for internal IEs.

It is recommended to extend the time interval for the ES modeling in case any ES end state with damage of fuel elements can be reached outside this interval due to the following causes:

depletion of the stock of cooling medium, fuel, oil, compressed gases where it is impossible to replenish the stock;

development of any physical processes resulting in the ES end states with damage of fuel elements.

Substantiation of the selected time interval for the ES modeling is recommended to be based on the condition that gradual increase of the above-mentioned period should not result in sharp increase of the severe accident probability value. In this case it is recommended that the ES modeling interval should exceed the recovery time for any failed equipment of the systems (system channels) subject to functioning of other systems (system channels) ensuring the NPP power unit safety in relation to the function under consideration.

50. It is recommended to be governed by the following in development of the ES models:

where possible the simulated functions should be arranged beginning from the initiating event in order of occurrence of the need for their performance with due regard for the cause-and-effect relations;

the ES models should not be simplified for reduction of their size if any loss of significant emergency sequences is possible in this case. Significant emergency sequences include the emergency sequences with the contribution to the probability of severe accidents for all emergency sequences exceeding 0.01%;

the total contribution of the unaccounted (undeveloped) emergency sequences to the probability of severe accidents should not exceed 1% and should be taken into consideration for determination of the cumulative probability of severe accidents for internal IEs.

51. In development of the ES models it is recommended to consider the effect of the operating conditions for the systems (components) in the course of accidents on their operability: impinging jet of the coolant, pipeline whipping, missiles, shockwaves, secondary fires, thermal deformations of the structures and other factors. In this case it is recommended to take into account dependence of the system operation modes from the peculiarities of the accident process under analysis and the possibility of any system operation upon failure of other systems.

52. It is recommended to substantiate the characteristics used as the basis for the ES models, including physical parameters of accidents, accident development paths, reaching of the ES end states, success criteria for any system functions and the time allowance for the personnel's actions, by deterministic calculations.

53. It is recommended to present the results of deterministic calculations used to substantiate the ES models in the Level 1 PSA reporting materials for internal IEs within the scope specified in par. 42 of this Safety Guide.

VII. Reliability analysis for the systems

54. Reliability analysis for the systems should be carried out in order to develop logical modes of the NPP power unit systems performing safety functions and presented in the ES models considered in level 1 PSA.

55. It is recommended to perform reliability analysis separately for each system function considered in the PSA. In this case it is recommended to determine the reliability parameters for performance of the system functions.

56. It is recommended to present description of the systems performing safety functions within the Level 1 PSA reporting materials in the following scope:

the purpose of the system and brief characteristics of the functions performed by the system;

composition of the system and its design characteristics;

description of the system flow diagram;

interfaces of the system with supporting and control systems;

functioning of the system under normal operating conditions of the NPP and in case of any NPP operational occurrences including accidents;

interlocks and protections of the system;

the procedure for the system maintenance and repair, including description of the personnel's actions;

information on regular inspections and monitoring in the course of the system operation;

operation limits and conditions for the system;

the personnel's actions for the system control in the course of any accident.

57. It is recommended to develop the simplified scheme of the system with indication of the components failures of which are included into the logical models of the systems according to the analyzed functions. It is recommended to substantiate exclusion of any system components from the logical models of the system for the analyzed functions.

58. It is recommended to perform the following within the framework of reliability analysis:

analysis of the failure modes and consequences for all system components including the components capable of causing IEs in each operational state of the power unit in case of their failure;

analysis of various potential dependencies between the system components, the system channels and systems due to presence of any common connections or common supporting systems, IEs, changes of the general operating conditions in the course of an accident;

analysis of the prescribed necessary actions of the personnel with the potential for any human errors in the course of these actions ("pre-accident" - prior to the IE occurrence and "post-accident" - after the IE occurrence) resulting in the system failure to perform its functions;

analysis of "common cause failures", i.e. group failures with the interrelation which cannot be clearly presented in the logical models of the systems;

calculations of the reliability parameters for the logical models of the system according to the analyzed functions.

59. It is recommended to apply the "failure tree" method in development of the logical models of the system according to the analyzed functions.

60. It is recommended to consider all normal operation modes, initiating events, emergency sequences, the possibility of any dependent failures of the systems or their channels due to IEs in development of the logical models of the system according to the analyzed functions.

61. In development of the logical models of the system according to the analyzed functions it is recommended to determine the success criteria for the system functions based on the success criteria defined in the course of IE grouping and/ or ES modeling.

62. In development of the logical models of the system according to the analyzed functions it is recommended to analyze all potential failure modes related to any changes in the state of the system components upon the power unit transition from the normal operation mode to the emergency mode.

63.  In development of the logical models of the system according to the analyzed functions it is recommended to consider the safe operation limits and conditions and substantiate the possibility of the system functioning outside the above-mentioned limits and conditions in case of necessity to consider it in the logical models of the systems.

64. It is recommended to use the same boundaries of the system components and failure modes of the system components in the Level 1 PSA tasks "Reliability analysis for the systems" and "Determination of the reliability parameters for the system components and IE probabilities (frequencies)".

65. It is recommended to select the boundaries of the system components in such a way so that to ensure consideration of all failure modes capable of affecting the capability of the systems to perform their functions defined within the framework of Level 1 PSA.

m66. It is recommended to coordinate the boundaries of the analyzed systems and the level of detail for the models of the systems with the requirements for the simulated functions prescribed in the task "Modeling of emergency sequences".

67. It is recommended to develop the logical models of the system for the analyzed functions with due regard for effect of inoperability (unavailability) of the system components due to take-down for repair or performance of operability checks (testing). For this purpose, it is recommended to use the information on the system operability checks, maintenance and repair of the systems. In development of the logical models of the system according to the analyzed functions it is recommended to take into account the provisions of the process regulations for safe operation of the NPP power unit with regard to the permitted combinations of the system components taken down for repairs.

68. In development of the logical models of the system according to the analyzed functions it is recommended to take into account any potential pre-accident and post-accident human errors.

69. In development of the logical models of the system according to the analyzed functions it is recommended to take into account dependence of successful performance of any system functions from the IE nature and character, the ES peculiarities, particularly the dependencies due to presence of any common components in different systems or common supporting systems.

70. In development of the logical models of the system according to the analyzed functions it is recommended to take into account interdependence (mutual influence) between the systems and/ or system channels and also the possibility of any common cause failures.

71. In case any simplifications with substitution of one basic event for several basic events and logical links between them are used in the models of the systems it is recommended to perform the analysis confirming absence of any loss of explicit and implicit dependencies, including the dependencies due to presence of any common components of different systems or common supporting systems as well as the personnel's actions.

72. It is recommended to provide the following information on reliability analysis for each system under consideration in the Level 1 PSA reporting documentation:

description of the system with due regard for the recommendations stated in par. 56 of this Safety Guide;

description of the system functions and the success criteria for these functions in various emergency sequences of initiating events and operational states; 

assumptions used in development of the logical models of the system according to the analyzed functions;

the boundaries of the system and its components, the initial state of the system, the simplified scheme of the system, the list of the system components excluded from analysis, substantiation of any component exclusion from analysis in the PSA;

the list of the system components, their identifiers, the state of the components in the system standby and operation modes, location, failure modes under consideration, consequences of failures and their impact on the system reliability, duration of operation in case of any accident, frequency of operability checks (trial runs, testing);

the list of basic events of the logical system models according to the analyzed functions, including the events simulating failures of the system components, unavailability of the system channels (components) due to take-down for repair and maintenance;

the list of logical switches (the system modeling logic switches) in the system models for the analyzed functions;

the list of groups or basic events of common cause failures of the system components (channels);

the list of basic events for the logical models of the system according to the analyzed functions representing human errors, particularly pre-accident and post-accident human errors, with indication of the points in the NPP power unit model where they are considered;

the event identifiers used to consider failures of the supporting and control systems;

graphical images of the logical models of the system according to the analyzed functions ("failure trees" or other graphs);

results of the design reliability analysis for the system according to the performed functions.

VIII. Determination of the reliability parameters for the system components and the IE probabilities (frequencies)

73. The reliability parameters for the system components should be assessed, and the IE probability (frequency) used as the basis for determination of the cumulative probability of severe accidents should be defined within the framework of this task; it should be determined in one of the following ways:

processing of the operating experience data for the NPP power unit under consideration (failures of the systems (components), operational occurrences at the NPP power unit) through the use of statistical methods;

application of the summarized data;

calculations of the failure mechanics through the use of probabilistic methods;

calculations through the use of the logical and probabilistic models of the IEs caused by failures of the systems;

expert review or any other methods.

74. It is recommended to assess the following reliability parameters for the system components:

probability of any failure on demand and/ or the failure rate in the standby mode;

the failure rate in the course of operation, leak-tightness assurance, the position maintenance or any other types of long-term functioning;

the unavailability factor due to scheduled or unscheduled maintenance or repair, operability checks;

the mean recovery time;

probability of a common cause failure or the parameters of the common cause failure model.

75. It is recommended to define the failure modes and substantiate the criteria for classification of the failure modes (failure to start, failure in the course of operation, failure on demand).

76. It is recommended to collect the data on the equipment reliability with due regard for the NPP power unit operation modes. These data may include the time of the system (component) take-down for repair not related directly to the system (component) recovery, additional take-down of any systems (components) for technical examination and operability checks, the equipment running time, non-regulatory activation/ outage of the equipment and any other data.

77. It is recommended to calculate the IE probabilities (frequencies) with due regard for the duration of individual groups of operational states and the number of operations potentially causing any IE in each group of operational states. In case the IE occurrence probability depends only on time the IE probability (frequency) is proportional to the operational state duration. In case the initiating event is caused by any equipment failures/ human errors in the course of any regular process operations, checks and testing the IE probability (frequency) is proportional to the number of operations. It is recommended to take into account the frequency of all NPP power unit shutdown types (for the operational states typical for a certain shutdown type) when the initiating events under consideration occur.

78. In order to ensure additivity of the contribution of various groups of operational states into the cumulative probability of severe accidents it is necessary to calculate the IE probabilities (frequencies) within the period of one year.

79. It is recommended that the statistical information on any NPP power unit operational occurrences used for calculation of the IE probabilities (frequencies) should include the data on any events that took place within the periods of the NPP power unit operation modes under consideration.

80. It is recommended to consider the NPP power unit operation mode in calculation of the IE group probabilities (frequencies), particularly:

changes in the configuration of the NPP power unit and systems, for example, for the NPP blackout and IEs caused by any system failures;

changes in the NPP power unit parameters (for example, pressure, temperature and other parameters);

the personnel's works for maintenance, repair and checks of the systems (components).

81. It is recommended that the statistical information on any NPP power unit operational occurrences used for calculation of the IE probabilities (frequencies) should include the data on any NPP power unit operational occurrences caused by human errors.

82. It is recommended to use the data related to the NPP power unit under consideration and the similar power units as well as the summarized data referred to a large set of NPP power units of various designs in order to assess the reliability parameters for the system components and the IE probabilities (frequencies). It is not recommended to use the summarized data alone to perform Level 1 PSA for operating NPP power units.

83. In case the summarized data are used it is recommended to provide references to the data sources and also the information on the summarized data. Choice of the summarized data should be substantiated with regard to their applicability for the particular power unit, equipment, the selected boundaries of the system components and failure modes simulated in Level 1 PSA. In case several sources of summarized data are used it is recommended to describe and substantiate the approach applied for selection of information from these sources.

84. It is recommended to evaluate unavailability of the system components due to operability checks for all components of the systems used in the NPP power unit probabilistic model that are in the state preventing them from performance of the required function in the course of any operability checks.

85. It is recommended to determine the probability of common cause failures for the system components through the use of the conventional methods and data (for example, the "beta-factor" model, the "alpha-factor" model, the "Greek letter" model, the binomial model). Application of any other methods should be substantiated.

86. It is not recommended to change the dimensions of the equipment group susceptible to common cause failures in case one or more system channels are disabled in the particular group of operational states.

87. It is recommended to evaluate the probabilities (frequencies) of rare initiating events with no reliable statistical information from the operating experience through the use of the failure mechanics probabilistic methods, the system reliability models (for any IEs caused by system failures) or to determine them by expert appraisal.

88. It is recommended to determine the probabilities (frequencies) of any initiating events caused by human errors based on the statistical information on the operating experience for the NPP power unit or the NPP power unit prototypes. The human reliability analysis methods may be used to evaluate the probabilities (frequencies) of any initiating events caused by human errors identified by engineering analysis of the design (not manifested in the course of the NPP power unit operation).

89. It is recommended to present the following in the Level 1 PSA reporting materials:

the source data used to calculate the reliability parameters for the system components and the IE probabilities (frequencies);

the procedures for processing of the above-mentioned source data;

assumptions adopted to determine the reliability parameters for the system components and the IE probabilities (frequencies);

the reliability parameters for the system components and the IE probabilities (frequencies) (for each group of operational states) with the relevant uncertainty characteristics.

IX. Human reliability analysis

90. Human reliability analysis should be performed in order to identify the particular human errors and/ or erroneous decisions as well as their probabilities under the conditions of various emergency sequences upon occurrence of various initiating events (including the IEs due to the human errors themselves) in various operational states of the NPP power unit and in case of any NPP operational occurrences including accidents.

91. It is recommended to perform human reliability analysis in accordance with the following procedure:

collection of information on any actions performed by the personnel in the course of the normal NPP operation and prescribed in case of any NPP operational occurrences including accidents;

description of the human reliability analysis method/ methods;

determination of any erroneous actions (errors) of the personnel modelled in Level 1 PSA;

selection of the method to include the basic events representing the personnel's actions (errors) into the probabilistic model of the NPP power unit;

description of the adopted assumptions and restrictions to analyze human errors;

initial simplified presentation of the personnel's actions (errors) in the logical and probabilistic models of the systems;

selection of the significant human errors (in case of necessity);

detailed analysis of the significant human errors;

analysis of the dependencies between several actions of the personnel;

sensitivity analysis for the human reliability analysis results;

recording of the human reliability analysis results.

92. It is recommended to use the following for performance of human reliability analysis:

the operation guidelines for the systems (components), the process regulations for safe operation, the maintenance and repair guidelines and other operation documentation;

deterministic and other engineering calculations;

results of the personnel's training with the use of simulators;

interviewing and polling results for the operating personnel of the NPP power unit.

93. It is recommended to take into account the most comprehensive list of the personnel's actions in development of the NPP power unit probabilistic model:

the personnel's actions (errors) causing initiating events;

pre-accident actions (errors) of the personnel (any actions performed prior to the IE occurrence and capable of affecting availability of the NPP power unit systems (components));

post-accident actions (errors) of the personnel (any actions performed by the personnel after the IE occurrence).

94. It is recommended to provide the following in the Level 1 PSA reporting materials for internal IEs with regard to analysis of the personnel's actions (errors):

description of the methods and approaches used to analyze all types of the personnel's actions (errors);

the list of adopted assumptions and restrictions;

the list of the data sources used;

the list of identified human errors;

characteristics of the errors (for example, the planned action, description of the action and the potential error in the course of this action, description of the error consequences);

results of the probability calculations for all identified human errors.

95. In analysis of the pre-accident human errors it is recommended to consider the personnel's actions prescribed and possible in the course of operability checks, maintenance and repair of the systems (components) and capable of causing unavailability of the systems (components) at the IE occurrence moment.

96. It is recommended to take into account the effect of the following factors on the personnel's actions in analysis of the personnel's actions:

any conditions typical for the NPP power unit state (normal NPP operation mode and any NPP operational occurrences including accidents);

Initiating events;

accident development paths.

97. In the course of human reliability analysis performed in two stages with screening and detailed analysis of human errors it is recommended to ensure conservative assessment at the screening analysis stage in order to prevent exclusion of any significant human errors from further analysis.

98. It is recommended to perform screening analysis of human errors in order to reduce the scope of the analysis and to carry out further detailed analysis of human errors for the most important personnel's actions (errors) in view of safety through the use of the adopted human reliability analysis methods. The screening analysis of human errors should include:

assignment of the conservative (selective) probability values for all actions (errors) of the personnel included into the probabilistic model of the NPP power unit;

calculations of the cumulative probability of severe accidents with the use of the selective human error probability values for determination of the significant personnel's actions (errors).

99. It is recommended to use the detailed analysis methods to calculate the probabilities of significant human errors.

100. It is recommended to perform the detailed analysis of human errors in several stages:

determination of the personnel's actions (errors) requiring detailed analysis;

development of the detailed models of the personnel's actions (errors);

collection of the information required for detailed calculations of the human error probabilities;

determination of the time periods required to perform the personnel's actions and the time limits for performance of these actions;

detailed analysis of human errors including calculations of the human error probabilities;

adjustment of the probability for each human error in the probabilistic model of the NPP power unit.

101. It is recommended to analyze interdependencies between human errors based on the analysis of minimal cut sets obtained through calculation of the occurrence probability for all emergency sequences characterized by the end states with damage of fuel elements.

102. It is recommended to consider the following in analysis of interdependencies between several (two and more) human errors:

interconnection through making of a single decision to perform several actions;

the time allowance available for the personnel to perform the subsequent action in case of performance and/ or failure to perform the previous one;

interrelation between the personnel's actions;

factors affecting the personnel's behavior.

103. It is recommended to calculate the uncertainty characteristics for the human error probabilities assuming the error factor value for the human error probability in accordance with the method/ methods adopted for the human reliability analysis.

X. Analysis of dependencies

104. Analysis of explicit and implicit dependencies should be performed for their identification and consideration in calculations of the severe accident probability. Dependencies should be identified both in the course of individual Level 1 PSA tasks and in analysis of the results of various tasks.

105. It is recommended to analyze the following dependencies in the analysis of dependencies and to take them into account in the NPP power unit probabilistic model:

functional dependencies between the systems;

dependencies between human errors;

dependencies related to common cause failures;

dependencies between the success criteria and the conditions of emergency sequences (initiating events and operational states);

implicit dependencies.

106. It is recommended to perform the analysis in order to identify any initiating events capable of resulting in a dependent damage or failure of any systems (components) required for prevention of severe accidents after the IE occurrence. In case any such initiating events are identified it is recommended to take them into account for selection of initiating events and modeling of emergency sequences.

107. It is recommended to analyze implicit dependencies on the basis of the experience in performance of other Level 1 PSAs, the operating experience, work of the specialists of the NPP power unit under consideration and other NPP power units as well as the experience of the system designers. In this case it is recommended to assess applicability of the identified implicit dependencies to the power unit under consideration.

108. It is recommended to analyze dependent failures of the system components due to any causes not explicitly simulated in Level 1 PSA (common cause failures), such as similarity of design, manufacturing, installation, calibration, maintenance and operation conditions. It is recommended to define the list of the groups of components susceptible to common cause failures and to substantiate the criteria for grouping of these components.

XI. Development of the NPP power unit probabilistic model

109. The probabilistic model of the NPP power unit is necessary to calculate the cumulative probability of severe accidents.

110. It is recommended to provide the following within the Level 1 PSA reporting materials:

information on the software tool used to calculate the cumulative probability of severe accidents;

brief description of the components of the NPP power unit probabilistic model; in this case the power unit operation modes (types of operational states, shutdown types) and the IE groups for which the models are developed should be specified;

description of the approaches used for exclusion of logical loops and mutually exclusive basic events from the NPP power unit probabilistic model;

descriptions of the applied methods for consideration of the dependencies between the personnel's actions and any other dependencies;

the list and values of logical switches (house event) used in the NPP power unit probabilistic model for determination of the changeable boundary conditions, the structural logic of the system function models;

description of the methods used to consider regular checks of the system components in the standby mode in the logical models of the system functions.

XII. Determination of the probability of severe accidents and analysis of the Level 1 PSA results for internal IEs

111. It is recommended to determine the cumulative probability of severe accidents for all groups of internal IEs and all operational states of the NPP power unit.

112. It is recommended to use the software tool with the environment where the NPP power unit probabilistic model was developed in order to calculate the cumulative probability of severe accidents.

113. It is recommended to provide the following in the Level 1 PSA reporting materials for internal IEs:

description of the assumptions and restrictions adopted for the calculations (for example, description of the time-to-failure law and the recovery time for the system components, the probability of cut-off (exclusion) of insignificant minimal cut sets);

description of all sets of logical switches used in the cumulative probability calculations for severe accidents;

description of the boundary conditions and any other conditions used to calculate the cumulative probability of severe accidents.

114. It is not recommended to introduce any restrictions with regard to the number of elements in the minimal cut sets for calculation of the cumulative probability of severe accidents.

115. It is recommended to identify all minimal cut sets containing more than one human error. It is recommended to consider the dependencies between the personnel's actions (if any are detected) for all such minimal cut sets.

116. It is recommended to calculate the cumulative probability of severe accidents through the use of the iteration method changing the restrictions with regard to exclusion of the emergency sequences from the calculation according to low occurrence probability for the set of events and system (component) failures presented in the minimal cut sets, or according to the maximum number of elements in the minimal cut sets until the difference in calculation of the severe accident probability at the final iteration is below 0.1% of the severe accident probability calculated at the previous stage of the iterative process.

117. It is recommended to present the conclusions based on the analysis of the Level 1 PSA results for internal IEs in the Level 1 PSA reporting documentation for internal IEs. In this case it is recommended to provide the following:

the cumulative probability of severe accidents for internal IEs and all operational states;

assessment of the cumulative severe accident probability compliance with the target value of the cumulative severe accident probability taking into account that the initiating events caused by internal and external impacts are not considered in this assessment;

significance analysis results (the list of the most significant factors that considerably affect the cumulative probability of severe accidents);

results of sensitivity and uncertainty analysis related to the probabilistic nature of the reliability parameters of components, occurrence of initiating events and human errors;

conclusions based on the Level 1 PSA results for internal IEs;

safety assurance arrangements for the NPP power unit developed on the basis of the Level 1 PSA results for internal IEs.

118. The components of the NPP power unit probabilistic model with the most significant effect on the cumulative probability of severe accidents are the significance analysis results. It is recommended to consider the following components of the NPP power unit probabilistic model in the course of significance analysis:

operational states and/ or groups of operational states;

Initiating events and/ or groups of initiating events;

basic events;

the personnel's actions (errors).

It is recommended to describe the emergency sequences of the NPP power unit probabilistic model with the most significant effect on the cumulative probability of severe accidents in detail.

It is recommended to evaluate the cumulative significance of the following NPP power unit probabilistic model components:

human errors, types of human errors, dependent human errors;

independent failures of the system components and common cause failures;

unavailability of the systems (components) due to operability checks, maintenance and repair;

systems performing safety functions and systems supporting performance of these functions.

Significance analysis for operational states and/ or groups of operational states and IEs and/ or IE groups is recommended to be based on assessment of their contribution to the cumulative probability of severe accidents.

It is recommended to determine significance of the NPP power unit probabilistic model components for all groups of operational states and for each group of operational states.

119. It is recommended to perform significance analysis for any PSA model components other than operational states and initiating events through the use of the methods based on evaluation of the severe accident probability reduction (increase) with postulation of the maximum (minimum) occurrence probability for the events corresponding to the components of the NPP power unit probabilistic model specified in par. 118 of this Safety Guide.

120. The sensitivity analysis results should be used to assess effect of various factors identified in the course of Level 1 PSA development for internal IEs on the obtained results with due regard for their dependence on the adopted assumptions.

It is recommended to perform sensitivity analysis for the following factors:

the adopted assumptions;

safety assurance arrangements for the NPP power unit recommended for implementation on the basis of the Level 1 PSA results for internal IEs.

121. It is recommended to assess the impact of any assumptions and safety assurance arrangements for the NPP power unit on the cumulative probability of severe accidents both individually for each assumption and NPP power unit safety assurance arrangement and collectively for all assumptions and NPP power unit safety assurance arrangements.

122. Uncertainty evaluation (probability distribution) for the cumulative probability of severe accidents depending on the uncertainty characteristics of the component reliability parameters, frequencies of initiating events and probabilities of human errors should be the result of uncertainty analysis.

123. In the course of uncertainty analysis it is recommended to consider at least the uncertainty related to probabilistic nature of the component reliability parameters, occurrence of initiating events and human errors.

XIII. Presentation of the Level 1 PSA results for internal IEs

124. It is recommended to present the information containing the results of all Level 1 PSA tasks for internal IEs specified in par. 11 of this Safety Guide in the Level 1 PSA reporting documentation for internal IEs.

125. It is recommended to provide the following data as the Level 1 PSA results for internal IEs in the Level 1 PSA reporting documentation for internal IEs:

groups of operational states and their characteristics;

groups of initiating events;

probabilities (frequencies) of the IE groups;

probabilities of severe accidents (for the groups of initiating events and operational states).

126. It is recommended to present the information on the contribution of the IE groups, emergency sequences, systems, basic events and other components of the NPP power unit probabilistic model to the cumulative probability of severe accidents in the Level 1 PSA reporting documentation for internal IEs, both collectively for all groups of operational states and separately for each group of operational states. It is recommended to provide analysis (discussion) of the obtained results.

127. It is recommended to present the significance, sensitivity and uncertainty analysis results in the Level 1 PSA reporting documentation for internal IEs. The results obtained from significance, sensitivity and uncertainty analyses should be described and interpreted.

128. It is recommended to define the safety assurance arrangements for the NPP power unit (including technical and administrative accident management arrangements) according to the Level 1 PSA results for internal IEs.

129. It is recommended to present the conclusions based on the analysis of the Level 1 PSA results for internal IEs in the Level 1 PSA reporting documentation for internal IEs, including:

the NPP power unit safety assessment with regard to the obtained probabilistic safety parameter value;

the list of the identified factors significantly affecting the cumulative probability of severe accidents;

evaluation of the effect of uncertainties on the cumulative probability of severe accidents;

evaluation of the effect of the NPP power unit safety assurance arrangements developed on the basis of the Level 1 PSA results for internal IEs on the cumulative probability of severe accidents;

assessment of the achievement of the goal set in the course of Level 1 PSA for internal IEs and stated in par. 8 of this Safety Guide.
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ABBREVIATIONS

	EP
	-
	Emergency Protection

	ES
	-
	Emergency Sequence

	NPP
	-
	Nuclear Power Plant

	SFP
	-
	Spent Fuel Pool

	PSA
	-
	Probabilistic Safety Assessment
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	-
	Reactor Coolant Pump
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	-
	Pilot-Operated Relief Valve

	IE
	-
	Initiating Event

	PRZR
	-
	Pressurizer

	IAEA
	-
	International Atomic Energy Agency

	RD
	-
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	SAR
	-
	Safety Analysis Report
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	-
	Scheduled Preventive Maintenance

	RW
	-
	Radioactive Waste

	RS
	-
	Radioactive Substances

	RF
	-
	Reactor Facility

	CPS
	-
	Control and Protection System

	FA
	-
	Fuel Assembly

	FE
	-
	Fuel Element
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	-
	Technical Safety Appraisal
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	Operational State
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TERMS AND DEFINITIONS

Emergency sequence of the NPP power unit probabilistic model (emergency sequence) - the sequence of events occurring with the certain probability and consisting of the initiating event, the accident development path and the end state of the emergency sequence.

Significance analysis - analysis of the effect of individual NPP power unit probabilistic model components on the probabilistic safety parameters.

Uncertainty analysis - analysis of the effect of any potential discrepancies in determination of the IE frequencies, the reliability parameters for the equipment and human error probabilities, the adopted assumptions and restrictions for the analysis, incomplete knowledge of the development of physical processes on the probabilistic parameters of the NPP power unit.

Sensitivity analysis - evaluation of the effect of any changes in the input data of the NPP power unit probabilistic model on the probabilistic safety parameters of the NPP power unit.

Basic event - an event considered as elementary, independent of occurrence of any other events and characterized by a certain set of quantitative probabilistic parameters.

Probabilistic model of the NPP power unit - the interrelated set of the mathematical models of initiating events, emergency sequences, systems (components), the personnel's actions as well as the probabilistic characteristics of initiating events, reliability of the systems (components), common cause failures considered in the course of probabilistic safety assessment, human errors and any other data required to evaluate the probabilistic safety parameters of the NPP power unit.

Failure tree - the graphical model of various parallel and sequential combinations of failures resulting in occurrence of the pre-defined undesirable event.

Event tree - the graph presenting the logic of the accident development paths and used for modeling of emergency sequences.

Significance - quantitative characteristic of the effect of individual NPP power unit probabilistic model components on the probabilistic safety parameters.

Radioactivity source - any NPP power unit system or component containing nuclear materials, radioactive substances or radioactive wastes.

End state - the state of the NPP systems and components established as a result of any accident.

Success criterion - the minimum number of operable systems (components) and/ or the personnel's actions sufficient for successful performance of the system (component) functions.

Logical switch (house event) - the software tool rule determining the condition for calculation of the cumulative probability of severe accidents.

Minimal cut set - the minimal combination of events (including failures of components and human errors) resulting in occurrence of the consequence under consideration (for example, a system failure). A minimal cut set is the logical product of its constituent basic events, and a package of minimal cut sets is the logical product of individual minimal cut sets.

Uncertainty - ambiguity (vagueness) of the probabilistic safety parameters due to the probabilistic nature of the simulated phenomena and incomplete knowledge on the development of physical processes.

Summarized data - the data on the IE probabilities (frequencies) and the reliability parameters of the systems (components) not based on the information about the NPP power unit under consideration and/ or its prototypes.

Common cause failure - the type of dependent failure when a simultaneous (or almost simultaneous) multiple failure occurs due to a single cause.

Functional event - a function (title) presented in the event tree graph. It is implemented in the PSA model in the form of the failure tree (logical model) of the NPP power unit systems performing the relevant safety function.

Frequency of the event - the number of events per a time unit.
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RECOMMENDED STRUCTURE AND COMPOSITION OF THE LEVEL 1 PSA REPORT FOR INTERNAL INITIATING EVENTS

1. The purpose and scope of Level 1 PSA for internal initiating events

It is recommended to present the following data:

the objectives of Level 1 PSA for internal IEs;

the scope of investigation (the analyzed radioactivity sources, initiating events, operational states);

information of the time (date) defining the status of the NPP power unit design for which the PSA is performed;

the tasks performed within Level 1 PSA for internal IEs;

general assumptions adopted in Level 1 PSA for internal IEs.

It is recommended to provide the data collected in accordance with the recommendations specified in Section III of this Safety Guide in the Level 1 PSA reporting documentation for internal IEs.

2. Brief description of the NPP power unit

It is recommended to provide brief information on the NPP site, the reactor facility, the coolant circuits, the instrumentation and control systems of the NPP power unit, the main and emergency power supply systems, the cooling systems of the main equipment, the systems engaged in performance of safety functions, and systems performing the functions for management of beyond design basis accidents (including severe accidents).  It is recommended to specify the data on the analyzed radioactivity sources in this section. It is recommended to provide references to the relevant sources containing more detailed information.

3. Description of methodologies, guidelines and software

It is recommended to provide brief characteristics of the methodologies, guidelines and software programs used to perform the following Level 1 PSA tasks for internal IEs:

analysis of the operational states;

selection of initiating events;

grouping of initiating events;

modeling of emergency sequences;

system reliability analysis;

determination of reliability indicators for system components and probabilities (occurrences) of IE;

personnel reliability analysis;

analysis of dependencies;

development of the NPP power unit probabilistic model;

determination of the probability of severe accidents and analysis of the Level 1 PSA results for internal IEs.

It is recommended to provide references to the relevant sources containing detailed information on the methodologies, guidelines and software in brief characteristics of the methodologies, guidelines and software used to perform each of the above-mentioned tasks.

4. Selection and grouping of the nuclear power plant power unit operational states

It is recommended to specify the results obtained by performance of the Level 1 PSA task for internal IEs "Analysis of the operational states" in this section, particularly:

definition of the operational state;

information of the NPP power unit shutdown types;

information on all possible operational states in the course of the NPP power unit operation at the rated and/or partial power level, the NPP power unit shutdown, cooldown, repair, refueling, heat-up and start-up;

information on the operational state parameters (all main characteristics (parameters) of each operational state should be specified in the tabular form);

information on the state of the systems (components) and parameters of the NPP power unit;

information on the personnel's actions for each operational state;

information on the principles, criteria and results of grouping for the selected operational states;

description of the groups of operational states.

5. Selection of initiating events

It is recommended to specify the results obtained by performance of the Level 1 PSA task for internal IEs "Selection of initiating events" in this section, particularly:

compilation of the preliminary IE list with due regard for the information from the data sources specified in par. 35 of this Safety Guide;

criteria for selection of initiating events;

description of the IE selection analysis process and results;

the list of all identified potential IEs;

analysis of the IE selection results based on the selection criteria;

the list of initiating events excluded from further analysis with justification of the reasons for their exclusion;

the final IE list.

6. Grouping of initiating events

It is recommended to specify the results obtained by performance of the Level 1 PSA task for internal IEs "Grouping of initiating events" in this section, particularly:

information on the IE grouping principles and criteria;

description of the IE grouping process, justification of the IE grouping on the basis of the deterministic analysis results confirming the success criteria of the system functions for IEs and the IE grouping results;

the list of the compiled IE groups;

the list of IEs included into each group.

It is recommended to present the analysis results with regard to the occurrence probability of individual IEs/ IE groups for each group of operational states in this section. In this case it is recommended to present these analysis results in the form of the co-occurrence matrix for initiating events and operational states.

It is recommended to provide the list of potential non-functional dependencies related to the IEs (for example, "steaming" in the turbine hall, increase of the sump clogging probability, dynamic and thermal impacts on the equipment) identified in Level 1 PSA for internal IEs in this section.

7. Modeling of emergency sequences

It is recommended to specify the results obtained by performance of the Level 1 PSA task for internal IEs "Modeling of emergency sequences" in this section, particularly:

description of the modeling of emergency sequences, IEs, the design accident development, the substantiation calculations for emergency sequences and the success criteria;

assumptions adopted in the course of ES modeling;

description of the end states of the emergency sequences;

description of the logical models of the system functions and success criteria for the system functions;

the equipment control methods (automated or manual);

description of the control signals;

description of the personnel's actions for control of the systems (components) after the IE occurrence;

results of the deterministic calculations performed to substantiate the emergency sequences and success criteria for the system functions within the scope specified in par. 46 of this Safety Guide.

It is recommended to present the emergency sequence models for each initiating event (IE group) possible in each group of operational states in the Level 1 PSA report for internal IEs.

It is recommended to provide graphical images of the emergency sequence models as well as the description of emergency sequences with successful functioning of all systems in this section.

8. Reliability analysis for the systems

It is recommended to specify the results obtained by performance of the Level 1 PSA task for internal IEs "Reliability analysis for the systems" in this section, particularly the description of:

the purpose of the systems;

functions of the systems;

the system operation modes under normal operating conditions of the NPP and in case of any NPP operational occurrences including accidents;

composition of the systems and their interfaces with other systems;

the personnel's actions for control and maintenance of the systems;

flow diagrams of the systems.

It is recommended to provide the following in this section:

simplified schemes of the analyzed system;

assumptions adopted for development of the logical models of the system functions;

description of the system states used in development of the logical models of the system functions;

the list of the logical models of the system functions and their graphical presentation;

the list of components considered in the logical models of the system functions with description of the consequences of all failure modes of these components;

description of the logical model elements for the system functions (the logical operators for inclusion (exclusion) of these logical model parts into emergency sequences, the basic events related to the operator's actions, the basic events related to common cause failures and other components of the NPP power unit probabilistic model);

description of the techniques for modeling of dependent failures and common cause failures;

description of the techniques for modeling of the equipment and system reliability with due regard for regular operability checks, maintenance and repair of the system components.

9. Determination of the reliability parameters for the system components and the IE probabilities (frequencies)

It is recommended to specify the results obtained by performance of the Level 1 PSA task for internal IEs "Determination of the reliability parameters for the system components and the IE probabilities (frequencies)" in this section, particularly:

description of the database on the probabilities (IE frequencies), reliability parameters of the system components, characteristics of any system component unavailability due to testing, maintenance and repair, probabilities or parameters of the common cause failure models;

specific data and their sources;

approaches used to classify the events with failures of system components and the results of this classification;

the input statistical information (the number of events, the terminal life, the mean time between failures and other characteristics);

the summarized data and their sources;

description of the methods and software used for statistical information processing;

analysis and assessment results for the reliability parameters of the equipment and (probabilities) frequencies of IE groups including the uncertainty characteristics for this assessment;

analysis and assessment results for the probabilities of common cause failures.

10. Human reliability analysis

It is recommended to specify the results obtained by performance of the Level 1 PSA task for internal IEs "Human reliability analysis" in this section, particularly:

description of the processing methods for the information used in the human reliability analysis;

the adopted assumptions and restrictions for the analysis of each basic event corresponding to the personnel's actions;

the obtained evaluations of the probability of human errors and the relevant uncertainty parameters for each basic event corresponding to the personnel's actions;

the applied methods and the obtained results of the analysis of dependencies between the personnel's actions;

the list of the personnel's actions selected in the course of the screening analysis of the personnel's actions with references to the guidelines (if any);

the time periods required for the personnel to perform the actions, the time limits for performance of the actions, substantiation of the time periods and time limits, references to the deterministic calculations;

detailed description of the procedure for determination of probability for each selected action of the personnel including all source data for the analysis (the results of tests, polls, interviews in the form of descriptions, graphs, diagrams, tables or in any other format as well as their processing results);

the analysis results for the dependencies between several (two and more) actions of the personnel included into separate emergency sequences or minimal cut sets;

the probability values for the selected erroneous actions of the personnel evaluated according to the detailed analysis results, including the probability values for dependent erroneous actions of the personnel.

11. Development of the NPP power unit probabilistic model

It is recommended to present the information on development of the NPP power unit probabilistic model and its components as well as the results of this Level 1 PSA task for internal IEs in this section.

It is recommended to describe the following in this section:

the methodology for the NPP power unit probabilistic model development;

the logical models of the system functions;

the values of the logical operators for inclusion (exclusion) of various parts of the system function logical models in the course of ES modeling;

the approach used to eliminate logical loops and mutually excluding events;

the method for consideration of the dependencies between the personnel's actions and any other dependencies.

12. Determination of the probability of severe accidents, analysis and presentation of the Level 1 PSA results for internal IEs

It is recommended to provide the following in this section:

the results and description of the calculation process with regard to the cumulative probability of severe accidents;

description of any assumptions used to calculate the cumulative probability of severe accidents;

description of the restrictions adopted to calculate the cumulative probability of severe accidents (the cut-off threshold according to probability, the cut-off threshold for insignificant minimal cut sets);

description of the set of logical operators for inclusion (exclusion) into calculations for each model of emergency sequences and each emergency sequence in this model.

It is recommended to describe the uncertainty, sensitivity and significance analysis procedures in this section (in separate subsections), including:

assumptions considered in the uncertainty and sensitivity analysis;

the types of uncertainty subjected to analysis;

the scope of investigations performed in the course of sensitivity analysis;

the components of the model subjected to significance analysis;

the design parameters used for uncertainty, sensitivity and significance analysis.

It is recommended to present the results of the following calculations in this section:

the cumulative probability of severe accidents for each radioactivity source;

uncertainty and sensitivity in relation to the cumulative probability of severe accidents;

the list of the minimal cut sets with the contribution to the cumulative probability of severe accidents exceeding 0.1%.

The calculation results for contribution of various NPP power unit probabilistic model components (initiating events, emergency sequences, basic events and other components) to the cumulative probability of severe accidents should be specified separately for each group of operational states and for all groups of operational states.

It is recommended to present the information on the most significant emergency sequences for each group of operational states and all groups of operational states in this section, including:

the list of significant emergency sequences in the order of decreasing of their contribution to the cumulative probability of severe accidents;

the information on each significant emergency sequence, particularly:

Initiating events;

the system failure events included into the most significant emergency sequences;

the system component failure events mainly contributing to the failure of each system;

the contribution of each significant emergency sequence to the cumulative probability of severe accidents;

significant minimal cut sets and their occurrence probability.

It is recommended to provide the information obtained through analysis of significance and cumulative significance for the following NPP power unit probabilistic model components in this section:

operational states and/ or groups of operational states;

initiating events and/ or groups of initiating events;

minimal cut sets;

the system components;

the equipment failures due to repair and maintenance;

human errors;

systems.

It is recommended to provide the description and results of uncertainty and sensitivity analyses in this section, particularly:

information on the effect of the NPP power unit probabilistic model components and the adopted assumptions on the cumulative probability of severe accidents;

evaluation of the effect of uncertainties on the Level 1 PSA results for internal IEs.

It is recommended to present the conclusions based on the analysis of the Level 1 PSA results for internal IEs in this section, particularly:

assessment of the cumulative severe accident probability compliance with the target safety parameter;

the list of the most significant factors that considerably affect the cumulative probability of severe accidents;

evaluation of the effect of uncertainties on the cumulative probability of severe accidents;

assessment of achievement of the goals set in Level 1 PSA for internal IEs.

It is recommended to specify the NPP power unit safety assurance arrangements developed on the basis of the Level 1 PSA results for internal IEs and evaluation of the effect of these arrangements on the cumulative probability of severe accidents in this section.
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EXAMPLE OF THE SELECTION PROCEDURE FOR INITIATING EVENTS

The example below illustrates the selection procedure for initiating events.

1. Compilation of the preliminary list of initiating events

In general, the preliminary list of initiating events should include all events capable of causing any operational occurrences at the NPP power unit and identified through analysis of various available data sources.

At least the following data sources (in accordance with the recommendations stated in par. 32 of this Safety Guide) should be taken into account for compilation of the preliminary list of events:

the consolidated IE list recommended by the IAEA for the NPP power unit (reactor type) under consideration;

the IE list compiled in the course of Level 1 PSA for internal events at the prototype of the NPP power unit under consideration;

the list of IEs prescribed for consideration in analysis of design basis and beyond design basis accidents according to the regulatory documents;

the list of IEs from the SAR considered in analysis of design basis and beyond design basis accidents;

any events identified through analysis of the failure modes and consequences for the NPP power unit systems (components) on the basis of the data from the guidelines for mitigation of design basis accidents, pre-accident situations and operational occurrences, the process regulations for safe operation, the tables of protections and interlocks for the reactor and turbine rooms, the beyond design basis accident management guidelines;

events from the operating experience of the NPP power unit and the NPP power unit prototypes;

events identified through the use of the logical diagram method.

The list of N events recommended by the IAEA should be taken as the basic list of events in order to start compilation of the preliminary list of events. The list of events recommended by the IAEA is given in Table 1 of this Appendix.

Table 1

List of events recommended by the IAEA (basic list)

	Event No.
	Event name

	1
	IAEA event 1

	2
	IAEA event 2

	3
	IAEA event 3

	...
	...

	N
	IAEA event N


The list of M events considered in Level 1 PSA for internal IEs at the NPP power unit prototype is given in Table 2 of this Appendix.

Table 2

List of events from Level 1 PSA for internal IEs 
at the NPP power unit prototype

	Event No.
	Event name

	1
	Event 1 from the PSA for the NPP power unit prototype

	2
	Event 2 from the PSA for the NPP power unit prototype

	3
	Event 3 from the PSA for the NPP power unit prototype

	...
	...

	M
	Event M from the PSA for the NPP power unit prototype


The list of K events prescribed for consideration in analysis of design basis and beyond design basis accidents according to the regulatory documents is given in Table 3 of this Appendix.

Table 3

List of events prescribed for consideration in analysis of design basis and beyond design basis accidents according to the regulatory documents

	Event No.
	Event name

	1
	Event 1 from the regulatory documents

	2
	Event 2 from the regulatory documents

	3
	Event 3 from the regulatory documents

	...
	...

	K
	Event K from the regulatory documents


The list of R events considered in the SAR for analysis of design basis and beyond design basis accidents is given in Table 4 of this Appendix.

Table 4

List of events considered in the SAR for analysis of design basis and beyond design basis accidents

	Event No.
	Event name

	1
	Event 1 from the SAR

	2
	Event 2 from the SAR

	3
	Event 3 from the SAR

	...
	...

	R
	Event R from the SAR


The list of S events identified through analysis of the system failure modes and consequences is given in Table 5 of this Appendix. The above-mentioned list is compiled on the basis of the data from the process regulations for safe operation of the NPP power unit, the guidelines on the operating personnel's actions in case of any NPP power unit operational occurrences, the tables of protections and interlocks for the reactor and turbine rooms of the NPP power unit, the operation guidelines for the NPP power unit systems. Prior to analysis of the failure modes and consequences all systems of the NPP power unit (the list of all systems under consideration is provided in the PSA reporting materials) specified in the TSA or SAR were analyzed for presence of the operation documentation requirements (including the requirements of the process regulations for safe operation of the NPP power unit) with regard to shutdown, reduction of the RF power or demand on the functioning of safety systems in case of any system failure, unavailability of any systems, system channels and/or in case of any other events (pipeline ruptures, unintended activation and other events). Analysis of the system (component) failure modes and consequences was performed for any systems subject to the operation documentation requirements with regard to shutdown, the RF power reduction or functioning of the safety systems in case of any system failure, unavailability of any systems, system channels and/or in case of any other events (these systems are specified in the Level 1 PSA reporting materials for internal IEs). 

The list of operational occurrences related to the NPP power unit shutdown for the operating period N of the Russian NPP power units with the reactor type under consideration is given in Table 6 of this Appendix. The fact of the reactor emergency protection activation ("yes") or failure to activate ("no") is specified in the box "EP" of Table 6 in this Appendix. In case of the scheduled or emergency shutdown of the reactor by the personnel the emergency protection was activated, and "yes" was specified in the box "EP" of Table 6 in this Appendix.
Table 5

Analysis of the NPP power unit system (component) failure modes and consequences

	Event No.
	Event resulting 
in a failure
	Failure consequences
	Comments

	
	
	Reactor shutdown
	Failure of safety-related systems
	

	
	
	Automatic
	Administrative
	Total
	Partial
	

	System for which failure modes and consequences are analyzed

	System 1

	1
	Event 1 from Table 5
	Yes
	No
	No
	No
	Emergency protection is activated automatically

	2
	Event 2 from Table 5
	No
	No
	No
	Yes
	Reactor power reduction

	3
	Event 3 from Table 5
	No
	Yes
	No
	No
	Emergency protection is activated by the personnel

	System 2

	4
	Event 4 from Table 5
	No
	No
	No
	Yes
	Emergency protection is activated automatically

	...
	...
	...
	...
	...
	...
	...

	S
	Event S from Table 5
	Yes
	No
	No
	No
	Emergency protection is activated automatically


Table 6

List of operational occurrences at the NPP power units with the reactor type under consideration

	Event No.
	Report No.
	Date of operational occurrence
	Event name
	EP

(Yes/ No)
	Brief characteristics of the event

	NPP 1

	1
	Report 1
	11.05.1989
	Event 1 from Table 6
	Yes
	Malfunction in the PRZR PORV control circuit

	2
	Report 2
	29.06.1991
	Event 2 from Table 6
	Yes
	Loss of vacuum in the condensers

	3
	Report N
	03.03.2018
	Event N from Table 6
	Yes
	Disabling of feedwater pumps

	NPP 2

	4
	Report 1
	20.07.2005
	Event N+1 from Table 6
	Yes
	Pulse tube rupture

	5
	Report 2
	17.07.2010
	Event N+2 from Table 6
	Yes
	Blackout

	6
	Report M
	17.07.2018
	Event M from Table 6
	Yes
	Leakage in the coolant circuit

	NPP 3

	7
	Report 1
	12.07.1987
	Event M+1 from Table 6
	No
	Disabling of one RCP

	8
	Report 2
	05.07.2011
	Event M+2 from Table 6
	No
	Level decrease in the steam generator

	9
	Report K
	14.05.2018
	Event K from Table 6
	Yes
	Disconnection of the power unit from the mains

	NPP N

	10
	Report 1
	17.05.2006
	Event K+1 from Table 6
	No
	Disconnection of the power unit from the mains without EP and with reactor unloading

	11
	Report 2
	18.04.2001
	Event K+2 from Table 6
	No
	Disconnection of the power unit from the mains without EP activation and with reactor unloading

	12
	Report L
	01.04.2018
	Event L from Table 6
	Yes
	Steam generator tube leakage


In order to compile the most comprehensive list of events potentially capable of causing any radioactive substance release outside the design boundaries consistent deductive analysis was performed for identification of any undesirable effects of the NPP power unit through the use of the logical diagram methodology; the fragment of the development of such diagrams is presented in Fig. 1-2 of this Appendix.

Release of radioactive substances outside the design boundaries in the amount exceeding the design values is the prerequisite for the accident occurrence and can be caused either by any events affecting the reactor core, or any events not related to the reactor core and related to any other locations where radioactive substances are (can be) present. Logical diagrams are developed in the course of the consistent analysis of the RS release causes. The blocks with dark background contain the names of initiating events identified in the course of analysis.

The list of events identified through the use of the logical diagram method is given in Table 7 of this Appendix.
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Fig. 1. Logical diagram of the causes of RS releases 
outside the design boundaries
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Fig. 2. Logical diagram of the causes of RS releases 
outside the design boundaries (continued)

Table 7

List of events identified through the use of the logical diagram method

	N
	Event name

	1
	Event 1

	2
	Event 2

	3
	Event 3

	4
	Event 4

	5
	Event 5

	6
	Event 6

	7
	Event 7

	8
	Event 8

	...
	...

	N
	Event N


The preliminary list of events including all events identified in the course of analysis (the events from Tables 1-7 of this Appendix; if the substantial content of several events was similar with various event names these events were considered as a single event, and the numbers of all events from Tables 1-7 of this Appendix were specified in the relevant box of Table 8 in this Appendix) with the same content but different names is given in Table 8 of this Appendix. All other events were considered as separate events, and the numbers of events from Tables 1-7 of this Appendix were specified in the relevant box of Table 8 in this Appendix. The sign "-" in the boxes of Table 8 in this Appendix means that the event was not identified in the course of the considered data source analysis. The event name used in the preliminary list of events was taken from the data source with the number marked in bold type in the relevant boxes of Table 8 in this Appendix. In the course of the preliminary list compilation the events were divided into groups characterized by similar accident mode development (transient processes, leakage of various pipelines and other event classes).
Table 8

Preliminary list of initiating events

	Event No.
	Event name
	IAEA recommendations (basic list) (Table 1 of this Appendix)
	Events from the PSA for the NPP power unit prototype - Table 2 of this Appendix
	RD requirements - Table 3 of this Appendix
	Events from the SAR - Table 4 of this Appendix
	Analysis of failure modes and consequences - Table 5 of this Appendix
	Analysis of the NPP operating experience - Table 6 of this Appendix
	Events identified through the use of the logical diagram method - Table 7 of this Appendix

	1
	IAEA event 1
	1
	1
	1
	-
	-
	7
	1

	2
	IAEA event 2
	2
	2
	2
	1
	-
	2
	-

	3
	IAEA event 3
	3
	-
	-
	2
	-
	3
	2

	4
	IAEA event N
	N
	3
	-
	-
	1
	-
	3

	5
	Event M from the PSA for the NPP power unit prototype
	-
	M
	-
	-
	2, 4
	5
	4

	6
	Event 3 from the regulatory documents
	-
	-
	3
	3
	3
	8
	-

	7
	Event K from the regulatory documents
	-
	-
	K
	-
	-
	9
	5

	8
	Event R from the SAR
	-
	-
	-
	R
	-
	-
	-

	9
	Event S from Table 5
	-
	-
	-
	-
	S
	-
	6

	10
	Event 1 from Table 6
	-
	-
	-
	-
	-
	1, 4, 6
	-

	11
	Event L from Table 6
	-
	-
	-
	-
	-
	12
	7

	12
	Event K+2 from Table 6
	-
	-
	-
	-
	-
	10, 11
	-

	13
	Event N
	-
	-
	-
	-
	-
	-
	N

	14
	Event 8
	-
	-
	-
	-
	-
	-
	8


2. Compilation of the final list of initiating events

The IE list was compiled by defining compliance of the events from the preliminary list (Table 8 of this Appendix) with the adopted selection criteria.

The following criteria were adopted for selection of initiating events:

Criterion 1;

Criterion 2;

Criterion 3.

An event is selected subject to simultaneous compliance with the above-mentioned selection criteria. Any events excluded from further analysis on the basis of the adopted selection criteria are marked with gray color in the lines of Table 9 in this Appendix.

Analysis of the IE selection is provided in Table 9 of this Appendix. The number and names of the events analyzed in Table 9 of this Appendix correspond to the number and names of the events from Table 8 of this Appendix.

Table 9

Selection of initiating events

	Event No.
	Event name
	The event complies with Criterion 1

Yes/ No
	The event complies with Criterion 2

Yes/ No
	The event complies with Criterion 3

Yes/ No
	The event is selected

Yes/ No
	Substantiation of the event exclusion from further analyses (for the events that were not selected)

	1
	IAEA event 1
	Yes
	Yes
	No
	Yes
	-

	2
	IAEA event 2
	Yes
	Yes
	No
	Yes
	-

	# 3
	IAEA event 3
	Yes
	No
	No
	No
	

	4
	IAEA event N
	Yes
	Yes
	No
	Yes
	

	# 5
	Event M from the PSA for the NPP power unit prototype
	Yes
	No
	No
	No
	

	6
	Event 3 from the regulatory documents
	Yes
	Yes
	No
	Yes
	

	7
	Event K from the regulatory documents
	Yes
	Yes
	No
	Yes
	

	8
	Event R from the SAR
	Yes
	Yes
	No
	Yes
	

	9
	Event S from Table 5
	Yes
	Yes
	No
	Yes
	

	10
	Event 1 from Table 6
	Yes
	Yes
	No
	Yes
	

	11
	Event L from Table 6
	Yes
	Yes
	No
	Yes
	

	# 12
	Event K+2 from Table 6
	Yes
	No
	No
	No
	

	13
	Event N
	Yes
	Yes
	No
	Yes
	-

	14
	Event 8
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Unpermitted ingress of the medium to the coolant circuit
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