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(RB-044-18)

I. General Provisions
1. The Safety Guide in the use of atomic energy “Guidance on Development of Probabilistic Safety Analysis (Level 2) for a Nuclear Power Plant Unit” (RB-044-18) (hereinafter the Safety Guide) has been developed in accordance with Article 6 of Federal Law No. 170-FZ dated November 21, 1995 “On the Use of Atomic Energy” for the purpose of compliance with the requirements of clause 1.2.9 of the federal rules and regulations in the field of the use of atomic energy “General Safety Provisions for Nuclear Power Plants” (NP-001-15) approved by Order of Federal Environmental, Industrial and Nuclear Supervision Service No. 522 dated December 17, 2015 (registered by the Ministry of Justice of the Russian Federation on February 2, 2016, reg. No. 40939) (hereinafter NP-001-15), and the requirements of clause 8 and clause 27 to 30 of the federal rules and regulations in the field of the use of atomic energy “Basic Requirements to Probabilistic Safety Analysis of a Nuclear Power Plant Unit” (NP-095-15) approved by Order of Federal Environmental, Industrial and Nuclear Supervision Service No. 311 dated August 12, 2015 (registered by the Ministry of Justice of the Russian Federation on September 4, 2015, reg. No. 38807)
2. This Safety Guide contains guidance of Federal Environmental, Industrial and Nuclear Supervision Service (hereinafter Rostechnadzor) on development of probabilistic safety analysis (Level 2) for all normal operation modes of a nuclear power plant unit (power operation, shutdown modes, cooldown, refueling, maintenance and repair of any systems (components), heat-up, start-up, the state of an NPP unit shut down for the preparation for decommissioning (“non-generating operation”), considering the location of fuel: fuel in the core, fuel in the SFP, fuel removed from the SFP) (hereinafter the operational states) with any types of reactors for internal IEs and IEs associated with internal (on-site fires, flooding and other internal impacts) and external impacts of natural (flood, tsunami and other impacts) and human-induced (aircraft crash, explosions at the facilities and other impacts) origin for all locations of NM, RS and RW at the NPP unit.

3. This Safety Guide is intended for the use by design organizations and operating organizations when they implement activities associated with design, construction and operation of NPP units, and by Rostechnadzor when it supervises the safety of NPP units.
4. The guidance of this Safety Guide cover nuclear power plant units that are being designed, constructed and operated, including the ones shut down for preparation for decommissioning.

5. Level 2 PSA may be developed through the use of any other approaches different from the ones recommended in this Safety Guide provided that their safety has been demonstrated.

6. This Safety Guide contains guidance with regard to the composition, scope and sequence of individual tasks, and also the content and scope of the reporting documentation and quality of Level 2 PSA.

7. The list of abbreviations used in this Safety Guide is given in Appendix 1, terms and definitions in Appendix 2, the recommended composition of the Level 2 PSA report in Appendix 3, the main stages of the containment system reliability analysis in Appendix 4, and examples of RSDS attributes for various reactor types in Appendix 5, examples of locations where radioactivity sources may be at the NPP unit other than the reactor core and SFP in Appendix 6, and general guidance on assessment of the emergency release activity for locations of radioactivity sources at the NPP unit other than the reactor core and SFP in Appendix 7.

II. General Information

8. Level 2 PSA should be performed in order to:

determine the cumulative probability of a large-scale emergency release for each NPP unit within the period of one year for all initiating events, all normal operation modes, all locations of radioactivity sources within an NPP unit (hereinafter the cumulative probability of a large-scale emergency release for each NPP unit within the period of one year);

establish the compliance/non-compliance of the cumulative probability of a large-scale emergency release for each NPP unit within the period of one year with the NPP unit safety target with regard to probability of a large-scale emergency release for each NPP unit within the period of one year as established in clause 1.2.17 of NP-001-15 approved by Order of Federal Environmental, Industrial and Nuclear Supervision Service No. 522 dated December 17, 2015;

establish potential categories of emergency releases for a NPP unit and consequences of any accidents determined by emergency releases of each emergency release category;

establish arrangements to ensure the safety of an NPP unit;

identify any factors with the most significant effect on the consequences of accidents.

9. Level 2 PSA should be used to:

substantiate the list of beyond design basis accidents, including severe accidents, and establish representative scenarios of beyond design basis accidents, including severe accidents;

substantiate the guides on beyond design basis accident management;

establish measures to manage severe accidents;

establish (clarify) the boundary of the emergency planning zone.

10. Level 2 PSA should be based on the results of probabilistic safety analysis of Level 1 (hereinafter Level 1 PSA).

11. Level 2 PSA should be performed stage by stage.

The first stage should cover fuel elements in the reactor core and the SFP as a radioactivity source, internal IEs as initiating events, and NPP unit power operation as an operational state.

The second stage should cover fuel elements in the reactor core and the SFP as a radioactivity source, internal IEs as initiating events, and shutdown, cooldown, refueling, maintenance and repair of the systems (components), heat-up and start-up modes as operational states.

The third stage should cover fuel elements in the reactor core and SFP as a radioactivity source, IEs associated with on- and off-site impacts as IEs, and all normal operation modes of an NPP unit as operational states.

The fourth stage should cover radioactivity sources other than fuel elements in the reactor core and SFP, IEs associated with on- and off-site impacts as IEs, and all normal operation modes of the NPP unit as operational states.

12. The following tasks should be performed in Level 2 PSA for spent nuclear fuel:

collect information required to perform Level 2 PSA;

convert Level 1 PSA results into source data of Level 2 PSA;

reliability analysis of the systems;

analyze beyond design basis accidents, including severe accidents;

determine loads on the containment;

model accident sequences;

determine RS releases;

determine consequences of accidents;

determine the probability of a large-scale emergency release and analyze Level 2 PSA results;

present Level 2 PSA results.

The Level 2 PSA task “Determining loads on the containment” should be performed in relation to NPP units with containments.

All Level 2 PSA tasks should be performed even if it has been demonstrated that the cumulative probability of a large-scale emergency release does not exceed the target value of a large-scale emergency release probability.

All Level 2 PSA tasks listed in clause 12 of this Safety Guide for the first and second stage specified in clause 11 of this Safety Guide should be performed. The results of Level 2 PSA tasks specified in clause 12 of this Safety Guide obtained at the first stage may be used to complete the Level 2 PSA tasks at the second stage provided that relevant substantiation is presented in the reporting papers on Level 2 PSA.

The scope of the Level 2 PSA tasks for the third stage specified in clause 11 of this Safety Guide should be performed in the course of the third stage. The results of Level 2 PSA obtained at the first and second stages (clause 11 of this Safety Guide) may be used for the third stage (clause 11 of this Safety Guide).

Guidance as to how to perform Level 2 PSA for the fourth stage specified in clause 11 of this Safety Guide is presented in Section XIV of this Safety Guide.

13. The cumulative probability value of a large-scale emergency release should be calculated for each NPP unit within the period of one calendar year.

14. Level 2 PSA for operating NPP units should be performed with due regard for the actual state of the NPP unit on the basis of the following information sources:

design and engineering documentation;

safety analysis reports;

data on investigations of NPP unit operational occurrences;

operation documentation.

Level 2 PSA should be performed for NPP units under construction on the basis of the design and operation documentation of the NPP unit prototypes.

The following sources should also be used when performing Level 2 PSA for NPP units under construction and operation:

results of any investigations (calculations) of emergency processes carried out as part of Level 2 PSA;

requirements of the current regulatory and technical documents;

results of experiments;

documents of the International Atomic Energy Agency;

other documents.

15. All assumptions adopted when performing Level 2 PSA should be recorded and substantiated. The impact of assumptions on Level 2 PSA results should be studied when performing the sensitivity analysis.

16. Level 2 PSA results for the NPP unit, including the description of the NPP unit probabilistic model containing models of emergency sequences of the NPP unit probabilistic model (hereinafter emergency sequences), functional events, basic events with their parameters and also probabilities of end states of the emergency sequences defined through calculation, should be presented in the Level 2 PSA reporting documentation.

17. When several NPP units are located within one NPP site, it is permitted to extrapolate Level 2 PSA results of one NPP unit to other NPP units provided that the absence of any differences in the design and/or actual states of the NPP units, and in administrative and technical operating conditions capable of resulting in any changes of the NPP unit probabilistic model and the cumulative probability of a large-scale emergency release are substantiated.

18. When performing Level 2 PSA, the provisions the safety guide in the use of atomic energy “Guidance on Development of Level 1 Probabilistic Safety Analysis of a Nuclear Power Plant Unit for Internal Initiating Events” (RB-024-19) approved by Order of Federal Environmental, Industrial and Nuclear Supervision Service No. 284 dated July 17, 2019 (hereinafter RB-024-11) should apply with regard for reliability analysis of the systems and analysis of PSA results.

III. Collecting Information Required for Level 2 PSA

19. The composition and scope of information on the NPP unit design required to perform the Level 2 PSA tasks should be established.

20. Detailed information on the following should be collected:

the reactor (type, thermal power, number of coolant circuits, coolant type, total coolant volume in the reactor and its components, geometric (length, height, width, elevation, diameter, etc), thermal and hydraulic (hydraulic diameter, friction factor, etc), physical (weight, material, density, level, etc), neutron and physical (heat distribution among fuel assemblies, FA load patterns, enrichment of fuel assemblies at various moments of the reactor campaign and various fueling patterns, etc) and thermal and physical (thermal conductivity, thermal capacity, etc) characteristics of the reactor components required to develop computational models of beyond design basis accidents, including severe accidents and other data);

the buildings and premises where the reactor components are located (including the containment), as well as adjacent unsealed compartments (void space, design pressure (for the containment), geometric characteristics of the premises, dimensions, types and geometric characteristics of the interfaces between the premises, composition of the premises, materials of the floors, walls, ceilings, etc);

the SFP (geometric characteristics, structural characteristics, operation modes, quantity, composition and duration of spent fuel storage, etc);

radioactive substances (except for RS in fuel assemblies) and radioactive waste present at the NPP unit (location, quantity, physical state, storage method, control, etc);

the buildings and premises where radioactive substances and radioactive waste are located (void space, geometric characteristics of the premises, dimensions, types and geometric characteristics of the interfaces between the premises, composition of the premises, materials of the floors, walls, ceilings, etc) and emergency release paths;

the NPP unit systems affecting propagation of radioactive substances in the reactor, the NPP unit buildings and premises, including the containment, as well as emergency release mass (activity);

operation algorithms of the systems (components);

actions of the personnel taken to manage severe accident.

21. Information on any means provided for accident management and accident mitigation should be collected, for example:

information on means of core melt retention and hydrogen concentration monitoring;

information on the systems specially provided in the relevant reactor design and used to mitigate impacts of beyond design basis accidents, including severe accidents (spray system, cooling spray system, jet-vortex condenser, filter systems, localizing safety systems, system of containment isolation valves, ventilation systems, and other systems);

information on the containment and adjacent premises;

information on the possibility of using any equipment provided for different purposes to manage beyond design basis accidents, including severe accidents.

22. Information on design specifics of the NPP unit that affect the propagation of radioactive substances in the reactor and the NPP unit premises, and development of severe accidents, should be collected, for example:

characteristics of the premises where the reactor is located that affect the propagation of the collapsed core components and reactor internals, as well as the possibility of their cooling;

RS propagation paths when the reactor and/ or its components collapse;

any flow limiters affecting propagation of radioactive substances;

geometric characteristics of the premises that affect the propagation of radioactive substances and/ or collapsed core components and reactor internals.

IV. Converting Level 1 PSA Results into Source Data for Level 2 PSA

23. As part of this task, the end states of emergency sequences with the radioactivity source damage from Level 1 PSA should be grouped into RSDSs. RSDSs should be established on the basis of the NPP unit response similarity according to the accident scenario after the radioactivity source damage (including the impact on the containment and the related systems and/or emergency release). Establishing RSDSs and assessing their probabilities make it possible to convert Level 1 PSA results into source data for Level 2 PSA. There should be a reference to any documents containing Level 1 PSA results used as source data for Level 2 PSA and also to specify the cumulative probability of severe accidents used as source information for RSDS establishment with indication of initiating events, operation modes and radioactivity sources with the calculated cumulative probability of severe accidents in the Level 2 PSA reporting documentation.

24. RSDSs should be established on the basis of the set of characteristic features (attributes). In this case, the end states of emergency sequences grouped within a single RSDS should have similar values of all characteristic attributes.

25. RSDS attributes should be selected in a way that each of them characterizes at least one of the following factors:

specifics of the physical processes accompanying development of beyond design basis accidents, including severe accidents;

emergency release paths (presence of the containment, presence or absence of any bypass (inter-circuit leakages, leakages outside the containment));

containment state prior to the beginning of emergency release;

the state of the NPP unit systems that affect the processes in the buildings and premises where the reactor components are located (including the containment) as well as the adjacent unsealed compartments, and/or emergency releases in case of any beyond design basis accidents (including severe accidents); the selection of the NPP unit systems with the states considered as RSDS attributes should be substantiated;

the mass (activity) and composition of radioactive substances released from the radioactivity source;

the mass (activity) and composition of emergency release.

26. The following general attributes of RSDSs should be used:

IEs or groups of IEs (large leak, small leak, transient process, leakage outside the containment and other initiating events);

IE occurrence zone (premises where any initiating event occurrence can affect development of beyond design basis accidents, including severe accidents);

coolant circuit parameters (for example, pressure in the coolant circuit at the time of reactor core damage);

the state of safety systems and other systems (operable/inoperable);

the state of the systems for heat removal from the containment (operable/inoperable);

the state of the containment (sealed/unsealed);

the state of the localizing safety systems (operable/inoperable);

the state of the containment isolation valves (operable/inoperable);

the state of the containment filtering components (operable/inoperable);

the state of the power supply systems (operable/inoperable);

the state of the systems that affect pressurization of the coolant circuits (steam dumping and isolating) (operable/inoperable).

Any other characteristics may be used in addition to the above-mentioned ones; their description and substantiation of their use should be presented in the Level 2 PSA reporting documentation.

Examples of RSDS attributes for various reactor types are given in Appendix 5 to this Safety Guide.

27. Probabilistic models for the systems with the states used to determine RSDSs, including the supporting and control systems needed for these systems to perform their functions, should be developed/refined.

28. The list of RSDSs should be compiled on the basis of physically and/or logically possible combinations of identified RSDS attributes. For a more convenient compiling of the RSDS list, a logical chart presented in the graphical or matrix form should be used.

29. A special-purpose analysis for the RSDS compilation should be performed in order to group the end states of emergency sequences from Level 1 PSA characterized by radioactivity source damage in accordance with the identified RSDS attributes and to determine the RSDS occurrence probability; this analysis should be performed through the use of the same software tool as applied for Level 1 PSA.

30. The approaches discussed below should be applied in the course of the analysis specified in clause 29 of this Safety Guide.

Approach 1

1. The same unique code is assigned to the end states of emergency sequences from Level 1 PSA characterized by the radioactivity source damage and similar RSDS attributes not requiring any analysis at the minimal cut set level (an IE or a group of IEs, IE occurrence zone, coolant circuit parameters), and then these end states are grouped into end state groups.

2. Intermediate probabilistic models of the NPP unit (for example, event trees) are developed with the end state groups used as initiating events and other RSDS attributes used as functional events. Identical unique RSDS codes are assigned to the end states of the NPP unit intermediate probabilistic models with the radioactivity source damage characterized by the same RSDS attributes.

3. Probability of occurrence is calculated for each RSDS, and the range of minimal cut sets defining each RSDS is generated.

Approach 2

1. Expansion of the NPP unit probabilistic models is performed by introduction of additional systems with the states used as RSDS attributes.

2. Identical unique RSDS codes are assigned to the end states of the NPP unit expanded probabilistic models with radioactivity source damage characterized by the same RSDS attributes.

3. Probability of occurrence is calculated for each RSDS, and the range of minimal cut sets defining each RSDS is generated.

31. When using the first approach specified in clause 30 of this Safety Guide, the end states of emergency sequences with radioactivity source damage from Level 1 PSA should be grouped with due regard for the first three RSDS attributes specified in clause 26 of this Safety Guide. The RSDS attributes for which the probabilistic models of the systems are developed in the same way as for the probabilistic models of the NPP unit systems in Level 1 PSA are used as functional events in the intermediate probabilistic models of NPP units. Each attribute may be represented by one or more functional events.

32. When using the second approach described in clause 30 of this Safety Guide, the NPP unit probabilistic models from Level 1 PSA should be elaborated by inclusion of additional functional events reflecting the RSDS attributes related to the state of the systems into the NPP unit probabilistic model. Consideration of the first three RSDS attributes specified in clause 26 of this Safety Guide should be performed in the analysis of the end states of the expanded NPP unit probabilistic models with radioactive source damage.

33. Unique RSDS codes developed in accordance with the guidance in clauses 31 and 32 of this Safety Guide should be assigned to the end states of emergency sequences with radioactivity source damage of the NPP unit probabilistic models on the basis of the approach described in clause 28 of this Safety Guide.

34. Any assumptions used in development of additional NPP unit probabilistic models or elaboration of NPP unit probabilistic models from Level 1 PSA should be substantiated and presented within the Level 2 PSA documentation.

35. Further analysis for any RSDSs with the occurrence probability of less than 1.0E-9 within the period of one year should not be performed provided that the aggregate contribution of the RSDSs excluded from further analysis to the cumulative probability of severe accident does not exceed 1%. The cumulative probability of all RSDSs excluded from further analysis should be conservatively distributed among the RSDSs identified for further analysis; such distribution should also be substantiated.

The compliance of the cumulative probability of severe accidents used as the source data should be checked for the RSDS determination with the total probability of occurrence for all RSDSs identified for further analysis within the framework of Level 2 PSA for spent nuclear fuel.

When determining RSDSs and emergency release categories within the framework of Level 2 PSA for spent nuclear fuel, only the emergency sequences used to define the cumulative probability of severe accidents should be taken into account (the emergency sequences related to RS releases into the environment due to activity of the coolant and the containment media should not be taken into account).

In accordance with the guidance in this section of this Safety Guide, RSDSs (their probability and the list of characteristic attributes) characterized by simultaneous damage of several radioactivity sources (for example, damage of fuel elements in the core and the SFP) should be determined.

36. Graphical images of additional probabilistic models or elaborated probabilistic models of the NPP unit from Level 1 PSA should be presented with indication of occurrence probabilities (frequencies) of the end states within the Level 2 PSA documentation. A list of minimal cut sets defining each RSDS and contributing 99% to the probability of severe accidents within the period of one year should be presented in the Level 2 PSA documentation.

V. Analysis of the Systems

37. Reliability analysis of the systems in the course of Level 2 PSA is aimed to develop probabilistic models of the systems with regard to performance of all functions where the analyzed system is engaged and to integrate them into the NPP unit probabilistic model in order to ensure the compliance with the guidance in Section IV of this Safety Guide with regard to development of intermediate or expanded probabilistic models of the NPP unit, the guidance in Section VI of this Safety Guide with regard to determination of containment loads, and also the guidance in Section VII of this Safety Guide with regard to development of emergency sequence models.

38. All systems capable of affecting propagation of radioactive substances within the reactor facility, in the buildings and premises where the reactor facility components are located (including the containment), as well as in the adjacent unsealed premises, and the possibility to contain radioactive substances within the accident localization area and emergency releases should undergo reliability analysis.

39. The functions, configurations, boundaries and success criteria for all systems taken for analysis in Level 2 PSA, including the systems analyzed in Level 1 PSA that are to be considered in Level 2 PSA should be determined. Reliability analysis for the systems should be performed in accordance with the guidance stated in Section VII of RB024-19, the guidance of the Safety Guide “Guidance on the Procedure for Reliability Analysis of Safety-Related Systems and Components of Nuclear Power Plants” approved by Order of Federal Environmental, Industrial and Nuclear Supervision Service No. 26 dated January 28, 2015.

40. The method used to include probabilistic models of the systems with the states considered as RSDS attributes in the NPP unit probabilistic model should be described in the relevant sections of the Level 2 PSA reporting papers compiled when performing of the Level 2 PSA tasks specified in Sections IV, VI and VIII of this Safety Guide.

41. When developing probabilistic models for passive systems, the system failure probability should be determined depending on the specified loading parameters corresponding to the severe accident modes.

42. The computational model of the containment for designs of NPP units with a containment (with due regard for the actual state of the containment) should be developed in order to assess the stress-strain parameters of the main containment components: concrete, reinforcement bars, pre-stressed elements (if any) and cladding. When developing this model, behavior of these components beyond the elastic state until the onset of limit states should be taken into account. The main stages of reliability analysis for the containment system are described in Appendix 4 to this Safety Guide.

VI. Determining Loads on the Containment

43. As part of this task, any potential events of a severe accident and loads on the containment caused by these events should be determined, and the probability of the containment integrity loss should also be assessed.

44. In the course of Level 2 PSA, loads on the containment caused by the following severe accident events should be considered if these events are not precluded by design specifics of the NPP unit and/or accident development conditions:

steam explosion in the reactor;

steam explosion outside the reactor;

combustion of hydrogen (all types) and carbon oxide in the buildings and premises where the reactor components are located (including the containment), as well as in the adjacent unsealed compartments;

interaction of the collapsed core components and reactor internals with concrete and/or other NPP components (for example, the core catcher, the concrete floor of the reactor shaft and other NPP components);

pressure increase (including quasi-static pressure) within the containment due to various physical processes inside;

reactive thrust on the reactor components (knock-out of the reactor components causing the containment pressurization leakage);

damage of the reactor components due to high temperatures (destruction of the reactor components due to stresses in the structural materials of the reactor components exceeding the tensile strength value (with due regard for its variation depending on temperature));

shock impacts on the containment caused by collapse of the structural components in the containment premises (for example, displacement of various reactor components (reactor, pipelines, doors and other components));

fragmentation of the collapsed core components in case of their release outside the reactor (generation of a large amount of particles of various sizes from the corium and the reactor internals within a short period of time resulting in significant increase of the heat exchange area between the corium and the containment environment and consequently increase of pressure in the containment).

The last four severe accident events specified above are typical for the severe accident scenarios developing under high pressure (over 7 MPa) in the coolant circuit.

In the course of Level 2 PSA, the possibility of the containment integrity loss should be considered if any inter-circuit leaks caused by the collapse of the reactor components at high temperatures are possible.

45. Severe accident events caused by loads on the containment should be excluded from the analysis of emergency sequences within the framework of Level 2 PSA when it has been justified that that the loads on the containment do not exceed the design values. Exclusion of severe accident events from analysis in Level 2 PSA for any reasons different from the above-mentioned ones should be substantiated; the substantiation should be provided in the Level 2 PSA reporting papers.

46. If any severe accident events not specified in clause 44 of this Safety Guide are detected, loads on the containment caused by these events should also be considered.

47. time period when the severe accident is considered should be divided into distinctive phases of a severe accident when the containment damage (pressurization loss) takes place. Boundaries of the severe accident phases should be selected with due regard for development of the maximum loads on the containment at various distinctive moments of severe accidents (for example, at the moment of the reactor vessel breakage, destruction of the containment components caused by various physical phenomena in the course of severe accidents (melt-through of the containment concrete structures, increase of pressure in the containment due to: ingress of gaseous medium into the containment, hydrogen combustion, combustion of carbon oxide, direct heating of the containment and other physical phenomena). Duration of the severe accident phases should be determined by calculation of the severe accident for RSDSs in accordance with the guidance in clause 55 of this Safety Guide.

One severe accident phase for the RSDSs characterized by loss of the containment pressurization (inter-circuit leaks, leakages outside the containment, initial leakage from the containment, absence of the containment) should be considered.

The selection of the severe accident phases in the Level 2 PSA reporting documentation should be substantiated.

48. Duration, number and time limits of the severe accident phases may be adjusted subsequent to calculations of severe accidents.

49. Loads on the containment caused by the severe accident events listed in clause 44 and 46 of this Safety Guide and the probability of the containment integrity loss should be assessed for each severe accident phase (at the moment of time characterized by development of the maximum loads on the containment) for each RSDS. For the RSDSs characterized by simultaneous damage of several radioactivity sources, the loads on the containment from all damaged radioactivity sources should be taken into account.

Determination of the loads on the containment should not be carried out for the RSDSs characterized by initial leakage of the containment (for example, inter-circuit leaks, leakage outside the containment, initial leakage of the containment, absence of the containment).

50. The parameters of loads on the containment caused by the severe accident events listed in clause 44 and 46 of this Safety Guide should be determined through the use of software tools enabling to determine the loads on the containment due to the above-mentioned severe accident events and also on the basis of analysis including development of computational models, application of the results of experiments, application of the analysis results obtained for the NPP unit prototypes. The application of the analysis results obtained for the NPP unit prototypes should be substantiated. The results of the above-mentioned analysis in the Level 2 PSA documentation, including computational models, brief description of the results of any experiments and the results obtained from other studies (in this case the data from other studies sufficient to assess their correctness and applicability to the analyzed NPP unit should be provided) should be presented.

51. The results of severe accident analysis should be used as source data for assessment of the loads on the containment caused by the severe accident events.

VII. Analysis of Beyond Design Basis Accidents, Including Severe Accidents

52. As part of this task, the most comprehensive information on development of beyond design basis accidents (including severe accidents) should be collected, in particularly, the information on the accident events, the nature of any changes in the thermal and physical parameters within the reactor facility, the buildings and premises where the reactor facility components are located (including the containment) as well as the adjacent unsealed compartments, the mass (activity) and composition of emergency releases. The results obtained in the course of this task should be used for the tasks of Level 2 PSA as per Sections VI, VIII and IX of this Safety Guide.

53. Beyond design basis accidents should be studied through the use of integrated software tools that fully describe the development of various processes (from the initiating event to the emergency release) and the accident events. It is permitted to use non-integral software tools, but in this case proper applicability of the calculation results obtained through the use of one software tool as the input data for another software tool with regard to consideration of any potential feedback between the processes simulated by various software tools should be justified.

54. In case of the containment integrity loss, the maximum typical dimensions of the damaged component should be assumed as the containment damage size for calculation of the emergency release caused by the severe accident events (for example, the penetration dimensions in case of any containment penetration damage). The size and location of the containment damage used to calculate the emergency release should be substantiated. In case of the initial containment pressurization loss (inter-circuit leaks, leakage outside the containment, initial leakage of the containment, failures of the containment insulation systems, absence of the containment, etc.), the size and location used to calculate the emergency release should be determined depending on the initiating event and/or structural peculiarities of the NPP unit components.

55. Calculations of beyond design basis accidents should be performed for each RSDS. Calculations of beyond design basis accidents for the RSDSs characterized by severe accidents should be performed for each severe accident phase defined for the RSDS under analysis with the postulated size and location of the containment damage. The time period for severe accident calculations should be assumed with due regard for the duration of emergency releases which should be assumed equal to at least 24 hours after beginning of emergency releases related to damage of radioactivity sources and the containment integrity loss. In case of the containment absence or initial leakage of the containment including inter-circuit leaks and leakages outside the containment, the duration of emergency releases equal to at least 24 hours after beginning of emergency releases related to damage of radioactivity sources should be assumed. The source data adopted for the calculations should be sunstantiated and presented within the Level 2 PSA reporting papers. The RSDS characteristic attributes should be used as initial and/or boundary conditions for analysis of beyond design basis accidents, including severe accidents. In the course of the design analyses, the design leakage of the containment should be taken into account and the mass (activity) of radioactive substances released to the environment through the design leakage of the containment should be determined.

In the course of severe accident calculations for the RSDSs characterized by simultaneous damage of several radioactivity sources, their effect on the emergency releases as well as the parameters in the reactor facility, the SFP, buildings and premises where the reactor facility and SFP components are located (including the containment) and also in the adjacent unsealed compartments should be considered. Severe accident calculations for damage of several radioactivity sources should be performed in accordance with the guidance in Sections VII and XIII of this Safety Guide.

56. The calculation results for the parameters of beyond design basis accidents (including severe accidents) obtained within the framework of Level 2 PSA should be presented, or the calculation results for the parameters of beyond design basis accidents (including severe accidents) obtained in the course of any other studies and used for the purpose of this Level 2 PSA in the Level 2 PSA documentation together with substantiation of applicability for any calculations performed within the framework of other studies and references to the studies used.

57. The software tools that enable simulation of the following should be used as software tools for calculation of the parameters in the reactor facility, buildings and premises where the reactor facility components are located (including the containment) and also in the adjacent unsealed compartments:

systems (components), materials, buildings and premises where the reactor facility components are located (including the containment) as well as the adjacent unsealed compartments affecting the development of beyond design basis accidents including severe accidents;

heat generation (particularly residual heat) in the nuclear fuel including non-uniformity of heat generation both along the height and radius of the reactor core;

the reactor core destruction processes in the course of a severe accident (uncovering, oxidation of the components, melting, displacement and other processes) and any other reactor internals (melting, displacement and other processes);

exothermic reactions due to interaction of the reactor core materials (zirconium, stainless steel, boron carbide) with water vapor accompanied by release of hydrogen;

movement of the broken reactor core components and the reactor internals to the lower sections of the reactor;

heating and breakage of the reactor metalwork located below the core and bordering the core;

release of the broken core components and the reactor internals to the premises or structures located below, including the molten core catcher, and their interaction with the structural materials, including the materials of the molten core catcher, or the floor of the premises (erosion, generation of hydrogen and carbon oxide, release of radioactive aerosols);

generation and movement of non-condensable gases in the reactor facility coolant circuit/ circuits;

generation and movement of non-condensable gases in the containment premises and other NPP unit premises, release of non-condensable gases to the environment;

hydrogen and carbon oxide generation and combustion processes;
processes of hydrogen disposal by the hydrogen concentration monitoring systems in the containment premises, including the hydrogen recombiners and hydrogen ignitors.
58. The software tools that enable simulation of the following should be applied as software tools used to assess the mass (activity) of emergency releases:

release of radioactive substances from the fuel elements;

propagation of radioactive substances in the reactor facility coolant circuit/ circuits including the condensation, deposition, agglomeration processes, etc.;

propagation of radioactive substances outside the reactor facility coolant circuit/circuits;

generation of radioactive substances due to interaction of the broken core components with concrete and other materials (for example, in the course of interaction with materials in the core catcher for the reactors of VVER type);

transfer and deposition of radioactive substances inside the buildings and premises where the reactor facility components are located, including the containment, and also in the adjacent unsealed compartments (the processes of gravity settling on surfaces, thermophoresis, diffusiophoresis, agglomeration of aerosols, settling by the spray system, settling in the medium, including that in the bubbler tank coolant and in the steam generator water, and other processes);

ingress (release) of radioactive substances into the environment.

59. The mass (activity) of radioactive substances and residual heat (variation of residual heat over time) in the nuclear fuel should be calculated. The radioactive substances affecting the accident consequences at the initial stage of the accident and determining residual heat in the nuclear fuel for calculation of the mass (activity) of radioactive substances and residual heat in the nuclear fuel should be considered. The selection of the RS composition considered for Level 2 PSA in the Level 2 PSA reporting papers should be substantiated. The moment of the NPP unit operation with the maximum mass (activity) of radioactive substances and residual heat in the nuclear fuel should be assumed for calculations of the mass (activity) of radioactive substances and residual heat in the nuclear fuel. A brief methodology for calculation of the mass (activity) of radioactive substances and residual heat in the nuclear fuel should be presented in the Level 2 PSA reporting papers. The calculation results for the mass (activity) of radioactive substances and residual heat (separately for each radioactive substance and collectively for all radioactive substances) in the nuclear fuel should be presented in the Level 2 PSA reporting papers.

VIII. Modelling Emergency Sequences

60. When developing emergency sequence models, the severe accident propagation paths, the end states of the emergency sequences, as well as their occurrence probabilities should be determined. The time period for modelling emergency sequences (including development of intermediate or expanded probabilistic models of the unit for determination of RSDSs (see Section IV of this Safety Guide)) should be equal to at least 240 hours from the IE occurrence moment.

61. When modelling emergency sequences, probabilities of severe accident events should be determined. The assessments of the probabilities should be substantiated in the reporting documents.
62. The following data should be used when developing the emergency sequence models:

results of the design analyses obtained in accordance with the guidance in Section VII of this Safety Guide;

results of Level 1 PSA;

RSDS attributes;

experience in performance of Level 2 PSA;

peculiarities of the NPP unit design;

results of the severe accident phenomenology analysis, assessment of the loads on the containment and assessment of the containment integrity loss probability;

information on the means provided to manage beyond design basis accidents, including severe accidents, and also to mitigate them, collected in accordance with the guidance in clause 21 of this Safety Guide.

63. The Level 2 PSA emergency sequences should be developed for each RSDS, including the RSDSs characterized by simultaneous damage of several radioactivity sources.

64. The probabilities of severe accident events should be substantiated. The substantiation results should be presented in the Level 2 PSA reporting documentation for each severe accident event.

65. The software tools that enable to take into account dependencies between the severe accident events should be applied for development of the Level 2 PSA emergency sequences.

66. The Level 2 PSA emergency sequence models should be developed with due regard for modelling of the following initiating and functional events:

RSDSs (determine the initiating events of the Level 2 PSA emergency sequences);

severe accident events (functional events);

RSDS attributes (functional events).

67. For each end state of the Level 2 PSA emergency sequences, the category of emergency release should be established. The correspondence of the end states and the categories of emergency releases should be substantiated in accordance with the procedure for establishment of emergency release categories set forth in section IX of this Safety Guide.
68. Unique emergency release category codes should be assigned to the end states of the Level 2 PSA emergency sequences based on the characteristics of emergency release categories. Categories of emergency releases and their characteristics should be defined in the course of the probabilistic safety assessment task “Determining Radioactive Substance Releases" (Section IX of this Safety Guide).

69. The Level 2 PSA emergency sequence models should be developed with due regard for the dependencies between severe accident events. The dependencies between the severe accident events and the method for their consideration in the NPP unit probabilistic model should be described in the Level 2 PSA reporting papers.

70. For each identified RSDS, the probability assessment results for occurrence of the end states of emergency sequences should be presented in the Level 2 PSA reporting papers.

IX. Determining Radioactive Substance Releases

71. Categories of emergency releases, including the probabilities (frequencies) of their occurrence and the mass (activity) of emergency releases for the radioactive substances under consideration, are defined within this task. Information on the categories of emergency releases is used to perform the tasks specified in Sections X and XI of this Safety Guide. The categories of emergency releases should be determined in several stages:

define the characteristics of the emergency release categories;

assign unique codes of the emergency release categories to the end states of the Level 2 PSA emergency sequences;

assess the probabilities of the emergency release categories.

72. The emergency release categories should be determined based on the investigation results for severe accidents (similarity of the mass (activity) and composition of emergency releases) performed in accordance with the guidance in clause 55 of this Safety Guide and obtained through the use of the software tools specified in clauses 57 and 58 of this Safety Guide.

73. Each emergency release category is characterized by the mass fraction (activity) of the emergency release and the characteristics of emergency release categories defined in two stages (see clauses 74 and 75 of this Safety Guide).

The mass fraction (activity) of an emergency release of any radioactive substance analyzed in Level 2 PSA should be calculated by division of the radioactive substance mass (activity) released to the environment by the RS mass (activity) accumulated in the nuclear fuel at the moment of the accident occurrence. The mass fraction (activity) of emergency releases vary within the range of 0 to 1.

The mass fraction (activity) of the emergency release for one or more selected typical radioactive substances should be divided into the variation ranges of the emergency release mass fraction (activity) different from each other, for example, by an order. For example, isotopes of cesium and/or iodine may be considered as typical radioactive substances. The variation range of the emergency release mass fraction (activity) is the main characteristic of any emergency release category. A unique emergency release category code (identifier) should be assigned to each variation range of the emergency release mass fraction (activity).

74. Correlation between the emergency release and one of the selected emergency release mass fraction (activity) ranges (see par. 73 of this Safety Guide) should be defined at the first stage for each calculation of severe accidents performed for the RSDSs (including the RSDSs with simultaneous damage of several radioactivity sources) and severe accident phases (see clause 55 of this Safety Guide).

75. At the second stage other characteristics of the emergency release category should be defined for each category of emergency releases characterized by the emergency release mass fraction (activity) variation range and the emergency release category identifier by their determination based on the data on the initial conditions for calculations of the severe accidents with emergency releases within the considered emergency release mass fraction (activity) variation range. For example, the following characteristics of emergency release categories may be used:

IE or a group of IEs:

IEs with any steam dumping device opening and failure to close;

IEs with the failure of the containment isolating valve system to close;

leaks outside the containment;

inter-circuit leakages;

all other initiating events;

the state of the containment isolating valves:

closed (the containment is isolated);

open (the containment is not isolated);

degree of the containment leak-tightness:

sealed;

unsealed;

the moment of the containment pressurization loss:

at the early stage of a severe accident;

at the main stage of a severe accident;

at the final stage of a severe accident;

operability of the systems (in case of several systems available to supply water to the reactor after the reactor destruction, the states of each system should be considered in the form of individual characteristics of emergency release categories) supplying water to the reactor after destruction of the core and/or the reactor:

operable;

inoperable;

operability of the systems for heat removal from the containment:

operable;

inoperable;

the emergency release beginning moment:

releases to the environment before a certain moment (for example, prior to melt-through of the floor of the containment premises);

releases to the environment after a certain moment (for example, after melt-through of the floor of the containment premises);

location (elevation) of the containment damage.

Other characteristics of emergency release categories may be used in Level 2 PSA subject to the relevant substantiation and/ or with due regard for the design peculiarities of the NPP unit and the systems affecting the mass (activity) and probability of emergency releases.

76. Unique emergency release category codes should be assigned to the end states of Level 2 PSA emergency sequences based on similarity of any logically and/or physically possible combinations of the emergency release category characteristics specified in clauses 74 and 75 of this Safety Guide.

77. Quantitative calculations (determination of the probability of occurrence for emergency release categories) should be performed for each RSDS through the use of the software tools used to develop the Level 2 PSA emergency sequence models, iteratively, by changing the limitations for the probability of negligible (screened out) minimal cut sets until the difference in the probability evaluation for the emergency release category at the final interval reaches less than 0.1% of the probability evaluated at the previous interval of the iterative process. Limitations should be selected in such a way so that to ensure probability evaluations of the emergency release categories for all RSDSs considered in Level 2 PSA.

78. All conditions and data considered in the course of the quantitative calculations should be documented in order to ensure possibility of reproduction for the results obtained. All quantitative data (the RSDS probabilities, reliability parameters, probabilities of severe accident events, probabilities of human errors, “special events”, “conditional events”) used in the NPP unit probabilistic model should be presented in the course of the quantitative calculations, as well as information on the methods to take into account the dependencies in the NPP unit probabilistic model in the Level 2 PSA documentation.

79. Compilation of the emergence release categories consists of determination of their occurrence probability within the period of one year and the emergency release mass (activity) for each emergency release category. Probability of any emergency release category within the period of one year should be determined in accordance with the following formula:
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where:

R(n) is the probability of the emergency release category within the period of one year for all RSDSs (1 to N);

N is the quantity of emergency release categories;

n is the sequential number of the emergency release category;

M is the quantity of RSDSs;

m is the sequential number of the RSDS;

F(m) is the probability of RSDS m within the period of one year;

C(m, n) is the probability of the category n release subject to the NPP unit state with damage of the radioactivity source m. The release probability C(m, n) should be determined in the course of the emergency sequence modelling.

The compliance of the cumulative probability of severe accidents should be examined within the period of one year used as the source data for the RSDS determination with the total probability of occurrence for the identified emergency release categories within the period of one year. The results of such an examination should be presented in the Level 2 PSA reporting papers.

80. For each emergency release category characterized by the main characteristic of an emergency release category - the range of the emergency release RS mass fraction (activity) (see clauses 73 and 74 of this Safety Guide), the severe accident calculation (from among the calculations with the emergency release RS mass fraction (activity) should be selected within the analyzed range of the emergency release RS mass fraction (activity)) with the results characterized by the maximum emergency release. The emergency release RS mass fraction (activity) determined in the course of the above-mentioned design analysis is the characteristic of the emergency release category.

X. Determining Consequences of Accidents

81. As part of this task, the public exposure doses at various distances from the radioactivity source should be determined for each emergency release category.

82. In order to perform this task, the software tools should be applied that enable simulating the basic physical processes (transfer, dispersion in the air, deposition of radioactive substances) in the course of RS propagation in the environment and to evaluate the public exposure doses at various distances from the NPP unit buildings and/or premises from where radioactive substances are released to the environment, with due regard for the characteristic meteorological conditions at the NPP site under consideration.

83. The calculation results for severe accidents selected in accordance with the guidance in clause 80 of this Safety Guide should be used as initial conditions to analyze the consequences of any accidents due to emergency releases associated with spent nuclear fuel for each category of emergency releases.

The calculation results with regard to the emergency release mass (activity) and composition (see clauses 124 to 126 of this Safety Guide) should be used as initial conditions to analyze the consequences of any accidents due to emergency releases not associated with spent nuclear fuel for each category of emergency releases.

84. For the initial period of an accident (the first 10 days after the accident), projected exposure doses in case of emergency release should be assessed for each category of emergency releases at different distances from the buildings and/or premises of the NPP unit, from which radioactive substances entered the environment, including the boundary of the emergency planning zone. The projected exposure doses for the public should be calculated as a sum (by radionuclides) of human exposure doses due to external exposure from a cloud of radioactivity and soil surface, and due to internal exposure due to inhalation with regard for the guidance of the safety guide in the use of atomic energy “Recommended Methods of impact Assessment and Forecast for Accidents at Nuclear Fuel Cycle Facilities” (RB-134-17) approved by Order of Federal Environmental, Industrial and Nuclear Supervision Service No. 479 dated November 16, 2017.
XI. Determining Large-scale Emergency Release Probability and Analyzing Level 2 PSA Results

85. The cumulative probability of a large-scale emergency release should be determined by adding the occurrence probability values for the emergency release categories (for all locations of radioactivity sources) characterized by the necessity to implement the protective arrangements for the public at the initial stage of the accident on the boundaries of the emergency planning zone.

86. The conclusions based on analysis of the Level 2 PSA results should be presented in the Level 2 PSA reporting documentation. In this case, the following should be provided:

assessment of compliance of the large-scale emergency release cumulative probability with the target value of the large-scale emergency release probability;

significance analysis results (the list of the most significant factors that considerably affect the emergency release categories);

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 2 PSA results;

the list of actions for the safety of the NPP unit developed on the basis of Level 2 PSA.

87. The significance analysis result involves determination of the quantitative characteristics for the main elements of the NPP unit probabilistic model having the greatest impact on the characteristics of emergency release categories. The following elements of the NPP unit probabilistic model should be considered in the course of significance analysis:

emergency sequences (minimal cut sets);

NPP unit states with damage of radioactivity sources;

failures of systems and components;

severe accident events;

human errors.

88. Significance analysis for all categories of emergency releases should be preformed.

89. Significance analysis should be performed through the use of the methods based on evaluation of the emergency release category probability (frequency) reduction (increase) with postulation of the maximum (minimum) occurrence probability for the events corresponding to the elements of the NPP unit probabilistic model specified in clause 87 of this Safety Guide.

90. The sensitivity analysis results should be used to assess effect of various factors identified in the course of Level 2 PSA development on the obtained results with due regard for their dependence on the adopted assumptions.

Sensitivity analysis should be performed for the following factors:

elements of the NPP unit probabilistic model (emergency sequences, RSDSs, failures of systems and components, severe accident events, human errors);

adopted assumptions;

safety assurance arrangements for the NPP unit recommended for implementation on the basis of the Level 2 PSA results.

The analysis of sensitivity to the adopted assumptions should consider:

all adopted assumptions and simplifications affecting the results of Level 2 PSA;

technical substantiation of the adopted assumptions including the references to the applied analyses, grounded expert opinions or laws and regulations.

91. The effect of assumptions on the characteristics of emergency release categories should be assessed both individually for each assumption and collectively for all assumptions in the course of their conservative and realistic consideration.

92. The uncertainty analysis result involves evaluation of uncertainty (probability distribution) for the cumulative probability of the emergency release categories characterized by exceedance of the public exposure doses on the boundary of the emergency planning zone at the initial stage of the accident depending on the uncertainty characteristics of the reliability parameters of components, frequencies of initiating events and probabilities of human errors.

93. In the course of uncertainty analysis, at least the parametric uncertainty of the probabilistic characteristics for the main elements of the NPP unit probabilistic model specified in clause 87 of this Safety Guide should be considered.

XII. Presenting Level 2 PSA Results

94. Information containing the results of all Level 2 PSA tasks should be presented in the Level 2 PSA reporting documentation.

95. The following should be presented in the Level 2 PSA reporting documentation (in case of spent nuclear fuel analysis):

information on the approaches applied for compilation of the RSDS list, their brief characteristics, occurrence probabilities (frequencies) and contribution to the probability (frequency) of severe accidents (for spent nuclear fuel);

the probabilistic model in the graphical form (newly developed failure trees, intermediate event trees, expanded event trees) used to convert the Level 1 PSA results into the source data for Level 2 PSA (for spent nuclear fuel).

In case any radioactivity sources different from spent nuclear fuel are considered, the above-mentioned information should be presented in the Level 2 PSA reporting papers if any RSDS attributes related to the states of systems are used for determination of the RSDSs.

The RSDS probabilities (frequencies) should be provided in the Level 2 PSA reporting documentation for all radioactivity sources.

96. Information on the analysis results for the systems should be presented in the Level 2 PSA reporting documentation including description of the systems, failure trees (in the graphical form), quantitative reliability assessment for the systems.

97. The list of the basic events of the probabilistic model and their description should be presented in the Level 2 PSA reporting documentation.

98. Information on the determined emergency release categories should be provided in the Level 2 PSA reporting documentation (the following should be specified for each emergency release category: name, brief characteristics, occurrence probability (frequency), contribution to the cumulative probability of severe accidents (for spent nuclear fuel), contribution of each RSDS to the emergency release category probability).

99. Information on the most significant emergency sequences according to the quantitative analysis results for each analyzed emergency release category should be provided in the Level 2 PSA reporting documentation. The emergency sequences with the total contribution to the cumulative probability of severe accidents of at least 99% within the period of one year should be classified as significant emergency sequences. The emergency sequences with the total contribution to the cumulative probability of severe accidents of less than 1% within the period of one year should be classified as insignificant. The main causes of the containment damage should be specified for the emergency release categories characterized by the containment failure. The guidance of this clause should be taken into account only for analysis of spent nuclear fuel.

100. Description of the emergency release categories, including the information on the mass (activity) and composition and probability (frequency) of emergency releases should be provided in the graphical and/or tabular form for all emergency release categories in the Level 2 PSA reporting documentation. In this case, discussion of the results for the determined emergency release categories should be presented with regard to the impact of their characteristics on a large-scale emergency release.

101. Information on the public exposure doses at the initial stage of the accident at various distances from the NPP unit buildings and/or premises from where radioactive substances are released to the environment, including the boundary of the emergency planning zone, with relevant explanations (for all emergency release categories) should be presented in the Level 2 PSA reporting documentation.

102. Conclusions based on analysis of the Level 2 PSA results should be presented in the Level 2 PSA reporting documentation, including:

NPP unit safety assessment with regard to the probabilistic safety parameter;

the list of the most significant factors that considerably affect the emergency release categories;

evaluated effect of uncertainties on the Level 2 PSA results including the safety assurance arrangements for the NPP unit developed on the basis of the Level 2 PSA results;

assessment of achievement of the goals set in the performance of Level 2 PSA.

103. The results obtained from significance, sensitivity and uncertainty analyses should be described and interpreted.

104. The safety assurance arrangements for the NPP unit, including technical and administrative accident management arrangements, should be determined on the basis of the Level 2 PSA results, including:
the use of mobile equipment (a mobile diesel-generator, a mobile diesel pump set, etc);

the package of a VVER NPP unit design includes an emergency primary pressure relief system to prevent from the development of severe accidents at a high primary pressure, a containment pressure relief system (controlled radioactive substance release outside the containment to prevent from containment failure), and other systems;

redundancy of the systems;

developing actions to protect the public in order to reduce the exposure doses in case of severe accidents (evacuation of the population, the use of shelters, etc);

establishing the boundary of the emergency planning zone or clarifying the boundary of the emergency planning zone established at the previous stage of the NPP unit lifecycle.
XIII. Specifics of Level 2 PSA Development for Outage Modes of NPP Unit Operation, As Well As for Internal and External Impacts of Natural and Human-induced Origin in All Normal Operation Modes of NPP Unit

105. The Level 1 PSA results should be used for outage operation modes as the source data for Level 2 PSA in the outage modes of the NPP unit, to provide the reference to any documents containing the Level 1 PSA results in the Level 2 PSA reporting documentation and also to specify the cumulative probability of severe accidents.

106. The RSDSs, including the RSDS matrix for each operational state defined in Level 1 PSA, should be developed for the outage operation modes in accordance with the guidance in Section IV of this Safety Guide. It is permitted to perform additional grouping of the operational states in order to reduce the number of RSDSs under analysis. Additional grouping of the operational states should be substantiated in the Level 2 PSA reporting papers, taking into account that the above-mentioned grouping should not distort the Level 2 PSA results.

107. For transport airlocks and hatches, which are not passive components, probabilistic models should be developed and included in the probabilistic model of the NPP unit.

108. Level 2 PSA should be performed for the outage modes of the NPP unit operation in accordance with the guidance in Sections I to XIII of this Safety Guide.

109. In the course of severe accident calculations for the outage modes of the NPP unit operation in various operational states, variation of residual heat in the nuclear fuel, as well as the mass of radioactive substances in the nuclear fuel due to duration of the operational states and loading of fresh nuclear fuel (for the relevant operational states) should be considered.

110. Computational models should be developed in order to perform severe accident calculations for the outage modes of the NPP unit operation in case it is impossible to use the computational models developed for the power operation mode of the NPP unit. Information on the computational models in the Level 2 PSA reporting documents should be provided in accordance with the guidance in Section 8 of Appendix 3 to this Safety Guide.

111. Level 2 PSA for the nuclear fuel in the SFP, internal initiating events and all normal operation modes of the NPP unit shall be performed in accordance with the guidance in Sections I to XIII of this Safety Guide.

112. The Level 1 PSA results should be used for internal initiating events, the nuclear fuel in the SFP and all normal operation modes of the NPP unit as the source data in order to perform Level 2 PSA for internal initiating events, the nuclear fuel in the SFP and all normal operation modes of the NPP unit, to provide the reference to the documents containing the above-mentioned Level 1 PSA results in the Level 2 PSA reporting documentation and also to specify the cumulative probability of severe accidents (for internal initiating events, the nuclear fuel in the SFP and all normal operation modes of the NPP unit).

113. The fuel elements characterized by the storage duration (residual heat and the mass of radioactive substances in the nuclear fuel) should be considered in the analysis of severe accidents associated with the nuclear fuel storage in the SFP.

114. The RSDSs should be specified for the operational states with the maximum nuclear fuel unloading to the SFP in the analysis of severe accidents associated with the nuclear fuel storage in the SFP.

115. The computational model should be developed that included the SFP with spent nuclear fuel, the buildings and premises where the SFP is located (including the containment), as well as the adjacent unsealed compartments and systems involved in the accident in the analysis of severe accidents associated with the nuclear fuel storage in the SFP. Information on the above-mentioned computational model should be provided in the Level 2 PSA reporting documents in accordance with the guidance in Section 8 of Appendix 3 to this Safety Guide.

116. Level 2 PSA should be performed for internal and external impacts in all normal operation modes of the NPP unit on the basis of the Level 2 PSA results for internal IEs and all normal operation modes of the NPP unit (see stages 1 and 2 in par. 11 of this Safety Guide).

117. The RSDSs, including the RSDS matrix, should be developed individually for each category of internal (fires, flooding and other internal impacts) and external impacts in accordance with the guidance in Section IV of this Safety Guide.

118. The applicability of the RSDSs from Level 2 PSA for internal initiating events (see par. 116 of this Safety Guide) should be analyzed for the RSDSs related to each category of internal (fires, flooding and other internal impacts) and external impacts and to present the analysis results in the Level 2 PSA reporting materials.

When it is impossible to use any RSDS from Level 2 PSA for internal IEs and all normal operation modes of the NPP unit in Level 2 PSA for external and internal impacts, all tasks of Level 2 PSA should be performed for these RSDSs in accordance with the guidance of this Safety Guide.

The Level 2 PSA results for each category of internal (fires, flooding and other internal impacts) and external impacts should be presented in accordance with the guidance of this Safety Guide.

XIV. Specifics of Level 2 PSA Development with Consideration of Locations of Radioactivity Sources Other Than Reactor Core and Spent Fuel Pool
119. The locations of radioactivity sources at the NPP unit, other than the reactor core and spent fuel pool, should be detected. Reporting materials on Level 2 PSA should provide information on:
all locations of radioactivity sources (name of the building and premises);

characteristics of radioactive sources (mass or activity of the radioactive source).

An example of places where sources of radioactivity may be located at the NPP unit, other than the reactor core and spent fuel pool, is given in Appendix 6 to this Safety Guide.
120. All radioactive source locations should be screened for subsequent analysis using the following exclusion criteria:
criterion 1: the location of sources of radioactivity is excluded from further analysis if it contains sources of radioactivity that satisfy the following relationship:
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where:

Ar is a total activity of radionuclide r in the radioactivity source;
[image: image4.png]A%



 is an A2 value for radionuclide r established in Appendix 2 to the federal rules and regulations in the field of the use of atomic energy “Safety Rules for the Transportation of Radioactive Materials” (NP 053 16), approved by order of Federal Environmental, Industrial and Nuclear Supervision Service No.°388 dated September 15, 2016 (registered by the Ministry of Justice of the Russian Federation on January 24, 2017, registration No. 45375), as amended by order of Federal Environmental, Industrial and Nuclear Supervision Service No. 385 dated October 5, 2020 (registered by the Ministry of Justice of the Russian Federation November 5, 2020, registration No. 60764);
criterion 2: the location of radioactive sources is excluded from further analysis if the total release of radioactive substances contained in the radioactive sources, taking into account a conservative approach, does not lead to a large emergency release.
The location of radioactive sources should be excluded from subsequent analysis if it meets at least one of the above exclusion criteria.
121. For each location of radioactivity sources selected in accordance with the guidance of clause 120 of this Safety Guide, a probabilistic model should be developed.
122. For each selected location of radioactivity sources, a list of IEs (including internal IEs and IEs caused by internal and external effects) and the probability (frequency) of their implementation should be determined.
123. IEs characterized by damage to several sources of radioactivity should be taken into account.
124. For all identified IEs, assessments should be conducted to determine the mass (activity) and composition of emergency releases, as well as other characteristics of emergency releases.
General guidance on assessing the activity of an emergency release for locations of radioactivity sources at the NPP unit, other than the reactor core and SFP, are given in Appendix 7 to this Safety Guide.
125. The radioactive substances in radioactivity sources that, in the initial period of the accident, affect the consequences of the accident should be taken into account. The rationale for the choice of the composition of radioactive substances taken into account in Level 2 PSA should be presented in the Level 2 PSA reporting papers.
126. The consequences of accidents should be determined, taking into account the guidance of Section X of this Safety Guide.
127. The probability of a large accidental release and analysis of the results of Level 2 PSA should be determined taking into account the guidance of Section XI of this Safety Guide. For locations of radioactivity sources other than the reactor core and SFP, sensitivity analysis should be performed in relation to those elements of the probabilistic model that are inherent in it.
Appendix 1 
to the Safety Guide in the use of atomic energy “Guidance on Development of Probabilistic Safety Analysis (Level 2) for a Nuclear Power Plant Unit” approved by Order of Federal Environmental, Industrial and Nuclear Supervision Service
No. 355 dated August 9, 2018
ABBREVIATIONS

	FA
	- fuel assembly

	FE
	- fuel element

	FR
	- fast reactor

	IE
	- initiating event

	NM
	- nuclear material

	NPP
	- nuclear power plant

	PSA
	- probabilistic safety analysis

	RB
	- safety guide

	RBMK
	- high power channel type reactor

	RI
	- reactor internals

	RS
	- radioactive substance

	RSDS
	- radioactive source damage state of NPP unit

	RW
	- radioactive waste

	RWT
	- radioactive water treatment

	SFP
	- spent fuel pool

	SG
	- steam generator

	SSCR
	- self-sustained chain reaction

	VVER
	- pressurized water reactor


Appendix 2 
to the Safety Guide in the use of atomic energy “Guidance on Development of Probabilistic Safety Analysis (Level 2) for a Nuclear Power Plant Unit” approved by Order of Federal Environmental, Industrial and Nuclear Supervision Service
No. 355 dated August 9, 2018
TERMS AND DEFINITIONS

Emergency release is a release of radioactive substances and/or ionizing radiation to the environment in the amount exceeding the established safe operation limits for the NPP with regard to the radiological parameters.

Radioactivity source is any NPP unit system or component containing nuclear materials, radioactive substances or radioactive waste.

Emergency release category is a set of the end states of the emergency sequences of the NPP unit probabilistic model with an emergency release grouped on the basis of the characteristics affecting the mass (activity) and composition of emergency releases. Probability (frequency), mass (activity) and composition of an emergency release are characteristics of the emergency release category.

End state of the emergency sequence is a state of the NPP unit systems (components) established subsequent to any accident and characterized by an emergency release and/or degree of the radioactivity source damage.

Radioactivity source damage is damage of fuel elements or release of radioactive substances and/or ionizing radiation outside the radioactivity source boundaries established in the design.

Severe accident event is a physical phenomenon, including deflagration or detonation combustion of hydrogen, or any other event, including the state of the spray system – failure or operation, capable of affecting the characteristics of the emergency release categories in case of severe accidents.

Radioactive source damage state of the nuclear power plant unit is an end state or a set of end states with the radioactivity source damage grouped in accordance with the NPP unit state characteristics with the radioactivity source damage affecting damage of radioactivity source(s), leak-tightness of the containment, the emergency release probability, composition and amount.

Operational state of a nuclear power plant unit is a state of an NPP unit characterized by a set of unique attributes (operation modes, the NPP unit parameters, the state of the systems and other characteristics).
Appendix 3 
to the Safety Guide in the use of atomic energy “Guidance on Development of Probabilistic Safety Analysis (Level 2) for a Nuclear Power Plant Unit” approved by Order of Federal Environmental, Industrial and Nuclear Supervision Service
No. 355 dated August 9, 2018
RECOMMENDED COMPOSITION OF LEVEL 2 PSA REPORT

1. Objectives and Scope of Level 2 PSA

The report should contain the following data:

objectives of Level 2 PSA;

scope of studies;

information on Level 1 PSA and its results used as the basis for Level 2 PSA development (the analyzed radioactivity sources, IEs, operational states), information on the moment (date) when the Level 1 PSA results are obtained, information on the moment (date) of the expert review and conclusions of the expert review, the cumulative probability of severe accidents for the initiating events under consideration, the data on the operational states and radioactivity sources;

tasks performed as part of Level 2 PSA;

general assumptions adopted in Level 2 PSA.

2. Brief Description of NPP Unit

Brief information on the NPP site, the reactor facility, the coolant circuits, the instrumentation and control systems of the NPP 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, should be provided. Information on all radioactivity sources (spent nuclear fuel, other radioactive substances and RW) at the NPP unit including their brief characteristics (name, quantity, composition and other characteristics) and location should be presented in this section. Also, references to relevant sources containing more detailed information should be provided.

3. Description of Methodologies, Guides and Software

There should be brief characteristics of the methodologies, guides and software used for:

conversion of the Level 1 PSA results into the source data for Level 2 PSA;

reliability analysis for the systems including modelling of any inter-system and intra-system dependencies and common cause failures modelled within the framework of PSA, assessment of the reliability parameters for the system components, characteristics of the equipment unavailability due to testing, maintenance and repair, development of "failure probability - load" type distribution for the passive systems;

determination of loads on the containment;

analysis of beyond design basis accidents including severe accidents;

simulation of accident sequences;

simulation of the personnel's actions for management of beyond design basis accidents (including severe accidents) considered in various tasks of Level 2 PSA;

analysis of dependencies between the severe accident events considered in various tasks of Level 2 PSA;

determination of RS releases;

determination of the consequences of accidents;

analysis of the Level 2 PSA results including uncertainty, sensitivity and significance analysis.

References to the relevant sources containing detailed information on the methodologies, guides and software should be provided in the brief characteristics of the methodologies, guides and software used to perform each of the above-mentioned tasks.

4. Collecting Information Required for Level 2 PSA

The data collected in accordance with the guidance in Section III of this Safety Guide should be provided in the Level 2 PSA reporting documentation.

5. Converting Level 1 PSA Results into Source Data for Level 2 PSA

The results obtained by performance of the task “Converting Level 1 PSA Results into Source Data for Level 2 PSA” should be specified in this section, particularly:

substantiation for selection of the RSDS attributes containing explanation of the effect of each selected attribute on one of the factors specified in clause 26 of this Safety Guide;

the list of the RSDS attributes taken for the RSDS determination;

analysis for identification of the systems considered in Level 2 PSA and requiring development/elaboration of their probabilistic models;

analysis for the RSDS determination based on the physically and/ or logically possible combinations of the RSDS attributes;

the list and identifiers of all RSDSs determined subsequent to the analysis results in the matrix or graphical form;

description and characteristics of each RSDS;

any RSDSs excluded from further analysis and substantiation of the reasons for their exclusion;

analysis for determination of the RSDS occurrence probabilities containing the description of the applied approach (development of the intermediate or expanded probabilistic models for the NPP unit) including description of the assumptions used for the RSDS determination and their substantiation.

6. Reliability Analysis of Systems

The results obtained through performance of the Level 2 PSA task “Reliability Analysis of Systems” should be presented in this section.

When reliability analysis for any systems may be performed through the use of the Level 1 PSA methods, this chapter should contain the information about these systems recommended in the safety guide applied in the course of Level 1 PSA for internal IEs and all normal operation modes of the NPP unit.

The following data should be provided in this section:

analysis containing identification of any systems to the taken into consideration for Level 2 PSA; the list of the systems selected for analysis in Level 2 PSA;

the list of systems requiring development of logical and probabilistic models through the use of the Level 1 PSA methods with due regard for the systems identified at the RSDS determination stage.

When any systems cannot be analyzed through the use of the Level 1 PSA methods, the following data on these systems should be provided in this section:

the method for consideration of the system functioning in Level 2 PSA (determination of "failure probability - load" type distribution for the passive systems, modelling within the framework of beyond design basis accident analysis (including severe accidents));

description of the purpose of the systems;

description of the functions and configurations of the systems for performance of various functions;

description of the system operation modes under normal operating conditions, in case of any IE occurrence and beyond design basis accidents including severe accidents;

composition of the systems and their interfaces with other systems;

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

process or structural diagrams of the systems.

The following data on the passive systems, including the containment, should be provided:

all source data required for the system model development;

description of the finite-element or any other model of the system used in the analysis;

analysis of the stress-strain state of the system, the results and conclusions of the analysis;

analysis for development of the dependence between the system failure probability and the loading parameters, the analysis results for the dependence "failure probability - loading parameter" and conclusions subsequent to the analysis.
7. Determining Loads on Containment

The results obtained through performance of the task “Determining Loads on Containment” should be specified in this section, in particular:

the list of potential severe accident events capable of resulting in the containment pressurization loss;

description of all identified severe accident events;

the methods for determination of loads on the containment due to severe accident events (for each severe accident event, for each severe accident phase (subject to presence of the containment and absence of any containment leakages except for the design leakage), for each RSDS);

description of the computational models used to determine loads on the containment;

analysis and results of the containment load determination (for each severe accident event, for each severe accident phase, for each RSDS);

analysis and results of probability assessment for the containment pressurization loss (for each severe accident event, for each severe accident phase, for each RSDS).

8. Analysis of Beyond Design Basis Accidents, Including Severe Accidents

The results obtained through performance of the task “Analysis of Beyond Design Basis Accidents, Including Severe Accidents" should be specified in this section, in particular:

substantiation of the selection of software tools for the design analyses of beyond design basis accidents including severe accidents;

description of the computational models (the reactor facility, the core (for the isotopic composition calculation of spent nuclear fuel), systems including the control systems, the NPP unit premises, including the containment premises and locations of radioactivity sources) used to analyze beyond design basis accidents including severe accidents;

results of the analysis of beyond design basis accidents (including severe accidents) for each RSDS and for each severe accident phase with the postulated containment damage size and location, particularly:

the name and version of the software tools and/or description of the methodology used for the design analysis;

the design analysis title and identifier;

description of the design analysis purpose;

description of the initial and boundary conditions (the list of postulated failures, the end time of computation);

detailed timeline of a beyond design basis accident (onset of the accident, the activation moments of the systems, the equipment damage moments, the sealing loss moments for fuel elements, the starting moments of fuel element melting, the moments of the maximum medium pressure and temperature reaching on various components of the reactor facility, the containment and unsealed compartments of the reactor facility, the moments of any severe accident event occurrence); 

the moments of each severe accident phase onset;

values of important parameters for assessment of loads on the containment (pressure and temperature in the containment, the total mass of hydrogen and carbon oxide, pressure in the reactor facility prior to breakage of the reactor components, other parameters) for the severe accident phases under consideration;

distribution of the mass of radioactive substances under consideration within the coolant circuits, buildings and premises where the reactor facility components are located (including the containment) as well as in the adjacent unsealed compartments and the environment;

detailed description of the development of a beyond design basis, including a severe accident;

figures with time variations of the following parameters (the list of figures containing time variations of the parameters may be expanded; it is permitted not to present the time variation figures for the parameters from the specified list if their calculation is not performed through the use of software tools applied in the severe accident analysis, or the parameter does not refer to the reactor facility type under consideration):

thermal power of the reactor;

the coolant level in various components of the reactor facility (the reactor, the steam generator, the drum separator, the pressurizer, the bubbler tank, the sump and other components) (several time intervals);

the medium flow from the systems (for each pump and the total flow for the group of pumps) with the states considered for the RSDS determination as the RSDS attributes (the ECCS, the emergency reactor cooling system, the feedwater system, the emergency feedwater system, the spray system, the cooling spray system and other systems);

the coolant flow in case of any leakage (the total flow, the flow through each rupture, the flow through each discharge device);

the medium flow through steam dumping devices of the reactor facility (if any);

the coolant weight in various components of the reactor facility (the reactor (various sections), the steam generator, the drum separator, the pressurizer, the bubbler tank, the sump and other components) (several time intervals);

the coolant temperature (including the saturation temperature) in various components of the reactor facility (the steam generator, the drum separator, the pressurizer, the bubbler tank, the sump and other components) (several time intervals);

the power removed by the passive heat removal systems;

the power removed by the emergency SG cooling system;

the coolant flow from the passive systems;

the medium temperature at the core inlet and outlet (various physical states);

the metal temperature of various components of the reactor facility (the reactor (various sections), the pipelines of the coolant circuit, the venting pipeline of the pressurizer, the SG heat exchange tube bundle, the process channels and other components) (several points along the thickness, height and length where necessary);

temperature of the fuel element claddings (for various elevations in the core and various radial sections in the core);

the material temperature of the reactor internals;

temperature of the broken core components;

the medium pressure and temperature in the buildings and premises where the reactor facility components are located (including the containments) as well as in the adjacent unsealed compartments (several time intervals);

molar fractions of the medium gases in the buildings and premises where the reactor facility components are located (including the containments) as well as in the adjacent unsealed compartments (several time intervals and several figures);

axial and radial erosion of concrete floors and walls in the buildings and premises where the reactor facility components are located (including the containments) as well as in the adjacent unsealed compartments;

the total mass of hydrogen generated (several time intervals);

the total mass of carbon oxide generated (several time intervals);

the medium flow through the design leakage of the containment;

the medium flow to the environment through the containment rupture (several time intervals);

the medium flow to the environment from the unsealed buildings and premises where the reactor facility components are located;

the mass (activity) of radioactive substances released into the environment – for each of the radioactive substances considered when analyzing a beyond design basis accident, including a severe accident,  a separate figure should be provided;

the summary and conclusions of the design analysis of a beyond design basis accident, including a severe accidents;

substantiation for selection of the containment damage size and location for each severe accident phase (it is permitted to perform and substantiate for any RSDS (except for the RSDSs characterized by the containment pressurization loss (leakage) or absence of the containment) characterized by the fastest release of radioactive substances to the containment compartments in the maximum amounts);

the design analysis matrix containing the RSDS name, the names of severe accident phases, the design analysis titles, identifiers of the design analyses.

The beyond design basis accident analysis results for the RSDSs characterized by absence of any fuel element damages should be presented in the Level 2 PSA reporting documentation within the scope sufficient to confirm absence of any fuel element damages and stabilization of the basic reactor facility parameters (pressure, the coolant temperature, temperature of the fuel element claddings, flow in the coolant circuits, the medium flow from the operating systems, the medium flow through the steam dumping devices, flow in case of leakage and other parameters).

9. Modelling Emergency Sequences

The results obtained through performance of the task “Modelling Emergency Sequences” should be presented in this section. The following data for each RSDS should be provided:

description of the accident development from the initiating event to the end states of emergency sequences with an emergency release (with indication of the calculated analysis);

assumptions adopted for development of the emergency sequences in Level 2 PSA;

description and substantiation of selection and content of the functional events described in par. 66 of this Safety Guide and used to develop the emergency sequences in Level 2 PSA, with indication of detailed references to the design analyses of this Level 2 PSA or any other information sources;

substantiation of the conditional probabilities of the functional events specified in par. 66 of this Safety Guide;

description and substantiation of the end states taken for analysis (unique codes should be assigned to the end states of the emergency sequences of the Level 2 PSA event trees during determination of the emergency release categories);

the Level 2 PSA emergency sequences in the graphical form;

description of the dependencies between the functional events of the Level 2 PSA emergency sequences, particularly description of implementation of these dependencies in the environment of the software tool used to develop the probabilistic model.

10. Determining Radioactive Substance Releases

The results obtained through performance of the task “Determining Radioactive Substance Releases” should be presented in this section. The following data should be provided for each RSDS:

substantiation for selection of the emergency release category characteristics (based on the design analyses of severe accidents);

description of the emergency release category characteristics:

description of the emergency release categories;

results of the occurrence probability assessment for the emergency release categories;

description of all significant emergency sequences from Level 2 PSA;

description of the RSDSs included into the significant emergency sequences.

Information on assignment of the design analysis results should be provided for each emergency release category.

The emergency release category matrix specified in the table should be presented.

The analysis results obtained in the course of the emergency release category matrix development should be described, including explanation and discussion of the significant emergency release categories.

The significance of the emergency release category should be determined by dividing the emergency release category probability by the total probability of all emergency release categories.

Emergency Release Category Matrix

	RSDS identifier or number
	Probability of emergency release categories (ERC)
	RSDS probability within the period of one year

	
	ERC-1
	ERC-2
	-
	ERC-n
	-
	ERC-N
	

	1
	C(1, 1)
	C(1, 2)
	-
	C(1, n)
	-
	C(1, N)
	F(1)

	2
	C(2, 1)
	C(2, 2)
	-
	C(2, n)
	-
	C(2, N)
	F(2)

	-
	-
	-
	-
	-
	-
	-
	-

	m
	C(m, 1)
	C(m, 2)
	-
	C(m, n)
	-
	C(m, N)
	F(m)

	-
	-
	-
	-
	-
	-
	-
	-

	M
	C(M, 1)
	C(M, 2)
	-
	C(m, N)
	-
	C(M, N)
	F(M)

	Cumulative probability of the emergency release category for all RSDSs within the period of one year
	R(1)
	R(2)
	-
	R(n)
	-
	R(N)
	-

	Significance of the emergency release categories, %
	S(1)
	S(2)
	-
	S(n)
	-
	S(N)
	-

	Cumulative probability of severe accidents within the period of one year
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11. Determining Consequences of Accidents

The results obtained through performance of the task “Determining Consequences of Accidents” should be specified in this section, particularly:

characteristics of the software tool (tools) used to analyze the accident consequences;

description of the computational model used to calculate the public exposure doses;

description of the input data used in the analysis of accident consequences;

the analysis results with regard to the accident consequences for each category of emergency releases (the public exposure doses at the initial stage of the accident at various distances from the buildings and premises where the reactor facility components are located (the containment and the adjacent unsealed compartments, including the boundaries of the emergency planning zone) and discussion of the obtained results;

information on the emergency release categories determining the probability of a large-scale emergency release and its discussion;

the cumulative probability of a large-scale emergency release.

12. Analysis and Presentation of Level 2 PSA Results

The following data should be provided in this section:

information on all RSDSs including their brief characteristics, the occurrence probability and contribution to the cumulative probability of severe accidents within the period of one year;

the information on each emergency release category (name, brief characteristics, probability (frequency) of occurrence, contribution to the cumulative probability of severe accidents, contribution of each RSDS to the emergency release category probability, mass (activity) and composition of the emergency release);

phenomenology description for each emergency release category. The most significant emergency release categories and the most significant RSDSs determining the emergency release categories should be specified. The most significant emergency sequences from Level 1 PSA determining the RSDSs should be specified for the most significant RSDSs. Analysis of the obtained results should be provided.

The following information should be provided for each category of emergency releases in the tabular form:

the emergency release beginning moment;

duration of RS releases;

probability (frequency) of the emergency release category;

the emergency release category occurrence probability;

mass fractions (activity) of all analyzed radioactive substances released into the environment;

the public exposure doses at the initial stage of the accident on the boundary of the emergency planning zone for each category of emergency releases;

the emergency release categories and their characteristics (occurrence probability (frequency), the release beginning moment (from the accident onset), intensity of releases (the amount of energy released into the environment in the course of the emergency release), duration of releases, probability of the containment pressurization loss, mass (activity) and composition of emergency releases, the exposure dose).

The most significant emergency release categories should be specified on the basis of public exposure doses. Analysis of the obtained results should be provided.

The results obtained in the course of uncertainty analysis for the cumulative probability of a large-scale emergency release within the period of one year should be described and interpreted.

The results obtained in the course of sensitivity analysis should be described and interpreted for:

the cumulative probability of a large-scale emergency release within the period of one year;

assumptions of the NPP unit probabilistic model;

severe accident events;

safety assurance arrangements for the NPP unit developed on the basis of the Level 2 PSA results;

other factors.

Information obtained in the course of significance analysis should be provided for:

individual RSDSs;

the emergency sequences defining the RSDSs;

severe accident events.

The conclusions based on the analysis of the Level 2 PSA results should be presented:

the NPP unit safety assessment with regard to the probabilistic safety parameter;

the list of the most significant factors that considerably affect the characteristics of emergency release categories;

assessment of achievement of the goals set in Level 2 PSA.

Safety guidance for the NPP unit developed on the basis of the conclusions made should be presented. The severe accident management arrangements developed on the basis of the conclusions made in order to mitigate the accident consequences should be provided.

Appendix 4 
to the Safety Guide in the use of atomic energy “Guidance on Development of Probabilistic Safety Analysis (Level 2) for a Nuclear Power Plant Unit” approved by Order of Federal Environmental, Industrial and Nuclear Supervision Service
No. 355 dated August 9, 2018
MAIN STAGES OF RELIABILITY ANALYSIS FOR THE CONTAINMENT

1. Axially symmetrical finite-element models (exclusive of the penetrations, manholes, airlocks, abrupt changes in the geometry) should be used in order to determine the stress-strain state parameters in the regular areas of concrete and lining (away from these components) with subsequent consideration of the stress-strain state in the irregular areas by additional analysis of these areas. This analysis may include determination of the stress-strain state parameters through the use of additional finite-element models of these areas with their additional classification according to the dimensions and type (in order to limit the amount of calculations) or through the use of the additional information on the existing results of calculations and/or testing of the similar areas of the containments under operation (the applicability of the results of calculations and/or testing of the similar areas of the containments under operation should be substantiated).

2. Failure modes for the containment components should be determined on the basis of the calculation results for the stress-strain state parameters under various loading types: gradual pressure increase, rapid pressure increase, impact of temperature fields. It also enables to define the sequence of failures in case of any change in the parameters (for example, a local leakage precedes large-scale destruction of the containment).

3. The stress-strain state parameters of the containment components and their failure modes may be determined through the use of any methods different from the above-mentioned ones subject to their substantiation and presentation of the detailed analysis results and description of the applied methodologies and computational models in the Level 2 PSA reporting materials.

4. Transition from deterministic to probabilistic calculations should be carried out by consideration of the factors affecting statistical dispersion of the ultimate load values. These factors should be conditionally divided into those that can be assessed and taken into account in calculations, for example, through the use of statistical modelling methods (variation of the mechanical properties of materials, pre-compression values), and those that can be assessed only through an expert review (defects caused by construction and installations works, errors of computational models and methods and other unaccounted factors).

Appendix 5 
to the Safety Guide in the use of atomic energy “Guidance on Development of Probabilistic Safety Analysis (Level 2) for a Nuclear Power Plant Unit” approved by Order of Federal Environmental, Industrial and Nuclear Supervision Service
No. 355 dated August 9, 2018
EXAMPLES OF RSDS ATTRIBUTES FOR VARIOUS REACTOR TYPES

Examples of RSDS attributes for various reactor types are given below.

RSDS Attributes for NPP Units with VVERs
1) IEs or IE groups (large leak, small leak, transient process, leakage outside the containment and other initiating events);

2) the primary circuit parameters (for example, pressure in the primary circuit at the reactor core damage moment);

3) the IE occurrence zone (premises where initiating event occurrence can affect the development of beyond design basis accidents, including severe accidents);

4) the state and operation modes of the following systems:

spray systems;

systems for passive heat removal from the containment and the SG;

 the jet-vortex condenser systems;

the hydroaccumulator systems (the passive part of the emergency core cooling system);

the core passive flooding systems;

the emergency core cooling systems (possible configurations and modes of operation);

the systems of the containment isolating valves;

the containment ventilation systems (exhaust, plenum and recirculation systems);

filtration systems, for example the annulus filtration;

the monitoring systems for the concentration of flammable and explosive gases (hydrogen, carbon oxide);

the active components of the core catcher cooling systems;

any systems affecting leak-tightness of the secondary circuit (the SG safety valves, fast-acting steam dump valves to the atmosphere and the turbine condenser, the isolating valves of the steam lines and water supply pipelines to the SG and other systems);

the secondary circuit systems supplying water to the SG;

any other systems affecting development of a severe accident, the containment leak-tightness or the mass (activity) and composition of an emergency release.

The operation mode (operation from the boron solution reserve tank/tanks, the SFP or other tanks, or operation from the sump(s)) of the spray system, the emergency core cooling system (various modes and configurations) and other systems should be considered unique RSDS attributes.

Any other additional RSDS attributes may be used apart from the above-mentioned ones; their description and substantiation of their use should be presented in the Level 2 PSA reporting documentation.

RSDS Attributes for NPP Units with RBMKs
1) IEs or IE groups (large leak, small leak, transient process);

2) the IE occurrence zone (premises where initiating event occurrence can affect the development of a severe accident);

3) the state of the repeated forced circulation circuit (for example, pressure in the repeated forced circulation circuit at the reactor core damage moment);

4) the state and operation modes of the following systems:

cooling spray systems;

the emergency reactor cooling system (possible configurations and modes of operation);

feedwater supply systems;

the systems of the containment isolating valves;

the containment ventilation systems (exhaust, plenum and recirculation systems);

filtration systems;

the monitoring systems for the concentration of flammable and explosive gases (hydrogen, carbon oxide);

any systems affecting leak-tightness of the repeated forced circulation circuit (the main safety valve, the fast-acting steam dump valve to the bubbler, the fast-acting steam dump valve to the turbine condenser, the isolating valves of the steam lines and water supply pipelines to the drum separator and other devices);

the reactor space overpressure protection systems;

the passive overpressure protection systems of the containment;

any other systems affecting development of a severe accident, the containment leak-tightness or the mass (activity) and composition of an emergency release.

Various operation modes of the systems (from different tanks, with different water supply techniques) should be considered unique RSDS attributes.

Any other additional RSDS attributes may be used apart from the above-mentioned ones; their description and substantiation of their use should be presented in the Level 2 PSA reporting documentation.

RSDS Attributes for NPP Units with FRs

1) IEs or IE groups (e.g., primary coolant leak, blockage of the flow passage with a fuel assembly);
2) the IE occurrence zone (premises where initiating event occurrence can affect the development of a severe accident);

3) the state and modes of the following systems:

heat removal system from the reactor and SFP;

ventilation systems (exhaust, plenum, recirculation);

confining safety systems;

other systems affecting either the development of a severe accident, or the mass (activity) and composition of an emergency release);

4) the state of physical barriers (temperature of fuel element cladding, the number of damaged fuel elements, the integrity of the boundaries of the primary circuit and the loop of the spent fuel assembly drum).
In addition to the above-mentioned ones, others RSDS attributes can be used, the description and substantiation of which should be provided in the Level 2 PSA reporting documents.
RSDS Attributes for NPP Units with EGP-6
1) IEs or IE groups (e.g., IEs that directly lead to a severe accident, coolant leak);
2) the state and modes of the following systems:

emergency feed water supply system;
systems protecting the main circulation loop from overpressure;
confining safety systems;

other systems affecting either the development of a severe accident, or the mass (activity) and composition of an emergency release).

In addition to the above-mentioned ones, others RSDS attributes can be used, the description and substantiation of which should be provided in the Level 2 PSA reporting documents.

RSDS Attributes for NPP Units with Reactors Other Than VVER, RBMK, FR and EGP-6
1. Common attributes specified in clause 26 of this Safety Guide should be used to determine the RSDS attributes for reactors other than VVER, RBMK, FR and EGP-6.

2. The applicability of the RSDS attributes typical for VVER, RBMK, FR and EGP-6 reactors should be checked when determining RSDS attributes for reactors other than VVER, RBMK, FR and EGP-6. The analysis results should be presented in the Level 2 PSA reporting documentation.

3. RSDS attributes peculiar for the analyzed reactor type and identified in the course of RSDS determination should be specified in the Level 2 PSA reporting documentation.
Appendix 6
to the Safety Guide in the use of atomic
energy “Guidance on Development of
Probabilistic Safety Analysis (Level 2) for a
Nuclear Power Plant Unit” approved by
Order of Federal Environmental, Industrial
 and Nuclear Supervision Service
No. 355 dated August 9, 2018
Examples of Locations Where Radioactivity Sources, Other Than Reactor Core and Spent Fuel Pool, May Be at NPP Unit


Below are examples of locations where radioactivity sources, other than the reactor core and spent fuel pool, may be at the NPP unit:


primary circuit (primary coolant);


secondary circuit (secondary coolant);


floor drain tank (uncontrolled primary leakage);


spent fuel pool (pool water);


primary bypass cleanup system (RWT-1);

system of controlled leakage treatment and primary discharge (RWT-2);


floor water treatment system (RWT-3);


spent fuel pool water treatment system (RWT-4);


steam generator blowdown water treatment system (RWT-5);


boron concentrate regeneration system (RWT-6);


radioactive source for flaw detection and calibration of instruments;


fresh fuel storage facility;


solid radioactive waste storage facility;


liquid radioactive waste storage facility.

Appendix 7
to the Safety Guide in the use of atomic
energy “Guidance on Development of
Probabilistic Safety Analysis (Level 2) for a
Nuclear Power Plant Unit” approved by
Order of Federal Environmental, Industrial
 and Nuclear Supervision Service
No. 355 dated August 9, 2018
General Guidance on Assessment of Emergency Release Activity for Locations of Radioactivity Sources at NPP Unit Other Than Reactor Core and Spent Fuel Pool

1. For accidents not related to SSCR, the activity of the emergency release should be assessed for the locations of radioactivity sources at the NPP unit, outside the reactor core and spent fuel pool, using the following ratio.
Arrelease = Arlocation .ΠNἰ=1 Krἰ,


1)
where:

Arrelease is activity of an emergency release of radionuclide into the environmental atmosphere during an accident at the location of radioactivity sources at the NPP unit, outside the reactor core and SFP, Bq;

Arlocation is initial activity of radioactivity sources at the NPP unit, outside the reactor core and SFP, Bq;
r is a radionuclide;

Krἰ is a coefficient characterizing the share of radionuclide activity r, which, taking into account the influence of factor ἰ, may end up in an emergency release;
ἰ is an index from 1 to N, denoting the ordinal number of the factor influencing the formation of the activity value of an emergency release;
ΠNἰ is a symbol denoting the product of coefficients for all factors ἰ that influence the formation of the radionuclide activity value r in an emergency release.
2. As Krἰ, coefficients characterizing the amount of radionuclide r released from radioactive sources as a result of an accident due to the influence of various factors should be used, including: the coefficient of purification of released radionuclides from radioactive sources on the filters of ventilation systems; coefficient of release of radionuclides from liquid radioactive substances and radioactive waste due to evaporation; the coefficient of release of radionuclides from radioactive sources due to diffusion, the proportion of depressurized containers containing radioactive substance, radioactive waste, etc.
3. When assessing an emergency release, Krἰ based on experimental data or obtained by calculation using certified software tools should be used. In the absence of data on Krἰ for the accident scenario under consideration, the unknown values should be conservatively adopted equal to one.
4. Level 2 PSA documents should provide justification for the coefficients Krἰ used in the calculations.
_____________
