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IN THE USE OF ATOMIC ENERGY "RECOMMENDATIONS FOR THE DEVELOPMENT OF THE PROBABILISTIC SAFETY ASSESSMENT OF SPENT NUCLEAR FUEL STORAGES"

(RB-116-17)

I. General

1. The safety guide in the use of atomic energy "Recommendations for the development of the probabilistic safety assessment of spent nuclear fuel storages" (RB-116-17) (hereinafter - the Safety Guide) has been developed in accordance with Article 6 of the Federal law dated November 21, 1995 No. 170-FZ "On the use of atomic energy" for the purpose of securing the compliance with the requirements of items 3.12, 6.1.5, 6.1.8 of the Federal rules and regulations in the field of the use of atomic energy "General provisions for ensuring the safety of nuclear fuel cycle facilities" (NP-016-05), approved by the order of the Federal Environmental, Industrial and Nuclear Supervision Service dated December 02, 2005 No. 11 and par. 1.2.9, 1.2.17 of the Federal Rules and Regulations in the area of atomic energy use "General Safety Assurance Provisions for Nuclear Power Plants" (NP-001-15) approved by  Order of the Federal Environmental, Industrial and Nuclear Supervision Service No. 522 dated December 17, 2015 No. 522.

2. This Safety Guide contains recommendations of the Federal Environmental, Industrial and Nuclear Supervision Service (hereinafter - Rostechnadzor) regarding development of probabilistic safety assessment of designed, constructed and operated spent nuclear fuel storage facilities.

3. The recommendations of this Safety Guide apply to stationary facilities and structures intended for storage of spent nuclear fuel, including facilities and structures located on the territory of a nuclear power plant and not included in nuclear power plant units.

4. This Safety Guide is designed for using by design and operating organizations during design, construction, operation and development of measures on safety assurance of spent nuclear fuel storage facilities, as well as by research and engineering support organizations of Rostechnadzor.

5. Recommendations of this Safety Guide apply to the objectives, scope and sequence of individual tasks of safety probabilistic assessment for spent nuclear fuel storage facilities as well as to the composition and content of reporting documentation on safety probabilistic assessment for spent nuclear fuel storage facilities.

6. The requirements of the federal rules and regulations in the field of atomic energy use may be implemented through the use of any other techniques (methods), other than those specified herein, subject to the substantiation of selected techniques (methods) for solving the tasks assigned.

7. The list of abbreviations used in this Safety Guide is given in Appendix 1, and the terms and definitions are given in Appendix 2.

II. General information

8. It is recommended to develop PSA of SNFSF for the purpose of calculation of PSI for SNFSF located on the territory of the NP, and SNFSF, which are NFC facilities.

9. PSA of SNFSF is recommended to be performed in order to use its results for:

checking PSI of SNFSF for compliance with SNFSF safety targets set by the federal norms and regulations in the field of atomic energy use;

identifying the failures of systems (components), personnel actions most significant for SNFSF safety;

substantiating priorities at development and implementation of measures aimed at ensuring the safety of the SNFSF;

assessment of impact produced by measures on modernization of the SNFSF systems (components) on the safety of the SNFSF.

assessment of impact of disruptions in operation of SNFSF on safety;

optimization of design solutions for SNFSF;

substantiation of the list of IE of design basis accidents, the list of beyond-design basis accidents, manuals on management of beyond-design basis accidents;

developing engineering solutions for accident management in order to mitigate the consequences of accidents;

analysis of deviations from the requirements of federal norms and regulations and other existing regulations in the field of atomic energy use in terms of the impact of these deviations on SNFSF safety;

substantiation of changes to the limits and conditions of safe operation of SNFSF;

substantiation of changes to design, engineering, process and operation documentation.

10. PSA of SNFSF is recommended to be developed for internal IEs and IEs caused by internal and external natural and man-made impacts.

11. PSA of SNFSF is recommended to be developed taking into account all possible sources of radioactivity (locations of nuclear materials, radioactive materials and RAW) within the SNFSF territory.

12. It is recommended to develop PSA of SNFSF taking into account all modes of SNFSF operation (storage, handling SNF, maintenance and repair).

13. When developing PSA of SNFSF it is recommended to perform the following tasks:

selecting and grouping IEs;

simulation of ES;

system reliability analysis;

determination of IE probabilities (frequencies) and reliability indicators of SNFSF systems (components);

personnel reliability analysis;

analysis of dependencies detected when performing various tasks of PSA of SNFSF;

analysis of internal fires;

analysis of internal flooding;

analysis of external impacts;

analysis of accidents and identification of their consequences;

analysis of significance, sensitivity and uncertainty;

development of a probabilistic model of SNFSF, calculation of PSI of SNFSF, analysis and presentation of results of PSA of SNFSF.

14. PSA of SNFSF is recommended to be performed based on the following:

engineering and design and operation documentation;

test certificates and as-built documentation for maintenance and repair of safety systems (components) and safety-critical elements;

information on failures of safety-critical system elements and personnel errors;

data on investigation of disruptions in operation of SNFSF;

data on violation of safe operation limits and conditions;

the results of safety analyses, which include analysis of emergency situations, analysis of beyond-design basis accidents and other analyses performed as part of the SNFSF safety substantiation and/or other studies;

regulatory documents for SNFSF.

15. When performing PSA of SNFSF, it is recommended to use data corresponding to the state of the investigated SNFSF at the beginning of the PSA development.

16. It is recommended to present the limitations and assumptions used in the execution of PSA of SNFSF as well as their substantiation in the documentation on PSA of SNFSF.

III. Selection and grouping of initiating events

17. Under this task it is recommended to make a list of IEs including internal IEs, IEs caused by internal and external impacts, and their grouping.

18. It is recommended to compile the list of initiating events in two stages. At the first stage it is recommended to form a preliminary list of IEs, and at the second stage - the final list of IEs.

19. It is recommended to form a preliminary list of IEs based on:

analysis of disruptions on the SNFSF under investigation;

analysis of generalized lists of IEs for similar SNFSF;

analysis of IE lists used to for substantiation of safety of the SNFSF analyzed and similar SNFSF;

previous record of operation of the SNFSF analyzed and similar SNFSF;

requirements of federal norms and regulations in the field of atomic energy use for SNFSF;

IAEA (and other international organizations) documents containing IE lists recommended for consideration at substantiation of safety of SNFSF.

20. It is recommended to form a preliminary list of IEs taking into account the possibility of IE occurrence at different SNFSF operation modes.

21. When forming a preliminary list of IEs, it is recommended to take into account IEs, which may result from personnel errors during routine operations, checks of operability of systems (components) and tests.

22. It is recommended to develop IE selection criteria for forming the final list of IEs. It is recommended to form the final list of IEs from the preliminary list of IEs in accordance with accepted selection criteria. The criteria for the selection of IE may be based either on the probability (frequency) of potentially possible IE (for example, it is allowed to exclude IE or groups of IE from further consideration if their contribution to the PSI evaluation, assessed simplistically, is negligible; in the calculation of PSI, excluded IE and groups of IE are taken into account), or on potentially possible consequences of IE, including additional safety system failures and/or personnel errors.

23. It is recommended to detect IE causing dependent damage or failure of systems (components) required to prevent nuclear fuel damage or accidental release.

24. It is recommended to detect IE caused by failures of SNFSF systems (components) due to fire (flooding) or external impact of natural and technogenic origin.

25. It is recommended to identify all the IE, which may be caused by fire (for example, due to damage of cables of various systems (components) located in the fire area).

26. It is recommended to identify all IE that may occur due to the spreading of fire (flooding) outside the fire area (flooding area).

27. It is recommended to detect all IE that can be caused by flooding (for example, due to damage to SNFSF systems (components), including breaks (leaks) of pipelines and vessels located in different rooms, erroneous actions by personnel).

28. When detecting IE caused by flooding, it is recommended to consider the effects of steaming and spattering of SNFSF systems (components).

29. It is recommended that the grouping of IE from the final list of IE be done by substantiating the similarities of:

accident development paths and achieved final states of ES;

requirements to operation of SNFSF systems (components) and personnel actions.

30. It is recommended that the success criteria for systems in any IE group should be at least as strict (conservative) as the success criteria for systems for each IE within the group under consideration.

31. It is recommended to keep the balance between the minimization of the number of the considered IE groups, on the one hand, and prevention of excessive conservatism introduced by the grouping procedure, on the other hand.

32. It is recommended to substantiate the success criteria of systems (components). To substantiate the success criteria of systems (components) it is recommended to use SNFSF safety substantiation reports and, if necessary, to perform deterministic calculations within PSA of SNFSF or use available deterministic calculations related to the SNFSF under analysis or another similar SNFSF. It is recommended that the reporting materials for PSA of SNFSF include references to the materials containing detailed results of these calculations.

33. It is recommended to present the source data used, a description of the analysis performed and the results of selecting and grouping of IE in the relevant section of reporting documents on PSA of SNFSF, including:

data on violations leading to IE on the SNFSF under study;

used generalized IE lists for the SNFSF under study and similar SNFSF, as well as references to information sources;

preliminary and final lists of IE;

selection criteria applied;

a list of events screened out as a result of the selection, with substantiations;

criteria for grouping of IE;

list of groups of IE.

IV. Modeling of emergency sequences

34. The purpose of this task is to develop probabilistic models of ES, which reflect the processes of development of a beyond-design basis accident in SNFSF (from IE to the moment of damage of nuclear fuel and release of radioactive substances into the environment). Here, the accident development paths, requirements to actuation of different systems (components) and to personnel actions (success criteria), physical phenomena at beyond-design basis accidents, final states of the emergency sequence are determined.

35. It is recommended to develop ES models for each formed group of IE.

36. When developing ES of IE, it is recommended to use:

substantiation of the safety of SNFSF, including the results of deterministic analyses;

results of PSA for other SNFSF;

peculiarities of design of SNFSF.

37. When developing an ES it is recommended to take into account physical phenomena of beyond-design basis accidents (melting of fuel elements, escape of radioactive substances from fuel elements, oxidation of fuel element shells, hydrogen formation during oxidation of fuel elements, hydrogen combustion in SNFSF premises and other physical phenomena).

38. It is recommended to define and describe types of final states of ES.

39. It is recommended to determine the types of end states of ES on the basis of formed features.

40. It is recommended to select the features of ES end states so that each of them characterizes at least one of the following factors:

peculiarities of physical processes accompanying the development of beyond-design basis accidents;

ways of escape of radioactive substance into the environment (for example, escape of radioactive substance from a sealed room in case of its damage, escape through non-sealed rooms);

the state of SNFSF systems affecting the processes in SNFSF premises and release of radioactive substance into the environment (ventilation systems, power supply system and other systems);

amount and composition of RSb escaping the SNF;

amount and composition of RSb escaping into the environment.

41. It is recommended to take the ES development time interval equal to at least 24 hours from the moment of IE occurrence. It is recommended to extend the time interval in case it is possible to achieve an unsuccessful final state of ES outside the interval for the following reasons:

exhaustion of supplies of cooling medium, fuel, oil, compressed gases where it is impossible to replenish these supplies;

steady development of adverse physical processes leading to unsuccessful final states of AS.

42. When substantiating the chosen ES simulation time period, it is recommended to assume that a gradual increase of the specified period does not lead to a spike in the probability of a severe accident or an accidental release of radioactive substances. At the same time, the ES modeling interval exceeds the time of restoration of the failed equipment of systems (components) under the conditions of functioning of other systems (components) ensuring the SNFSF safety. This task can be solved by including emergency sequences of events, which take into account remedial actions of the personnel and use of non-standard measures to manage the accident after the expiration of 24 hours (with subsequent assessment of the probability of their non-implementation) in the model.

43. When building ES models, it is recommended to place the simulated functions in the "event trees" taking into account causal relationships and the chronological order.

44. When building ES models, it is recommended to take into account the influence of some events on others (for example, failures of systems (components) may occur due to the effects of outflowing jets, flying objects, shock waves, secondary fires, temperature deformations in structural materials and other events). Here it is recommended to take into account the dependence of operation mode of systems (components) on the nature of the emergency sequence, the possibility of operation of some systems (components) in case of failure of others.

45. It is recommended to develop emergency scenarios of internal and external impacts. Scenarios of internal and external impacts must include internal or external impacts and ES that may develop after these impacts occur.

46. Based on information about SNFSF premises (their fire load, sources of flooding, location of equipment in SNFSF premises, strength characteristics of SNFSF systems (components)) it is recommended to select:

possible IEs (IE groups) from the list of internal IE (IE groups) caused by fires (in each fire zone selected for further analysis);

possible IEs (IE groups) from the list of internal IEs (IE groups) caused by flooding (in each flooded area selected for further analysis);

possible IEs (IE groups) caused by external impacts for further analysis.

For selected IEs (groups of IEs) it is recommended to generate emergency scenarios for internal and external impacts.

If consequences of internal or external impacts cannot be correlated with one of the internal IEs (groups of IEs), it is recommended to develop ES models for such impacts in accordance with the recommendations in paragraphs 35 - 44, 63, 64 of this Safety Guide.

47. It is recommended to conduct selection and detailed analysis of emergency scenarios of internal and external impacts.

48. Within the selection analysis, it is recommended to identify scenarios that can be assessed as being of low significance in terms of their contribution to the cumulative probability of severe accidents or accidental releases. It is recommended to use simplified conservative assessment methods for assessment of the significance of scenarios.

49. Within the selection analysis of emergency scenarios of internal impacts (fires and floods) it is recommended to identify:

scenarios excluded from further analysis based on simplified assessment methods;

scenarios included in the assessment of cumulative probability of severe accidents or accidental releases without performing detailed analysis;

scenarios selected for detailed analysis.

50. It is recommended to develop criteria for selecting emergency scenarios caused by external and internal impacts for detailed analysis of emergency scenarios.

51. It is recommended that detailed analysis of emergency scenarios caused by external and internal impacts be performed for all scenarios selected for detailed analysis in order to reassess the PSI by reducing the level of conservatism inherent in the selection analysis and obtaining realistic estimates of the PSI.

52. Emergency scenarios of fires (flooding) are developed for each fire zone (flooding zone).

53. To reduce the conservatism of flood scenarios, it is recommended that the following factors be ascertained at the stage of detailed analysis:

location and characteristics of SNFSF systems (components) in flood propagation areas;

potential flooding sources and critical propagation paths (flood propagation paths that lead to failure of SNFSF systems (components) and, as a result, to damage of nuclear fuel) identified by the results of the analysis of the flood propagation;

results of deterministic analysis of the possibility of water (steam) propagation along the selected path;

possibility of damaging SNFSF systems (components) that perform safety functions;

time to damage of SNFSF systems (components);

specified probability values for accounted personnel errors.

53. To reduce the conservatism of fire scenarios, it is recommended that the following factors be ascertained at the stage of detailed analysis:

location and characteristics of SNFSF systems (components) in fire propagation areas;

potential sources of ignition and critical paths of fire propagation;

results of deterministic analysis of the possibility of fire (hot gases )propagation along the selected path;

probabilities for accounted personnel errors;

possibility of damaging SNFSF systems (components) that perform safety functions;

time to damage of SNFSF systems (components).

55. Based on the results of detailed analysis of emergency scenarios of internal impacts (fires, inundations) it is recommended to formulate a conclusion about the possibility of fire (flooding) spreading along the investigated path and failures of SNFSF systems (components), which lead to nuclear fuel damage, as well as to estimate the time to the damage of systems (components) and to the damage of nuclear fuel.

56. If, based on the results of the detailed analysis of fires (flooding), it is revealed that SNFSF systems (components) are losing their operability, the time to failure of SNFSF systems (components) is estimated, which is used to account for actions to prevent fires (flooding).

57. The most significant fire (flooding) scenarios assuming fuel element damage require performing a detailed analysis, beginning with the fire (flooding) start up to the critical damage of the systems (components). 

58. It is recommended to perform PSI assessment in case of detailed analysis of fire or flood scenarios taking into account:

1) specified quantity of systems (components) in the propagation area, potentially subject to failure in specific fire scenarios or flooding scenarios;

specified quantity of control circuits in the propagation area, potentially subject to failure in a specific fire scenario or flooding scenario;

possibility of fire (flooding) suppression to the moment of critical damage of the systems (components).

59. As part of the selection analysis of emergency scenarios of external impacts it is recommended to identify:

сценарии, исключенные из дальнейшего анализа в соответствии с принятыми критериями исключения сценариев;

scenarios included in the assessment of cumulative probability of severe accidents or accidental releases without performing detailed analysis;

scenarios selected for detailed analysis.

60. To reduce the conservatism, it is recommended that the following factors of scenarios of external impacts be ascertained at the stage of detailed analysis:

nomenclature of SNFSF systems (components), the failure of which is caused by external impact;

loads on the SNFSF systems (components) determined by external impacts;

possibility of actions of the operators on management of alternative SNFSF systems (components), including actions of the personnel on restoration of SNFSF systems (components).

61. To ascertain scenarios of external impacts, it is recommended that additional deterministic studies be conducted at the stage of detailed analysis.

62. The result of the detailed analysis of external and internal impacts is an assessment of the probability of severe accidents or accidental releases, based on the results of selection and detailed analysis of emergency scenarios.

63. It is recommended that the PSA of SNFSF reporting documentation should contain brief results of calculation and other studies from various information sources used in the detailed analysis of external and internal impacts, as well as the results of studies performed as part of the detailed analysis.

64. It is recommended that the reporting documentation on PSA of SNFSF should provide graphic models of ES for all groups of IE with the results of estimates of probabilities of implementation of final states of ES of IE, a list of significant minimum cut sets for all unsuccessful final states of ES.

V. System reliability analysis

65. It is recommended to perform reliability analysis of systems in order to use its results in development of probability models of systems for all simulated functions (functional events) in which the systems under analysis are involved.

66. It is recommended to perform reliability analysis of all systems that may affect either the accident paths or the probability of accidental release.

67. Within this task it is recommended to perform:

analysis of the types and consequences of failures of system elements, including analysis of failures that can cause IE;

analysis of different types of potential dependencies between elements, channels of systems, systems (determined by availability of common structural links or auxiliary systems, IE, by changing conditions of system equipment operation);

analysis of actions of the personnel on system operation;

analysis of personnel errors that may cause a failure of the system when performing safety functions during an accident;

analysis of common cause failures;

quantitative assessment of system reliability for systems that perform an independent safety function.

68. When developing probabilistic models of reliability of systems, it is recommended to take into account peculiarities of the emergency processes for different SNFSF configurations (for example, incomplete composition of working equipment of SNFSF systems at the moment of IE occurrence).

69. It is recommended to take into account the possibility of dependent failure of systems or their channels determined by IE.

70. It is recommended to reconcile the success criteria used in the system reliability model with the success criteria of the simulated functions performed by the system and the requirements for accounting of explicit dependencies defined in the simulation of emergency sequences in accordance with the recommendations given in Section IV of this Safety Guide.

71. It is recommended to select the boundaries of the system components in such a way so that the model would ensure consideration of all failure types that can affect the capability of the systems to perform their functions defined within the PSA of SNFSF. It is recommended to choose the boundaries and types of failures of system elements used in the analysis of system reliability and in determining the reliability indicators of SNFSF equipment in strict accordance with each other.

72. When building probabilistic models of systems, it is recommended to consider and analyze all possible types of equipment failures, which may lead to non-performance of safety functions.

73. It is recommended to reconcile the boundaries of the analyzed systems and the level of detail for the models of the systems with the requirements for the simulated functions established at simulation of emergency sequences".

74. It is recommended to develop reliability models of SNFSF systems taking into account unavailability (inoperability) of elements (channels) of systems due to repair or testing on the basis of information on operability checks, maintenance and repair of equipment of SNFSF systems (components). When building models, it is recommended to take into account only the combinations of the equipment of systems withdrawn for repair allowed by the process regulations.

75. It is recommended to identify possible personnel errors that could lead to failure of the systems during an accident caused by improper actions of personnel during routine maintenance or repair, or during commissioning of the systems after these routine operations. It is recommended to identify the dependencies of the successful performance of the simulated system functions on the IE and specific AS caused by the availability of common components of different systems or by the availability of common supporting systems.

76. It is recommended to identify the dependencies between the systems and/or channels of the systems, as well as to take into account the possibility of common cause failures.

77. It is recommended to analyze the types and consequences of failures for all system elements, including those whose failures may cause IE. It is recommended to document the results of the analysis and take them into account when selecting initiating events.

78. If simplifications are used in reliability models to replace a number of basic events and logical links between them with a single event, it is recommended to perform analysis to confirm that no explicit or implicit dependencies are lost.

79. It is recommended to present the following information in the reporting documentation on PSA of SNFSF (in the chapter on system reliability analysis):

the purpose of the system, the process or structural diagrams, functioning under normal operation and operational occurrences, control of parameters during operation, limits and conditions of safe operation, the procedure of maintenance and repair, the operator's actions during the system maintenance and operation;

safety functions performed by the system and success criteria for these functions at different IEs;

assumptions used in the development of the probability model of the system, including the boundaries of the system and its components, the initial state of the system, a simplified diagram of the system (if necessary), a list of equipment excluded from consideration;

method of development of a probabilistic model;

the system components, including their name and identifiers, the state in the standby and operation modes, the location, the types of failures under consideration, the consequences of failures and their impact on the reliability of the whole system, the duration of operation in case of an accident, the frequency of trial runs, the state under control;

basic events related to unavailability due to withdrawal of channels (components) of the system for repair, postulated events, basic events of failures of system components used in the reliability model;

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

basic events of the system reliability model corresponding to personnel errors, including pre- and post-emergency errors (in this case, post-emergency errors can be included in the emergency sequence models);

graphical models of reliability of systems ("failure trees" or graphs of another type);

calculations of system reliability indicators for all simulated functions (functional events).

VI. Determination of probabilities (frequencies) of initiating events and reliability indicators of spent nuclear fuel storage systems (components)

80. Within this task it is recommended to determine frequencies of IE groups, probabilistic reliability indicators of systems (components) of SNFSF.

81. It is recommended to evaluate the probabilistic indicators of reliability of SNFSF systems (components) and IE frequencies taking into account all modes of SNFSF operation (SNF storage, handling SNF, maintenance and repair) and their duration.

82. It is recommended to determine the duration of SNFSF operation modes (operations, process) on the basis of SNFSF design and operation documentation taking into account the past record of the SNFSF operation.

83. It is recommended to evaluate the probabilities (frequencies) of equipment failures or IE with the use of statistical methods based on specific data on failures and malfunctions of the systems (components) known from the past record of SNFSF operation. In case of absence or lack of specific data, it is recommended to use generalized data for similar SNFSF. The use of generalized data alone is not recommended when performing PSA of operating SNFSF.

84. When using generalized data, it is recommended to provide references to the sources of information used. It is recommended to substantiate the selection of generalized data in terms of their applicability to a specific SNFSF, selected boundaries of SNFSF equipment and types of failures simulated in the PSA of SNFSF.

85. It is recommended to collect and analyze source data on failures for SNFSF equipment using project materials, operation and design documentation, data on test results and past record of operation of SNFSF.

86. It is recommended to determine and substantiate the criteria for classifying failures by types (e.g., failure to start, failure at operation, failure to respond to demand, failure to perform a function).

87. It is recommended to assess the following reliability parameters:

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

failures rate during operation;

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

probability of a common cause failure and (or) the parameters of the common cause failure model.

88. It is recommended to evaluate the probability (frequency) of IE taking into account the number of operations potentially resulting in IE. In case the initiating event is caused by any equipment failures/human errors in the course of any regular process operations, checks and testing the IE probability (frequency) is proportional to the number of operations.

89. In order to ensure additivity of contributions from different IEs at determination of the cumulative probability of severe accidents or accidental releases, it is recommended to estimate IE frequencies for one calendar year.

90. For assessment of the frequency of implementation of IE caused by personnel errors, which were detected on the basis of analysis of design documentation (did not appear during the operation of SNFSF), personnel reliability analysis methods can be used.

91. It is recommended to determine the probability of common cause failures for SNFSF through the use of generally accepted approaches (for example, the "beta-factor" model, the "alpha-factor" model, the "Greek letter" model, the binomial model). If other approaches are used, it is recommended to substantiate their application.

92. It is recommended to present the description of the procedure of processing the source information, the assumptions made during the data analysis, as well as the calculated indicators of the equipment reliability and IE probability (frequency) with the relevant uncertainty characteristics in the documentation on the PSA of SNFSF.

VII. Reliability analysis for personnel

93. Within the task of personnel reliability analysis it is recommended to perform analysis of single and/or multiple personnel actions during technological operations, accident management, operability checks or maintenance of SNFSF equipment and determine the probability of failure or incorrect performance of these actions.

94. The results of personnel reliability analysis are used to determine the frequencies of IE caused by personnel errors, as well as to perform calculations of probabilities of ES implementation and determination of PSI of SNFSF.

95. Within the framework of personnel reliability analysis it is recommended to perform the following tasks:

collection of information about the personnel's actions performed during the operation of SNFSF;

selection of a method for personnel reliability analysis;

identification of the personnel actions (errors) simulated in the PSA of SNFSF;

making assumptions and limitations for each type of personnel actions (errors) and their substantiation;

selection analysis of personnel reliability;

detailed analysis of personnel reliability for the most significant contributors;

analysis of the dependencies between several actions of the personnel;

documenting the results of the personnel reliability analysis.

96. Information recommended for personnel reliability analysis can be obtained from the following sources:

past record of operation of SNFSF;

operating instructions (operation manuals, regulations, maintenance, repair and other instructions);

deterministic, engineering and other calculations;

manuals on accident management;

training results, interviews and surveys of SNFSF operators.

97. When performing personnel reliability analysis, it is recommended to consider the fullest possible list of personnel actions (errors):

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

pre-accident actions (errors) by personnel (actions taken before IE that can lead to failures of safety critical systems (components) of SNFSF);

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

98. It is recommended to identify possible personnel errors during the operability checks, maintenance and repair of the equipment, as a result of which the system components may not be available at the time of IE.

99. When performing personnel reliability analysis, it is recommended to identify and evaluate the following types of personnel actions:

actions based on skills;

actions based on rules;

actions based on knowledge.

100. It is recommended to take into account the impact of SNFSF specific operating conditions on the post-emergency actions for different IEs.

101. It is recommended to present the source information (or a reference to such information) used to estimate time reserves available to personnel within the reporting materials on the PSA of SNFSF.

102. Within the selection analysis of personnel reliability it is recommended:

to assign conservative probability values for personnel actions (errors) included in the initial SNFSF probability model in order to prevent the exclusion of significant personnel errors from the detailed personnel reliability analysis;

to perform quantitative analysis of the SNFSF probability model with the use of selective values of the personnel error probability (preliminary calculation).

103. To assess the probability of the most significant personnel errors, it is recommended to use methods of detailed analysis of personnel actions (errors).

104. Within the detailed personnel reliability analysis it is recommended to perform the following tasks:

selection of personnel actions (errors) that require detailed analysis;

collection of information required for detailed analysis of personnel actions (errors);

development of probability models to perform detailed analysis of personnel actions (errors);

determination of the time for performing the actions of the personnel, the conditions for their performance and the time limits for performing these actions;

specification of personnel error probabilities.

105. It is recommended to analyze the dependencies of personnel errors based on the analysis of minimum cut sets obtained by estimating the cumulative probability of severe accidents or accidental releases.

106. It is recommended to analyze dependencies between several (two or more) personnel errors with consideration of the following factors:

relation as to decision-making;

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

interrelation between the personnel's actions;

any impact on the personnel's behavior.

107. When performing personnel reliability analysis for external and internal impacts, it is recommended to take into account additional factors that affect the probability of personnel to perform accident management actions.

It is recommended to take into account the possibility of the following factors:

abnormally high stress;

reduced time to perform actions required;

reduced information support;

impossibility of performing actions locally due to occurrence of conditions preventing the performance of action:

steaming and spattering due to flooding;

increase in ambient temperature, smoke due to the presence of fire in the fire zone;

other possible factors.

108. It is recommended to include the following in the documentation on the PSA of SNFSF in the section "Personnel Reliability Analysis":

description of each stage of the personnel reliability analysis;

description of methods used in personnel reliability analysis;

assumptions, limitations and their substantiations;

references to used sources of information and a list thereof;

a list of possible errors in the performance of personnel actions;

error description, which includes the name of the planned action, description of the action and possible error in its implementation, description of consequences of the error;

the results of quantitative assessment of probabilities of personnel errors.

VIII. Analysis of dependencies identified in the performance of various tasks of probabilistic safety analysis of spent nuclear fuel storage facilities

109. When calculating PSI of SNFSF, it is necessary to take into account the explicit and implicit dependencies revealed in the performance of individual tasks of PSA of SNFSF. It is recommended to take into account the dependencies revealed during the systems reliability analysis, when simulating emergency sequences, when determining IE probabilities (frequencies) and SNFSF equipment reliability indicators, when performing personnel reliability analysis (e.g. dependencies caused by mutual influence of failures of system components, direct functional dependencies, dependencies between personnel actions).

110. It is recommended to identify IE that can lead to dependent damage or failure of systems whose operation is necessary to prevent nuclear fuel damage or accidental release, and to account for these failures in the models of corresponding ES caused by these events.

111. It is recommended to perform analysis of dependent failures of systems (components) due to causes not explicitly simulated in PSA of SNFSF (common cause failures), such as common design and manufacturing, installation, calibration, maintenance and operating conditions. In the process of analysis, it is recommended to develop a list of groups of elements subject to common cause failures and to substantiate the accepted criteria of combining these elements into groups. It is recommended to perform quantitative assessment of reliability indicators for groups of components subject to common cause failures in accordance with recommendations of Chapter VI Determination of IE Probabilities (Frequencies) and Reliability Indicators for Spent Nuclear Fuel Storage Facility Equipment of this Safety Guide.

112. In the reporting documentation on PSA of SNFSF it is recommended to present source data and results of analysis of dependencies.

IX. Internal fires analysis

113. Within the personnel reliability analysis it is recommended to perform the following tasks:

identification of fire zones;

identification of systems (components) that are subject to failure due to fire, damage to which can cause IE or reduce the reliability of systems (components) that perform safety functions;

analysis of fire spreading between fire protection zones;

determination of frequencies of fires.

114. Within the task of identifying fire zones, the premises (sets of premises) or areas within the SNFSF territory are identified, which will be further used to develop emergency fire scenarios for selection analysis. As a result of solving this task all buildings and premises of SNFSF are divided into fire zones.

115. It is recommended to develop criteria of formation of fire zones. For example:

a room is considered a separate fire zone if it is separated from other rooms by a fire barrier with a fire resistance limit of 1.5 hours (ceiling, walls, floor, doors);

A room is considered a separate fire zone if it is not equipped with a fire barrier that has a fire resistance limit of 1.5 hours or more, but the amount of combustible materials in the room does not lead to the propagation of fire outside the room;

staircases in buildings are treated as independent fire zones located vertically to the full height of the staircase opening, if they are separated from other SNFSF premises by aisles, openings, and the doors have a fire resistance limit of 0.5 hours or more.

116. As a preliminary list of fire zones it is recommended to adopt the list (if any) of fire hazardous (explosion-hazardous) zones specified in the SNFSF design or in the SNFSF safety substantiation.

117. It is recommended to form the final list of fire zones taking into account fire resistance of physical boundaries of premises (if any) and existing communications between them (such as open apertures, unsealed doors, etc.), as well as sufficiency of substantiation of boundaries of fire zones.

118. Within the task to analyze the propagation of fires between fire zones, the analysis of the possibility of the propagation of fire and products of combustion through various communications between fire zones is carried out, a set of fire zones is determined between which fire, hot gas and smoke can spread, and the consequences of the propagation of fire between fire zones are determined.

119. To identify all possible consequences of fire, it is recommended to develop criteria for the propagation of fire, hot gases and smoke between fire zones (based on the availability of non-sealed barriers, openings, locking devices of ventilation systems).

120. It is recommended to assess the impact of fire hazards on the equipment located in adjacent fire zones through communications available between the premises (open apertures, doors, locking devices of ventilation systems) or because of the heating of enclosing structures.

121. It is recommended to take into account false actuations of systems (components) that affect the performance of safety functions due to fire. For accounting of fire impacts on systems (components) it is recommended to identify power supply and control cables of systems (components), including determination of their routing in SNFSF premises.

122. When taking into account fire impacts on systems, it is recommended to take into account failures of systems (components), which may occur due to the impact of fire extinguishing agent coming during the fire extinguishing.

123. The following failures of cables during fire are recommended to be considered:

interruption of circuit – a failure causing loss of the conductor (core) electrical integrity;

short circuit on ground – a failure causing the cable core to get in touch with the grounded element (for example, a metal cable tray);

short circuit - a failure, wherein an idle wire gets in contact with a live conductor; and a previously idle wire becomes live.

124. It is recommended to consider two types of short circuit:

inner cable shirt circuit – provides short circuit between the conductors within a multi-core cable;

alien short-circuit wherein the idle cable comes in contact with another (live) cable.

125. When determining the failure types for the systems (components) during fire, including control and power cable systems, the principle of considering the failures with the worst consequences is recommended for use.

126. The following approaches may be used in the fire protection areas for probability (frequency) assessment of fire occurrence:

component-oriented approach, in which the probabilities (frequencies) of fires are evaluated for each type of fire zone component considered as a potential source of fire;

zone-oriented approach consisting in the assessment of the probability (frequency) of fire depending on the area occupied by the source of combustion - may be used for control rooms, control instrumentation rooms due to the specific content of these rooms or nature of the sources of combustion; at calculation of the probability (frequency) of fire arising due to portable combustive substances, welding, metal cutting, self-ignition at high temperature.

127. The probability (frequency) of fire for the fire protection area is recommended to determine as the sum of probability (frequency) components from all sources of combustion (including contribution from portable sources of combustible materials, welding, cutting) located in the fire protection area.

128. The results of the fire analysis, including the source information used, assumptions and limitations, necessary references used in the analysis are recommended to be given in the documentation on the PSA of SNFSF.

X. Internal flooding analysis

129. Within the internal flooding analysis it is recommended to perform the following tasks:

identification of flooding zones;

identification of systems (components) that are subject to failure due to flooding, damage to which can cause IE or reduce the reliability of systems (components) that perform safety functions;

analysis of flooding propagation;

determination of frequencies of floods.

130. Within the task of identifying flooding zones, the premises (sets of premises) or areas within the SNFSF territory are identified, which will be further used to develop emergency flooding scenarios for selection analysis. As a result of solving this task all buildings and premises of SNFSF are divided into flooding zones.

131. It is recommended to develop criteria for forming flooding zones.

132. It is recommended to form flood zones from SNFSF premises taking into account the availability of physical boundaries, communications between them (openings, non-sealed doors, etc.) and the possibility of flooding propagation.

133. It is recommended to consider a room that does not have non-sealed communications with other rooms as a separate flooding zone.

134. It is recommended to identify SNFSF systems (components) that are subject to failure due to flooding. It is recommended to form a list of SNFSF systems (components) that are subject to flooding based on the analysis of SNFSF operability at floods. It is recommended to consider the effects of steaming and spattering of systems (components) in drawing up the list of systems (components) subject to flooding.

135. It is recommended to postulate a failure of systems (components) located in the room where flooding occurs when the water level in the room reaches the next elevation mark:

for pumps and fans – the lower generating line of the pump electric motor or switching box;

for electrically-driven valves – the lower generating line of the drive electric motor or switching box;

for electric panels and power circuit-breakers – the level of the location of open electrical connections (terminals, buses).

136. It is recommended to postulate a failure of electrical equipment not intended for operation in the relevant conditions (for example, due to steaming or spattering occurring in any room of the flooding zone).

137. Within the task of flood propagation analysis, it is recommended to analyze the possibility of water propagation between flooding zones and (or) SNFSF premises through various communications and determine the list of damaged systems (components).

138. It is recommended to consider the results of engineering calculations of floor (ceiling) tightness and efficiency of drainage systems in SNFSF premises.

139. For assessment of the probability (frequency) of flooding in flooding zones, it is recommended to use the following approaches:

the component-oriented approach is based on the assessment of the frequency of flooding using statistic data on the number of flooding for each type of flooding zone component considered as a potential source of flooding;

zone-oriented approach is based on estimation of the flooding frequency with using statistical data related to the number of leaks within a specific flooding zone and the total observation period.

131. The probability (frequency) of flooding for a flooding zone is recommended to determine as the sum of the constituents of the probabilities (frequencies) from all sources of flooding located in the flooding zone.

141. The results of the flooding analysis, including source information, references, selection criteria and assumptions used in the analysis, are recommended to be provided in the documentation on the PSA of SNFSF.

XI. Analysis of external impacts

142. Within the external flooding analysis it is recommended to perform the following tasks:

to develop a list of external impacts;

to determine the frequency of external impacts.

143. It is recommended to develop a list of external impacts in two stages. At the first stage it is recommended to develop a preliminary list of external impacts, at the second stage - the final list of external impacts.

144. It is recommended to form a preliminary list of external impacts with consideration of:

nomenclature of processes, phenomena and factors of natural and technogenic origin specified in federal norms and regulations in the field of atomic energy use;

a list of potential combinations of external impacts.

145. A probability of a joint impact on the SNFSF by several external impacts is recommended to be assessed on the basis of the analysis of external impact combinations.

146. It is recommended to develop qualitative and quantitative criteria for selecting external impacts.

147. It is recommended to form the final list of external impacts from the preliminary list of external impacts in accordance with adopted selection criteria.

It is recommended to provide the substantiation of the exclusion of external impacts and their combinations and/or provide exact references to the sections of documents confirming the substantiation of external impact exclusion from further consideration.

149. It is recommended to evaluate the probability (frequency) of external impact. If necessary, it is recommended to determine the dependency of the probability (frequency) of external impact on the parameters of external impact (for example, wind speed, water level).

It is recommended that the results obtained be used to develop criteria for selecting external impacts.

150. It is recommended to determine the probability (frequency) of external impacts for each type of impact based on statistical data on external impacts of this type.

151. It is recommended to evaluate the frequencies of IE implementation in case of external impact with consideration of its intensity.

152. It is recommended to present the results of the external impact analysis tasks in the reporting documentation on the PSA of SNFSF within the external impact analysis, including detailed information on the source data used to determine the probability (frequencies) of external impacts:

meteorological data in the SNFSF area in the scope sufficient for substantiation of assessments of the frequency of external impacts;

data on external impacts that took place in the SNFSF area;

data on external impacts that occurred outside the SNFSF territory, if there are no data on external impacts that occurred in the SNFSF territory in question (it is recommended to substantiate the expediency and validity of the application of these data);

preliminary and final lists of external impacts;

lists of external impacts excluded from the analysis based on adopted exclusion (selection) criteria;

applied exclusion (selection) criteria (qualitative or quantitative);

a matrix of external impact combinations;

the results of evaluation of probabilities (frequencies) of external impacts depending on their intensity;

the main stages of analysis for assessment of the frequencies of external impacts and their combinations included in the final list of external impacts;

references to the procedures used for statistical processing of information during assessment of the frequencies of external impacts and construction of the dependencies of probabilities (frequencies) of external impacts on their intensity.

XII. Analysis of accidents and identification of their consequences

153. This task is designed for: carrying out calculations of beyond-design basis accidents for SNFSF related to NFC objects in order to obtain information on the development of beyond-design basis accident, in particular, information on the physical phenomena of beyond-design basis accident (oxidation and melting of fuel elements, hydrogen formation and combustion and other phenomena), on the accident path, the nature of change of thermophysical parameters (components) of SNFSF, releases of radioactive substances into the environment (quantity, composition); assessment of the consequences of releases of radioactive substances into the environment.

154. It is recommended to perform calculations of off-design alarms for all ES that differ in the type of final states.

155. It is recommended to use the results of calculations of beyond-design basis accidents (the values of thermophysical parameters of the RP and the containment, the amount of RSb released into the environment from SNFSF, physical phenomena at beyond-design basis accident (for example, destruction of fuel assemblies, hydrogen combustion in SNFSF premises, concrete erosion at its interaction with destroyed components of fuel assemblies and other factors) for specification of ES models and types of their final states.

156. It is recommended to perform studies of a beyond-design basis accident using software tools that comprehensively describe the development of various processes (from IE to damage of nuclear fuel or release of radioactive material into the environment) in a beyond-design basis accident. It is allowed to perform studies of a beyond-design basis accident using other approaches, applicability of which is recommended to be substantiated in the section on analysis of accidents and their consequences as a part of reporting materials on the PSA of SNFSF.

157. It is recommended to present the results of beyond-design basis accident calculations performed within the PSA of SNFSF under development or the results of beyond-design accident basis calculations performed within their studies and used for the purposes of this PSA of SNFSF with substantiation of their applicability in the reporting materials on the PSA of SNFSF.

158. For calculations of beyond-design basis accidents, it is recommended to use software tools that allow simulating:

equipment, materials, systems, premises that affect the course of development of the beyond-design basis accident;

heat release in nuclear fuel;

processes of nuclear fuel destruction (e.g., oxidation of fuel element shells, melting of fuel elements) and related SNFSF structures (e.g., melting) during a beyond-design basis accident;

exothermic reactions of interaction of materials of fuel elements with water vapor, accompanied by the release of hydrogen;

displacement of destroyed components of fuel assemblies and related structures to the SNFSF areas located below;

displacement of destroyed components of fuel assemblies and related structures to the areas located below and their interaction with the SNFSF room floor materials (for example: concrete erosion, formation of hydrogen, carbon monoxide, release of radioactive aerosols);

processes of formation and combustion of hydrogen and carbon monoxide.

159. It is recommended that software tools be used to assess the release of RSb into the environment:

release of RSb from nuclear fuel and fuel elements;

release of RSb from containers;

formation of RSb as a result of processes of interaction of destroyed components of fuel assemblies with SNFSF room structures;

transfer and deposition of RSb inside the SNFSF rooms (the processes of gravitational settling, thermophoresis, diffusiophoresis, agglomeration of aerosols and their deposition on horizontal and vertical surfaces of SNFSF structures);

release of RSb into the environment.

160. It is recommended to substantiate the composition of RSb in nuclear fuel and their quantity in the section on accident analysis in the reporting materials on the PSA of SNFSF.

161. It is recommended to determine the consequences of RSb emissions into the environment in case of a beyond-design basis accident in doses of exposure of SNFSF personnel and population at different distances from SNFSF. It is recommended to calculate the consequences of RSb emissions into the environment during a beyond-design basis accident for all ES that differ in the type of final states.

162. To assess the consequences of RSb releases into the environment during a beyond-design basis accident, it is recommended to use software tools to simulate the main physical processes occurring during RSb propagation in the environment (transport, dispersion in the atmosphere, deposition of RSb) and to estimate doses of exposure to the population at different distances from SNFSF, taking into account meteorological conditions averaged for the SNFSF site in question.

163. At different distances from SNFSF, including the boundary of the protective measures planning zone, it is recommended to estimate the population exposure doses for each ES that differs in the type of final state.

164. It is recommended to establish emergency sequences leading to RSb emissions into the environment, which are characterized by the excess of exposure of the population at the border of the protective measures planning zone specified in paragraph 6.7 of the Sanitary Rules and Norms "Norms of Radiation Safety" (NRB-99/2009) approved by the Decree of the Chief State Medical Officer of the Russian Federation dated July 7, 2009. No. 47. It is recommended to use the probabilities of ES implementation with excess of exposure doses to the population at the boundary of the protective measures planning zone to calculate PSI for SNFSF related to NFC facilities.

165. In the reporting documentation on the PSA of SNFSF related to the NFC facilities it is recommended to present the information on the population exposure doses at different distances from the SNFSF, including the boundary of the protective measures planning zone, with relevant explanations (for all emergency sequences that differ in the type of final state).

XIII. Analysis of significance, sensitivity and uncertainty

166. Within this task it is recommended to perform:

assessment of the significance of the factors most strongly affecting the results of PSI calculations;

assessment of sensitivity of PSI calculation results to the source data and factors that most strongly affect the PSI calculation results;

assessment of uncertainty of calculations of PSI of SNFSF determined by the probabilistic nature of parameters of reliability of components, occurrence of IE of errors made by the personnel.

167. It is recommended to perform significance analysis for all ES characterized by excess of exposure dose limits to the population at the boundary of the protective measures planning zone specified in paragraph 6.7 of Sanitary Rules and Norms "Norms of Radiation Safety" (NRB-99/2009) approved by the Decree of the Chief State Medical Officer of the Russian Federation dated July 7, 2009. No. 47.

168. It is recommended to perform significance analysis using methods based on assessment of reduction (increase) of probability of a severe accident or probability of RSb emissions into the environment when postulating the maximum (minimum) possible probability of implementation of events corresponding to components of the SNFSF probability models.

169. The results of the significance analysis are the probabilistic estimates of the main components of the SNFSF probabilistic model that have the greatest effect on PSI of the SNFSF. When performing significance analysis, it is recommended to consider:

IE;

ES (minimum cut sets);

radioactivity source damage states;

failures of elements and systems;

beyond design basis accident events;

personnel errors.

170. It is recommended to perform sensitivity analysis for IE of ES, component failures, system failures, physical phenomena in beyond-design basis accidents, personnel errors, As well as for assumptions of analysis and recommendations on ensuring safety of SNFSF developed on the basis of results of the PSA of SNFSF.

171. In sensitivity analysis, it is recommended that all adopted assumptions and simplifications that affect the results of the PSA of SNFSF be considered.

172. We recommend to make impact assessments for each assumption individually, as well as for all assumptions in aggregate.

173. Using the results of sensitivity analysis, it is recommended to evaluate the impact of the simplifications, assumptions and limitations used in the analysis, as well as the recommendations to ensure the safety of SNFSF on the SNFSF PSI.

174. The result of uncertainty analysis is an estimate of the uncertainty (probability distribution) of PSI of SNFSF depending on the uncertainty characteristics of various factors that can be statistically (probabilistically) estimated.

XIV. Development of the spent nuclear fuel storage probabilistic model, calculation of safety probabilistic indicators, analysis and presentation of the results of the safety probabilistic analysis of the spent nuclear fuel storage facilities

175. Within this task it is recommended to develop a probability model of SNFSF and perform PSI calculation for all modes of SNFSF operation. The PSI calculation is recommended for each of the radioactive sources under consideration.

176. Based on the developed SNFSF probability model, reliability data for the components, IE frequencies and personnel error probabilities, it is recommended to generate minimum cut sets for ES and perform the calculation of ES implementation probabilities and PSI.

177. When performing calculations, it is recommended not to impose restrictions on the number of components in the minimum cut sets.

178. It is recommended to perform the calculations by iteration method, changing the restrictions on ES cutoff by signs of low probability of implementation of the set of events and equipment failures reflected in the minimum cut sets, or by the maximum number of components in the minimum cut sets, until the difference in estimation of fuel element damage probability at the final iteration is not less than 0.1% of the probability estimated at the previous step of the iteration process. It is recommended to choose the restrictions in such a way as to ensure that the estimated values of PSI of SNFSF values for all IE groups considered in the PSA of SNFSF are obtained and that the aggregate contribution of unaccounted ES to the PSI of SNFSF does not exceed 1%.

179. It is recommended to identify all minimal cut sets containing more than one personnel error. It is recommended to consider the dependencies between the personnel's actions for all such minimum cut sets.

180. It is recommended that all boundary conditions and specific events used in quantitative calculations be described in the reporting documentation on the PSA of SNFSF to ensure that the results obtained can be reproduced.

181. It is recommended to perform probabilistic safety assessment of SNFSF by comparing the PSI of SNFSF against the SNFSF safety targets set forth in item 6.1.8 of the Federal Norms and Regulations in the field of atomic energy use "General Provisions for Ensuring the Safety of Nuclear Fuel Cycle Facilities" (NP-016-05) approved by the decree of the Federal Environmental, Industrial and Nuclear Supervision Service dated December 2, 2005 No. 11 for SNDSF being NFC facilities, and item  1.2.17 of the Federal norms and regulations in the field of atomic energy use "General Provisions for Ensuring the Safety of Nuclear Power Plants" (NP-001-15) approved by  Order of the Federal Environmental, Industrial and Nuclear Supervision Service No. 522 dated December 17, 2015 for SNFSF having NPP but not included in units of NPP.

182. It is recommended to present the following in the reporting documentation on the PSA of SNFSF:

presentation and analysis of results of PSA of SNFSF for internal IE;

presentation and analysis of results of PSA of SNFSF for internal fires;

presentation and analysis of results of PSA of SNFSF for internal floods;

presentation and analysis of results of PSA of SNFSF for external impacts.

183. It is recommended to present the following in the reporting documentation on the PSA of SNFSF:

assessment of compliance of PSI of SNFSF with the targets set in the federal norms and regulations on the use of atomic energy for SNFSF;

results of significance analysis, including information on the most significant systems, baseline events, RSb emissions into the environment, as well as information on the most significant ES; with interpretation of the results obtained;

the results of sensitivity and uncertainty analysis and the degree of their influence on technical conclusions obtained from the results of PSA of SNFSF;

conclusions based on analysis of the results of PSA of SNFSF;

recommendations for ensuring the safety of SNFSF, including engineering and organizational measures for the management of beyond-design basis accidents.
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ABBREVIATIONS

	NPP
	- nuclear power plant

	ES
	- emergency sequence

	PSA
	- probabilistic safety analysis

	PSI
	- probabilistic safety indicator

	-
	- containment

	IE
	- initiating event

	SC
	- short-circuit

	IAEA
	- International Atomic Energy Agency

	SNF
	- spent nuclear fuel

	CP
	- control panel

	RW
	- radioactive waste

	RSb
	- radioactive substances

	RP
	- reactor plant

	SNFS
	- spent nuclear fuel storage

	NFC
	- nuclear fuel cycle
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TERMS AND DEFINITIONS

The following terms and definitions are used for the purposes of this Safety Guide.

Accidental release is a release of radioactive materials and (or) of ionizing radiation into the environment in quantities that exceed the safety limits established.

Emergency sequence is a sequence of events consisting of the IE of the path of the accident and the final state of ES.

Significance analysis is analysis of influence of specific parameters of probabilistic model on the PSA results.

Uncertainty analysis is analysis of the effect of any potential discrepancies in determination of the IE frequencies, the reliability parameters for the equipment and human error probabilities, the adopted assumptions and restrictions for the analysis, incomplete knowledge of the development of physical processes on the PSA results.

Sensitivity analysis is assessment of the influence of changes in the source data of the probabilistic model on the PSI values.

Basic (primary) event is an elementary PSA model event characterized by a certain set of reliability parameters.

Probabilistic safety assessment of spent nuclear fuel storage facilities is qualitative and quantitative SNFSF safety analysis, in the process of which probabilistic models are developed and probabilities of paths and final states of accidents, including severe accidents and major accidental releases, are determined.

Probabilistic safety indicator is the cumulative probability of severe accidents for the available nuclear fuel storage facilities (not included in the NPP units) at the interval of one year and the cumulative probability of accidental releases characterized by the excess of the population exposure doses at the boundary of the protective measures planning zone, established by the radiation safety standards for SNFSF being NFC facilities, for one SNFSF at the interval of one year.

Internal impact is internal fire or internal flooding.

Internal flooding is an event consisting in creation of a water level exceeding the limits set for normal operation in buildings, construction structures, facilities or in their separate parts (rooms) caused by failures of equipment, pipelines and other elements or the SNFSF personnel errors.

Internal fire is an event that consists of ignition and burning (up to complete combustion) of combustible substances and materials, which are located or in circulation in buildings, structures, their separate parts (premises) or in open parts of the SNFSF site.

Internal initiating event is an IE which can be caused by a failure of systems (components) of SNFSF, personnel error or combinations of these events.

External impact is a phenomenon external to SNFSF of natural or technogenic origin, which is external in relation to the SNFSF.

Event tree is a graph showing the logic of the accident development used for simulation of ES.

Failure tree is a graph showing the logic of a system failure used for simulation of functional events.

Significance is a quantitative characteristic of the influence of individual elements of a probabilistic model on the PSA results.

Flooding zone is a room or several rooms of SNFSF having no barriers for mutual penetration of water due to various types of communications and separated from other rooms of the SNFSF by the availability of such barriers.

Accidental release category is a set of final states with accidental release, grouped based on attributes that impact the quantity and composition of the radioactive materials (ionizing radiation) released into the environment.

Emergency sequence final state is an established controllable state of systems and components of SNFSF after an IE in the absence of damage of fuel elements above the maximum design limit which can be maintained for an unlimited period of time (successful final state), or a state of systems and components with damage of fuel elements above the maximum design limit (unsuccessful final state of ES for the nuclear fuel storage facilities available at the NPP (not included in the NPP units)), or a state of systems and components with accidental release (unsuccessful final state of ES for SNFSF being NFC facilities). For SNFSF where the maximum design limit is not set, fuel element damage must be determined by other limits set in the design.

Success criterion is the minimum number of operable system components and/or personnel actions sufficient for successful performance of safety functions.

Probabilistic model is an interrelated set of mathematical models of IE, ES, systems (components), personnel errors, as well as the probability values of the characteristics of IE, reliability of systems (components), common cause failures considered in the PSA, personnel errors and other data required for assessment of PSI of SNFSF.

Minimum set cut is the minimum set of basic events that lead to a failure of system operability, a failure to perform safety functions, an unsuccessful final state.

Uncertainty is ambiguity (vagueness ) of the PSI definition determined by the probabilistic nature of simulated phenomena and incomplete knowledge about the development of physical processes.

Generalized data are data on IE frequencies and equipment reliability parameters obtained on the basis of information not directly related to the SNFSF under study.

Common cause failures are failures of systems (components) resulting from human errors in the design, construction and operation of facilities or from adverse environmental impacts.

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

Fire zone is a room or several rooms of SNFSF without barriers installed between them to prevent the propagation of fire due to various types of communications, and isolated from the other rooms of SNFSF by fireproof barriers or physical separation.

Specific data are data on IE frequencies and equipment reliability parameters obtained on the basis of information directly related to the SNFSF under study.

Severe accident is a beyond-design basis accident with damage of fuel elements exceeding the maximum design limit.

Frequency of the event is the number of events per time unit.

