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SAFETY GUIDE 
IN THE USE OF ATOMIC ENERGY "RECOMMENDATIONS ON THE STRUCTURE AND CONTENT OF THE PROCESS REGULATIONS FOR OPERATION OF NPP POWER UNITS WITH VVER REACTORS"

(RB-121-16)

I. General

1. The safety guide in the use of atomic energy "Recommendations on the structure and content of the process regulations for operation of NPP power units with VVER reactors" (RB-121-16) (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 paragraphs 4.1.2, 4.1.3, 4.3.1 of the Federal rules and regulations in the field of the use of atomic energy "General provisions for NPP safety assurance" (NP-001-15), approved by the order of the Federal Environmental, Industrial and Nuclear Supervision Service dated December 17, 2015. No. 522 (registered by the Ministry of Justice of the Russian Federation on February, 02, 2016 registration number No. 40939); par. 4.1, 4.2, 4.4, 4.5, 4.6, 4.14 of the Federal Rules and Regulations in the area of atomic energy use "Nuclear Safety Rules for Reactor Facilities of  Nuclear Power Plants" (NP-082-07) approved by Resolution of the Federal Environmental, Industrial and Nuclear Supervision Service No. 4 dated December, 10, 2007 (registered by the Ministry of Justice of the Russian Federation on January 21, 2008, registration No. 10951).

2. This Safety Guide contains recommendations of the Federal Environmental, Industrial and Nuclear Supervision Service on the structure and content of the process regulations for the operation of a nuclear power plant unit with a VVER reactor (hereinafter referred to as the Process Regulations).

3. This Safety Guide is intended for specialists of operating organizations and organizations involved in the development of the Process Regulations, as well as specialists of Rostechnadzor who exercise state regulation of safety in the use of atomic energy.

4. The list of abbreviations used in this Safety Guide is given in appendix No. 1 to this Safety Guide.

5. This Safety Guide uses terms defined by federal laws and federal rules and regulations in the field of the use of atomic energy. In addition, for understanding the provisions of this Safety Guide, the terms given in Appendix N 2 to this Safety Guide are used.

II. Structure of the Process Regulations

6. The following structure of Process Regulations is recommended:

General provisions;

Operating states and modes of an NPP unit;

Safe operation limits and conditions;

Operation limits and conditions;

Rules and basic techniques of operation, general procedure for performing safety-related operations;

Organization of NPP operation;

List of regulatory, design and operational documentation;

Appendices.

III. Content of "General provisions" section

7. The section contains terms and definitions used in the Process Regulations, explains symbols, acronyms and abbreviations. A recommended example of the "General provisions" section (as regards terms and definitions) is given in Appendix N 3 to this Safety Guide.

8. Explanations are provided concerning the procedure for presenting and formulating instructions to the operating personnel of the NPP (hereinafter referred to as the personnel) in the Process Regulations. In particular, explanations are provided regarding the procedure for using logic operators (connectives) when formulating instructions to the personnel. The wording used in the Process Regulations to instruct the personnel on the timing of actions is also explained. A recommended example of presentation of the "General provisions" section (as regards instructions to personnel) is given in Appendix N 4 to this Safety Guide.

IV. Content of section

"Operating states and modes of an NPP unit"

9. This section provides a list of the NPP unit operating states and modes established in the NPP design for normal operation, indicating the operating limits and conditions that characterize these operating states and modes of the NPP unit.

10. The section contains full (for example, "cold state", "hot state", "transfer from cold state to hot state") and abbreviated (for example, "CS", "HS", "CS-HS" or "C4", "C5", "P4-5") names of operational states and modes of the NPP unit. In other sections of the Process Regulations, only abbreviated names of operational states and modes of the NPP unit are used. Recommended examples of the section "Operating modes and modes of NPP unit" are given in Appendix N 5 to this Safety Guide.

V. Structure and content of section

"Safe operation limits and conditions"

11. The section provides the limits and conditions of safe operation set out in the NPP design.

12. This section provides guidance to personnel on performing actions to comply with federal rules and regulations for the use of atomic energy with respect to shutdown and transfer of the NPP unit to the safe state specified in the NPP design, if the limits and/or conditions of safe operation are not met at operation of the reactor.

13. The section comprises the following subsections:

Safe operation limits;

Safe operating conditions.

Safe operation limits

14. The subsection provides the following for each safe operation limit:

a parameter or characteristic of the state of the system, component, NPP unit, or NPP as a whole (hereinafter referred to as the parameter) <1>;

the operating state or mode of the NPP unit to which the safe operation limit applies;

the measurement unit of the parameter;

a condition that indicates compliance with the safe operation limit (for example, "more", "less", "no more", "no less");

an indication to the personnel about the frequency of control of parameter values or an indication about ensuring continuous monitoring of the limit of safe operation;

sequence of personnel actions in case of non-compliance with the safe operation limit, including instructions to the personnel on the timing of each of these actions.

--------------------------------

<1> Particular operation limits may be determined both for a single parameter and for a combination of parameters (for example, the combination of the primary circuit coolant temperature and pressure).

15. For a safe operation limit, it is allowed to specify several operating states or modes of the NPP unit, if for all these operating states or modes of the NPP unit the information specified in accordance with paragraph 14 hereof is identical (with the exception of information about the operating states or modes of the NPP unit).

16. The measurement unit of the parameter for which a safe operation limit has been set shall be presented in the measurement unit system used in the NPP design.

17. It is recommended to assign an identifier in the form of a letter designation to each parameter for which the safe operation limit is set.

18. It is recommended to assign an identifier consisting of two parts to instructions related to the sequence of actions of personnel in case of non-compliance with the safe operation limit: the first part of identifier is a letter designation of the safe operation limit, and the second part (after the dot) is the serial number of the action in the sequence of actions.

19. Actions in case of non-compliance with the safe operation limit are described in chronological order: first, the actions that the personnel needs to perform earlier are specified, followed by actions that need to be performed later or that should be performed only after the actions specified in this sequence earlier.

20. It is recommended to avoid including instructions on the beginning of the action to transfer the NPP unit to another operating state in the sequence of personnel actions if the safe operation limit is not met, without further instructions on checking the completion of this action by the personnel. For example, it is recommended to avoid telling the personnel "start transferring the NPP unit to CS" without further specifying (checking) in the sequence of actions of the personnel "to be in CS".

21. The sequence of actions of personnel in case of non-compliance with the safe operation limit is completed by transferring the NPP unit to the safe state provided for by the NPP design. For operating states and modes of the NPP unit, when the NPP unit is operating at capacity, the sequence of actions of personnel in case of non-compliance with the safe operation limit includes instructions to the personnel to shut down the reactor.

22. An indication of the timing of the action is given for each action included in the sequence of actions of personnel in case of non-compliance with the safe operation limit.

23. The subsection provides the safe operation limits for the following parameters:

- characterizing the releases of radioactive substance into the atmosphere (based on the normal rates of maximum permissible releases of radioactive substances stipulated for a specific stationary source of releases and the NPP, as a whole);

- characterizing the releases of radioactive substances to the atmosphere (based on the norms of permissible releases discharges of RSb to the atmosphere established for a specific stationary source of releases);

specific activities of reference radionuclides in the primary coolant circuit;

- other parameters set in the NPP design (including reactor power, pressure, temperature and coolant level).

24. Safe operation limits not referred to the parameters characterizing effluents and discharges of radiation substance to the environment (radiation parameters) shall be presented on a system-by-system basis, that is, safe operation limits referred to one and the same system shall be grouped. Safe operation limits may be presented for a combination of several systems (for example, for the RP or for a complex of nuclear fuel storage and handling systems). Recommended examples of the subsection "Safe operation limits" are given in Appendices N 6 and 7 to this Safety Guide.

Safe operation conditions

25. The subsection provides the following for each safe operation limit:

the operating state or mode of the NPP unit to which the safe operation condition applies;

minimum requirements to the quantity of functional systems (components, channels of the systems) important to safety;

requirements for the characteristics and functional state of the systems (components, system channels) important to safety;

requirements for maintenance, monitoring and testing of systems (components, channels of systems) that are important for safety, in terms of the scope, frequency and other conditions of maintenance, monitoring and testing;

type of violation of safe operation condition;

sequence of personnel actions in case of non-compliance with the safe operation condition, including instructions to the personnel on the timing of each of these actions.

26. It is allowed for the subsection to provide references to documents approved by the operating organization or the NPP administration on maintenance, control and testing of systems (components) that are important for safety.

27. For a safe operation condition, it is allowed to specify several operating states or modes of the NPP unit, if for all these operating states or modes of the NPP unit the information specified in accordance with paragraph 25 hereof is identical (with the exception of information about the operating states or modes of the NPP unit).

28. The operation conditions should be introduced as system-related, i.e. the safe operation conditions related to one and the same system should be grouped.  Safe operation conditions may be presented for a combination of several systems (for example, for the RP or for a complex of nuclear fuel storage and handling systems).

29. For safety systems, one (several) of which is (are) supporting  in relation to the other(-s), the safe operation conditions, as regards the requirements for the minimum number of operable components (channels) of these systems, should be presented in such a way that the simultaneous failure of safety systems is excluded, where they would be unable to perform the safety functions provided for in the NPP design, taking into account the number of failures in safety systems regulated by federal norms and regulations in the field of atomic energy use.

In particular, it is recommended to specify the safe operation condition for the safety system provided with energy and/or operating medium considering both the failures of components (channels) of this safety system and the failures of components (channels) supporting its safety systems.

30. Precise and identical formulations should be used for safe operation conditions. The formulations of the type "system in operable state" (system is operable"), "system in readiness state" should be used.

31. It is recommended that each safe operation condition and type of violation of the safe operation condition be assigned an identifier in the form of alphabetic and alphanumeric symbols, respectively.

32. It is recommended to assign an identifier consisting of three parts to instructions related to the sequence of actions of personnel in case of non-compliance with a safe operation condition: the first part of identifier is a letter designation for the safe operation condition, the second part (after the dot) is the serial number of the type of violation of the safe operation condition, and the third part (after the dot) is the serial number of the action in a sequence of actions.

33. Recommendations regarding the sequence and duration of personnel actions in case of violation of the safe operation condition are identical to the recommendations for safe operation limits given in paragraphs 19 -22 hereof. A recommended example of the subsection "Safe operation conditions" is given in Appendix N 8 to this Safety Guide.

VI. Structure and content of section

"Operation limits and conditions"

34. The section provides the operational limits and conditions established and substantiated in the NPP design to an extent necessary for the personnel to identify the operation states and modes of the NPP unit, as well as for the personnel to understand the instructions given in the Process Regulations. In addition, the section provides operation limits for those parameters and characteristics of the system, component, NPP unit, or NPP as a whole, for which the safe operation limits are set. Other operating limits and conditions need not be specified in the Process Regulations (such operating limits and conditions are specified in the operating instructions for systems or equipment).

35. The section provides instructions to the personnel on performing actions to comply with the requirements of federal norms and regulations in the field of atomic energy use in terms of bringing the NPP unit to normal operation in case of violation of operation limits (if it is impossible to restore normal operation during reactor operation, the NPP unit is shut down).

36. The section comprises the following subsections:

Operation limits;

Operation conditions.

Operation limits

37. The subsection specifies the following for each operation limit:

parameter <2>;

operation state or mode of the NPP unit to which the operation limit applies;

the measurement unit of the parameter;

a condition that indicates compliance with the safe operation limit (for example, "more", "less", "no more", "no less");

the frequency of monitoring the parameter values provided for by the NPP design;

sequence of personnel actions in case of non-compliance with the safe operation limit, including instructions to the personnel on the timing of each of these actions.

--------------------------------

<2> Operation limits may be determined both for a single parameter and for a combination of parameters (for example, the combination of the primary circuit coolant temperature and pressure).

38. For a safe operation limit, it is allowed to specify several operating states or modes of the NPP unit, if for all these operating states or modes of the NPP unit the information specified in accordance with paragraph 37 hereof is identical (with the exception of information about the operation states or modes of the NPP unit).

39. Recommendations on alphanumeric designations in the Process Regulations of operation limits and steps of action to restore normal operation, the parameter measurement units to be used, the formulation of a condition, which indicates compliance with the operation limit, the sequence and timing of the personnel action to restore normal operation, the list of parameters for which the Process Regulations provide operation limits, and the system-by-system description of operation limits are identical to the recommendations for safe operation limits given in paragraphs 16 to 24 hereof. Recommended examples of the subsection "Operation limits" are given in Appendices N 9 to 11 to this Safety Guide.

40. The operation limit for the parameter that characterizes the release of the r-th radionuclide into the atmosphere from the i-th release source is the norm PR, which is determined from the equation below:
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where:

MPRr,i is maximum permissible release of the r-th radionuclide into the atmospheric air from the i-th release source;

X is a dimensionless coefficient that is equal to 5 for NPP under design and construction, equal to 20 for existing NPP (MPRr,i for NPP under design, construction and operation are not identical).

41. The subsection provides monthly and daily control levels of release of the r-th radionuclide into the atmosphere from the i-th release source, which are determined from the equations below:
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where PRr,i is permissible release of the r-th radionuclide into the atmospheric air from the i-th release source.

42. The operation limit for the parameter that characterizes the discharge of the r-th radionuclide into the environment from the i-th discharge source in a year is determined from the equation below:
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where PDr,i is permissible discharge of the r-th radionuclide into the environment from the i-th discharge source.

43. The subsection provides monthly and daily control levels of discharge of the r-th radionuclide into the environment from the i-th discharge source, which are determined from the equations below:
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 is operation limit of discharge of the r-th radionuclide into the environment from the i-th discharge source.

44. The subsection provides both rated and diagnostic parameters of the quality of the coolant quality and operating media of safety-related systems (including the primary coolant, operating media of the secondary circuit, borated solutions of fuel pond and safety systems).

The control levels, non-compliance thereof specifies the malfunction of safety-related system designed for maintaining the permissible values of rated parameters are given for the diagnostic indicators.

45. For each of the rated parameters the range of deviations from the permissible values (deviation levels) shall be presented. Each level of deviation corresponds to the time period substantiated in the NPP design, during which the NPP unit may be operated with the corresponding deviations. For each deviation level, the sequence of actions that are performed by personnel to bring the NPP unit to normal operation is indicated.

46. For rated and diagnostic parameters the NPP unit operation state or mode shall be presented, to which these parameters apply. The rated and diagnostic parameters may be delimited within operation states and modes of the NPP unit (for example, to specify different rated and diagnostic parameters for reactor fueling, re-fueling and unloading, for NPP operation at various power levels, for the NPP repair states which also include circuit, equipment and pipeline decontamination, flushing, cleaning, passivation and preservation).

47. The subsection provides instructions to the personnel on the frequency of monitoring of rated and diagnostic parameters.

Operating conditions

48. The subsection specifies, as part of the operating conditions, the conditions necessary for operation without violating the operation limits specified in the Process Regulations: conditions for the number of operating systems (components) and conditions for the characteristics and state of operability of systems (components).

49. The subsection specifies the following for each operation condition:

the operating state or mode of the NPP unit to which the operation condition applies;

the frequency of control of compliance with the operating condition provided for by the NPP design;

sequence of personnel actions in case of non-compliance with the operation condition, including instructions to the personnel on the timing of each of these actions.

50. For an operation condition, it is allowed to specify several operating states or modes of the NPP unit, if for all these operating states or modes of the NPP unit the information specified in accordance with paragraph 37 hereof is identical (with the exception of information about the operation states or modes of the NPP unit).

51. The operation conditions should be introduced as system-related i.e. the operation conditions related to one and the same system should be grouped.  Operation conditions may be presented for a combination of several systems (for example, for the RP or for a complex of nuclear fuel storage and handling systems).

52. Recommendations regarding the formulation of operation conditions are identical to the recommendations for safe operation conditions given in paragraph 30 hereof.

39. Recommendations on alphanumeric designations in the Process Regulations of operation conditions and steps of action, the sequence and timing of the personnel action in case of violation of an operation condition are identical to the recommendations for safe operation limits given in paragraphs 17 to 22 hereof. A recommended example of the subsection "Operation conditions" is given in Appendix N 12 to this Safety Guide.

54. Operation limits and operation conditions may be presented in one section (without division into operation limits and operation conditions).

VII. Content of section

"Rules and basic techniques of operation, general procedure for performing safety-related operations"

55. The section specifies the methods and sequence of personnel actions provided for by the NPP design to ensure normal operation (hereinafter referred to as the rules). The section may refer, if necessary, to the instructions and sequence of actions of personnel, which are given in the sections "Operating limits and conditions" and "Safe operation limits and conditions".

56. The level of detail of the rules is determined by their impact on the safety of NPP. A greater level of detail of the rules in comparison with the Process Regulations is implemented, if necessary, in other documents approved by the operating organization or the NPP administration (for example, in the operating instructions for systems and equipment), references to which are given in the Process Regulations.

57. The rules are set out separately for each operating condition or mode of the NPP unit. The rules for several operation states or modes of the NPP unit may be presented together, if such presentation is more convenient for the personnel to understand.

58. The rules include:

instructions to personnel on performing actions in an operation state or mode of the NPP unit for the purpose of complying with the requirements of federal norms and regulations in the field of the use of atomic energy to ensure normal operation, including instructions on performing actions for handling nuclear fuel and RW, if these works are carried out at the NPP in this operation state or mode of the NPP unit (it is allowed to refer to the documents on handling nuclear fuel and RW in effect at the NPP);

initial conditions (quantitative and qualitative characteristics of the state of systems and components of the NPP unit or NPP as a whole, for example, parameter values, performance characteristics and functioning of systems and components) before performing the above actions

warnings and restrictions (if necessary);

references (if necessary) to information in another section of the Process Regulations or document approved by the operating organization or the NPP administration;

criteria for assessing the result of an action or a number of actions performed by the personnel.

59. Explanations concerning the presentation of the rules in the Process Regulations are given in the section "General provisions" of the Process Regulations, a recommended example of which (in terms of explaining the procedure for presenting instructions to personnel, including the rules) is given in Appendix N 4 to this Safety Guide.

60. Appendix N 13 to this Safety Guide provides a recommended list of subsections in the section "Rules and basic techniques of operation, general procedure for performing safety-related operations".

61. Appendix N 14 here to provides a recommended example of the presentation of the subsections of the section "Rules and basic techniques of operation, general procedure for performing safety-related operations".

General recommendations for the content of subsections

62. It is recommended to name a subsection in such a way that it would reflect the subject of the subsection and indicate the goal achieved if the personnel complies with the rules (otherwise, the goal is indicated in a separate paragraph in the subsection).

63. The subsection specifies the scope of the rules, in particular, the systems (a combination of several systems) and the operation state or mode of the NPP unit to which the rules apply.

64. Initial conditions are given, which are provided by the personnel before proceeding with the actions stipulated by the rules.

65. Warnings are provided (if necessary) to warn the personnel about important aspects of NPP safety that should be taken into account when performing actions provided for in the rules, as well as restrictions on the values of parameters and characteristics of the state of the system, component, NPP unit or NPP as a whole, controlled by the personnel when performing the actions.

66. The subsection contains (if necessary) references to information and instructions from other sections of the Process Regulations or documents approved by the operating organization or the NPP administration, including references to sections of the Process Regulations that specify the operation limits and conditions, safe operation limits and conditions. Following the reference is provided in such a way that it is not possible to circumvent the warnings, restrictions and notes related to the actions indicated on the reference.

67. References in the subsection to the safe operation limits and conditions, operation limits and conditions, as well as to the actuation settings of safety-critical systems, are provided with specification of particular paragraphs of the Process Regulations.

68. This subsection provides criteria for assessing the result of an action or a number of actions performed, as well as instructions to the personnel about actions to be performed if the criteria are not met, including instructions to the personnel to stop acting in accordance with the Process Regulations, and then immediately follow the instructions and manuals that determine the actions of the personnel to ensure the safety of NPP in case of abnormal operation occurrences, including instructions for the elimination of design-basis accidents and guidelines for managing beyond-design basis accidents, including severe accidents.

69. The subsection provides instructions for the personnel to confirm completion and compliance with the criteria for assessing the result of the most important actions (for example, by entry in the operation log of the shift manager of the NPP unit).

70. The subsection provides instructions to the personnel in terms of methods for control of the values of parameters and characteristics of the state of systems, components, NPP unit or NPP as a whole, in particular, instructions to the personnel in terms of control of the integrity of physical barriers and control of the state of readiness of safety systems (components) and special engineering tools for managing beyond-design basis accidents.

Special recommendations for the content of subsections

71. The subsection establishing rules for ensuring normal operation during reactor refueling provides instructions to the personnel on actions for handling FA and CPS AR, as well as instructions to the personnel on monitoring operations during reactor refueling, including monitoring the neutron flux and its growth rate, as well as on subcriticality assessment. Restrictions may be provided on the values of the FA and CPS AR speed and other limitations.

72. In the subsection establishing the rules to ensure normal operation at start-up of the NPP unit, instructions are given to personnel on actions to transfer the NPP unit from the CS state to the HS (subcritical state), from the HS state to the MCL power state (critical state) of the reactor, to ensure normal operation at the MCL power of the reactor (sufficient for measuring the neutron-physical characteristics of the core) and to transfer the NPP unit to a power level sufficient to include the TG in the power grid. Instructions may be given to personnel about reactivity control and restrictions on the value of the rate of introducing distillate into the primary circuit.

(paragraph 72 as revised by Rostechnadzor's Order No.  348 dated 06.09.2019)

73. The subsection establishing rules for ensuring normal operation when the reactor is shut down provides instructions to the personnel on actions to transfer the reactor from the critical state to the subcritical state (in HS). Instructions may be given to the personnel on monitoring reactivity, the rate of reduction of the reactor power, the rate of change in the temperature of the coolant and the metal of the RP equipment, as well as instructions on monitoring the removal of residual heat to the final heat sink.

74. The subsection establishing rules for ensuring normal operation when the NPP unit is operating at a power level higher than the MCL of the reactor power (RP) provides instructions to personnel on actions in the electrical load modes provided for in the NPP project (for example, basic mode, general primary frequency control, normalized primary frequency control). Instructions may be given to the personnel on using reactivity control devices (CPS AR and boron control systems) to maintain or change the specified power level of the reactor.

75. The subsection establishing rules for ensuring normal operation during maintenance and inspections of safety-critical systems (components) provides a list of maintenance and inspections of safety-critical systems (components), indicating the frequency of these works.

76. The subsection establishing rules for ensuring radiation safety provides instructions to the personnel as regards control of emissions into the atmosphere and discharges into the environment, control of doses of external and internal radiation exposure of personnel, periodic dosimetric monitoring of workplaces, data recording and implementation of forecasts provided for by the documents on ensuring radiation safety approved by the operating organization or the NPP administration (it is allowed to cite references to these documents).

VIII. Structure and content of section

"Organization of NPP operation"

77. The section comprises the following subsections:

"Responsibility of the NPP administrative management";

"Responsibility of personnel";

"Requirements for the number and composition of personnel";

"Procedure for staff interaction";

"Organization of ensuring radiation safety";

"Organization of performance of nuclear-hazardous works".

78. The subsection "Responsibility of the NPP administrative management" indicates that the operating organization is fully responsible for ensuring the safety of the NPP. It is specified that the NPP administrative management (with the indication of positions) is directly responsible for the safety of the NPP during operation.

79. The subsection "Responsibility of personnel" indicates the responsibility of persons from among the operational (operation-repair) personnel, administrative personnel (except for persons included in the administrative management of NPP) and other personnel for ensuring the safety of NPP during operation.

80. The section "Requirements for the number and composition of personnel" contains, for the purpose of complying with the provisions of federal norms and rules in the field of the atomic energy use, the minimum requirements for the number and composition of personnel allowed to work independently, who must be at the workplace during operation.

81. The subsection "Procedure for interaction of personnel" sets out the procedure for interaction of operational personnel both among themselves and with other personnel. The procedure is specified for giving orders to operational personnel, as well as the procedure for receiving and executing orders. The procedure is specified for admission of repair personnel to performance of work. It is allowed to provide references to operational documents regulating the organization of repairs on the NPP unit.

Documents of the operating organization are specified, as well as documents developed at NPP that define the procedure for performing maintenance and repair of safety-critical systems and components.

82. The subsection "Organization of radiation safety" contains the following information:

procedure for accounting of personnel radiation doses, as well as measures aimed at maintaining individual radiation doses and the number of people exposed to radiation at the lowest possible and achievable level;

information about the types of radiation monitoring performed by the NPP radiation monitoring system;

procedure for communicating operational information about the values of radiation parameters for which the safe operation limits are set;

information about the implemented engineering tools that allow monitoring the parameters for which the safe operation limits are set;

procedure for organizing work in the controlled access zone.

It is allowed to provide references to operational documents regulating ensuring the radiation safety at the NPP unit.

83. The subsection "Organization of nuclear-hazardous works" provides a reference to the list of nuclear-hazardous works, provides requirements for nuclear-hazardous work programs, and specifies the general procedure for performing nuclear-hazardous works in effect at the NPP.

IX. Contents of the section "List of regulatory, design and operational documentation"

84. The section contains a list of regulatory, design (engineering) and operational (including anti-accident) documents, which are referenced in the text of the Process Regulations.

X. Content of "Appendix"

85. Information is provided on the design basis and past operation record of the NPP unit, explaining the reasons why the safety operation limits and conditions specified in the Process Regulations are set. It is allowed to provide references to documents containing the specified information (with specific paragraphs or pages of documents), including references to the SAR of NPP. A recommended example of presenting information explaining the reasons for setting safe operation limits and conditions is given in Appendix N 15 to this Safety Guide.

Appendix No. 1 to the 
safety guide in the use of atomic energy "Recommendations on the structure and content of the process regulations for operation of NPP power units with VVER reactors" approved by the Decree of the Federal Environmental, Industrial and Nuclear Supervision Service 
dated December 14, 2016 No. 533

ABBREVIATIONS

	ASB
	-
	automatic switch-over to backup

	EP
	-
	emergency protection

	NFME
	-
	neutron flux monitoring equipment

	APC
	-
	automatic reactor power controller

	NPP
	-
	Nuclear Power Plant

	SFP
	-
	Spent Fuel Pool

	BRU-K
	-
	fast-acting steam dump valve for steam discharge into condenser

	MCR
	-
	main control room

	VVER
	-
	pressurized water reactor

	LERC
	-
	lead engineer for reactor control

	ULS
	-
	upper limiter switch

	RI
	-
	reactor Internals

	AFEP
	-
	auxiliary feedwater electric pump

	HA
	-
	hydraulic accumulator

	MSH
	-
	main steam header

	HS
	-
	"hot" state of NPP unit

	RCC
	-
	reactor coolant circuit

	RCP
	-
	reactor coolant pump

	RCPS
	-
	reactor coolant pump set

	-
	-
	reactor coolant pipeline

	DG
	-
	Diesel generator

	UC
	-
	state of the NPP unit, with its core unloaded into the fuel pond

	IE
	-
	initiating event

	PRZ
	-
	pressurizer

	I&C&A
	-
	instrumentation and control and automation

	CL
	-
	control level

	MCL
	-
	minimum controllable level

	LRS
	-
	lower rigid support

	LLS
	-
	lower limit switch

	NPC
	-
	neutron and physical characteristics

	NPP SAR
	-
	nuclear power plant safety analysis report

	CPS CR
	-
	control and protection system control rod

	SG
	-
	steam generator

	LPH
	-
	low pressure heater

	RR
	-
	"reactor refueling" state 

	AR
	-
	absorbing rod

	RW
	-
	radioactive waste

	RSb
	-
	radioactive substances

	RC
	-
	the state "reactor is critical and low power operation"

	RM
	-
	state "operation at capacity"

	SR
	-
	state of repair

	RP
	-
	reactor plant

	ECR
	-
	emergency control room 

	ECCS
	-
	emergency core cooling system

	HP ECCS
	-
	high pressure emergency core cooling system

	LP ECCS
	-
	low pressure emergency core cooling system

	ACS
	-
	automatic control system

	AWT
	-
	active water treatment

	ICIS
	-
	In-Core Instrumentation System

	CPS
	-
	reactor control and protection system

	FA
	-
	fuel assembly

	TG
	-
	turbine generator

	FTP
	-
	feed turbine pump

	LRWS
	-
	liquid radioactive waste storage facility

	CS
	-
	"cold" state of NPP unit

	CDF
	-
	core damage frequency

	OL
	-
	operation limit

	EPCS
	-
	electronic part of turbine control system 


Appendix No. 2 to the 
safety guide in the use of atomic energy "Recommendations on the structure and content of the process regulations for operation of NPP power units with VVER reactors" approved by the Decree of the Federal Environmental, Industrial and Nuclear Supervision Service 
dated December 14, 2016 No. 533

TERMS AND DEFINITIONS

Safe state of NPP unit - the state of the NPP unit maintained for an indefinite time, in which the main safety functions established in the federal norms and regulations in the field of atomic energy use are provided.

Personnel action - an action performed by personnel <1> in accordance with the process regulations for the operation of the NPP unit or another document approved by the operating organization or the NPP administration, which has a specific beginning and end, characterized by a result.

--------------------------------

<1> Throughout this Safety Guide, the term "personnel" is used (for brevity) instead of the term "NPP operating personnel" used in federal rules and regulations on the atomic energy use.

Control level of a parameter - the value of a parameter or characteristic of the state of the system, component, NPP unit, or NPP as a whole, set by the operating organization or the NPP administration for monitoring for the purpose of fast assessment of assurance of normal operation and taking corrective measures.

Minimum controllable reactor power level - the minimum value of the reactor power (neutron flux), which is reliably (with accuracy set in the NPP design) determined by the means of measuring the neutron flux provided for normal operation by the NPP design.

Continuous monitoring of a design limit - monitoring of a design limit, which provides (including using automation tools provided for in the NPP design) immediate notification of personnel about non-compliance with the design limit.

Reactor [NPP unit] shutdown - transition or transfer of the NPP unit reactor from a critical state to a subcritical state.

The paragraph has been repealed. - Rostechnadzor Order N 348 dated 06.09.2019.

Operable state of a component [system] - the state of the component [system] in which the values of all parameters that characterize the ability to perform the functions provided for this component [system] by the NPP design meet the requirements of regulatory and (or) design (engineering) documentation.

State of availability of a component [system] - the operable state of the component [system], when the component [system] is ready to perform the functions provided for in the NPP design, at the time corresponding to this state for a time interval substantiated in the NPP design.

Personnel action period - the time interval within which the action must be performed by the personnel.

Operational state of the NPP unit - the state of the NPP unit characterized by the operation limits and conditions set in the NPP design.

Operation mode of the NPP unit - transition or transfer of the NPP unit from one operation state to another. Operation state of the NPP unit is characterized by the operation limits and conditions set in the NPP design.

Appendix No. 3 to the 
safety guide in the use of atomic energy "Recommendations on the structure and content of the process regulations for operation of NPP power units with VVER reactors" approved by the Decree of the Federal Environmental, Industrial and Nuclear Supervision Service 
dated December 14, 2016 No. 533

RECOMMENDED EXAMPLE OF THE SECTION "GENERAL PROVISIONS" (AS REGARDS TERMS AND DEFINITIONS)

	Term
	Definition

	EMERGENCY SHUTDOWN OF NPP UNIT
	Shutdown of the NPP unit caused by the actuation of AP, process protection or actions of personnel, including erroneous ones

	MINIMUM CONTROLLABLE LEVEL OF RECTOR POWER
	The minimum value of the reactor power (neutron flux), which is reliably (with accuracy set in the NPP design) determined by the means of measuring the neutron flux provided for normal operation by the NPP design

	UNSCHEDULED SHUTDOWN OF NPP UNIT
	Shutdown of the NPP unit at a rate of change in the reactor power provided for by the NPP design for normal operation, without a pre-issued dispatching request for changing the electrical power of the NPP unit

	REACTOR SHUTDOWN
	Transition or transfer of the NPP unit reactor from a critical state to a subcritical state

	SCHEDULED SHUTDOWN OF NPP UNIT
	Shutdown of the NPP unit at a rate of change in the reactor power provided for by the NPP design for normal operation, with a pre-issued dispatching request for changing the electrical power of the NPP unit

	ACTION PERIOD
	A time interval that ends with a deadline before which the action must be completed

	OPERABLE STATE
	The state of a component [system] in which the values of all parameters that characterize the ability to perform the functions provided for this component [system] by the NPP design meet the requirements of regulatory and (or) design (engineering) documentation

	STATE "IN OPERATION"
	The state in which the component (system) performs the functions provided by the NPP design

	STATE OF AVAILABILITY
	The operable state of a component [system], when the component [system] is ready to perform the functions provided for in the NPP design, at the time corresponding to this state for a time interval substantiated in the NPP design

	OPERATION STATE OF NPP UNIT
	The state of the NPP unit characterized by the operation limits and conditions set in the NPP design

	OPERATION MODE OF NPP UNIT
	Transition or transfer of the NPP unit from one operation state to another. Operation state of the NPP unit is characterized by the operation limits and conditions set in the NPP design


Appendix No. 4 to the 
safety guide in the use of atomic energy "Recommendations on the structure and content of the process regulations for operation of NPP power units with VVER reactors" approved by the Decree of the Federal Environmental, Industrial and Nuclear Supervision Service 
dated December 14, 2016 No. 533

RECOMMENDED EXAMPLE OF THE SECTION "GENERAL PROVISIONS" (AS REGARDS INSTRUCTIONS TO THE PERSONNEL <*>)

--------------------------------

<*> Including as regards setting out the rules and basic techniques of operation, the basic procedure for performing safety-related operations, in the Process Regulations.

1. Designation and wording of instructions to the personnel

Instructions to the personnel given in the Process Regulations are accompanied by an identifier (number or alphanumeric designation of the paragraph in the Process Regulations), which is intended to distinguish the instructions from each other, from section headings and other information in the Process Regulations.

Instructions to the personnel are given in the Process Regulations in the form of incentive proposals, with the instruction preceded by the position of the NPP employee who will carry out this instruction (the position of the employee can be specified for several instructions to the personnel).

An instruction to the personnel comprises:

an action expressed by a verb;

an object of action expressed by a noun, usually in the accusative case;

auxiliary information that is used to describe the action and (or) the object of the action.

	Example 1
	
	

	number
	action
	object of action
	auxiliary information

	1.
	monitor
	reactor period
	as per NFME


In addition to the type of instructions shown in the example above, instructions to the personnel with conditions associated by means of the logic operators "AND", "OR" and "NOT» are used in the Process Regulations. These instructions also use the conjunctions "if" and "when" (to indicate the condition under which the action is performed), as well as the conjunction "then" (to indicate the action to be performed if the condition is true).

	
Example 2



	1. If three RCPS are in operation, AND the reactor power is greater than 69% Nnom, then reduce the reactor power using the PP-1 key.


The logical operators given in the Process Regulations mean the following:

	Logic operator
	Comment

	AND
	A condition for performing an action is considered true if both the condition written before the logic operator and the condition written after the logic operator are true

	OR
	A condition for performing an action is considered true if at least one of the conditions is true: the condition written before the logic operator or the condition written after the logic operator are true

	NOT
	A condition for performing an action is considered true if the condition written after the operator is false


Logic operators are specified in the sections of the Process Regulations in uppercase letters and are highlighted in bold.

2. Implementation of instructions by the personnel

Instructions provided to personnel in the Process Regulations are executed successively, unless there is a note that indicates that the instructions are executed by personnel in a different order, such as the following notes:

"the actions specified from item 1 to item 10 are performed in an arbitrary order";

"only one action specified in items 1 to 10 is performed";

"the actions specified in items 1 to 10 are performed simultaneously";

"the actions specified in items 1 to 10 are performed during each of the actions specified in section 1";

"the actions specified in items 1 to 10 are repeated at the beginning of each shift";

"the actions specified in items 1 to 10 are repeated until the condition in item 11 is met."

3. Limitations and warnings

Limitations and warnings may be given to personnel immediately before the sequence of actions that are required to be performed.

Limitations indicate (if necessary, with references to the relevant paragraphs of the Process Regulations) the operation limits and conditions established in the NPP design for the operation state (mode) of the NPP unit, under which the personnel actions are performed, and also indicate the actions of personnel in case of their violation.

The warnings draw the attention of the personnel to the consequences of non-compliance with the warnings. Warnings are given in the Process Regulations in the form of narrative sentences. For example, "discontinuation of delivery of the sealing water leads to inoperability of the RCPS end seal unit and leakage from the primary circuit" or "operation of the turbine at a rotor speed of 700 rpm for more than 10 minutes causes the turbine to be inoperable".

4. Notes

The notes draw the personnel's attention to the information they need to prepare for performing actions or to perform actions. A particular case of notes in the Process Regulations is a description of the initial conditions before the performance of actions by the personnel.

Notes are given in the Process Regulations in the form of narrative sentences. For example, "actions of items 1 to 10 of section IV are performed if the actions of section III have been performed" or "the time counting begins when the coolant pressure in the primary circuit reaches 22.5 MPa".

5. References

References in the instructions to the personnel to instructions in another section of the Process Regulations or approved by the operating organization or the NPP administration of the document (for example, to the instructions in the RP operation guide) are provided in the Process Regulations only when it is necessary to direct the personnel to information that is extremely important for performing actions, but is not suitable for inclusion in the text of this section of the Process Regulations.

After executing the instructions given in the reference, the instructions given in the paragraph of the Process Regulations immediately following the paragraph in which the reference was made (unless it is specifically stipulated that execution of the instructions given in the paragraphs following the paragraph containing the reference is not supposed). For references, an entry "perform an action according to the instructions in item NN of document [N]" is used, which contains the specific item and document (instead of NN and [N]).

6. Criteria

The criteria are given after the indication of the implementation of the personnel action (or after a set of instructions for the implementation of personnel actions) and are used to evaluate the result of the performed personnel action(-s).

Criteria can be qualitative (indicate a specific event) or quantitative (indicate a value or range of parameter values).

The criteria are accompanied by instructions on actions to be performed immediately if the criteria are not met. For example, "if the criteria specified in paragraphs 1 to 10 are not met, the shift manager of the NPP unit should notify the shift manager of the NPP immediately."

7. Personnel action periods

In the wording of instructions to personnel on actions in case of non-compliance with the safe operation limits and conditions, as well as operation limits and conditions, the following wording is used as regards the period of performance of the personnel action:

	Wording
	Comment

	Immediately
	The action is performed immediately after the personnel determines that the design limit (condition) is not met

	Immediately

on meeting a particular condition
	The action is performed immediately after the personnel has determined that a particular condition is met (an example of such a condition is when a parameter controlled by the personnel reaches a certain value)

	N hours

(seconds, minutes, days)
	The action is performed no later than N hours (seconds, minutes, days) after the personnel establishes a violation of the design limit (condition)

	N hours

(seconds, minutes, days)

on meeting a particular condition
	The action is performed no later than N hours (seconds, minutes, days), which are allocated for its execution after the personnel has determined that a particular condition is met
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RECOMMENDED EXAMPLES OF PRESENTATION OF THE SECTION "OPERATION STATES AND CONDITIONS OF NPP UNIT" <*>

--------------------------------

<*> The values of parameters and characteristics of the state of components, systems, the NPP unit, and the NPP as a whole presented in this Appendix are conventional by nature.

EXAMPLE OF PRESENTATION OF OPERATION STATES FOR AN NPP UNIT WITH A VVER-440 REACTOR

	Operation state
	Operation limits that characterize the operation state
	Operation conditions that characterize the operation state

	
	Effective neutron multiplication factor
	Reactor power, % of the rated value of the reactor power
	Average primary circuit coolant temperature, °C
	

	
	Lower limit
	Upper limit
	Lower limit
	Upper limit
	Lower limit
	Upper limit
	

	UC
	-
	-
	-
	-
	-
	-
	The primary circuit is depressurized, the FA are unloaded from the reactor into the fuel pond

	SR
	-
	0.98
	-
	-
	20
	70
	The primary circuit is depressurized, there are FA in the reactor core

	RR
	-
	0.98
	-
	-
	20
	70
	The primary circuit is depressurized, works is going on under the refueling program, the level in the fuel pond is determined by the refueling program

	CS
	-
	0.98
	-
	-
	20
	70
	The primary circuit is sealed

	HS
	-
	0.98
	-
	-
	250
	Ts(P)-10
	The concentration of boric acid in the primary circuit provides subcriticality of at least 0.02 (without taking into account the introduced CPS CR)

	RC
	[image: image8.wmf]1

»


	[image: image9.wmf]1

»


	MCL
	5
	255
	260
	-

	RM
	[image: image10.wmf]1

»


	[image: image11.wmf]1

»


	5
	Nadd.
	260
	-
	-


EXAMPLE OF PRESENTATION OF OPERATION STATES FOR AN NPP UNIT WITH A VVER-1000 REACTOR

	Operation state
	Operation limits that characterize the operation state
	Operation conditions that characterize the operation state

	
	Effective neutron multiplication factor
	Reactor power, % of the rated value of the reactor power
	Average primary circuit coolant temperature, °C
	

	
	Lower limit
	Upper limit
	Lower limit
	Upper limit
	Lower limit
	Upper limit
	

	UC
	-
	-
	-
	-
	-
	-
	The primary circuit is depressurized, the FA are unloaded from the reactor into the fuel pond

	SR
	-
	0.98
	-
	-
	20
	70
	The primary circuit is depressurized, there are FA in the reactor core

	RR
	-
	-
	-
	-
	20
	70
	The primary circuit is depressurized, works is going on under the refueling program, the level in the fuel pond is determined by the refueling program

	CS
	-
	0.98
	-
	-
	20
	70
	The primary circuit is sealed

	HS
	-
	0.98
	-
	-
	260
	Ts(P)-10
	The concentration of boric acid in the primary circuit provides subcriticality of at least 0.02 (without taking into account the introduced CPS CR)

	RC
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	MCL
	5
	275
	285
	-

	RM
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	5
	Nadd.
	280
	-
	-


EXAMPLE OF PRESENTATION OF THE OPERATION MODE "TRANSFER OF THE NPP UNIT FROM HS TO CS" FOR AN NPP UNIT WITH A VVER-440 REACTOR

	Controlled parameter
	Operation limits that characterize the operation mode

	
	Lower limit
	Upper limit

	Pressure variation rate
	-
	30 (kg*f/cm2)/min.

	Primary circuit cooldown rate
	-
	30 °C/hour

	PRZ cooldown rate
	-
	40 °C/hour

	Boiling margin at RCP inlet
	10 kg*f/cm2
	-

	Average temperature in primary circuit
	20 °C
	258 °C

	Boric acid concentration in primary circuit coolant
	no less than the value defined in the neutron-physical parameters album for CS
	20 g/dm3


	Operation conditions that characterize the operation mode

	CPS CR is at the LLS

	At a temperature above 70 °C, at least 3 RCP are in operation

	At a temperature below 140 °C, no more than 5 RCP are in operation

	The cooldown is exercised:

by discharging steam from the main steam header via a reduction cooling unit to the process condenser;

with the primary circuit temperature below 140 °C - by means of a scheduled cooling system


EXAMPLE OF PRESENTATION OF THE OPERATION MODE "TRANSFER OF THE NPP UNIT FROM CS TO HS" FOR AN NPP UNIT WITH A VVER-1000 REACTOR

	Controlled parameter
	Operation limits that characterize the operation mode

	
	Lower limit
	Upper limit

	Pressure in RCC during hydraulic tightness tests
	-
	180 kg*f/cm2

	Pressure in RCC during hydraulic strength tests
	-
	250 kg*f/cm2

	Pressure variation rate
	-
	10 (kg*f/cm2)/min.

	Coolant heating rate
	-
	20 °C/hour

	Boiling margin by temperature at FA outlet
	15 °C
	-

	PRZ level
	4200 mm
	-

	Average temperature in primary circuit
	20 °C
	270 °C

	Boric acid concentration in primary circuit coolant
	no less than the value defined in the neutron-physical parameters album for CS
	20 g/dm3


	Operation conditions that characterize the operation mode

	CPS CR is at the LLS

	If the pressure in the primary circuit is above 15 kg*f/cm2, the high-pressure and low-pressure pipeline sections are separated

	In operation:

emergency and planned cooling system, if the pressure in the primary circuit is below 15 kg*f/cm2 and the temperature of the primary circuit coolant is below 120 °C;

at least one RCPS if the emergency and scheduled cooling system is not in operation and there is a nitrogen blanket in the PRZ

	If the temperature of the primary circuit coolant is below 200 °C, then no more than three RCP are in operation

	If the temperature of the SG metal housing is below 70 °C, the SG is loaded on the primary circuit with a pressure of not more than 35 kg*f/cm2 (3.4 MPa), and on the secondary circuit with a pressure of not more than 25 kg*f/cm2 (2.45 MPa)


Appendix No. 6 to the 
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RECOMMENDED EXAMPLE OF PRESENTATION OF THE SUBSECTION "SAFE OPERATION LIMITS" (FOR NON-RADIATION PARAMETERS) <*>

--------------------------------

<*> The values of parameters and characteristics of the state of components, systems, the NPP unit, and the NPP as a whole presented in this Appendix are conventional by nature.

EXAMPLE FOR AN NPP UNIT WITH A VVER-440 REACTOR

REACTOR PLANT

	Controlled parameter
	Safe operation limit <1>
	Frequency of monitoring
	Operation state (operation mode)
	Sequence of actions in case of non-compliance with a safe operation limit
	Period of action in case of non-compliance with a safe operation limit

	A. Pressure drop on the reactor with 4 operating RCP
	Less than 3.76 kg*f/cm2
	Continuously <2>
	OC, RC
	А.1. Shut down the reactor in an emergency procedure
	Immediately

	
	
	
	
	А.2. Disable RCP in an amount that would reduce the pressure drop on the reactor below 3.75 kg*f/cm2
	Immediately after an emergency shutdown of the reactor

	
	
	
	
	А.3. To be in CS
	18 hours

	
	
	
	
	А.4. To be in RR
	72 hours

	B. Pressure drop on the reactor with 4 operating RCP
	Less than 3.76 kg*f/cm2
	Continuously
	HS
	B.1. Disable RCP in an amount that would reduce the pressure drop on the reactor below 3.75 kg*f/cm2
	Immediately

	
	
	
	
	B.2. To be in CS
	18 hours

	
	
	
	
	B.3. To be in RR
	72 hours

	C. Pressure drop on the reactor with 4 operating RCP
	Less than 3.76 kg*f/cm2
	Continuously
	CS
	C.1. Disable RCP in an amount that would reduce the pressure drop on the reactor below 3.75 kg*f/cm2
	Immediately

	D. Reactor power
	Less than Nadd. + 12% Nnom.
	Continuously
	RM
	D.1. Shut down the reactor in an emergency procedure
	Immediately

	
	
	
	
	D.2. To be in HS
	6 hours

	E. Reactor coolant level
	Above the upper generatrix of the reactor outlet branch pipes
	Continuously
	RR, SR
	E.1. To restore the coolant level in the reactor to a value not lower than 1200 mm from the reactor main connector
	Immediately

	F. Reactor acceleration period
	Over 9 seconds
	Continuously
	OC, RC
	F.1. Shut down the reactor in an emergency procedure
	Immediately

	
	
	
	
	F.2. To be in HS
	6 hours

	G. Reactor outlet coolant temperature, less than
	Less than 322 °C
	Continuously
	RM
	G.1. Shut down the reactor in an emergency procedure
	Immediately

	
	
	
	
	G.2. To be in HS
	6 hours


--------------------------------

<1> This column indicates an area where the safe operation limit is met.

<2> Hereafter, "continuously" means that the parameter values are continuously monitored.

EXAMPLE FOR AN NPP UNIT WITH A VVER-1000 REACTOR

REACTOR PLANT

	Controlled parameter
	Safe operation limit <1>
	Frequency of monitoring
	Operation state (operation mode)
	Sequence of actions in case of non-compliance with a safe operation limit
	Period of action in case of non-compliance with a safe operation limit

	A. Level of neutron flux density in the working measurement range
	Less than 111% Nnom.
	Continuously
	RM
	А.1. Shut down the reactor in an emergency procedure
	Immediately

	
	
	
	
	А.2. To be in HS
	6 hours

	B. Reactor acceleration period
	Over 10 seconds
	Continuously
	OC, RC
	B.1. Shut down the reactor in an emergency procedure
	Immediately

	
	
	
	
	B.2. To be in HS
	6 hours

	C. Pressure in the primary circuit
	Less than 180 kg*f/cm2
	Continuously
	OC, RC
	C.1. Shut down the reactor in an emergency procedure
	Immediately

	
	
	
	
	C.2. To check the operation of the pressure regulator in the primary circuit, the level regulator in the PRZ and the blow-down water flow regulator
	Immediately

	
	
	
	
	C.3. To be in HS
	6 hours

	D. Pressure in the primary circuit
	Less than 190 kg*f/cm2 (except for the hydraulic testing mode)
	Continuously
	HS
	D.1. To check the operation of the pressure regulator in the primary circuit, the level regulator in the PRZ and the blow-down water flow regulator
	Immediately

	
	
	
	
	D.2. To start RP cooldown
	Immediately

	
	
	
	
	D.3. To be in CS
	12 hours

	E. Pressure in the primary circuit at a power of more than 75% от Nnom.
	Over 150 kg*f/cm2
	Continuously
	RM
	E.1. Shut down the reactor in an emergency procedure
	Immediately

	
	
	
	
	E.2. To be in HS
	6 hours

	F. Pressure in the primary circuit at a power of less than 75% от Nnom.
	Over 140 kg*f/cm2
	Continuously
	OC, RC
	F.1. Shut down the reactor in an emergency procedure
	Immediately

	
	
	
	
	F.2. To be in HS
	6 hours

	G. Pressure in the primary circuit
	Over P(Ts + 10 °C)
	Continuously
	HS
	G.1. To check the operation of the pressure regulator in the primary circuit, the level regulator in the PRZ and the blow-down water flow regulator
	Immediately

	
	
	
	
	G.2. To start RP cooldown

OR

to start increasing pressure in the primary circuit
	Immediately

	
	
	
	
	G.3. To align the temperature and pressure in the primary circuit
	Immediately

	H. SG pressure for secondary circuit
	Less than 80 kg*f/cm2
	Continuously
	OC, RC
	H.1. Shut down the reactor in an emergency procedure
	Immediately

	
	
	
	
	H.2. To disable RCP on the loop with an emergency SG
	Immediately

	
	
	
	
	H.3. To cut off the emergency SG
	Immediately

	
	
	
	
	H.4. To be in HS
	6 hours

	I. SG pressure for secondary circuit
	Less than 86 kg*f/cm2 (except for the hydraulic testing mode)
	Continuously
	HS
	I.1. To disable RCP on the loop with an emergency SG
	Immediately

	
	
	
	
	I.2. To cut off the emergency SG
	Immediately

	
	
	
	
	I.3. To start RP cooldown
	Immediately

	
	
	
	
	I.4. To be in CS
	12 hours

	J. SG pressure for secondary circuit
	Over 52 kg*f/cm2
	Continuously
	OC, RC
	J.1. Shut down the reactor in an emergency procedure
	Immediately

	
	
	
	
	J.2. To disable RCP on the loop with an emergency SG
	Immediately

	
	
	
	
	J.3. To cut off the emergency SG
	Immediately

	
	
	
	
	J.4. To be in HS
	6 hours

	K. SG pressure for secondary circuit
	Over 45 kg*f/cm2
	Continuously
	HS
	K.1. To disable RCP on the loop with an emergency SG
	Immediately

	
	
	
	
	K.2. To cut off the emergency SG
	Immediately

	
	
	
	
	K.3. To start RP cooldown
	Immediately

	
	
	
	
	K.4. To be in CS
	12 hours

	L. Temperature in the circulating loop hot line, less than
	Less than (T104% Nnom. hot + 8) °C
	Continuously
	OC, RC
	L.1. Shut down the reactor in an emergency procedure
	Immediately

	
	
	
	
	L.2. To be in HS
	6 hours

	M. Temperature in the circulating loop hot line
	Less than (Ts - 10) °C
	Continuously
	HS
	M.1. To start cooldown of RP (increasing pressure in the primary circuit)
	Immediately

	
	
	
	
	M.2. To align the temperature and pressure in the primary circuit
	Immediately

	N. Level in SG
	Over Hnom. - 650 mm
	Continuously
	OC, RC
	N.1. Shut down the reactor in an emergency procedure
	Immediately

	
	
	
	
	N.2. To be in HS
	6 hours

	O. Level in SG
	Over Hnom. - 1100 mm
	Continuously
	HS
	O.1. To check operation of SG level controller
	Immediately

	
	
	
	
	O.2. To disable the RCP of the relevant loop
	Immediately

	
	
	
	
	O.3. To start RP cooldown
	Immediately

	
	
	
	
	O.4. To be in CS
	12 hours

	P. Level in PRZ
	over 4600 mm
	Continuously
	OC, RC
	Р.1. Shut down the reactor in an emergency procedure
	Immediately

	
	
	
	
	Р.2. To be in HS
	6 hours

	R. Level in PRZ
	over 4000 mm
	Continuously
	HS
	R.1. To check operation of PZR level controller
	Immediately

	
	
	
	
	R.2. To check actuation of standby makeup pump on automatic switchover to backup equipment
	Immediately

	
	
	
	
	R.3. To act in accordance with the instructions for the elimination of violations
	After finding out the causes of the fall in the PRZ level

	S. Temperature at the core outlet in the mode of residual heat removal (including in the mode of repair cooldown)
	Less than 70 °C
	Continuously
	SR, RR, CS
	S.1. To connect the backup pump of the emergency and scheduled cooldown system
	Immediately


--------------------------------

<1> This column indicates an area where the safe operation limit is met.
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RECOMMENDED EXAMPLE OF PRESENTATION OF THE SUBSECTION "SAFE OPERATION LIMITS" (BY RADIATION PARAMETERS) <*>

--------------------------------

<*> The values of parameters and characteristics of the state of components, systems, the NPP unit, and the NPP as a whole presented in this Appendix are conventional by nature.

A. RELEASES OF RADIOACTIVE SUBSTANCES INTO ATMOSPHERIC AIR

(IN A YEAR)

	Controlled parameter
	Safe operation limit <1>
	Operation state (operation mode)
	Sequence of actions in case of non-compliance with a safe operation limit
	Period of action in case of non-compliance with a safe operation limit

	Activity of 60Co (in the form of aerosol) in the ventilation pipe of NPP units Nos. 1, 2
	Not more than 1.48 · 1011 Bq
	All operation states and modes
	А.1. With the NPP unit in the state of operation at capacity - to stop the NPP unit as planned

А.2. To take measures to reduce the release of radioactive substances
	Immediately

	Activity of 134Co (in the form of aerosol) in the ventilation pipe of NPP units Nos. 1, 2
	Not more than 1.8 · 1010 Bq
	
	
	

	Activity of137Cs (in the form of aerosol) in the ventilation pipe of NPP units No. 1, 2
	Not more than 4 · 1010 Bq
	
	
	

	Activity of60Co (in the form of aerosol) in the ventilation pipe of LRWS-1
	Not more than 2.46 · 108 Bq
	
	
	

	Activity of134Cs (in the form of aerosol) in the ventilation pipe of LRWS-1
	Not more than 1.86 · 108 Bq
	
	
	

	Activity of137Cs (in the form of aerosol) in the ventilation pipe of LRWS-1
	Not more than 1.76 · 108 Bq
	
	
	

	Activity of60Co (in the form of aerosol) in the release of NPP, as a whole
	Not more than 1.48 · 1011 Bq
	
	
	

	Activity of134Cs (in the form of aerosol) in the release of NPP, as a whole
	Not more than 1.8 · 1010 Bq
	
	
	

	Activity of137Cs (in the form of aerosol) in the release of NPP, as a whole
	Not more than 4.0 · 1010 Bq
	
	
	


--------------------------------

<1> This column indicates an area where the safe operation limit is met.

Note.

The condition for compliance with the safe operation limit (MPRr) with a number of radionuclides in the releases is the ratio:
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where:

MPRr - maximum permissible release of radionuclide r from NPP into the atmosphere, Bq/year;

Qr - total annual release of radionuclide r from all NPP sources, Bq/year.

B. DISCHARGES OF RADIOACTIVE SUBSTANCES INTO THE ENVIRONMENT (IN A YEAR)

	Controlled parameter
	Safe operation limit <1>
	Operation state (operation mode)
	Sequence of actions in case of non-compliance with a safe operation limit
	Period of action in case of non-compliance with a safe operation limit

	Activity of discharge into the River Don by 3H
	Not more than 9.2 · 1014 Bq
	All operation states and modes
	B.1. With the NPP unit in the state of operation at capacity - to stop the NPP unit as planned

B.2. To take measures for reducing discharges of RSb
	Immediately

	Activity of discharge into the River Don by 51Cr
	Not more than 4.0 · 1011 Bq
	
	
	

	Activity of discharge into the River Don by 54Mn
	Not more than 7.7 · 109 Bq
	
	
	

	Activity of discharge into the River Don by 59Fe
	Not more than 6.5 · 1010 Bq
	
	
	

	Activity of discharge into the River Don by 58Co
	Not more than 1.2 · 1010 Bq
	
	
	

	Activity of discharge into the River Don by 60Co
	Not more than 4.5 · 109 Bq
	
	
	

	Activity of discharge into the River Don by 65Zn
	Not more than 3.8 · 1010 Bq
	
	
	

	Activity of discharge into the River Don by 95Zr
	Not more than 2.9 · 1011 Bq
	
	
	

	Activity of discharge into the River Don by 103Ru
	Not more than 3.3 · 1010 Bq
	
	
	

	Activity of discharge into the River Don by 106Ru
	Not more than 1.5 · 1010 Bq
	
	
	

	Activity of discharge into the River Don by 131I
	Not more than 5.3 · 1010 Bq
	
	
	

	Activity of discharge into the River Don by 134Cs
	Not more than 5.4 · 109 Bq
	
	
	

	Activity of discharge into the River Don by 137Cs
	Not more than 1.7 · 109 Bq
	
	
	

	Activity of discharge into the River Don by 141Ce
	Not more than 3.2 · 1010 Bq
	
	
	

	Activity of discharge into the River Don by 144Ce
	Not more than 9.4 · 1010 Bq
	
	
	

	Activity of discharge into the cooling pond by 3H
	Not more than 2.0 · 1014 Bq
	
	
	

	Activity of discharge into the cooling pond by 51Cr
	Not more than 6.5 · 1011 Bq
	
	
	

	Activity of discharge into the cooling pond by 54Mn
	Not more than 2.0 · 109 Bq
	
	
	

	Activity of discharge into the cooling pond by 59Fe
	Not more than 7.4 · 1010 Bq
	
	
	

	Activity of discharge into the cooling pond by 58Co
	Not more than 8.4 · 109 Bq
	
	
	

	Activity of discharge into the cooling pond by 60Co
	Not more than 6.8 · 108 Bq
	
	
	

	Activity of discharge into the cooling pond by 65Zn
	Not more than 1.4 · 1010 Bq
	
	
	

	Activity of discharge into the cooling pond by 95Zr
	Not more than 2.7 · 1011 Bq
	
	
	

	Activity of discharge into the cooling pond by 103Ru
	Not more than 4.0 · 1010 Bq
	
	
	

	Activity of discharge into the cooling pond by 106Ru
	Not more than 5.2 · 109 Bq
	
	
	

	Activity of discharge into the cooling pond by 131I
	Not more than 2.9 · 1011 Bq
	
	
	

	Activity of discharge into the cooling pond by 134Cs
	Not more than 1.2 · 109 Bq
	
	
	

	Activity of discharge into the cooling pond by 137Cs
	Not more than 1.7 · 109 Bq
	
	
	

	Activity of discharge into the cooling pond by 141Ce
	Not more than 4.5 · 1010 Bq
	
	
	

	Activity of discharge into the cooling pond by 144Ce
	Not more than 2.7 · 1010 Bq
	
	
	


--------------------------------

<1> This column indicates an area where the safe operation limit is met.

Note.

The condition for compliance with the safe operation limit (PDr,i) with a number of radionuclides in the discharges is:
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where:

PDr,i - safe operation limit for r-th radionuclide discharges via i-th source with liquid waste, Bq/year;

Qr,i - cumulative discharge of the r-th radionuclide through the i-th source with liquid waste, Bq/year.

Appendix No. 8 to the 
safety guide in the use of atomic energy "Recommendations on the structure and content of the process regulations for operation of NPP power units with VVER reactors" approved by the Decree of the Federal Environmental, Industrial and Nuclear Supervision Service 
dated December 14, 2016 No. 533

RECOMMENDED EXAMPLE OF PRESENTATION OF SUBSECTION

"SAFE OPERATION CONDITIONS"

EXAMPLE FOR AN NPP UNIT WITH A VVER-440 REACTOR <*>

--------------------------------

<*> The values of parameters and characteristics of the state of components, systems, the NPP unit, and the NPP as a whole presented in this Appendix are conventional by nature.

PASSIVE INJECTION SYSTEM WITH HYDRAULIC ACCUMULATORS

	Safe operation condition
	A. The four ECCS hydraulic accumulators and the corresponding drain lines, including valves, are operable.

Note.

The hydraulic accumulator capacity and the corresponding drain line with valves are considered to be inoperable if at least one of the conditions is true:

the level in HA is outside the range of 6000 - 6450 mm;

the concentration of boric acid in the HA is less than 16 g/dm3;

the pressure in the HA is outside the range of 55 - 60 kg*f/cm2;

the temperature in the HA is outside the range of 55 - 70 °C;

the check valve on the drain line is inoperable;

the ball shutoff device of the HA is inoperable, or its position is subject to an alarm signal;

the HA safety valve is inoperable;

passing the primary coolant through a check valve of any HA with a flow rate of more than 2m3/hour

	Operation states
	HS, RC and OC, modes "Transfer from HS to RC" and "Transfer from RC to OC"


	Type of violation of safe operation condition
	Sequence of actions
	Action period

	А.1. One of the hydraulic accumulators and (or) the corresponding drain line with the valves is inoperable, and there is no passage of the primary coolant through the check valve of any HA with a flow rate of more than 2 m3/hour
	А.1.1. To restore the operability of the hydraulic capacity and the corresponding drain line with valves
	72 hours

	А.2. The actions specified for violations of A.1 are not fulfilled, or the time limit for performing the action specified for violations of A.1 has expired, and there is no passage of the primary coolant through the check valve of any HA with a flow rate of more than 2 m3/hour
	А.2.1. To be in HS
	6 hours

	А.3. Two or more hydraulic accumulators and (or) the corresponding drain line with the valves is inoperable, and there is no passage of the primary coolant through the check valve of any HA with a flow rate of more than 2 m3/hour
	А.3.1. To be in HS
	6 hours

	
	А.3.2. To be in CS
	18 hours after proceeding to HS

	А.4. Passing the primary coolant through a check valve of any HA with a flow rate of more than 2m3/hour
	А.4.1. To be in HS
	6 hours

	
	А.4.2. To be in CS
	18 hours after proceeding to HS


	List of component (system) checks
	Scope, frequency, and other conditions of system (component) checks

	O.1. To monitor the level, pressure and temperature in the HA (including the temperature of the HA walls) on an alarm signal on the MCR (ECR)
	Once per shift

	O.2. To flush the primary circuit from the HA
	Once in four years


EMERGENCY CORE COOLING SYSTEM WITH HIGH PRESSURE PUMPS

	Safe operation condition
	B. The HP ECCS channels are operable.

Note.

The ECCS channel with high-pressure pumps is considered inoperable if at least one of the conditions is true:

the HP ECCS pump is inoperable;

the volume of boron solution in the HP ECCS tank is less than 75 m3;

the temperature of boron solution in the HP ECCS tank is outside the range of 55 - 60 °C;

the boron concentration in the HP ECCS tank is beyond the range of 39.5 - 44.5 g/dm3;

one of the four fast-acting shut-off valves on the HP ECCS pressure line is inoperable or open;

valves on the HP ECCS pump recirculation line are inoperable;

valves on the HP ECCS pressure line are inoperable

	Operation states and modes
	HS, RC and OC, modes of transfer of the NPP unit from HS to RC, from RC to OC, from OC to RC, from RC to HS


	Type of violation of safe operation condition
	Sequence of actions
	Action period

	B.1. One of the ECCS channels with high pressure pumps is inoperable
	B.1.1. To declare the safety system channel <1> that corresponds to the inoperable HP ECSS channel as inoperable <2>
	Immediately

	
	B.1.2. To confirm operability (try out) two SS channels that are not declared inoperable
	3 hours

	
	B.1.3. To restore the operability of the HP ECCS channel
	72 hours

	B.2. The actions specified for violations of B.1 are not fulfilled, or the time limit for performing the action specified for violations of B.1 has expired
	B.2.1. To be in HS
	6 hours

	B.3. Two or more safety channels have been declared inoperable
	B.3.1. To be in HS
	6 hours

	
	B.3.2. To be in CS
	18 hours after proceeding to HS


--------------------------------

<1> Here, the term "safety system channel" means a set of HP ECCS, LP ECCS channels, an ECCS intermediate circuit system channel, a responsible consumer service water system channel, a stepwise startup automation channel, and an emergency power supply system channel whose active elements are supplied from the same emergency power supply system channel.

<2> Declaring a safety channel inoperable is intended to take into account the recommendations set out in paragraph 31 hereof.

	List of component (system) checks
	Scope, frequency, and other conditions of system (component) checks

	O.1. Trial of the HP ECCS channel on the recirculation line
	Once a month.

Note.

Trial is performed on a decade basis, and the number of the month's decade corresponds to the number of the channel being tried in this decade. The time shift between successive tests of different channels must not be less than 7 days.

	O.2. Trial of the HP ECCS channel in conjunction with DG testing, standard loading, and stepwise startup automation testing
	once every 3 months

	O.3. Trial of the HP ECCS channel with the operation of the HP ECCS pump for the primary circuit
	once in every 4 years


Appendix No. 9 to the 
safety guide in the use of atomic energy "Recommendations on the structure and content of the process regulations for operation of NPP power units with VVER reactors" approved by the Decree of the Federal Environmental, Industrial and Nuclear Supervision Service 
dated December 14, 2016 No. 533

RECOMMENDED EXAMPLE OF PRESENTATION OF THE SUBSECTION "OPERATION LIMITS" (FOR NON-RADIATION PARAMETERS) <*>

--------------------------------

<*> The values of parameters and characteristics of the state of components, systems, the NPP unit, and the NPP as a whole presented in this Appendix are conventional by nature.

EXAMPLE FOR AN NPP UNIT WITH A VVER-440 REACTOR

REACTOR PLANT

	Controlled parameter
	Operation limit <1>
	Frequency of monitoring
	Operation state (operation mode)
	Sequence of actions in case of non-compliance with operation limit
	Period for performance of action in case of non-compliance with operation limit

	A. Pressure drop on the reactor with four operating RCP
	Less than 3.0 kg*f/cm2
	once in 2 hours
	OC, RC, HS
	А.1. To check operation of control and instrumentation equipment To identify the cause of increased pressure drop on the reactor
	Immediately

	
	
	
	
	А.2. To disable RCP in an amount that would reduce the pressure drop on the reactor below 3,0 kg*f/cm2
	30 minutes

	B. Reactor power
	Less than Nadd. + 2% Nadd.
	Continuously
	RM
	B.1. To reduce the power of the reactor to a value not exceeding Nadd.
B.2. To find out the cause of the reactor power deviation
	5 minutes

	C. Level of coolant in the reactor
	Not lower than 300 mm from the reactor main connector
	Continuously
	RR, SR
	C.1. To restore the coolant level in the reactor to a value not lower than 300 mm from the reactor main connector

C.2. To identify the cause of the decrease in the coolant level
	2 hours

	D. Reactor acceleration period
	Not less than 60 seconds
	Continuously
	OC, RC
	D.1. To cease all operations associated with the introduction of positive reactivity

D.2. By descending the CPS CR control group, to set the period equal to 999 sec
	Immediately

	E. Boric acid concentration in primary coolant
	Not less than the specified neutron-physical parameters for a given fuel load and a given campaign moment
	1 time per shift
	SR, CS, HS
	E.1. To bring the concentration of boric acid to the required level by feeding a boric acid solution with a concentration of 39.5 - 44.5 g/dm3 to the primary circuit with the maximum possible flow rate; any operations that may lead to the introduction of positive reactivity must be discontinued
	2 hours

	
	
	twice per shift
	RR
	
	

	F. The parameters of energy release in the reactor core must not exceed the following values:
	
	Continuously
	RM
	F.1. To reduce the power of the reactor to a level at which there will be no excess of the parameters of energy release in the reactor core

F.2. To find out the cause of the increase in the parameters of energy release in the reactor core
	5 minutes

	Tout. cas.
	317 °C
	
	
	
	

	Kr
	1.55 · Nadd. / Ncurr.
	
	
	
	

	Kr
	1.75
	
	
	
	

	K0
	2.14 · Nadd. / Ncurr.
	
	
	
	

	K0
	2.5
	
	
	
	


--------------------------------

<1> This column indicates an area where the operation limit is met.

Appendix No. 10 to the 
safety guide in the use of atomic energy "Recommendations on the structure and content of the process regulations for operation of NPP power units with VVER reactors" approved by the Decree of the Federal Environmental, Industrial and Nuclear Supervision Service 
dated December 14, 2016 No. 533

RECOMMENDED EXAMPLE OF PRESENTATION OF THE SUBSECTION "OPERATION LIMITS" (BY RADIATION PARAMETERS) <*>

--------------------------------

<*> The values of parameters and characteristics of the state of components, systems, the NPP unit, and the NPP as a whole presented in this Appendix are conventional by nature.

A. OPERATION LIMITS FOR RELEASES OF RADIOACTIVE SUBSTANCES INTO THE ATMOSPHERIC AIR (PER YEAR)

	Controlled parameter
	Operation limit <1>
	Operation state (operation mode)
	Sequence of actions in case of non-compliance with operation limit

	Activity of60Co (in the form of aerosol) in the ventilation pipe of NPP units Nos. 1 and 2
	Not more than 7.40 · 109 Bq
	All operation states and modes
	А.1. To take measures to eliminate the excess of the operation limit

	Activity of134Cs (in the form of aerosol) in the ventilation pipe of NPP units Nos. 1 and 2
	Not more than 9.00 · 108 Bq
	
	

	Activity of137Cs (in the form of aerosol) in the ventilation pipe of NPP units Nos. 1 and 2
	Not more than 2.00 · 109 Bq
	
	

	Activity of60Co (in the form of aerosol) in the ventilation pipe of LRWS-1
	Not more than 1.23 · 107 Bq
	
	

	Activity of134Cs (in the form of aerosol) in the ventilation pipe of LRWS-1
	Not more than 9.30 · 106 Bq
	
	

	Activity of137Cs (in the form of aerosol) in the ventilation pipe of LRWS-1
	Not more than 8.80 · 106 Bq
	
	

	Activity of60Co (in the form of aerosol) in the release of NPP, as a whole
	Not more than 7.40 · 109 Bq
	
	

	Activity of134Cs (in the form of aerosol) in the release of NPP, as a whole
	Not more than 9.00 · 108 Bq
	
	

	Activity of137Cs (in the form of aerosol) in the release of NPP, as a whole
	Not more than 2.00 · 109 Bq
	
	


--------------------------------

<1> This column indicates an area where the operation limit is met.

Note.

The condition for compliance with the operation limit (PRr) with a number of radionuclides in the releases is the ratio:
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where:

PRr - permissible release of radionuclide r from NPP into the atmosphere, Bq/year;

Qr - total annual release of radionuclide r from all NPP sources, Bq/year.

B. OPERATION LIMITS FOR DISCHARGES OF RADIOACTIVE SUBSTANCES INTO THE ENVIRONMENT (IN A YEAR)

	Controlled parameter
	Operation limit <1>
	Operation state (operation mode)
	Sequence of actions in case of non-compliance with operation limit

	Activity of discharge into the River Don by 3H
	Not more than 1.84 · 1014 Bq
	All operation states and modes
	B.1. To take measures to eliminate the excess of the operation limit

	Activity of discharge into the River Don by 51Cr
	Not more than 8.00 · 1010 Bq
	
	

	Activity of discharge into the River Don by 54Mn
	Not more than 1.54 · 109 Bq
	
	

	Activity of discharge into the River Don by 59Fe
	Not more than 1.30 · 1010 Bq
	
	

	Activity of discharge into the River Don by 58Co
	Not more than 2.40 · 109 Bq
	
	

	Activity of discharge into the River Don by 60Co
	Not more than 9.00 · 108 Bq
	
	

	Activity of discharge into the River Don by 65Zn
	Not more than 7.60 · 109 Bq
	
	

	Activity of discharge into the River Don by 95Zr
	Not more than 5.80 · 1010 Bq
	
	

	Activity of discharge into the River Don by 103Ru
	Not more than 6.60 · 109 Bq
	
	

	Activity of discharge into the River Don by 106Ru
	Not more than 3.00 · 109 Bq
	
	

	Activity of discharge into the River Don by 131I
	Not more than 1.06 · 1010 Bq
	
	

	Activity of discharge into the River Don by 134Cs
	Not more than 1.08 · 109 Bq
	
	

	Activity of discharge into the River Don by 137Cs
	Not more than 3.40 · 108 Bq
	
	

	Activity of discharge into the River Don by 141Ce
	Not more than 6.40 · 109 Bq
	
	

	Activity of discharge into the River Don by 144Ce
	Not more than 1.88 · 1010 Bq
	
	

	Activity of discharge into the cooling pond by 3H
	Not more than 4.00 · 1013 Bq
	
	

	Activity of discharge into the cooling pond by 51Cr
	Not more than 1.30 · 1011 Bq
	
	

	Activity of discharge into the cooling pond by 54Mn
	Not more than 4.00 · 108 Bq
	
	

	Activity of discharge into the cooling pond by 59Fe
	Not more than 1.48 · 1010 Bq
	
	

	Activity of discharge into the cooling pond by 58Co
	Not more than 1.68 · 109 Bq
	
	

	Activity of discharge into the cooling pond by 60Co
	Not more than 1.36 · 108 Bq
	
	

	Activity of discharge into the cooling pond by 65Zn
	Not more than 2.80 · 109 Bq
	
	

	Activity of discharge into the cooling pond by 95Zr
	Not more than 5.40 · 1010 Bq
	
	

	Activity of discharge into the cooling pond by 103Ru
	Not more than 8.00 · 109 Bq
	
	

	Activity of discharge into the cooling pond by 106Ru
	Not more than 1.04 · 109 Bq
	
	

	Activity of discharge into the cooling pond by 131I
	Not more than 5.80 · 1010 Bq
	
	

	Activity of discharge into the cooling pond by 134Cs
	Not more than 2.40 · 108 Bq
	
	

	Activity of discharge into the cooling pond by 137Cs
	Not more than 3.40 · 108 Bq
	
	

	Activity of discharge into the cooling pond by 141Ce
	Not more than 9.00 · 109 Bq
	
	

	Activity of discharge into the cooling pond by 144Ce
	Not more than 5.40 · 109 Bq
	
	


--------------------------------

<1> This column indicates an area where the operation limit is met.

Note.

The condition for compliance with the operation limit (OLr,i) with a number of radionuclides in the discharges is:
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where:

OLr,i - operation limit for r-th radionuclide discharges via i-th source with liquid waste, Bq/year;

Qr,i - cumulative discharge of the r-th radionuclide through the i-th source with liquid waste, Bq/year.

C. CONTROL LEVELS OF DISCHARGES OF RADIOACTIVE SUBSTANCES INTO THE ATMOSPHERIC AIR (PER MONTH)

	Controlled parameter
	Control level
	Operation state (operation mode)
	Sequence of actions in case of non-compliance with CL

	Activity of60Co (in the form of aerosol) in the ventilation pipe of NPP units Nos. 1 and 2
	Not more than 6.17 · 108 Bq
	All operation states and modes
	C.1. In case of exceeding the CL more than 3 times, measures should be taken to eliminate the excess.

C.2. If the CL is exceeded up to 3 times, the frequency of monitoring of RSb discharges into the atmospheric air should be increased

	Activity of134Cs (in the form of aerosol) in the ventilation pipe of NPP units Nos. 1 and 2
	Not more than 7.50 · 107 Bq
	
	

	Activity of137Cs (in the form of aerosol) in the ventilation pipe of NPP units Nos. 1 and 2
	Not more than 1.67 · 108 Bq
	
	

	Activity of60Co (in the form of aerosol) in the ventilation pipe of LRWS-1
	Not more than 1.03 · 106 Bq
	
	

	Activity of134Cs (in the form of aerosol) in the ventilation pipe of LRWS-1
	Not more than 7.75 · 105 Bq
	
	

	Activity of137Cs (in the form of aerosol) in the ventilation pipe of LRWS-1
	Not more than 7.33 · 105 Bq
	
	


Note.

In some months, radionuclide discharges exceeding the CL with a factor of up to 3 are allowed, provided that the annual OL is not exceeded.
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where:
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 - control level of radionuclide r release from NPP per month, Bq/month;

Qr - total monthly release of radionuclide r from all NPP sources, Bq/month.

D. CONTROL LEVELS OF DISCHARGES OF RADIOACTIVE SUBSTANCES INTO THE ATMOSPHERIC AIR (PER 24 HOURS)

	Controlled parameter
	Control level
	Operation state (operation mode)
	Sequence of actions in case of non-compliance with CL

	Activity of60Co (in the form of aerosol) in the ventilation pipe of NPP units Nos. 1 and 2
	Not more than 2.03 · 107 Bq
	All operation states and modes
	D.1. In case of exceeding the CL for a month, measures should be taken to eliminate the excess.

D.2. If the CL is exceeded, the frequency of monitoring of RSb discharges into the atmospheric air should be increased

	Activity of134Cs (in the form of aerosol) in the ventilation pipe of NPP units Nos. 1 and 2
	Not more than 2.47 · 106 Bq
	
	

	Activity of137Cs (in the form of aerosol) in the ventilation pipe of NPP units Nos. 1 and 2
	Not more than 5.48 · 106 Bq
	
	

	Activity of60Co (in the form of aerosol) in the ventilation pipe of LRWS-1
	Not more than 3.37 · 104 Bq
	
	

	Activity of134Cs (in the form of aerosol) in the ventilation pipe of LRWS-1
	Not more than 2.55 · 104 Bq
	
	

	Activity of137Cs (in the form of aerosol) in the ventilation pipe of LRWS-1
	Not more than 2.41 · 104 Bq
	
	


Note.

On occasional days or periods of several days, radionuclide discharges exceeding the CL are allowed, provided that the per month CL is not exceeded.

The condition for compliance [image: image23.wmf]сут.
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with a number of radionuclides in the releases is the ratio:
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where:
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 - control level of radionuclide r release from NPP per 24 hours, Bq/day;

Qr - total daily release of radionuclide r from all NPP sources, Bq/day

E. CONTROL LEVELS OF DISCHARGES OF RADIOACTIVE SUBSTANCES INTO THE ENVIRONMENT (PER MONTH)

	Controlled parameter
	Control level
	Operation state (operation mode)
	Sequence of actions in case of non-compliance with CL

	Activity of discharge into the River Don by 3H
	Not more than 1.53 · 1013 Bq
	All operation states and modes
	E.1. In case of exceeding the CL more than 3 times, measures should be taken to eliminate the excess.

E.2. If the CL is exceeded up to 3 times, the frequency of monitoring of RSb discharges should be increased

	Activity of discharge into the River Don by 51Cr
	Not more than 6.67 · 109 Bq
	
	

	Activity of discharge into the River Don by 54Mn
	Not more than 1.28 · 108 Bq
	
	

	Activity of discharge into the River Don by 59Fe
	Not more than 1.08 · 109 Bq
	
	

	Activity of discharge into the River Don by 58Co
	Not more than 2.00 · 108 Bq
	
	

	Activity of discharge into the River Don by 60Co
	Not more than 7.50 · 107 Bq
	
	

	Activity of discharge into the River Don by 65Zn
	Not more than 6.33 · 108 Bq
	
	

	Activity of discharge into the River Don by 95Zr
	Not more than 4.83 · 109 Bq
	
	

	Activity of discharge into the River Don by 103Ru
	Not more than 5.50 · 108 Bq
	
	

	Activity of discharge into the River Don by 106Ru
	Not more than 2.50 · 108 Bq
	
	

	Activity of discharge into the River Don by 131I
	Not more than 8.83 · 108 Bq
	
	

	Activity of discharge into the River Don by 134Cs
	Not more than 9.00 · 107 Bq
	
	

	Activity of discharge into the River Don by 137Cs
	Not more than 2.83 · 107 Bq
	
	

	Activity of discharge into the River Don by 141Ce
	Not more than 5.33 · 108 Bq
	
	

	Activity of discharge into the River Don by 144Ce
	Not more than 1.57 · 109 Bq
	
	

	Activity of discharge into the cooling pond by 3H
	Not more than 3.33 · 1012 Bq
	
	

	Activity of discharge into the cooling pond by 51Cr
	Not more than 1.08 · 1010 Bq
	
	

	Activity of discharge into the cooling pond by 54Mn
	Not more than 3.33 · 107 Bq
	
	

	Activity of discharge into the cooling pond by 59Fe
	Not more than 1.23 · 109 Bq
	
	

	Activity of discharge into the cooling pond by 58Co
	Not more than 1.40 · 108 Bq
	
	

	Activity of discharge into the cooling pond by 60Co
	Not more than 1.13 · 107 Bq
	
	

	Activity of discharge into the cooling pond by 65Zn
	Not more than 2.33 · 108 Bq
	
	

	Activity of discharge into the cooling pond by 95Zr
	Not more than 4.50 · 109 Bq
	
	

	Activity of discharge into the cooling pond by 103Ru
	Not more than 6.67 · 108 Bq
	
	

	Activity of discharge into the cooling pond by 106Ru
	Not more than 8.67 · 107 Bq
	
	

	Activity of discharge into the cooling pond by 131I
	Not more than 4.83 · 109 Bq
	
	

	Activity of discharge into the cooling pond by 134Cs
	Not more than 2.00 · 107 Bq
	
	

	Activity of discharge into the cooling pond by 137Cs
	Not more than 2.83 · 107 Bq
	
	

	Activity of discharge into the cooling pond by 141Ce
	Not more than 7.50 · 108 Bq
	
	

	Activity of discharge into the cooling pond by 144Ce
	Not more than 4.50 · 108 Bq
	
	


Note.

In some months, radionuclide discharges exceeding the CL with a factor of up to 3 are allowed, provided that the annual OL is not exceeded.
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where:
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 - control level of discharge of the r-th radionuclide through the i-th source with liquid waste in a month, Bq/month;

Qr,i - cumulative discharge of the r-th radionuclide through the i-th source with liquid waste in a month, Bq/month

F. CONTROL LEVELS OF DISCHARGES OF RADIOACTIVE SUBSTANCES INTO THE ENVIRONMENT (PER 24 HOURS)

	Controlled parameter
	Control level
	Operation state (operation mode)
	Sequence of actions in case of non-compliance with CL

	Activity of discharge into the River Don by 3H
	Not more than 5.04 · 1011 Bq
	All operation states and modes
	F.1. In case of exceeding the CL for a month, measures should be taken to eliminate the excess.

F.2. If the CL is exceeded, the frequency of RSb discharge monitoring should be increased

	Activity of discharge into the River Don by 51Cr
	Not more than 2.19 · 108 Bq
	
	

	Activity of discharge into the River Don by 54Mn
	Not more than 4.22 · 106 Bq
	
	

	Activity of discharge into the River Don by 59Fe
	Not more than 3.56 · 107 Bq
	
	

	Activity of discharge into the River Don by 58Co
	Not more than 6.58 · 106 Bq
	
	

	Activity of discharge into the River Don by 60Co
	Not more than 2.47 · 106 Bq
	
	

	Activity of discharge into the River Don by 65Zn
	Not more than 2.08 · 107 Bq
	
	

	Activity of discharge into the River Don by 95Zr
	Not more than 1.59 · 108 Bq
	
	

	Activity of discharge into the River Don by 103Ru
	Not more than 1.81 · 107 Bq
	
	

	Activity of discharge into the River Don by 106Ru
	Not more than 8.22 · 106 Bq
	
	

	Activity of discharge into the River Don by 131I
	Not more than 2.90 · 107 Bq
	
	

	Activity of discharge into the River Don by 134Cs
	Not more than 2.96 · 106 Bq
	
	

	Activity of discharge into the River Don by 137Cs
	Not more than 9.32 · 105 Bq
	
	

	Activity of discharge into the River Don by 141Ce
	Not more than 1.75 · 107 Bq
	
	

	Activity of discharge into the River Don by 144Ce
	Not more than 5.15 · 107 Bq
	
	

	Activity of discharge into the cooling pond by 3H
	Not more than 1.10 · 1011 Bq
	
	

	Activity of discharge into the cooling pond by 51Cr
	Not more than 3.56 · 108 Bq
	
	

	Activity of discharge into the cooling pond by 54Mn
	Not more than 1.10 · 106 Bq
	
	

	Activity of discharge into the cooling pond by 59Fe
	Not more than 4.05 · 107 Bq
	
	

	Activity of discharge into the cooling pond by 58Co
	Not more than 4.60 · 106 Bq
	
	

	Activity of discharge into the cooling pond by 60Co
	Not more than 3.73 · 105 Bq
	
	

	Activity of discharge into the cooling pond by 65Zn
	Not more than 7.67 · 106 Bq
	
	

	Activity of discharge into the cooling pond by 95Zr
	Not more than 1.48 · 108 Bq
	
	

	Activity of discharge into the cooling pond by 103Ru
	Not more than 2.19 · 107 Bq
	
	

	Activity of discharge into the cooling pond by 106Ru
	Not more than 2.85 · 106 Bq
	
	

	Activity of discharge into the cooling pond by 131I
	Not more than 1.59 · 108 Bq
	
	

	Activity of discharge into the cooling pond by 134Cs
	Not more than 6.58 · 105 Bq
	
	

	Activity of discharge into the cooling pond by 137Cs
	Not more than 9.32 · 105 Bq
	
	

	Activity of discharge into the cooling pond by 141Ce
	Not more than 2.47 · 107 Bq
	
	

	Activity of discharge into the cooling pond by 144Ce
	Not more than 1.48 · 107 Bq
	
	


Note.

On occasional days or periods of several days, radionuclide discharges exceeding the CL are allowed, provided that the per month CL is not exceeded.

The condition for compliance with the control level [image: image29.wmf](
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with a number of radionuclides in the discharges is as follows:
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where:
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 - control level of discharge of the r-th radionuclide through the i-th source with liquid waste in 24 hours, Bq/month;

Qr,i - cumulative discharge of the r-th radionuclide through the i-th source with liquid waste in 24 hours, Bq/сут.
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RECOMMENDED EXAMPLE OF PRESENTATION OF THE SUBSECTION "OPERATION LIMITS" (FOR PARAMETERS THAT CHARACTERIZE THE QUALITY OF THE COOLANT AND WORKING MEDIA OF SAFETY-CRITICAL SYSTEMS) <*>

--------------------------------

<*> The values of parameters and characteristics of the state of components, systems, the NPP unit, and the NPP as a whole presented in this Appendix are conventional by nature.

EXAMPLE FOR AN NPP UNIT WITH A VVER-440 REACTOR

PRIMARY CIRCUIT COOLANT, OPERATION STATE OC

	Rated parameters

	Parameters
	Range of permissible values
	Deviation levels

	
	
	level 1
	level 2 <1>
	level 3 <2>

	Mass concentration of chloride-ion, mg/dm3
	not more than 0.1
	-
	above 0.1 up to 0.2
	over 0.2

	Mass concentration of dissolved oxygen, mg/dm3
	not more than 0.005
	over 0.005 up to 0.02
	over 0.02 up to 0.1
	over 0.1

	Mass concentration of dissolved hydrogen, mg/dm3
	2.2 to 4.5
	over 4.5 up to 7.2 or below 2.2 down to 1.3
	over 7.2 up to 9.0 or below 1.3 down to 0.5
	over 9.0 or less than 0.5

	Total molar concentration of alkali metals (K + Li + Na) depending on the current concentration of boric acid
	Zone А <3>
	Zones B and C <3>
	Zones D and E <3>
	Zone F <3>


--------------------------------

<1> The duration of operation of the NPP unit in the OC mode when one or more of the rated parameters specified in the table deviate within the second level must not exceed 24 hours. If deviations in the rated parameters are not eliminated within 24 hours, the NPP unit must be switched to RC.

<2> When one or more rated parameters reach the values of the third level, the NPP unit must be switched to CS.

<3> Zone A corresponds to the range of rated values. Zones B and C correspond to the first level of deviations, zones D and E to the second level of deviations, and zone F to the third level of deviations.
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	Массовая концентрация борной кислоты, г/дм3
	Mass concentration of boric acid, g/dm3

	Суммарная молярная концентрация ионов щелочных металлов (K, Li, Na) в теплоносителе, ммоль/дм3
	Total molar concentration of alkali metals (K, Li, Na) in the coolant, mmol/dm3

	Линия оптимального режима
	Optimum conditions line

	Зона А
	Zone A

	Зона Б
	Zone B

	Зона В
	Zone C

	Зона Г
	Zone D

	Зона Д
	Zone E

	Зона Е
	Zone F


	Diagnostic parameters

	Parameters
	Control levels

	pH value
	5.8 - 10.3

	Mass concentration of ammonia, mg/dm3, not less than
	3.0

	Mass concentration of iron, mg/dm3, not more than
	0.05

	Mass concentration of nitrate ion, mg/dm3, not more than
	0.2

	Mass concentration of total organic carbon, mg/dm3, not more than
	0.5

	Mass concentration of sulphate ion, mg/dm3, not more than
	0.1


SG FEED WATER, OPERATION OF NPP UNIT AT POWER OVER 50% Nnom.
	Rated parameters

	Parameter
	Range of permissible values
	Deviation levels

	
	
	First level <1>

(7 days [image: image33.wmf]50%
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 Nnom.)
	Second level <2>

(24 hours [image: image34.wmf]®

 MCL)
	Third level <3>

(CS)

	Specific electrical conductivity of the H-cationized sample, μSm/cm
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	Over 0.5 to 1.0, inclusive
	Over 1.0 to 1.5, inclusive
	Over 1.5

	Concentration of oxygen, μg/dm3
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 <4>
	Over 10 up to 30, inclusive
	Over 30 up to 50, inclusive
	Over 50


--------------------------------

<<1> Once the rated parameters reach the first level of deviations, the power of the RP must be reduced to 50% Nnom. within 7 days.

<2> The permissible duration of operation of the NPP unit in the OC mode when the rated parameters deviate within the second level of deviations shown in the tables must not exceed 24 hours from the moment of detection of the deviation. If it is not possible to identify the causes and eliminate deviations in the rated parameters within 24 hours, the NPP unit must be switched to RC.

<3> Once the rated parameters of the quality of feed or blow-down water of SG reach the values of the third level of deviations shown in the tables, the NPP unit must be switched to CS.

<4> Oxygen control - downstream of deaerator.

	Diagnostic parameters

	Parameter
	Control levels

	pH value, pH units
	9.0 +/- 0.2

	Concentration of iron, μg/dm3, not exceeding
	15

	Concentration of copper <1>, μg/dm3, not exceeding
	3

	Hydrazine concentration, μg/dm3, more than
	5

	Oil product concentration, μg/dm3, not more than
	100


--------------------------------

<1> Copper monitoring - downstream of the last LPH (along the condensate flow).

SG BLOWDOWN WATER, OPERATION OF NPP UNIT AT POWER OVER 50% Nnom.
	Rated parameters

	Parameter
	Range of permissible values
	Deviation areas

(without power reduction)
	Deviation levels

	
	
	First area

(15 days [image: image37.wmf]®

 first level)
	Second area

(treatment with LiOH)
	First level <1>

(7 days [image: image38.wmf]50%
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 Nnom.)
	Second level <2>

(24 hours [image: image39.wmf]®

 MCL)
	Third level <3>

(CS)

	Specific electrical conductivity of the H-cationized sample, μSm/cm
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	-
	-
	Over 5 up to 9, inclusive
	Over 9 up to 15, inclusive
	Over 15

	Sodium concentration, μg/dm3
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	Over 300 up to 500, inclusive
	
	Over 500 up to 1000, inclusive
	Over 1000 up to 1500, inclusive
	Over 1500

	Concentration of chloride-ions, μg/dm3
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	-
	-
	Over 100 up to 300, inclusive
	Over 300 up to 500, inclusive
	Over 500


--------------------------------

<1> Once the rated parameters reach the first level of deviations, within 7 days the power of the RC must be reduced to 50% Nnom.
<2> The permissible duration of operation of the NPP unit in the OC mode when the rated parameters deviate within the second level of deviations shown in the tables must not exceed 24 hours from the moment of detection of the deviation. If it is not possible to identify the causes and eliminate deviations in the rated parameters within 24 hours, the NPP unit must be switched to RC.

<3> Once the rated parameters of the quality of feed or blow-down water of SG reach the values of the third level of deviations, the NPP unit must be switched to CS.

	Diagnostic parameters

	Parameter
	Control levels

	pH value, pH units
	8.0 - 9.2
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RECOMMENDED EXAMPLE OF PRESENTATION OF THE SUBSECTION "OPERATION CONDITIONS" <*>

--------------------------------

<*> The values of parameters and characteristics of the state of components, systems, the NPP unit, and the NPP as a whole presented in this Appendix are conventional by nature.

EXAMPLE FOR AN NPP UNIT WITH A VVER-440 REACTOR PLANT

REACTOR PLANT

	Operation condition
	Frequency of monitoring
	Operation state (operation mode)
	Sequence of actions in case of non-compliance with operation condition
	Period for performance of action in case of non-compliance with operation condition

	A. It is not allowed to operate six RCP at a coolant temperature below 192 °C
	Temperature control: once in 30 minutes
	Power unit warmup and Power unit cooldown modes
	А.1. To disable RCP.

А.2. To raise the coolant temperature to 192 °C
	30 minutes

	B. If there are one or more CPS CR on the LRS, there must be not more than three RCP in operation
	
	CS, HS, RC, OC.

Power unit warmup and Power unit cooldown modes
	
	30 minutes


	C. The time of stay of the CPS CR on the LRS with more than three RCP in operation must not exceed 30 minutes.
	Once in 30 minutes
	
	C.1. If it was not possible to raise all CPS CR located on the LRS to the LLS within 30 minutes, not more than three RCP must be left in operation
	

	D. It is forbidden to actuate the RCP to operate without applying braking voltage to the electric motors of the CPS CR drives
	Immediately before actuating RCP
	
	
	

	E. It Is not allowed to simultaneously actuate two or three RCP located next to each other, in order to avoid a one-way push on the RI
	
	
	
	

	F. The first lifting of the CPS CR in group mode is performed in "steps" of 25 cm in the range of 0 - 50 and 200 - 250 cm and in "steps" of 12.5 cm in the range of 50 - 200 cm (according to the height of the core). The holding time between "steps" is not less than 1 minute. Re-lifting of the first 4 groups of CPS CR after checking the passage of the reactor's AP signals is allowed without holding the time between the lifting steps
	
	
	
	

	G. Introduction of positive reactivity when lifting CPS CR is allowed at the design speed of the control group (the reactor period must be not less than 60 seconds)
	Continuously
	HS, "Bringing to power MCL"
	G.1. Introduction of positive reactivity must be stopped
	Immediately

	
	
	
	G.2. If the sequence of movement of the CPS CR is not observed when starting the RP, all CPS CR must be lowered to the LLS
	10 minutes

	H. Introduction of positive reactivity by reducing the concentration of boric acid in the primary circuit is only allowed when the I - V groups of CPS CR are completely lifted
	
	
	
	

	I. The consumption of "pure" condensate during water exchange in the primary circuit must not exceed 50 t/h, and after reaching the starting interval and before switching to OC - 6 t/h
	
	
	
	

	J. None of the following operations can be performed simultaneously:

lifting of CPS CR;

reducing the concentration of boric acid in the primary circuit coolant;

reducing the temperature of the primary circuit coolant;

putting the MCP circulation loop in operation from the standby mode
	
	RR, SR, CS, HS, RC, OC
	J.1. To stop performing two or more simultaneous operations that affect reactivity
	Immediately


AUTOMATIC REACTOR POWER CONTROLLER

	Operation condition
	Frequency of monitoring
	Operation state (operation mode)
	Sequence of actions in case of non-compliance with operation condition
	Period for performance of action in case of non-compliance with operation condition

	A. All APC channels are operable and in operation.

It is allowed to operate the power unit without reducing the parameters:

within 4 hours when the APC is disabled for calibration, NFME test verification, maintenance of the APC, pulse lines, and primary APC sensors;

for 48 hours if one channel is inoperable and the APC operates on a "two-out-of-two" basis
	1 time per shift
	RM
	А.1. To be at a power not more than 90% Nnom.
	5 minutes


IN-CORE INSTRUMENTATION SYSTEM

	Operation condition
	Frequency of monitoring
	Operation state (operation mode)
	Sequence of actions in case of non-compliance with operation condition
	Period for performance of action in case of non-compliance with operation condition

	A. The number of operable thermal control channels at the FA outlet is not less than 75% of the total number (210)
	once in 8 hours
	RM
	А.1. To be at a power not more than 50% Nnom.
	3 hours

	B. The number of operable neutron flux monitoring channels at the height of FA (NIC) is not less than 2/3 of the total number (36)
	once in 8 hours
	RM
	B.1. To be at a power not more than 50% Nnom.
	3 hours

	C. Thermal control is retained in each group of symmetrical FA (at least one channel has reliable readings)
	once in 8 hours
	RM
	C.1. To be at a power not more than 70% Nnom.
	1.5 hours

	D. Thermal control is retained in the environment of each CPS CR (not less than one sensor in the first two orbits of the operating FA)
	once in 8 hours
	RM
	D.1. To be at a power not more than 70% Nnom.
	1.5 hours

	E. A reliable CPS CR position is assumed
	once in 8 hours
	RM
	E.1. To be at a power not more than 70% Nnom.
	1.5 hours

	F. No failure (withdrawal from operation or shutdown) of ICIS
	once in 8 hours
	RM
	F.1. To restore the operability of ICIS
	15 minutes

	
	
	
	F.2. To be at a power not more than 50% Nnom.
	1.5 hours

	
	
	
	Е.3. To be in RC 3 hours after the ICIS failure
	6 hours
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RECOMMENDED LIST OF SUBSECTIONS OF THE SECTION "RULES AND GENERAL TECHNIQUES OF OPERATION, GENERAL PROCEDURE FOR PERFORMANCE OF SAFETY-RELATED OPERATIONS" <*>

--------------------------------

<*> This list does not claim to be exhaustive.

1. Ensuring normal operation in the RR (including the condition with the core unloaded in the fuel pond).

2. Ensuring normal operation with the NPP unit being switched from RR to SR or CS.

3. Ensuring normal operation in SR.

4. Ensuring normal operation in CS.

5. Ensuring normal operation with the NPP unit being switched from CS to HS.

6. Ensuring normal operation in HS.

7. Ensuring normal operation when transferring the NPP unit from HS to the "reactor power MCL" state.

(paragraph 7 as revised by Rostechnadzor's Order No.  348 dated 06.09.2019)

8. Ensuring normal operation in the state of the NPP unit "reactor power MCL".

(paragraph 8 as revised by Rostechnadzor's Order No.  348 dated 06.09.2019)

9. Ensuring normal operation with the reactor power increased above the MCL to the OC state.

(paragraph 9 as revised by Rostechnadzor's Order No.  348 dated 06.09.2019)

10. Ensuring normal operation with the NPP unit in the OC state.

(paragraph 10 as revised by Rostechnadzor's Order No.  348 dated 06.09.2019)

11. Ensuring normal operation on shutdown of the reactor, including the NPP unit being switched from OC to RC.

(paragraph 11 as revised by Rostechnadzor's Order No.  348 dated 06.09.2019)

12. Ensuring normal operation with the NPP unit being switched from HS to CS.

(paragraph 12 as revised by Rostechnadzor's Order No.  348 dated 06.09.2019)

13. Ensuring normal operation with the NPP unit being switched from CS to SR or RR.

(paragraph 13 as revised by Rostechnadzor's Order No.  348 dated 06.09.2019)

14. Ensuring normal operation during maintenance and inspections of safety-critical systems and components.

(paragraph 14 as revised by Rostechnadzor's Order No.  348 dated 06.09.2019)

15. Ensuring normal operation in terms of radiation safety.

(paragraph 15 as revised by Rostechnadzor's Order No.  348 dated 06.09.2019)

16. Ensuring normal operation of NPP at storage and transportation of nuclear fuel.

(paragraph 16 as revised by Rostechnadzor's Order No.  348 dated 06.09.2019)

17. Ensuring normal operation of NPP at handling radioactive waste.

(paragraph 17 as revised by Rostechnadzor's Order No.  348 dated 06.09.2019)
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RECOMMENDED EXAMPLE OF PRESENTATION OF SUBSECTIONS OF SECTION ""RULES AND BASIC TECHNIQUES OF OPERATION, GENERAL PROCEDURE FOR PERFORMING SAFETY-RELATED OPERATIONS" <*>

--------------------------------

<*> Hereinafter, for brevity - the rules.

1. Rules on switching the NPP unit from HS to the "reactor at MCL of power" state

(as revised by Rostechnadzor Order N 348 dated 06.09.2019)

--------------------------------

<**> The footnote is excluded - the order of Rostechnadzor N 348 dated 06.09.2019.

1.1. Objective

(as revised by Rostechnadzor Order N 348 dated 06.09.2019)

1.1.1. The objective of the rules is ensuring normal operation when transferring the NPP unit from HS to the "reactor power MCL" state.

1.2. Scope of application

(as revised by Rostechnadzor Order N 348 dated 06.09.2019)

1.2.1. HS, mode for switching the reactor from HS to the "reactor at MCL power" state, the "reactor at MCL power" state.

1.2.2. NPP unit (as a whole).

1.3. Initial conditions

1.3.1. The operation limits and conditions, the safe operation limits and conditions for HS are met in accordance with the requirements of paragraph NN of the document [N] <1>.

--------------------------------

<1> The entry "in accordance with the requirements of paragraph NN of the document [N]" indicates to the personnel a reference to a specific paragraph of the Process Regulations.

1.3.2. Safety-critical systems and components are available in accordance with the requirements of paragraph NN of the document [N].

1.3.3. The starting value of the boric acid concentration (10B) in the primary coolant has been estimated in accordance with the requirements of paragraph NN of the document [N].

1.3.4. Subcriticality and reactivity margin have been estimated in accordance with the requirements of paragraph NN of the document [N].

1.3.5. Setpoints for the neutron flux and reactor period have been set in accordance with the requirements of paragraph NN of the document [N].

1.3.6. SG is purged in accordance with the requirements of paragraph NN of the document [N].

1.3.7. There is spare space for storage (processing) of the boric acid solution removed from the primary circuit in accordance with the requirements of paragraph NN of the document [N].

1.3.8. There is a supply of prepared boric acid solution for filling the primary circuit in accordance with the requirements of paragraph NN of the document [N].

1.3.9. The NPP chief engineer has given permission to start the reactor.

1.4. Limitations

1.4.1. There must be not less than two RCP in operation.

1.4.2. The level of the primary coolant in the PRZ must be above 5700 mm.

1.4.3. The lifting of CPS CR groups must be stopped immediately:

1.4.3.1. If the reactor period according to the readings of at least one of the channels in the NFME set is less than 60 seconds.

1.4.3.2. If the sequence of transmission of movement of CPS CR groups is violated.

1.4.3.3. If there is no indication of the CPS CR position.

1.4.4. The distillate must be introduced into the primary circuit only after the extraction of the CPS CR groups has been completed (the position of the CPS CR groups before introducing the distillate is prescribed in the general procedure of actions).

1.4.5. The distillate must be introduced into the primary circuit only when the RCP are in operation.

1.4.6. AWT-2 anionite filters that are not saturated with H3BO3 up to 16-20 g/dm3 must be connected to the primary circuit only before the boron is removed from the primary coolant.

1.4.7. After reaching the highest concentration of boric acid in the primary coolant in the reactor (from the starting range), the values of this concentration in the reactor, MCP, PRZ and the makeup deaerator must not differ by more than 1 g/dm3.

1.4.8. The reactor period during the distillate delivery to the primary circuit must be not less than 60 seconds.

1.4.9. It is forbidden:

1.4.9.1. To perform operations that lead to changes in the temperature of the primary coolant and its density.

1.4.9.2. To carry out any repair work on CPS and NFME equipment and circuits.

1.4.9.3. To perform simultaneously (in any combination) operations for extracting CPS CR from the core and changing the concentration of boric acid in the primary coolant and changing the temperature of the primary circuit water.

1.4.9.4. To actuate or disable RCP.

1.4.9.5. To interrupt makeup of SG.

1.4.9.6. To introduce distillate into the primary circuit and remove the coolant from the primary circuit with a flow rate above the rated value in accordance with the requirements of paragraph NN of the document [N].

1.4.9.7. To lower the steam pressure in the SG.

1.4.9.8. To decrease the temperature of the feed water supplied to the SG.

1.4.9.9. To change the flow rate of feed water supplied to the SG and the intake of steam from the SG.

1.4.9.10. To connect AWT-1 and AWT-2 to the MCP in the starting range of boric acid concentration.

1.4.9.11. To perform other operations (other than those prescribed) that may lead to a change in the reactivity of the reactor core.

1.5. Warnings

1.5.1. Discontinuation of the sealing water supply leads to a failure of the RCPS (face seal unit of RCPS) and the discontinuation of mixing of the primary coolant when the distillate is supplied.

1.6. Sequence of actions

1.6.1. Sampling of the primary coolant to measure the concentration of boric acid should be performed at least once every 30 minutes.

1.6.2. Groups 1 - 9 of CPS CR are removed from the core in turn in the order of their numbers (from LLS to ULS) with a lifting step of not more than 35 cm and a duration of a period between steps not less than 60 sec.

1.6.3. After removing group 9 of CPS CR, remove group 10 of CPS CR from the core (from LLS to 210 cm from the bottom of the core) with a lifting step of not more than 35 cm and a duration of a period between steps not less than 60 seconds.

1.6.4. To control the synchronicity of movement of individual CRS in the CPS CR group.

1.6.5. To control the automatic transfer of motion from the previous CPS CR group to the next one.

1.6.6. To control the actuation of limit switches.

1.6.7. To connect AWT-1 and AWT-2 to the MCP.

1.6.8. To reduce the concentration of boric acid in the primary coolant in the reactor to the highest value from the starting interval in accordance with the requirements of paragraph NN of the document [N].

1.6.9. Sampling of the primary coolant to measure the concentration of boric acid should be performed at least once every 15 minutes.

1.6.10. To discontinue the supply of distillate to the primary circuit.

1.6.11. To align the values of boric acid concentration in the primary coolant in the reactor, MCP, PRZ, and makeup deaerator.

1.6.12. To resume the supply of distillate to the primary circuit at a flow rate not more than 10 t/h in accordance with the requirements of paragraph NN of the document [N].

1.6.13. To discontinue the distillate supply at the settled value of the reactor period 100 sec.

1.6.14. To stabilize the reactor power at the level (10-7 - 10-1)% Nnom., having lowered group 10 of CPS CR.

1.6.15. To make an entry in the operational log indicating the position of the CPS CR groups and the value of the boric acid concentration in the primary coolant.

1.6.16. To check the engagement of the AR of CPS CR with the rods of their drives in accordance with the requirements of paragraph NN of the document [N].

1.6.17. To measure the neutron-physical characteristics of the core in accordance with the requirements of paragraph NN of the document [N].

1.7. Criteria

1.7.1. The operation limits and conditions, the safe operation limits and conditions are met in accordance with the requirements of paragraph NN of the document [N].

2. Rules for switching the NPP unit from OC to RC <*>

--------------------------------

<*> These rules are conditional in nature and do not claim to be exhaustive.

2.1. Objective

2.1.1. The rules are intended to ensure normal operation with the NPP unit being switched from OC to RC.

2.2. Scope of application

2.2.1. OC, mode of NPP unit shutdown and RC.

2.2.2. NPP unit (as a whole).

2.3. Initial conditions

2.3.1. The operation limits and conditions, the safe operation limits and conditions for OC are met in accordance with the requirements of paragraph NN of the document [N] <1>.

2.3.2. The systems of planned and emergency cooldown, the arrangements for supplying steam for auxiliary needs from plant-wide sources are available for operation in accordance with the requirements of paragraph NN of the document [N].

2.3.3. The systems and equipment that ensure the TG shutdown in accordance with the requirements of paragraph NN of the document [N] have been tested in operation.

2.3.4. The tanks of the primary circuit systems have a supply of concentrated (39.5 - 44.5 g/dm3) boric acid solution.

2.3.5. The tanks of the primary circuit systems have a spare capacity (not less than 500 m3) for receiving the primary circuit coolant in accordance with the requirements of paragraph NN of the document [N].

2.3.6. The instrumentation and control equipment has been checked and all automatic protection and interlocking systems have been put into operation in accordance with the requirements of paragraph NN of the document [N].

2.3.7. There is permission from the NPP chief engineer to reduce power and disconnect the NPP unit from the power grid.

2.4. Limitations

2.4.1. The power reduction rate must not exceed the regulated value in accordance with the requirements of paragraph NN of the document [N].

2.4.2. When the NPP unit is shut down for more than three days, the working medium must be treated with morpholine and hydrazine hydrate for 24 to 48 hours for preservation of the condensate-feed pipeline, while maintaining the morpholine concentration in the feed water at 4.5 to 6.0 mg/dm3 and the hydrazine concentration at not less than 10 µg/dm3. At this period, the SG must be alternately blown down with the maximum possible flow rate.

2.4.3. Before shutting down the NPP unit for a period of more than two months for preservation of the second circuit equipment, treatment with hydrazine hydrate must be performed, where the concentration of hydrazine in the feed water is maintained at not less than 500 µg/dm3, but not more than 800 µg/dm3. The turbine condensate treatment unit must be disabled from the moment when increased dispensing of hydrazine hydrate begins. At this period, the SG must be alternately blown down with the maximum possible flow rate. At the same time, morpholine is not dispensed.

2.5. Warnings

No warnings.

2.6. Sequence of actions

2.6.1. For shutting down the NPP unit, it is necessary to use ACS tools when the APC is operating in the mode of maintaining pressure in the secondary circuit.

2.6.2. Reducing the power of the power unit is to be carried out by changing the TG power setting on the panel of the electric part of turbine control system.

2.6.3. It is allowed to reduce reactor power by actuating the CPS CR working group. If, for some reason, the APC cannot be put into operation during TG unloading, then TG unloading should be carried out remotely in steps of 5-10 MW with notification of the senior reactor control engineer before each stage of power reduction.

2.6.4. The CPS CR working group in the control zone should be supported by periodic introduction of boric acid solution into the primary circuit.

2.6.5. If there is a mismatch between the SG steam capacity and the steam consumption of the turbine, the excessive steam is discharged through BRU-K to the turbine condenser.

2.6.6. The first TFP is to be disabled when the reactor power is not more than 50% Nnom.
2.6.7. The second TFP should be disabled after AFEP is actuated at a power of not more than 5% Nnom.
2.6.8. To switch the reactor plant to HS, further power reduction is performed by introducing boric acid into the primary circuit.

2.7. Criteria

2.7.1. The operation limits and conditions, the safe operation limits and conditions are met in accordance with the requirements of paragraph NN of the document [N].

Appendix No. 15 to the 
safety guide in the use of atomic energy "Recommendations on the structure and content of the process regulations for operation of NPP power units with VVER reactors" approved by the Decree of the Federal Environmental, Industrial and Nuclear Supervision Service 
dated December 14, 2016 No. 533

RECOMMENDED EXAMPLE OF PRESENTATION OF EXPLANATORY INFORMATION ON THE REASONS FOR ESTABLISHING SAFE OPERATION LIMITS AND CONDITIONS

SAFE OPERATION LIMITS

OPERATION STATE "OC"

	Parameter
	The value of the safe operation limit
	Explanatory information

	Level of neutron flux density in the working measurement range
	107% Nnom.
	The restriction of the neutron flux density of the reactor is established due to the need to limit the heat release in the core, which, in turn, is caused by the need to ensure that the energy release and heat removal in the core and the functioning of the core fuel elements in the area of design restrictions both during normal operation and abnormal operation occurrences, including accidents

	Period of change of thermal neutron flux
	10 s
	A significant reduction in the reactor period is a threat of approaching the reactor controllability limit, when the reactivity of the core approaches the effective fraction of delayed neutrons. When the above limit is reached, the power of the reactor begins to increase at a catastrophic rate and can reach significant values before the AP action begins due to reaching the setpoints for any other parameters.

Another potential threat associated with rapid power development is an increase in the fuel enthalpy to values at which degradation of the fuel matrix (the first physical barrier) is possible

	
	
	Non-exceeding by the reactor period of the specified value of the safe operation limit must guarantee (together with non-exceeding by the reactor power of the value of the safe operation limit) both the absence of damage to the fuel matrix and fuel element shells (and possibly other physical barriers) as such, and the absence of such damage beyond the relevant design limits on the occurrence of initiating events of abnormal operation occurrences, including design-basis accidents

	Maximum pressure in the primary circuit
	180 kg*f/cm2
	This safe operation limit is the limit beyond which possible threats to the integrity of the primary circuit are assumed (both directly in the absence of deviations other than increased pressure in the primary circuit, and indirectly - in the event of abnormal operation occurrence (including a design-basis accident).

If the primary circuit pressure does not exceed the specified limit for safe operation, it must guarantee <1> that the primary circuit boundary (and possibly other physical barriers) is not directly damaged, and that such damage does not exceed the corresponding design limits <2> in case of abnormal operation occurrences, including design-basis accidents

	Minimum pressure in the primary circuit
	
	The specified safe operation limits are intended to protect the reactor plant operating at capacity (in the state of hot shutdown) from an area that poses a threat of deterioration of cooling conditions in the core. When RP is operating at rated parameters, the saturation pressure corresponding to the temperature of hot lines of the MCP loops is ~ 119 kg*f/cm2. Therefore, coolant boiling margin is about 40 kg*f/cm2. Compliance with this safe operation limit should guarantee both the absence of phenomena hazardous to the integrity of fuel elements (in particular, a heat transfer crisis) as such, and the absence of damage to fuel elements beyond the relevant design limits in the event of abnormal operation occurrences, including design-basis accidents

	at a power not less than 75% of Nnom.
	150 / P(TsI + 10 °C) kg*f/cm2
	

	at a power less than 75% of Nnom.
	140 / P(TsI + 10 °C) kg*f/cm2
	

	Maximum pressure in one of SG for secondary circuit
	80 kg*f/cm2
	This safe operation limit is the limit beyond which possible threats to the integrity of the SG and fresh steam pipelines (both directly in the absence of deviations other than increased pressure in the secondary circuit, and indirectly - in the event of abnormal operation occurrence).

If the circuit SG pressure does not exceed the specified safe operation limit, it must guarantee <1> that the SG and fresh steam pipelines are not directly damaged, and that such damage does not exceed the corresponding design limits in case of abnormal operation occurrences, including design-basis accidents

	Minimum pressure in one of SG for secondary circuit
	52 kg*f/cm2
	A pressure drop in the SG on the secondary circuit when the reactor plant is operating at capacity (or in a state of hot shutdown without cooling) indicates that the power diverted from the SG on the secondary circuit exceeds the power supplied to the SG on the primary circuit, which may cause a leak in the secondary circuit (or an excessive opening of the steam dump valve). This possible cause may, in turn, pose a threat to the preservation of the supply of the secondary circuit medium necessary for heat removal from SG, and, consequently, pose a danger for long-term heat removal from the reactor core.

The safe operation limit under consideration is set to exclude the situation of the NPP unit operating at capacity when an adequate heat removal through the secondary circuit is threatened

	Maximum temperature in the MCP circulating loop hot line
	(Tnom. + 8) / (TsI - 10) °C
	This safe operation limit is intended to exclude RP operation at capacity when the core cooling conditions worsen, when the margin before critical heat flux on the fuel element surface decreases, and to prevent the emergence of the steam phase in the primary circuit at the shut down reactor <3>.

Compliance with this limit <4> must guarantee that there is no damage to the fuel element shells as such, and that there is no such damage beyond the relevant design limits in case of initiating events of abnormal operation occurrences, including design-basis accidents

	Minimum level in one of the SG when the RCP of this loop is operating
	Hnom. - 650 mm
	This design limit is intended to protect RP from the threat of loss of adequate core cooling due to deterioration of heat removal from the primary circuit through SG.

RP operation at capacity in a situation where the SG makeup is insufficient to maintain a stable level in SG, leads to accelerated depletion of the boiler water supply in the SG, as a result of which the deterioration of conditions for heat removal from the core occurs rather quickly: the temperature and pressure of the primary circuit begin to increase, and the margin to boiling of the primary coolant decreases. Since the function of performing heat removal from the primary circuit is in demand even after the reactor is shut down, an early shutdown of the RP in conditions of insufficient supply of SG with feed water is necessary to keep the supply of the secondary circuit medium.

Compliance of the design limit under consideration must guarantee <5> both the absence of damage to physical barriers as such, and the absence of such damage beyond the relevant design limits on the occurrence of initiating events of abnormal operation occurrences, including design-basis accidents

	Minimum level in PRZ
	4600 mm
	The water level in the pressurizer is one of the values that must be maintained within the established limits for normal operation (too low level in the PRZ can lead to exposure of the PRZ heating pads, which is undesirable due to the fact that it is not possible to compensate for heat loss from the PRZ insulation and, as a result, maintain the pressure of the primary circuit within the required range). In addition, the decrease of level in PRZ is dangerous from the point of view of reducing the supply (weight) of the coolant in the primary circuit, since a decrease in the supply of the coolant can pose a threat to the organization of adequate heat removal from the core fuel elements.

This safe operation limit protects the RP from operation with an unacceptably low level in the PRZ (when there is a threat to the operability of the PRZ heating pads with the consequences described above), as well as from unacceptable deterioration of the core cooling conditions in the event of abnormal operation occurrences and accidents associated with the loss of the primary coolant <6>.

Compliance of the design limit under consideration must guarantee <7> both the absence of damage to physical barriers as such, and the absence of such damage beyond the relevant design limits on the occurrence of initiating events of abnormal operation occurrences, including design-basis accidents


--------------------------------

<1> Provided that other safety limits are also observed when operating the NPP.

<2> For design-basis accidents, the design limit for the pressure of the primary circuit is set, as a rule, at the level defined in paragraph 206 of NP-089-15 "Rules for the design and safe operation of equipment and pipelines of nuclear power plants", that is, at a level 15% above the operating pressure.

<3> The emergence of the steam phase in the primary circuit can worsen the circulation of the coolant in the primary circuit and, accordingly, worsen the conditions of heat removal from the fuel elements of the core.

<4> Provided that other safety limits are also observed.

<5> It is assumed that other safety limits are also observed.

<6> As well as in the case of a decrease in the volume of the coolant, for example, due to the occurrence of a process with a rapid decrease in the temperature of the primary circuit.

<7> It is assumed that other safety limits are also observed.

SAFE OPERATION CONDITIONS

OPERATION STATE "OC"

	N
	Formulation of safe operation condition
	Actions in case of violation of safe operation condition
	Explanatory information

	1
	YX - NFME

	1.1.
	Withdrawal of one set of NFME for testing at the same time as withdrawal of the corresponding AP set for trial is allowed for a period of not more than 8 hours
	To be in HS
	In accordance with the requirements of paragraph 2.3.2.21 of NP-082-07, the acceptability and conditions for withdrawal from operation of one set or one channel in the AP set (duration, power of RP, state of other sets, etc.) must be substantiated in the RP design.

It is possible to make the following assessments of the impact on the NPP safety of withdrawal of the NFME set together with the AP set to an inoperable state:

the frequency of core damage with the NPP unit operating at a power CDFbasic is, as per the available PSA, ~ 2.5 · 10-5 1/year;

the probabilistic assessments performed show that when the NPP unit is operated at capacity with one operable AP set (and the second AP set withdrawn for trial, that is, the second AP set is inoperable), the instantaneous [image: image43.wmf]ЧПЗ
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value of the core damage frequency <1> is ~ 10-4 1/year, that is, remaining constant throughout the year of operation of the NPP unit with one operable AP set increases the risk of severe core damage with a factor of approximately 4;

inoperability of one set of AP for 8 hours leads to an increase in the annual probability of severe core damage by [image: image44.wmf](
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 from the basic value of the CDF, which may be considered acceptable

	2.
	YZ - AP

	2.1.
	Two AP sets are not allowed to be inoperable
	1. To subject the RP to emergency shutdown.

2. To be in HS
	This requirement applies in situations where the AP does not meet the requirements of NP-082-07. Operation of the unit with a safety system that is inoperable is not allowed by paragraph 1.2.5 of NP-001-15. In this case, the safety of the NPP is not guaranteed (in particular, the safety function of an emergency shutdown of the reactor) if a requirement arises for the operation of AP.

This requirement demands that the operator initiate the AP actuation by acting on the key, if for some reason the reactor is not shut down automatically by the protection action

	2.2.
	Withdrawal for testing or repair of one set of AP, provided that the protection systems in the other set of AP are operable, is allowed for a period of not more than 8 hours
	To be in HS
	This requirement applies in a situation where the reliability of the AP function remains reduced for a significant period of time

	2.3.
	Inoperability of one channel for any parameter in one AP set is allowed for a period of time

not more than 8 hours.

If one channel is found to be inoperable in another AP set for the same parameter, a signal is to be issued for the action of protection from the inoperable channel
	To be in HS
	Malfunction of one AP channel in each of the two sets does not affect the reliability of the AP function, since alarm signals are generated in the malfunctioning channels.

The shutdown of the reactor upon expiration of the permissible statutory time spent at rated power is a preventive measure that is not directly caused by a failure of any safety function <2>

	2.4.
	Inoperability of protection (of more than one channel) in both sets of AP for any parameter is not allowed
	1. To subject the RP to emergency shutdown.

2. To be in HS
	Inoperability of protection (of more than one channel) in both sets of AP for any parameter is a violation of the requirements of paragraph 2.3.2.25 of NP-082-07.

Operation of the unit with a safety system that is inoperable is not allowed by paragraph 1.2.5 of NP-001-15.

	2.5.
	Malfunction of the alarm of the root cause of AP actuation in one set of AP is allowed for a period of not more than 8 hours
	To be in HS
	This malfunction of the alarm of the root cause of AP actuation in a single AP set does not affect the reliability of the AP function, but may make it difficult for the operator to diagnose an abnormal operation occurrence (accident)

	2.6.
	Malfunction of the alarm of the root cause of AP actuation in two sets of AP is not allowed
	1. To subject the RP to emergency shutdown.

2. To be in HS
	


--------------------------------

<1> The instantaneous value of CDF (core damage frequency) is the value [image: image46.wmf]ЧПЗ

­

that would occur if the NPP unit were operated in the configuration in question (in this particular case, with one AP set operable and one AP set inoperable) for a calendar year.

<2> A minor positive effect of shutdown of the RP in this situation is that it eliminates false actuation of the AP (the probability of which increases when one channel in each of the sets of one set of AP is malfunctioning) and, accordingly, a transient process caused by an emergency shutdown with thorough changes in the parameters of the RP and NPP (which also includes a disturbance in operation of the power grid).
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