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SAFETY GUIDE 
IN THE USE OF ATOMIC ENERGY "ESTABLISHMENT AND MONITORING METHODS OF THE LIFE OF ELECTRICAL EQUIPMENT FOR NUCLEAR POWER PLANTS"

(RB-136-17)

I. General

1. The safety guide in the use of atomic energy "Establishment and monitoring methods of the life of electrical equipment for nuclear power plants" (RB-136-17) (hereinafter referred to as the Safety Guide) has been developed in accordance with article 6 of the Federal law dated November 21, 1995 No. 170-ФЗ "On atomic energy use" to promote the compliance with requirements of federal rules and regulations in the field of atomic energy use "Basic requirements for life extension of NPP power unit" (NP-017-2000), approved by the Resolution of Gosatomnadzor of Russia dated September 18, 2000 No. 4, "Requirements for life management of equipment and pipelines of nuclear power plants. Basic requirements" (NP-096-15) approved by the Order of the Federal Environmental, Industrial and Nuclear Supervision Service dated October 15, 2015 No. 410 (registered by the Ministry of Justice of the Russian Federation on November 11, 2015, registration No. 39666) (hereinafter referred to as NP-096-15).

2. This Safety Guide contains recommendations of the Federal Environmental, Industrial and Nuclear Supervision Service on the establishment and monitoring methods of the life of electrical equipment of nuclear power plants during their design, engineering, manufacturing, operation and decommissioning.

3. This Safety Guide applies to electrical equipment of nuclear power plants that is included in the life management program according to NP-096-15.

4. This Safety Guide is recommended for use by legal entities and individuals (officials) engaged in the design, engineering, manufacturing, operation and decommissioning of electrical equipment of nuclear power plants.

5. The provisions of this Safety Guide should be taken into account when developing requirements of the operating organization for the purchased electrical equipment of nuclear power plants.

6. This Safety Guide has been developed taking into account domestic and foreign experience in the life management of electrical equipment at nuclear power plants.

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

II. List of groups of same-type electrical equipment of nuclear power plants

8. A suggested list of the same type electrical equipment of NPP included in the life management program is given in Appendix 3 to this Safety Guide.

9. The operating organization in consultation with the developers of RP and NPP designs shall supplement the list with certain types of electrical equipment assigned to safety classes 2 or 3 in the design of NPP power unit based on operating experience, experience of life management of electrical equipment, and based on the possibility to replace electrical equipment when its life is over.

10. When the specified list is supplemented with certain types of electrical equipment, the NPP design shall provide a justification for assigning the equipment to the list.

III. Recommendations for the establishment of life characteristics of electrical equipment of nuclear power plants

11. It is recommended to provide established and justified life characteristics and service life for all electrical equipment included in the life management program in the design of NPP and in the design and operational documentation. Life characteristics and service life of electrical equipment of NPP shall be established and justified by the design organization at the design stage.

12. It is recommended to specify the service life and life characteristics in the data sheets of electrical equipment. The operating organization shall be encouraged to ensure the issue of data sheets for the equipment that does not have ones.

13. As to electrical equipment whose life characteristics were not established at the design stage, the operating organization shall be encouraged to develop a method to manage the life of this electrical equipment and establish life characteristics. When developing the method, it is recommended to take into account the basic principles of life management in terms of predicting the mechanisms of damage to electrical equipment, monitoring of life characteristics and identification of the dominant mechanisms of aging and degradation at the operation stage, and periodic assessment of the actual condition of equipment and pipelines of the NPP and their residual life.

14. A suggested list of parameters that determine the life of electrical equipment of NPP, for which the life characteristics are set, is given in Appendix 4 to this Safety Guide. The life characteristics necessary to manage the life of electrical equipment shall be set taking into account the specified list of parameters or, if the parameters given in it are not sufficient to manage the life, other parameters shall be assigned additionally. When assigning new life characteristics to equipment that is already in operation, it is recommended to provide a justification for the choice of parameters that determine the life of electrical equipment in NPP design.

15. The parameters established by the design organization or operating organization that determine the life of electrical equipment shall be justified with regard to:

experience in the design, manufacturing, installation, commissioning, operation and decommissioning of electrical equipment;

results of trial operation of prototypes;

results of analytical studies;

results of specimen test, including accelerated aging test results;

predicted mechanisms of aging and degradation of electrical equipment.

16. When the life characteristics of equipment and pipelines are set by the operating organization, it is recommended to coordinate the selection of parameters that determine the life of equipment for which the life characteristics are set with the organization that performed the design of the specified equipment, except for cases when the design organizations no longer operate or are located outside the Russian Federation.

IV. Recommendations for the establishment of criteria to evaluate the life of electrical equipment

17. For all groups of electrical equipment in the NPP design, it is recommended to provide established and justified limit values of life characteristics in order to determine the criteria for life evaluation.

18. It is recommended that the design organization should set the limit values of life characteristics of electrical equipment at the design stage for each life characteristic established for this electrical equipment in accordance with:

requirements of federal rules and regulations in the field of atomic energy use;

requirements of rules and regulations for the operation, tests and arrangement of electrical installations;

requirements of national standards included in the consolidated list of documents on standardization in the field of atomic energy use, applied on a mandatory basis;

requirements of design documentation.

19. A suggested list of criteria for the evaluation of parameters that determine the life of electrical equipment of NPP is given in Appendix 5 to this Safety Guide. It is recommended to determine the life assessment criteria necessary for managing the life of electrical equipment using the specified list. If it is necessary to use other criteria for life assessment that are not specified in Appendix 5 to this Safety Guide or additional sources for the determination of numerical values of life criteria, the design organization shall be encouraged to justify the need to use alternative criteria in the NPP design.

20. When assessment criteria of electrical equipment life are established by the operating organization, they shall be coordinated with the organization performing the design and manufacturing of the specified electrical equipment, except when the design organizations no longer operate or are located outside the Russian Federation.

V. Recommendations for monitoring methods of the life characteristics of electrical equipment

21. Monitoring of life characteristics of electrical equipment of NPP shall be performed for all electrical equipment included in the program of life management, whose life is to be managed according to NP-096-15, for the purpose of periodic or continuous (using automated systems to monitor parameters of technical state) assessment of technical state and identification of the dominant (determining) mechanisms of aging and degradation of this equipment.

22. To implement the requirements of NP-096-15 to the content of the life management program, it is recommended to provide the following as part of the program for a specific NPP power unit:

1) to form (taking into account the features of processes and mechanisms of degradation) major standard groups of equipment and establish a list of electrical equipment of the power unit, which requires life management;

2) to determine and set the scope of monitoring of the technical state of electrical equipment of the power unit;

3) to establish criteria for limit states of electrical equipment;

4) to determine methods for detecting damages, including typical damages to electrical equipment and laws of their development;

5) to determine the frequency and scope of monitoring of electrical equipment condition.

It is recommended to allocate the following periods for the monitoring of life characteristics:

operational monitoring during the current operation;

monitoring and instrumental diagnostics during PMP (performed every 18 months);

monitoring and technical diagnostics, analytical and computational methods, accelerated aging test methods during periodical safety assessment of a nuclear installation (every 10 years) before the expiration of the specified operating life;

monitoring and technical diagnostics, analytical and computational methods, accelerated aging test methods during periodical safety assessment of a nuclear installation and during operation within the extended life;

instrumental diagnostics, analytical and computational methods, accelerated aging test methods during the extension of operating life;

6) to define methods for predicting the residual lifetime based on standardized calculation methods, including:

predicting the residual life of equipment components;

estimation of the residual lifetime based on changes in the controlled parameters;

7) to determine methods to improve the descriptiveness of the monitoring of technical state of electrical equipment, including:

assessment of limit damages by statistical methods;

planning the minimum required scope of monitoring and technical diagnostics;

reducing the scope of monitoring by using the distribution of extreme values.

23. The operating organization shall be encouraged to arrange the monitoring of life characteristics of electrical equipment with the involvement of specialized organizations that have the necessary licenses, qualified experts with relevant experience.

24. Monitoring of life characteristics of electrical equipment includes the following stages:

checking the availability of technical documentation;

checking compliance with operating conditions, including with regard to actual characteristics recorded in the forms;

performing operational reliability analysis;

checking compliance with the maintenance and repair regulations;

testing and measuring current life characteristics;

comparison of life characteristics assessment results with life assessment criteria;

documenting based on the results of monitoring.

25. It is recommended to carry out monitoring of life characteristics based on the following diagnostic information:

data sheet information for electrical equipment;

data on the technical state of electrical equipment at the initial time of operation;

data on the current technical state with the results of measurements and examinations;

results of calculations, assessments, preliminary forecasts and conclusions;

summary data for electrical equipment that is not specified above.

26. Prior to the monitoring of life characteristics of the electrical equipment of NPP to be managed, it is recommended to monitor the actual operating conditions of this electrical equipment. For this purpose, the following parameters shall be monitored at the NPP:

temperature, atmospheric pressure, humidity in places where electrical equipment is located;

radiation exposure levels;

seismic conditions of the site;

vibration characteristics;

lubricant oxidation degrees;

degrees of equipment loading during operation;

electromagnetic environment in places where electrical equipment is located;

characteristics of external impacts;

output signals of electronic units;

results of preventive tests;

faults, their nature and methods of elimination;

amount and values of systematic and emergency overloads;

power surges and fluctuations;

number of switch-ons and switch-offs.

27. In addition to the parameters given in paragraph 26 of this Safety Guide, it is recommended to register and record the storage time (inter alia, comply with the manufacturer's conditions for preservation and re-preservation, methods of protection against corrosion during operation and scheduled preventive repairs) and the time of actual operation of electrical equipment.

28. Parameters specified in paragraph 26 of this Safety Guide shall be monitored with continuous or periodic measurements during operation in accordance with the life management program, with regard to requirements of paragraph 22 of this Safety Guide.

29. If it is impossible to measure the parameters specified in paragraph 24 of this Safety Guide during operation, the operating organization shall establish the procedure for upgrading the electrical equipment of NPP with technical diagnostics systems and/or methods to monitor necessary parameters from the above list.

30. Recommended methods for the monitoring of life characteristics of electrical equipment of NPP are given in Appendix 6 to this Safety Guide. Appendix 7 to this Safety Guide contains a list of regulatory documents recommended for use during the monitoring of life characteristics.

31. It is recommended to develop a procedure for the monitoring of life characteristics with a description of necessary means for monitoring and measuring life characteristics for the implementation of the methods given in Appendix 6 to this Safety Guide. The applied procedures for the monitoring of life characteristics shall be qualified by the operating organization in accordance with the established procedure, and measuring tool shall be registered in the register of measuring tools.

32. It is recommended to monitor life characteristics based on a conservative approach, with regard to the determination of uncertainties of each life characteristic. The procedure developer shall provide a procedure to assess the uncertainty of a life characteristic, with regard to the results of measurements and tests carried out during monitoring.

33. The results of monitoring shall be documented and results of tests and measurements (including certificates and reports with measurement results) shall be recorded to define residual life and predict future degradation.

34. Based on the results of monitoring, the operating organization shall decide on the possibility and conditions for further operation of electrical equipment, including the development of measures to mitigate aging mechanisms.

VI. Recommendations for the collection, systematization and storage of data on electrical equipment of nuclear power plants

35. For NPPs under construction and design, it is recommended that the operating organization should organize and adjust the system of collection, processing, systematization, analysis and storage of information on initial and actual life characteristics, aging mechanisms, failures and malfunctioning, as well as on operation modes, including transient modes, tests, and pre-emergency situations and accidents before commissioning an NPP power unit.

36. It is recommended to keep the information specified in paragraph 35 of this Safety Guide throughout the service life of electrical equipment in the form of a computer database that allows, if necessary, to quickly compare the design and actual life characteristics of electrical equipment at any stage of the life cycle.

37. It is recommended to make up an operational file of a product in the database mentioned in paragraph 36 of this Safety Guide, for each type of electrical equipment with its life to be managed. The following data shall be included in the file:

all data sheet information for electrical equipment;

data from manufacturers of electrical equipment of NPP and installation organizations on the presence or absence of deviations from the design documentation for electrical equipment of NPP and on its manufacture technology, repairs, additional tests;

data on specialized organizations that provide services to the operating organization for operation support and technical diagnostics of electrical equipment;

information about the presence or absence of deviations from the design documentation for electrical equipment of NPP during its storage, shipment and transportation;

technical characteristics of existing deviations (if any) during manufacturing, storage, transportation and installation;

test parameters of electrical equipment during commissioning of NPP;

data on operating experience of electrical equipment;

data on the monitoring of actual operation conditions of electrical equipment listed in paragraph 26 of this Safety Guide;

data on damages, their accumulation and development, aging mechanisms, failures and malfunctioning;

results of life characteristics monitoring and their comparison with life assessment criteria;

data on the assessment of residual life of electrical equipment operated during the extended service life.

38. The operating documentation of NPP establishes the procedure for the collection and systematization of data on electrical equipment of NPP for information support of the database. NPP design shall justify measures and the procedure for the recovery of missing data, if it is absent.

39. It is recommended to develop mathematical support and software of the database so as to compare the initial and actual values of life characteristics of electrical equipment at any stage of the life cycle of an NPP power unit, and to analyze information about the operating conditions of electrical equipment of NPP and their impact on the lifetime.

40. The procedure for forming and keeping the database updated shall be determined by the instructions for database maintenance and depend on the choice of database management system. It is allowed to use automated database management systems using proven and publicly available software.

41. It is recommended to store the database both in electronic and print format. Access to the database shall be limited to the number of personnel responsible for the monitoring of life characteristics. It is recommended to control access to the database by the identification of users and registration of events.

42. To restore the data included in the database, it is recommended to provide for a backup copy on a separate accounted media in case of logical or physical failures.

43. For NPPs at the stage of operation where database maintenance is not provided, he operating organization shall be encouraged to arrange the development and installation of the database specified in paragraph 36 of this Safety Guide.

Appendix 1 
to the Safety Guide in the use of atomic energy "Establishment and monitoring methods of the life of electrical equipment for nuclear power plants", approved by the order of the Federal Environmental, Industrial and Nuclear Supervision Service 
dated ____ __________ 20__  No.  _____

ABBREVIATIONS

	NPP
	-
	Nuclear Power Plant

	ASB
	-
	Automatic Switchover to Backup

	SPTA
	-
	Spare Parts, Tools and Accessories

	IR
	-
	Infrared

	LVSD
	-
	Low-Voltage Switching Device

	SPM
	-
	Scheduled Preventive Maintenance

	RP
	-
	reactor facility

	EPSS
	-
	emergency power supply system

	TEH
	-
	Tubular Electric Heater


Appendix 2 
to the Safety Guide in the use of atomic energy "Establishment and monitoring methods of the life of electrical equipment for nuclear power plants", approved by the order of the Federal Environmental, Industrial and Nuclear Supervision Service 
dated ____ __________ 20__  No.  _____

TERMS AND DEFINITIONS

The following terms and definitions are used for the purposes of this Safety Guide <1>.

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

<1> Only terms and definitions that are not included in NP-096-15 are given.

1. Cable fittings refers to devices designed for mechanical and electrical connections of electrical cables, and for the connection of power cables to electrical equipment.

2. Product prototype refers to objects of development, which at the same time represent first samples of custom-manufactured and small-batch product to be sold to the client under special terms of supply (GOST R 15.201-2000).

3. The dominant mechanism of aging, degradation, and damage to electrical equipment is one of several mechanisms of aging, degradation, and damage to electrical equipment that leads to the fastest life depletion.

4. Extended service life refers to the calendar duration (period) of a NPP unit power operation beyond the specified service life (NP-017-2000).

5. Life cycle [of a product] is a set of stages of successive changes in the state of the product during its existence.

6. Tests refers to experimental determination of quantitative and/or qualitative characteristics of the properties of the test object as a result of impact on it during its operation and simulation (GOST 16504-81). The definition includes evaluation and/or monitoring.

7. Control cable is a cable for remote control, relay protection and automatic equipment (GOST 15845-80).

8. Instrumentation cable is a cable for monitoring circuits and remote measurement of electrical and physical parameters (GOST 15845-80).

9. Limit state criterion is a sign or set of signs of the limit state of an object (equipment, product, element) established by its documentation (reference and technical and/or design) (GOST 27.002-2015). Depending on the operating conditions, two or more limit state criteria can be set for the same object.

10. Technical state monitoring is an integral part of maintenance, which involves observation of the object in order to obtain information about its technical state and operating parameters (GOST 27.002-15). Monitoring can be carried out continuously or at scheduled intervals during the object operation. Monitoring data are used to monitor the technical state and residual life of the object.

11. Down state refers to the state of an object when it is not able to perform at least one required function for reasons that depend on it, or because of preventive maintenance (GOST 27.002-15).

12. Same-type electrical equipment is electrical equipment present in the RP or NPP design, at least in several pieces (e.g., LVSD), or used in several NPP power units (e.g., transformers).

13. Test specimen is a product or its part or a sample that is directly subjected to the experiment during testing (GOST 16504-81).

14. Failure refers to an event involving impaired up state of an object (GOST 27.002-15). A failure can be complete or partial. A complete failure is characterized by transition of an object to a down state. A partial failure is characterized by transition of an object to partially down state.

15. Damage is an event that involves impairment of an object's operating condition while maintaining its up state (GOST 27.002-15). A defect and/or damage may cause a partial or complete failure of an object. Present defect and/or damage render an object disabled.

16. Limit state is a state of an object when its further operation is neither allowable nor feasible, or the recovery of its up state is neither possible nor feasible (GOST 27.002-2015).

17. Limit value of life characteristic is the value of parameter that determines the life of equipment, which, when achieved, will cause irreversible degradation of equipment up state.

18. Service life extension refers to activities aimed to prepare a NPP power unit for operation within the additional period (NP-017-2000).

19. Switchgear is an electrical installation designed to receive and distribute electric energy at a single voltage, which contains switching devices and connecting busbars (bus sections), as well as control and protection devices (GOST 24291-90). Controls include devices and their connecting elements that provide control, measurement, alarm, and command execution.

20. Power cable is a cable for transmitting electrical energy by industrial frequency currents (GOST 15485-80).

21. Emergency power supply system is a safety system that represents a set of autonomous sources, converting, distributing and switching devices that provide power to consumers in all states of the NPP power unit (including accidents and power unit blackout) (Requirements for emergency power supply systems of nuclear power plants NP-087-11).

22. Specialized organization is a legal entity engaged under a contract or civil contract to conduct design, engineering, materials science works on life characteristics management, having the conditions for performing the works, personnel trained in accordance with the established procedure to carry them out, and having a license from Rostechnadzor to carry out this type of work.

23. Technical state is the condition of an object characterized by a set of parameters set in the documentation that describe its ability to perform the required functions under the conditions in question (GOST 27.002-15).

24. Technical diagnostics is the determination of technical state of an object (GOST 20911-89).

1. Objectives of technical diagnostics are as follows:

technical state monitoring;

searching for a location and determination of failure (malfunction) causes;

forecasting technical state.

2. The "technical diagnostics" term is used in the names and definitions of concepts when the tasks of technical diagnostics are equivalent or the main task is to find the place and determine the causes of failure (malfunction).

3. The "technical state monitoring" term is used when the main task of technical diagnostics is to determine the type of technical state.

25. Tubular electric heater is an electric resistance heater consisting of a heating element having contact rods at the ends, pressed together with the filler into a metal shell (GOST 13268-88).

26. Operating conditions refer to a combination of factors affecting the product during its operation (GOST 25866-83).

27. Electric cable is a cable product containing one or more insulated cores (conductors) enclosed in a metal or non-metal shell. Depending on the conditions of laying and operation, there may be an appropriate protective cover above the shell, which may include armor. The product is suitable, in particular, for laying in the ground and under water (GOST 15845-80).

28. Electromagnetic compatibility is the ability of hardware to function in real operating conditions with the required quality when exposed to unintentional electromagnetic interference and at the same time not to create unacceptable electromagnetic interference to other hardware (GOST 30372-95).

29. Electronic operational file of a product is a set of data that describes the physical structure of a product instance and characterizes events that occur with the product during operation, maintenance and repair (operating time, changes in the physical structure of the product instance, changes in the characteristics of the product and its components, failures and their elimination, etc.) (GOST R 53394-2009).

30. Electrical product is a product intended for the production or conversion, transmission, distribution or consumption of electrical energy (GOST 18311-80).

31. Electrical equipment is a set of interconnected electrical products that are in a structural and/or functional unity, designed to perform a specific function for the production or conversion, transmission, distribution or consumption of electrical energy.

Appendix 3 
to the Safety Guide in the use of atomic energy "Establishment and monitoring methods of the life of electrical equipment for nuclear power plants", approved by the order of the Federal Environmental, Industrial and Nuclear Supervision Service 
dated ____ __________ 20__  No.  _____

A SUGGESTED LIST 
OF THE SAME TYPE ELECTRICAL EQUIPMENT OF NPP INCLUDED IN THE LIFE MANAGEMENT PROGRAM

1. Electrical equipment of turbine generator:

generator;

exciter;

generator voltage switch, including busbars.

2. Electrical equipment of reliable and emergency power supply systems, including:

transformers;

switchgears;

diesel-generator stations;

storage batteries;

rectifiers and inverters;

switching off and over switching devices, including ASB;

relay protection and automatics.

3. Electric motors and electric drives used in the drive of equipment included in the life management program.

4. TEH used for heating the coolant in the equipment included in the life management program.

5. Electrical cables, including power and instrumentation cables, control cables, and cable fittings used as part of electrical equipment included in the life management program, assigned to safety classes 2 and 3 according to NP-001-15 classification.

Appendix 4 
to the Safety Guide in the use of atomic energy "Establishment and monitoring methods of the life of electrical equipment for nuclear power plants", approved by the order of the Federal Environmental, Industrial and Nuclear Supervision Service 
dated ____ __________ 20__  No.  _____

A SUGGESTED LIST 
OF PARAMETERS THAT DETERMINE THE LIFE OF ELECTRICAL EQUIPMENT OF NPP, FOR WHICH THE LIFE CHARACTERISTICS ARE SET

1. Physical, chemical and mechanical properties of insulation.

2. Electric parameters of insulation.

3. State of windings of electric machines and transformers.

4. Quality indicators of transformer oil.

5. Wall thickness of oil transformer tank.

6. The number of on-off cycles of  secondary circuit devices.

7. Resistance of contacts of control equipment.

8. Performance and durability of stationary lead-acid storage batteries.

9. Composition of battery electrolytes.

10. Air gaps between the stator and rotor of electric machines.

11. Gaps and vibration value in the slider bearings of electric motor.

12. Strength and vibration resistance of equipment.

13. Time and time difference of closing and opening the main contact elements of switches.

14. DC resistance of tubular electric heaters.

15. Other parameters not mentioned above.

Appendix 5 
to the Safety Guide in the use of atomic energy "Establishment and monitoring methods of the life of electrical equipment for nuclear power plants", approved by the order of the Federal Environmental, Industrial and Nuclear Supervision Service 
dated ____ __________ 20__  No.  _____

A SUGGESTED LIST 
OF CRITERIA FOR THE EVALUATION OF PARAMETERS THAT DETERMINE THE LIFE OF ELECTRICAL EQUIPMENT OF NPP

	No.
	Parameters that determine the life of electrical equipment
	Evaluation criteria

	1
	Physical, chemical and mechanical properties of insulation
	Limit value for insulation material set in national or industry standards included in the consolidated list of mandatory standardization documents in the field of atomic energy use

	2
	Electric parameters of insulation
	Limit value set by "Rules of technical operation of electrical installations of consumers" and " Volume and standards of electrical equipment testing"

	3
	State of windings of electric machines and transformers
	Limit value for windings set in national or industry standards included in the consolidated list of mandatory standardization documents in the field of atomic energy use

	4
	Quality indicators of transformer oil
	Limit value set by "Rules of technical operation of electrical installations of consumers" and " Volume and standards of electrical equipment testing"

	5
	Wall thickness of oil transformer tank
	The minimum value for which the strength conditions for the verification strength analysis specified in the federal rules and regulations in the field of atomic energy use are met

	6
	The number of on-off cycles of  secondary circuit devices
	Limit value set in accordance with the specifications and technical requirements developed during the design and construction stages

	7
	Resistance of contacts of control equipment
	

	8
	Performance and durability of stationary lead-acid storage batteries
	Limit value set in accordance with the specifications and technical requirements developed during the design and construction stages

	9
	Composition of battery electrolytes
	

	10
	Air gaps between the stator and rotor of electric machines
	

	11
	Gaps and vibration value in the slider bearings of electric motor
	

	12
	Strength and vibration resistance of equipment
	Unacceptable frequencies or vibration amplitudes that affect the up state of equipment, according to the specifications and/or technical requirements developed at the design and construction stage

	13
	Time and time difference of closing and opening the main contact elements of switches
	Limit value set in accordance with the specifications and technical requirements.

It is set in the design documentation for electrical equipment in consultation with a specialized developer

	14
	DC resistance of tubular electric heaters
	

	15
	Other parameters not mentioned above
	


Appendix 6 
to the Safety Guide in the use of atomic energy "Establishment and monitoring methods of the life of electrical equipment for nuclear power plants", approved by the order of the Federal Environmental, Industrial and Nuclear Supervision Service 
dated ____ __________ 20__  No.  _____

RECOMMENDED 
MONITORING METHODS OF THE LIFE OF ELECTRICAL EQUIPMENT FOR NUCLEAR POWER PLANTS

	No.
	Parameters that determine the life (controlled parameters)
	Recommended monitoring methods (inspection and experimental test)

	1
	Physical, chemical and mechanical properties of insulation
	Methods established in the national standards included in the consolidated list of standardization documents in the field of atomic energy use, including:

analysis of the structure and composition of micro-samples of insulation materials by physical and chemical methods, including determination of stabilizers, antioxidants, plasticizers (Fourier-transform IR spectrometry, thermogravimetric analysis, differential scanning calorimetry);

evaluation of the cable state based on frequency-dependent impedance and other electrical parameters;

frequency-dielectric spectroscopy;

measurement of the elastic modulus under compression of the polymer cable sheath;

determination of the relative elongation at break.

	1
	Physical, chemical and mechanical properties of insulation
	Examples.

1. Methods according to GOST 27905.2-88. Verification of aging mechanisms related to operation, physical and chemical methods on insulation systems, measurements related to aging factors, including:

visual inspection;

chemical methods;

hardness as per GOST 24621-91;

elasticity as per GOST 24622-91;

stiffness as per GOST 25922-83;

tension stress as per GOST 11262-80;

bending as per GOST 4651-82;

elongation as per GOST 11262-80;

compression as per GOST 4651-82;

impact as per GOST 19109-84.

2. Methods of accelerated tests of samples of electrical equipment and its materials for the determination of residual life in accordance with GOST R 51372-99; GOST 9.707-81

	2
	Electric parameters of insulation
	Methods established in the national standards included in the consolidated list of standardization documents in the field of atomic energy use, including:

dielectric strength test, in particular:

the electric field strength value when dielectric material breaks down;

insulation overvoltage testing;

insulation resistance test, in particular:

insulation resistance measurement;

evaluation of the absorption characteristics of insulation (absorption coefficient, polarization index);

	2
	Electric parameters of insulation
	reflectometry of electrical properties of cables, in particular:

time domain reflectometry;

partial discharge reflectometry;

resonance frequency reflectometry;

test of dielectric properties, including:

measurement of frequency dielectric spectra (tangent of the dielectric loss angle);

measurement of return voltage;

measurement of isothermal relaxation current;

measurement of leakage current and leakage current unbalance factor, including high rectified voltage test, with regard to rectified voltage ripples, if required;

non-destructive test based on spectral analysis of absorbed current.

Examples.

1. General provisions on the organization and methodological support in accordance with GOST 27.905.1-88, 27.905.2-88, 27.905.3-88, 27.905.4-88.

2. Insulation resistance according to GOST 6433.2-71, GOST 10169-77 (ST SEV 1106-78, ST SEV 3559-82 (CMEA standards).

Permittivity as per GOST 6433.4-71.

1. Dielectric losses and their change depending on load and/or frequency according to GOST 6433.4-71.

2. Surface specific resistance according to GOST 6433.2-71.

3. Partial discharges, in particular: starting and attenuation voltage, amplitude, quantity, and other characteristics according to GOST 20074-83.

4. Dielectric properties as a function of temperature according to GOST 6433.2-71.

DC and AC voltage tests according to GOST 6433.3-71.

	3
	State of windings of electric machines and transformers
	Methods established in national standards included in the consolidated list of standardization documents in the field of atomic energy use, including, inter alia, non-destructive test performed based on spectral analysis of the absorbed current and frequency dielectric spectroscopy.

Example.

Methods according to GOST 3484.1-88, GOST 3484.3-88, GOST 22756-77, GOST 10169-77

	4
	Quality indicators of transformer oil
	Methods established in the national standards included in the consolidated list of standardization documents in the field of atomic energy use, including, inter alia:

analysis of dissolved gases and water content in oil by photoacoustic IR spectroscopy;

chromatography of gases dissolved in transformer oil;

determination of physical and chemical parameters of transformer oil;

determination of optical parameters of oil (turbidity, color, density);

determination of furan compounds;

determination of antioxidant additive.

Example. Methods according to GOST R 54331-2011, GOST 981-75, GOST 6370-83

	5
	Wall thickness of oil transformer tank
	Methods established in the national standards included in the consolidated list of standardization documents in the field of atomic energy use, including:

ultrasonic wall thickness test;

visual and dimensional inspection;

acoustic emission method

	6
	The number of on-off cycles of  secondary circuit devices
	Methods established in the national standards included in the consolidated list of standardization documents in the field of atomic energy use.

Recorded during operation by personnel based on observation data

	7
	Resistance of contacts of control equipment
	Methods established in the national standards included in the consolidated list of standardization documents in the field of atomic energy use, including:

measuring the transient resistance of contact elements;

exceeding the temperature of main and auxiliary circuits, contact groups at rated (maximum) load currents.

Example.

Requirements and methods according to provisions of GOST IEC 60947-5-4-2014

	8
	Performance and durability of stationary lead-acid storage batteries
	Methods established in the national standards included in the consolidated list of standardization documents in the field of atomic energy use.

Example.

Requirements and methods according to provisions of GOST R IEC 60896-11-2015, GOST R IEC 60896-22-2015, GOST R IEC 60896-21-2013

	9
	Composition of battery electrolytes
	Methods established in the national standards included in the consolidated list of standardization documents in the field of atomic energy use.

Example.

Impurity index of electrolyte is measured in the same way as in concentrated sulfuric acid according to the methods given in GOST 667-73 for sulfuric acid of storage batteries

	9
	Composition of battery electrolytes
	Impurities in distilled water are measured in accordance with the methods given in GOST 6709-72 for distilled water

	10
	Air gaps between the stator and rotor of electric machines
	Methods established in the national standards included in the consolidated list of standardization documents in the field of atomic energy use, including:

continuous monitoring of automatic gap measurement systems to evaluate the gap between the rotor and stator that use various measurement methods (for example, fiber-optic reflecting system with beam interruption, laser triangulation system to measure the stator shape);

periodic measurement of air gaps using a set of calibrated probes (plate and wedge).

Example.

Methods according to provisions of GOST 10169-77

	11
	Gaps and vibration value in the slider bearings of electric motor
	Methods established in national standards included in the consolidated list of standardization documents in the field of atomic energy, including measurements of radial clearance in split shell bearings that are determined by the impressions of lead wire portions laid between the shaft neck and the upper part of shell and into the cavity of bearing joint.

Vibration is measured on all motor bearings using vibration transducers and vibrometers

	12
	Strength and vibration resistance of equipment
	Methods established in national standards included in the consolidated list of standardization documents in the field of atomic energy use, while equipment vibration is measured by vibration measuring equipment; strength is estimated by calculation, vibration resistance is to be confirmed by calculation (experimentally), and vibration resistance is to be confirmed experimentally

Examples.

1. GOST R ISO 17359-2015, which establishes recommendations for procedures used in the implementation of programs for state monitoring and diagnostics of machines (monitoring systems), including programs and methods for equipment state monitoring.

2. Provisions of GOST ISO 10816-1-97, GOST ISO 7919-1-2002 providing general guidelines for measuring and evaluating mechanical vibration of fixed and movable machine elements, including:

vibration displacement;

vibration rate;

vibration acceleration, and the procedure for setting their limit values.

	12
	Strength and vibration resistance of equipment
	3. Provisions of GOST 32106-2013 that determine the assessment of the vibration state of hazardous production equipment during operation and acceptance tests after installation and repair

	13
	Time and time difference of closing and opening the main contact elements of switches
	Methods established in national standards included in the consolidated list of standardization documents in the field of atomic energy use, including mechanical performance tests with measurement of time characteristics.

Example.

Test methods according to GOST R 52565-2006 provisions

	14
	DC resistance of tubular electric heaters
	Methods established in the national standards included in the consolidated list of standardization documents in the field of atomic energy use, including DC resistance tests:

Example.

Test methods according to GOST 19108-81 and GOST 27570.0-87 provisions

	15
	Other parameters not mentioned above
	Development of additional methods and their justification


Appendix 7 
to the Safety Guide in the use of atomic energy "Establishment and monitoring methods of the life of electrical equipment for nuclear power plants", approved by the order of the Federal Environmental, Industrial and Nuclear Supervision Service 
dated ____ __________ 20__  No.  _____

LIST OF 
REGULATORY DOCUMENTS RECOMMENDED FOR USE DURING THE MONITORING OF LIFE CHARACTERISTICS

	N
	Designation of document
	Document name
	Document details

	1
	GOST 10169-77

(ST SEV 1106-78,

ST SEV 3559-82)
	3-phase synchronous machines. Test methods (with amendments Nos. 1-4)
	Decree of the National Standards Committee of the Council of Ministers of the USSR dated January 28, 1977 No. 233

	2
	GOST 11262-80
	Plastics. Tensile test method
	Decree of the National Standards Committee of the USSR dated November 21, 1980 No. 5521

	3
	GOST 13268-88
	Tubular electric heaters
	Decree of the State Standard Committee of the USSR dated October 27, 1988 No. 3564, the standard of the Council of Mutual Economic Assistance ST SEV 171-87 Tubular Electric Heaters was put into effect directly as the state standard of the USSR from January 1, 1990.

	4
	GOST 15845-80
	Cables product. Terms and definitions
	Decree of the National Standards Committee of the USSR dated July 7, 1980 No. 3425, enacted on July 1, 1981

	5
	GOST 16504-81
	The state system of testing products. Product test and quality inspection. General terms and definitions.
	Decree of the National Standards Committee of the USSR dated December 8, 1981 No. 3425, enacted on January 1, 1982

	6
	GOST 16962.2-90
	Electrical products. Test methods for resistance to external mechanic impacts
	Decree of the State Committee of the USSR for the Products Quality Management and Standards dated May 23, 1990 No. 1266

	Consultant Plus: note.

There must be a misprint in the official document text: GOST R ISO 17359-2015 is meant, not  GOST 17359-2015.



	7
	GOST 17359-2015
	State monitoring and diagnostics of machines. General guidelines.
	Order of the Federal Agency for Technical Regulation and Metrology dated October 20, 2015 No. 1581-ст

	8
	GOST 17516.1-90
	Electrical products. General requirements in terms of resistance to external mechanic impacts
	Decree of the State Committee of the USSR for the Products Quality Management and Standards dated May 23, 1990 No. 1265

Enacted by the Order of Rosstandart No. 1229-ст in the Russian Federation since January 1, 2013

	9
	GOST 18311-80
	Electrical products. Terms and definitions of main concepts (with amendments No. 1, 2)
	Decree of the National Standards Committee of the USSR dated December 30, 1980 No. 6180

	10
	GOST 19108-81
	Tubular heating elements (THE) for household electric appliances. General specifications
	Decree of the National Standards Committee of the USSR dated August 14, 1981 No. 3870

	11
	GOST 19109-84
	Plastics.

Izod impact strength test
	Decree of the State Standard Committee of the USSR dated September 12, 1984 No. 3197, was valid from July 01, 1985 till July 01, 1990 <*>

	
	
	
	<*> Restriction of the validity period is cancelled by the Minutes of the Interstate Council for Standardization, Metrology and Certification No. 4-93 (Reference Index No. 4, 1994).

	12
	GOST 22756-77
	Power and voltage transformers and reactors. Test methods of electric insulation strength
	Decree of the National Standards Committee of the Council of Ministers of the USSR dated October 31, 1997 No. 2542

	13
	GOST 24291-90
	A set of electrical devices and equipment for powerstation and network. Terms and definitions
	Decree of the State Committee of the USSR for the Products Quality Management and Standards dated December 27, 1990 No. 3403

	14
	GOST 24621-91
	Plastics and ebonite. Determination of indentation hardness by means of a durometer

(Shore hardness)
	Decree of the Committee for Standardization and Metrology of the USSR, dated December 29, 1991 No. 2328 This standard is prepared by direct application of the international standard ISO 868-85 Plastics and Ebonite. Determination of indentation hardness by means of a durometer (Shore hardness) with additional requirements that reflect the needs of the national economy

	15
	GOST 24622-91
	Plastics. Determination of hardness.

Rockwell hardness
	Decree of the Committee for Standardization and Metrology of the USSR, dated December 29, 1991 No. 2329

	16
	GOST 25866-83
	Operation of technical equipment. Terms and definitions
	Decree of the National Standards Committee of the USSR dated July 13, 1983 No. 3105

	17
	GOST 25922-83
	Methods of hardness determination
	Decree of the National Standard Committee of the USSR dated September 26, 1983 No. 4536

	18
	GOST 26881-86
	Lead stationary storage batteries. General specifications
	Decree of the National Standards Committee of the USSR dated April 25, 1986 No. 1101

	19
	GOST 27.002-2015
	Dependability of technical equipment. Fundamentals. Terms and definitions
	Interstate Standard GOST 27.002-2015 was enacted as the national standard of the Russian Federation since March 1, 2017  by the Order of the Federal Agency for Technical Regulation and Metrology No. 654-ст dated June 21, 2016

	20
	GOST 27905.2-88
	Electrical insulation systems. Evaluation of performance, aging mechanism and diagnostic procedures
	International standard IEC 791-84 Evaluation of insulation system performance based on operation experience and results of functional tests and Standard IEC 610-78 Key aspects for the functional evaluation of insulation systems of electrical equipment: aging mechanisms and diagnostics methods were enacted directly as a state standard of the USSR since January 1, 1990 by the Decree of the National Standards Committee of the USSR No. 3842 dated November 25, 1988

	21
	GOST 27570.0-87
	Safety of household and similar electrical appliances. General requirements and test method
	State standard of the USSR GOST 27570.0-87, for which international standard of International Electrical Committee IEC 335-1-76 was directly used, was enacted since July 1, 1988 by the Decree of the National Standards Committee of the USSR No. 5039 dated December 25, 1987

	22
	GOST 30372-95
	Electromagnetic compatibility for electronic equipment. Terms and definitions
	Was enacted as a state standard of the Russian Federation by the Decree of Gosstandart of Russia No. 308 dated May 15, 1996 since the adoption of the decree and recognized equal to GOST R 50397-92 in the Russian Federation due to complete authenticity of their content.

	23
	GOST 32106-2013
	State monitoring and diagnostics of machines. Hazardous equipment monitoring. Vibration generated by centrifugal and compressor units
	Interstate standard GOST 32106-2013  was enacted as a national standard of the Russian Federation since November 1, 2014 by the Order of the Federal Agency for Technical Regulation and Metrology No. 1642-ст dated November 22, 2013

	24
	GOST 3484.3-88
	Power transformers. Measuring methods of dielectric parameters of insulation
	Decree of the National Standards Committee of the USSR dated August 30, 1988 No. 3051

	25
	GOST 4651-2014
	Plastics. Compression test method
	Interstate standard GOST 4651-2014 (ISO 604:2002) was enacted as a national standard of the Russian Federation since March 01, 2015 by order of the Federal Agency for Technical Regulation and Metrology No. 467-ст dated May 29, 2014

	26
	GOST 6370-83
	Petroleum, petroleum products and additives. Method for determination of mechanical admixtures
	Decree of the National Standards Committee of the USSR dated April 12, 19836 No. 1708

	27
	GOST 6433.2-71
	Solid electrical insulating materials. Methods for evaluation of electrical resistance at DC voltages
	Decree of the National Standards Committee of the Council of Ministers of the USSR dated May 24, 1971 No. 1001

	28
	GOST 6433.3-71
	Solid electrical insulating materials. Methods for evaluation of electrical resistance at AC (50 Hz) and DC voltage
	Decree of the National Standards Committee of the Council of Ministers of the USSR dated May 24, 1971 No. 1002

	29
	GOST 6433.4-71
	Solid electrical insulating materials. Methods for evaluation of dielectric power factor and permittivity at 50 Hz
	Decree of the National Standards Committee of the Council of Ministers of the USSR dated May 24, 1971 No. 1003

	30
	GOST 667-73
	Battery sulphuric acid. Specifications
	Decree of the National Standards Committee of the Council of Ministers of the USSR dated July 30, 1973 No. 1864

	31
	GOST 6709-72
	Distilled water. Specifications
	Decree of the National Standards Committee of the Council of Ministers of the USSR dated June 29, 1972 No. 1334

	32
	GOST 9.311-87
	Uniform corrosion and aging protection system (UCAPS). Metal and non-metal inorganic coatings. Method of corrosion damage evaluation (with amendment No. 1)
	Decree of the National Standards Committee of the USSR dated February 17, 1986 No. 255

	33
	GOST 9.707-81
	Uniform corrosion and aging protection system. Polymer materials. Methods of accelerated climatic ageing tests
	Decree of the National Standards Committee of the USSR dated December 25, 1981 No. 5664

	34
	GOST 981-75
	Mineral oils. Method for determination of oxidation stability
	Decree of the National Standards Committee of the Council of Ministers of the USSR dated June 25, 1975 No. 1617

	35
	GOST ISO 10816-1-97
	Vibration. Evaluation of machine vibration by measurements on non-rotating parts. Part 1. General requirements
	Interstate standard GOST ISO 10816-1-97 was enacted immediately as a state standard of the Russian Federation since July 1, 1999 by the Decree of the State Committee of the Russian Federation for Standardization, Metrology and Certification No. 353 dated September 17, 1998

	36
	GOST ISO 7919-1-2002
	Vibration. Evaluation of machine vibration by measurements on rotating shafts. General requirements
	Interstate standard GOST ISO 7919-1-2002 was enacted as a national standard of the Russian Federation since November 1, 2007 by the Order of the Federal Agency for Technical Regulation and Metrology No. 76-ст dated April 24, 2007

	37
	GOST R 15.201-2000
	System of development and launching of new products. Products of industrial and technical designation. Procedure for product development and launching into production.
	Decree of Gosstandart of Russia dated October 17, 2000 No. 263-ст

	38
	GOST R 51372-99
	Accelerated life and storable life test methods in aggressive and other special media for technical products, materials and systems of materials. General
	Decree of Gosstandart of Russia dated November 29, 1999 No. 442-ст

	39
	GOST R 52565-2006
	AC circuit breakers for voltages of 3 to 750 kV. General specifications
	Order of the Federal Agency for Technical Regulation and Metrology dated August 23, 2006 No. 170-ст

	40
	GOST R 53394-2009
	Integrated logistic support. General terms and definitions.
	Order of the Federal Agency for Technical Regulation and Metrology dated September 14, 2009 No. 395-ст.

	41
	GOST R IEC 60034-14-2008
	Rotating electrical machines. Part 14. Mechanical vibration of certain machines with shaft heights 56 mm and higher. Measurement, evaluation and limits of vibration
	Order of the Federal Agency for Technical Regulation and Metrology dated December 18, 2008 No. 586-ст.

	42
	GOST R IEC 60896.11-2015
	Stationary lead-acid batteries. Part 21. Vented types. General requirements and test method
	Order of the Federal Agency for Technical Regulation and Metrology dated November 20, 2015 No. 1927-ст

	Consultant Plus: note.

There must be a misprint in the official document text: GOST R IEC 60896-21-2013 is meant, not GOST R IEC 60896-21-2015.



	43
	GOST R IEC 60896.21-2015
	Stationary lead-acid batteries. Part 21. Valve regulated types. Test methods
	Order of the Federal Agency for Technical Regulation and Metrology dated November 22, 2013 No. 2150-ст

	44
	GOST R IEC 60896.22-2015
	Stationary lead-acid batteries. Part 22. Valve regulated types. Requirements
	Order of the Federal Agency for Technical Regulation and Metrology dated November 20, 2015 No. 1900-ст

	45
	GOST IEC 60947-5-4-2014
	Low-voltage hardware for distribution and control. Part 5-4. Control circuit devices and switching elements. Method of assessing the performance of low-energy contacts. Special tests
	Interstate standard GOST IEC 60947-5-4-2014 was enacted as a national standard of the Russian Federation since January 01, 2016 by the Order of the Federal Agency for Technical Regulation and Metrology No. 765-ст dated July 09, 2014.


