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SAFETY GUIDE IN THE USE OF ATOMIC ENERGY 
"WATER CHEMISTRY REGIME OF NUCLEAR POWER PLANTS"

(RB-002-16)

I. General provisions

1. This safety guide in the use of atomic energy "Water Chemistry Regime of Nuclear Power Plants" (RB-002-16) (hereinafter - the Safety Guide) have been developed in accordance with Article 6 of Federal Law No. 170-FZ dated November, 21, 1995 "On atomic energy use" for the purpose of compliance with the requirements of par. 3.1.8, 3.1.19, 3.3.5, 3.3.6, 4.1.3 of the Federal Rules and Regulations in the field of atomic energy use "General Provisions for NPP Safety Assurance" (NP-001-15) approved by Order of the Federal Environmental, Industrial and Nuclear Supervision Service No. 522 dated December, 17, 2015 (registered by the Ministry of Justice of the Russian Federation on February, 02, 2016 registration number No. 40939); par. 2.2.7, 2.5.2, 2.5.11 of the Federal Rules and Regulations in the field 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 number No. 10951); par. 22, 227, 260, 261 of the Federal Rules and Regulations in the field of atomic energy use "Rules for Design and Safe Operation of Equipment and Pipelines of Nuclear Power Installations" (NP-089-15) approved by Order of the Federal Environmental, Industrial and Nuclear Supervision Service No. 521 dated December, 17, 2015 (registered by the Ministry of Justice of the Russian Federation on February, 9, 2016, registration number No. 41010), and par. 1.9.6 of the Federal Rules and Regulations in the field of atomic energy use "Requirements for the Contents of the Safety Analysis Report for Nuclear Power Plants with Fast Neutron Reactors" (NP-018-05) approved by Resolution of the Federal Environmental, Industrial and Nuclear Supervision Service No. 9 dated December, 2, 2005  (registered by the Ministry of Justice of the Russian Federation on January, 26, 2006, registration number No. 7413) with regard to development, arrangement and maintenance of the water chemistry regime for nuclear power plants.

2. This Safety Guide contains general recommendations on the water chemistry regime for nuclear power plants (hereinafter - NPPs), recommendations on substantiation of the water chemistry regime in the design documentation for NPPs, recommendations on the equipment, components and materials used in the safety-related systems for the water chemistry regime maintenance as well as on control of the quality parameters for the water chemistry regime of NPPs.

3. This Safety Guide shall be applicable to NPP power units under design, construction and operation.

4. This Safety Guide is intended for application by NPP operating organizations and organizations performing any works and providing any services to the NPP operating organizations in the course of the NPP water chemistry regime development and maintenance, design and operation of the water chemistry regime maintenance systems, as well as for application by the specialists of Rostechnadzor in the course of their licensing (permitting) activities or federal state supervision in the field of atomic energy use.

5. Recommendations given in this Safety Guide take into consideration the accumulated national and international experience in the field of the water chemistry regime development, arrangement and maintenance as well as design and operation of the systems for its maintenance.

6. The requirements of the Federal Rules and Regulations in the field of atomic energy use (hereinafter - the FRR) may be implemented through the use of any other techniques (methods) different from the ones specified in this Safety Guide subject to substantiation of the selected techniques (methods) for safety assurance.

7. Terms and definitions used in this Safety Guide correspond to the terms and definitions established in the Federal Rules and Regulations in the field of atomic energy use. Terms and definitions not established in the Federal Rules and Regulations in the field of atomic energy use are given in the Appendix to this Safety Guide.

II. General recommendations on the water chemistry regime for nuclear power plants

8. It is recommended to develop and maintain the NPP water chemistry regime in such a way so that to facilitate integrity assurance for the physical barriers (fuel element claddings and the reactor coolant pressure boundaries).

9. It is recommended to develop and maintain the NPP water chemistry regime in such a way so that to ensure corrosion resistance of structural materials for the equipment and pipelines of the safety-related systems within the entire operating lifetime of the NPP power unit through minimization of corrosive and corrosive-erosive processes in all operation modes.

10. It is recommended to develop and maintain the NPP water chemistry regime in such a way so that to ensure minimum amount of deposits on the surfaces of fuel elements, equipment and pipelines of the safety-related NPP systems.

11. It is recommended to develop and maintain the NPP water chemistry regime with due regard for the arrangements aimed to prevent accumulation of explosive concentrations of flammable gases in the equipment and pipelines of the NPP systems.

12. In order to ensure radiation safety of the NPP it is recommended that the NPP water chemistry regime should facilitate reduction of radiation exposure for the personnel due to activated corrosion products forming deposits on the surfaces of equipment and pipelines of the NPP systems and reagents for the water chemistry regime maintenance to the reasonably achievable level.

13. It is recommended that the NPP water chemistry regime should facilitate limitation of radiation exposure for the personnel and the public in case of any accidents with release of iodine radionuclides into the NPP rooms and the environment.

14. It is recommended to develop and maintain the NPP water chemistry regime in such a way so that technical facilities and organizational arrangements for development, establishment and maintenance of the water chemistry regime would provide:

minimization of damage caused by all types of corrosion for structural materials of the equipment and pipelines of the safety-related NPP systems including the equipment and pipelines of the service water supply systems for essential loads;

maintenance of the rated content of impurities in the coolant and working media of the safety-related systems in all operational states of the NPP;

arrangement of conditions to reduce the amount of generated radioactive wastes from the NPP as well as discharges and releases of radioactive substances in all operational states of the NPP power unit. 

15. Effect of ionizing radiation and temperature on the thermal and radiation stability of sorbents should be taken into account in order to select sorbents used for purification of the coolant and the NPP working media.

III. Recommendations on substantiation of the water chemistry regime in the design documentation for nuclear power plants

16. Technical facilities and organizational arrangements aimed to assure quality of the water coolant and water working media for the safety-related NPP systems including the measuring equipment for the quality parameters shall be justified in the design documentation for the NPP (hereinafter - the NPP design) and specified in the safety analysis report for the NPP power unit (hereinafter - the NPP SAR).

17. The concept of the water chemistry regime selection as well as the basic principles and criteria of the NPP safety assurance with regard to the water chemistry regime development, establishment and maintenance shall be presented in the NPP SAR.

18. The parameters characterizing quality of the water coolant and water working media for the safety-related NPP systems are classified into rated and diagnostic parameters; it is recommended to justify their lists and rated values in the NPP design and specify in the NPP SAR.

19. Instructions on the actions performed by the NPP personnel in case of any values of rated quality parameters of the coolant and working media for the safety-related NPP systems beyond the acceptable range for normal operation shall be provided in the process regulations for safe operation and in the NPP SAR.

20. The scope and frequency of measurement for the rated and diagnostic parameters sufficient for the NPP personnel to obtain timely information on the water chemistry regime maintenance shall be justified in the NPP design and specified in the NPP SAR.

21. Values of the rated and diagnostic quality parameters for the water coolant and working media for the safety-related NPP systems shall be defined through the use of metrologically validated methodologies (methods) and certified measuring equipment.

22. It is recommended that the amount of information provided in the water chemistry regime standardization documents (industry-specific standards) should be sufficient to develop the relevant sections of the NPP SAR and the process regulations for safe operation of the NPP power unit.

23. The following shall be substantiated in the NPP design and specified in the NPP SAR:

values of the rated and diagnostic quality parameters for the water coolant and working media of the safety-related systems;

equipment and methods for the water chemistry regime control providing information on the values of the rated and diagnostic parameters to the NPP personnel;

the list of requirements for the pre-operational process procedures for post-assembly cleaning, flushing and preservation of the equipment and pipelines of the safety-related NPP systems;

criteria of the need for any cleaning, flushing, decontamination, passivation and preservation of the equipment and pipelines of the safety-related NPP systems;

requirements for the cleaning, flushing, decontamination, passivation and preservation technology for the equipment and pipelines of the safety-related NPP systems;

operation modes of the NPP water chemistry regime maintenance systems;

quality parameters for the demineralized (make-up) water;

quality parameters for the used reagents, sorbents, ion-exchange resins.

24. Quality parameters of the water chemistry regime, the methods of their maintenance and monitoring shall be specified in the NPP design with due regard for the potential operation modes of the equipment and pipelines of the safety-related NPP systems, separately for:

sub-stages of the stage "Pre-Commissioning Works" (post-assembly cleaning, flushing and preservation of the NPP equipment and pipelines, testing and trial runs of the NPP equipment and pipelines, cold and hot run-in of the reactor facility);

stages "Physical Start-Up", "Power Start-Up" and "Pilot Commercial Operation";

operational states and modes of the NPP power unit (fuel loading, refueling and fuel unloading, cold and hot state of the NPP power unit, heat-up and cooldown of the NPP power unit, hot start-up of the NPP power unit, operation of the NPP power unit at the steady-state power level; states of the NPP power unit for repair including decontamination, flushing, cleaning, passivation and preservation of the NPP circuits, equipment and pipelines, etc.).

IV. Recommendations on the equipment, components and materials used in the water chemistry regime maintenance systems

25. Ion-exchange resins and sorbents with certificates confirming their acceptability for application at NPPs that have passed incoming control in accordance with the regulatory documentation are recommended for use in the water chemistry regime maintenance systems.

26. Chemical reagents of the quality complying with the requirements of the standardization documents for these products and confirmed with certificates are recommended for conditioning treatment of the coolant and working media of the safety-related NPP systems.

27. Compliance assessment for imported equipment, components and materials used in the safety-related water chemistry regime maintenance systems shall be carried out by:

audit of production facilities for particular imported equipment, components and materials in order to substantiate their quality and assess their safety impact;

expert review of the documentation for imported equipment, components, materials and semi-finished products substantiating their quality and safety;

acceptance testing (for prototypes) or site acceptance testing.

V. Recommendations on monitoring of the water chemistry regime quality parameters

28. The scope of control for the water chemistry regime quality parameters (rated and diagnostic parameters) shall be justified in the NPP design and specified in the NPP SAR.

29. Representativeness of sampling and sample preparation for laboratory control and automated chemical control of the quality parameters for the coolant and working media of the NPP systems shall be substantiated in the NPP design.

30. Monitoring of the water chemistry regime quality parameters for the NPP power unit shall be provided in all their potential ranges of variation.

31. Measuring equipment for the water chemistry regime quality parameters shall be subject to regular metrological service (verification, calibration).

32. Selection of the measurement points for monitoring of the quality parameters of the water coolant and working media of the safety-related NPP systems shall be defined and justified in the NPP design.

33. It is recommended to use technical facilities for emergency sampling in the safety-related systems operated in the course of accident and in the post-accident period.

Appendix 
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TERMS AND DEFINITIONS

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

Water chemistry regime - the system of the administrative and technical arrangements at the NPP aimed to ensure and maintain the standard quality of the coolant and water working media in the equipment and pipelines of the NPP systems.

Water coolant - the water medium circulating through the reactor facility core and intended to remove heat from the fuel elements.

Diagnostic parameters - quality parameters of the coolant and working media of the safety-related NPP systems additionally informing the NPP personnel on correct maintenance of the water chemistry regime and intended to define the causes of any potential deviations of the rated parameters from the specified values.

Coolant quality - the set of chemical and physical-chemical parameters of the water coolant defining its acceptability for use in the reactor facility or any safety-related NPP systems.

Concept of the water chemistry regime - basic principles and criteria of the NPP safety assurance with regard to determination of the quality parameters for the coolant and working media of the safety-related NPP systems.

Rated parameters - quality parameters of the coolant and working media of the safety-related NPP systems to be maintained within the range of acceptable values in order to ensure integrity of the physical barriers (fuel element claddings, the reactor coolant pressure boundaries), the design lifetime of the reactor facility equipment as well as operation of the equipment and pipelines of the above-mentioned systems in accordance with the operational limits specified in the NPP design.

Quality parameters of the coolant (working media of the safety-related NPP systems) - quantitative characteristics of the physical and chemical properties of the coolant or working media of the safety-related NPP systems characterizing acceptability of the coolant or the above-mentioned working media for normal operation of the reactor facility (safety-related NPP systems).

Chemical control - determination of the quality parameter values for the water coolant and working media through the use of chemical and physical-chemical methods of analysis in order to establish the quality parameters and assess the facilities for the water chemistry regime maintenance.

