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SAFETY GUIDE
 IN THE USE OF ATOMIC ENERGY "RECOMMENDATIONS FOR THE CONDUCT OF COMPREHENSIVE ENGINEERING AND RADIATION EXAMINATION OF A NUCLEAR FACILITY" 
(RB-159-19)

I. General

1. This safety guide in the use of atomic energy "Recommendations for the conduct of comprehensive engineering and radiation examination of a nuclear facility" (RB-159-19) (hereinafter referred to as the Safety Guide) has been developed in accordance with Article 6 of Federal Law No. 170-FZ dated November 21, 1995 "On the use of atomic energy" in order to facilitate compliance with the requirements of paragraphs 13 and 14 of the federal rules and regulations in the field of atomic energy use "Ensuring safety during decommissioning of nuclear facilities. General provisions" (NP-091-14) approved by Order of the Federal Environmental, Industrial and Nuclear Supervision Service No. 216 dated May 20, 2014 (registered by the Ministry of Justice of the Russian Federation on July 14, 2014, registration No. 33086) (hereinafter referred to as NP-091-14), "Safety rules for decommissioning of industrial uranium-graphite reactors" (NP-007-17), approved by the Order of Rostechnadzor No. 357 dated September 8, 2017 (registered by the Ministry of Justice of the Russian Federation on October 2, 2017, registration No. 48383), "Safety rules for decommissioning nuclear fuel cycle installations" (NP-057-17), approved by the Order of Rostechnadzor No. 205 dated June 14, 2017 (registered by the Ministry of Justice of the Russian Federation on July 11, 2017, registration No. 47355) and "Safety requirements for decommissioning of radioactive waste storage facilities" (NP-097-16), approved by the order of Rostechnadzor No. 304 dated July 21, 2016 (registered by the Ministry of Justice of the Russian Federation on August 12, 2016, registration number No. 43223).

2. This Safety Guide applies to nuclear facilities that are subject to decommissioning pursuant to NP-091-14, except for research nuclear installations, power units of nuclear power plants, ships and other vessels with nuclear reactors, and nuclear maintenance ships.

3. This Safety Guide contains recommendations regarding the ways to prepare for and conduct comprehensive engineering and radiation examination of a nuclear facility shutdown for decommissioning and the presentation of results. The recommendations of this Safety Guide can also be used in the comprehensive engineering and radiation examination of radioactive waste repositories performed in the course of preparation for their closure, except for the examination of barriers designed to ensure the long-term safety of radioactive waste repository after the repository closure.

4. The list of abbreviations is given in Appendix 1 hereto, and terms and definitions are given in Appendix 2.

II. General recommendations

5. It is recommended to carry out the NF CERE in order to obtain the information necessary for the development of design documentation for NF decommissioning and the clarification of NF decommissioning program. Taking into account the specifics of the NF and possible options for its decommissioning, it is recommended to obtain data, which describes the actual NF state at the time of examination and helps assess the NF state at the time of operation start and during its decommissioning, in the course of NF CERE.

6. To perform NF CERE, it is recommended to develop a CERE program in order to establish a list of NF engineering and radiation examination activities interdependent as per deadlines and sequence of events.

Recommendations for the content and presentation of CERE program are given in the Safety Guide in the use of atomic energy, which contains recommendations for the development of a program for comprehensive engineering and radiation examination of a nuclear facility.

7. It is recommended to carry out the NF CERE with the involvement of organizations that have the appropriate license in the field of atomic energy use and are accredited in the relevant field, have material and technical resources and qualified employees to perform engineering and radiation examination.

8. During CERE, it is recommended to use technologies that allow saving the obtained measurement results in digital form, for example, in the digital engineering and radiation model of the NF.

9. When preparing for the NF decommissioning, it is recommended to analyze the impact of works carried out after the completion of the examination of specific objects (buildings, structures, systems and components of the NF, objects at the NF site) on the technical or radiation state of objects in order to prevent unplanned change in the state of objects that will require another examination, and measures to prevent it.

III. Preparation for comprehensive engineering and radiation examination of a nuclear facility

10. The main tasks solved during the preparation for the NF CERE should include:

collection and analysis of existing information necessary for the preparation of the NF CERE program;

determination of objects to be examined (buildings, structures, systems and components, structural units, NF equipment, background objects at the NF site);

development of NF CERE program.

11. To collect the existing information necessary for the program preparation, it is recommended to analyze the existing documentation that contains information describing the state of NF, including the following (if any):

design documentation of the NF, technical plans, technical documentation for individual systems and components of NF, regulations and operating manuals;

documentation containing information about completed retrofits, major repairs of the NF, rearrangement of NF process premises, replacements or upgrades of NF systems and equipment;

documentation containing information about the properties and characteristics of radioactive substances, nuclear fissile materials (substances), and chemical toxic materials (substances) that were handled at the NF;

documentation containing information about the characteristics of RW placed in the RW storage facilities (repositories) available at the NF site, including information about the RW management processes that are and have been used at the NF;

documentation containing information about the consequences of normal operation, abnormal operation (including accidents) that led to radioactive contamination of the NF systems and premises, as well as radioactive or chemical contamination of objects and territories at its site;

reports containing information on the results of monitoring and assessment of the technical state of systems and equipment of the NF, their radiation examinations obtained during the NF operation using instrumental or calculation methods;

documents (for example, protocols, logs) containing the results of radiation monitoring, industrial and environmental monitoring performed at the NF;

other documentation containing information that is important for safety during the NF decommissioning.

12. Based on the results of the analysis of the specified documentation, it is recommended to determine the list of objects to be examined, including, inter alia, the following objects:

buildings, structures of the NF, premises in buildings and structures;

systems, components, equipment and utilities located in the buildings and structures of NF;

engineering systems and utilities passing through the NF site;

environmental and infrastructure objects at the NF site (for example, roads, embankments, other hard surfaces, sectors of the NF site, including individual territories where cases of radioactive and chemical contamination of soil and groundwater have been recorded).

A suggested list of objects to be examined is given in Appendix 3 hereto.

13. If there is no existing information for individual buildings, structures or industrial premises of the NF that is necessary for the preparation of the NF CERE program, it is recommended to implement a separate program for preliminary examination of their technical state and values of parameters that characterize the radiation situation there.

14. Depending on the amount of information required, the preliminary examination should include:

visual inspection of buildings, structures and premises for the purpose of preliminary determination of existing systems and elements, detection of visible defects in structural units, systems and equipment;

determination of the radiation situation in the premises and at the site of NF (the rate of ambient dose equivalent, the level of radioactive contamination of the surfaces of premises, the derived air concentration of radionuclides in premises and radionuclide composition);

identification of premises (hard-to-reach places in the premises), where the access of personnel (employees) is difficult or impossible due to the technical state of premises or the radiation situation there and/or the dimensions of premises.

15. When determining the scope of CERE activities, depending on the possible decommissioning options provided for in the concept of NF decommissioning, it is recommended to pay special attention to the implementation of:

radiation examination for NF with possible decommissioning option "Abandonment" using "Immediate abandonment" method;

engineering examination for:

NF with possible decommissioning option "Abandonment" using "Deferred abandonment" method;

NF with possible decommissioning option "Abandonment", which provides for an increase in loads on the supporting building structures of the NF (for example, as a result of placing additional equipment, the need to equip new openings in building structures);

NF with possible decommissioning option "Abandonment" using "Immediate abandonment" method, while the specified service life of the NF systems and components necessary for decommissioning works expires before the end of the NF decommissioning period.

For NF that are decommissioned under the "Final disposal" option, it is recommended to additionally provide for the collection of data on the characteristics of the site and the area where the NF is located, which affect the choice of solutions for strengthening existing or creating additional safety barriers in the design documentation for the NF decommissioning.

16. To carry out NF CERE, it is recommended to provide for activities aimed at obtaining the following information:

technical state of buildings and structures of the NF necessary for its decommissioning, the residual life of load-bearing building structures of the NF;

technical state of the NF systems and components necessary for performing decommissioning works or ensuring safety during the NF decommissioning, including the technical state of the structures, equipment, and utilities of the NF, their operability, reliability, and residual life;

radionuclide composition and level of radioactive contamination (including contamination with nuclear-hazardous fissile radionuclides) of the NF systems and components, as well as of background objects at the NF site, in its sanitary protection area and supervised area (if any);

radiation situation in the premises of buildings and structures of the NF, as well as at the NF site;

content of chemical toxic (chemical hazardous) substances and other hazardous substances and materials in the systems and equipment of NF;

chemistry of radioactive deposits on the surfaces of systems and equipment that affects the choice of methods for their decontamination, dismantling, preservation and isolation;

the state of RW storage facilities (repositories) available at the NF, including the characteristics of accommodated RW, including information about the RW amount, type, physical form, radiological characteristics, in particular about the content of nuclear-hazardous fissile radionuclides, chemical toxic substances and other hazardous substances contained in the RW (e.g. explosive, flammable), the state of RW packages (local corrosion of structural materials of RW packages), the content of free liquid in SRW storage facilities;

microclimatic parameters, temperature and humidity conditions in the premises of NF.

17. For each parameter or characteristic, it is recommended to set requirements for the completeness and structure of the data obtained during the CERE for this parameter or characteristic, in order to ensure that the results obtained can be stored in the database for NF decommissioning and, if necessary, to create a digital engineering and radiation model of the NF.

18. It is recommended to determine the time of radiation examination of individual objects, as well as examination of the content of hazardous substances and materials, with due regard to the need for a radiation examination after the completion of all activities on the decontamination of relevant buildings, systems and equipment of NF, dismantling of radioactively contaminated equipment in the premises of NF, removal of accumulated waste (including waste in the form of equipment without dismantling, furniture, paper, rags, etc.) provided for these objects in the NF decommissioning program.

19. The terms and sequence of CERE arrangements should be set based on the expected radiation situation in the places of CERE activities, organization of access of employees (personnel) to areas under examination, the availability and preparedness of appropriate equipment and measuring tools required for the examination. At the same time, it is recommended to take into account the need to use remote-controlled equipment and other hardware to examine hard-to-reach places, including premises whose radiation and technical state prevent employees (personnel) from staying there.

It is recommended to set the terms for the examination of RW storage facilities (repositories), which includes downhole completion or excavation works, with due regard to climatic and hydrogeological conditions of the NF site in such a way that these terms fall during the warm period of the year, with the least amount of precipitation and the level of underground water.

20. It is recommended to determine the scope of the radiation survey of facilities, taking into account that the main purpose of this survey is to collect data for the development of decommissioning project documentation required to:

determine the necessary stages of NF decommissioning, select and justify technologies and sequence of works at various stages of decommissioning;

assess radiation doses to personnel and the public during the  NF decommissioning, as well as in case of possible radiation accidents;

provide preliminary assessment of the amount and category of RW, the amount and characteristics of other wastes, as well as materials of restricted and unrestricted use generated during the NF decommissioning.

21. CERE program should define a strategy for selecting measurement points for radiation parameters (sampling points or direct measurements) for each object subject to radiation examination, based generally on the following approaches:

an approach using expert assessments of specialists on the choice of measurement points;

a probabilistic approach that selects measurement points or a regular network of checkpoints based on random selection.

When choosing the approaches to be applied, it is recommended to consider the following:

the approach using expert assessments of specialists is reasonable in the examination of places with the worst indicators of radiation situation, while it is not suitable for the determination of average values of indicators or testing hypotheses, since it provides biased estimates of parameters. The reliability of the results of such examinations largely depends on the level of qualification and experience of specialists who determine the measurement points, and their knowledge of the features of objects under examination;

the probabilistic approach usually requires a mathematical model, i.e. hypotheses about the distribution law of the measured quantity and its spatial distribution, which, in turn, require information about the nature of radioactive contamination and its history. The results of such examinations help quantify the uncertainty of the measured value.

In complex cases (for example, in the presence of a large amount of hard to measure radionuclides (such as H-3, Ni-63, Ni-59, Sr-90, Tc-99, isotopes of U, Pu, Cm, Am, etc.), whose activities measurement is associated with money-, dose - and time-consuming sampling, preparation, and measurement procedures), it is recommended to use the combination of a probabilistic approach and an approach involving expert assessments of specialists.

22. Recommendations for the determination of the strategy for selecting radiation measurement points based on the probabilistic approach, as well as a hypothetical example explaining their application, are given in Appendix 5 hereto.

23. When choosing measuring tools and measurement methods, it is necessary to ensure that their characteristics correspond to the variation ranges of parameters controlled during the CERE, as well as their compliance with the requirements of legislation in the field of uniformity of measurements, including the necessary measurement accuracy. The selection should be guided by GOST 8.638-2013 "State system for Ensuring the Uniformity of Measurements. Metrological Support of Radiation Monitoring. Basic Provisions" enacted by the Order of the Federal Agency for Technical Regulation and Metrology No. 138-ст on March 13, 2014,  and guidelines MU 2.6.5.008-2016 "Radiation Situation Monitoring. General Requirements" approved by the Chief Sanitary Inspector of the Federal Medical and Biological Agency of Russia on April 22, 2016.

24. It is recommended to select measuring tools and other hardware for CERE that can transmit data in a format that provides their processing using computers for the purpose of application in the database for NF decommissioning and (if necessary) in the digital engineering and radiation model of the NF.

IV. Recommendations for the conduct of comprehensive engineering and radiation examination of a nuclear facility

25. Engineering examination of buildings, facilities, structures, systems and components of a NF should be based on the analysis of documents containing information characterizing the state of NF, with subsequent determination of the missing parameters using experimental or calculation methods with due regard to regulatory documents on the examination of commercial buildings and structures (e.g., SP 13-102-2003 "Rules of examination of load-bearing structural units of buildings and facilities", enacted by the Decree of Gosstroy of the Russian Federation No. 153 dated August 21, 2003, GOST 31937-2011 "Buildings and Constructions. Rules of Inspection and Monitoring of the Technical Condition", enacted by the Order of the Federal Agency for Technical Regulation and Metrology No. 1984-ст dated December 27,  2012).

26. To determine the technical state of buildings, facilities and structures (construction, protective structures and foundations) of the NF to the extent provided for in the CERE program, it is recommended to perform, inter alia:

measuring (the determination of configuration, dimensions, position in layout and vertical position in relation to structures and their components), including for structural units located underground using radar instruments (GPR, sonar, metal detectors);

determination of characteristics of structural materials (concrete, reinforced concrete, metal, stone, and timber);

engineering examination of bases soils and foundations of buildings and structures.

27. Verification calculations performed to determine the load-bearing capacity of buildings, facilities, and structures of the NF and the forces in the components of buildings, facilities, and structures of the NF from the loads possible during the preparation for decommissioning and decommissioning of the NF should be carried out on the basis of and with due regard to the characteristics of buildings, facilities, and structures of NF detailed during the examination.

28. When performing verification calculations, it is recommended to use computer software that has passed the expert review in accordance with the established procedure, in the field of application specified in the certification passports of computer software, and proven methods.

29. It is recommended to assess the residual life of systems and components of the NF, as well as their performance and reliability, for systems and components that are going to be used in the preparation for decommissioning or decommissioning of the NF. It is recommended to assess the residual life, performance and reliability for all load-bearing structural units of buildings and facilities of the NF.

For process systems and equipment of the NF contaminated with radionuclides that are not intended for further operation, it is recommended to evaluate the performance, reliability (durability) and residual life of components that prevent the release of radioactive substances beyond the boundaries of these systems and equipment.

It is recommended to evaluate the residual life, performance and reliability taking into account the aging mechanism.

30. It is recommended to evaluate the reliability and residual life of the objects under examination with due regard to possible changes in the operating modes of facilities, systems (components), and structures (for example, changes in temperature conditions, humidity) during the preparation for decommissioning or decommissioning of the NF.

31. Recommendations for the scope of engineering examination of individual systems and equipment during the NF CERE are presented in Appendix 4 hereto.

32. During radiation examination of objects, it is recommended to determine the values of the following parameters that characterize the radiation situation in the buildings and structures of the NF and at its site:

ambient dose equivalent rate of gamma radiation at the site of NF and in its sanitary protection zone;

specific activity of radionuclides in soil, surface and ground water at the site of NF, as well as in its sanitary protection zone and supervised area (if any), radionuclide composition of contamination and its distribution in space;

rate of ambient dose equivalent of radiation on the surface of buildings and facilities, as well as from structures, systems (components) and equipment, its indoor distribution in space;

level and radionuclide composition of surface (removable and non-removable) contamination of buildings and facilities, structures, systems (components) and equipment of the NF;

volumetric distribution of radionuclide activity in materials of structures, systems, and components of the NF, including those generated as a result of neutron activation;

total and specific induced activity of the NF equipment and pipelines, as well as activity of deposits on the internal surfaces of process systems, pipelines, and equipment;

activity and radionuclide composition of radioactive aerosols in the air of working premises of NF.

33. For NF where nuclear fissile materials (substances) were handled, it is recommended to assess the residual amount of such substances (materials) in systems and equipment, including in media that cannot be removed before decommissioning (for example, spills of nuclear fuel, residues from equipment that cannot be removed for process reasons).

34. During a radiation examination, special attention should be paid to places of possible accumulation of radioactive substances (for example, bends in pipelines and special ventilation ducts, thresholds, hydroseal of special sewerage systems, damages of protective coatings of premises).

35. During the examination of graphite blocks of an industrial uranium-graphite reactor, it is recommended, inter alia, to provide for:

determination of defects in graphite blocks, changes in physical and mechanical properties of blocks, curvature of columns of graphite blocks, humidity of graphite, state of bandages and casing of graphite blocks, shape changes and degree of baking of neighboring graphite blocks - for engineering examination;

study of the specific and total activity of radionuclides in graphite blocks, radionuclide composition and distribution of radioactive contamination of graphite in space, the weight of uranium and plutonium, as well as their distribution in the cells of graphite blocks - for radiation examination.

V. Documenting the results of a comprehensive engineering and radiation examination of a nuclear facility

36. It is recommended to document the results of surveys obtained during the NF CERE (for example, in the form of statements, conclusions, measurement records) and enter them in the database for the NF decommissioning in accordance with the procedure established by the organization operating the NF.

37. Based on the examination results obtained during the NF CERE, and in accordance with the requirements of federal rules and regulations in the field of atomic energy use regulating safety during NF decommissioning, it is recommended to develop a report on the results of CERE, which contains:

goals, objectives and scope of the NF CERE completed;

list of design and operation documentation reviewed;

information on the measuring procedures, methods and hardware used in the course of NF CERE;

parameters and characteristics, which were monitored during the NF CERE;

assessment of the actual state of the NF with recommended measures to prepare for decommissioning and decommissioning, including measures to prevent unplanned changes in the state of objects that require their re-examination;

results and conclusions obtained during CERE.

Appendix 1 
to the safety guide in the use of atomic energy "Recommendations for the conduct of comprehensive engineering and radiation examination of a nuclear facility" approved by the Order of the Federal Environmental, Industrial and Nuclear Supervision Service 
No. ___ dated __________, 20__ 

ABBREVIATIONS

	CERE
	-
	Comprehensive Engineering and Radiation Examination

	NF
	-
	Nuclear Facility

	RW
	-
	Radioactive Waste

	SRW
	-
	Solid Radioactive Waste

	LRW
	-
	Liquid Radioactive Waste


Appendix 2 
to the safety guide in the use of atomic energy "Recommendations for the conduct of comprehensive engineering and radiation examination of a nuclear facility" approved by the Order of the Federal Environmental, Industrial and Nuclear Supervision Service 
No. ___ dated __________, 20__ 

TERMS AND DEFINITIONS

The following terms and definitions are used in this Safety Guide.

Type II error probability is "probability of making an error of the second kind" (GOST R 50779.10-2000 (ISO 3534.1-93) "Statistical Methods. Probability and General Statistical Terms. Terms and definitions", adopted and enacted by the Decree of Gosstandard of Russia No. 429-ст dated December 29, 2000) (hereinafter referred to as GOST R 50779.10-2000).

Type I error probability is "probability of making an error of the first kind" (GOST R 50779.10-2000).

Defect is "an individual non-conformity of structures to any parameter set by the design or regulatory document" (SNiP, GOST, TU, SN and others) (SP 13-102-2003 "Rules of examination of load-bearing structural units of buildings and facilities", enacted by the Decree of Gosstroy of the Russian Federation No. 153 dated August 21, 2003).

Durability is "a property of an object that involves its ability to perform the required functions in the specified modes and conditions of use, maintenance and repair until the limiting state is reached" (GOST 27.002-2015 "Dependability in Technics. Terms and definitions" enacted by the Order of Federal Agency for Technical Regulation and Metrology No. 654-ст dated June 21, 2016 (hereinafter referred to as GOST 27.002-2015).

Disposal of a nuclear facility is an option for decommissioning the NF providing for the creation of a RAW depository system at the NF site.

Category of technical state is "the degree of operational suitability of the load-bearing structural unit or building and facility as a whole, as well as the soil of their base, established depending on the proportion of reduction in load-bearing capacity and performance" (GOST 31937-2011 "Buildings and Structures. Rules of Inspection and Monitoring of the Technical Condition", enacted by the Order of the Federal Agency for Technical Regulation and Metrology No. 1984-ст dated December 27,  (hereinafter referred to as GOST 31937-2011).

Cluster sampling is "a method of sampling, when the population is divided into mutually exclusive and exhaustive groups or clusters, where sample units are combined in a certain way, and a sample from these clusters is taken randomly, and all sample units are included in the general sample" (GOST R 50779.10-2000).

Abandonment of a nuclear facility is the NF decommissioning option providing for decontamination of the NF buildings, structures, systems and components contaminated with radionuclides to the permissible level in accordance with the effective radiation safety standards and/or their dismantling, management of generated RW and other hazardous wastes, as well as preparation of the decommissioned NF site for further restricted or unrestricted use.

Dependability is "the property of an object to preserve over time the ability to perform the required functions in the specified modes and conditions of use, maintenance, storage and transportation" (GOST 27.002-2015).

Immediate abandonment of a nuclear  facility is a method to implement "NF abandonment" option, when disassembling and/or decontamination of buildings, constructions, systems and components of the NF start immediately after termination of the NF operation.

Examination of a technical state of buildings (constructions) is "a set of measures aimed at determination and assessment of actual values of controlled parameters characterizing operability of the inspected facility and determining the possibility of its further operation, reconstruction, or the necessity of its rehabilitation, reinforcement, repair, including inspection of foundation soils and civil structures aimed at assessment of technical state of soils, deformational damages, defects of load-bearing and enclosing structures and determination of their actual load-bearing capacity" (GOST 31937-2011).

Residual life is "total operating time of the object from the moment of control of its technical state to the moment when it reaches the limiting state" (GOST 27.002-2015).

Sampling is "the process of extracting or compiling a sample" (GOST R 50779.10-2000).

Deferred abandonment of a nuclear facility is a method to implement "NF abandonment" option, when the disassembly and decontamination of the buildings, constructions, systems and components of the NF start after their safe enclosure at the site of the decommissioned NF for a long-period of time until the content of RS in them due natural decay reduces to the levels specified in the design documentation.

Error of the second kind is "an error to accept the null hypothesis, since statistics take a value that does not belong to the critical area, while the null hypothesis is not true" (GOST R 50779.10-2000).

Error of the first kind is "an error which involves discarding the null hypothesis, since statistics take a value belonging to the critical region, while this null hypothesis is true" (GOST R 50779.10-2000).

Nuclear facility site is an area with buildings and structures of the NF located in it, the boundaries of which are defined by the operating organization and specified in the decommissioning program of the NF.

Verification calculation is "calculation of the existing structure and/or foundation soils according to current design standards with the introduction of the following into the calculation obtained as a result of the examination or according to design and as-built documentation: geometric parameters of structures, the actual strength of building materials and foundation soils, operating loads, updated design scheme with due regard to existing defects and damage" (GOST 31937-2011).

Simple random sample is "a sample of n sample units taken from the population in such a way that all possible combinations of n units have the same probability of being selected" (GOST R 50779.10-2000).

Systematic sampling is a sample obtained using systematic selection, when sample units (samples) are taken from a grid constructed on a regular spatial basis, for example, using a square, rectangular, triangular, or radial grid. In this case, the position of the initial reference point of the grid is selected randomly.

Scanning is the movement of the measuring tool sensor along the selected trajectory at a specified distance from the surface of the measured object with simultaneous registering an information signal.

Systematic sampling is "selection of a sample by any systematic method" (GOST R 50779.10-2000).

Composite sampling is a sample obtained using cluster sampling (sampling by grouping), when samples taken from each cluster are physically combined and mixed to produce a single homogeneous sample unit (sample).

Technical state is "the condition of an object characterized by a set of parameters established in the documentation that describe its ability to perform the required functions under the conditions in question" (GOST 27.002-2015).

Digital engineering and radiation model of a nuclear facility is a logical and mathematical representation of buildings, structures, systems and components of the NF, objects at the NF site and topological relations between them in digital form, including data on their technical and radiation state.

Appendix 3 
to the safety guide in the use of atomic energy "Recommendations for the conduct of comprehensive engineering and radiation examination of a nuclear facility" approved by the Order of the Federal Environmental, Industrial and Nuclear Supervision Service 
No. ___ dated __________, 20__ 

APPROXIMATE LIST OF OBJECTS TO BE EXAMINED

Approximate list of objects to be examined:

individual buildings and structures (in the controlled access area, free access area);

civil structures;

decontamination facilities;

solid and liquid radioactive waste management systems, including RW repository, RW reprocessing facilities;

special ventilation systems;

special sewerage systems;

power supply systems;

gas supply systems;

water supply and water discharge systems;

microclimate systems (heating, ventilation, air conditioning);

heating networks;

communication networks;

radiation monitoring engineered features;

physical protection engineered features;

technical systems (means) of fire protection;

lifting devices;

environmental and infrastructure objects at the site of NF (for example, underground and surface ground water, soil, vegetation; roads used for transporting nuclear materials, radioactive substances, and RW):

parts of a nuclear reactor (pressure vessel, shaft, masonry, biological protection, other structural components of a nuclear reactor);

fuel pool;

process shafts;

process equipment;

process pipelines, including those passing through the NF site; 

other systems and components of NF contaminated with radionuclides.

Appendix 4 
to the safety guide in the use of atomic energy "Recommendations for the conduct of comprehensive engineering and radiation examination of a nuclear facility" approved by the Order of the Federal Environmental, Industrial and Nuclear Supervision Service 
No. ___ dated __________, 20__ 

RECOMMENDATIONS 
FOR THE SCOPE OF ENGINEERING EXAMINATION OF INDIVIDUAL SYSTEMS AND EQUIPMENT WHEN CONDUCTING A COMPREHENSIVE ENGINEERING AND RADIATION EXAMINATION OF A NUCLEAR FACILITY

This Appendix contains recommendations on the scope of engineering examination of individual systems and equipment that are intended to be used in the decommissioning of NF.

Before the examination of systems and equipment, it is recommended to select and study the relevant regulatory, technical and reference documentation necessary for the preparation and conduct of an engineering examination.

1. For the examination of heat supply systems, it is recommended to provide for activities and works, including inter alia:

description of the system (types of devices, layout of the supply and return lines, diagrams of heating mains from the point of connection to public networks to the point of entry to the object);

examination of system components (pumps, main shut-off valves, instrumentation, etc.);

examination of pipelines, heating devices, shut-off and control valves, etc.;

detection of damages, malfunctions and defects, including radiator breaks, corrosion damage and traces of repairs, blockages;

performing instrumental measurements, if necessary.

2. For the examination of water supply systems, it is recommended to provide for activities and works, including inter alia:

system description (system type, layout);

examination of pumping units, control instrumentation, shut-off and control valves at the entrance to buildings and structures;

survey of the surrounding area and pavements in the entry zone (presence of settlements, sinkholes);

examination of pipelines and detection of defects (fistulas in metal, drip leaks in places of threaded connections of pipelines and tie-ins of shut-off valves, cracks, traces of repairs, corrosion foci, cracks and mechanical damage to the paintwork, loss of thermal insulation of pipelines and risers), the state of fasteners and supports of pipelines;

conduct of instrumental measurements (pressure at the input unit, free head at the most remote water taps, and other measurements), if required.

3. For the examination of sewerage (special sewerage) systems, it is recommended to provide for activities and works, including inter alia:

verification of compliance of pipeline routing with design documentation;

examination of pipelines and equipment (collection tanks, ducts and trays of special sewerage, sanitary appliances), detection of defects (damage to pipelines, as well as devices for leaks recovery and control, breakdown of connections, cracking, drip leaks in places where sanitary appliances are connected, signs of repairs and replacement of individual portions, blockages, damaged waterproofing);

conduct of instrumental measurements (slopes of horizontal portions of pipelines), if required.

4. For the examination of ventilation (special ventilation) systems, it is recommended to provide for activities and works, including inter alia:

description of the ventilation system design;

verification of compliance of pipeline routing with design documentation;

verification of compliance of cross sections of ventilation air duct openings and air distributors with the design documentation;

examination of technical state of ventilation systems, including ventilation exhaust pipes, and detection of defects (leakage of ventilation chambers and ducts, branch pipes in places of connection, lost integrity of ventilation ducts and shafts, ventilation units, mechanical damages of ventilation shafts and air vents on the roof, damage of mechanical parts of supply and exhaust system (ventilation units, fans, valves, gate valves);

identification of duct sealing that is not provided for in the design and operation documentation;

assessment of the state and operability of ventilation chambers, air filters, gas cleaning installations, heating devices, fans, instrumentation;

conduct of instrumental measurements (capability of ventilation channels, volumes of air extraction in rooms), if required.

5. For the examination of lifting and transport equipment, it is recommended to provide for activities and works that include:

examination of the technical state of metal structures, mechanical equipment, block-and-tackle system, hydraulic equipment, electrical equipment, safety devices, state of crane tracks and dead-end stops;

geodetic measurements of the structure, testing of lifting and transport equipment.

6. For the examination of engineered features of radiation monitoring system, it is recommended to provide for activities and works that include:

verification of completeness (quantity, types) of engineered features of the radiation monitoring system for compliance with design documentation;

verification of routing compliance of electrical equipment, sampling lines, points of placement of stationary sensors and measuring tools used for the monitoring of radiation situation in the premises and at the site of NF, radioactive releases and discharges with the design documentation;

description of the block diagram of hardware complex and layout of stationary sensors, measuring tools, sampling points using sampling lines;

making up a list of software tools (if any) used in the radiation monitoring system and their description;

examination of the state of radiation monitoring system components (registration facilities, sensors and radiation monitoring equipment; hardware for information processing (including primary) and storage, and communication to personnel; information transmission lines; power supply lines; dampers, valves, pressure gauges of sampling lines, etc.);

assessment of dependability and life characteristics of radiation monitoring system components, sufficiency of spare parts (main components, parts, assemblies of the radiation monitoring system), tools and accessories.

7. For the examination of power supply system, it is recommended to provide for activities and works that include:

system description (structure of system components, including components used for emergency power supply; a list of loads (systems and equipment) assigned to the first category of reliability of power supply, indicating loads related to a special category; operating and backup sources of power; schematic diagram of power supply; parameters of transformers and power equipment; layout of system components, including components of protection and control of power supply settings of loads);

detection of malfunctions and mechanical damages of system components, signs of repair;

examination of the state of components (equipment, devices, cables, buses), including monitoring of the state of insulation of electric power networks;

assessment of life characteristics of system components.

Appendix 5 
to the safety guide in the use of atomic energy "Recommendations for the conduct of comprehensive engineering and radiation examination of a nuclear facility" approved by the Order of the Federal Environmental, Industrial and Nuclear Supervision Service 
No. ___ dated __________, 20__ 

RECOMMENDATIONS FOR 
THE DETERMINATION OF THE STRATEGY FOR SELECTING RADIATION MEASUREMENT POINTS BASED ON THE PROBABILISTIC APPROACH

1. The strategy for selecting measurement points for radiation factors based on the application of a probabilistic approach (hereinafter referred to as the Strategy) should be determined depending on the goals of radiation examination, which may include, inter alia, obtaining data necessary for the preparation of design documentation for decommissioning of NF for the evaluation of:

radiation characteristics (activity, radionuclide composition) of waste, equipment and re-use materials generated during decommissioning;

levels of radiation exposure (external and internal exposure) to the personnel, public and environment during decommissioning.

I. Collection of data to assess the radiation characteristics of waste, materials and equipment

2. A scheme for selecting points for measuring radiation factors (sampling points or direct measurements) is defined for the object under examination. Such scheme helps obtain, for example, one of the following samples:

simple random sample;

systematic sampling (sampling as per systematic grid - triangular, square, radial, etc.);

composite sampling.

Examples of the selection of measurement points for each type of specified samples are shown in Figure 1.
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Fig. 1. Examples of selection of measurement points: a) simple random sampling; b) systematic sampling based on a triangular grid; c) systematic sampling based on a radial grid; d) composite sampling

3. A null hypothesis H0 and an alternative hypothesis H1 are put forward, and the value for the [image: image5.wmf]1

μ

measured value is taken as follows:
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where:
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 is the true average value of the measured value (for example, radiation dose rate, specific activity) for the object under examination;
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 is the value of the measured value, which should not be exceeded for the measured object (for example, the value of specific activity of materials, which renders them RW, if exceeded);
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 is the value of the measured value that is less (greater) than [image: image11.wmf]0
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 for option I (II), which renders consequences of an error of the second kind significant, if exceeded (not exceeded) <1>.

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

<1> An example that explains the significance of possible consequences of a type II error is provided in Chapter III of this Appendix.

4. The probability of an error of the first kind [image: image12.wmf]α

 and the probability of an error of the second kind [image: image13.wmf]β

 are accepted. For probabilities [image: image14.wmf]α

 and [image: image15.wmf]β

, it is recommended to take a value equal to 0.05. When using a value greater than 0.05, it is recommended to justify the choice and then provide the justification for the choice in the CERE report.

5. The standard deviation s of the measured value is evaluated. The value of standard deviation s should be evaluated based on the results of existing previous measurements of the value using the formula:
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where:
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 is the result of the i-measurement;

m is the number of measurements.

If the results of previous measurements of the value are not available, it is recommended to evaluate the standard deviation s using one of the following three approaches (in descending order of priority):

a) an approach based on special preliminary measurements (for example, from 5 to 20) and subsequent calculation of the s value using formula (2) of this Appendix. When using this approach, it is recommended to use the same measurement methods and types of measuring tools that are intended to be used during the CERE;

b) an approach using expert assessments of specialists that helps evaluate the maximum and minimum values of the measured quantity (for example, based on sampling or direct measurements in places where contamination is most likely to occur), with further s calculation using the formula:
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where:
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 are expected maximum and minimum values of the measured quantity;

c) using the assumption that the value of s is 0.3 x [image: image21.wmf]0

μ

.

When using approaches a) or b), it is recommended to justify the choice of measurement points and then provide the justification for the choice in the CERE report.

6. The value of effect size ES is evaluated according to the formula:
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7. For the sample types specified in paragraph 2 of this Appendix, the preliminary number of measurement points n is determined according to Table 1 of this Appendix.

Table 1

The number of measurement points n depending on the value of effect size and power of the criterion (1 - [image: image23.wmf]β

) for the probability of type I error [image: image24.wmf]α

 = 0.05

	1 - [image: image25.wmf]β


	ES <*>, %

	
	10
	20
	30
	50
	80
	100

	0.95
	1084
	272
	122
	45
	19
	13

	0.90
	859
	216
	97
	36
	15
	10

	0.85
	721
	182
	82
	31
	13
	9

	0.80
	620
	156
	71
	27
	12
	8

	0.75
	540
	136
	62
	23
	10
	7

	0.70
	472
	119
	54
	21
	9
	7


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

<*> To use the table, the ES value obtained by formula (4) of this Appendix should be rounded down to the nearest value multiple of 10, otherwise calculations based on formula (5) of this Appendix can be used.

For values [image: image26.wmf]α
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 and ES missing in Table 1 of this Appendix, the number of measurement points can be determined using the following formula (with the resulting value rounded up to the nearest integer value):
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where:
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 are percentiles of the Student's distribution, determined according to Table 2 of this Appendix, depending on the accepted values of the error probabilities of the first and second kind.

Table 2

Percentile values of the Student's distribution depending on the probability of errors of the first or second kind <2>

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

<2> Applied Statistics: The Study of Dependences: Reference Book / S.A. Aivazyan, I.S. Yenyukov, L.D. Meshalkin; eds S.A. Aivazyan. - М.: Finance and Statistics, 1985, p. 487
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	0.0025
	2.807
	0.05
	1.645

	0.005
	2.576
	0.10
	1.282

	0.01
	2.326
	0.25
	0.674

	0.025
	1.960
	0.40
	0.253


8. In order to provide for the possibility of loss or unsuitability of data obtained during the examination, the final assessment of the required number of measurement points is calculated using the formula (with the resulting value rounded up to the nearest integer value):

N = 1.1 x n. (6)

9. If the object under examination has a surface area of less than 100 m2 (for environmental objects located at the site of NF) or less than 10 m2 (for other objects under examination), the number of points obtained by formulas (2) - (6) of this Appendix is excessive. For such objects, it is recommended either to consider reducing the number of measurement points (for example, assuming a probability of an error of the second kind equal [image: image41.wmf]β

 to 0.3 or more), or to conduct the examination based on sampling or direct measurements in the places where contamination is most likely to occur. It is recommended to justify the choice of measurement points (and their number) and then present it in the CERE report.

II. Data collection for the assessment of radiation exposure levels

10. In order to collect data necessary for the assessment of radiation exposure levels, it is recommended to divide buildings, structures and the site of NF into units (objects) of the examination of the corresponding classes in accordance with the recommendations of Chapter II of the safety guide in the use of atomic energy "Recommendations for the final examination of a decommissioned nuclear facility" (RB-124-16), approved by the Order of Rostechnadzor No. 532 dated December 14, 2016.

11. It is recommended to search for places of local increased pollution within the limits of each examination unit. It is recommended to conduct an exploratory research by scanning the entire examination unit or its part. It is recommended to establish the coverage of an examination unit by scanning depending on its class, as indicated in Table 3 of this Appendix.

Table 3

Recommended percentage of the examination unit to be scanned

	Examination unit class
	Scanned area

	Class 1
	100%

	Class 2
	100%

(from 10 to 50% of ceilings and upper parts of walls)

	Class 3
	10 to 100%


12. For examination units where scanning of no more than 50% of the area is provided and there is reason to assume that some parts of the examination unit are more contaminated with radioactive substances than others, it is recommended to conduct a 100% scanning of the most likely contaminated areas, and to provide for scanning of a smaller proportion of the area for other parts.

The most likely contaminated areas should include, among other things, those for which:

previously measurements showed that the contamination of the area significantly differs in terms of radionuclide composition or the ratio of radionuclide activities from the contamination expected based on information about radiation sources that were handled at the NF site;

there are visual differences from other areas of the examination unit (for example, embankments, sings of spills, damage to protective coatings);

there is [image: image42.wmf]б

ó

льшая

a possibility of radioactive contamination in comparison with other areas of the examination unit (for example, ditches, drains, bends in ventilation or sewer pipes).

13. After a scanning examination, it is recommended to perform measurements for each examination unit, taking into account the nature of its radioactive contamination:

rate of ambient dose equivalent of gamma and / or neutron radiation;

alpha and beta particle flux densities;

radionuclide composition and specific activity (measured and total) of contamination of the surface of premises, external and internal surfaces of equipment, for example, based on sampling and their subsequent laboratory measurements;

level of volume activity of radioactive aerosols in the air of working spaces (work areas).

14. It is recommended to measure the rate of ambient dose equivalent, that will help evaluate its values at the following distances:

0.1 m and 1 m from the surfaces of enclosing structures of buildings and facilities of the NF (floors, walls, ceilings, etc.);

0.1 m, 0.5 m and 1 m from the external surfaces of equipment and pipelines contaminated with radionuclides;

0.1 - 0.3 m from the surfaces of the examined objects at the NF site (soil, road surface, etc.), taking into account the guidelines of MU 2.6.1.2398-08 "Radiation monitoring and sanitary-epidemiological assessment of land plots for the construction of residential buildings, public and industrial buildings and structures in terms of ensuring radiation safety" approved by the Chief Sanitary Inspector of the Russian Federation on July 2, 2008.

15. Measuring tools and methods of radioactive contamination monitoring of indoor surfaces of buildings and structures of nuclear facilities should  be selected with due regard to the guidelines MU 2.6.5.032-2017 "Monitoring of radioactive contamination of surfaces" approved by Chief Sanitary Inspector for the served organizations and served territories of FMBA of Russia on May 05, 2017.

16. To determine the radionuclide composition and specific activity of surface contamination, it is recommended to monitor (measure or evaluate) radionuclides that cause 99% of the effective individual annual radiation dose (external and internal separately) of employees (personnel) during NF decommissioning.

17. It is recommended to measure the ambient dose equivalent rate, alpha and beta particle flux density, radionuclide composition, and specific surface contamination activity for each examination unit using a systematic grid. The number of measurement points in an examination unit should be minimum 146 points <3>. The calculated length of the systematic grid cell side (L) should be rounded down to the nearest value, a multiple of, for example, 0.1 m or 1 m, in order to easily register the location of measurement points.

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

< 3> Calculated using the formula (6) of this Appendix for the value of effect size ES = 30% and the probability of type II error [image: image43.wmf]β

 = 0.05.

If the examination unit has an area of less than 10 m2 (for indoor examination units) or less than 100 m2 (for other examination units), it is recommended to take the length of systematic grid side equal to 0.3 m.

Where measurement results differ significantly from the average value for the examination unit (for example, the relative mean square deviation of the specific activity values of samples exceeds 30%) or individual measurement results exceed the threshold values (reference levels established by the operating organization and specified in the CERE program) to detect areas of local increased surface contamination ("hot spots"), it is recommended to consider the possibility of forming additional sets of measurement points (sampling). At the same time, the volume of measurements should ensure the detection of areas of local increased surface contamination ("hot spots"), delineation of such areas, and plotting patterns indicating, among other things, the boundaries of increased radioactive contamination areas.

18. The level of volume activity of radioactive aerosols in the air of working premises (work areas) should be measured with due regard to the guidelines of MU 2.6.5.009-2016 "Volume activity of radionuclides in the air at work places. Requirements for the determination of the average annual volume activity", approved by the Chief Sanitary Inspector of the FMBA of Russia on April 22, 2016.

III. Hypothetical example of the determination of the number of measurement points

19. Below is an example of the determination of the number of measurement points required for making decisions on handling a solid conditional medium contaminated with Sr-90 when designing decommissioning of a NF. At the same time, based on the analysis of information about the history of NF operation, it is expected that the level of specific activity of Sr-90 in various spatial points of the medium will be approximately the same and close to the value corresponding to the level of medium classification as RW.

20. The following null hypothesis H0, alternative hypothesis H1 on the average value of the specific activity of Sr-90 in the medium are put forward, and the value [image: image44.wmf]1

μ

 for the measured quantity is also accepted (option I specified in paragraph 3 of this Appendix):
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where:

[image: image46.wmf]μ

 is the true average value of the specific activity of Sr-90 in the medium, Bq/g;

[image: image47.wmf]0
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 = 10 Bq/g is the average value of the specific activity of Sr-90 in the medium; if it is exceeded, the waste should be treated as RW (the limit value of the specific activity of Sr-90); this value is established in the Appendix to the criteria for classifying solid, liquid and gaseous waste as radioactive waste, approved by the Decree of the Government of the Russian Federation No. 1069 dated October 19, 2012 "On criteria for classifying solid, liquid and gaseous waste as radioactive waste, criteria for classifying radioactive waste as special radioactive waste and removed radioactive waste, and criteria for classification of removed  radioactive waste";
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 = 8.8 Bq/g is the average value of the specific activity of Sr-90 in the medium, for which the operating organization has decided that at this level of activity, the consequences of type II error become significant. In this case, type II error will be that due to the variability of the sample measurements, the null hypothesis H0 will not be rejected mistakenly (the decision will be made that the average value of the specific activity of Sr-90 in the medium is greater than 10 Bq/g), while the alternative hypothesis H1 is true (it should be decided that the average specific activity of Sr-90 in the medium does not exceed 10 Bq/g). In general, this will lead to unnecessary labor, time, financial or other costs for the medium management as RW, when in fact it is not RW. Value [image: image49.wmf]1
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 should be selected so that the following inequality is observed for the effect size:
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Subject to the condition [image: image52.wmf]1

μ

< [image: image53.wmf]0

μ

(since option I specified in paragraph 3 of this Appendix is selected), inequality (8) is equivalent to the following inequality:
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Based on the calculation results presented in paragraph 23 of this Appendix, the recommended range of values [image: image55.wmf]1

μ

 is from 8.8 Bq/g to 9.8 Bq/g.

21. The probability of a type I error [image: image56.wmf]α

 = 0.05 is assumed. Such a small probability value is accepted by the operating organization due to the fact that the consequences of type I error (erroneous non-attribution of the medium to RW while it is RW in fact) can lead to unacceptable radiation effects on human and the environment, non-compliance with legal requirements (disposal of the medium at industrial landfills instead of special repositories for radioactive waste), sanctions of supervisory authorities, etc.

22. The probability of a type II error [image: image57.wmf]β

 = 0.05 is assumed. Such a small probability value is accepted by the operating organization, since the consequences of type II error (erroneous attribution of the medium to RW while it is not RW in fact) will lead to an unjustified increase in the financial costs of medium handling as RW.

23. Since there are no results of previous systematic measurements of the medium, the standard deviation s was estimated using the expert assessment approach using formula (3) of this Appendix:
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24. The value of ES effect size is estimated using the formula (4) of this Appendix:
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25. According to Table 1 of this Appendix, the pre-selected number of measurement points n was assumed to be 45 (for [image: image60.wmf]α

 = 0.05, 1 - [image: image61.wmf]β

 = 0.95, ES = 50%).

26. According to formula (6) of this Appendix, it is calculated that the number of measurement points N = 45 x 1.1 = 50 points <4>.

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

< 4> ES is assumed to be 50% in accordance with the recommendation in the note to Table 1 of this Appendix. When using the exact value ES = 60%, it can be estimated that n = 32 and N = 36 according to formulas (5) and (6) of this Appendix.

