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SAFETY GUIDE
 IN THE USE OF ATOMIC ENERGY "SEISMIC MONITORING IN LOCATIONS OF NUCLEAR AND RADIATION HAZARDOUS FACILITIES"

(RB-142-18)

I. General

1. The safety guide in the use of atomic energy "Seismic monitoring in locations of nuclear and radiation hazardous facilities" (RB-142-18) (hereinafter referred as the Safety Guide) has been developed in accordance with Article 6 of the Federal law dated November 21, 1995 No. 170-FZ "On the use of atomic energy" for the purpose of compliance with the requirements of paragraph 1.2.9 of the Federal rules and regulations in the field of atomic energy use "General provisions for NPP safety assurance" (NP-001-15), approved by the order of the Federal Environmental, Industrial and Nuclear Supervision Service dated December 17, 2015 No. 522; Chapter 6 and Appendices 3, 4, and 5 of Federal rules and regulations in the field of atomic energy use "Accounting for external natural and man-made impacts on nuclear facilities" (NP-064-17), approved by the order of the Federal Environmental, Industrial and Nuclear Supervision Service of November 30, 2017 No. 514 (registered by the Ministry of Justice on December 29, 2017, registration No. 49461); paragraphs 2.5, 3.8 and Appendix 2 of the Federal rules and regulations in the field of atomic energy use "Design standards for seismic-resistant nuclear power stations" (NP-031-01) approved by the Decree of Gosatomnadzor of Russia No. 9 dated October 19, 2001; paragraphs 3.1, 3.2, 4.1 of the Federal rules and regulations in the field of atomic energy use "Placement of nuclear power plants. Basic safety criteria and requirements" (NP-032-01) approved by the Decree of Rosatomnadzor of Russia No. 10 dated November 08, 2011; paragraphs 2.5, 2.6, 4.1 "Placement of storage sites for nuclear materials and radioactive substances. Basic safety criteria and requirements" (NP-060-05) approved by the Decree of the Federal Environmental, Industrial and Nuclear Supervision Service No. 3 dated August 31, 2005; paragraph 2.7 of the Federal rules and regulations in the field of atomic energy use "Placement of nuclear fuel cycle installations. Basic safety criteria and recommendations" (NP-050-03) approved by the Decree of Gosatomnadzor of Russia No. 11 dated December 31, 2003; paragraphs 3.12, 5.7 of the Federal rules and regulations in the field of atomic energy use "General safety provisions for nuclear fuel cycle facilities" (NP-016-05) approved by the Decree of the Federal Environmental, Industrial and Nuclear Supervision Service No. 326 dated July 28, 2014 (registered in the Ministry of Justice of Russia on August 28, 2014, registration No. 33890).

2. This Safety Guide provides recommendations of the Federal Environmental, Industrial and Nuclear Supervision Service on regional (local) seismic monitoring for the substantiation of safe placement of nuclear facilities within a whole tectonic unit, not affected by active faults and geodynamic zones (prospective PSF zones), and recommendations regarding the monitoring of steady parameters of the seismic setting of location, parameters of design basis earthquake and safe shutdown earthquake at the site based on seismologic monitoring during siting, construction, operation and decommissioning of nuclear facilities.

3. This Safety Guide is intended for use by organizations that provide engineering surveys and research to determine the seismicity of the area and site, as well as safety cases for buildings and structures, earthquake resistance of systems and components of nuclear facilities.

4. The requirements of the Federal Rules and Regulations in the field of atomic energy use may be implemented through the use of any seismic monitoring techniques (methods) other than those specified herein, subject to the substantiation of selected techniques (methods) for safety assurance.

5. This Safety Guide does not apply to general seismic zoning, site seismic micro-zoning, industrial seismic protection system, and system for recording strong ground movements at the site of nuclear facility.

6. It is recommended to consider the data of state seismic monitoring in the Russian Federation performed at the location of nuclear facility site when arranging a stationary permanent seismic monitoring system and analyzing observation results.

7. It is recommended to carry out seismic monitoring at all stages of nuclear facility life cycle (placement, construction, operation, extension of service life, retrofitting and decommissioning). It is recommended to organize the seismic monitoring system so as to ensure its upgradeability during the design period and beyond design operating life of the nuclear facility.

8. It is recommended to develop a program for seismic monitoring, which should justify the scope of work, equipment used, measurement technique, the sensitivity of seismic monitoring system that allows solving seismic monitoring tasks in the area of location and at the site to justify nuclear facility safety. It should also justify the scope and timing for the submission of deliverables.

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

II. Goals and tasks of seismic monitoring.

Scope of works

10. Key goals of seismic monitoring are as follows:

confirmation of a safe placement of nuclear facility within a whole tectonic block, not affected by active faults and geodynamic zones (prospective PSF zones);

monitoring of steady parameters of the seismic setting and obtaining input data for monitoring of steady parameters of DBE and SSE.

11. Key tasks of seismic monitoring are as follows:

providing a higher sensitivity of observations compared with the one provided for the area where a nuclear facility is located by existing regional systems of seismic monitoring or the GS RAS network;

obtaining seismic data (catalogues of seismic events) that allow monitoring the activity of main PSF zones, parameters of recurrence curves of seismic setting of the NF area and site (monitoring of the parameters of DBE and SSE adopted in the design).

12. When the controlled parameters reach the critical values accepted in the design, it is recommended that the seismic monitoring contractor should immediately inform the NF management and the customer.

13. It is recommended to ensure continuous seismic monitoring with a constant assessment of the actual sensitivity of the selected monitoring system.

14. It is recommended to use up-to-date seismic measuring tools, recording methods and data processing and analysis tools in works.

15. It is recommended to take into account seismic monitoring results when justifying the safe placement of a NF within a whole tectonic block not affected by active faults and geodynamic zones; obtaining input data for earthquake-resistant design of NF, steady parameters of the seismic setting, and obtaining input data for monitoring of steady parameters of DBE and SSE during the construction, operation, decommissioning of a NF, as well as during the extension of service life and retrofitting.

16. Based on seismic monitoring results, it is recommended to specify the position of previously identified geodynamic and seismotectonic zones of the NF location area and site, determine parameters of the seismic setting, and perform an instrument assessment of the characteristics and parameters of seismicity of NF location area and site.

17. If the results of seismic monitoring show changes in the localization, direction and speed of seismic setting development in the area of NF location, it is recommended to analyze the results of all types of monitoring in the area of NF location in order to assess possible impact of these changes on the NF. For example, the results of geodetic observations of the present day crustal motion, geophysical monitoring of the stress-strain state and properties of the crust, hydrogeodynamic and geochemical monitoring of groundwater, monitoring of gas anomalies.

18. The following works should be included in the organization and conduct of seismic monitoring of NF location area and site:

1) analysis of archive and library materials on geodynamic, neotectonic, tectonic, seismotectonic, seismic data, as well as technical, economic and other conditions of the territory where NF site is located and analysis of the results of previous seismic observations in the area where NF is located;

2) selection of a seismic monitoring system (measuring tools and methods) that corresponds to the conditions of the NF location area and site; the effectiveness of selected seismic monitoring system in these geodynamic and seismic conditions of the NF location should be justified;

3) verification schedules and methods of maintenance of measuring tools in accordance with the maintenance procedure and applicable metrology legislation;

4) justification of the selected places of installation of measuring tools and organization of registration points;

5) continuous registration of seismic data, quality control of the received information; the sensitivity of seismic observation system necessary for solving the tasks set should be justified;

6) analysis of registered signals and parameters of their sources with:

the assessment of main parameters of the signal (amplitude, period, duration) and the source (location, local magnitude, moment magnitude, with due regard to parameters of the focus);

the calculation of spectral characteristics;

the description of data processing algorithms;

7) distribution of registered earthquake sources in space and time;

8) building a database of seismic data;

9) analysis of the nature of geodynamically active zones and tectonic structures of the NF area in local seismicity based on the mapping of registered regional (local) earthquakes and comparison with other available geodynamic monitoring data;

10) seismic station operation reports;

11) preparation of deliverables.

III. Criteria for the selection of methods and tools for seismic monitoring that meets the conditions for NF site placement

19. When selecting techniques and respective measuring tools, it is recommended to provide maximum sensitivity of seismic observations not exceeding [image: image1.wmf]M

 = 1, which allows solving seismic monitoring tasks in the area of accommodation and at the site of NF for the safety assessment of NF. An example of the substantiation of seismic monitoring sensitivity, which allows obtaining input data for NF safety case, is given in Appendix 3 to this Safety Guide.

20. To ensure the required sensitivity and resolution of seismic monitoring system, it is recommended to justify the use of a dense network of seismic stations, organization of a network of borehole seismic measurements with the maximum possible depth (about 100 m or more), and use of grouping techniques in the work program. It is recommended to simultaneously perform measurements by a network of seismic stations and a low-aperture seismic group in the presence of high background noise and weak seismic activity.

21. If there is a regional seismic measurement system in the area where a NF is located, it is recommended that the sensitivity of seismic monitoring system should allow recording weaker seismic events close to the location area and at the NF site than the existing regional system.

22. It is recommended to equip all monitoring points with the same type seismic sensors and registration system.

23. It is recommended that the frequency range of the selected measuring tools should cover the entire necessary seismic range (depending on the tasks set) and can provide both registration of strong seismic signals and weak seismic events and noises in the area under investigation. If it is necessary to register remote earthquakes, it is recommended to equip at least one observation point with broadband measuring tools.

24. It is recommended to use the following parameters of seismic channels:

operating frequency range - 0.5-50 Hz;

sampling frequency - 200 Hz;

dynamic range - 120 dB;

accuracy of reference to time markers - 10 ms.

IV. Selection of locations for the installation of seismic stations

25. It is recommended to analyze archive and published materials on geology, geomorphology, tectonics, deep structure, recent, quaternary and present crustal motions, paleoseismic dislocations, geophysics, seismology, and the latest seismicity of the region to select the locations of seismic stations.

26. It is recommended to use preliminary diagrams of hierarchical block structure of NF location area and site as a basis for the selection of locations for seismic stations. When selecting observation points, it is recommended to consider the results of remote studies, geomorphological analysis, including geological and geophysical data, and data on present crustal motions reflecting the spatial position, and neotectonic, quaternary and modern geodynamic activity zones, active structures and weakened fault zones in the area of location and at the site of NF.

27. When selecting the locations of seismic stations, it is recommended to take into account the natural seismicity of the location area and site of NF according to the official maps of the general seismic zoning of the Russian Federation, data on the latest seismic activity based on a consistent review of small-, medium- and large-scale survey and research materials. It is recommended to consider the materials of regional and international seismic data centers as additional information.

28. It is recommended that the observation system should be as sensitive as possible in the area of dynamic influence (within a radius of about 4 km) of the main geodynamically active structure, which is a potential seismic hazard for the NF site.

29. It is recommended to select an area with minor landscape elevation differences compared to the distances between sensors to place the observation system.

30. When selecting sites for the installation of seismic stations, it is recommended to consider existing human-induces loads in the area of proposed registration and position the station at a maximum distance from the active equipment, busy highways and railways, communities, rivers, streams, and waterfalls.

31. For the final selection of installation points for seismic stations on site, it is recommended to carry out preliminary seismic measurements to study the level, spectral structure of seismic noises, and their daily variations. If a small-aperture seismic group is installed, correlation properties of microseismic noises and coherence of seismic signals within the intended installation area must be studied.

V. Organization of registration points

32. When organizing the installation place for a seismic sensor (other than a borehole), it is recommended to install (or select) a pedestal that provides maximum adhesion of the sensor base to the ground, while the pedestal should not have its own vibrations.

If possible, it is recommended to select a place at the rock outcrop for the installation of seismic sensor pedestal.

When installing (selecting) the pedestal, it is recommended to observe the following conditions:

no mechanical connection to the structure (to avoid registering the building's own wind vibrations) when installing the pedestal in the basement of the structure;

flat horizontal surface (with a slope not exceeding 3 degrees);

one-piece pedestal body (no noticeable cracks, inhomogeneous inclusions).

It is recommended to apply reference marks for the cardinal directions on the pedestal surface (N - S).

33. When organizing the installation place, it is recommended to protect the sensor from wind loads, precipitation and sudden temperature changes. When installing the pedestal on the ground, it is recommended to bury it at least 0.6-0.8 m down to the ground, if possible.

34. It is recommended to equip points of seismic events registration with the same type data recorders.

35. During a temporary seismic monitoring, a schedule of power sources replacement (check) should be set in registration points. After each replacement of the battery, it is recommended to record the voltage value for the power source removed, and the voltage value for the battery installed instead. It is recommended to use power sources requiring the least possible interference with the operation of the seismic station, as far as measuring tools used and operating conditions allow.

36. Online registration of seismic events is recommended.

37. For permanent seismic monitoring and operation of seismic stations, it is recommended to equip special stationary seismic registration points provided with constant power supply, communication and data transmission lines protected from interference.

VI. Analysis of microseismic ground vibrations

38. It is recommended to determine the parameters of microseismic background and their variations over time for one or more observation points, depending on the observation system used and the tasks set.

39. It is recommended to assess variations in the main parameters of seismic noise against time for the correct assessment of registered seismic signals.

40. It is recommended to include the following steps in the procedure of data selection for the analysis of microseismic ground vibrations:

pick up one hour during the day and one at night from the daily record of hourly measurements of the microseismic background (for example, the intervals from 2-3 a.m. and 2-3 p.m. local time);

select a fragment of microseismic ground vibrations recording within each selected interval that is not visually polluted by signals from sources of a different nature, such as near and distant signals from explosions and earthquakes, vehicles, interference associated with equipment maintenance, etc. The fragment duration should be determined by the stationarity of microseismic vibrations in the given area and the selected survey frequency;

assess amplitude variations of seismic noise (for example, daily, weekly);

calculate the spectral power density for the selected fragment and obtain the average power spectrum for all samples of noise fragments (day/night);

calculate the average and standard value of the power spectrum across th sample of data that characterize day and night time;

assess the general nature of the spectra and identify quasi-harmonic components typical for microseismic vibrations within the area in question.

VII. Processing of registered signals

41. It is recommended to determine the parameters of registered signals by processing the entire data set.

42. As the first stage of signal processing (hereinafter referred to as the primary assessment), it is recommended to analyze the wave forms and spectral features of the signals registered.

43. Based on the results of primary assessment, it is recommended to identify signals of no significance for further clarification of the characteristics and parameters of the seismicity of NF location area and site (for example, anthropogenic signals, industrial jitters). Further analysis can only be performed for signals from earthquakes, quarry explosions, and for signals whose nature is not identified at this stage.

44. It is recommended to assess parameters of the registered signals and their sources according to:

entry time of the main signal phases;

location of the signal source;

moment magnitude [image: image2.wmf]w
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with due regard to focus parameters;

local magnitude[image: image3.wmf]L
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 of the event

with a description of assessment procedure of the parameters presented.

45. If it is impossible to determine the moment magnitude [image: image4.wmf]w
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with due regard to focus parameters, it is recommended to use corrections to the magnitude value [image: image5.wmf]L
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46. It is recommended to compare the results obtained with the data from neighboring seismic stations of GS RAS and international observation systems.

47. It is recommended to determine the nature of signals caused by explosions in quarries or mines by a set of attributes:

"place - time" attribute (coincidence of the source location and the territory of a quarry or mine, coincidence of the time in the source with a narrow interval of blasting operations at a specific enterprise);

presence of spectral modulation at high frequencies (usually above 15 Hz);

correspondence to a set of typical patterns of wave forms, etc.

48. It is also recommended to evaluate the parameters of registered signals and their sources for quarry (mine) explosions. This includes the entry time of main signal phases, location of signal source, and local magnitude.

49. It is recommended to attribute signals of non-identified nature to tectonic events and provide their detailed analysis to determine the nature.

VIII. Generalization of the data obtained 

50. Based on seismic monitoring results (for continuous monitoring - based on the intermediate stage results, but at least once a year), it is recommended to evaluate the distributions of the registered signal sources in time and space.

51. It is recommended to compare the results of seismic data analysis with the existing maps (diagrams) of geodynamic zones, active faults of various ranks and hierarchically subordinate crustal blocks.

52. Based on the analysis results, it is recommended to identify the most active local areas of crust and tectonic structures; monitor human-induced changes; and update the activity of pre-identified PSF zones.

53. Based on the analysis of data obtained (for continuous monitoring - based on the intermediate stage results, but at least once a year), it is recommended to assess series of values of the monitored environment parameters and check their stability in time; assess the parameters of recurrence curve for seismic events, evaluate the variation of main parameters of microseismic noise.

IX. Quality control of information received

54. It is recommended to pre-process data of seismic monitoring every time when the information from registration dives is picked up in order to check the stations' performance and analyze seismic situation.

55. It is recommended to assess the sensitivity of seismic monitoring system by recording and evaluating the parameters of signals from quarry and mine explosions, especially under platform conditions with a low frequency of seismic events.

It is recommended to collect and analyze information about blasting operations and possible sources of non-endogenous seismic signals in the area of location and at the site of NF.

56. Based on seismic monitoring results, it is recommended to build the dependence of magnitudes on distances for the sources of all recorded signals, which will help determine the sensitivity of the method used under specific conditions. If the resulting sensitivity is not sufficient for the tasks set, change the selected configuration, aperture, or the number of installed observation points.

X. Contents of deliverables

57. Results of seismic monitoring should be presented in the form of reporting documentation (submitted in accordance with the frequency established in the monitoring program) and a database of registered seismic data, with the description of digital format used. Deliverables should include catalogues of regional (local) seismic events necessary to make an informed decision on the implementation of seismic monitoring goals with due regard to the available instrumental and historical data about earthquakes, including paleoquakes and microearthquakes, in the area of NF location.

58. The deliverables should contain:

1) goals and tasks of seismic monitoring;

2) a brief analysis of tectonic, geodynamic, seismic, and other conditions of the location and site of NF;

3) the procedure for the selection of methods and locations of the seismic monitoring system; justification of the efficiency of selected observation system (methods and measuring tools) for solving the main tasks of seismic monitoring;

4) a map (diagram) of the actual location of the seismic monitoring system based on GDAZ (PSF zones) map on a topographic basis with respect to such noise factors as main roads, settlements, rivers, buildings; a table of coordinates of the locations of seismic stations;

5) description of procedure used for the selected seismic monitoring system;

6) characteristics of technical and economic, ground and other conditions of the seismic station installation sites;

7) description of the conditions of arrangement of seismic stations (photos to be attached);

8) description and characteristics of the measuring tools used:

flowchart and description of individual station components;

constant characteristics of instruments and values of parameters used by seismic stations;

amplitude-frequency response of the complete seismic path and its individual components;

9) description of calibration operations for measuring channels;

10) field observations procedure, including:

general information about the operating conditions of measuring tools, interruptions in operation, maintenance, repairs, and causes of malfunctions;

data on the form and frequency of information retrieval;

characteristics of system and service software for data collection;

frequency of calibration of measuring channels;

11) procedure of quality control of field material during its registration and primary processing;

12) results of microseismic vibrations background analysis in the places where seismic stations are installed;

13) procedure of office processing of seismic events records, description of the software used and information about verification of the software used (except for measuring tools included in it);

14) procedure of the determination of nature of registered seismic events (including typical parameters of records) - distant and remote earthquakes, regional (local) earthquakes, man-made seismic events (including explosions in mines and quarries);

15) available information about the sources of man-made seismic events (including explosions at quarries and mines) in the research area;

16) description of the generated database of seismic records of the digital data format used;

17) a seismic catalogue of registered signals, which is recommended to be divided into cataloguess of events above 300 km away from the site, events within a radius of 30 - 300 km, and events within a radius of up to 30 km from the site. It is recommended to present the catalogues in the form of tables and divide them into different categories, united by the nature of events (earthquakes, explosions, exogenous events);

18) a map of regional (local) earthquakes based on the map of geodynamically active zones of the location area and site of NF, accompanied by an explanatory note to describe:

characteristics of areas of increased seismic activity;

characteristics of all geodynamically active zones around the NF in the field of local seismicity;

19) recurrence curves based on the obtained data, taking into account all available seismic data (historical and instrumental);

20) all the parameters that were determined during the initial analysis of seismic information, including: time of entry of the main signal phases; time evaluation in the focus; source location; focus belonging to seismogenic zone; distance from the source to the registration point; distance from source to NF site (estimated); local magnitude of the event; moment magnitude, focus parameters that could be evaluated; source nature; data from other systems of seismic observations available for the event (local, regional, global); the intensity of seismic impact at the site.

XI. Database generation

59. It is recommended to include all seismic data obtained from the results of seismic monitoring in the DB.

60. DB should contain a description of the internal structure of files, including the description of delimiter characters for the values of seismic data.

61. DB should contain a detailed description of the data presented, including brief summaries of characteristics of measuring tools used, coordinates of mounting positions, conversion (sensitivity) coefficients of registration channels, registration frequency, component orientation, registration units, timestamps (if this information in not present in the file headers).

62. When creating a database, it is recommended to make a provision for file and data search, including by dates and names.

Appendix 1
 to the safety guide in the use of atomic energy "Seismic monitoring in locations of nuclear and radiation hazardous facilities" approved by Order of the Federal Environmental, Industrial and Nuclear Supervision Service
 No. ____ dated __________, 20__

ABBREVIATIONS

	NPP
	-
	Nuclear Power Plant

	DB
	-
	Database

	PSF
	-
	Probable Seismic Focus

	GDAZ
	-
	Geodynamic Active Zones

	GS RAS
	-
	Geophysical Service of Russian Academy of Science
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	-
	magnitude

	SSE
	-
	maximal safe shutdown earthquake

	NF
	-
	Nuclear Facility

	GSZ
	-
	General Seismic Zoning of the Russian Federation

	NFCF
	-
	Nuclear Fuel Cycle Facility

	PP
	-
	operating basis earthquake

	Russian Academy of Sciences
	-
	Russian Academy of Sciences


Appendix 2
 to the safety guide in the use of atomic energy "Seismic monitoring in locations of nuclear and radiation hazardous facilities" approved by 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.

1. Seismic database is a structured array of registered seismic data.

2. Neighboring NF area refers to the territory within a radius of 30 km from the NF site.

3. Local earthquake is an earthquake with its focus near the site of NF (within a radius of less than 30 km).

4. Regional earthquake is an earthquake with its focus within a radius of 30 to 300 km from the site of NF.

5. Remote earthquake is an earthquake with its focus at a distance of more than 300 km from the site of NF.

6. Local magnitude [image: image9.wmf]L
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 - 2.92 is local Richter magnitude; determined by transverse or surface waves with periods of ~ 0.8 s at distances < 600 km. Here [image: image12.wmf]a

 is the ground displacement amplitude (microns);  [image: image13.wmf]D

 is epicenter distance (km).

7. Safe shutdown earthquake is an earthquake of maximum intensity at the site of NF with a return period of 10 thousand years.

8. Low-aperture seismic pattern refers to a special on-site arrangement of a group consisting of 7-9 identical seismic sensors, which provides increased sensitivity to the detection of a seismic signal. The pattern has the same registration system for all points, a common time signal and an aperture (linear dimension of the installation area) of up to 3 km.

9. Local seismicity is a set of earthquake foci within a radius of 300 km from the NF site.

10. Minimum recorded magnitude is the minimum magnitude of a seismic event, whose signal of can be registered by the system, with the determination of the coordinates of its source.

11. Moment magnitude [image: image14.wmf]w

M

= 2/3 (lg[image: image15.wmf]o

M

-9.1), where moment [image: image16.wmf]o

MAS

m

=

([image: image17.wmf]m
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 is the displacement amplitude ; [image: image19.wmf]S

 is the area of fault plane where displacement occurs during an earthquake).

12. NF site is a territory within a guarded perimeter accommodating the main and auxiliary buildings and structures of the nuclear facility.

13. Design basis earthquake is an earthquake of maximum intensity at the site of NF with a return period of one thousand years.

14. Service life extension refers to activities aimed to prepare the nuclear facility for operation within the additional period.

15. NF location area is the territory within a radius of 30 km from the NF site.

16. Seismicity is a complex seismological characteristic of the territory, including information about the spatial position of potential earthquake foci, the energy and frequency of maximum earthquakes, as well as the intensity of shocks and parameters of seismic vibrations in case of DBE and SSE.

17. Seismic monitoring is a system of seismic observations aimed to assess and predict earthquake parameters in the location area and at the site of NF during construction, operation or retrofitting.

18. Seismic observation system is a system that provides registration, processing and interpretation of seismic data.

19. Weak seismic event is a process when seismic energy of no more than 5·107 J [image: image20.wmf](2)
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radiates.

20. Stationary permanent seismic monitoring system is a system of local seismic monitoring equipped with special stationary points of seismic registration, provided with constant power supply, communication and data transmission lines protected from interference, which operates continuously in the same place for several years.

21. Seismic monitoring sensitivity is the evaluation of minimum possible magnitudes of seismic events whose signals can be registered by the system at a distance of up to 300 km from the NF site.

Appendix 3
 to the safety guide in the use of atomic energy "Seismic monitoring in locations of nuclear and radiation hazardous facilities" approved by Order of the Federal Environmental, Industrial and Nuclear Supervision Service
 No. ____ dated __________, 20__

AN EXAMPLE 
OF THE SUBSTANTIATION OF SEISMIC MONITORING SENSITIVITY, WHICH ALLOWS OBTAINING INPUT DATA FOR NF SAFETY CASE

Currently, to ensure nuclear and radiation safety, earthquake-resistant NPP design is provided with due regard to SSE with an average return period of 10,000 years. In the context of historical earthquakes on the platform territory of the Russian Federation, low seismic activity at the present time and high background noise, the improvement of sensitivity of seismic observation system is of particular importance. Let's condider the following example.

The example is based on data analysis for the area where the Leningrad NPP-2 site is located. A cumulative recurrence curve of earthquake magnitudes was plotted for this site based on information about historical (over the past 200 years) earthquakes, published data on detected paleoquakes <*>, and taking into account the parameters of Kaliningrad earthquake in 2004 ([image: image21.wmf]M

 = 4.9). The following dependence was obtained based on the curve:

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

<*> A.A. Nikonov, A.M. Miydel Discovery of seismogenic deformations in the postglacial deposits at the southern coast of the Gulf of Finland // RAS Report. 2003. Т. 390. N 6. pp. 790 - 804.
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 is the magnitude, [image: image25.wmf]сум
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 is the number of earthquakes (per year) with [image: image26.wmf]i
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 for an area of 1,000 km2 (this area is approximately equal to the area of NPP location, i.e. the area within a radius of 30 km around NPP site).

Based on this relation we can assess the average expected number [image: image28.wmf]сум

N

 of earthquakes (per year) with different magnitudes [image: image29.wmf]M

 in the location area (within a radius of up to 300 km) and at the point (within a radius of up to 30 km) from the Leningrad NPP site. Assessment results are given in the Table.

Assessment of the expected number of earthquakes [image: image30.wmf]сум
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 per year for different magnitudes [image: image31.wmf]M

at the site and in the area of Leningrad NPP location
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	-1
	0
	1
	2
	3

	Number of events [image: image33.wmf]сум
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 per year at the point
	63
	6
	1
	
	

	Number of events [image: image34.wmf]сум
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 per year in the region
	
	
	
	13
	1


Table data analysis show that 63 events with a magnitude of -1 and only one event with a magnitude of 1 can be registered in the territory of Leningrad NPP site during the year.

For reliable monitoring of seismic setting stability of the territory in question, the seismic monitoring system should ensure the registration of very weak seismic events (with magnitude [image: image35.wmf]0
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 in this case), because such events are most likely to occur in the area in question during the operation and decommissioning of the NF.

Registration of weak seismic events within low-level areas and high background interference allows in the foreseeable future to accumulate a representative statistics of seismic events required to monitor seismic setting stability, plot the magnitude recurrence curve and, accordingly, to assess and monitor the stability of main design bases parameters.

