Approved by
 Order of the Federal Environmental, Industrial and Nuclear Supervision Service 
dated August 30, 2017. No. 347

SAFETY GUIDE
 IN THE USE OF ATOMIC ENERGY "RECOMMENDATIONS FOR METHODS AND MEANS OF CONTROL OVER RADIOACTIVE SUBSTANCES DISCHARGED INTO THE ATMOSPHERE"

(RB-135-17)

I. General

1. The safety guide in the use of atomic energy "Recommendations for methods and means of control over radioactive substances discharged into the atmosphere" (RB-135-17) (hereinafter referred to as the Safety Guide) has been developed in accordance with Article 6 of the Federal law dated November 21, 1995 No. 170-FZ "On the use of atomic energy" for the purpose of securing the compliance with the requirements 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 (registered by the Ministry of Justice of the Russian Federation on February 02, 2016, registration No. 40939), Safety Rules in the Handling of Radioactive Waste of Nuclear Power Plants (NP-002-15) approved by the Order of the Federal Environmental, Industrial and Nuclear Supervision Service dated January 30, 2015 No. 35 (registered by the Ministry of Justice of the Russian Federation on February 27, 2015, registration No. 36288), General Safety Regulations for Nuclear Fuel Cycle Facilities (NFCF) (NP-016-05) approved by the Resolution of the Federal Environmental, Industrial and Nuclear Supervision Service dated December 02, 2005 No. 11 (registered by the Ministry of Justice of the Russian Federation on February 01, 2006, registration No. 7433), Handling of Gaseous Radioactive Waste. Safety Requirements (NP-021-15) approved by the Order of the Federal Environmental, Industrial and Nuclear Supervision Service dated June 15, 2015 No. 244 (registered by the Ministry of Justice of the Russian Federation on July 22, 2015, registration No. 38130), General Safety Regulations for Research Reactors (NP-033-11) approved by the Order of the Federal Environmental, Industrial and Nuclear Supervision Service dated July 30, 2011 No. 348 (registered by Ministry of Justice of the Russian Federation on August, 29, 2011, registration number No. 21700), Safety in the Handling of Radioactive Waste. General Provisions (NP-058-14) approved by the Order of the Federal Environmental, Industrial and Nuclear Supervision Service dated August 05, 2014 No. 347 (registered by the Ministry of Justice of the Russian Federation on November 14, 2014, registration No. 34701), General Rules for Accounting and Control of Radioactive Substances and Radioactive Waste in the Organization (NP-067-11) approved by the Order of the Federal Environmental, Industrial and Nuclear Supervision Service dated January 31, 2012 No. 67 (registered by the Ministry of Justice of the Russian Federation on March 29, 2012, registration No. 23652).

2. This Safety Guide contains recommendations of the Federal Environmental, Industrial and Nuclear Supervision Service on methods and means of control over the discharge of radioactive substances into the atmosphere.

3. This Safety Guide applies to nuclear facilities that operate stationary sources of radioactive substances discharged into the atmosphere, for which, in accordance with the Procedure for Developing and Setting Standards for Maximum Permissible Emissions of Radioactive Substances into the Atmosphere, approved by the order of Rostechnadzor dated November 7, 2012 No. 369 (registered by the Ministry of Justice of the Russian Federation on January 18, 2013, registration No. 26595) (hereinafter referred to as the Procedure), standards for maximum permissible emissions of radioactive substances in the atmosphere (hereinafter referred as the Regulated Sources) shall be set.

4. This Safety Guide is recommended for use by all legal entities and individuals, including operating organizations that control the discharge of radioactive substances into the atmosphere, design and other organizations that develop methods and tools for performing such control, as well as Rostechnadzor experts responsible for regulating the safety of these activities.

5. The requirements of the Federal Rules and Regulations in the Field of Atomic Energy Use may be implemented through the use of methods other than those specified herein subject to substantiation.

6. The list of abbreviations and designations used herein is presented in Appendix No. 1 to this Safety Guide.

II. Recommendations on methods and means of control over discharge of radioactive waste into the atmosphere

7. It is recommended to control discharges from regulated sources for the radionuclides for which, in accordance with the Procedure, standards for maximum permissible discharges of radioactive substances into the atmosphere (hereinafter referred to as regulated radionuclides) should be established.

8. For the purpose of control over discharge of regulated radionuclides, it is recommended to set reference levels for each regulated source.

9. It is recommended to set reference levels in accordance with the recommendations for establishing control levels of discharges of radioactive substances into the atmosphere, given in Appendix No. 2 to this Safety Guide.

10 It is recommended to register the values of controlled discharge parameters, including air (gas) flow rate, the qualitative and quantitative radionuclide composition, and the total activity of radionuclides in the discharge averaged per day, per month, and per year, for each regulated source.

11. It is recommended to measure and use the values of specific activity of regulated radionuclides and the flow rate (volume) of air (gas) in the source per day to determine daily, monthly and annual discharges for regulated discharge sources that release radioactive substances into the atmosphere through special flues, ducts and pipes for ventilation or removal of process vents, equipped with flow boosters of discharged mixture (hereinafter referred to as Controlled source with boosters). It is recommended to perform these measurements by continuous and/or periodic (laboratory) monitoring based on constant sampling of the gas-air environment discharged by the source (using analytical filters, sorbents, containers, etc.), followed by the measurement of samples' activity directly at the point where measuring instruments are placed and/or in the laboratory and the determination of volume activity of regulated radionuclides (or their groups) in the discharge, taking into account the flow rate (volume) of air (gas) in the source for the reporting period and taking into account the flow rate (volume) of air (gas) that passed through the analytical filter and/or sorbent during the measurement and/or sampling. For IRG, it is recommended to perform such control by sampling gases in sampling containers, followed by laboratory measurement or by continuous spectrometric measurements.

12.For discharge control, it is recommended to use methods and means of radiation monitoring that ensure the measurement of regulated radionuclides in discharges at a level of no more than 10% of the reference level of annual discharge for each regulated radionuclide.

Appendix No. 3 to this Safety Guide provides an example of an approach to ensuring an acceptable sensitivity of methods and means for measuring discharges of radioactive substances into the atmosphere during normal operation.

13. It is recommended to match the number of main (non-backup) sampling lines for measuring discharges with due regard to the number of individual methods required to control each physical and chemical form typical for the range o regulated radionuclides {r} discharged from the regulated source i. For example, for simultaneous monitoring of aerosols, iodine and IRG, it is recommended to use separate sampling lines. At the same time, when monitoring regulated radionuclides of iodine, it is recommended to use one sampling line for all physical and chemical forms of iodine (molecular, aerosol, organic).

If these recommendations cannot be followed, a minimum (up to one) number of sampling lines can be used to control the regulated radionuclides r discharged from the regulated source i. At the same time, it is recommended to select the number of main (non-backup) recorders included in the sampling line with due regard to the number of methods required to monitor all physical and chemical forms of regulated radionuclides r discharged from the regulated source i. It is recommended to select sampler design so as to enable taking several samples simultaneously from the same discharge channel, with due regard to their physical and chemical forms.

14. It is recommended to equip means of continuous sampling of regulated radionuclides from controlled sources (where process vents are discharged, due to the operation of nuclear fuel in the core and/or management of spent nuclear fuel and/or where the air from the controlled access area is discharged, where this activity is performed) and boosters of nuclear facilities (except NPP) used for laboratory measurements under paragraph 11 of this Safety Guide, with at least one backup (including own filter or own sampling IRG container) sampling line (from the sampling nozzle to the place, which includes analytical filter or where sampling IRG container is located). It is recommended to feed the main and backup sampling lines from two independent mutually redundant power sources.

15. In addition to discharge controls of regulated radionuclides provided for in paragraph 11 of this Safety Guide, to monitor discharges of radioactive substances from controlled discharge sources with boosters (where process vents are discharged due to the operation of nuclear fuel in the core and/or handling of spent nuclear fuel, and/or where the air from the controlled access area is discharged where the specified activity is carried out), it is recommended to use stationary automated means of continuous measurement of the following indicators in discharges during normal operation of nuclear facilities:

total activity of beta-emitting aerosols (if radionuclides contained in such discharges are regulated);

total activity of alpha-emitting aerosols (if radionuclides contained in such discharges are regulated);

131I activity (each physical and chemical form separately, depending on whether 131I in a particular form is a regulated radionuclide);

total activity of IRG isotopes (if radionuclides contained in such discharges are regulated).

16. It is recommended to equip stationary automated means of continuous measurement of total activity of beta-emitting aerosols, total activity of alpha-emitting aerosols, activity of  131I, and total activity of IGR in discharges of NPP from controlled discharge sources with boosters related to ventilation systems, where process vents are discharged due to the operation of nuclear fuel in the core and/or handling of spent nuclear fuel, and/or where the air from the controlled access area is discharged where the specified activity with nuclear fuel is carried out, with two independent measuring channels. It is recommended to supply power to such measuring tools using at least two reliable power supply systems of NPP emergency power supply systems according to the requirements for the first group loads of the emergency power supply system in accordance with the Federal norms and rules in the field of atomic energy use "Requirements to emergency power supply systems of nuclear power plants" (NP-087-11) approved by the Order of the Federal Environmental, Industrial and Nuclear Supervision Service No. 671 dated November 30, 2011 (registered by Ministry of Justice of the Russian Federation on February 03, 2012, registration number 23123).

17. It is recommended to use measuring tools that passed below tests to monitor discharges from controlled sources with boosters (where process vents are discharged due to the operation of nuclear fuel in the core and/or handling of spent nuclear fuel, and/or where the air from the controlled access area is discharged where the specified activity is carried out) during normal operation of nuclear facilities referred to I and II categories of potential radiation hazard according to paragraph 3.1 of sanitary rules and regulations SP 2.6.1.2612-10 "Main sanitary regulations for ensuring radiaition safety (ОСПОРБ-99/2010)" approved by the Order of Ghief Sanitary Inspection of the Russian Federation No. 40 dated April 26, 2010 (registered by the Ministry of Justice of the Russian Federation on August 11, 2010, registration No. 18115) (hereinafter referred to as ОСПОРБ-99/2010), and during abnormal operation that is not transformed into an accident:

resistance of machines, devices and other engineering products to mechanical external impacts (impact test);

radiated electromagnetic field immunity;

high energy microsecond pulse disturbance immunity;

oscillatory waves immunity;

voltage dips, short interruptions and voltage variations immunity;

other tests provided for in the technical specifications for the measuring tool.

18. For nuclear facilities referred to category I of potential radiation hazard as per ОСПОРБ-99/2010, it is recommended to provide for additional methods and tools to measure discharges from controlled sources with boosters (where process vents are discharged due to the operation of nuclear fuel in the core and/or handling of spent nuclear fuel, and/or where the air from the controlled access area is discharged where the specified activity is carried out) during accidents, other than those for regulated radionuclides intended for use under normal operation conditions and abnormal operation conditions that are not transformed into an accident.

If it impossible to take into account the above recommendation for NPP, it is recommended to use the same methods and tools to measure discharges under normal operation conditions and in case of an accident, if they comply with recommendations of paragraph 20 of this Safety Guide.

If it impossible to take into account the above recommendation for nuclear facilities other than NPP, it is recommended to use the same methods and tools to measure discharges under normal operation conditions and in case of an accident, if they comply with recommendations of paragraph 17 of this Safety Guide.

19. It is recommended to equip measuring tools for discharges from controlled sources with boosters during accidents specified in paragraph 18 of this Safety Guide, intended for use at nuclear facilities of category I for potential radiation hazard according to ОСПОРБ-99/2010 (other than NPP power units), with measuring channels designed to monitor the power of the absorbed dose of photon radiation in the discharged air. For the same purpose, it is recommended to use measuring tools based on spectrometric detection units directly placed in the air discharged for NPP power units.

20. To monitor discharges during  accidents at NPP power units, it is recommended to use means of monitoring of the total activity of beta-emitting aerosols, 131I activity, total activity of IRG isotopes that have been tested for:

oscillatory waves immunity;

resistance of electrical equipment enclosure to external mechanical impacts (identification of IP rating);

immunity to power frequency magnetic field;

resistance to damp heat cycling;

dry heat exposure;

resistance to permanent damp heat;

radio-frequency electromagnetic field immunity;

high energy microsecond pulse disturbance immunity;

immunity to conducted disturbance induced by radio-frequency fields;

immunity to damping oscillations (electromagnetic compatibility test);

electromagnetic disturbance from technical equipment intended for use in industrial environments (electromagnetic compatibility test);

other tests provided for in the technical specifications for the measuring tool.

21. It is recommended to perform sampling in controlled sources of discharges with boosters in such a way that it meets the following conditions:

isokineticity of the selected aerosol sample and the flow in the regulated source with tracking of changes in the flow rate in the source (the recommendation applies if the particle size in the flow is more than or equal to 5 microns);

the sampling line is provided with accompanying heating if necessary;

maintenance of the flow rate in the sampling lines corresponding to each physical and chemical form that has regulated radionuclides, and in the general sampling line when the flow rate changes in a controlled source with boosters.

When developing a sampling system, it is recommended to take measures to minimize losses of aerosols and physical and chemical forms of iodine during transportation from the sampling probe to the sampling point, in particular to ensure:

minimum possible length of the sampling line;

minimum number of turns and bends of the sampling line;

smooth bends of sampling pipelines;

use of stainless steel tubes with electrochemical polishing of the inner surface;

laying the sampling line inside the ventilation tube;

electric heating and thermal insulation of portions of exposed sampling pipeline;

ability to adjust and set the optimal air flow rate in the sampling line;

ability to blowdown sampling lines with compressed air to clean them.

It is necessary to take into account the loss of radioaerosols and iodine during transportation along sampling lines from the sampling probe to the sampling site to ensure reliable monitoring of discharges of regulated radionuclides.

It is recommended to determine these losses based on precision experimental studies, including analysis of changes in the characteristics of the aerodisperse system and the relationship between the volume activities of regulated radionuclides at the input and output of standard sampling lines, including using the radionuclide vector approach (see paragraph 24.1 of this Safety Guide).

22. It is recommended to use measurement results of the specific (volumetric) activity in gaseous environments, with which radioactive substances are removed to the atmosphere, and flow rate (volume) of air (gas) in the source per day to evaluate daily, monthly and annual discharges of regulated radionuclides from the discharge sources that release radioactive substances into the atmosphere through specially constructed flues, ducts and pipes for ventilation or removal of process vents that are not equipped with boosters of the discharged mixture flow rate (i.e., when the discharge is only due to natural draft) (hereinafter referred to as the controlled discharge source without boosters).  It is recommended to perform these measurements by means of continuous and/or periodic sampling of the gas-air environment discharged by the source (using analytical filters, sorbents, tanks, etc.), followed by measuring the activity of samples directly at the point where the measuring tools are placed and/or in the laboratory.

If it is impossible to monitor in this way, it is recommended to use a calculation method to determine discharges using the maximum values of volume activity of radionuclides in the discharged medium and the maximum value of flow rate of this medium.

The recommendations of paragraphs 11, 12-21 of this Safety Guide do not apply to controlled discharge sources without boosters, provided that no process vents caused by the operation of nuclear fuel in the core and/or the management of spent nuclear fuel are removed there, and/or provided that no air from the controlled access area where such activity is carried out is removed there.

23. It is recommended to evaluate the discharges of regulated radionuclides from discharge sources that are not controlled discharge sources with boosters or controlled discharge sources without boosters (hereinafter referred to as non-controlled discharge sources) using empirical methods of material balance, where measurement results of activities, specific (volume) activities in environments from which radioactive substances are discharged into the atmosphere are used as input data for such evaluation. An example of the application of material balance methods to evaluate discharges from non-controlled discharge sources is provided in Appendix 4 to this Safety Guide.

24. If it is impossible to monitor discharges of individual regulated radionuclides from regulated sources on a daily basis, it is recommended to use more sensitive controls or an approach based on the use of radionuclide vector(s) to estimate daily discharges.

24.1. Radionuclide vector(s) method involves identifying a stable correlation or conservative relations between the volume activities of radionuclides contained in the discharge from the regulated source and selecting reference radionuclides (or groups of radionuclides) among the specified radionuclides, the content of which in the discharges helps estimate the activity of discharges from the regulated source of undetectable regulated radionuclides. It is recommended to carry out special studies based on precision measurements of the content of radionuclides in discharges under various operating modes to implement this approach.

24.2. It is recommended to consider gamma-emitting radionuclides with gamma lines that have line intensity indicators and energy sufficient to register these radionuclides (using existing methods and tools for routine measurement) as reference radionuclides. Besides, it is recommended to consider the total activity of alpha-emitting long-lived radionuclides in the emitted air (gas) as a reference value, provided that there is a stable correlation between it and the regulated radionuclides.

If it is impossible to use the specified activity of gamma-emitting radionuclides or the total activity of alpha-emitting long-lived radionuclides in the emitted air (gas) as a reference value, it is recommended to take another radionuclide that has a sufficient correlation with the regulated radionuclide for the same purpose.

24.3. It is recommended to estimate the daily discharge [image: image1.wmf]сут
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of regulated radionuclide r using the following formulas:
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where kr is the ratio of the content of regulated radionuclide r and reference radionuclide R in the discharged medium, determined by the results of precision measurements of the content of regulated radionuclides and reference radionuclides in the discharged radioactive medium;

uR is the relative standard uncertainty of monitoring the daily discharge of reference radionuclide r, determined using methods and means of regular monitoring;

Uk is the maximum relative standard uncertainty to determine kr parameter driven by uncertainties in measurement methods and tools.

25. Recommendations for taking into account uncertainties and lower measurement thresholds when checking compliance with standards for discharges of radioactive substances are given in Appendix 5 to this Safety Guide.

Appendix 1 
to Safety Guide "Recommendations for methods and means of control over radioactive substances discharged into the atmosphere" approved by the Order of  the Federal Environmental, Industrial and Nuclear Supervision Service No. 347 
dated August 30, 2017

ABBREVIATIONS AND DESIGNATIONS

	NPP
	-
	Nuclear Power Plant

	IRG
	-
	Inert Radioactive Gases

	RL
	-
	Reference Level

	MM
	-
	Method of Measurements

	LML
	-
	Lower Measurement Limit

	NF
	-
	Nuclear Facility

	MPD
	-
	Maximum Permissible Discharge


Appendix 2 
to Safety Guide "Recommendations for methods and means of control over radioactive substances discharged into the atmosphere" approved by the Order of  the Federal Environmental, Industrial and Nuclear Supervision Service No. 347 
dated August 30, 2017

RECOMMENDATIONS
 TO ESTABLISH REFERENCE LEVELS OF RADIOACTIVE DISCHARGES INTO THE ATMOSPHERE

1. It is recommended to determine the reference level of the annual discharge of r regulated radionuclide from i regulated source into the atmosphere, (Bq/year), using the following ratio:
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where MPDr,i is the maximum permissible release of r-radionuclide from i-source into the atmosphere, Bq/year;

X is a non-dimensional value that is set based on the achieved discharge level and is usually assumed to be greater than or equal to 2.

The permissible annual discharge of the r regulated radionuclide from the i regulated source can be taken as the reference level of the annual discharge.

2. It is recommended to determine reference levels of discharges per month (Bq/month) and day (Bq/day) of the r regulated radionuclide from the i regulated source to the atmosphere using the following ratios:
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 is the monthly reference level of r-radionuclide discharge, Bq/month;
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In some months, radionuclides may be discharged in excess of [image: image9.wmf],
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Appendix 3 
to Safety Guide "Recommendations for methods and means of control over radioactive substances discharged into the atmosphere" approved by the Order of  the Federal Environmental, Industrial and Nuclear Supervision Service No. 347 
dated August 30, 2017

AN EXAMPLE 
OF APPROACH TO ENSURING ACCEPTABLE SENSITIVITY OF METHODS AND TOOLS FOR MEASUREMENTS OF RADIOACTIVE DISCHARGES INTO THE ATMOSPHERE UNDER NORMAL OPERATION OF LIGHT WATER REACTORS AND NUCLEAR FACILITIES OF NUCLEAR FUEL CYCLE DESIGNED FOR THE REPROCESSING OF SPENT NUCLEAR FUEL

Where the values of radionuclide discharges specified in the first columns of Table 1 and Table 2 of Appendix 3 to this Safety Guide, measured using existing methods and controls, are lower than the lower measurement limits set in MM, it is recommended to improve measuring tools and MM so as to achieve the lower measurement limits as per indicator radionuclides set in the third columns of Table 1 and Table 2 of Appendix 3 to this Safety Guide.

Table 1

Recommended list of indicator radionuclides and lower measurement limits to monitor discharges during operation of light water reactors <*>

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

<*> Commission recommendation of 18 December 2003 "On standardized information on radioactive airborne and liquid discharges into the environment from nuclear power reactors and reprocessing plants in normal operation", 2004/2/Euratom  

	List of radionuclides in discharges
	Indicator radionuclides
	Lower measurement limit, Bq/m3

	IRG
	85Kr
	10-4

	41Ar
	
	

	85Kr
	
	

	85mKr
	
	

	87Kr
	
	

	88Kr
	
	

	89Kr
	
	

	131mXe
	
	

	133Xe
	
	

	133mXe
	
	

	135Xe
	
	

	135mXe
	
	

	137Xe
	
	

	138Xe
	
	

	Aerosols
	60Co
	10-2

	51Cr
	
	

	54Mn
	
	

	58Co
	
	

	59Fe
	
	

	60Co
	
	

	65Zn
	
	

	89Sr
	
	

	Aerosols
	90Sr
	2·10-2

	90Sr
	
	

	95Zr
	
	

	95Nb
	
	

	110mAg
	
	

	Aerosols
	137Cs
	3·10-2

	112Sb
	
	

	124Sb
	
	

	125Sb
	
	

	134Cs
	
	

	137Cs
	
	

	140Ba
	
	

	140La
	
	

	141Ce
	
	

	144Ce
	239Pu + 240Pu
	5·10-3

	Aerosols
	
	

	238Pu
	
	

	239Pu + 240Pu
	
	

	241Am
	241Am
	5·10-3

	Aerosols
	
	

	242Cm
	
	

	243Cm
	
	

	244Cm
	
	

	Iodine
	131I
	2·10-2

	131I
	
	

	132I
	
	

	133I
	
	

	135I
	
	

	3H
	3H
	1·103

	14C
	14C
	1·101


Table 2

Recommended list of indicator radionuclides and lower measurement limits to monitor discharges during operation of nuclear facilities of nuclear fuel cycle designed for the reprocessing of spent nuclear fuel <**>

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

<**> Commission recommendation of 18 December 2003 "On standardized information on radioactive airborne and liquid discharges into the environment from nuclear power reactors and reprocessing plants in normal operation", 2004/2/Euratom 

	List of radionuclides in discharges
	Indicator radionuclides
	Lower measurement limit, Bq/m3

	85Kr
	85Kr
	1·104

	60Co
	60Co
	3·10-2

	90Sr
	90Sr
	2·10-2

	106Ru
	106Ru
	3·10-2

	125Sb
	
	

	134Cs
	
	

	137Cs
	137Cs
	3·10-2

	238Pu
	
	

	239Pu + 240Pu
	239Pu + 240Pu
	1·10-3

	241Am
	
	

	242Cm
	242Cm
	1·10-3

	243Cm
	
	

	244Cm
	
	

	129I
	129I
	2·100

	3H
	3H
	1·103

	14C
	14C
	1·101


Appendix 4 
to Safety Guide "Recommendations for methods and means of control over radioactive substances discharged into the atmosphere" approved by the Order of  the Federal Environmental, Industrial and Nuclear Supervision Service No. 347 
dated August 30, 2017

EXAMPLE OF 
THE APPLICATION OF MATERIAL BALANCE METHODS FOR THE ESTIMATION OF DISCHARGES FROM NON-CONTROLLED DISCHARGE SOURCES

1. This Appendix contains an example of calculating (using the material balance method) discharges of regulated radionuclides from a non-controlled regulated source using the example of a NPP spray pond.

2. The following set of input data was used for the calculation:

1) parameters important for estimating the volume of steam-water mixture carried into the atmosphere during the operation of NPP spray pond, given in Table 1 of this Appendix;

2) data of radiation monitoring of the NPP spray pond water given in Table 2 of this Appendix;

3) design materials containing information on the distribution between the drip and vapor phase in the discharges from the spray pond, given in Table 3 of this Appendix.

Table 1

Parameters used for the estimation of the volume of steam-water mixture carried into the atmosphere during the operation of NPP spray pond

	Characteristic
	NPP

	Quantity of spray ponds, pcs
	1

	Make-up water flow rate per a spray pond, m3/hour (m3/year)
	47.5 (4.164·105)


3. The annual average values of the volume activity of radionuclides, Avmean, Bq/m3, given in Table 2, are assumed as the volume activity of each radionuclide used to estimate discharges.

Table 2

Volume activity of NPP spray pond water averaged over twelve months

	Volume activity of spray pond water, Bq/m3

	137Cs
	3H

	907
	2.069·107


When estimating discharges, the fact that the discharge from the spray pond is a mixture of water (in the form of drops) and steam is taken into account. The ratio between drops and steam is taken on the basis of the data presented in Table 3.

Table 3

Distribution between drops and vapor carried into the atmosphere

	Parameter
	Radionuclide

	
	137Cs
	3H

	Drops share, RU
	0.8
	0.8

	Steam share, RU
	5·10-3·0.2
	0.2


Also, when estimating discharges from the operation of a NPP spray pond, the fact that the tritium contained in the spray pond water is distributed between the steam and the droplets carried into the atmosphere, in proportion of 80% in drops and 20% in steam is taken into account.  For 137Cs, reference data suggest that 0.5% of the radionuclides contained in the evaporated water are converted to steam.

4. Using the input data given in paragraphs 2 and 3 of this Appendix, the annual discharge of tritium in the form of drops [image: image11.wmf](
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from one NPP spray pond is calculated as follows:
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where Avmean is the average annual volume activity of radionuclide in the water of spray ponds of NPP;

Vmake-up is the annual volume of make-up per spray pond of NPP, equal to 4.164·105, m3/year.

5. The annual discharge of 137Cs in the form of drops [image: image15.wmf](
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from one NPP spray pond is calculated as follows:
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where 5·10-3 is a multiplier that takes into account that 0.5% of the radionuclides (137Cs) contained in the evaporated water converts into steam.

6. Calculated values of annual discharges of 137Cs and 3H from the spray pond according to formulas (5) - (8) of Appendix 4 to this Safety Guide are given in Table 4.

Table 4

Discharge of radionuclides during the operation of NPP spray pond

	Parameter
	Radionuclide discharge, Bq/year

	
	137Cs
	3H

	Steam carryover
	3.77·105
	1.72·1012

	Drop carryover
	3.02·108
	6.89·1012


Appendix 5
 to Safety Guide "Recommendations for methods and means of control over radioactive substances discharged into the atmosphere" approved by the Order of  the Federal Environmental, Industrial and Nuclear Supervision Service No. 347
 dated August 30, 2017

RECOMMENDATIONS 
FOR THE ACCOUNTING FOR UNCERTAINTIES AND LOWER MEASUREMENT THRESHOLD WHEN CHECKING COMPLIANCE WITH RADIOACTIVE DISCHARGE STANDARDS

1. In order to account for uncertainties and lower measurement thresholds when checking compliance with the maximum permissible emission standards, it is recommended to determine [image: image19.wmf],
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 value, Bq/year, of the annual discharge of each regulated radionuclide r from each regulated source i using the formula:
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 is the monthly discharge of the regulated radionuclide r from the regulated source i, Bq/month;

m is month number.

After that, it is recommended to estimate the total absolute monitoring uncertainty (P = 0.95) of the annual [image: image22.wmf],
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using the formula:
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where [image: image25.wmf],

год

ri

u

 is the standard monitoring uncertainty of the activity of annual discharge of the regulated radionuclide r from the regulated source i, calculated using the formula (3).

The standard monitoring uncertainty of the activity of annual discharge of the regulated radionuclide r from the regulated source i [image: image26.wmf],
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 is calculated as follows:
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where [image: image28.wmf],

,
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 is the value of daily discharge of each regulated radionuclide r from each regulated source i, calculated using the formula (4), Bq/day;
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 is the standard monitoring uncertainty of the activity of monthly discharge of the regulated radionuclide r from the regulated source i for m-month, calculated using the formula (5).

2. It is recommended to calculate value [image: image30.wmf],

,

месm

ri

q

, Bq/month, of the monthly discharge of each regulated radionuclide r from each regulated source i as follows:
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where [image: image32.wmf],
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 is the measured value of daily discharge of each regulated radionuclide r from each regulated source i for day d, Bq/day;

d and D are the day (summation variable) and the full number of days in the month, respectively.

The standard monitoring uncertainty of the activity of monthly discharge of the regulated radionuclide r from the regulated source i [image: image33.wmf],
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 is calculated as follows:
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where [image: image35.wmf],
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 is the measured value of daily discharge of each regulated radionuclide r from each regulated source i for day d, Bq/day;
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 is the standard monitoring uncertainty of the activity of daily discharge of the regulated radionuclide r from the regulated source i for d day, calculated using the formula:

[image: image37.wmf](

)

(

)

22

,,,

,,

1

3

сутdadVd

ririi

uuU

=+×

, (6)

where [image: image38.wmf],
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 is the standard monitoring uncertainty of the volume activity of the regulated radionuclide r discharged from the regulated source i;
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 - total monitoring uncertainty (for P = 0.95) of  the daily volume of discharged air from the regulated source i.

It is recommended to calculate the total absolute monitoring uncertainty (P = 0.95) [image: image40.wmf],
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of r radionuclide discharge as follows
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3. If it is impossible to register the regulated radionuclide in discharges due to insufficient sensitivity of the applied controls, it is recommended to determine the value of its actual daily discharge [image: image42.wmf],
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 using the formula:
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where [image: image44.wmf]r

h

 is the coefficient that characterizes the degree of conservativeness of determining the content of radionuclide r in the discharge in accordance with the applied procedure and control tool;

LMLr,i is the lower limit of measurement of volumetric activity of regulated radionuclide r in the discharge describing regular procedures and tools used to measure volumetric activity in discharges from i-regulated source or describing procedures and tools used for periodic precision measurements of specified volumetric activity in discharges from i-regulated source Bq/m3;
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 - volume of air (gas) discharge from source i per day d, m3/day.

If there is no information about the distribution of the controlled parameter, it is recommended to take value [image: image46.wmf]r

h

equal to 0.5. If the relevant study proves the content of a regulated radionuclide in the discharge at a level lower than the regulatory (regular) monitoring allows, it is recommended to set [image: image47.wmf]r

h

coefficient based on the results of this study, according to the radiological hazard of this radionuclide. If the specified study shows that the contribution of a specific radionuclide during normal operation of a nuclear facility to the dose without regard to the scattering caused by the discharge is less than 0.001, it is recommended to exclude this radionuclide from the list of regulated radionuclides.

4. If the standards for maximum permissible discharges of regulated radionuclides are established in such a way that the annual discharge of all regulated radionuclides from all regulated sources in quantities equal to the established standards leads to the achievement (at the point of maximum effective dose on the ground) of the dose quota established for the organization, it is recommended to check the organization's compliance with the standards for maximum permissible discharges using the formula (9), which ensures conservative estimates:
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5. If the standards for maximum permissible discharges of regulated radionuclides are established in such a way that the annual discharge of all regulated radionuclides from one regulated source in quantities equal to the standards established for this source leads to the achievement (at the point of maximum on the ground) of the dose quota established for the organization, it is recommended to check the organization's compliance with the standards for maximum permissible discharges using the formula (10), which ensures conservative estimates:
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6. If the standards for maximum permissible discharges of regulated radionuclides are established in such a way that the annual discharge of all regulated radionuclides from one regulated source in quantities equal to the established standards leads to the achievement (at the point of maximum on the ground) of the dose quota established for the organization, it is recommended to check the organization's compliance with the standards for maximum permissible discharges using the formula (11), which ensures conservative estimates:
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