ITEM 10 ACTIVITIES AT ISO
International Organization for Standardization (ISO) is the apex standardization body with an exclusive mandate to prepare and propagate International Standards. The standard development is carried through a number of technical committees which has a defined structure including Secretariat (held by a member body of ISO). The Bureau of Indian Standards, the National Standards Body of the country represents India on ISO. The CHD 20, on behalf of BIS holds P membership of ISO/TC 85, ISO/TC 85/SC 2, ISO TC 85/ SC 5, ISO/ TC 85/SC 6, and ISO/TC 147/SC 3.
10.1 Standards adopted by BIS and are being considered by ISO for revision
	Sl No.
	Document adopted or under development
	Remarks

	1. 
	IS 16689 : 2018/ISO 6527 : 1982
Nuclear power plants - Reliability data exchange - General guidelines
	ISO 6527 : 1982 has been withdrawn.

	1. 
	IS 16691 : 2018/ISO 8107 : 1993
Nuclear power plants - Maintainability - Terminology
	ISO 8107 : 1993 was last reviewed and confirmed in 2020. Therefore this version remains current.

	1. 
	IS 16693 : 2021/ISO 8769 : 2016
Reference sources - Calibration of surface contamination monitors - Alpha beta and photon emitters (first revision)
	ISO 8769 : 2016 has been revised by ISO 8769 : 2020

	1. 
	IS 16878 : 2018 ISO/ASTM 51818 : 2013
Practice for dosimetry in an electron beam facility for radiation processing at energies between 80 and 300 ke 5
	ISO/ASTM 51818 : 2013 has been revised by ISO/ASTM 51818 : 2020

	1. 
	IS 16879 : 2018/ISO/ASTM 51702 : 2013
	Practice for Dosimetry in a Gamma Facility for Radiation Processing
	ISO/ASTM 51702 : 2013 was last reviewed and confirmed in 2023. Therefore this version remains current.

	1. 
	IS 16880 : 2018/ISO/ASTM 51431 : 2005
Practice for dosimetry in electron beam and x - Ray (Bremsstrahlung) irradiation facilities for food processing
	ISO 51431 : 2005 has been withdrawn.

	1. 
	IS 16883 : 2022/ISO 7212 :1986
Enclosures for Protection Against Ionizing Radiation -Lead Shielding Units for 50 mm and 100 mm Thick Wall
	ISO 7212 :1986 was last reviewed and confirmed in 2022. Therefore this version remains current.

	1. 
	IS 16884 : 2018/ISO 3999 : 2004
Radiation protection - Apparatus for industrial gamma radiography - Specifications for performance, design and tests
	ISO 3999 : 2004 was last reviewed and confirmed in 2019. Therefore this version remains current.

	1. 
	IS 16885 : 2018/ISO 361 : 1975
Basic ionizing radiation symbol
	ISO 361 : 1975 was last reviewed and confirmed in 2020. Therefore this version remains current.

	1. 
	IS 16902 (Part 1) : 2023/ISO 12749-1 : 2020
Nuclear energy vocabulary Part 1 : General terminology
	ISO 12749-1 : 2020 has not taken for review yet.

	1. 
	IS 16902 (Part 2) : 2023/ISO 12749-2 : 2022
Nuclear energy nuclear technologies and radiological protection vocabulary Part 2 : Radiological protection
	ISO 12749-2 : 2022 has not taken for review yet..

	1. 
	IS 16902 (Part 4) : 2023/ISO 12749-4 : 2015
Nuclear energy nuclear technologies and radiological protection vocabulary Part 4 : Dosimetry for radiation processing
	ISO 12749-4 : 2015 last reviewed and confirmed in 2020. Therefore this version remains current.

	1. 
	IS 16902 (Part 5) : 2023/ISO 12749-5 : 2018
Nuclear energy nuclear technologies and radiological protection vocabulary Part 5: Nuclear reactors
	ISO 12749-5 : 2018 will be replaced by ISO/AWI 12749-5

	1. 
	IS 16902 (Part 6) : 2023/ISO 12749-6: 2020
Nuclear energy nuclear technologies and radiological protection vocabulary Part 6 : Nuclear medicine
	ISO 12749-6: 2020 has not taken for review yet.

	1. 
	IS 16986 : 2020/ISO/ASTM 51261 : 2013 
Practice for Calibration of Routine Dosimetry Systems for Radiation Processing
	ISO/ASTM 51261 : 2013 was last reviewed and confirmed in 2023. Therefore this version remains current. 

	1. 
	IS 16995 : 2018/ISO 6980-3 : 2006
Nuclear Energy â€” Reference Beta-Particle Radiation â€” Calibration of Area and Personal Dosemeters and the Determination of their Response as a Function of Beta Radiation Energy and Angle of Incidence
	ISO 6980-3 : 2006 has been revised by ISO 6980-3:2022

	1. 
	IS 17060 : 2018/ASTM 51939 : 2017
Practice for Blood Irradiation Dosimetry
	ISO/ASTM 51939 : 2017 was last reviewed and confirmed in 2022. Therefore this version remains current.

	1. 
	IS 17061 : 2019/ISO/ ASTM 52628 : 2020
Practice for dosimetry in radiation processing
	ISO/ ASTM 52628 : 2020 has not taken for review yet.

	1. 
	IS 17062 : 2019/ISO/ASTM 52701: 2013
Guide for Performance Characterization of Dosimeters and Dosimetry Systems for Use in Radiation Processing
	ISO/ASTM 52701: 2013 was last reviewed and confirmed in 2019. Therefore this version remains current.

	1. 
	IS 17328 (Part 1) : 2021/ISO 7097-1:2004
Nuclear Fuel Technology Determination of Uranium Part 1 Determination of Uranium in Solutions Uranium Hexafluoride and Solids Iron (II) Reduction potassium Dichromate Oxidation Titrimetric Method
	ISO 7097-1:2004 will be replaced by ISO/CD 7097-1

	1. 
	IS 17328 (Part 2) : 2021/ISO 7097-2:2004
Nuclear Fuel Technology Determination of Uranium Part 2 Determination of Uranium in Solutions Uranium Hexafluoride and Solids Iron (II) Reduction Cerium (IV) Oxidation Titrimetric Method
	ISO 7097-2:2004 has been revised by ISO 7097-2:2022

	1. 
	IS 17328 (Part 3) : 2021/ISO 7476 :2003
Nuclear Fuel Technology â€” Determination of Uranium Part 3 Determination of Uranium in Uranyl Nitrate Solutions of Nuclear Grade Quality â€” Gravimetric Method
	ISO 7476 :2003 was last reviewed and confirmed in 2023. Therefore this version remains current.

	1. 
	IS 17328 (Part 4) : 2021/ISO 8299 :2019
Nuclear Fuel Technology â€” Determination of Uranium Part 4 Determination of the Isotopic and Elemental Uranium and Plutonium Concentrations of Nuclear Materials in Nitric Acid Solutions by Thermal-Ionization Mass Spectrometry
	ISO 8299 :2019 has not taken for review yet.

	1. 
	IS 17329 : 2021/ISO 12183 :2016
Nuclear Fuel Technology Controlled-Potential Coulometric Assay of Plutonium
	ISO 12183 : 2016 has been revised by ISO 12183 : 2024

	1. 
	IS 17330 : 2021/ISO 18557 :2017
Characterization Principles for Soils Buildings and Infrastructures Contaminated by Radionuclides for Remediation Purposes
	ISO 18557 :2017 was last reviewed and confirmed in 2023. Therefore this version remains current.

	1. 
	IS 17986 (Part 1) : 2023/ISO 4037-1 : 2019
Radiological Protection -X and Gamma reference radiation for calibrating dosemeters and doserate meters and for determining their response as a function of photon energy- Part 1 : Radiation characteristics and production methods
	ISO 4037-1 : 2019 has not taken for review yet.

	1. 
	IS 17986 (Part 2) : 2022/ISO 4037-2 : 2019
Radiological Protection ----X and Gamma reference radiation for calibrating dosemeters and doserate meters and for determining their response as a function of photon energy- Part 2 : Dosimetry for radiation protection over the energy ranges from 8 keV to 1.3 MeV and 4 MeV to 9 MeV
	ISO 4037-2 : 2019 has not taken for review yet.

	1. 
	IS 17986 (Part 3) : 2022/ISO 4037-3 : 2019
Radiological Protection ----X and Gamma reference radiation for calibrating dosemeters and doserate meters and for determining their response as a function of photon energy- Part 3 : Calibration of area and personal dosemeters and the measurement of their response as a function of energy and angle of incidence.
	ISO 4037-3 : 2019 has not taken for review yet.	

	1. 
	IS 17986 (Part 4) : 2023/ISO 4037-4 :2019
Radiological Protection ----X and Gamma reference radiation for calibrating dosemeters and doserate meters and for determining their response as a function of photon energy- Part 4 : Calibration of area and personal dosemeters in low energy X reference radiation fields.
	ISO 4037-4 :2019 has not taken for review yet.

	1. 
	IS 17994 (Part 1) : 2023/ISO 6980-1 : 2022
Nuclear energy reference beta-particle radiation Part 1 : Methods of production (First Revision)
	ISO 6980-1 : 2022 has been revised by ISO 6980-1:2023

	1. 
	IS 17994 (Part 2) : 2023/ISO 6980-2 : 2022
Nuclear energy reference beta-particle radiation Part 2 : Calibration fundamentals related to basic quantities characterizing the radiation field
	ISO 6980-2 : 2022 has been revised by ISO 6980-2:2023

	1. 
	IS 17994 (Part 3) : 2023/ISO 6980-3 : 2022
Nuclear energy Reference beta-particle radiation Part 3: Calibration of area and personal dosemeters and the determination of their response as a function of beta radiation energy and angle of incidence
	ISO 6980-3 : 2022 has been revised by ISO 6980-3:2023

	1. 
	IS 17997 : 2022/ISO 15382 :2015
Radiological protection-Procedures for monitoring the dose to the lens of the eye the skin and the extremities
	ISO 15382 :2015 will be replaced by ISO/CD 15382

	1. 
	IS 18066 (Part 1) : 2022/ISO 11665-1 : 2019
Measurement of radioactivity in the environment-Air :  radon- 222-Part 1 : Origins of radon and its short-lived decay products and associated measurement methods
	ISO 11665-1 : 2019 has not taken for review yet.

	1. 
	IS 18066 (Part 3) : 2022/ISO 11665-3 : 2020
Measurement of radioactivity in the environment- Air : radon- 222-Part 3 : Spot measurement method of the potential alpha energy concentration of its short-lived decay products
	ISO 11665-3 : 2020 has not taken for review yet.

	1. 
	IS 18066 (Part 8) : 2022/ISO 11665-8 : 2019
Measurement of radioactivity in the environment- Air : radon- 222-Part 8 : Methodologies for initial and additional investigations in buildings
	ISO 11665-8 : 2019 has not taken for review yet.

	1. 
	IS 18066 (Part 12) : 2023/ISO 11665-12 : 2018
Measurement of radioactivity in the environment- Air : radon- 222-Part 12 : Determination of the diffusion coefficient in waterproof materials: membrane one-side activity concentration measurement method
	ISO 11665-12 : 2018 was last reviewed and confirmed in 2022. Therefore this version remains current.

	1. 
	IS 18066 (Part 13) : 2023/ISO 11665-13 : 2017
Measurement of radioactivity in the environment- Air : radon- 222-Part 13 : Determination of the diffusion coefficient in waterproof materials: membrane two-side activity concentration test method
	ISO 11665-13 : 2017 was last reviewed and confirmed in 2021. Therefore this version remains current. 

	1. 
	IS 18067 : 2023/ISO 2919 : 2012
Radiological protection Sealed radioactive sources General requirements and classification
	ISO 2919 : 2012 was last reviewed and confirmed in 2023. Therefore this version remains current.

	1. 
	IS 18068 : 2023/ISO 9978 : 2020
Radiation protection Sealed sources Leakage test methods
	ISO 9978 : 2020 has not taken for review yet.

	1. 
	IS 18069 (Part 1) : 2023/ISO 8529-1 : 2021
Reference neutron radiations- Part 1 : Characteristics and methods of production
	ISO 8529-1 : 2021 has not taken for review yet.

	1. 
	IS 18069 (Part 2) : 2023/ISO 8529-2 : 2000
Reference neutron radiations Part 2: Calibration fundamentals of radiation protection devices related to the basic quantities characterizing the radiation field
	ISO 8529-2 : 2000 was last reviewed and confirmed in 2021. Therefore this version remains current.

	1. 
	IS 18070 : 2023/ISO 29661 : 2012
Reference radiation fields for radiation protection Definitions and fundamental concepts
	ISO 29661 : 2012 was last reviewed and confirmed in 2024. Therefore this version remains current.

	1. 
	IS 18111 : 2023/ISO 14146 : 2018
Radiological protection-Criteria and performance limits for the periodic evaluation of dosimetry services
	ISO 14146 : 2018 will be replaced by ISO/FDIS 14146

	1. 
	IS 18251 : 2023/ISO 22127 : 2019
Dosimetry With Radiophotoluminescent Glass Dosimeters for Dosimetry Audit In Mv X-Ray Radiotherapy
	ISO 22127 : 2019 has not taken for review yet.

	1. 
	IS 18282 (Part 1) : 2023/ISO 21909-1 : 2021
Passive Neutron Dosimetry SystemsPart 1: Performance and Test Requirements for Personal Dosimetry
	ISO 21909-1 : 2021 has not taken for review yet.

	1. 
	IS 18282 (Part 2) : 2023/ISO 21909-2 : 2021
Passive Neutron Dosimetry Systems Part 2: Methodology and Criteria for the Qualification of Personal Dosimetry Systems in Workplaces
	ISO 21909-2 : 2021 has not taken for review yet.

	1. 
	IS 18533 (Part 1) : 2024/ISO 13304-1 : 2020
Radiological Protection Minimum Criteria For Electron Paramagnetic Resonance Epr Spectroscopy For Retrospective Dosimetry Of Ionizing Radiation Part 1 : General Principles
	ISO 13304-1 : 2020 has not taken for review yet.

	1. 
	IS 18535 : 2024/ISO 21439: 2009
Clinical Dosimetry Beta Radiation Sources for Brachytherapy
	ISO 21439: 2009 was last reviewed and confirmed in 2019. Therefore this version remains current.



10.2 New Documents under development at ISO/TC 85, ISO/TC 85/SC 2, ISO TC 85/ SC 5, ISO/ TC 85/SC 6, and ISO/TC 147/SC 3.
	Sl No.
	Document under development
	Remarks

	1. 
	ISO/CD 16659-2
Ventilation systems for nuclear facilities
In-situ efficiency test methods for iodine traps with solid sorbent
Part 2: Radioactive CH3I method
 (Closed)
	ISO 16659 series provide different test methods aiming at assessing the efficiency of radioactive iodine traps in ventilation systems of nuclear facilities. This series deals with iodine traps with solid sorbent, mainly activated and impregnated charcoal, the most usual solid sorbent used in ventilation systems of nuclear facilities, as well as other sorbent submitted to special conditions (e.g. high temperature zeolites).
The scope of this document is to provide general and common requirements for the test method using radioactive methyl iodide (CH3131I) as a tracer to determine the decontamination factor of iodine trap. This reproductible method can support nuclear operators to compare the result to reference values (e.g. safety criteria, national legislation, etc.).
Due to the use of a radioactive tracer, this document is not used to determine the decontamination factor of iodine traps used in ventilation systems with air release in rooms with potential presence of workers (e.g. control room). A non-radioactive method is preferred.
Due to the use of a radioactive tracer, this method is usually used for ventilation systems with monitoring of iodine gaseous releases in accordance with the national regulations.
This document can apply to installations with low inventory of radioiodine equipped with iodine traps (e.g. small laboratories). In this case, some provisions can be adapted but always in accordance with the national regulations.



	1. 
	ISO/CD 19361
Measurement of radioactivity — Determination of beta emitters activities — Test method using liquid scintillation counting
End Date : 11-04-2024
	This document applies to liquid scintillation counters and requires the preparation of a scintillation source obtained by mixing the test sample and a scintillation cocktail. The test sample can be liquid (aqueous or organic), or solid (particles or filter or planchet).
This document describes the conditions for measuring the activity of beta emitter radionuclides by liquid scintillation counting.
The choice of the test method using liquid scintillation counting involves the consideration of the potential presence of other beta emitter radionuclides in the test sample. In this case, a specific sample treatment by separation or extraction is implemented to isolate the radionuclide of interest in order to avoid any interference with other beta-, alpha- and gamma-emitting radionuclides during the counting phase.
This document is applicable to all types of liquid samples having an activity concentration ranging from a few Bq·l−1 to 106 Bq·l−1. For a liquid test sample, it is possible to dilute liquid test samples in order to obtain a solution having an activity compatible with the measuring instrument. For solid samples, the activity of the prepared scintillation source shall be compatible with the measuring instrument.
The measurement range is related to the test method used: nature of test portion, preparation of the scintillator - test portion mixture, measuring assembly as well as to the presence of the co-existing activities due to interfering radionuclides.
Test portion preparations (such as distillation for 3H measurement, or benzene synthesis for 14C measurement, etc.) are outside the scope of this document and are described in specific test methods using liquid scintillation




	1. 
	ISO/CD 19581
Measurement of radioactivity — Gamma emitting radionuclides — Rapid screening method using scintillation detector gamma-ray spectrometry
End Date : 29-04-2024
	This document specifies a screening test method to quantify rapidly the activity concentration of gamma-emitting radionuclides, such as 131I, 132Te, 134Cs and 137Cs, in solid or liquid test samples using gamma-ray spectrometry with lower resolution scintillation detectors as compared with the HPGe detectors (see IEC 61563).
This test method can be used for the measurement of any potentially contaminated environmental matrices (including soil), food and feed samples as well as industrial materials or products that have been properly conditioned. Sample preparation techniques used in the screening method are not specified in this document, since special sample preparation techniques other than simple machining (cutting, grinding, etc.) should not be required. Although the sampling procedure is of utmost importance in the case of the measurement of radioactivity in samples, it is out of scope of this document; other international standards for sampling procedures that can be used in combination with this document are available
The test method applies to the measurement of gamma-emitting radionuclides such as 131I, 134Cs and 137Cs. Using sample sizes of 0,5 l to 1,0 l in a Marinelli beaker and a counting time of 5 min to 20 min, decision threshold of 10 Bq·kg−1 can be achievable using a commercially available scintillation spectrometer [e.g. thallium activated sodium iodine (NaI(Tl)) spectrometer 2” ϕ × 2” detector size, 7 % resolution (FWHM) at 662 keV, 30 mm lead shield thickness].
This test method also can be performed in a “makeshift” laboratory or even outside a testing laboratory on samples directly measured in the field where they were collected.
During a nuclear or radiological emergency, this test method enables a rapid measurement of the sample activity concentration of potentially contaminated samples to check against operational intervention levels (OILs) set up by decision makers that would trigger a predetermined emergency response to reduce existing radiation risks[12].
Due to the uncertainty associated with the results obtained with this test method, test samples requiring more accurate test results can be measured using high-purity germanium (HPGe) detectors gamma-ray spectrometry in a testing laboratory, following appropriate preparation of the test samples[7][8].
This document does not contain criteria to establish the activity concentration of OILs.




	1. 
	ISO/CD 16659-3
Ventilation systems for nuclear facilities — In-situ efficiency test methods for iodine traps with solid sorbent — Part 3: Cyclohexane gas leakage rate method
End Date : 14-05-2024
	The scope of this document is to provide general and generic requirements for the test method using cyclohexane (C6H12) as a tracer to determine the mechanical leakage rate of iodine trap. This reproductible method can support nuclear operators to compare the result with reference values given in safety reports.
Unlike the method for radioactive methyl iodide described in ISO 16659-2, the cyclohexane field test method covered in this document does not directly give a decontamination factor for the iodine trap, but only an integrity test of the iodine trap performance information, and the interpretation of whether the performance of the iodine trap meets the requirements needs to be combined with the results of the radioiodine efficiency test of the adsorbent in the iodine trap.
Due to the use of low-toxicity and environmentally friendly test reagents in the field tests, the method is mainly suitable for iodine traps used in ventilation systems with air release in rooms with potential presence of workers (e.g. main control room), and performance test of a single iodine adsorber before its delivery and acceptance. In addition, the method can also be used for iodine traps with activated carbon sampling canister (e.g. Deep Bed Iodine Adsorber Type III and Drawer Iodine Adsorber Type II).



	1. 
	ISO/CD 18990
Measurement of radioactivity in urine-238Pu, 239Pu and 240Pu-Test method using alpha spectrometry and ICP-MS
End Date : 30-05-2024
	This document specifies approaches for the determination of plutonium isotopes (238Pu, 239Pu and 240Pu) in urine using alpha spectrometry and inductively coupled plasma mass spectrometry (ICP-MS).
It is applicable to the measurement of these isotopes at levels which are appropriate to:
workers handling plutonium in occupational settings, where detection limits should be sufficient to determine compliance with dose limits
workers, members of the public and emergency responders in accident situations, where required detection limits may be much higher and results should be reported in a short timescale.
This document does not provide information on when monitoring should be carried out or the interpretation of the results in terms of dose or biological effects.
This document specifies methods used to the analysis of plutonium (238Pu 239Pu, 240Pu) content in urine samples of occupational and rescue workers under accident emergencies. The concentrations obtained can be converted into activity concentrations of the different isotopes.
The limit of quantification depends on the efficiency of chemical separation and the performance of the measurement device.
This method covers the measurement of 239Pu and 240Pu higher than 1×10-5 Bq/l, and 238Pu higher than
69 1×10-3 Bq/l.



	1. 
	ISO/CD 8345-1
Guidelines for managing knowledge to support radioactive waste management — Part 1: Purpose and Overview of ISO 8345 and Introduction to Knowledge Management
End Date : 06-04-2024
	This document provides guidance for the management of knowledge associated with managing radioactive waste.



	1. 
	ISO/CD 7097-1
Nuclear fuel technology — Determination of uranium in solutions, uranium hexafluoride and solids — Part 1: Iron(II) reduction/potassium dichromate oxidation titrimetric method
End Date : 20-04-2024
	This part of ISO 7097 describes an analytical method for the determination of uranium in pure product material samples such as U metal, UO2, UO3, uranyl nitrate hexahydrate, uranium hexafluoride and U3O8 from the nuclear fuel cycle. This procedure is sufficiently accurate and precise to be used for nuclear materials accountability. This method can be used directly for the analysis of most uranium and uranium oxide nuclear reactor fuels, either irradiated or unirradiated, and of uranium nitrate product solutions. Fission products equivalent to up to 10 % burn-up of heavy atoms do not interfere, and other elements which could cause interference are not normally present in sufficient quantity to affect the result significantly. The method recommends that an aliquot of sample is weighed and that a mass titration is used, in order to obtain improved precision and accuracy. This does not preclude the use of any alternative technique which could give equivalent performance. As the performance of some steps of the method is critical, the use of some automatic device has some advantages, mainly in the case of routine analysis.





10.3 New proposals under consideration at ISO/TC 85, ISO TC 147/SC 3 and its Subcommittees/Working groups for standard formulation
	Sl No.
	New Work Item Proposal
	Remarks
	Purpose 

	1. 
	ISO/PWI 22280	
Principles of determination of groundwater remediation targets for in-situ leaching uranium mining 
(Closed)
	This document sets the basic principles for determination of groundwater remediation target value for uranium in-situ leaching, the environmental investigation requirements for uranium in-situ leaching, groundwater remediation technology and economic-benefit analysis, and the procedure for determination of groundwater remediation target value This document is applicable to control and remediation of groundwater impact of uranium in-situ leaching.
	It provides the principles of determination of groundwater remediation target value for in-situ leaching for authorities, operating institutions, technical supporting departments, investors and other stakeholders from various countries, and provides reference indicators for groundwater remediation and health protection of surrounding people. Uranium in-situ leaching is a new type of uranium mining and metallurgy technology, including acid in-situ leaching and alkali in-situ leaching. Compared with the conventional mining, uranium in situ leaching has many unique advantages, such as low investment, short construction period, low production cost, low energy consumption, low labour intensity, high production efficiency, no tailings and waste rock, no destruction of natural landscape, minor ground pollution, easily realization of large-scale production automation, advantageous to environmental protection and safety production. Therefore, in-situ uranium leaching technology experience fast development in the world



	1. 
	ISO/NP 24389-2
Management of radioactive waste from nuclear facilities — Part 2: Pre-disposal
End Date : 01-05-2024
	This document provides guidance on specific requirements for each stage of the low and intermediatelevel radioactive waste management life cycle (prior to disposal), activities and services to implement these requirements, and outcomes (e.g., data, records, reports).
	This standard provides guidance on data standardization and quality for the collection, notation and use of all data, metadata (technical, personnel, resource, etc.) and context data generated during the pre-disposal process, and guidance on various dismantling and decontamination tasks that will continue to be performed in the specific pre-disposal processes.
Through radioactive waste data consistently accumulated in this standardized manner, effective radioactive waste management is possible using functions such as data analysis, prediction, and visualization of results for similar streams, which is able to provide a data-based infrastructure supporting realistic waste management policies by ensuring safety and predicting required resources (manpower, expenses, schedule, etc.) to waste management for cost-benefit.


[bookmark: _MON_1773583056]     


	1. 
	ISO/PWI 19696.2 
Reactor technology — Magnetic confinement fusion — Test methods for low temperature mechanical properties of electrical insulation materials of superconducting devices
End date- 21.05.2024

	This International Standard specifies a test method for mechanical properties of electrical insulation material of superconducting magnet, the main electrical insulation material is polymer matrix composites with fibre glass reinforced. The composite materials include glass fiber and resin, or sometimes include polyimide tape. This test method is including tensile strength, short beam shear strength, compression shear strength, push-out strength, etc. 
	The insulation layer of large superconducting magnet is usually insulated by polymer composite material. The working conditions are high voltage, strong current and low temperature environment, so the insulation layer bears complex loads such as thermal stress and electromagnetic force during operation. According to the test methods of tensile strength, residual tensile strength, short beam shear strength, compressive shear strength and push-out strength stipulated in this standard, the properties of materials at low temperature can be obtained by these methods: 
1) tensile and shear properties; 
2) Degradation of tensile strength after mechanical stress fatigue; 
3) The mechanical strength of the insulation layer itself and the bond strength between the insulation layer and the metal matrix under the combined action of normal stress and tangential stress; 
4) Bonding strength between insulation material and conductor in real structure and the size sample. These indexes can effectively evaluate the insulation material and technological level of superconducting magnet.



	1. 
	ISO/NP 25190
Monitoring and internal dose assessment for radiation workers handling plutonium
(Last date- 02/07/2024)



Proposed by India


	This standard specifies the monitoring requirements, and methodologies for intake and assessment of internal dose to individuals occupationally exposed to plutonium.
This Standard specifies the minimum requirements for the design of monitoring programmes using direct and indirect methods, criteria for selection of radiation workers, interpretation of monitoring data, quality assurance and requirements for recording and reporting of internal doses.

This standard is not applicable to members of the public
	Individuals working in plutonium facility viz fuel fabrication, fuel reprocessing and waste management may get internally contaminated during the course of their employment. Though, engineered containment and administrative controls are used to minimize the intake, there is a probability of internal contamination in these facilities during normal operations and / or during accidental releases.
Assessment of internal radiation doses to these workers is an integral part of the radiation protection programme and can be divided into two phases, namely determination of the amount of radioactive material in the human body, in body organs or in wounds either by direct measurements and/or by indirect methods such as excretion analysis or air monitoring. While implementing the individual monitoring programme, it is essential to make decisions regarding which methods, techniques, frequencies, etc. to measure and assess internal dose. The criteria for designing the programme, i.e. its requirements, methods and frequency etc depends on the purpose of the overall radiation protection programme, the probabilities of potential radionuclide intakes and the characteristics of the radioactive
materials handled. Use of ICRP biokinetic and dosimetric models, however, requires assumptions to be made regarding the circumstances of an intake incident (either known or assumed), information regarding the chemical and physical characteristics of the radioactive material to which the individual was exposed and the time of intake. Experiences gained during the various international
intercomparison exercises indicate that for a given set of bioassay data, though ICRP recommended models were applied, assessed dose differed by orders of magnitude for various assessors. Thus, there is a necessity to lay down standard procedures for assessing internal doses following Pu intake (s) using body activities or excretion rates, in order to achieve consistency and reliability in the internal dose assessment.
The Standard is expected to address the specific issues of monitoring and internal dose assessment following internal contamination due to plutonium compounds. The standard will improve the reproducibility and reliability in internal dose assessments and contribute towards harmonizing of the practices in the monitoring of occupationally exposed individuals. It shall also form the basis for certification, accreditation or approval in this field.






10.4 Ballots received from ISO/TC 85, ISO TC 147/SC 3 and its Subcommittees
	ISO Committee
	NP Ballots
	CD Ballots
	DIS Ballots
	SR Ballots
	CIB Ballots
	Any other Ballots
	No. of Comments received

	ISO/TC 85
	0
	0
	0
	3
	3
	1-FDIS
	1

	ISO/TC 85 SC 2
	0
	5
	0
	12
	1
	2- FDIS
	0

	ISO/TC 85 SC 5
	2
	2
	2
	7
	1
	0
	0

	ISO/TC 85 SC 6
	1
	0
	0
	0
	1
	0
	0

	ISO/TC 147 SC 3
	0
	0
	0
	6
	5
	0
	0

	Total
	3
	7
	5
	28
	11
	3
	1



10.5 Members Nominated In ISO/TC 85, ISO TC 147/SC 3 and its Subcommittees
The list of members currently nominated in ISO/TC 85, ISO TC 147/SC 3 and its Subcommittees is listed below.


The Committee may NOTE
ITEM 11 PROGRAMMEE OF WORK 
The present scope and list of Indian standards including documents under development in CHD 30 is can be accessed through he below given link.
https://www.services.bis.gov.in/php/BIS_2.0/bisconnect/pow_new
The Committee may NOTE

ITEM 12 DATE AND PLACE OF NEXT MEETING 
ITEM 13 ANY OTHER BUSINESS
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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee has
been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with IS0, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO documents should be noted. This document was drafted in accordance with the editorial rules of the
ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed patent
rights in respect thereof. As of the date of publication of this document, ISO had not received notice of (a)
patent(s) which may be required to implement this document. However, implementers are cautioned that
this may not represent the latest information, which may be obtained from the patent database available at
www.iso.org /patents. ISO shall not be held responsible for identifying any or all such patent rights.

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions
related to conformity assessment, as well as information about ISO's adherence to the World Trade
Organization = (WTO) principles in the Technical Barriers to Trade (TBT), see
www.iso.org/iso /foreword.html.

This document was prepared by Technical Committee ISO/TC 85, Nuclear energy, nuclear technologies, and
radiological protection, Subcommittee SC 2, Radiological protection.

This second edition cancels and replaces the first edition (ISO 19581:2017), which has been technically
revised.

The main changes are as follows:

— The updated IAEA Safety Glossary was referenced.

— Informative Annex A has been updated with considering recent technological improvements.
— Editorial changes have been made.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Everyone is exposed to natural radiation. The natural sources of radiation are cosmic rays and naturally
occurring radioactive substances which exist in the earth and within the human body. Human activities
involving the use of radiation and radioactive substances add to the radiation exposure from this natural
exposure. Some of those activities, such as the mining and use of ores containing naturally-occurring
radioactive materials (NORM) and the production of energy by burning coal that contains such substances,
simply enhance the exposure from natural radiation sources. Nuclear power plants and other nuclear
installations use radioactive materials and produce radioactive effluent and waste during operation and on
their decommissioning. The use of radioactive materials in industry, agriculture and research is expanding
around the globe.

All these human activities give rise to radiation exposures that are only a small fraction of the global average
level of natural exposure. The medical use of radiation is the largest and a growing man-made source of
radiation exposure in developed countries. It includes diagnostic radiology, radiotherapy, nuclear medicine
and interventional radiology.

Radiation exposure also occurs as a result of occupational activities. It is incurred by workers in industry,
medicine and research using radiation or radioactive substances, as well as by crew during air travel and for
astronauts. The average level of occupational exposures is generally below the global average level of natural
radiation exposure!”.,

As uses of radiation increase, so do the potential health risk and the public's concerns. Thus, all these
exposures are regularly assessed in order to

a) improve the understanding of global levels and temporal trends of public and worker exposure
b) to evaluate the components of exposure so as to provide a measure of their relative importance, and
c) to identify emerging issues that may warrant more attention and study.

While doses to workers are mostly directly measured, doses to the public are usually assessed by indirect
methods using radioactivity measurements results performed on various sources: waste, effluent and/or
environmental samples.

To ensure that the data obtained from radioactivity monitoring programs support their intended use, it is
essential that the stakeholders, for example, nuclear site operators, regulatory and local authorities agree on
appropriate methods and procedures for obtaining representative samples and then handling, storing,
preparing and measuring the test samples. An assessment of the overall measurement uncertainty needs
also to be carried out systematically. As reliable, comparable and ‘fit for purpose’ data are an essential
requirement for any public health decision based on radioactivity measurements, international standards of
tested and validated radionuclide test methods are an important tool for the production of such
measurement results. The application of standards serves also to guarantee comparability over time of the
test results and between different testing laboratories. Laboratories apply them to demonstrate their
technical qualifications and to successfully complete proficiency tests during interlaboratory comparison,
two prerequisites for obtaining national accreditation. Today, over a hundred international standards,
prepared by Technical Committees of the International Standardization Organization, including those
produced by ISO/TC85, and the International Electrotechnical Commission (IEC), are available for
application by testing laboratories to measure the main radionuclides.

Generic standards help testing laboratories to manage the measurement process by setting out the general
requirements and methods to calibrate and validate techniques. These standards underpin specific
standards which describe the test methods to be performed by staff, for example, for different types of
sample. The specific standards cover test methods for:

— Naturally-occurring radionuclides (including “K, *H, *C and those originating from the thorium and
uranium decay series, in particular **Ra, **Ra, *'U, U, ?°Pb) which can be found in materials from
natural sources or can be released from technological processes involving naturally occurring
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radioactive materials (e.g. the mining and processing of mineral sands or phosphate fertilizer
production and use);

— Human-made radionuclides, such as transuranium elements (americium, plutonium, neptunium, and
curium), *H, *C, *Sr and gamma emitting radionuclides found in waste, liquid and gaseous effluent, in
environmental matrices (water, air, soil, biota) and food and feed as a result of authorized releases into
the environment and of fallout resulting from the explosion in the atmosphere of nuclear devices and
accidents, such as those that occurred in Chernobyl and Fukushima.

Environmental materials, including foodstuffs, thus may contain radionuclides at activity concentrations
which could present a risk to human health. In order to assess the potential human exposure to radioactivity
and to provide guidance on reducing health risks by taking measures to decrease radionuclide activity
concentrations, the environment and foodstuffs are routinely monitored for radioactivity content as
recommended by the World Health Organization (WHO). Gamma-emitting radionuclides are usually
quantified in environmental and food samples by gamma-ray spectrometry using High Purity Germanium
(HPGe) gamma-ray spectrometry. Following a nuclear accident, a screening approach based on rapid test
methods is recommended to help the decision makers to decide whether activity concentrations in
environmental samples, feed and food samples are above or below operational intervention levels (OILs)'?!
that are specifically set up to manage nuclear and radiological emergency. During nuclear emergency
response, these default radionuclide specific OILs for food, milk and water concentrations from laboratory
analysis would be used to measure the effectiveness of protective actions and contribute to determining any
further actions required™,

In 1989, following the Chernobyl accident, the first version of the Codex Guideline Levels (GLs) for
Radionuclides in Foods Contaminated Following a Nuclear or Radiological Emergency (in the following
referred to as “Codex GLs”) was adopted. The Codex GLs were reviewed in 2006 and are included in the
General Standard for Contaminants and Toxins in Food and Feeds'"®, During a nuclear emergency situation,
the Codex GLs for gamma-emitting radionuclides such as Ru/“Rh and *1 is 100 Bq'kg™; the GL for “Co,
%Ry, ®"Cs and **Cs, *“Ce is higher at 1000 Bqkg™ but a lower limit of 100 Bqkg™ still applies for foods for
infants. Default radionuclide specific OILs for food, milk and water concentrations from laboratory analysis
set up by FAO, IAEA, ILO, OECD/NEA, PAHO, OCHA, WHO were recently revised'®.

NOTE The Codex GLs are the activity concentration in foods that would result in an effective dose of 1 mSv/year for
members of the Public (infant and adult) in accordance with the most recent recommendations of the International
Commission on Radiological Protection (ICRP) considering that 550 kg of food is consumed per year by an adult and
200 kg of food and milk is consumed per year by an infant, with 10 % of the diet is of imported food, all of which is
contaminated giving an import to production factor of 0,1. For convenience the GL values were rounded, and
radionuclides with ingestion dose coefficients of similar magnitudes grouped and given similar GLs values. However,
separate GLs were derived for infants and adults due to differences in radionuclide absorption, metabolism and
sensitivity to radiation.

Emergency preparedness should include planning for the implementation of optimized test methods that
can provide rapid estimates of activity concentration to be checked against OILs. Thus, an international
standard on a screening method using gamma-ray spectrometry is justified for use by testing laboratories
carrying out measurements of gamma-emitting radionuclides during an emergency situation. Such
laboratories are intended to obtain a specific accreditation for radionuclide measurement in environmental
and/or food samples.

This document describes, after proper sampling, sample handling and preparation, a screening method to
quantify rapidly the activity concentration of iodine and caesium in environmental, feedstuffs and foodstuffs
samples using scintillation spectrometer during an emergency situation.

This document is one of a set of generic international standards on measurement of radioactivity.
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Measurement of radioactivity - Gamma emitting radionuclides -
Rapid screening method using scintillation detector gamma-ray
spectrometry

WARNING — Persons using this document should be familiar with normal testing laboratory practice. This
standard does not purport to address all of the safety problems, if any, associated with its use. It is the
responsibility of the user to establish appropriate safety and health practices and to ensure compliance with
any national regulatory conditions.

IMPORTANT — It is absolutely essential that tests conducted according to this document be carried out by
suitably trained staff.

1 Scope

This document specifies a screening test method to quantify rapidly the activity concentration of gamma-
emitting radionuclides, such as “'1, **Te, *Cs and *Cs, in solid or liquid test samples using gamma-ray
spectrometry with lower resolution scintillation detectors as compared with the HPGe detectors (see
IEC 61563

This test method can be used for the measurement of any potentially contaminated environmental matrices
(including soil), food and feed samples as well as industrial materials or products that have been properly
conditioned®®. Sample preparation techniques used in the screening method are not specified in this
document, since special sample preparation techniques other than simple machining (cutting, grinding, etc.)
should not be required. Although the sampling procedure is of utmost importance in the case of the
measurement of radioactivity in samples, it is out of scope of this document; other international standards
for sampling procedures that can be used in combination with this document are available (see References
[91,(10],[11],[12],[13],[14]).

The test method applies to the measurement of gamma-emitting radionuclides such as *1, *Cs and *Cs.
Using sample sizes of 0,51 to 1,01 in a Marinelli beaker and a counting time of 5 min to 20 min, decision
threshold of 10 Bq:’kg™” can be achievable using a commercially available scintillation spectrometer [e.g.
thallium activated sodium iodine (NaI(Tl)) spectrometer 2” ¢ x 2” (50,8 mm @ x 50,8 mm) detector size, 7 %
resolution (FWHM) at 662 keV, 30 mm lead shield thickness].

This test method also can be performed in a “makeshift” laboratory or even outside a testing laboratory on
samples directly measured in the field where they were collected.

During a nuclear or radiological emergency, this test method enables a rapid measurement of the sample
activity concentration of potentially contaminated samples to check against operational intervention levels
(OILs) set up by decision makers that would trigger a predetermined emergency response to reduce existing
radiation risks'®.

Due to the uncertainty associated with the results obtained with this test method, test samples requiring
more accurate test results can be measured using high-purity germanium (HPGe) detectors gamma-ray
spectrometry in a testing laboratory, following appropriate preparation of the test samples™!*!,

This document does not contain criteria to establish the activity concentration of OILs.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.
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std0O0ISO 11929 serie, Determination of the characteristic limits (decision threshold, detection limit and limits
of the confidence interval) for measurements of ionizing radiation — Fundamentals and applicationstd

ISO 80000-10, Quantities and units — Part 10: Atomic and nuclear physics
std00ISO/IEC 17025, General requirements for the competence of testing and calibration laboratoriesstd

stdOOIEC 61453, Nuclear instrumentation — Scintillation gamma ray detector systems for the assay of
radionuclides - Calibration and routine testsstd

3 Terms, definitions
For the purposes of this document, the terms and definitions given in ISO 80000-10 and the following apply.
ISO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp
— IEC Electropedia: available at https://www.electropedia.org/

31

blank sample

sample, liquid or solid, with very low to no activity for radiation of the same type and region of interest, with
a mass and a composition as close as possible to those of the test sample

[SOURCE: ISO 7503-1:2016, 3.1.2]

3.2

emergency

non-routine situation or events that necessitates prompt action, primarily to mitigate a hazard or adverse
consequences for human life and health, property and the environment

[SOURCE: IAEA. IAEA Nuclear Safety and Security Glossary: 2022 edition. Vienna: IAEA, 2022. 248 p.]

Note1toentry: This includes nuclear and radiological emergencies and conventional emergencies such as fires,
release of hazardous chemicals, storms or earthquakes. It includes situations for which prompt action is warranted to
mitigate the effects of a perceived hazard'™.

33

operational intervention level

OIL

a set level of a measurable quantity that corresponds to a generic criterion

[SOURCE: IAEA. IAEA Nuclear Safety and Security Glossary: 2022 edition. Vienna: IAEA, 2022. 248 p.]]

Note1toentry: OILs are typically expressed in terms of dose rates or of activity of radioactive material released, time
integrated air activity concentrations, ground or surface concentrations, or activity concentrations of radionuclides in
environmental, food or water samples. An OIL is used immediately and directly (without further assessment) to
determine the appropriate protective actions on the basis of an environmental measurement',

3.4

reference level

for an emergency exposure situation or an existing exposure situation, the level of dose, risk or activity
concentration above which it is not appropriate to plan to allow exposures to occur and below which
optimization of protection and safety would continue to be implemented

[SOURCE: IAEA Nuclear Safety and Security Glossary: 2022 edition. Vienna: IAEA, 2022. 248 p.]

Note1toentry: The value chosen for a reference level will depend upon the prevailing circumstances for the exposure
under consideration.
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screening level

SL
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values that are set up by the laboratory taking into account the characteristics of the measuring equipment
and the test method to guarantee that the test result and its uncertainty obtained are fit for purpose for
comparison with the reference levels (OILs)

Note1ltoentry: The screening level is less than the reference level.

Note 2 to entry: Food is safe for consumption if the screening level is not exceeded.

4 Symbols

For the purposes of this document, the following symbols apply.

A

Ca

CasL

CaRL

Ca

Ny g,
NysE,
NNsLE
NgE, Ngp E,

Ngs £ NgsSLE

Py

Ly
ty
ts

s

tk—l,a

Activity of each radionuclide in reference source, at the measurement time, in
becquerels

Activity concentration of each radionuclide expressed in becquerels per kilogram

Activity concentration that corresponds to the screening level of each radionuclide
expressed in becquerels per kilogram

Activity concentration that corresponds to the reference level of each radionuclide
expressed in becquerels per kilogram

Decision threshold, without and with corrections, in becquerels per kilogram
Detection limit, without and with corrections, in becquerels per kilogram
Upper limits of the confidence interval, in becquerels per kilogram

Ratio of the indicated value of a spectrometer to the conventional true value (reference
activity) of specific radionuclide, i

Counting efficiency of the detector at energy, E

Radionuclide-specific counting efficiency of the detector at energy, E, of specific
radionuclide, i

Number of net counts in the gamma-ray energy region of interest, at energy E, in the
sample spectrum, in the calibration spectrum and in the spectrum obtained from the
measurement of reference sample having activity that corresponds to the screening
level, respectively

Number of gross counts in the gamma-ray energy region of interest, at energy E, in the
sample spectrum, in the background spectrum, in the calibration spectrum and in the
spectrum obtained from the measurement of reference sample having activity that
corresponds to the screening level, respectively

Probability of the emission of a gamma ray with energy, E, of each radionuclide, per
decay

Sample counting live time, in seconds
Background counting live time, in seconds
Reference source counting live time, in seconds

Counting live time, in seconds, of a reference sample with an activity corresponding to
a screening level

The two sided t-distribution with k-1 degree of freedom and a two sides probability
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u(cy) Standard uncertainty associated with the measurement result c,, without and with
corrections, in becquerels per kilogram

U Expanded uncertainty calculated by U= kwu(cy) with k=1, 2.., in becquerels per
kilogram

m Mass of the sample for test, in kilograms

a p Probability of a false positive and false negative decision, respectively

1-y Probability for the coverage interval of the measurand

5 Principle

During a nuclear or radiological emergency, it is essential to measure rapidly the activity concentration in
samples from the environment and potentially contaminated foodstuffs and feed to protect workers and the
public, in accordance with international standards, by keeping doses below the dose reference levels™. It is
recognized among organizations responsible for emergency management that good preparedness can
substantially improve the emergency situation response. Thus default OILs for food are set up by national
authorities, and measurement procedures using commonly available contamination screening equipment
are implemented to meet the OILs criteria. This should be carried out as part of the emergency preparedness
process. The process of assessing radionuclide concentrations in food, milk and water is shown in Figure 1.
During the process of assessing radionuclide concentrations in food, milk and water the potentially
contaminated food should be screened over a wide area and analysed to determine promptly the activity
concentration of gross and/or individual radionuclides. If the OIL are not exceeded, the food, milk and water
are safe for consumption during the emergency phase. If an OIL is exceeded, the radionuclide specific
concentrations in the food, milk or water should be determined. Finally, as soon as possible the guidance in
Reference™ should be used to determine whether the food, milk or water is suitable for international trade,
and national criteria or WHO guidance™ should be used to determine whether the food, milk or water is
suitable for long term consumption after the emergency phase'®.

Determine gross '*'l and
13¢+137Cs activity

No Yes
OIL exceeded

\ 4

Determine individual radionuclide
concentration

No Yes
<€ OIL exceeded
~May not be suitable for
. 4 consumption  except  under
Suitable for consum ption unusual circumstances

exceptional circumstances
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Figure 1 — Example of process of assessing radionuclide concentrations in food
(see explanations in the text and modified from Reference [6])

Laboratories shall make the necessary arrangements to be able to perform appropriate and reliable analyses
of environmental and food/feed samples for the purposes of an emergency response. Thus, a screening
approach is required, using a fast test method that rapidly provides test results to the decision maker in
order to determine whether food or feed is suitable for either human or animal consumption during the post
nuclear or radiological emergency monitoring period and for international trade.

The main radioactive materials released into the atmosphere during a power plant nuclear accident are
volatile elements including iodine isotopes (*'I, *¥’I, **I), caesium isotopes (*'Cs, *Cs, ¥Cs) and tellurium
(*?Te). Samples taken from the environment, the foodstuffs and feed can initially contain high activity
concentrations of *'I relative to the caesium isotopes®'. Although often activity released is also dominated by
noble gases, these cannot end up in food.

Therefore the nuclear or radiological emergency monitoring that shall be implemented immediately
following a nuclear or radiological emergency requires a test method designed for the screening of ™I
activity concentration of environmental and food samples. When using a test method with a scintillation
detector system incorporating a spectrometer (hereinafter referred to as scintillation spectrometer) or a
portable gamma-ray detector (e.g. survey meter) with no radionuclide discrimination function, I is not
determined separately from other iodine isotopes and caesium isotopes due to poor detector energy
resolution. When using a test method with a scintillation spectrometer ™I, ®Cs and Cs can be
discriminated and potentially quantified with a test method using a scintillation spectrometer. However,
using a multichannel analyzer (MCA) with a peak deconvolution program does not avoid the contributions
in the energy region of interest of other radionuclides, including short-lived iodine isotopes, caesiums and
naturally occurring radionuclides. The "I activity concentration is therefore overestimated but this is
considered as acceptable during the immediate phase following a nuclear radiological emergency to rapidly
assess the contamination.

A few months after the nuclear or radiological emergency, the short-lived radionuclides, including iodine
isotopes, have decayed. Longer-lived radionuclides including *Cs and *Cs become predominant in
environmental and food samples. During this later period, when using a test method with a portable gamma-
ray detector (e.g. survey meter) with no radionuclide discrimination function, *Cs and ™Cs activity
concentration cannot be quantified separately and the test result is considered as the gross activity of both
%Cs and ™Cs. With a scintillation spectrometer individual nuclide activity concentrations can be
determined. However contributions from naturally occurring radionuclides might be unavoidable even
during this later period.

NOTE In the later stage, the radionuclide composition is usually known, including the ratio of **Cs to *Cs; it allows
to estimate the activity concentration of the individual caesium isotopes using the gross activity results.

Direct measurement without iodine retention treatment, evaporation or ashing can be used to measure the
activity concentration rapidly during the nuclear or radiological emergency and post nuclear or radiological
emergency monitoring period. The test sample is measured directly without any preparation, preferably in a
Marinelli beaker type container.

As the tests are performed to check the activity concentration of the sample against OILs set up by national
authority, screening levels should be set in a range from half of these OILs to close to the OILs in order to
avoid false-positives.
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c >
Upper limit of confidence interval of the best estimate of the true value for the screening level ~ 45 shall be

below that for the operational intervention level CARLwith a 95 %: confidence level (a=0,05, k=2) as
shown in the following equation:

B - .
Cas=Casy ¥y Whas)=Cyp

1)
where

t is the two sided t-distribution;
u(C,qp)  is the uncertainty of the best estimate of the true value for the screening level.

The probability distribution function associated with the test results can be obtained by repeating the tests

u(C . . . .
on the same samples. (Cas) should be determined by repeated measurement with the minimum counting

time of a reference source or reference material with an activity close to the screening level of the

: : . . . Cy :
radionuclide tested and containing no other radionuclide. ~ 45! should specify the number of repeated
measurements which would enable the use of a t-distribution (see 8.3). This document recommends to
repeat the measurements of the same sample a minimum of 4 times.

In order to ensure the reliability of the screening test, the decision threshold (see ISO 11929) is defined taking
into consideration that the counting time shall be shortened to obtain the test results rapidly for a large
number of samples. This document recommends that one-fourth of the OIL value is an appropriate value for
the decision threshold.

6 Apparatus

Several types of scintillation spectrometers can be used for sample screening. Commercially available
scintillation crystals that would be useful for the screening test are shown in Table 1.

Table 1 — Examples of commercially available scintillation crystals. Typical detector size and its
resolution are also shown

Crystal Detector size Resolution at 662 keV

2" x2" 8%
NalI(Tl)

5" ¢ x 5" 10 %
CsI(TI) 2" x2" 10 %
LaBr; 2" x2" <3%
SrI(Eu) 15" ¢ x1,5” <4 %
CeBrs; 2" x2" <4 %
GAGG(Ce) 2P x2” <7 %
BGO 27 x2" 10 %
CLYC 27 x2" <5%

A spectrometry apparatus consists of two parts: the scintillation detector with plug-on or external
electronics and multi-channel analyser and the device which handles, stores, and analyses the measured
spectra. Digital signal processing electronics are commonly used. Portable scintillation spectrometers for in

1 =0,05 (k = 2) is often chosen by default in the international standards for radiological protection but another value may be required by the
national regulation authority. For example, screening level being set above half of the level of the reference value with =0,02 were required by
Japanese government authority for the radio-caesium screening test in food following the Fukushima accident.
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situ measurements are also available. For screening, a simple total spectrum counting system that counts all
pulses above a low-energy threshold or single-channel analyser (SCA) counting system that counts all pulses
between upper and lower energy boundaries can be also used.

A portable gamma-ray detector (e.g. dose-rate meter that cannot provide spectrum information) which has
sufficient sensitivity can also be used for screening as a simple total spectrum counting system that counts
all pulses above a low-energy threshold instead of a spectrometer. For screening measurements, a portable
gamma dose-rate meter may be simpler to use than spectrometers if a sufficiently low decision threshold is
achievable within an appropriate counting time. However when low OILs are implemented, either a
radiation shield or large scintillator may be required to reduce the background level and to have sufficient
detection efficiency, respectively.

7 Sample container
Sample containers that are suited to gamma spectrometry have the recommended characteristics:

— be made of materials with low absorption of gamma radiation;
— be made of transparent or semi-transparent material to see the level of content;

— have volumes and geometries adapted to the shape of the detector to ensure maximum detection
efficiency;

— be watertight and not react with the test sample constituents;
— have a wide-necked opening and a close-fitting lid to facilitate filling;
— highly resistant to breakage.

In order to verify easily that the content of the container conforms to the standard counting geometry, a
transparent container with a clearly discernible mark to indicate the fill level should be used.

To avoid contamination of the container or in order to reuse it, the sample can be placed in a plastic bag in
the container.

8 Procedure

8.1 Packaging of samples for measuring purposes

Test samples submitted to screening by gamma spectrometry measurement are usually rough test samples
without any preparation.

The procedure shall be carried out as follows:

a) Choose the container type that is best suited to the largest quantity of the test sample and determine the
mass of the empty container (tare).

b) Fill the container to the level of the filling mark and measure the gross mass of the container. Visually
check the surface level of the test sample in the container and ensure that it is horizontal before

measuring.

¢) Measure and note the test sample mass or volume. This information is needed to calculate the activity
concentration (Bqkg™ or Bql™).

d) Hermetically seal the container if volatile radionuclides are being measured.

e) Clean the outside of the container to remove potential contamination due to the filling process.
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8.2 Calibration

821 General
The calibration procedure is presented for two types of apparatus:

a) gross-count type apparatus.

An apparatus that counts all the signals with pulse heights higher than a threshold.

b) single-channel or multi-channel pulse height analysing type apparatus.

An apparatus that analyses pulse heights of signals using a single-channel or multi-channel pulse height
analysing function.

All apparatus shall be operated in accordance with the manufacturer's instructions.

8.2.2 Reference source

Use of commercially available solid sealed sources of *Cs, **Ba (mock 1) of appropriate geometry are
recommended. These solid sources may be more useful when working in the field condition during an
emergency situation.

A liquid reference solution can also be used for the calibration.

The activity content of reference sources, solid or in solutions shall be traceable to the national or
international standards of radioactivity.

8.2.3 Check source

A check source is used for the instrument operability check, as well as for carrying out the tests to
verify/evaluate the stability and the influence of ambient factors. Solid sealed sources of long-lived gamma-
emitting radionuclide (e.g.*"Cs, **Ba, “°K) of appropriate geometry can be used and are commercially
available.

8.2.4 Energy calibration
8.2.4.1 General

Since the energy calibration of a scintillation spectrometer is temperature dependent, the temperature
should be recorded before the test sample measurements and the energy calibration should be corrected by
temperature variations. When the temperature is not measured, the energy calibration should be carried out
immediately before the test sample measurements. Energy calibration shall be carried out in accordance
with IEC 61453 or other appropriate method (see 8242 and 824.3). The energy calibration of the
spectrometer shall be established over the desired energy region at a fixed gain. Energy region ranging from
100 keV to 1500 keV would be sufficient to perform the tests in accordance with this document.

Temperature compensating equipment is also commercially available, which might not be required to be
tested before each use. In this case energy calibration should be performed as a test before first use and a
periodic test.

8.2.4.2 Single channel analyser counting

Perform the energy calibration of the system over the defined energy region at a fixed gain. Using reference
or check sources of known energy, determine the relationship between the gamma-ray energies and the
corresponding settings of the discriminator.

Measure the count rate as a function of the lower level discriminator setting at increments of no more than
2 % of the energy range of interest.

The window width should be constant and approximately equal to the increments of the lower level
discriminator setting. The centre of the window width corresponding to the highest count rate may be
assumed to be the centre of the total absorption peak. Fitting a function around the count rate maximum
value can help in assessing the centre of the total absorption peak.
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The energy calibration shall be determined for each amplifier gain and photomultiplier high-voltage setting
used.

Energy calibration is performed at the energy gamma ray(s) of the radionuclides for which tests are
performed or using radionuclides with gamma rays that cover the energy region of interest. It is
recommended to use reference sources with single-line or double-line emitting radionuclides for the energy
calibration.

8.2.4.3 Multichannel analyser counting

Perform the energy calibration of the system over the defined energy region at a fixed gain. Using reference
or check sources, record the spectrum containing the total absorption peaks covering the gamma-ray energy
region of interest.

Determine the channel numbers which correspond to two gamma-ray energies that are near the extremes of
the energy region of interest.

The energy calibration shall be determined for each amplifier gain and photomultiplier high-voltage setting
used.

Determine the slope and the intercept of the energy calibration curve.

For most applications, such a linear energy calibration curve is adequate, except when dealing with the low-
energy region.

8.2.5 Detection efficiency calibration

8.2.5.1 General

The detection efficiency calibration for a sample with a known radionuclide shall be conducted using the
calibration source described in 8.2.2. If the same source type and source to detector distance is not used
corrections should be made to account for the detection differences. To avoid errors due to pulse pile-up, the
activity of the calibration source and the geometry shall be selected to avoid the counting time of the
measurement differing by more than 10 % from the live counting time (i.e. the dead time shall be less than
10 %). A pulse pile-up rejection circuit may also be used.

As another approach calculation of detection efficiency by Monte Carlo simulation or other modelling
technique is also available. Such numerical models are sensitive to input parameters such as the detector
dimensions, and therefore shall be checked using at least one reference material which emit gamma rays
covering the energy range of interest. If a discrepancy is found between efficiency calculated using the
model and the reference source, the discrepancy shall be investigated and corrections applied to the
numerical model.

The check source reading shall be recorded after each calibration. This reading can be later used when
routinely checking the operability of the instrument. ¥Cs solid sealed sources of appropriate geometry
mentioned in 8.2.3 can be used.

A source jig should be provided to hold the source at a fixed position relative to the detector.

Type test information for detection efficiencies from manufacturers would be useful to start the tests
immediately in the emergency situation. The detection efficiency calibration also should be performed by
users as periodic tests to confirm continued good operation. Function checks that are performed before each
use using check source should be carried out by users.

8.2.5.2 Total spectrum counting / single channel analyser counting
Set the lower-level discriminator to a value that ensures that the following conditions are satisfied:

1) the gamma rays from 50 keV to 1 500 keV are being counted for total spectrum counting, or entire
energy range of the gamma rays (365 keV for *'I, 605 keV and 796 keV for *‘Cs, and 662 keV for *’Cs) to
be analysed are being counted for SCA counting.
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2) the system response is insensitive to small changes in discriminator setting, or upper and lower limits
setting;

3) any significant electronic noise is below the counting threshold and the upper-limit discriminator is set
to the highest possible setting for total spectrum counting.

Accumulate counts using a solution or solid calibration source with a reference activity A; of each
radionuclide, i, in the selected counting geometry. Marinelli beakers are commonly used as they usually
provide good positional reproducibility. At least 10 000 net counts should be accumulated if the background
is relatively insignificant.

The instrument response to the check source shall be recorded following the calibration.
The response R; for the specific radionuclide, i, is calculated using Formula (2):

My Jt.

=

i (2)
where 4; is the activity of the specific nuclide, i, in the reference source.
The number of net counts ny; . is calculated using Formula (3):

Ny g=Ngs g~ Ny g (3)

8.2.5.3 Multichannel analyser counting

8.2.5.3.1 Counting efficiency calibration

Measure gamma-ray spectra using reference sources in the selected geometry. At least 10 000 net counts
should be accumulated in each total absorption gamma-ray peak of interest.

Record the live counting time.

For each radionuclide of the reference source, determine the net counts in the total absorption gamma-ray
peaks of interest. When using MCA systems, the baseline of background under each peak in the calibration
spectrum shall be subtracted to determine the net peak areas. The background peaks areas (normalized to
equal the live counting time) are subtracted from the gross peak areas, with proper consideration of
uncertainties, in order to get the net peak areas of the reference source.

Correct the reference source gamma-ray emission rate for decay from the time of calibration to the time at
which the reference source is measured.

Calculate the total absorption peak efficiency (&z) at gamma-ray energy, E, as follows:
_ nNs E / ts

~A-P, (4)

€

Determine the full energy peak efficiency calibration data at energies for which reference sources are not
available, by plotting and fitting an appropriate mathematical function to the values for the full energy peak
efficiency versus gamma-ray energy. In Formula (4), decay correction during the measurement time is
neglected. The need for this decay correction is depending on the source half-life and measurement time.

It may also be required if true coincidence summing corrections are significant, for example, when
measuring a gamma-ray emitting radionuclide with a complex decay scheme using a high efficiency
detector. If corrections are not made, the uncertainty for this factor should be considered. However true
coincidence summing corrections is not required in the use of direct comparison with a reference
measurement standard of the same radionuclide in the same matrix and geometry. More details are show in
ISO 20042.
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8.2.5.3.2 Radionuclide-specific counting efficiency calibration
The efficiency for each specific radionuclide, i, at energy, E, is determined using Formula (5):

_ nNs,E/ts

Sp= 4 (5)

where 4, is activity of the specified nuclide in the reference source.

8.3 Validation of the screening level
A reference source having an activity equal to half of the OIL value or more is used.

Place the source in the spectrometer and record a spectrum or accumulate counts. The counting time shall
be set at the same count time selected for the sample tests. The measurement should be repeated at least five
times.

The areas of the peaks in the reference sources shall be determined using the same algorithm used for test
samples.

Calculate the activity concentration cs;, (Bq-kg™) in the sample using Formula (6):

MgsL, e MgbE

L I
CagL =

el R

In case of the use of peak processing with a MCA system, Formula (7) shall be used

nN,SL,E nN,SL,E
tqr or tg (7)
Ppyxepxm g pXm

CasL™

Determine the upper limit of ¢,s. according to Formula/(8) and compare with c,g;.

[ =3
CasL =Casn

15 gLt lp-1, UCs 5 )

(8)

If ¢, i <C, qu» the activity concentration c,s can be warranted as the screening level under the stated

measurement conditions (count time, sample size, container, instrument, etc.). An example is shown in
Annex A.

8.4 Screening procedure

8.4.1 Total spectrum counting / Single channel analyser counting

Using the apparatus settings according to 8.2.5.2, place a blank sample in the same counting geometry used
for the calibration and the test sample measurement.

A blank sample of water shall be used when measuring liquid foodstuff samples such as water, milk, juices,
wine. For solid test samples, a solid blank sample with a similar density shall be used. For low density test
samples, there is no need for a blank sample.

Accumulate enough counts to obtain the statistical level of accuracy requested at Clause 5. The background
and the test sample shall be measured using the same count time.

In accordance with ISO 11929, the decision threshold and detection limit are determined using the
background activity at a known or pre-set counting time. The detection limit shall not exceed the screening
value.

Obtain the net count rate for the test sample by subtracting the background level count rate from the total
count rate of the test sample.
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Calculate the activity concentration C, (Bq'kg™) in the test sample using Formula (9):

n, ./t
CA:—}Z.J-Emg (9)

where R; is the response obtained by Formula (2).

NOTE When measuring water, “volume in litres” is an alternative for “mass in kilograms”.

The measurement result ¢, cannot be directly interpreted as an activity concentration of a specific
radionuclide because it may contain contributions from other radionuclides as mentioned in Clause 4.
Therefore the activity concentration c, is considered as the gross activity concentration and thus may
overestimate the radionuclide activity concentration.

8.4.2 Multichannel analyser counting

Using the instrument settings described in 8.2.5.3 place the test sample in the same counting geometry used
for the efficiency calibration reference source. Accumulate enough counts in the gamma-ray spectrum to
obtain the statistical level of accuracy desired as specified in Clause 5. Record the live time counting interval.
Search and identify the gamma-ray peaks present by the use of the energy calibration data obtained
according to 8.2.4.3.

Obtain the net count rate in each total absorption gamma-ray peak of interest by dividing the net counts by
the live counting time.

From the identified gamma-ray energies and other information available, identify the radionuclides present
in the test sample. When calculating the activity concentration ¢, (Bqkg™) of a specific nuclide using
Formulae (10) or (11), the number of gamma-rays emitted per decay is required for each energy, the test
sample mass and other corrections:

n, ./t
CA:# (10)
eg Pp-m-fg

or

n, ./t
CA:M (11)
gi,E'm'fE

where f is the correction factor considering all necessary corrections.

NOTE When measuring water, “volume in litres” is an alternative for “mass in kilograms”.

The measurement result c, could be directly considered as the activity of a specific radionuclide provided
that external background contributions are properly determined and considered. If such consideration has
been omitted due to unavoidable contribution from natural nuclides or remaining residual activity from a
short-lived nuclide(s), c, is considered to be the gross activity concentration and may be an overestimate of
the radionuclide activity concentration.

8.4.3 Effect of sample density

As the density of the sample increases, self-shielding of gamma-rays within a large volume sample increases
and the peak detection efficiency decreases. A correction for this effect can be applied using Monte Carlo
simulation, a mathematical model, experimental verification or an empirical correction

Most reference sources have a density of approximately 1 gcm™ and most foodstuffs have a density less than
1gcm™. If the correction for self-shielding is omitted in this case, the results from the measurements over-
estimate the activity in the samples; this is an acceptable approach for screening (see Table 2). However,
total efficiency for total spectrum counting increases as the sample density increases (due to detection of
scattered radiation). This situation can result in underestimating the activity content of low density samples
and a correction for self-shielding may be required. However, effects in efficiency variation for integral
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count rate could be neglected as compared to that for the total peak, if the difference between the densities is

small.

Table 2 — Examples of the density of food samples

Food Density Food Density
g/1 g/l
Apple 1000 Meat (beef) 1060
Asparagus 850 Milk 1030
Buckwheat flour 660 Persimmon 1000
Bread 730 Pomegranate 1000
fruit

Cabbage 900 Pumpkin 1000
Carrot 750 Radish 950
Chestnut (Marron) 870 Rice 870
Chinese mushroom 840 Soybean 790
Fig 1000 Strawberry 820
Honey 1200 Sweet potato 800
Kiwi 900 Wheat flour 700

NOTE Simple machining technique was employed for sample preparation. Samples

were shredded and then compressed into a 11 Marinelli beaker.

9 Testreport

The test report should conform to ISO/IEC 17025 requirements and it shall contain the following

information:

a) reference to this document, i.e. ISO 19581:2017;

b) all information necessary for the complete identification of the test sample;

¢) nuclide and activity concentration in which the measured results are expressed;

d) the test result(s) obtained.

NOTE1 Above or below screening level, which need to be defined, as many organisations will run on the sum of
quotients approach, where the contribution from each nuclide, divided by its screening level, is summed. If the result is

less than 1, then it can be eaten. If more than 1, it cannot.

e) mention of any relevant information likely to affect and/or explaining the results.

Depending on the customer requirements, there are different ways to present the result:

— As recommended by ISO 11929, the test result should be compared with the decision threshold. When
the activity concentration cy is below or equal to the decision threshold, a contribution from the sample

<c
has not been observed and the result of the measurement should be expressed as

© IS0 2024 - All rights reserved
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If the customer requests that the activity concentration c, is to be compared with the detection limit,
then the result of the measurement can be expressed as < ¢, when the results is below or equal to the
detection limit.

If the detection limit exceeds the guideline value or screening level, it shall be documented that the
method is not suitable for the measurement purpose.

When the activity concentration cy is compared with the screening level, the result of the measurement
c . . .
should be expressed as < 43" when the result is less than or equal to the screening level. The activity of
the specified nuclide in a sample can be stated as less than the guideline value.

When activity concentration cy is compared with the screening level, the result of the measurement
should be expressed as > €ASL \when the result exceeds the screening level. In this case the activity of
specified nuclide in a sample cannot be defined below the guideline value even if the value of c,
obtained is below the reference level. In addition these results alone do not define “unacceptable” levels
of activities in a sample even if c, exceeds the reference level. Generally, when apparent activity
concentration exceeds the screening level, further study (e.g. gamma-ray spectrometry using a
germanium detector according to ISO 10703) is warranted.

NOTE 2 For example all operating details not specified in this document, or regarded as optional, together with details
of any incidents which have influenced the test result(s) are intended to be stated.

14
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Annex A
(informative)

Example of application of ISO 19581 for radio-caesium screening

A.1General

Given: d = B =5 %; kiq = kip = 1,645
1-y =95 %; Kiyo = 1,96
tao0os = 2,776

Operational intervention level of gross activity for caesium isotopes ****"Cs: 100 Bq-kg™*

A.2 Response calibration
A.2.1 Preparation of **'Cs calibration source

Prepare a calibration source containing a determined amount of activity from a “Cs certified reference
solution with the same geometry and density as the test sample. It can be produced by spiking a volume of
water. Solid reference sources are also available commercially.

A.2.2 Measurement of the calibration source

Place the calibration source in the spectrometer and record a spectrum or accumulate counts until the net
counting rate under the region of interest is determined with an uncertainty of less than 1 %.

Determine the number of net counts under the region of interest selected following Formula (A.1).

Activity concentration of reference source As: 4 038 Bqkg™

Mass m: 1,06 kg

Gross counts obtained of the calibration source NNgs, E: 33780 counts
Counting time tg: 600 s

Background count rate Ngh, E: 508 counts

Counting time t,: 900 s

Nese Ngp

t t — “Bq! .
s »__56,3—0,564 ~0,01302 sBq (A1)
A 4038 x1,06

Re=

A.3 Measurement of the blank sample

Use a blank sample in the same counting geometry as the test sample. Accumulate enough counts to reach a
decision threshold below 25 Bg-kg™. Modern spectrum analysis software provide nuclide-specific decision
thresholds and detection limits as calculated from the spectrum according to ISO 11929. The background is
measured for at least the same time as the sample. The background measurement that is much longer than
the sample measurement is also common for better statistics. Background count rate ng,5 0,564 cycles per
second.

Counting time t;, : 900 s
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According to the GUM, the standard uncertainty of c, is calculated by Formula (A.2):
ulc,|=vil (A2)

The relative standard uncertainty of w is calculated by Formula (A.3):

w = (5 deu Um)

(A3)

where W=
R _‘m

CcS

For the calculation of the characteristic limits (see ISO 11929), one needs u(CA ), i.e. the combined standard

. . . c
uncertainty of ¢, as a function of its true value. For a true value, A one expects
n it :.}_ fw+n, e St ) )

4 b.E "8 and with u? (ng) = ng, one obtains Formula (A.4):

ik
' R

(& =V w2 [(Batwng o/t )t 41 (g )16+ 82y (W) (A4)

Decision threshold:

The decision threshold, Cta, is obtained from the above equation for ¢a =0 (see ISO 11929).

i w 2 1 v508+508
c,=k,_ x—x4n, p+u’(n, .|=1,65x X =4,4 Bgkg'
a=R-a T g iy, 0,01302x1,06 900 T
<100/4 =25 Bq-kg™
Detection limit:
The detection limit, Ci\, is calculated using Formula (A.5):
CZZCi\"'klfﬁ'ﬂ(Cix) CC:"'kkﬁ'\/Wz '{(C:/W"'ngb,E/tg)/tg"'uz(ngb,E)/tfz]"'Ci\z Uy W) (A5)

The detection limit can be calculated by solving this equation for CZ, or, more simply, by iteration with a
starting approximation ¢}, =2 C’).

When taking k;., = ki = k, the solution of the above equation is given by Formula (A.6) for:
ch=chtk,_xi|c}]
L
2c,+ ( W)

# tg -1
c“=— 9 _g8RBq-k
4 1—k* xu’, (w) a-xe

(A6)

A.4 Validation of the screening level
A.4.1 Preparation of *'Cs calibration source

A 50 Bgkg ™ reference source prepared following A.2.1 is used.
A.4.2 Measurement of the reference source
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Place the reference source in the spectrometer and record a spectrum or accumulate counts during the same
counting time as the counting time for the test sample. The measurement should be repeated five times or
more. It is also possible to carry out single 5 times longer measurement.

Use the same area calculation procedure as for test samples.

Reference source activity concentration: 50 Bq-kg™

Mass: 1,00 kg
Measurement Net count rate

1st 0,606

2nd 0,638

3rd 0,660

4th 0,686

5th 0,675

Mean 0,653

o 0,032

Counting time: 900 s

Determine the upper limit of cs; according to Formula (8) and compare with ¢z, as follows in Formula (A.7):
CZ,SL:CA,SL+t4,OXO,25Xu(CA,SL) (A7)

=0,653/0,01302+2,776 x 0,032/0,01302
= 56,3 <100 (= CA,RL)

A.5 Use of non-destructive equipment for radioactivity measurement to screen
radio-caesium in foods

A.5.1 Non-destructive equipment for radioactivity measurement

For conventional radioactivity measurement in foods, sample preparation procedures, such as cutting and
machining techniques, are required to homogenize radioactivity in the sample and fill it into a container
that is same as the one used for efficiency calibration. Thus, the conventional method can only be used for
radioactivity monitoring by sampling surveys; even if no radioactive material is detected, the samples
already cut for measurement cannot be shipped.

Therefore, radioactivity measurement methods in foods without the involvement of sample preparation
procedures would be urgently required in testing laboratories at production phase, such that all products
can be tested prior to shipping.

A new type of device named “non-destructive radioactivity measurement device” was developed to measure
radioactive caesium in whole samples contained in a plastic bag so that all products can be inspected before
shipping (Ishii, 2015) and similar types of devices were also launched. In case of using such devices, it would
be important to determine the approximate detection efficiency for samples of various sizes and shapes,
within acceptable uncertainty, from the information on weight and type of the sample.

Applicability of such a non-destructive radioactivity measurement equipment for screening radio-caesium
in whole foods without sample preparation procedures was evaluated.

A.5.2 Example of screen level determination !

Comparative assessment of the measurement results, obtained by non-destructive measurement without
sample preparation procedure and by conventional y-ray spectrometry using a Ge detector, was performed
using actual samples, which were contaminated with radio-caesium.
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300 s was selected as a pre-set time. The whole wild mushrooms filled in the plastic bag was used.
Measurements were repeated four times and samples were shuffled and placed back each time to determine
uncertainty associated with reproducibility.

Sample: Tricholoma matsutake (wild mushroom)Activity concentration of **Cs and “Cs in reference
samples A,: 27-190 Bqkg™

Mass m: 0,188-0,981 kg

In order to determine C?L shown in Formula (1), regression analysis of activity concentration obtained by the
non-destructive radioactivity measurement device and by the conventional gamma-ray spectrometry, with
sample preparation procedure, using calibrated Ge detector, was studied. The upper levels of cg, for each
variety of sample determined the prediction interval of the linear regression line:

n—2,0.01

[ =2
My, =m+4/V, 1+%+% Xt (A-8)
where
mu.  is 99 % upper limit of the prediction interval of the linear regression function;
m is the measured value at activity concentration x expected from the regression function;
V. is the error variance of the regression function;
n is the number of data used in the regression analysis;

X is the activity concentration of radio-cesium;

x|

is the average activity concentration of radio-cesium;

S« is the square sum of activity concentration of radio-cesium.
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Figure A.1 — Results of regression analysis of activity concentration in “Tricholoma matsutake”
obtained by the non-destructive radioactivity measurement device and by the conventional
gamma-ray spectrometry, with sample preparation procedure, using calibrated Ge detector.

The bold solid line indicates determined linear regression line and the bold dashed line determined
prediction interval (a = 0.01). The vertical red solid line and dotted line indicate activity concentration
corresponding to css. and cari, respectively. The horizontal red solid line and dotted line represent expected
indications of activity concentration corresponding to c,s and csr on the non-destructive device,

respectively. In this case SL, which corresponds to C?L =Cp,,is determined as 64 Bq/kg.
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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work. ISO
collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents shall be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives ).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of any
patent rights identified during the development of the document will be in the Introduction and/or on
the ISO list of patent declarations received (see www.iso.org/patents ).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following
URL: www.iso.org/iso/foreword.html .

This document was prepared by Technical Committee ISO/TC 85, Nuclear energy, nuclear technologies,
and radiological protection, Subcommittee SC 2, Radiological protection.

Alist of all parts in the [SO 16659 series can be found on the ISO website.
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Introduction

Iodine adsorbers of emergency ventilation systems are equipped in main control rooms or rooms with
presence of workers likely to inhale the products injected to test the iodine filters and emergency center
of nuclear power plants to ensure their habitability during accidents. Therefore, the function
effectiveness of iodine adsorbers to remove radioactive iodine is very important and need to be evaluated
with in-place testing regularly or before commissioning. At present, several methods such as radioiodine
method and Freon method are generally utilized in nuclear power plant but they have some
disadvantages and not applicable for all situations. Currently, many countries use cyclohexane reagents
for field tests of iodine adsorbers.

This document provides the cyclohexane method for measuring the leakage rate of iodine adsorbers as
part 3 of ISO 16659.
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ISO 16659-3:2024(E)

Ventilation systems for nuclear facilities — In-situ efficiency test
methods for iodine traps with solid sorbent — Part 3: Cyclohexane
gas leakage rate method

1 Scope

ISO 16659 series provide different test methods aiming at assessing the performances of radioactive
iodine traps in ventilation systems of nuclear facilities. This series deals with iodine traps with solid
sorbent, mainly activated and impregnated charcoal, the most common solid sorbents used in ventilation
systems of nuclear facilities, as well as other sorbents for special conditions (e.g. high temperature
zeolites).

The scope of this document is to provide general and generic requirements for the test method using
cyclohexane (C¢Hi2) as a tracer to determine the mechanical leakage rate of iodine trap. This
reproductible method can support nuclear operators to compare the result with reference values given
in safety reports.

Unlike the method for radioactive methyl iodide described in ISO 16659-2, the cyclohexane field test
method covered in this document does not directly give a decontamination factor for the iodine trap, but
only an integrity test of the iodine trap performance information, and the interpretation of whether the
performance of the iodine trap meets the requirements needs to be combined with the results of the
radioiodine efficiency test of the adsorbent in the iodine trap.

Due to the use of low-toxicity and environmentally friendly test reagents in the field tests, the method is
mainly suitable for iodine traps used in ventilation systems with air release in rooms with potential
presence of workers (e.g. main control room), and performance test of a single iodine adsorber before its
delivery and acceptance. In addition, the method can also be used for iodine traps with activated carbon
sampling canister (e.g. Deep Bed lodine Adsorber Type III and Drawer lodine Adsorber Type II).

2 Normative references
The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For

undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 16659-1 Ventilation systems for nuclear facilities - In-situ efficiency test methods for iodine traps
with solid sorbent - Part 1: General requirement

ISO/CD 16659-2 Ventilation systems for nuclear facilities - In-situ efficiency test methods for iodine traps
with solid sorbent - Part 2: 131CHzl method

ISO 17873 Nuclear facilities - Criteria for the design and operation of ventilation systems for nuclear
installations other than nuclear reactors

ISO 26802 Nuclear facilities- Criteria for the design and the operation containment and ventilation
systems for nuclear reactors

[SO 2889 Sampling Airborne Radioactive Materials from the Stacks and Ducts of Nuclear facilities

ASME N510-2007 Testing of nuclear air treatment systems.
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ASME N511-2017 In-service Testing of nuclear air treatment, heating, ventilating, and air-conditioning
systems

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

3.1

acceptance testing

test to verify the design function of a system or component after initial field installation, abnormal
accident, replacement, repair, and modification affecting the test reference value

3.2
adsorbent
solid medium capable of concentrating other substances on its surface

3.3
adsorber
device containing an adsorbent

3.4

adsorber bank

combination of one or more adsorbers installed on the same installation rack, or one or more side-by-
side units containing air treatment medium fixed on the air duct, pressure ventilation system or arch
cavity section, sometimes also called a group of filter sections

3.5

leakage rate

untreated gas directly passing through or bypassing the air cleaning system, indicated in leakage
percentage

3.6
challenge gas
gas with known characteristics for field test of iodine adsorber

3.7

system

combination consisting of various assemblies, including relevant instruments and control devices, used
to perform functions of ventilation, air conditioning and cleaning

3.8

adsorber efficiency

ratio of the radioactivity adsorbed on adsorption medium to the radioactivity passing the adsorption
medium, indicated in percentage

8 © IS0 2024 - All rights reserved
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39

test canister

specially designed sample collector, which contains enough adsorbent to represent the adsorbent of
adsorbers but not affect the performance of adsorbers, can be removed from adsorber bank and sent to
a laboratory for testing the performance of adsorbent

4 Method
4.1 Scope of the method

This document recommends a method for measuring the leakage rate of iodine adsorbers used in nuclear
air cleaning system. This document is applicable to nuclear ventilation facilities and nuclear air cleaning
systems that need to confirm the efficiency of iodine adsorbers by measuring the leakage rate of the
iodine adsorber systems and comparing it with a reference value given in safety report, the method can
also be used in exhaust ventilation network, without providing a decontamination factor.

The scope of the method is to specify the methodology, the tools requirements, their accuracy, and the
provisions needed to ensure safely (for workers, public and environment) the measurement of the
efficiency of iodine traps based on the injection of cyclohexane gaseous.

It is important to note that since the test method proposed in this document can only test for mechanical
leakage from the iodine trap and does not fully reflect the effectiveness of the removal of radioactive
iodine. Therefore, the leakage rate determined by this method may not be used directly transposed as a
reference value for the estimation of radiological consequences for population. However, the test results
of this method can accurately reflect whether the iodine trap is mounted in place and whether there is
bypass leakage inside the iodine trap.

4.2 Principle of the method

When a volatile organic gas, such as cyclohexane mixture comes into contact with a porous solid, the
organic components of the mixture are adsorbed and retained on the surface of the solid using the
unbalanced molecular attraction or chemical bonding forces that exist on the surface of the solid. It is this
property of the activated carbon layer and the adsorbent that is used to detect the leakage rate of the
activated carbon iodine adsorber.

A Upstream
Concentration

The Concentration
Of Downstream
For Bypass Leak

The Concentration
Of Downstream
For Desorbing

Concentration

Time

Figure 1 - Concentration of organic gas over time
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In principle, when the iodine adsorber itself is intact and installed correctly, the cyclohexane injected
upstream of the iodine adsorber is completely adsorbed and retained by the solid adsorbent. The
detection concentration of cyclohexane downstream is very low. If there is a bypass leak point in the
iodine adsorber, part of cyclohexane gas flows into the downstream directly without passing through the
active carbon layer, causing the downstream concentration to rise rapidly. Therefore, the presence of
mechanical leakage in the iodine adsorber system can be determined by measuring the cyclohexane
concentration in the upstream and downstream airflow of the iodine adsorber.

The principle of the method consists in the injection of a certain amount of cyclohexane gasous at a
position far away from the upstream of the iodine adsorber running at a rated air volume, and at the same
time, sampling the upstream and downstream gas. The cyclohexane concentrations of upstream and
downstream samples shall be detected and compared to calculate the leakage rate of the tested iodine
adsorber. The sampling probes shall be set to ensure that the samples of cyclohexane are uniformly mixed
on the sampling air flow section and representative. Calculate the leakage rate of the iodine adsorber
according to Formula (1):

P =(c::—d><100% ............................................. (1)

u
where

P: the leakage rate in %j;
Ca: the cyclohexane concentration of the downstream gas;
Cu: the cyclohexane concentration of the upstream gas.

4.3 Parameter affecting the achievements

Cyclohexane method aims at assessing the leakage rate of radioactive iodine traps in ventilation systems
of nuclear facilities. It's necessary to ensure that cyclohexane is completely adsorbed on the solid iodine
sorbents to obtain accurate mechanical leakage rate. The adsorption between cyclohexane and the solid
iodine sorbents used in the ventilation systems of nuclear facilities is physical adsorption.

The physical adsorption or physisorption involves very weak interaction energy, such as Van der Waals
forces. These forces are sensitive to the distance between the adsorbent and the adsorbed molecule so-
called “adsorbate”. Physisorption interaction occurs without modification of the molecular structure of
the adsorbent and is totally reversible. The desorption may occur by a simple changing of gas
conditioning process (temperature increase, pressure decrease, replacing the iodine flow with an inert
gas, etc.).

In addition, physisorption depends mainly on the accessibility of the adsorbate to the adsorption sites
(pores). This is governed by the relative size of the adsorbate molecule to the pore size distribution of the
sorbent used. Hence, this mechanism is not specific for iodine species.

4.3.1 Relative humidity

Relative humidity is a key parameter of the effectiveness of a trap. It is important for the retention of
cyclohexane since the filled pores with the condensed water are not available for the adsorption of the
incoming cyclohexane molecules. So it is important to conduct the measurements and to verify that the
relative humidity is kept below 70% to exclude the detection of cyclohexane in the downstream due to
incomplete adsorption.

WGZ23 will assess bibliography on this parameter for DIS stage.
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4.3.2 Influence of contact time between air and the sorbent (air velocity)

The adsorption is not an instantaneous phenomenon. It is then necessary to ensure a sufficient contact
time (versus frontal speed) between the adsorbent and the cyclohexane. The minimum contact time of
the cyclohexane shall be specified and quantified, obtained by knowing the nominal user flow rate and
the thickness of the iodine trap. The thickness of the activated carbon iodine traps shall be known in order
to determine the contact time of the fluid on the filter. It should be ensured that the ventilation flow rate
in the duct during the test corresponds to the nominal conditions of use of the ventilation circuit with
regards to air velocity (see ISO 10780). As this parameter is sensitive, it shall be determined with its
uncertainties and the values be mentioned in the test performance report including its uncertainties.

4.3.3 Temperature

Temperature is an important parameter affecting the residence time of cyclohexane in the activated
carbon layer, where cyclohexane is retained by physical adsorption. Normally, physical adsorption is an
exothermic process, and an increase in temperature is not favorable to the adsorption of cyclohexane,
but is favorable to the desorption of cyclohexane. This results in a much shorter retention time of
cyclohexane in the adsorbent layer at elevated temperatures. It is possible that the desorbed cyclohexane
from the adsorption layer may mix with cyclohexane leaking downstream, leading to failure of the test
experiment.

4.3.4 Grain size and density

Range of granulated/crushed grains sizes and bulk density of the sorbent are important parameters for
the gas trapping, the finer the grain sizes, the longer the retention time for cyclohexane, but also the
higher the filters pressure drops. ISO 18417 provides elements for quantifying these elements.

4.3.5 Initial tracer gas concentration

The concentration of tracer gas plays an important role in the retention of cyclohexane within a porous
material. It is one of the parameters that govern adsorption at the pore level. A compromise should be
obtained when fixing the initial amount of cyclohexane. The ideal amount of tracer gas should be levels
that are easily measured (far enough from the detection limit) while minimizing the amount released to
the environment. This quantity is adjusted on the operator's knowledge about the adsorption capacity
for cyclohexane and its supposed leakage rate.

4.4 Other specificities of the method

Cyclohexane is a hydrocarbon organic solvent with the molecular formula of C¢H12, which is volatile and
insoluble in water. The substance is stable under normal conditions. Generally, metal containers are used
to store cyclohexane. Before use, special reagents should be used to test whether the containers and
solvents are compatible. Glass containers can also be used in small quantities. Plastic packaging is not
recommended, and contact with rubber is not recommended.

Cyclohexane reagents have irritant and anesthetic effects and are low toxicity chemicals that generally
do not require special protection. However, when exposed to high concentrations, such as when adding
cyclohexane liquid to a cyclohexane generator, safety glasses and benzene-resistant gloves are required
to prevent splashing in the eyes and contact with the skin.

Cyclohexane is volatile and highly flammable, and when mixed with air, can form explosive mixtures with
an explosion limit of 1,3% to 8,4% by volume. However, in the iodine adsorber field leakage rate test, the
concentration of cyclohexane injected into the upstream gas stream is about a few tens of ppm, which is

© 1SO 2024 - All rights reserved 11
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much lower than the explosion limit value. However, it should be noted that in the storage and use of
cyclohexane reagent need to pay attention to fire safety, and equipped with appropriate firefighting
facilities.

5 Test equipment
5.1 Injection device

5.1.1 Test medium

Cyclohexane gas should be selected at first as a challenge gas, and other types of gases can also be used, but
there should be a reliable test method and appropriate data to prove that the test gas and method used do not
cause harm to people and environment.

The challenge gas is produced by vaporizing liquid cyclohexane by heating or changing the air pressure.
The amount of cyclohexane injected is based on a determination threshold (determined by the sensitivity
ofthe cyclohexane detector), the flow rate of the iodine adsorber to be tested and the assumed mechanical
leak rate of the iodine adsorber to be tested.

_ SXQXMxt
T px22.4%L

(2)

where
A  is the minimum volume of cyclohexane in millilitres (ml);

S is the threshold of determination, dimensionless value (ppb);

Q is the flow rate of the iodine adsorber to be tested in litres per minute (1/min);
M  is the mass fraction of cyclohexane in grams per mole (g/mol);

T  isthe effective injection time in minutes (min);

o is the density of cyclohexane in grams per millilitre (g/ml);

L  is the expected leakage rate.

The decision threshold is a key parameter to reach measurement of low leakage rates at low injection
amount. A determination threshold of 1 ppb is achievable when using a gas chromatograph. When using
portable VOC equipment in the field, the determination threshold is usually higher. The maximum leakage
rate criterion used for the control of iodine adsorbers using cyclohexane is typically 0,05%, but this value
may vary depending on the user's operational requirements (safety features implemented, type of iodine
adsorber, etc.). The user generally determines the maximum leakage rate required on a case-by-case
basis.

5.1.2 Generator of cyclohexane gas

A cyclohexane gas generator is a device that vaporises liquid cyclohexane and injects it safely into the
system under test. Cyclohexane liquids can be vaporised by means of heat or reduced air pressure. Two
schematic diagrams of the cyclohexane generator with different vaporisation methods are shown in
Figures 2 and 3, respectively.

12 © IS0 2024 - All rights reserved
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The cyclohexane heat generator

The cyclohexane heat generator comprises:

— a metallic liquid gasification chamber, wherein the cyclohexane liquid is gasified by heating the
gasification chamber through an electric heater provided at the bottom.

— a liquid filling port for injecting cyclohexane liquid into the gasification chamber by means of a
syringe;

— a blowdown tube connected to compressed air.

— atracer gas injection tube connected to the system air duct.

During the test, the cyclohexane liquid is added to the gasification chamber. A heater is turned on to heat

the cyclohexane for complete gasification. The heating temperature should exceed the boiling point of

cyclohexane to make cyclohexane completely vaporized. Due to the flammability of cyclohexane, the

heating temperature should not be too high, and it is recommended not to exceed 100 degrees Celsius.

The gasified cyclohexane gas is carried to the iodine adsorber system by means of compressed air.

Liquid filling port
| Gas outlets

Quick coupling

Pressure

Compressed - Gauges
air inlet ”% V4 i% V5

Gasification
chambers

Vi

AAAAAAAAAAAAA

AMANAAAANAANNS
[VVVVVVVVVVVVV

Electric heater

Figure 2 - Cyclohexane heat generator

The cyclohexane heat generator
The cyclohexane heat generator comprises:

— apressurized, sealed tank (complete with fill ports, inlet and outlet ports, pressure gauge, etc.)

— asystem for pumping and pressurizing by switching valves (with vacuum generator, ball valve,
check valve, etc.)

Cyclohexane gas is generated by gasification in a sealed tank that is pumped to a vacuum. A vacuum

generator is used to pump the tank to near vacuum. The cyclohexane liquid is adsorbed in the sealing

tank under negative pressure and volatilized in the sealing tank.

After the cyclohexane is vaporized, the generator outlet is connected to the injection port of the

ventilation system. Compressed air is injected into the sealing tank by switching valves. The injection

valve is opened to inject the cyclohexane gas into the test system.

WGZ23 will assess the formula and criteria for DIS stage.
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Figure 3 - Cyclohexane cold generator

5.2 Measurement device

5.2.1 Concentration (gas chromatograph/ VOC detector with a PID detector)

The samples are measured using a gas chromatograph. The detector in the chromatograph should be able
to have a high response to cyclohexane to ensure measurement accuracy. In addition, the column should
be able to accurately discriminate the peaks of cyclohexane to avoid confusion with other organics. Other
measurement methods can also be used, such as a VOC detector with a PID detector, but with caution
considering the measurement signal does not discriminate organics. Due to the short duration of the
iodine adsorber leak rate test process (e.g. 3 min) and the relatively stable concentration of organics in
the gas stream over a short period of time. The background of organics in the gas stream can be measured
before injecting reagents to determine the changes in cyclohexane upstream and downstream of the
iodine adsorber before and after injection to increase the precision of the measure.

Test Gas =>—|%

Gas Treatment
/Discharge

In Let

L 4

Discharge

Y

Filter

h

Pump

Y

PID
Detector

Figure 4 - Schematic of gas detection setup
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5.2.2 Relative humidity (hygrometer)

Since relative humidity is important for the retention time of cyclohexane in the adsorbent. It is necessary
to measure the relative humidity of the air passing through the trap. The relative humidity is measured
using a qualified hygrometer according to ISO 4677.

5.2.3 Ventilation flow rate (anemometer)

the ventilation flow rate is measured using any suitable precision equipment (e.g. anemometer) or in
accordance with the provisions of ISO 10780.

WGZ23 will work before DIS on how we integrate and/or monitor the upstream and
concentration over the test duration.

6 Safety of workers, members of the public and the environment
6.1 Facility arrangements

Before any injection, the ventilation system shall be checked that if is in a test configuration such that
risks are not induced by the test. In particular, prolonged exposure to large quantities of cyclohexane gas
should be avoided for personnel in rooms through which downstream airflow passes.

6.2 Main workers safety provisions

[t is essential when using the generator cyclohexane to use adequate protective measures including the
following:

— Wear safety glasses and benzene-resistant gloves, at the opening of the lid of the container containing
the reagent.

— Ensure that the room is well ventilated to prevent cyclohexane gas from accumulating in localized
areas during the filling operation.

— The test personnel shall be familiar with the document, test outline and detailed rules, and be
experienced in operating the instruments and equipment used in the test. They shall also have a good
understanding of the performance characteristics of the tested system.

6.3 Environment safety provisions

The cyclohexane may be hazardous to the environment and toxic to aquatic organisms, therefore used
cyclohexane liquids should not be discharged directly into environmental water bodies.

6.4 management of cyclohexane
Cyclohexane reagents need to be stored in a cool and ventilated warehouse due to their flammability and
shall be stored away from fire and heat sources. Prohibit the use of mechanical equipment and tools that

are easy to generate sparks. The storage area should be equipped with leakage emergency treatment
equipment and fire extinguishing equipment.

© I1SO 2024 - All rights reserved 15
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7 Mode of performing the test
7.1 Test preparation

— Qualification of injection and sampling locations: homogeneity of concentrations at sampling
locations.

— Ventilation systems operating conditions during the test: the nominal conditions of use of the
ventilation circuit with regards to air velocity.

— Climatic conditions of the air during the tests: the relative humidity is kept below 70%.

— Cyclohexane preparation prior to the injection.

— Calibration of components:

If the on-line instruments in the system are used in the test, the instruments shall be verified according

to the engineering design instructions and the procedures required in the quality assurance outline to

prove their reliability.

The accuracy of the temporarily increased instruments used in the test shall meet the test requirements,

and the verification shall be performed according to the manufacturer's instructions and relevant

regulations.

— Quantity of gases to inject: the quantity of injected gases shall be enough to minimise uncertainties
for the calculation of leakage rate, considering expected leakage rate.

Leakage rate=mass or concentration of gas tracer downstream /mass or concentration of gas tracer

upstream

— test duration: to minimise the uncertainties, to optimize the cost, etc.

7.2 Test execution

WGZ23 will assess for DIS stage the values mentioned in this chapter with regards to

bibliography and assess whether temperature is a parameter to mention.
Verify alignment of test components as accordance with Figure 5 before a test of iodine adsorbers.

Start the fan and check if the airflow parameters meet requirements.

— If the air volume exceeds +10% of the rated air volume, adjust corresponding air dampers to make
the air volume into the required range.

— If the humidity exceeds 70%, start the electric heater until the relative humidity of the upstream
airflow is reduced to the required range. It should be noted, however, that the airflow temperature
should not exceed 80°C. This is because on the one hand, high temperatures cause the TEDA to run
off or even the activated carbon to catch fire. On the other hand, high temperatures can lead to
accelerated resolution of cyclohexane in the iodine adsorber, which in turn can cause failure of the
leak rate test.

Record the measured air volume, relative humidity and resistance of the tested iodine adsorbers in
record form.

Add a certain amount of cyclohexane liquid to the generator of cyclohexane gas, connect the generator
injection pipe to the injection port of the tested system.

Connect two detectors of cyclohexane gas to sampling ports of upstream and downstream of the tested
system, and the connecting pipes should be as short as possible.

16 © IS0 2024 - All rights reserved
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In the case of a PID measurement, please consider measuring the background before injecting
cyclohexane gas (e.g. for 3 min). If the background levels interfere, take actions to reduce background
concentrations to acceptable levels before proceeding. Such as degreasing, painting and so on. In the
absence of point-of-source releases, run the system until background levels reach acceptable levels.

Start the generator of cyclohexane gas and inject the challenge gas into the tested system. (e.g. the inject
time is 15 s)

Active the samplers of cyclohexane gas at the start of cyclohexane injection. collect and measure
cyclohexane concentrations in the upstream and downstream gas stream. (e.g. the sample time is 3 min).

Calculate the leakage rate of the tested system and record analysis results in a record form.

If the test results do not meet test requirements, check the installation of iodine adsorbers and conduct
test again until test results are acceptable.

8
as Trace Injection M
(2; ! 3 B tl 5 / -
5 (1 L =

" > — 0 10 11 12

< *6
Provision for Homogeneity 7 Provision for Homogeneity

———

Key

I—In Let 2—Prefilter 3—Injection Port 4—Electrical Heater S5—Turbulator 6—Upstream sample

7—Ilodine Adsorber 8—Manometer 9—Downstream Sample 10—Valve 11—Fan 12—Discharge

Figure 5 - Schematic of test setup

7.3 Other specificities

The effectiveness of the adsorbent charge in the iodine adsorbers being tested first needs to be
determined prior to carrying out this method to determine its efficiency in adsorption of radioactive
iodine. This kind of test shall also be regularly conducted to ensure that the iodine removal performance
is reliable within the scheduled service period. The iodine removal performance of adsorbent can also be
ensured by replacing the iodine adsorber with a new one, but the new iodine adsorber shall be verified
by the radioactive methyl iodide test and in a sealed storage state of less than one year after its production.

WqgZ23 will work on whether we need to maintain this last part of the sentence as it concerns
16659-2.
WGZ23 will work on the links between this 16659-3 and 16659-2 for this chapter before DIS

phase.
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8 Establishing the result

8.1 Expressing the result

The result of the leakage rate depends on the concentration of cyclohexane in the upstream and
downstream gas streams according to Formula (3):

L = Sdown % 100% (3)
Cup
where
L is the leakage rate;
Caown is the concentration of cyclohexane in the downstream line in ppb/ppm(ppb/ppm)

Cup is the concentration of cyclohexane in the downstream line in ppb/ppm(ppb/ppm)
WGZ23 will work on the need for an integration of the results over a test period or whether it

concern instantaneous measurements.

8.2 Accuracy of the result

A report identifying the tested plant, test equipment used, test conditions, the modifications brought to
the layout in order to perform the tests (e.g. via a procedure), all measurements and calculations,
uncertainties assessment shall be issued for every method. The uncertainties shall be addressed using
ISO GUM methods.

The report is subject to the verification and quality assurance checks.

In addition, every method shall detail and record the specific parameters important for defining,
understanding and reporting the results related to the iodine filter efficiency.

The safety related information important for the method should be noted in the report (e.g. flammability
or toxic releases due to the tests).

The different methods shall identify the need for reporting the main points to control for improving the
validity of results, particularly in terms of documentation, calibration, maintenance of the equipment of
the test, and the specificities in terms of quality to reach this objective.

8.3 Evaluation and test report

8.3.1 Iodine absorber leakage rate test

After each test is completed, a test report shall be submitted. The Annex B gives an example of a typical
test report with the major information needed to appreciate the result. The technical report shall have
enough data to understand a high mechanical leakage rate. The test report shall at least include:

— the airflow rate (m3 - h'1)

— the air flow temperature ('C)

— the relative humidity of the upstream and downstream (%)

— the pressure drop of the iodine trap Pa)

— the volume of the cyclohexane liquid (ml);

— the concentration of the cyclohexane measured upstream and downstream (ppm/ppb).

18 © IS0 2024 - All rights reserved





ISO 16659-3:2024(E)

this document does not specify the acceptance criteria for the leakage rate of iodine adsorber. Since the
acceptance criteria are related to the type, function, environment of the specific system and other factors,
the criteria is determined when the test outline is formulated.

8.3.2 Absorbent performance test

Since only the mechanical leakage rate of the iodine adsorber can be obtained using the cyclohexane
reagent. If the iodine removal performance of the iodine adsorber is to be evaluated. The results of a
methyl iodide adsorption efficiency test of the adsorbent within the iodine adsorber under specific
conditions is essential. This test is typically performed in accordance with ISO 18417-2017 or ASTM D
3803-1979 or KTA3601. However, other standards that demonstrate the effectiveness of activated
carbon are also available.

© 1SO 2024 - All rights reserved 19
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ANNEX A

(informative)
Schematic layout of the method of test
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ANNEX B

(informative)
Example text for test report

Table B.1- Test report

ISO 16659-3:2024(E)

Appendix :

Appendix 1: Test parameter record sheet

Unit No: Equipment of test :

Working ticket number :

Trial date:

Method of test : The cyclohexane method

Category of experiments : Reidentification test

System conditions :

Running fan : Operating heater :

Measurement of flow

Rated air volume : m?/h
Operating air volume : m3/h
Instrument of measurement : model :

Survey crew :

Expected value :

Serial number :

m3/h

Filter parameter

Parameter Unit Expected value The measured value
the pressure drop of the trap daPa <36
The upstream temperature of the trap °C NA
the upstream relative humidity of the trap % NA

Instrument of measurement : Model :

Serial number :

Survey crew :

Injection

Number of generator : ~ Amount of delivery :

Time of delivery :

Survey crew :

Sampling

Sample point Number of sampler

Sampler type

number

Time of sampling | Cyclohexane

concentration

The upstream

The downstream

survey crew :

Leakage rate :

Determination of result :

© ISO 2024 - All rights reserved
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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work. ISO
collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO document should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO draws attention to the possibility that the implementation of this document may involve the use of
(a) patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed
patentrights in respect thereof. As of the date of publication of this document, ISO had not received notice
of (a) patent(s) which may be required to implement this document. However, implementers are
cautioned that this may not represent the latest information, which may be obtained from the patent
database available at www.iso.org/patents. ISO shall not be held responsible for identifying any or all
such patent rights.

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to the World
Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see
www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 85, Nuclear energy, nuclear technology, and
radiological protection, Subcommittee SC 2, Radiological protection.

Any feedback or questions on this document should be directed to the user’s national standards body.
A complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

In the course of employment, individuals might work with radioactive materials that, under certain
circumstances, could be taken into the body. Protecting workers against risks of incorporated
radionuclides requires the monitoring of potential intakes and/or the quantification of actual intakes and
exposures. The internal contamination monitoring methods for these individuals can include for in vivo
or in vitro measurements of radioactive material that has entered the body.

Analytical methods for plutonium urine bioassay are addressed in this document because of:

— the convenience of urine sampling and relatively easy sample processing. Urine bioassay is the most
commonly-used in vitro measurement method for accurately assessing the magnitude of internal
contamination;

— the high radiotoxicity of Pu isotopes (e.g. 238Pu, 239Pu and 24°Pu) due to their long half-life, highly
energetic alpha emission and ability to accumulate onto bone and organs;

— the potentially significant proportion of Pu isotopes for the internal contamination in many
workplaces, with relatively lower detection limit for the measurement of Pu isotopes.

For some workplace routine monitoring, the detection of all annual exposures that can lead to doses
exceeding 1 mSv shall be ensured [ISO 20553] [1]. And for emergency situation, the urine bioassay
techniques should be sufficiently sensitive to meet the medical intervention dose of 0.1 Sv recommended
by the International Commission on Radiological Protection (ICRP)[2].

This document offers general requirements for sample processing and measurement of the activity
concentration of plutonium isotopes in urine. And examples of detailed procedure are given in the
annexes for different monitoring situations.
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Measurement of radioactivity in urine-238Pu, 23°Pu and 240Pu-Test
method using alpha spectrometry and ICP-MS

1 Scope

This document specifies approaches for the determination of plutonium isotopes (238Pu, 23°Pu and 240Pu)
in urine using alpha spectrometry and inductively coupled plasma mass spectrometry (ICP-MS).

It is applicable to the measurement of these isotopes at levels which are appropriate to:

— workers handling plutonium in occupational settings, where detection limits should be sufficient to
determine compliance with dose limits

— workers, members of the public and emergency responders in accident situations, where required
detection limits may be much higher and results should be reported in a short timescale.

This document does not provide information on when monitoring should be carried out or the
interpretation of the results in terms of dose or biological effects.

This document specifies methods used to the analysis of plutonium (238Pu 239Puy, 24°Pu) content in urine
samples of occupational and rescue workers under accident emergencies. The concentrations obtained
can be converted into activity concentrations of the different isotopes.

The limit of quantification depends on the efficiency of chemical separation and the performance of the
measurement device.

This method covers the measurement of 23°Pu and 240Pu higher than 1x10-5 Bq/l, and 238Pu higher than
1x10-3 Bq/L

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

IS0 20899:2018, Water quality — Plutonium and neptunium — Test method using ICP-MS

IS0 17294-1:2004, Water quality — Application of inductively coupled plasma mass spectrometry (ICP-MS)
— Part 1: General guidelines

ISO 17294-2:2016, Water quality — Application of inductively coupled plasma mass spectrometry (ICP-MS)
— Part 2: Determination of selected elements including uranium isotopes

ISO 13167-2015 Water quality — Plutonium, americium, curium and neptunium — Test method using
alpha spectrometry

ISO 15859-4 2019 Measurement of radioactivity in the environment — Soil —Part 4: Plutonium 238 and
plutonium 239+ 240 — Test method using alpha spectrometry

ISO 28218-2010 Radiation protection — Performance criteria for radiobioassay

ISO 22125-2:2019 Specifies a method for the measurement of *°Tc in all types of water by inductively
coupled plasma mass spectrometry (ICP-MS)
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 28218-2010[3], ISO 13167-
2015[4], ISO 15859-4 2019[5], ISO 20899:2018[6] and the following apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:
— IS0 Online browsing platform: available at https://www.iso.org/obp
— IEC Electropedia: available at https://www.electropedia.org

4 Symbols

The following symbols apply.

A Activity of the tracer added on the measurement date, Bq

Cy Activity concentration of plutonium isotopes, Bq/1

C; Mass concentration of plutonium isotopes, pg/l,1=239,240

€ Counting efficiency

Tor) Ty Gross count rate per second for the tracer and plutonium isotopes
Tor» 7o Background count rate for the tracer and the plutonium isotopes

R Total measurement yield

R¢ Chemical yield

\% Volume of test urine sample, |

pT, p Mass concentration of the tracer standard solution and spike solution, pg:1-1
mr, m; Mass of the tracer and spike isotopes added, ug

u(x) Standard uncertainty associated with the measurement result of x
Niett, Nnet Net count rates of the tracer and the plutonium isotopes, counts-s-!
o Bias per unit mass

5 Principle

This document introduces the methods for determining of plutonium (238Pu, 239Pu and 24°Pu) in urine by
alpha spectrometry or inductively coupled plasma mass spectrometry (ICP-MS). The sampling volume
and measurement method can be selected according to the required detection limit, analysis time and
isotopes need to be determined.
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Based on the medical intervention dose of 0,1 Sv (CED) in emergency and the annual dose limit of 1 mSv
(CED) for the general public and professional recommended by the ICRP[7], the detection limits of the
analysis method should meet 3,4X 10-4 Bq/L for the emergency monitoring[8], and meet 1,2 X 10-4 Bq/L
for routine monitoring[9].

NOTE 1 assuming 1,6 1 daily urine excretion for a Reference Man.

NOTE 2 the required detection limit is 10% of the derived daily urinary excretions calculated by GenmodPC Dose
Calculation Software

Since internal dose calculations with biokinetic models use 24-h urine excretion as an input parameter
to estimate the committed effective dose (committed effective dose, CED), normalization of spot/grab
urine samples to 24-h sample collection is required. The method for urinary output normalization can
refer to the creatinine (CRE) test recommended by ICRP (1968)[10] and IAEA (1999)[11], or the specific
gravity test[12].

The urine sample need to be measured after specific chemical separation procedures to limit potential

interferences, including

— the salt content of the urine sample, in order to prepare a thin alpha counting source and achieve the
desired energy resolution and counting efficiency for alpha spectrometry, or to avoid signal
suppression for ICP-MS measurement.

— other potential a-emitters radionuclides, such as 241Am (5,44-5,49 MeV) and 228Th (5,35-5,42 MeV),
whose emissions can overlap 238Pu (5,46-5,50 MeV).

— the organic matrix in urine, which can seriously suppress the detection sensitivity of Pu isotopes by
both alpha spectrometry and ICP-MS measurement.

— The interferences at m/z 239, 240 from U+ peak tailing, UH*, UH;* and other isobaric or polyatomic
ions when measuring plutonium isotopes with ICP-MS.

Due to its relatively short half-life and the isobaric interference of 238U, the 238Pu measurement by ICP-MS
would not be practically meet the required detection limits, and alpha spectrometer measurement is
recommended.

Given the alpha ray energies of 239Pu (5,11-5,16 MeV) and 240Pu (5,12-5,17 MeV) are similar, and their
spectral peaks overlap significantly, the alpha spectrometer method is only applicable to the analysis of
239+240Py activity. If individual contents of 239Pu and 240Pu are required, ICP-MS method shall be selected.

The principle of alpha spectrometry measurement method is described in ISO 13167-2015[4], and the
principle of ICP-MS measurement method is described in ISO 17294-1[13] and ISO 17294-2[14].

6 Chemical reagents and apparatus
6.1 Chemical reagents

The chemical reagents are described in Annexes A, B and C for the specific chemical separation.

6.1.1 Tracer, 242Pu is commonly used but 236Pu can also be chosen. The tracer solution should be
traceable to national or international measurement standards and can be obtained from a number of
commercial suppliers and national measurement institutes.

9
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6.1.2 Ultrapure water, resistivity > 18,2 Q-cm.

6.1.3 Quality control solution, solution of certified plutonium concentration, for example 1 pg/ml of
242Py, is recommended to evaluate the measurement sensitivity of ICP-MS.

6.1.4 Certified standard solutions, certified 239Pu and 249Pu standard solution is recommended to
evaluate the mass bias of ICP-MS measurement.

6.1.5 Mixed quality control solution, 100 fg of 23°Pu and 100 fg of 240Pu dissolved in 1 ml of 1pg/ml
242Py, for example.

6.1.6 Diluted nitric acid, 2 % volume, for example.

All reagents shall be of analytical grade or above, and shall not contain any detectable Pu isotope
background.

6.2 Apparatus

Usual laboratory apparatus and in particular the following equipment.

6.2.1 Alpha spectrometer, it is recommended to use semiconductor detector equipped with vacuum
pump. For obtaining a well-resolved spectrum, the chamber should be maintained at a pressure < 10 Pa
during the measurement, and the distance between the detector and the source should be appropriate.

6.2.2 ICP-MS apparatus with associated software, installed in an air-conditioned room with Ar gas
supply.

6.2.3 Balance, accurate to 1 mg.

In addition, the equipment for chemical separation is listed in Annexes A, B and C.

7 Procedure

The sampling volume can be determined based on the situation (routine or emergency monitoring),
measurement methods to be used, requirements of detection limits and analysis time. Two sample
preparation methods for emergency monitoring using urine volume of 20 ml or 100 ml are described in
Annex A and Annex B, respectively. One sample preparation method for routine monitoring using 24-h
urine sample (approximately 1,6 1) is shown in Annex C.

7.1 Sampling

Urine samples shall be collected in appropriate test containers free of contamination. Aliquot of the
collected samples should be analysed for 24-h urinary output normalization by specific gravity or
creatinine measurement methods as soon as possible, and the rest of the samples shall be acidified to
ensure that the pH is less than 2 for sample storage.

The sample should be analysed as soon as possible or stored in the refrigerator at (0-4) °C.

7.2 Sample pre-concentration

The chemical recovery tracer is added during this initial sample pre-treatment phase.

10
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For small volume urine samples (<20 ml), pre-concentration may not be necessary. The pre-treatment
procedure of 20 ml urine is described in Annex A.

For the large-volume sample (>100 ml), pre-concentration steps can be carried out through acid
digestion/evaporation or co-precipitation. After acid digestion/evaporation, the residue is re-dissolved
with acid. Co-precipitation with iron hydroxide or titanium hydroxide can be achieved by adding iron (or
titanium) nitrate or chloride solution. When the pH is adjusted to alkali condition, the hydroxide forms
that co-precipitates plutonium from the urine. After centrifugation, the precipitate is dissolved in acid
and residual organics can be decomposed by adding H,0, with heating. One example of co-precipitation
with titanium hydroxide for different volume of urine sample is described in Annex B and Annex C.

To achieve identical chemical behaviour for the tracer and the target nuclides, a valence adjustment step
may be necessary to bring the Pu isotopes to a suitable oxidation state.

7.3 Chemical separation

The subsequent chemical separation of plutonium is usually conducted by chromatographic extraction
using either anion exchange resins or solid-phase extraction (SPE) resins. The separation/purification
processes using extraction chromatography resins are presented in Annexes A, B and C for examples.

For large-volume of urine sample (>1 1), multiple column separation/purification steps may be necessary
to remove the interferences plutonium measurement by ICP-MS. An example of the separation process is
given in Annex C.

8 Measurement

Alpha spectrometry and ICP-MS analysis are commonly used for measuring Pu isotopes. The
measurement methods can be selected according to the requirements of detection limit, analysis time
and nuclides to be determined.

8.1 Sample preparation for measurement
8.1.1 Preparation for alpha spectrometry measurement

The thin-layer alpha counting sources are usually prepared by electro-deposition or co-precipitation
method. The electro-deposition method described in ISO 13167:2015 Annex C [4] can be used, and the
co-precipitation method described in ISO 13167:2015 Annex D [4] can be used.

8.1.2 Preparation for ICP-MS measurement
The sample solution can be filtered by a membrane filter to prevent blockage of the ICP-MS injection tube.
8.2 Alpha spectrometer measurement

8.2.1 Background determination

The background of Pu isotopes (2°*24°Pu, 242Pu, 28Pu) should be measured using a blank sample. The blank
sample should be prepared using laboratory water (such as ultrapure water) according to the selected chemical
preparation method without tracer.

8.2.2 Counting efficiency determination
11
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The counting efficiency is estimated by measuring the calibration source with a standard certification,
and it is needed to determine the Pu chemical yield.

8.2.3 Sample determination

The activity concentrations of 238Pu and 239+240Pu are calculated according to the measured ratio between
238Py or 239+240Py and 242Pu. The blank sample, calibration standard source and the samples shall be
measured with the same instrumental parameters.

The counting time depends on the detection limit and decision threshold required.

The spectra should be inspected to confirm good peak separation and no interfering peaks, especially the
interference from 228Th and 232U.

8.3 ICP-MS measurement
8.3.1 Instrument calibration

Undertake the appropriate pre-analysis instrument checks such as mass calibration, resolution check and
detector calibration as recommended by the manufacturer. Clause 7 of ISO 17294-1:2004[13] shall be
used.

After optimizing the instrument, the 242Pu standard solution (6.1.3) and blank sample (6.1.6) can be used
to fine tune the parameters of the instrument (such as nebulizer flow rate, radio frequency (RF) power,
detector voltage, etc.) to obtain the best performance for plutonium isotopes measurement.

8.3.2 Measurement method optimization

Optimize measurement methods based on instrument type and characteristics to maximize Pu isotope
sensitivity and minimize the background counts at m/z 239 and m/z 240.

A measurement optimization method is recommended in Annex D using tandem quadrupole mass
spectrometry (ICP-MS/MS) with a membrane desolvation injection system.

8.3.3 Sample measurement

The sensitivity, the instrumental detection limit, the precision, and the abundance sensitivity (238U on
mass m/z 239) should be established for each analysis performed by the instrument.

Before any sample measurement, it is necessary to measure the quality control solution (6.1.5) to ensure
that the measured value does not deviate from the expected value (within measurement limits). If the
deviation exceeds the established measurement limits, it is advisable to follow the recommendations of
the instrument manufacturer and perform the optimization of parameters (8.3.1 and 8.3.2) again.

The blank solution (6.1.6) is measured as a sample. The obtained background count rate shall be
subtracted from the measured sample values.

When measuring a batch of samples, it is necessary to rinse the sample residual in the sample
introduction system with a diluted solution of HNO3 to prevent cross contamination between each sample.

12





239
240
241

242

243
244

245

246

247
248

249
250

251
252

253

254

255
256
257

258

259

260

261

262
263

264

265

266

ISO/CD 18990:2024(E)

It is recommended to measure the count rates at m/z 239, 240, 242 of Pu isotopes standard (6.1.5) and
blank sample (6.1.6) every few samples (such as 10) to monitor the performance status of the instrument,
in order to detect serious deviations from expectations in a timely manner.

9 Expression of results

The result of nuclide concentration to be measured shall be expressed as "measurement result
uncertainty".

9.1 Results measured by alpha spectrometry
9.1.1 Calculation of the activity concentration

The plutonium activity concentration is calculated by integrating the number of counts in the
corresponding peaks of the tracer (eg.242Pu) and 238Pu and/or 239+240Py.

Background count rates are calculated from the alpha spectrum of a blank sample by integrating the
number of counts in the regions of interest (ROI) in which the peaks appear in the sample spectrum.

A procedure blank is prepared and measured with the same procedure used for the sample analysis
without urine and with or without tracer.

The activity concentration c, of the plutonium isotope is calculated as given in Formula (1):

_ AX(rg—10)

VX(rgr—"or)

(1)

Cyq

Where 1,7 and 7, are the gross count rates for the tracer and the 238Pu (or 239+240Pu) respectively. ryr and
1, are corrected from blank sample for the background contribution and, if needed, for the contribution
of the tailing of higher-energy peaks, which depends on the detector characteristics.

Tor and 1y are the background count rates, for the tracer and the plutonium isotopes, respectively.
A is the activity of the tracer added.

V is the urine volume.

9.1.2 Yield

The total measurement yield, R, and chemical yield, R, is determined from the activity, A, of the tracer
added, and the net count rate in the corresponding peak is calculated as given in Formula (2) and (3):

T =T

R — ( gTA OT) (2)
(rgr—7or)

Re=—2 e &)

Where ¢ is the counting efficiency of the alpha spectrometry.
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The formulas of standard uncertainty, decision threshold, detection limit and confidence limits can be
found in clause 8 of ISO 13176 2015[4].

9.2 Results measured by ICP-MS

The mass concentration of 239Pu and 240Pu is calculated by the count rate ratio of the tracer (such as 242Pu)
to 239Pu or 240Pu.

9.2.1 Calculation of mass of tracer and analyte

242Py is generally used as an isotope dilution tracer: a known quantity of 242Pu tracer, generally
determined by weighing, is added to each sample and is thus used to calculate the concentration of 239Pu
and 240Pu.

To evaluate the measurement accuracy, control or spiked samples containing the tracer and a known
amount of analyte (239Pu or 240Pu (6.1.4)) shall be prepare.

The added masses of the tracer (m) and analyte (m;) can be calculated according to Formula (4) and (5):
Mmr = pr - Mrs (4)
m; = p;-m; 1=239, 240 (5)

Where my is the mass of tracer solution added, and pr is the tracer solution mass concentration. m; is
the mass of analyte solution added, and p; is the analyte solution mass concentration.

The uncertainties of m; and m; are calculated according to Formula (6) and (7):

u(mr) = mr\/ufez(PT) + uZ, (mr) (6)

u(m;) = mi\/ufel(pi) + u2,,(my) i=239, 240 (7)

9.2.2 Measurement bias

The mass bias is a fundamental notion in mass spectrometry and the user shall take it into account during
calculations to obtain a good accuracy of measurement. This is a systematic error produced by the
instrument.

The measurement bias (a) is a factor indicating corrections for all measurement deviations between the
tracer and the analyte. It includes corrections for the mass bias and the variations in signal intensity
between the tracer and the analyte.

The measurement bias is determined by measuring the number of count rates(cps) obtained for 239Pu or
240Pu (Nper) and for the tracer (Nnetr) using a mixed quality control solution (6.1.5) containing a known
quantity of 239Pu or 240Pu (my;, i= 239, 240) and tracer (mr). The measurement bias is then calculated
according to Formula (8):

a = (Mm; - Nper7) /(M7 - Npet) , =239, 240 (8)
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And the uncertainty of the measurement bias is obtained according to Formula (9):

u(a) = a\/uﬂ%el(mi ) + ugel(mT ) + ugel(Nnet ) + u%el(NnetT ) (9)

9.2.3 Sample mass concentration

The test sample mass concentration (C;, g/ml) of 239Pu and 24°Pu is calculated by Formula (10):
€= (@ Mg Nuet)/(V - Npeer)  i=239,240 (10)
Where V is the volume of the urine sample.

The uncertainty on the sample mass concentration is calculated by Formula (11):

u(Cy) = Ci\/ufel(mT) + U2 (Npor 7 ) + U2, (Nper ) + g +u2, (V) =239, 240 (11)

The formulas of detection limit and limit of quantification can be found in subclause 8.1 of ISO 22125-
2[15].

10 Quality assurance
10.1 General
10.2 Influence quantities

Special precautions shall be taken to minimize the influence of quantities that can affect the measurement
results:

— a spike of tracer with an inappropriate activity (too small or too large) compared to the plutonium
concentration to be quantified. When measuring with ICP-MS, the amount of tracer added should be
considered according to the sensitivity of the instrument, to ensure the signal of the tracer is
sufficiently high to minimize the uncertainty of the analysis results;

— asmall chemical yield (a value of atleast 30% is expected), which can be a consequence of significant
losses during the chemical separation steps and/or source preparation steps;

— presence in the test sample of a small amount of the isotope that is used as the tracer, e.g.242Pu. In
this case, 236Pu or 244Pu can be used as tracer instead.

10.3 Instrument verification and calibration

For alpha spectrometry, major instrument parameters (energy calibration, efficiency calibration, energy
resolution, and background spectrum) shall be periodically checked within a quality assurance
programme established by the laboratory and following the manufacturer's instructions.

For ICP-MS, before each sample measurement, use quality control standard solution (6.1.3) to check the
instrument's sensitivity, background counting rate, injection rate, etc.
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10.4 Method verification

The measurement of procedural blank should be conduct regularly. Whenever the reagent is changed, a
blank test shall be carried out; Blank test shall be conducted between the analysis of each batch of
samples.

The number of blank samples shall not be less than 10% of the test sample. Equal volume of deionized
water as blank sample should be conducted along with urine samples according to the same method. The
detection limit should be calculated.

The method repeatability shall also be checked, e.g. by replicate measurements.

Periodic verification of the method accuracy shall be conducted. This may be accomplished by:
— participating in inter-laboratory comparison exercises;

— analysing reference materials or spiked urine samples.

10.5 Demonstration of analyst capability

If an analyst has not used this procedure before, a precision and bias test shall be performed by running
a duplicate measurement of a reference or spiked material. Acceptance limits shall be defined by the
laboratory.

A similar test shall be performed by analysts routinely using this procedure with a periodicity defined by
the laboratory. Acceptance limits shall be defined.
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Annex A
(informative)

Chemical separation of plutonium from 20 ml of urine sample

A. 1 Principle

This procedure describes a method for the separation and purification of plutonium in 20 ml of urine
sample. Plutonium is separated from urine matrix using a chromatographic extraction resin in a column
in a nitric acid medium.

A. 2 Apparatus
Usual laboratory apparatus and the following.
A.2.1 Resin columns, containing the extractant resin TEVA (3 ml volume in general) 1.

A.2.2 Balance, to an accuracy of 0,1 mg.

A. 3 Reagents

A.3.1 tracer solution.

A.3.2 Ultrapure water, grade 3 quality as specified in ISO 3696, resistivity > 18,2 Q-cm.
A.3.3 Nitric acid (HNO3), concentrated, c(HNO3): 65 % minimum.

A.3.4 Nitric acid, 8 mol/l in sodium nitrite NaNO>: 0,02 mol/l.

A.3.5 Hydrofluoric acid (HF), concentrated, c(HF): 48 % minimum.

A.3.6 Hydrochloric acid (HCI), concentrated, c(HCl): 37 % minimum.

A.3.7 Mixed diluted acid, 0,1 mol/lI HCI + 0,01 mol/l HF, prepared using concentrated nitric acid and
concentrated hydrofluoric acid.

A. 4 Procedure

A. 4.1 General

This procedure is carried out with two main steps: extraction and elution of plutonium. Batch sample
processing with a vacuum box system is therefore very helpful.

1 TEVA is an example of suitable product available commercially. This information is given for the convenience of users of
this document and does not constitute an endorsement by ISO of this product.
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A. 4.2 Chemical separation

a)
b)
c)
d)
e)
f)

18

Transfer 20 ml of urine sample into a 50 ml centrifuge tube.

Add a known activity of tracer to the urine sample.

Add 20 ml of concentrated HNOj3 to the sample.

Add 0,5 ml of 30% H:0; to the sample.

Adjust valences of Pu to the oxidation state (IV) by adding 0,3 ml of 3 mol 11 NaNO..

Set up a TEVA resin column.

Condition the resin by passing 15 ml of 8 mol/1 HNO:s.

Pour the solution into the top of the column, and control the flow rate at 1 ml/min.

Wash the centrifuge tube with 5 ml of 8 mol/1 HNO3, pour the rinsed solution on top of the column.
Wash the column with 35 ml of 8 mol/l1 HNO3; at a flow rate of 2 ml/min, discard the washings.
Wash the column with 20 ml of 9 mol/1 HCI at a flow rate of 1 ml/min, discard the washings.

Place a clean receiving container under the column and elute Pu isotopes with 15 ml of 0,1 mol/1
HCI + 0,01 mol/1 HF at a flow rate of 1 ml min-1.
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Annex B
(informative)

Chemical separation of plutonium from 100 ml of urine sample

B. 1 Principle

This procedure describes a method for the separation and purification of plutonium in 100 ml of urine
sample. Plutonium is first pre-concentrated from urine by hydrous titanium oxide (HTiO) co-
precipitation followed by chromatographic extraction resin purification.

B. 2 Apparatus

Usual laboratory apparatus and the following.

B.2.1 Heating plate with magnetic stirring.

B.2.2 Balance, to an accuracy of 0,1 mg.

B.2.3 Centrifuge.

B.2.4 Resin columns, containing the extractant resin TEVA (0,5 ml volume in general).
B. 3 Reagents

B.2.1 Tracer solution.

B.3.2 Ultrapure water, grade 3 quality as specified in ISO 3696, resistivity > 18,2 Q-cm.
B.3.3 Nitric acid, concentrated, c(HNO3): 65 % minimum.

B.3.4 Nitric acid (HNO3), 8 mol/L in sodium nitrite NaNO»: 0,02 mol/I.

B.3.5 Hydrofluoric acid, concentrated, c(HF): 48 % minimum.

B.3.6 Hydrochloric acid, concentrated, c(HCl): 37 % minimum.

B.3.7 Ammonia, concentrated, c(NH4OH): 25% minimum.

B.3.8 Hydrogen peroxide, w(H;0:) = 30%.

B.3.9 Titanium trichloride, w(TiCl3) = 35%.

B.3.10 Mixed diluted acid, 0,1 mol/1 HCI + 0,01 mol/l HF, diluted with concentrated nitric (B.3.6) and
concentrated hydrofluoric (B.3.5).

B. 4 Procedure
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410 B.4.1 General

411  This procedure is carried out with three main steps: sample concentration with co-precipitation,
412  extraction and elution of plutonium.

413  Utilizing a vacuum system is beneficial for controlling the flow rate.
414  B. 4.2 Sample concentration

415 a) Transfer 100 ml of urine sample into a 250 ml beaker.

416 b) Addaknown activity of tracer to the urine sample.

417 ¢) Heat and stir for 10 min at 80°C on a heating plate with magnetic stirring, and cool down to room
418 temperature.

419 d) Add 2,0 ml of 35% TiCls to the sample, and stir for 5 min.
420 e) AdjustpH to 8 by slowly adding concentrated NH3-H20 to form HTiO precipitation.

421 f) Transfer the mixture into a centrifuge bottle, centrifuge at 3500 rpm for 5 min, and discard the
422 supernatant solution.

423 g) Add5 mlof concentrated HNO3 and add ultrapure water to the sample solution to 10 ml.

424 h) Add 0,5 mL of 30% H»0- to completely dissolve the precipitate.

425  B. 4.2 Separation and purification

426 m) SetupaTEVA resin column.

427 n) Condition the resin by passing 10 ml of 8 mol/1 HNOs.

428 o) Pour the solution into the top of the column, and control the flow rate at 0,5 ml/min.

429 p) Wash the centrifuge tube with 1 ml of 8 mol/l1 HNOs3, pour the rinsed solution on top of the column.
430 q) Wash the column with 8 ml of 8 mol/l HNO3 at a flow rate of 1 ml/min, discard the wash solution.
431 r) Wash the column with 8 ml of 9 mol/1 HCI at a flow rate of 1 ml/min, discard the wash solution.

432 s) Place aclean receiving container under the column and elute Pu isotopes with 10 ml of 0,1 mol/1
433 HCI + 0,01 mol/1 HF at a flow rate of 0,5 ml/min.
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Annex C
(informative)

Chemical separation of plutonium from a 24-hour excretion urine sample

C.1 Principle

This procedure describes a method for the separation and purification of plutonium of a 24-hour urine
collection. Plutonium is separated from urine by hydrous titanium oxide (HTiO) co-precipitation followed
by anion exchange and chromatographic extraction resin purification.

The analysis volume of the sample should be a 24-hour urine excretion. If a full day’s excretion is lower
than 1600 ml, the entire volumes of urine can be analysed by this procedure. If a full day’s excretion is
larger than 1600 ml, the entire volume can be split into two or more aliquots for chemical separation, and
the eluates of the AGMP-1M columns for all the aliquots can be mixed for the next purification step.

C.2 Apparatus

C.2.1 Heating plate with magnetic stirring;
C.2.2 Centrifuge

C.2.3 Balance, to an accuracy of 0,1 mg.

C.2.4 Resin columns, containing the anion exchange resin Bio-Rad AGMP-1M (3 ml volume in general),
and the extractant resin TEVA (0,5 ml volume in general)2

C.3 Reagents

C.3.1 Tracer solution

C.3.2 Ultrapure water, grade 3 quality as specified in ISO 3696, resistivity > 18,2 ()-cm.
C.3.3 Nitric acid, concentrated, c(HNO3): 65 % minimum.

C.3.4 Nitric acid containing NaNOz, 8 mol/l HNO3 + 0,02 mol/l1 NaNO,.

C.3.5 Hydrofluoric acid, concentrated, c(HF): 48 % minimum.

C.3.6 Hydrochloric acid, concentrated, c(HCI): 37 % minimum.

C.3.7 Ammonia, concentrated, c(NH4OH): 25% minimum.

2 AGMP-1M are examples of suitable products available commerecially. This information is given for the convenience of
users of this document and does not constitute an endorsement by ISO of this product.
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C.3.8 Hydrogen peroxide, w(H;02) = 30%.
C.3.9 Titanium trichloride, w(TiCls) = 35%.

C.3.10 Mixed diluted acid, 0,2 mol/L HNO3z + 0,05 mol/1 HF, prepared using concentrated nitric (C.3.3)
acid and concentrated hydrofluoric acid (C.3.5).

C.3.11 Mixed diluted acid, 0,1 mol/1 HCl + 0,01 mol/l HF, prepared using concentrated Hydrochloric
acid (B.3.6) and concentrated hydrofluoric acid (B.3.5).

C.4 Procedure

C. 4.1 General

This procedure is carried out with four main steps: sample concentration with co-precipitation, organics
decomposition, extraction and elution of plutonium.

NOTE In some cases, the flow through resin columns may be hindered due to sample impurities.
Batch sample processing with a vacuum box system is therefore very helpful.

C. 4. 2 Sample concentration

a) Transfer urine sample (maximum 1600 ml) into a 2-1 heat-resistant beaker.

b) Add a known activity of tracer to the urine sample.

c) Heatand stir for overnight at 80°C on a heating plate with magnetic stirring, and cool down to room
temperature.

d) Add 3,0 ml of 35% TiCl; to the sample, and stir for 5 min.

e) Adjust pH to 8 by slowly adding concentrated NH3-H:0 to form HTiO precipitation forms. Stir for 20
min.

f)  Add 1,0 mL of TiCl3 while stirring. If the pH is below 8, adjust pH to 8 by adding concentrated
NH3-H:0. Stir for 15 min.

g) Transfer the mixture into centrifuge bottle, centrifuge at 3500 rpm for 5 min, and discard the
supernatant solution.

C. 4. 3 Organics decomposition
For reagent blank and water spike test samples, go to Step 1 directly.
h) Dissolve the precipitate using 15 ml of concentrated HNO3 and transfer to a 100-ml PTFE beaker.

i) Add 1 ml of 30% H20;, heat and stir at 80 C until the sample changes to milky peach colour, remove
the sample from heating immediately, and cool down to room temperature.
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Adjust the pH to 8 by adding concentrated NH3-H-O.

Transfer the mixture into 50 ml of centrifuge tube, centrifuge at 3500 rpm for 5 min, and discard the
supernatant solution.

Add 15 ml of concentrated HNOs3, and gently swirl until the precipitate button becomes loose.
Add ultrapure water to the sample solution to 30 ml
Add 0,5 ml of 30% H:0.. Agitate the sample and stand for 10 min.

Add 0,3 ml of 3 mol/l NaNO, and agitate the sample and allow the gas to expel. And stand for 15 min.

C. 4.4 Separation and purification

a)

b)

c)

d)

g)

k)

D)

Set up an AGMP-1M resin column.

Condition the resin by passing 25 ml of 8 mol/1 HNO:s.

Pour the solution into the top of the column, and control the flow rate at < 1 ml/min.

Wash the centrifuge tube with 5 ml of 8 mol/l1 HNO3, pour the rinsed solution on top of the column.

Wash the column with 35 ml of 8 mol/l HNO3 at a flow rate of (1-2) ml/min, discard the wash
solution.

Wash the column with 30 ml of 9 mol/1 HCI at a flow rate of 1 mL/min, discard the wash solution.

Place a clean receiving container under the column and elute Pu isotopes with 25 ml of 0,2 mol/I
HNO3 + 0,05 mol/IHF at a flow rate of 1 ml min-1.

Add 1 ml of TiCl; to the Pu eluate, and adjust pH to 8 using concentrated NH3-H-O. Stir for 10 min.
Centrifuge at 3500 rpm for 5 minp, and discard the supernatant solution.

Add 2,5 ml of concentrated HNO3; and completely dissolve the precipitate. Add ultrapure water to
the sample solution to 5 ml.

Add 0,1 ml of 1 M NaNO,, agitate the sample and allow the gas to expel. And stand for 15 min.

Set up an TEVA resin column. And condition the resin by passing 8 ml of 8 mol/1 HNOs.

Pour the solution into the top of the column, and control the flow rate at 0,5 ml/min.

Wash the centrifuge tube with 2 ml of 8 mol/l1 HNO3, pour the rinsed solution on top of the column.
Wash the column with 8 mL of 8 mol/l HNO3z at a flow rate of 1- 2 ml/min, discard the wash solution.
Wash the column with 8 mL of 9 mol/1 HCI at a flow rate of 1- 2 ml/min, discard the wash solution.

Place a clean receiving container under the column and elute Pu isotopes with 8 ml of 0,1 mol/1 HCI
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517 + 0,01 mol/1 HF at a flow rate of 0,5 ml/min.

24





518
519

520
521

522

523
524

525
526
527

528
529
530
531
532

533

534

535

536

537

538

539

540

541
542

543

ISO/CD 18990:2024(E)

Annex D
(informative)

Determination of plutonium by specific type of ICP-MS

D.1 Principle

A sensitive determination method for Pu isotopes (23°Pu and 240Pu) is recommended by using a tandem
quadrupole ICP-MS (ICP-MS/MS), combined with a high-performance sample introduction system.

ICP-MS/MS is equipped with a collision/reaction cell situated between two connected quadrupole mass
filters (Q1 and Q2) and axial field voltage equipped with the cell rods. The interferences can react in the
cell and be further removed by Q2 mass screening.

The reactions of U* and UH+* with NH3 could occur spontaneously, but Pu* does not react with NH3 when
Pu* and the interference (including 238U+, 238U1H* and 238U!H,*) are injected to the collision reaction cell,
and He gas has been proven to improve the transmission efficiency of Pu+. Therefore, the tailing of 238U
and uranium hydrides are effectively eliminated using the mixture gas of NHz and He but still keeping the
high intensity of the Pu* signal.

D.2 Reagents

D.2.1 Quality control solution. Solution of certified 242Pu concentration, 1 pg/g.
D.2.2 Argon gas, at least 99,995 % pure.

D.2.3 Nitrogen gas, at least 99,995 % pure.

D.2.4 Helium gas, at least 99,999 % pure.

D.2.5 Ammonia gas, at least 99,999 % pure.

D.2.6 Diluted nitric acid, 2 % volume.

D.3 Equipment

D.3.1 ICP-MS/MS apparatus with associated software, installed in an air-conditioned room. For
example, Agilent 8900/8800 ICP-MS/MS and PerkinElmer NexION 50002.

D.3.2 Argon supply, equipped with low pressure control.

3 Agilent 8900/8800 ICP-MS/MS and PerkinElmer NexION 5000 are examples of suitable products available commercially.
This information is given for the convenience of users of this document and does not constitute an endorsement by ISO of this
product.
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D.3.3 Membrane desolvent sample injection system, for example, Elemental Scientific Inc. APEX-
Omega and APEX-Q*.

D.4 Measurement method
D.4.1 Instrument calibration (See 8.2).

D.4.2 Instrument tuning for Pu, use the 242Pu standard solution (6.14) and blanks (6.15) to fine tune
the parameters of the instrument (such as atomizer flow rate, RF power, detector voltage, etc.). The
sensitivities, detection limits of Pu isotopes measured by tandem quadrupole ICP-MS are list in Table D.1.

D.4.3 Method setting, refer to the measurement conditions in the table A1 and measure the plutonium
in MS/MS mode, and the mixture gases of NHz and He can be employed to effectively eliminate the
interferences and improve measurement sensitivity of plutonium.

D.4.4 Sample measurement

Follow subclause 8.3.3.

Table D.1 — The sensitivities, detection limits of Pu isotopes measured by tandem quadrupole

ICP-MS/MS
Instrument Introduction Mode Sensitivity, Zggget?cc“o%';n I ;
systems Mcps /(mg/L) u. 19 u,1g
4,0 mL min~t NH3
Agilent 8900 APEX-Omega 3,0 mL min~*He 1,39x104 0,83 0,14
MS/MS
Agilent 8800 APEX-Q No gas, MS/MS 3,0x108 0.5 0,3
0,3 mL min~* NH3
PE Nexlon 5000 APEX-Omega 7,0 mL min~! He 2,5x103 0,83 0,75
MS/MS

4Elemental Scientific Inc. APEX-Omega and APEX-Q are examples of suitable products available commercially. This information
is given for the convenience of users of this document and does not constitute an endorsement by ISO of this product.
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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national
standards bodies (ISO member bodies). The work of preparing International Standards is normally
carried out through ISO technical committees. Each member body interested in a subject for which a
technical committee has been established has the right to be represented on that committee.
International organizations, governmental and non-governmental, in liaison with ISO, also take part
in the work. ISO collaborates closely with the International Electrotechnical Commission (IEC) on all
matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction
and/or on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see
www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 85, Nuclear energy, nuclear
technologies, and radiological protection, Subcommittee SC 5, Nuclear installations, processes and
technologies.

A list of all parts in the ISO 8345 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body.
A complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Need
Knowledge is an organizational asset that needs to be managed like any other asset to ensure that it is
available to those who need it, when it is needed, and that it can be applied.

The impact of losing knowledge has been recognised by the nuclear industry for many years; it is a
source of concern, and a current focus area within the industry.

Context

A number of papers, standards and guides have been published relating to knowledge and knowledge
management. Two of these, which are recognised commonly within the Nuclear Industry and,
therefore within this guidance are:

ISO Knowledge Management Systems — Requirements

30401:2018/Amd 1

(2022)

NG-G-6.1 International Atomic Energy Agency (IAEA) Guide to Knowledge Management
Strategies and Approaches in Nuclear Energy Organizations/Facilities

There are differences in the approaches, terminology and language used within ISO 30401 and NG-G-
6.1, which can be confusing to users. However, these two publications are complementary and it is
important to understand the role and context of each. Both ISO 3040land NG-G-6.1 are discussed in
further detail in Appendix and 2.

At the time of developing this part of ISO 8345, the NEA is also developing guidance.

Radioactive Waste Management is a long term challenge, spanning many decades and generations;
involving a number of organizations and a series of complex stages. Because of the duration and
complexity associated with the long term management and disposal of radioactive waste, the
knowledge management challenges are unique.

The ISO 8345 series has been created to provide practical guidance for the management of knowledge

to support radioactive waste management and should be considered as complementary to ISO 30401,
NG-G-6.1 and the NEA guidance.

6 © IS0 2024- All rights reserved
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The relationship between ISO 30401, NG-G-6.1 and the developing NEA guidance is shown in Figure 1,
below.

150 30401 Developing
(150 Standard] NEA Guidance
. >

150 8345

MNG-G-6.1
{IAEA Guidance]

Figure 1: Context of ISO 8345

Purpose
ISO 8345 has been created to provide practical guidance on the management of knowledge to support
radioactive waste management.

ISO 8345 explains the context and objectives of each of ISO 30401 and NG-G-6.1, recognises the
apparent differences in approach and terminalogy, and explains these. It builds on the content of
these documents in order to provide harmonised, practical guidance for the management of
knowledge to support radioactive waste management.

ISO 30401 and NG-6-6.1 contain similar messages but use different terminology. They can be used
together (see Annex B for further information).

ISO 8345 has been created by a committee, comprising people experts with practical experience in the
management of knowledge to support the safe, efficient, effective management and disposal of
radioactive waste and is intended for use by those engaged in the management and disposal of
radioactive waste.
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Structure and content
The guidance provided within ISO 8345 has been developed in six parts:

Part 1 (ISO 8345-1): Purpose and Overview of ISO 8345 and Introduction to Knowledge
Management

Part 2 (ISO 8345-2): Knowledge Management Guidelines - Vision and Strategy

Part 3 (ISO 8345-3): Knowledge Management Guidelines - Process

Part 4 (ISO 8345-4): Knowledge Management Guidelines - People and Culture

Part 5 (ISO 8345-5): Knowledge Management Guidelines - Tools and Technology

Part 6 (ISO 8345-6): Knowledge Management Guidelines - Implementation

The structure of the guidance provided within ISO 8345 is depicted in Figure 2 below.

Partl
Purpose and Overview of ISO

8345 and Introduction to
KEnowledge Management

|
| | I

Part2 Part3 Part4 Part5
Guidelines - Vision Guidelines - Guidelines - People Guidelines - Tools
& Strategy Process & Culture & Technology

Figure 2: Structure of ISO 8345

The guidance provided in the various parts of ISO 8345 is further described below:

Part 1 (ISO 8345-1): Purpose and Overview of ISO 8345 and Introduction to Knowledge
Management

Part 1 describes the context and purpose of the document. In doing so, it recognises other published
documents in common use within the Nuclear Industry, the role of those documents and explains that
it will build on the content of these existing documents in order to provide harmonised practical
guidance for the management of knowledge in support of radioactive waste management.

Part 1 describes the principles of knowledge management that are associated with radioactive waste
management, the enablers to successful management of that knowledge within the Nuclear Industry
and the benefits that effective knowledge management will bring to radiaoctive waste management.

The structure of the document is introduced and the content of each of the parts of the document (1 to

6) is described.
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Part 2 (ISO 8345-2): Guidelines - Vision and Strategy

Establishing a knowledge management vision, and a strategy to achieve that vision are key to
successful implementation of knowledge management.

Part 2 provides an understanding of the importance of developing and stating a knowledge
management vision, as an aid to providing direction, maintaining focus and obtaining support.
Additionally, guidance is provided as to how to develop the knowledge management vision.

Part 2 also provides guidance on how to develop a strategy and establish the objectives associated with
delivering it. The strategy describes the steps to achieve the knowledge management vision.

Part 3 (ISO 8345-3): Guidelines - Knowledge management process

Part 3 considers the phases in managing knowledge and the processes associated with each of those
phases. Part 3:

Describes the phases in managing knowledge
Describes the objectives of each phase

Describes the processes associated with each phase
Defines the objectives of each process

Provides guidance as to how to achieve those objectives

The Concept is represented diagrammatically below.

STEPS
PROCESSES

PHASES

KNOWLEDGE
MANAGEMENT

Figure 3: Diagramatic representation of phases, processes and steps

Part 3 also considers governance and how this is developed and applied to ensure that the processes
associated with each step are planned, performed appropriately and their objectives achieved
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Part 4 (ISO 8345-4): Guidelines - People and culture

People are integral to the management of knowledge. It is important to develop the right culture
within the organization in order to embed knowledge management into the organization. Ensuring
that people are engaged, supportive, aware of the benefits of good knowledge management and also of
their role in delivering that are key elements of developing the right culture.

Part 4 describes how people support implementation of the processes (described in Part 3) that are
associated with the management of knowledge, through consideration of:

* Roles
* Responsibilities
e Skills and Competencies

Part 4 provides guidance in the areas of:

Communication
Motivation
Management of Change
Developing the Culture
0 Organizational Culture
0 Safety Culture
0 Security Culture
e Training and Education
¢ Development of Skills
* Collaboration

Part 4 also considers governance of knowledge management resources, including delegation of
accountability, and the assurance of competence and awareness for all staff involved with knowledge
management activities.

Part 5 (ISO 8345-5): Guidelines - Tools and technology

Part 5 ascertains that knowledge management is not led by tools and technology; rather that tools and
technology support the processes that are associated with the management of knowledge. It
considers:

How tools and technology support process
How these should be used

When these should be used

Why they should be used

Who should use them

Part 5 also provides guidance on specifying the requirements for tools and technology to support
knowledge management and considers some of the tools that are in common use.

Part 6 (ISO 8345-6): Guidelines - Implementation

Part 6 provides guidance on how to implement knowledge management and integrate it into the
business. Guidance is provided in the following areas:

10 © IS0 2024- All rights reserved
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The process for implementing knowledge management

Developing an implementation programme

Monitoring of implementation

Audit and review (ensuring knowledge management remains aligned to the needs of the
business)

Measuring benefit

Continuous improvement

© ISO 2024 - All rights reserved
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Guidelines for managing knowledge to support radioactive
waste management - Part 1: Purpose and Overview of ISO 8345
and Introduction to Knowledge Management

1 Scope

This document provides guidance for the management of knowledge associated with managing
radioactive waste.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments)
applies.

ISO 12749 - 3: Nuclear energy, nuclear technologies, and radiological protection — Vocabulary — Part 3:
Nuclear installations, processes and technologies

1 ISO 30401:2018/Amd 1 (2022): Knowledge management systems — requirements

3 Terms and Definitions

Unless stated otherwise, the terms and definitions contained within this section are taken from ISO
30401:2018/Amd 1 (2022).

3.1

audit

systematic, independent and documented process for obtaining audit evidence and evaluating it
objectively to determine the extent to which the audit criteria are fulfilled

Note 1 to entry: An audit can be an internal audit (first party) or an external audit (second party or
third party), and it can be a combined audit (combining two or more disciplines)

Note 2 to entry: An internal audit is conducted by the organization itself, or by an external party on its
behalf

Note 3 to entry: “Audit evidence” and “audit criteria” are defined in ISO 19011

3.2
collaboration
deliberate approach to working together on an agreed common purpose across boundaries

Note 1to entry: Boundaries may be functional, organizational or geographic, or
between organizations Collaboration often depends on a healthy knowledge management culture to

facilitate the exchange and co-creation of knowledge between the parties engaging in collaboration

3.3
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effectiveness
extent to which planned activities are realized and planned results are achieved

34

interested party (preferred term)

stakeholder (admitted term)

person or organization that can affect, be affected by, or perceive itself to be affected by a decision or
activity

Note 1 to entry: Everyone is potentially an interested party in knowledge management. Specific
knowledge management initiatives will involve specific interested parties. For example, workers, top
management, managers of projects/departments/work streams, external customers and clients,
investors, partners and suppliers.

3.5
knowledge
human or organizational asset enabling effective decisions and action in context

Note 1 to entry: knowledge can be individual, collective or organizational.

Note 2 to entry: there are diverse views on the scope covered within knowledge, based on context and
purpose. The definition above is general as to the various perspectives. Examples of knowledge
include insights and know-how.

Note 3 to entry: knowledge is acquired through learning or experience.

Note 4 to entry: knowledge is that which people hold in their heads (either individually or
collectively); once this is committed to any form of medium; i.e. conversation, paper, film, then this
becomes information.

3.6
knowledge management
management with regard to knowledge

Note 1 to entry: It uses a systemic and holistic approach to improve results and learning.

Note 2 to entry: It includes optimizing the identification, creation, analysis, representation,
distribution and application of knowledge to create organizational value

3.7

management system

set of interrelated or interacting elements of an organizationto establish policies,
and objectives and processes to achieve those objectives

Note 1to entry: A management system can address a single discipline or several disciplines.

Note 2 to entry: The system elements include the organization’s structure, roles and responsibilities,
planning and operation.

Note 3 to entry: The scope of a management system can include the whole of the organization, specific

and identified functions of the organization, specific and identified sections of the organization, or one
or more functions across a group of organizations.
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Note 4 to entry: A system can include human and group dynamics and behaviours.

3.8
monitoring
determining the status of a system, a process or an activity

Note 1 to entry: To determine the status, there may be a need to check, supervise or critically observe

3.9
objective
result to be achieved

Note 1to entry: An objective can be strategic, tactical, or operational.

Note 2 to entry: Objectives can relate to different disciplines (such as financial, health and safety, and
environmental goals) and can apply at different levels [such as strategic, organization-wide, project,
product and process].

Note 3 to entry: An objective can be expressed in other ways, e.g. as an intended outcome, a purpose,
an operational criterion, a knowledge management objective, or by the use of other words with
similar meaning (e.g. aim, goal, or target).

Note 4 to entry: In the context of knowledge management systems, knowledge management objectives
are set by the organization, consistent with the knowledge management policy, to achieve specific
results.

3.10

organization

person or group of people that has its own functions with responsibilities, authorities and
relationships to achieve its objectives

3.11
organizational culture
values, beliefs and practices that influence the conduct and behaviour of people and organizations

Note 1 to entry: knowledge management culture is a supportive element of the organizational culture
3.12

performance
measurable result

Note 1to entry: Performance can relate either to quantitative or qualitative findings.

Note 2 to entry: Performance can relate to the management of activities, processes, products
(including services), systems or organizations

3.13

policy
intentions and direction of an organization , as formally expressed by its top management
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3.14
process
set of interrelated or interacting activities which transforms inputs into outputs

3.15
requirement
need or expectation that is stated, generally implied or obligatory

Note 1 to entry: “Generally implied” means that it is custom or common practice for the organization
and interested parties that the need or expectation under consideration is implied.

Note 2 to entry: A specified requirement is one that is stated, for example in documented information

3.16
risk
effect of uncertainty

Note 1to entry: An effect is a deviation from the expected — positive or negative.

Note 2 to entry: Uncertainty is the state, even partial, of deficiency of information related to,
understanding or knowledge of an event, its consequence, or likelihood.

Note 3 to entry: Risk is often characterized by reference to potential events (ISO Guide 73:2009, 3.5.1.3)
and consequences (ISO Guide 73:2009, 3.6.1.3), or a combination of these.

Note 4 to entry: Risk is often expressed in terms of a combination of the consequences of an event
(including changes in circumstances) and the associated likelihood (ISO Guide 73:2009, 3.6.1.1) of
occurrence.

3.17
skill
learned capacity to perform a task to a specified expectation

3.18
top management
person or group of people who directs and controls an organization at the highest level

Note 1 to entry: Top management has the power to delegate authority and provide resources within
the organization.

Note 2 to entry: If the scope of the management system covers only part of an organization, then top
management refers to those who direct and control that part of the organization.
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4 Introduction to knowledge management

41 Knowledge

All organizations require, develop and apply knowledge. Knowledge is a resource which enables the
organization to achieve its objectives and the people within it to do their jobs.

Knowledge is held by people, is developed through their experiences, skills and learning and can take
a number of different forms. Not all of this knowledge is relevant to the organization, but that which

is must be managed to ensure that it remains available to the organization and the people within it,
such that it can be understood and applied to improve the performance of the organization.

4.2 Knowledge management

Knowledge management is a discipline which ensures that the knowledge that is relevant to the
organization and its business is available, valid, understood, applied, and continuously improved.

A lack of adequate management creates a risk that the knowledge needed by the business will not be

available when it is needed, potentially resulting in poor decision making and increased time and/or
cost.

5 Principles

The following principles are applicable to managing knowledge in support of radioactive waste
management:

1. Nature of knowledge: knowledge associated with the management of radioactive waste is
complex; it is created, managed and used by people.

2. Value: knowledge is key to the safe, effective, efficient management of radioactive waste.

3. Focus: knowledge management ensures that the right knowledge is available to those who
need it, when they need it.

4, Adaptability no one knowledge management solution fits all organizations engaged in the
management of radioactive waste. Organizations will develop their own approach to
knowledge management based its needs and context.

5. Shared understanding: people create their own knowledge through their experiences,
understanding and interpretation. Shared understanding, requires interactions between

people.

6. Environment: knowledge is not managed directly; knowledge management focuses on
managing the working environment.

7. Iteration knowledge management should incorporate learning and feedback cycles.

These principles cascade through all parts of ISO 8345.
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6 Enablers to successful knowledge management

The following enablers are key to successful knowledge management:

1

Understanding: a clear understanding of how knowledge management supports the needs and
objectives of the business

Vision and strategy: a clear understanding of what is required and how to achieve it

Top management support: without top management support, it is unlikely knowledge
management will be successful

Culture: successful knowledge management is delivered by people. Knowledge management
is inclusive of everybody within the organization. The activities required to deliver knowledge
management must be performed routinely, as part of daily working. Knowledge management
must not be percieved as an additional task

Guidance relating to establishing these enablers is provided within the various parts of ISO 8345, as
appropriate.

7 Benefits of knowledge management to the management of radioactive
waste

1

Knowledge is a core asset: it is fundamental to the safe, efficient, effective management of
radioactive waste. That knowledge should, therefore be managed to enable optimal decisions
to be taken; to support the efficiency of processes and contribute to their enhancement; to
create resilience and adaptability and support innovation.

Time and cost: given the time frames associated with radioactive waste management, the
number of organizations involved, and the complexity of the tasks performed; without
adequate management, the knowledge on which the industry relies will inevitably be lost.
This will result in increased time, cost and risk.

Opportunity: adequate management will ensure that knowledge is not lost and is readily
available to those who need it, when they need it and can be applied effectively. Additionally,
increased access to knowledge will create opportunities for the professional development of
people through learning, practices and exchanges.

Efficiency: effective knowledge management supports timely, effective decision-making and
collaboration between different organizations to achieve shared objectives.

Collaboration: geographically dispersed and decentralized organizations, engaged in the
management of radioactive waste can gain significant benefit through sharing knowledge,
practices, expertise and learning across organizational boundaries.
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Annex A
(informative)

Discussion of ISO 30401 and IAEA NG-G-6.1

This annex has been included to help readers to understand the context and content of, and
terminology used in ISO 30401 and IAEA NG-G-6.1.

A.lIntroduction to ISO 30401:2018 Knowledge management systems -
Requirements
A1l Overview

ISO 30401 is a high-level statement of the end-state of a knowledge management system (KMS),
describing the essential elements of that system. The standard is one of a family of management
system standards (MSS) that includes ISO 9001: Quality management systems — Requirements.

‘Management system’ and ‘requirements’ have specific ISO definitions that differ from other uses
of the terms. Requirements are expressed in MSS as ‘shall’ statements that organizations can be
audited against. If an external accredited certification body conducts an audit of an organization
against the requirements of an MSS, the organization can become certified against that standard.
Organizations can also use MSS as checklists or guides to the essential elements of the MSS
discipline.

‘Requirements’ MSS are written using an ISO template. The structure and most of the content of
ISO 30401 is from the template. ISO 30401 is therefore more a description of an ISO management
system than a guide to managing knowledge. Content specific to knowledge management is in the
Introduction and Annexes, which are informative (they do not contain template text or
requirements). Clause 4 of ISO 30401 contains some knowledge management-specific
requirements.

A.1.2 Characteristics of ISO 30401 as a ‘Requirements’ MSS

a) ‘Requirements’ MSS such as ISO 30401 are not detailed guides to their discipline. They state
the high-level essential elements of a management system but do not explain how to develop
them. Separate guidance standards are often written to explain how to apply MSS. BSI has
published BS 34401:2022 Knowledge management - Application of BS ISO 30401 - Guide.

b) There is a difference between knowledge management and a knowledge management system.
It is possible to practise knowledge management without having an ISO-style knowledge
management system.

c) The language of MSS is very specific and implies an underlying mechanistic view of
organizations. This can be uncomfortable for knowledge management professionals

accustomed to adapting to change and dealing with complexity.
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d) MSS are written for all organizations, regardless of type, sector or size. Organizations and
sectors therefore need to interpret ISO 30401 to meet their specific needs.

e) MSS describe the management system in its developed, steady state (usiness as Usual). They
do not explain the implementation or change processes needed to reach the steady state. They
do not include concepts such as ‘vision’ or ‘strategy’, as these are associated with developing
new management systems - although there are elements of strategy in Clauses 4 and 6. MSS
do include ‘policy’ (which again has a specific ISO meaning) as this is what sustains a

management system once it is in place.

A1l3 Knowledge management-specific content in ISO 30401

The Introduction to ISO 30401 contains eight Guiding principles that apply to knowledge
Management. Note that there is unintentional overlap between principles b) and c) and between
c) and f).

Three annexes to ISO 30401 explain:

A. The different types and forms of knowledge that knowledge management can cover.
B. The relationship between knowledge management and related disciplines, including
information management.
C. Knowledge management culture.
Clause 4.4 of ISO 30401:2018 describes three dimensions of a knowledge management. Clause 4.4
is the only part of the standard that includes knowledge management-specific requirements. To
comply with ISO 30401, organizations must include these dimensions in their knowledge
management system:
¢ The Knowledge development dimension (Clause 4.4.2) describes a knowledge
management lifecycle with four essential high-level activities: acquiring new knowledge,
applying current knowledge, retaining current knowledge and handling outdated or
invalid knowledge.
¢ The Knowledge conveyance and transformation dimension describes ways in which
knowledge can flow in an organization. The first two are the most important:
- human interaction is essential for sharing uncodified or complex knowledge and
for creating new knowledge
- representation (which includes codification) is important for sharing knowledge
with many people, although it has limitations
- combination refers to making codified knowledge easy to find and access (and

could be positioned as part of representation)
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- internalisation and learning refers to interpreting and absorbing knowledge (and
overlaps with human interaction and the Guiding principle of shared

understanding).

The Knowledge management enablers dimension describes five supporting elements that make
knowledge management effective: human capital (people and their roles and responsibilities),
processes, technology and infrastructure, governance, and knowledge management culture. Note
that these are widely accepted enablers of knowledge management, which pre-date the concept of
an ISO knowledge management system. The knowledge management enablers are also built in to
the MSS template as part of the knowledge management system - and are covered elsewhere in
the standard. Clauses 5 to 10 also cover additional elements (such as leadership and performance
evaluation) that could be classified as enablers.

A.1l4 Knowledge terminology

ISO 30401 deliberately avoids the use of terms such as explicit, tacit, and implicit knowledge that
refer to knowledge ‘types’. This is because knowledge management specialists and practitioners
disagree over the definitions of such terms. The only classification of knowledge used in ISO 30401
is the distinction between codified knowledge (knowledge represented using words, numbers,
images or other symbols) and uncodified knowledge. ISO 30401 also makes the point that
knowledge can never be codified completely - it is always a partial representation of knowledge.
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A.2 Introduction to IAEA NUCLEAR ENERGY SERIES No. NG-G-6.1 - Guide to
Knowledge Management Strategies and Approaches in Nuclear Energy
Organizations/Facilities

A21 Overview

The International Atomic Energy Agency (IAEA) is an intergovernmental organization, that is a
component of the United Nations (UN), reporting to both the UN General Assembly and the UN
Security Council.

One of the IAEA’s statutory objectives is to ‘seek to accelerate and enlarge the contribution of
atomic energy to peace, health and prosperity throughout the world’. One way this objective is
achieved is through the publication of a range of technical document series.

NG-G-6.1 sits within the Nuclear Energy Series and provides high level guidance in the area of
knowledge management. It has been developed based on the IAEA’s observed successful practices
and approaches through its missions and activities and from the knowledge and experience of
participating knowledge management experts.

A.22 Intent of NG-G-6.1

This publication provides a structured approach to develop a strategic knowledge management
programme that is aligned with the business objectives of the organization and that delivers both
safety and economic benefits. It provides guidance to integrate knowledge management activities
into organization’s business processes.

Although this publication’s primary aim is to provide guidance to operating nuclear facilities in
the field of nuclear energy, the IAEA acknowledges that the concepts and approaches are useful to
other nuclear organizations in the same field. It is applicable to entire lifecycle of nuclear facilities
and activities including their siting, design, licensing, construction, commissioning, operation,
modernization and decommissioning.

Although NG-G-6.1 is not a Safety Standard and, as such does not have clear requirements which
cascade into industry Regulatory frameworks, it is considered to provide good practice in the
management of knowledge within the Nuclear Industry.

A.2.3 Content of NG-G-6.1

NG-G-6.1 comprises 8 Sections, in which it:

¢ Defines a set of 8 principles,

¢ Defines information, data and knowledge,

¢ Defines the different types of knowledge,

¢ Defines the differences between knowledge management and information management,

* Describes the relationship between information, data and knowledge management,

® Provides guidance on integrating knowledge management into business processes or
management systems

¢ Proposes the elements of a knowledge management programme
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¢ Provides guidance for:
0 Developing strategies for knowledge management
0 Monitoring the performance of knowledge management programmes
0 Knowledge Management Implementation

¢ Highlights challenges to the implementation of Knowledge Management programmes

A.2.4 Terminology

NG-G-6.1 provides a list of terms for use within the field of knowledge management within nuclear
organizations
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Annex B
(informative)

Comparison of ISO 30401 and NG-G-6.1

This annex has been included to compare the approaches and terminology used in ISO 30401 and TIAEA
NG-G-6.1.

B.10verview
The ISO 8345 series references two publications that are relevant to knowledge management in
support of radioactive waste management:
1. TAEA NUCLEAR ENERGY SERIES No. NG-G-6.1 Guide to Knowledge Management Strategies
and Approaches in Nuclear Energy Organizations and Facilities (2022).
2. IS0 30401:2018/Amd 1:2022. Knowledge management systems — Requirements.
Both NG-G-6.1 and ISO 30401 set out the essential elements of knowledge management. Both are
written for organizations. The two publications are complementary, but they are written from

different perspectives and for different audiences. This has led to differences in structure, content,
management terminology (concepts) and knowledge management terminology (concepts).

These differences are so significant that makes it difficult for organizations to use the two
publications together. This [section/annex] explains the differences and highlights the
complementarity of the two publications.

Table 1 summarises the key differences between the two publications. Differences in terminology

(concepts) are explained further in two sections: Management Terminology and Knowledge
Management Terminology.

Table 1 - Key differences between the NG-G-6.1 and ISO 30401

NG-G-6.1 ISO 30401

Intended Organizations that directly or indirectly support | Any organization, regardless of type or size, or

readership the use of nuclear energy. Primarily for nuclear the products and services the organization
energy organizations and facilities. provides.

Intended use As a high-level ‘how-to’ guide to knowledge As a high-level guide to a knowledge
management. Supported by other IAEA management system (KMS) as defined by ISO.
knowledge management publications. Designed to be used with other ISO management

system standards.
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Need to No obligation for users to comply with any of No obligation for users to comply with the

comply the recommendations in the Guide. standard. Can be used to demonstrate

compliance by achieving certification from an
external accredited certification body, but can
also be used informally.

Starting point | The organization has little or no formal The organization appreciates the importance of
knowledge management and might have limited | knowledge management and has decided to use
awareness and understanding of the discipline the standard to create a new or improve an
and its benefits. Highlights the existence of existing KMS. Mentions the existence of
practices that support knowledge management practices that support knowledge management
but are not labelled as such. in examples, but does not highlight their

importance.

Rationale Knowledge management is part of an A KMS is part of an organization’s overall
organization’s overall management system. management system. Users to decide how to
Knowledge management is developed and develop the KMS and integrate it into the
implemented through a knowledge management | organization’s overall management system.
strategy and a knowledge management
programme, such that it becomes embedded in
business as usual.

Structure Describes a knowledge management journey Describes the essential elements of a KMS using
through time. A strategic KM programme is the ISO Management System Standard (MSS)
developed in seven key steps including strategy structure. Does not stipulate the order in which
development. the elements should be developed.

Focus A mixture of guidance on how to develop and Describes the end state of a KMS: sets out what
implement a strategic knowledge management is needed but does not explain how to get there.
programme, guidance on knowledge More a description of an ISO management
management activities and commentary on system than a guide to knowledge management,
knowledge management needs and issues in the | with some exceptions.
nuclear industry.

Level of detail | Described as high-level guidance, but goes into Very high level. Provides definitions and
detail in several sections. examples of some knowledge management

methods and practices but does not describe
them. Some detail in the Introduction and
Annexes.

Continuous Presented as the ‘final step’ in the knowledge Built into the MSS structure.

improvement | management journey.

Expert Represents expert opinion but not developed Both the MSS template and knowledge

opinion through consensus. Based on IAEA experience of | management-specific content are developed
knowledge management in nuclear through consensus between experts. Knowledge
organizations. This includes input from management-specific content is written by
knowledge management experts within those knowledge management experts from multiple
organizations. countries and sectors.

Management Uses language that is in common use within the | The language of ISO MSS, including terms that

language industry. are defined differently from their use elsewhere.
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Style and Long, with some repetition and inconsistencies Short and concise throughout. Difficult to
readability (especially between the strategy and understand for readers who are not familiar
implementation sections). Varying levels of with MSS.

detail make it difficult to see the structure.

B.2Management terminology

B.21 Knowledge management programme or knowledge management system?

NG-G-6.1 uses the term Strategic Knowledge Management Programme to refer to the
combined essential elements of knowledge management. The programme considers People,
Process and Tools and Technology (the basic components of a system), but doesn’t use the term
‘System’ explicitly. ISO 30401 uses the term Knowledge Management System (KMS).

NG-G-6.1 uses the term Strategic Knowledge Management Programme to make it clear that
knowledge management activities are part of an organization’s integrated management system
rather than a standalone KMS. ISO 30401 makes the same point by defining a KMS as part of a
management system with regard to knowledge. ISO 30401 is one of a family of management
system standards (MSS), each based on one or more discipline and designed to be integrated into
an organization’s overall management system.

Strategic Knowledge Management Programme is not defined in NG-G-6.1, but refers to an
ongoing rather than a transient (as in the project management sense of the term programme)
endeavour. ISO defines a management system as a set of interrelated or interacting elements of
an organization to establish policies and objectives and processes to achieve those objectives.
Policy, objective and process are also defined in ISO 30401 using definitions common to all ISO
MSS.

Both a strategic programme and a knowledge management system (KMS) are dynamic,
continually improving endeavours that are integrated into an organization’s overall management
system and remain in place for as long as they are needed. Both terms are used to refer to the
combined essential elements of knowledge management. The two terms are to all intents and
purposes synonymous.

B.2.2 Strategy

26

NG-G-6.1 explains how to develop a knowledge management strategy, defined as both a high level
plan and a detailed plan for implementing knowledge management principles and practices to
achieve organizational objectives. Elements of the knowledge management strategy include
objectives aligned with the organization’s strategic direction; prioritized knowledge management
activities aligned with the organization’s business goals; and attributes such as executive
sponsorship, knowledge management activities embedded in functional and operational
processes, provision of adequate resources for knowledge management, recognition of the role of
information technology in knowledge management, and making knowledge management ‘part of
the corporate culture’.

ISO 30401 uses the term ‘strategy’ only in passing, but includes the same elements of knowledge
management strategy as NG-G-6.1. In ISO 30401 these elements are presented as essential parts of
the KMS, under the headings Context of the organization, Leadership, Planning, Support and
Operation. Like NG-G-6.1, ISO 30401 states that knowledge management processes are applied and
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embedded in organizational processes. The standard also states that the organization should
assign responsibility and authority for all aspects of the KMS - reinforcing the point that
knowledge management activities can be embedded in existing functions and operations.

In summary, NG-G-6.1 presents the essential elements of knowledge management as a strategy for
introducing, implementing and maintaining knowledge management, through a programme,
whereas ISO 30401 presents the essential elements of knowledge management as parts of a KMS.
By including strategic activities in the KMS, ISO 30401 makes it clear that these strategic activities
are subject to continual improvement.

B.2.3 Performance evaluation and improvement

Both publications refer to performance evaluation and improvement of the knowledge
management programme/KMS, using similar terminology. NG-G-6.1 uses the term continuous
improvement, whereas ISO 30401 uses the MSS term continual improvement. The intention is
the same.

In ISO 30401, performance evaluation and improvement are part of the KMS, so subject to
improvement themselves.

B.2.4 Knowledge management activities, initiatives, practices, projects and
processes

The NG-G-6.1 Glossary distinguishes between knowledge management activities, initiatives,
practices and projects and uses the term processes sparingly, as the term refers to business
processes that belong in the organization’s integrated management system.

ISO 30401 uses the term process to refer to any activity, at any level, that transforms inputs into
outputs. Knowledge management processes are described as defined knowledge activities applied
and embedded within organizational processes. ISO 30401 also uses the term KM practice to refer
to any knowledge management activity or process that is followed in an organization.

B.2.5 Governance

NG-G-6.1 includes governance in a section about challenges for the implementation of knowledge
management programmes, where the importance of a governance and oversight structure is
stressed.

ISO 30401 makes governance prominent by including it in a list of KM enablers and stating that it
includes knowledge management strategy, policies and service level agreements. Elements of
governance are also covered elsewhere in the standard, particularly in the Leadership clause.

In ISO 30401, a high-level KM policy is an essential part of the governance of a KMS. The policy
states the knowledge management intentions and direction of an organization. It provides
guiding principles for the KMS, sets expectations for workers and demonstrates commitment to
continual improvement of the KMS. The TAEA Guide mentions a knowledge management policy,
but does not explain what it is for or what it should include.

Neither publication defines the term governance, but both state its importance in integrating
knowledge management into the organization.

© ISO 2024 - All rights reserved





IS) /CD 8345-1:2024(E)

B.2.6 Implementation

NG-G-6.1 contains a roadmap that describes the steps needed to implement knowledge
management. It also contains a knowledge management maturity model that describes the ‘path
of travel’ and indicates that knowledge management maturity is associated with knowledge
management culture. This provides a mechanism for measuring the progress of implementation
and integration within the organization.

ISO 30401 does not include a roadmap or cover knowledge management maturity - it simply
describes the essential elements of an end-state KMS. When implementing a KMS for the first
time, some of the essential elements need to be in place before the others. For example,
understanding the needs and expectations of stakeholders usually comes before setting
knowledge management objectives and planning to achieve them. It is up to the users of ISO
30401 to decide what change management methods to use and in what order to implement the
various parts of a KMS.

B.2.7 Knowledge management ‘s relationship with other disciplines and
organizational functions

NG-G-6.1 highlights the importance of existing practices (in functions such as Human Resource
Management) that overlap with and support knowledge management. NG-G-6.1 also highlights
the importance of information and information technology in supporting knowledge
management.

ISO 30401 contains similar messages in Annex B, which also covers disciplines such as
organizational learning and quality management.

B.2.8 Knowledge management principles

Both publications include a list of KM principles. The principles in NG-G-6.1 are presented as
specific to the nuclear industry and include explanations and examples as well as the principles
themselves. The principles in ISO 30401 are short, high-level statements that are intended to
convey the essence of knowledge management in any context. The principles in ISO 30401 do not
include explanations and examples.

There are a lot of commonalities between the two sets of principles. Differences between the two
sets of principles occur because:
® NG-G-6.1includes principles that apply specifically to the nuclear industry.
¢ One of the publications classifies a characteristic of knowledge management as a
principle and the other does not - but includes the same message elsewhere in the

publication.

B.2.9 Knowledge management terminology

B.29.1 Definitions of knowledge and knowledge management

The NG-G-6.1 and ISO 30401 definitions of knowledge and knowledge management are
different but not incompatible. The NG-G-6.1 definitions are more descriptive than those in ISO
30401: the latter follow the ISO rule that a definition should be a single phrase that can be
substituted for the term it relates to.
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The NG-G-6.1 definition of knowledge is based partly on a description published by Davenport
and Prusak (1998), but omits the parts that state ‘It [knowledge] originates and is applied in the
minds of knowers [i.e. people]’ and ‘In organizations, it [knowledge] often becomes embedded not
only in documents or repositories but also in organizational routines, processes, practices and
norms’.

The ISO 30401 definition makes it clear that knowledge is ‘human or organizational’ but refers to
knowledge as an ‘asset’ (an economic term that has been widely criticised when used to describe
knowledge).

B.29.2 Types of knowledge

There are many ways of classifying knowledge into different types. One of the most common in
knowledge management is the distinction between tacit and explicit knowledge. Knowledge
management specialists, however, disagree over the meaning of many of the terms used to
describe knowledge types. Such disagreements are not a simple matter of using different terms to
describe the same concepts, they reflect deep philosophical differences in the way ‘knowledge’ is
understood.

NG-G-6.1 and ISO 30401 have adopted different approaches to dealing with terms that describe
different knowledge types. Each approach has its advantages and disadvantages.

The TAEA Guide describes (and sometimes defines) many types of knowledge, including:

e Tacit knowledge

e Explicit knowledge

¢ Implicit knowledge

* Documented knowledge

e Codified knowledge

¢ Uncodified knowledge

® Codifiable knowledge

¢ Uncodifiable knowledge

® Conscious knowledge

®  Unconscious knowledge

¢ Knowing facts

¢ Knowing how
Some of these terms are used inconsistently in NG-G-6.1, possibly because they can have different
meanings. NG-G-6.1 does not explain that experts disagree on the definitions of knowledge types -
especially tacit, explicit, implicit knowledge and their relationship with codified and uncodified

knowledge. NG-G-6.1 does not explain that codified knowledge is always an incomplete
representation of knowledge.

ISO 30401 deliberately avoids terms such as tacit knowledge and explicit knowledge that can have
different meanings. The only classification of knowledge in ISO 30401 is the distinction between
codified and uncodified knowledge - a distinction that is widely understood. ISO 30401 states that
codified knowledge is always an incomplete representation of knowledge. Avoiding terms for
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other types of knowledge prevents misunderstanding of ISO 30401, but does not help users who
inevitably come across knowledge types elsewhere and might not realise that terms such as tacit,
explicit and implicit knowledge have various meanings.

B.29.3 Data, information and knowledge - and their management
Like the terms used to describe different types of knowledge, there is no universal agreement over
the distinction between data, information and knowledge.

NG-G-6.1 includes a description of the differences between data, information and knowledge using
the DIKW triangle. This model is widely regarded as over-simplistic, especially as it implies a
hierarchy in which data can be transformed into information, information into knowledge, and
knowledge into wisdom. It is not obvious from the DIKW triangle that knowledge is needed to
collect data and turn it into information. NG-G-6.1 does refer to ‘experience’ (existing knowledge)
as an important factor in interpreting information and turning it into knowledge. Neither is it
clear from the DIKW triangle that knowledge can be turned into information.

ISO 30401 does not attempt to describe the differences between data, information and knowledge.
Instead, it focuses on the differences and overlaps between data management, information
management and knowledge management. ISO 30401 also includes a Guiding principle that states
‘people create their own knowledge by their own understanding of the input they receive’.

NG-G-6.1 defines information as organized data. ISO 30401 defines information as ‘meaningful
data’. Neither definition is particularly helpful in the context of knowledge management,
although both publications refer to the importance of information management and information
technology in managing documented (or codified) knowledge.

B.2.9.4 Essential elements of a KMS
Clause 4.4 of ISO 30401:2018 describes three dimensions of a KMS. To comply with ISO 30401,
organizations must include these dimensions in their KMS:

1. The Knowledge development dimension describes four high-level activities: acquiring new
knowledge, applying current knowledge, retaining current knowledge and handling
outdated or invalid knowledge.

2. The Knowledge conveyance and transformation dimension describes ways in which
knowledge can flow in an organization. The first two are the most important:

a. human interaction is essential for sharing uncodified or complex knowledge and
for creating new knowledge

b. representation (which includes codification) is important for sharing knowledge
with many people, although it has limitations

c. combination refers to making codified knowledge easy to find and access (and
could be positioned as part of representation)

d. internalisation and learning refers to interpreting and absorbing knowledge (and
overlaps with human interaction and the Guiding principle of shared

understanding).
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3. The Knowledge management enablers dimension describes five supporting elements that
make KM effective: human capital (people and their roles and responsibilities), processes,
technology and infrastructure, governance, and knowledge management culture. Note that
these are widely accepted enablers of KM, which pre-date the concept of an ISO KMS. The
KM enablers are also built in to the MSS template as part of the KMS - and are covered
elsewhere in the standard, sometimes using different terms. Clauses 5 to 10 also cover
additional elements such as leadership and performance evaluation that could be
classified as enablers, which is potentially confusing to readers.

There is no direct equivalent of these three dimensions in NG-G-6.1, although many similar
concepts are covered. For example:

¢ NG-G-6.1 emphasizes the risk of knowledge loss (rather than retaining knowledge - see
Knowledge development above) because losing critical knowledge is a known issue in the
nuclear industry.

e The ISO 30401 KM enablers all appear throughout the TAEA Guide.

B.2.9.5 Definitions of KM methods

Some of the definitions of knowledge management methods are out of date within NG-G-6.1, and
inconsistent with the way the terms are used in the rest of the publication.

ISO 30401 was amended in 2022. The updates were to some of the terms and definitions.
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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work. ISO
collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO draws attention to the possibility that the implementation of this document may involve the use of
(a) patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed
patentrights in respect thereof. As of the date of publication of this document, ISO had not received notice
of (a) patent(s) which may be required to implement this document. However, implementers are
cautioned that this may not represent the latest information, which may be obtained from the patent
database available at www.iso.org/patents. ISO shall not be held responsible for identifying any or all
such patent rights.

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to the World
Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see
www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 85, Nuclear energy, nuclear technologies,
and radiological protection, Subcommittee SC 5, Nuclear installations, processes and technologies.

This second edition cancels and replaces the first edition (ISO 7097-1:2004), which has been technically
revised.

The main changes are as follows:

— aliquot size has been reduced (see Clause 4);

— information on interferences has been updated (see 5.2);

— requirements for standardisation of potassium dichromate titrant were updated (see 6.16);
— Annex A was divided into two annexes (Annex A and Annex B).

Alist of all parts in the ISO 7097 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The ISO 7097 series of documents describe two independent procedures for the determination of
uranium in solutions, uranium hexafluoride and solids. The two procedures are similar: this part (Part
1) uses a titration with potassium dichromate while ISO 7097-2 uses a titration with cerium(IV).
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Nuclear fuel technology — Determination of uranium in solutions,
uranium hexafluoride and solids —

Part 1:

Iron(II) reduction/potassium dichromate oxidation titrimetric
method

1 Scope

This part of ISO 7097 describes an analytical method for the determination of uranium in samples from
pure product materials such as U metal, UO;, UO3, uranyl nitrate hexahydrate, uranium hexafluoride and
U30g from the nuclear fuel cycle. This procedure is sufficiently accurate and precise to be used for nuclear
materials accountability. This method can be used directly for the analysis of most uranium and uranium
oxide nuclear reactor fuels, either irradiated or un-irradiated, and of uranium nitrate product solutions.
Fission products equivalent to up to 10 % burn-up of heavy atoms do not interfere, and other elements
which could cause interference are not normally present in sufficient quantity to affect the result
significantly. The method recommends that an aliquot of sample is weighed and that a mass titration is
used, in order to obtain improved precision and accuracy. This does not preclude the use of alternative
techniques which could give equivalent performance. The use of automatic device(s) in the performance
of some critical steps of the method has some advantages, mainly in the case of routine analysis.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 3696, Water for analytical laboratory use — Specification and test methods
ISO 9894, Subsampling of uranium hexafluoride in the liquid phase

ISO 5725-1, Accuracy (trueness and precision) of measurement methods and results - Part 1: General
principles and definitions

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 5725-1 apply.
[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— IS0 Online browsing platform: available at https://www.iso.org/obp
— IEC Electropedia: available at https: //www.electropedia.org/

4 Principle

Uranium(VI) is reduced to uranium(IV) in concentrated phosphoric acid reagent, in the presence of
sulfamic acid, by reaction with iron(II) sulfate. The excess of iron(II) sulfate is subsequently oxidized by
nitric acid in the presence of molybdenum, and the uranium(IV) is determined by mass titration with
standardized potassium dichromate solution to a potentiometric end point; see References [2], [3], [4],

[5].

An aliquot of the sample containing about 15 mg to 50 mg of uranium solution is taken for the titration.
An excess of iron(II) sulfate solution is then added to reduce all the uranium to the quadrivalent state.
Sulfamic acid is added to eliminate nitrite ions present at this stage. The excess of iron(1I) is oxidized by
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nitric acid, catalysed by molybdenum. The uranium is determined by mass titration with standardized
potassium dichromate solution to a potentiometric end point. To improve precision, the titration is
performed in the presence of vanadium in dilute sulfuric acid, which increases the kinetics of the reaction.
The addition of vanadium(IV) solution acts to dilute the sample solution and shift the redox potential so
as to allow the titration to proceed.

The potassium dichromate solution is calibrated using an internationally recognized reference material,
such as SRM 136e (or equivalent) from the U.S. National Institute of Standards and Technology (NIST),
or one that is verified as described in 6.15; see ISO 10980!1l.

5 Reactions and interferences

5.1 Reactions
Under the given experimental conditions, the principal reactions are as follows:

1. In concentrated phosphoric acid solution:
UO3" +2Fe?* + 4H* — U* + 2Fe3* + 2H,0

Mo
3Fe?* + NO3 +4H* — 3Fe3*+ NO + 2H,0

Mo
Fe?*+ NO3 +2H* — Fe3*+NO, +H,0

Mo
2Fe?* + NO3 + 2H* — 2Fe3*+ NO3 +H,0

2. Indiluted phosphoric acid solution:
U** + 2Fe3* + 2H,0 — UO3%" + 2Fe?* + 4H*
Fe2* +VO02* + 2H* — Fe3* +V3* + H,0
The overall reaction can be represented as follows:
U%* +2V02+ — UO3* +2v3+
3. On titration with potassium dichromate solution:
Cr,0%™ +6V3*+ 2H* — 2Cr3* + 6V02* + H,0
which is equivalent to the titration of U%* with dichromate:
Cr,0% +3U% + 2H* — 2Cr3* + 3U03" + H,0

5.2 Interferences

This procedure is less subject to interference from foreign ions than most other methods of determining
uraniumlél. In usual reprocessing solutions, fluoride, perchlorate, sulfate, Be, Si, Nb, Ti, Cr, Fe, Co, Ni, W,
Cu, Sb(V), Pb, Pu, Am, the rare earths and the alkaline earth metals do not interfere. The extent of Np
interference, if any, has not been verified. Titration shall be completed within five minutes of sample
dilution with vanadyl solution to avoid negative assay errors due to air oxidation.

For titrations involving uranium aliquots in the range of 15 mg to 50 mg:

a) Al Zr,and NO3 do not interfere when present in the range 0 mg to 4 mg in the aliquot.

b) As(V)and Th do not interfere when present in the range 0 mg to 1 mg in the aliquot.
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c) Mo and Mn do not interfere when present in the range 0 mg to 0,5 mg in the aliquot; Mo interferes
only if large amounts of nitrate are also present and vice versa.

d) Bromide, oxalate, Au, Sn, and some platinum group elements interfere at 0.1 % when present atlevels
of 2 mg in the aliquot.

e) Interference from iodine, iodate, Ag, V(V), and Tc is more severe. Each of these impurity levels shall
be kept below 1 mg in the aliquot (0.1 % interference at 1 mg level).

f)  As(IlI) and Sb(III) yield a bias proportional to the amount present. When present at 0,5 mg levels in
the aliquot, As(III) can cause a positive bias of 0.3 % and Sb(III) can cause a bias of ~4 %.

g) Nitrate and peroxide will not interfere unless present at high concentrations as described here.
Nitrate levels shall be <3 ml of concentrated nitric acid. Excessive amounts of peroxide is indicated
by failure to observe dark coloration during the oxidation step. Thus, it is likely that the titration
results of a sample containing excessive amounts of peroxide would be biased.

h) A temperature range of 20 °C to 31 °C will have no influence on the titration results. Temperatures
outside of this range can affect reaction rates and times.

The possible effect of intense B and y radiation and of some radioactive species (for example ruthenium)
on the electrode system remains to be established. Effects on the electrode by intense radiation have been
observed during a single run. Since the types of material to be analysed cover a very wide range, the user
of the method should consider the possibility of interference for each specific case, considering published
information and the results of any additional experiments which might be necessary.

6 Reagents
Use only reagents of recognized analytical grade and water as specified in 6.1.

6.1 Water, meeting the requirements for ISO 3696 grade 2 water (electrical conductivity less than 0,1
mS/m and resistivity greater than 0,01 MQ-m at 25 °C).

It is recommended that the water used be obtained from a water purification system that delivers
ultrapure water having a resistivity greater than 0,18 MQ-m (usually expressed by manufacturers of
water purification systems as 18 MQ-cm).

6.2 Hydrofluoric acid (HF), c ~ 29 mol/l ~ 48 % w/w (d2° = 1,18).

WARNING — Hydrofluoric acid is a highly corrosive and toxic acid that can severely burn skin,
eyes, and mucous membranes. The burning sensation is not immediately apparent and might not
be felt for several hours. The fluoride ion readily penetrates the skin, even with dilute
concentrations, causing destruction of deep tissue layers. Unlike other acids that are rapidly
neutralized, hydrofluoric acid reactions with tissue can continue for days if left untreated.
Familiarization and compliance with the Safety Data Sheet is essential.

6.3 Nitric acid (HNO3), c~ 16 mol/l ~ 69 % w/w (d£° = 1,42).

6.4 Nitric acid (HNO3), ¢ ~ 8 mol/l.
Dilute the 16 mol/I nitric acid (6.3) 2 to 1 with distilled water.
6.5 Nitric acid (HNO3), c ~ 4 mol/l.

Dilute the 16 mol/I nitric acid (6.3) 4 to 1 with distilled water.

6.6 Orthophosphoric acid (H;P0,), ¢~ 15 mol/l ~ 85 % w/w (d2° =171).
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Historically, issues relating to the presence of excessive amounts of reducing agents such as Sb(III) had
been reported for this reagent. The use of analytical grade reagents is, in general, a sufficient
precautionary measure to avoid these issues.

6.7 Phosphoric acid reagent. Add a few drops of 4 % potassium dichromate solution (6.14) to a 2,51
reagent bottle of orthophosphoric acid and mix.

A pale straw colour is expected. If the solution turns green, it has been contaminated with reducing agents
and should be discarded.

6.8 Sulfuric acid (H2504), c ~ 18 mol/l ~96 % w/w (d2° =184).
6.9 Sulfuric acid (H2504), ¢~ 1,0 mol/Il.

Add 56 ml of sulfuric acid (6.8) slowly and carefully to 900 ml of water (6.1), while stirring. Allow to cool
and adjust the solution to 1 000 ml with water (6.1).

6.10 Iron(II) sulfate (FeS04-7H:0), c * 1 mol/l.

Add 10 ml of concentrated sulfuric acid (6.8) carefully to 75 ml of water (6.1) in a 500 ml beaker with
constant stirring. Add 28 g + 1 g of iron(II) sulfate (FeSO4:7H;0) and stir until it is dissolved. Dilute to
100 ml with water (6.1) and mix. This solution is not stable under all conditions for extended periods of
time and its use shall be verified on a regular basis determined by laboratory experience using an
appropriate quality control test or be prepared fresh once a week.

6.11 Sulfamic acid (NH2SO3H), ¢ ~ 1,55 mol/1.

Dissolve 150 g of sulfamic acid in less than 11 of water (6.1) at room temperature and dilute final solution
to 1 1. Filter freshly prepared sulfamic acid through a suitable filter paper before storing in glass or low-
density polyethylene (LDPE) bottle. As this solution is almost saturated, heating would tend to
decompose the sulfamic acid. This solution is not stable, and its use shall be verified, as appropriate, on a
regular basis using an appropriate quality control test or be prepared fresh once a week.

6.12 Oxidizing reagent.
Dissolve 10,0 g + 0,1 g of hexaammonium heptamolybdate [(NH4)6Mo07024:4H20] in 250 ml of water (6.1).

Add 10 ml of sulfamic acid (6.11) to 50 ml of nitric acid (6.3), mix well, add 10 ml of the hexaammonium
heptamolybdate solution and add 30 ml of water (6.1). This solution can be unstable in some
environments and its use shall be verified, as appropriate, on a regular basis using an appropriate quality
control test or prepared fresh weekly.

6.13 Vanadium(IV) oxide sulfate, c ~ 10-2 mol/1.

Weigh approximately 2 g of vanadium(IV) oxide sulfate (VOS04-2H,0) and dissolve it in 200 ml of the
1 mol/I sulfuric acid solution (6.9). Adjust to 2 000 ml with water (6.1) and mix well. This solution is not
stable, and its use shall be verified, as appropriate, on a regular basis using an appropriate quality control
test or prepare fresh weekly.

6.14 Potassium dichromate titrant solution (K,Cr207), ¢~ 0,005 mol/l.

Weigh to the nearest 10 mg a clean, dry, 500 ml volumetric flask and record this mass as m;. Weigh out
to the nearest 0,1 mg about 0,75 g of dried potassium dichromate; record this mass as m, and dissolve it
in water (6.1).

For samples containing less than 20 mg uranium, a concentration of = 0,002 mol/l is recommended to
avoid over-titrating the sample. The quantity of dried potassium dichromate would be adjusted
accordingly (i.e., 0,3 g).
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Potassium dichromate can contain some adsorbed water. Follow the instructions on the reference
material certificate to dry the potassium dichromate.

Quantitatively transfer the potassium dichromate solution to the tared flask, dilute to 500 ml with water
(6.1). Weigh the flask plus contents to the nearest 10 mg; record this mass as m; and mix well. Calculate,
in accordance with Formula (1), the concentration, B;, in moles per kilogram, of dichromate in the
solution, correcting for the purity (purity factor PF, in Formula (1)). Applying buoyancy corrections to
measured masses is only required when performing high precision titrimetry measurement (capable of

achieving expanded uncertainties of 0.012 %, at the 95 % confidence interval using a coverage factor of
k =2).

_ ma
0,294 18 (m3 —m4)

B * PF (1)

6.15 Verification of the concentration of the potassium dichromate titrant solution

The concentration of the potassium dichromate solution (6.14), if not prepared from NIST SRM136e or
equivalent, shall be verified by comparison with a uranium reference material certified to + 0,05 % or
better, such as pure uranium metal or pure U30g. The comparison shall be made by taking at least five

separate portions of the selected reference material through the following procedure.
Weigh 1,0 g to 1,2 g of a uranium reference material to the nearest 0,1 mg into a 100 ml beaker. Record
this mass as m4. Add 10 ml of water, 30 ml of nitric acid (6.3) and 1 drop of hydrofluoric acid (6.2) and

place the beaker, covered with a watch glass, on a boiling water bath or hotplate to maintain a steady
reaction. When the dissolution is complete, allow to cool, and transfer the solution quantitatively to a
clean, dry 50 ml volumetric flask weighed to the nearest 0,1 mg. The mass of the flask is recorded as ms,

Dilute to 50 ml with water and weigh the flask plus contents to the nearest 0,1 mg. Record this mass as
mg. Take a weighed aliquot of the solution through the procedure described in 8.2 to 8.5 as if the solution

were a sample, calculating the uranium concentration (By 1) of the solution in accordance with
Formula (5) in 10.2.2).

Calculate the measured uranium content, BU,Z: in milligrams per gram of the reference material, from
Formula (2):

By, = me—Mms 2)

where

myis the uranium standard mass;
mgis the mass, in grams, of the 50 ml volumetric flask;
mg is the mass, in grams, of the 50 ml volumetric flask plus content.

The dichromate concentration (B1) is accepted if the relative difference between the measurement, By,1,
and the certified uranium content, By, does not exceed 0,05 %. If not, repeat the verification.

Alternatively, the potassium dichromate solution (6.14) can be verified by comparison with a standard
solution of potassium dichromate (such as SRM 136 from the National Institute of Standards and
Technology); see ISO 1098011

6.16 Ceric sulfate, Ce(S04)2, ¢ = 0,4 mol/l.
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Dissolve 13,5 g anhydrous Ce(S04)2 or 16,5 g Ce(S04)24H20 or 21,9 g (NH4)2Ce(NO3)6 in about 70 ml of
1,0 mol/1 H2S04 (6.9), and dilute to 100 ml with additional H2S04 (6.9). (The solution can be boiled to
increase its stability, if desired.) Store in the dark. Alternatively, pre-made solutions can be procured
commercially.

This solution is for use in cleaning the platinum electrode; see 7.2.

7 Apparatus
Necessary apparatus includes the usual nuclear laboratory equipment and the following.

7.1 Milli-voltmeter: a high impedance milli-voltmeter (100 MQ input resistance) with a digital read-
out, most suitably capable of discriminating to 1 mV.

7.2 Platinum wire or spade electrode, 2 cm? surface area.

The performance of the electrode shall be checked regularly by titrating aliquots of a control solution. If
the response of the electrode at the titration end-point begins to deteriorate, the electrode shall be
cleaned by immersion in boiling nitric acid (6.3) containing a little ceric sulfate (6.16) and rinsing it
thoroughly with water (6.1). It is also possible to heat the electrode to white heat in an open flame (free
from sulfur). It is recommended to flame and quench the Pt electrode with concentrated nitric acid (6.3)
prior to each use and to store the Pt electrode in 8 mol/I nitric acid (6.4) when not in use.

7.3 Reference electrode: commercially available saturated calomel or a mercurous sulfate reference
electrode in saturated potassium sulfate. The reference electrodes commercially available can be
maintained in a saturated solution of potassium chloride.

If the use of mercury is not permitted, an Ag/AgCl reference electrode in 1 mol/1 KCI can be used. The
calomel or Ag/AgCl electrode shall, however, be placed in a salt bridge filled with saturated K2S04 to

slow down the diffusion of chloride ions into the titration cell. Subtract 20 mV from all potentials specified
in the procedure given in Clause 9 if the Ag/AgCl electrode in 1 mol/1 KCI is used; add 400 mV to all
potentials specified if the calomel electrode is used.

7.4 Sample weighing bottle, 20 ml, with a stopper and a delivery spout.
7.5 Analytical balance, with a weighing range up to 200 g, weighing to 0,1 mg or better.

7.6 Mass titration device, equipped with a micro-dispenser, capable of delivering the titrating
solution by increments of 5 mg or less. For this method it is suggested that increments of 5 mg or less be
used as the endpoint of the titration is approached.

Volumetric titration is acceptable if the volumetric titration device is calibrated with a reference material:
applying the procedure of 6.15 provides an apparent concentration of the potassium dichromate solution
(6.15), including possible bias of the volumetric burette. Correction shall be made for temperature effects
on solutions. The related uncertainties shall be estimated.

7.7 Magnetic stirrer and plastic-coated stirring bars: the coating on the stir bar shall be inert to
acids and strong oxidizing agents.

7.8 Heating furnace, inert atmosphere is optional.

7.9 Sampling and hydrolysis devices for UFg.

Suitable devices are described in Annex A.

7.10 Vacuum Desiccator, which can be used with or without the vacuum or desiccant depending on
the purpose of use.
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7.11 Percussion Mortar

8 Sample preparation

8.1 General

A buoyancy correction to the masses obtained for the solid uranium samples (metal, oxide, etc.) is not
required, because this correction factor, under usual laboratory conditions, is less than 0,01 %. The mass
of the resulting bulk uranium solution does not need to be corrected for buoyancy as long as the mass of
aliquots taken from that solution also are not corrected. Replicate dissolutions for each sample are
recommended with acceptance criteria set by the local quality assurance (QA) programs. For well
prepared and homogenous materials differences between replicate solutions larger than 0,14% should
be investigated (an expanded uncertainty of 0,14 % at k = 1 is obtained for the analytical method by
combining the precision and bias targets according to the International Target Values for Measurement
Uncertainties in Safeguarding Nuclear Material [7]).

8.2 Uranium metal

8.2.1 Remove surface oxides, if required, following the instructions on the material certificate.
Alternatively, treat the sample with HNO3 (5.4) at room temperature until a bright surface is obtained.
Flush the sample with copious amounts of water and then with alcohol. Dry using one of the following
three options:

a) at80 °C for 30 min under an inert atmosphere, OR
b) atroom temperature in a vacuum desiccator, OR
c) place the metal on a filter paper and allow to dry 10 s to15 s, rolling the metal several times to expose

all surfaces to the air.

Weigh, to the nearest 0,1 mg, 300 mg to 1,1 g of the clean dry uranium metal into a 100 ml beaker. Record
this mass as m;.

8.2.2 Add 10 ml of nitric acid (6.3) and one drop of hydrofluoric acid (6.2). (Alternatively, a previously
prepared nitric-hydrofluoric acid dissolution solution can be used.) Cover the beaker with a watch-glass
and heat to maintain a steady reaction. When dissolution is complete, remove the watch-glass and
evaporate to near dryness. Re-dissolve in sulfuric acid (6.8). Cool and quantitatively transfer the solution
with the aid of sulfuric acid (5.7) to a tared polyethylene bottle. Dilute with sulfuric acid (6.8), weigh to
the nearest 0,1 mg, and record this mass as m% ; The final dilution is determined by the starting sample

weight. Final concentration should allow a 1 g to 3 g aliquot of solution to contain the desired 15 mg to
25 mg of Uranium. Close the bottle and mix well. This solution is the test solution. Proceed as in Clause
0.

8.3 Uranium dioxide pellets

Lightly crush the laboratory sample in a percussion mortar if needed.

Weigh, to the nearest 0,1 mg, 300 mg to 1,3 g of uranium dioxide into a 100 ml beaker. Record this mass
as mj.

Follow the dissolution procedure of uranium metal (8.2.2).

8.4 Uranium oxide powder (UOz, UO3, U30sg)

Powder samples can contain some adsorbed and partially bound water. Follow the instructions provided
on the certificate for ignition of the material, where applicable. Alternatively, to remove adsorbed water
from UO; or UO3; powders, heat in a heating furnace (7.8) for 1 h at 200 °C. An inert atmosphere is not
required for the heating. The material should be cooled in an inert atmosphere or desiccator to prevent
any reabsorption of atmospheric moisture prior to analysis.
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To remove adsorbed and bound water from U3;0g powders, heat in a heating furnace (7.8) for 1 hat 600 °C
under an inert atmosphere. Heating oxides at this temperature should not be done in air unless it is a
pure UzOg material. Otherwise, there is a risk of changing the form of the material by changing the
oxidation state of the uranium. Cool under an inert atmosphere or desiccator to prevent any reabsorption
of atmospheric moisture or reformation of hydrated oxides prior to analysis. Whether or not moisture
should be removed shall be decided on before application of this document. The drying procedure, if any,
shall be stated in the test report.

Weigh, to the nearest 0,1 mg, 300 mg to 1,3 g of uranium oxide into a 100 ml beaker. Record this mass as
m;j. Add 10 ml of water and follow the dissolution procedure of uranium metal (8.2.2).

8.5 Uranium hexafluoride

Follow the sample preparation steps in Annex A.

8.6 Uranium nitrate hexahydrate

A suitable sampling device shall be available which is capable of taking a representative portion of the
bulk material. Record this mass as m1".

Dilute the whole sample with water (6.1) in order to get a homogeneous solution of uranyl nitrate. Record
this mass as my".

Follow the analytical procedure beginning with Clause 9.

9 Procedure

9.1 Fill the mass titration device with potassium dichromate solution (6.14), and weigh it to the nearest
0,1 mg. Record this mass as m.

9.2 Fill the clean, dry, sample weighing bottle (7.4) with about 5 g of the test solution and weigh it to
the nearest 0,1 mg. Record this mass as ms. Transfer a portion of sample containing about 15 mgto 50 mg
of uranium to a 100 ml beaker and reweigh the sample weighing bottle to the nearest 0,1 mg. Record this
mass as mo. (See Clause 8 regarding buoyancy corrections.) Carefully insert a stirring bar into the beaker
and place it on a magnetic stirrer. Any alternative method of measuring the sample aliquot shall be shown
to be accurate to better than + 0,05 %. The sample aliquot shall not exceed 3 ml; otherwise, the reduction
step might not reach completion in the stated time.

9.3 Stir the solution and add the following reagents in the order stated, allowing mixing between each
addition: 8 ml of phosphoric acid reagent (6.7), 1 ml of sulfamic acid solution (6.11) and 1 ml of iron(II)
sulfate solution (6.10).

The iron(1I) sulfate shall be added from a pipette directly into the sample solution, without splashing the
walls of the beaker.

NOTE 0,2 ml of hydrofluoric acid (6.2) can be added in some cases to improve the electrode response (see 9.6).

9.4 Continue stirring the solution for a minimum of 1 min. Add by pipette 2 ml of oxidizing reagent
(6.12), using it to wash down the inside walls of the beaker. The sample solution turns to a dark brown
colour on addition of the oxidizing reagent, but this colour should disappear after about 30 s.

9.5 After the colour dissipates, turn off the stirrer and start a timer set for 3 min. At the end of the 3 min,
add 20 ml of the vanadium(IV) sulfate solution (5.11). To avoid significant error, the titration shall be
completed within 7 min after the addition of the vanadium(IV) oxide sulfate solution.

9.6 Insert the platinum and the reference electrodes into the solution and start rapid stirring without
splashing. For the mercurous sulfate (Hg/Hg.S04) reference electrode, the initial potential reading is
normally -60 mV to -10 mV . Continuously add potassium dichromate solution (6.14) from the mass
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titration device until a potential difference of 40 mV versus the Hg/Hg,SO4 reference electrode is reached.
Record the mass of the micro dispenser as m,.

9.7 Add potassium dichromate solution (6.14) in constant increments from the micro-dispenser,
recording the mass, the increment number, and the milli-voltmeter readings after each addition, when
they have stabilized. The increment should be no larger than 5 mg of solution.

NOTE The reading is regarded as being stable when it does not change by more than 1 mVin 5 s.

9.8 Continue the addition of potassium dichromate solution (6.14) until the equivalence point of
titration, indicated by a sharp inflection in potential at about 170 mV versus the Hg/Hg,SO4 reference
electrode, is reached. Make one further addition and record the number, n, of additions of potassium
dichromate solution at this stage.

NOTE  Once a suitable potential endpoint has been established through repeat titrations that endpoint can be
used as a target for future work. Future titrations do not need to be done using the interpolation method described
in Clause 10. Instead a more simple calculation based off the titrant equivalency factor can be used directly in
10.2.2).

9.9 Weigh the micro-dispenser to the nearest 0,1 mg and record this mass as mj.

9.10 At the end of titration, the 100 ml beaker shall be thoroughly washed to remove all traces of
uranium and vanadium before any other use.

10 Expression of the results

10.1 General

A manual calculation method is described. Any alternative internal method of calculation employed by a
computerized titrator is acceptable, as long as the calculation bias is shown to be negligible compared to
other errors.

10.2 Method of calculation

10.2.1 Linear interpolation

Calculate the mass mi2 of potassium dichromate titrant solution (6.14) used to reach the equivalent point
of the titration (refer to Table 1).

Table 1 — Table of differentials for the calculation

K,Cr,07 Potential
First differential Second differential
increments mV
n-3 En-3 — —
n-2 E,2 E,o—-E,3 -
n-1 En-1 En-‘l - En-2 An-‘l = (En-1 - En-2) - (En-2 - En-3)
n En En - En-‘l An = (En - En-1) - (En-1 - En-2)

A linear interpolation is performed on the second differentials and yields Formula (3):

- A
mqo =M7—M10+M n_2++_1 (3)
n An+An—1

where

mz  is the mass, in grams, of the micro-dispenser before the start of the titration (see 9.1);
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mqqo is the mass, in grams, of the micro-dispenser after the first dichromate solution addition (see
9.6);

mq4 Is the mass, in grams, of the micro-dispenser after the end of the titration (see 9.9);

n is the number of increments of dichromate solution addition used for the titration.

The Fortuin method[*], modified by Wolfl3], based also on the second differentials, can be used to calculate
the mass m,, with a better accuracy; see Referencel3l.
10.2.2 Calculation for the test solution

Calculate the uranium content, Bu,1, in milligrams of uranium per gram of the test solution using Formula
(4):

_mqp-6Bq- 4y
- 2mY

By 1 (4)

where

miz is the mass, in grams, of dichromate solution used to reach the equivalent point, as calculated from
Equation (4) or as measured at the set endpoint;

By is the concentration, in moles per kilogram, of the dichromate solution;
Ay is the average atomic mass of uranium; see Formula (5);

m5  (=mg—mg), is the measured mass, in grams, of the aliquot.

10.2.3 Calculations for samples

For uranium metal or oxide samples, use B.1.
For uranium hexafluoride samples, use B.2.
For uranium nitrate hexahydrate samples, use B.3.

10.2.4 Average atomic mass

The average atomic mass, 4,, of the uranium can be calculated from the isotopic composition, in mass
percent, using Formula (5):

At= 1

Fy234 : Fy23s } Fyz3e : Fyz3s
234,041 0 ' 235,043 9 ' 236,0456 ' 238,050 8

(5)

where

Fyo34 isthe mass percent of 234U;
Fy,35  is the mass percent of 235U;
Fy,36 is the mass percent of 236U;
Fyo3g is the mass percent of 238U.

10.3 Repeatability

For a single determination, the uncertainty in the uranium amount content using this method (as
represented by the variability in the titration results of standards) is better than 0,1 % when the method
is applied to pure uranium materials analysed in an open bench or in a fume hood.
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The use of reliable automatic apparatus is needed to achieve a similar repeatability when titrating highly
radioactive solutions in a glove-box or in a heavily shielded cell equipped with tele-manipulators.

10.4 Bias

The bias of the method is less than 0,05 % when applied to pure uranium solutions and less than 0,1 %
when applied to irradiated fuel solutions. These values are derived from the repeatability and accuracy
obtained at production plant and accountability-verification laboratories.

Based on a compilation of safeguards and accountability data, a combined standard uncertainty of 0.07 %
is estimated for uranium amount content determinations following this method. This combined
uncertainty includes both random and systematic components of the International Target Values!l.

11 Testreport
The test report shall include the following information:

— identification of the sample;

— reference to this document, i.e. ISO 7097-1:xxxx;

— reference to the method used;

— drying process, if used, for powdered uranium oxide samples;
— method used and the results;

— any unusual features noted during the test;

— any operations not included in this document or regarded as optional.
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Annex A
(normative)

Uranium hexafluoride sampling and preparation of the test solution

A.1 Sampling

A.1.1 A suitably equipped sub-sampling facility, in accordance with ISO 9894 or equivalent, shall be
available which is capable of dispensing approximately 10 g of liquid uranium hexafluoride from a typical
sample cylinder into a polytrifluorochloroethylene (PTFCE) tube, where it can be solidified by immersion
in liquid nitrogen.

A.1.2 Dry a sampling tube and gasket for about 2 h in an oven at 110 °C. Cool the tube and gasket in a
desiccator for 1 h. Connect the sampling tube to the sub-sampling facility, following the procedure given
in ISO 9894.

A.1.3 Dispense about 10 g of liquid uranium hexafluoride into the tube. Solidify the uranium
hexafluoride by immersion in liquid nitrogen before removing the tube from the sub-sampling facility.
When solidification is complete, remove the tube and close itimmediately by placing the gasket, centering
ring, flare nut and plug in place.

There shall be a gap of about 2 cm above the sample in the tube.

A.1.4 Place the assembled tube and contents in a desiccator for at least 3 h, or preferably overnight, to
allow it to reach ambient temperature and to evaporate condensed water. Weigh the assembled tube and
content to nearest 0,1 mg. Record this mass as mao.

If there is any yellow-green deposit around the closure the sample shall be rejected and a new sample
dispensed.

A.2 Preparation of the test solution

A.2.1 Weigh adry, wide mouthed, screw-capped 500 ml polyethylene bottle to the nearest 1 mg. Record
this mass as mzo.

The shape of the bottle shall enable the tube containing the test sample to be submerged in the water.
The bottle screw cap shall provide an efficient seal for liquid.

A.2.2 Wearing Cryo-gloves and a face shield or goggles, fill a large Dewar with liquid nitrogen, cover the
Dewar and place it in the hood.

A.2.3 Slip the P-10 tube into a loop of copper wire. Holding on to the end of the wire, lower the tube into
the liquid nitrogen without submerging the Monel fittings. Secure the wire by bending it over the top edge
of the Dewar flask. Cover the Dewar with aluminium foil.

A.2.4 Leave the tube suspended in liquid nitrogen for at least 10 min. Immediately before removing the
tube, pour a minimum of 100 ml (or sufficient amount to cover the tube) of water (6.1) at approximately
4 °C into a graduated cylinder.

A.2.5 Wearing three pairs of gloves (two layers of cotton gloves first, followed by nitrile or latex), use the
suspending wire to remove the tube from the Dewar. Quickly position the tube vertically in the vise, with
the Monel fittings on top. Tighten the vise around the nut. Remove the wire from the tube.

A.2.6 Use a wrench to loosen the Monel plug. Remove the plug and place it on a plastic watch glass.
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A.2.7 With the flat end of a polytetrafluoroethylene (PTFE) spatula or a gloved finger, gently push the
fluorothene tube upward through the nut until just enough of the tube emerges to securely grasp the
fluorothene tube with the modified metal tongs. Set aside the spatula, if using it.

A.2.8 Lift the tube through its Monel nut, and lay it on its side in a platinum dish. Release the tube and
gasket from tongs and finger.

A.2.9 Cover the tube immediately with water (6.1) at approximately 4 °C. A platinum rod can be used to
dislodge the gasket, if necessary, and to encourage the flow of water into the tube.

A.2.10 Cover the platinum dish with a second plastic watch glass and set aside in the hood for at least 3
h until dissolution is complete. Dissolution is complete when yellow solution completely fills the tube.

A.2.11 After dissolution appears to be complete, place the platinum dish containing the tube and gasket
on a steam bath for 1 h to reduce the volume of solution and verify complete hydrolysis.

A.2.12 Remove the platinum dish from the steam bath and allow to cool to ambient temperature.

A.2.13 Inspect P-10 tube for any indication that dissolution is not complete. If no indication is present
quantitatively transfer the solution into tared 500 ml bottle, rinsing the tube and cap with water (6.1).

A.2.14 Weigh the bottle and solution using the same balance as used previously. Record this mass as m3;.
Calculate the mass of the test solution from Formula (A.1):

my =Mz — Mg (A1)
A.2.15 Wash and weigh the tube using the same balance as used previously until constant mass is
achieved. Store the tube in the desiccator between weighings.

Record this mass as m»;. Calculate the mass of test sample from Formula (A.2):

my =mpy —maq (A2)

A.2.16 Weigh to the nearest 0,1 mg an aliquot of the test solution containing 0,05 g to 0,06 g of uranium
into a 100 ml beaker. Record this mass as ms'. Adjust the volume of the liquid in the beaker to about 2 ml
by the addition of sulfuric acid (6.8). Continue with 9.3.
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Annex B
(informative)

Expression of results for samples

B.1 Uranium metal or oxide

Instead of applying the procedure described in 10.2.2, calculate the uranium hexafluoride content in the
sample from Formula (B.1):

Myp X6B; XA m}
By = Tazx6BixA: 1 (B.1)
2 xm}, x1000 m}

where

By isthe uranium content, in mass percent, in the laboratory sample;

mi> is the mass, in grams, of the dichromate solution used to reached the equivalent point, as
calculated in Formula (3);

B is the concentration, in moles per kilogram, of the dichromate solution;
Ay is the average atomic mass of uranium, as calculated in Formula (5);
m’  is the mass, in grams, of the test sample;

m  is the mass, in grams, of the test solution;

m5  (=mg—mg), is the mass, in grams, of the aliquot.

B.2 Uranium hexafluoride

Instead of applying the procedure described in 10.2.2, calculate the uranium hexafluoride content in the
sample from Formula (B.2):

Mqz X6Bpnq[As+113,99]xm)
2 xmj.1000 .m}

Byre = (B.2)

where

Burs  is the uranium hexafluoride content, in mass percent, in the laboratory sample.

The other parameters are defined as for Formula (B.1).

B.3 Uranium nitrate hexahydrate

Instead of applying the procedure described in 10.2.2, calculate the uranium hexafluoride content in the
sample from Formula (B.3):

M1 X6B; X[Ap+264] xm)
2 xmj X 1000 .m}

Byyn = (B.3)

where
Byyn  is the uranium nitrate hexahydrate content, in mass percent, in the laboratory sample.

The other parameters are defined as for Formula (B.1).
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TITLE
English title:

Management of radioactive waste from nuclear facilities -- Part 2: Pre-disposal

French title:

Gestion des déchets radioactifs des installations nucléaires

(In the case of an amendment, revision or a new part of an existing document, show the reference
number and current title)

SCOPE

This document provides guidance on specific requirements for each stage of the low and intermediate-
level radioactive waste management life cycle (prior to disposal), activities and services to implement
these requirements, and outcomes (e.g., data, records, reports).

PURPOSE AND JUSTIFICATION

The purpose of ISO 24389-2, one of the ISO 24389 series of standards, is to define the pre-disposal
process based on the definition of radioactive waste management in the IAEA Nuclear Safety and
Security Terminology (2022) and to provide the requirements, activities and tasks, and outcomes of
each process. Additionally, it provides guidance on the operation of collected data.

This standard provides guidance on data standardization and quality for the collection, notation and
use of all data, metadata (technical, personnel, resource, etc.) and context data generated during the
pre-disposal process, and guidance on various dismantling and decontamination tasks that will
continue to be performed in the specific pre-disposal processes.

Through radioactive waste data consistently accumulated in this standardized manner, effective
radioactive waste management is possible using functions such as data analysis, prediction, and
visualization of results for similar streams, which is able to provide a data-based infrastructure
supporting realistic waste management policies by ensuring safety and predicting required resources
(manpower, expenses, schedule, etc.) to waste management for cost-benefit.

Sustainable Development Goals (SDGs)

Goal 7: Affordable and Clean Energy
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Preparatory work
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[ | The draft document can be registered at enquiry stage (DIS — stage 40.00)

If the attached document is copyrighted or includes copyrighted content:

[_| The proposer confirms that copyright permission has been granted for ISO to use this content in
compliance with the ISO/IEC Directives, Part 1 (see also the Declaration on copyright).
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Identification and description of relevant affected stakeholder categories (Please see ISO
CONNECT)

Benefits/Impacts/Examples

FORM 4 — New Work ltem Proposal (NP)
Version 01/2022




https://sd.iso.org/meetings/

https://sd.iso.org/projects/

https://connect.iso.org/display/standards/Stakeholders+and+liaisons

https://connect.iso.org/display/standards/Stakeholders+and+liaisons



Industry and commerce - large industry

Industry and commerce - SMEs

Government

Consumers

Labour

Academic and research bodies
Standards application businesses
Non-governmental organizations

Other (please specify)

Provide harmonized guidelines for radioactive waste pre-
disposal process

Provide harmonized guidelines that may be used, e.g., for

policy
development

Provide assurance of proper and consistent pre-disposal of
radioactive waste

Liaisons:

A listing of relevant external international

development of the deliverable.

organizations or internal parties (other ISO and/or ) )
IEC committees) to be engaged as liaisons inthe | |EC (please specify committee D)

Joint/parallel work:

Possible joint/parallel work with:
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The purpose and scope of ISO 24389-2, one of the series standards, is described in ISO 24389-1. This pre-disposal process is based on the definition of radioactive waste management in the IAEA Nuclear Safety and Security Glossary, 2022, which describes the requirements for the pre-disposal, including processing, storage, and transport.

The contents are listed as follows:

· General(§4)

· Regulatory guidance(§4.1)

· Data management for analytics and utilization(§4.2)

· Pre-disposal(§5) based on scope of IAEA Nuclear Safety and Security Glossary, 2022

· Data management (§6)

· Data analytics(§6.1)

· Data utilization(§6.2)

· Documentation(§6.3)

· Data requirements for certification(§6.4)

Therefore, this standard separately defines various pretreatment, treatment and conditioning processes from the generation of radioactive waste to transport just before the disposal, and provides guidelines for the requirements, activities and results of each process, especially the operation of collected data.

This provides guidance on data standardization and quality for the collection, notation, and use of all data, metadata (technology, personnel, resources, etc.), and context data generated during the pre-disposal process. it provides guidance on various dismantling and decontamination tasks that will continue to be performed in the specific pre-disposal processes.

Through radioactive waste data consistently accumulated in this standardized manner, effective radioactive waste management is possible using functions such as data analysis, prediction, and visualization of results for similar streams, which is able to provide a data-based infrastructure supporting realistic waste management policies by ensuring safety and predicting required resources (manpower, expenses, schedule, etc.) to waste management for cost-benefit.
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Management of radioactive waste from nuclear facilities — Part 2: Pre-disposal

1 [bookmark: _Toc353342669][bookmark: _Toc157946377]Scope 

This document describes guidance for pre-disposal and its sub-processes according to ISO 24389-1. It is composed of (pre)treatment and conditioning including plan and preparation, waste generation aspects and characterization of radioactive wastes.

This provides the followings for details on (pre)treatment and conditioning;

1) Requirements, 

2) Activities and tasks guidelines

3) Outcomes, particularly generated data, associated meta and contextual data.

Also, it describes the general requirements, performance, and data management of available and new technologies corresponding to this topic and provides an infrastructure that can be used to construct reference standard data for radioactive waste data.

It provides informative methods and visualization methods for the collection, notation, management, and utilization of radioactive waste data by continuous stream.
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For the purpose of this document, the terms and definitions given in ISO 12749-3, IAEA Nuclear Safety and Security Glossary 2022, and following apply

—	ISO Online browsing platform: available at http://www.iso.org/obp

—	IEC Electropedia: available at http://www.electropedia.org/

[bookmark: _Toc157946380]Terms 

NOTE	General terms are arranged alphabetically (English)

3.1.1

Characterization (of waste)

Determination of the physical, mechanical, chemical, radiological and biological properties of radioactive waste to establish the need for further adjustment, treatment or conditioning, or its suitability for further handling, processing, storage or disposal.

· Characterization of waste, in accordance with requirements established or approved by the regulatory body, is a process in the predisposal management of waste that at various steps provides information relevant to process control and provides assurance that the waste form or waste package will meet the waste acceptance criteria for the processing, storage, transport and disposal of the waste.

[SOURCE: IAEA Nuclear Safety and Security Glossary, 2022]

3.1.2

Conditioning 

Those operations that produce a waste package suitable for handling, transport, storage and/or disposal.

· Conditioning may include the conversion of the waste to a solid waste form, enclosure of the waste in containers and, if necessary, provision of an overpack.

[SOURCE: IAEA Nuclear Safety and Security Glossary, 2022]

3.1.3

Decontamination

The complete or partial removal of contamination by a deliberate physical, chemical or biological process.

· This definition is intended to include a wide range of processes for removing contamination from people, equipment and buildings, but to exclude the removal of radionuclides from within the human body or the removal of radionuclides by natural weathering or migration processes, which are not considered to be decontamination.

[SOURCE: IAEA Nuclear Safety and Security Glossary, 2022]

3.1.4

Decontamination factor (DF)

The ratio of the activity per unit area (or per unit mass or volume) before a particular decontamination technique is applied to the activity per unit area (or per unit mass or volume) after application of the technique.

· This ratio may be specified for a particular radionuclide or for gross activity.

· The background activity may be deducted from the activity per unit area both before and after a particular decontamination technique is applied.

[SOURCE: IAEA Nuclear Safety and Security Glossary, 2022]

3.1.5

Immobilization  

Conversion of waste into a waste form by solidification, embedding or encapsulation.

· Immobilization reduces the potential for migration or dispersion of radionuclides during handling, transport, storage and/or disposal.

[SOURCE: IAEA Nuclear Safety and Security Glossary, 2022]

3.1.6

Overpack  

A secondary (or additional) outer container for one or more waste packages, used for handling, transport, storage and/or disposal.

[SOURCE: IAEA Nuclear Safety and Security Glossary, 2022]

3.1.7

Packaging   

Preparation of radioactive waste for safe handling, transport, storage and/or disposal by means of enclosing it in a suitable container.

[SOURCE: IAEA Nuclear Safety and Security Glossary, 2022]

3.1.8

Pretreatment 

Any or all of the operations prior to waste treatment, such as collection, segregation, chemical adjustment and decontamination.

[SOURCE: IAEA Nuclear Safety and Security Glossary, 2022]

3.1.9

Segregation

An activity where types of waste or material (radioactive or exempt) are separated or are kept separate on the basis of radiological, chemical and/or physical properties, to facilitate waste handling and/or processing.

[SOURCE: IAEA Nuclear Safety and Security Glossary, 2022]

3.1.10

SRD (Standard Reference Data)

(A) either–

1. quantitative information related to a measurable physical, or chemical, or biological property of a substance or system of substances of known composition and structure;

1. measurable characteristics of a physical artifact or artifacts;

1. engineering properties or performance characteristics of a system; or

1. one or more digital data objects that serve–

· to calibrate or characterize the performance of a detection or measurement system; or

· to interpolate or extrapolate, or both, data described in 1-3; and

[SOURCE: SRD Definition Per Public Laws | NIST]

3.1.11

Storage

The holding of radioactive sources, radioactive material, spent fuel or radioactive waste in a facility that provides for their/its containment, with the intention of retrieval.

[SOURCE: IAEA Nuclear Safety and Security Glossary, 2022]

3.1.12

Transport    

The deliberate physical movement of radioactive material (other than that forming part of the means of propulsion) from one place to another.

[SOURCE: IAEA Nuclear Safety and Security Glossary, 2022]

3.1.13

Transport Index (TI)

A number assigned to a package, overpack or freight container, or to unpackaged LSA-I or SCO-I, or SCO-III, that is used to provide control over radiation exposure. 

[SOURCE: IAEA Nuclear Safety and Security Glossary, 2022]

3.1.14

Treatment

Operations intended to benefit safety and/or economy by changing the characteristics of the waste. Three basic treatment objectives are:

(a) Volume reduction;

(b) Removal of radionuclides from the waste; 

(c) Change of composition.

Treatment may result in an appropriate waste form.

· If treatment does not result in an appropriate waste form, the waste may be immobilized.

[SOURCE: IAEA Nuclear Safety and Security Glossary, 2022]

3.1.15

Volume reduction

A treatment method that decreases the physical volume of a waste.

· Typical volume reduction methods are mechanical compaction, incineration and evaporation.

· Should not be confused with waste minimization.

 [SOURCE: IAEA Nuclear Safety and Security Glossary, 2022]

3.1.16

Waste generator

The operating organization of a facility or activity that generates waste. 

· For convenience, the scope of the term waste generator is sometimes extended to include whoever currently has the responsibilities of the waste generator (e.g. if the actual waste generator is unknown or no longer exists and a successor organization has assumed responsibility for the waste). 



[SOURCE: IAEA Nuclear Safety and Security Glossary, 2022]
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Part-2 provides guidance on pre-disposal of radioactive waste, and the IAEA Nuclear Safety and Security Glossary, 2022 provides the scope, definitions and brief descriptions of pre-disposal processes.

[image: ]

Figure 1 pre-disposal activities involved in waste management
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This should be the basis for continuous process and policy improvement for radioactive waste management during the pre-disposal process.

NOTE Although IAEA Nuclear safety and security defines the various terms in pre-disposal process, the difference between sub-processes under pretreatment, treatment and conditioning is, however, country specific. In some countries, treatment covers all of the mentioned processes. For this reason, in this document, these processes are discussed together without differentiating them explicitly. 
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Regulatory standards, guidelines, and requirements related to radioactive waste pre-disposal technology before acceptance in disposal site vary by country, and changes are continuously made through improvements. Therefore, from the planning process the relationships with regulatory agencies should be established and maintained to ensure compliance with regulations through agreement on all regulatory requirements.

In addition to the performance and efficiency of the pre-disposal process, regulatory requirements such as worker protection and environmental protection shall be observed.
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Since radioactive waste pre-disposal data is collected, managed, notated, and utilized across multiple generations, the following items should be considered in the pre-disposal process for each radioactive waste stream.

The pre-disposal agency should maintain and operate procedures for standardization of collection, representation and labelling etc. of all data generated from the implementation of the radioactive waste predisposal. It should maintain procedures and guidelines to manage structured and unstructured data from all predisposal processes for the following matters.

· Provide procedures and guidelines for standard reference data of accumulated measurement and processing data so that they can be opened, shared, and utilized in the future.

· In addition, the quality of data should be checked periodically through data accuracy and quality.

· Manage data standards (terminology, etc.) and data format based on consistent criteria. Additionally, the established data standards should be continuously improved through feedback for the followings;

1) Data quality, collection items and labeling criteria

2) Context of the data

3) Metadata and reference data

4) Data utilization guidelines

NOTE	ISO/IEC JTC 1/SC 42/WG 2, Data Division is developed guidelines related to data and related life cycle for AI, so it is worth reference. 
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In order to implement the radioactive waste management, planning  and procedure shall be established for systematic and transparent guideline as a basis for managing pre-disposal. It shall provide the comprehensive waste management and certification support that shall be adhered to throughout the waste management process. Also, all the risks and its emergency, mitigation or recovery plan shall be considered and prepared to cope with the unexpected event in radioactive waste pre-disposal.

Throughout the pre-disposal processes, all of requirements, activities and its outcomes shall be recorded, monitored and inspected in order to ensure the implementation of those activities.
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The following activities and tasks shall be performed to produce the appropriate results in planning process;

1. Identify the profile of waste generator;

· Facility and organization

· Establishment of collection and segregation methods

· Characterization of waste stream, and environmental impact for waste pre-disposal 

· Waste management agreements, such as consignment, regulatory defense support, electronic support systems, and other resource management required for waste management, if required.

Identify the requirements of;

· Waste acceptance criteria or requirements, i.e., limit compliance, container’s requirements

· International standards and guidance if applicable

· International and/or regional rules, notification, and enforcement ordinance

· Personnel and organization’s roles and responsibility

· Training or qualification of personnel involved in waste management process

· Risks managements.

For pre-disposal, advance notice must be given to necessary resources such as organizations, personnel, consignors, regulators, and facility operators

The cost estimation for pre-disposal shall be performed for successful and integral completion of waste disposal in future.

Radioactive waste management plan and procedure should be prepared, reviewed and approved. The identification of overall waste management process plan and procedure, and waste certification strategy that applies specifically to the site environment and circumstances should  be prepared,  approved, and periodically improved as necessary.

All detailed procedures (e.g. characterization procedures and acceptance criteria, test data sheets and non-conformity report templates for solidified waste) required to carry out waste pre-disposal should be prepared and approved by qualified persons and organizations.

Plans and/or procedures should be established for the management of all necessary resources throughout waste pre-disposal. For example, the operation and management, i.e. calibration, of measuring equipment that must be used throughout the radioactive waste management life cycle process.

Note	For example in case of solidification, the test equipment operation for the compressive strength, the thermal cycle, the leaching, the immersion, activity, void space, and the ratio of free-standing water liquids are some of those elements. 

Identification and provision of such support systems such as;

· Integrated radioactive waste packaging and movement tracking system and/or equivalent system

· Plans and/or procedures must be established to track various waste records and locations.

· The basic guidelines for a waste tracking system, which is outside the scope of this document, should have the capability to provide real-time and transparent tracking of waste objects and process implementation, for example through electronic tag systems.
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1. Top-level radioactive waste management process plan/procedures, such as an integrated waste management strategy, including pre-disposal and the remaining processes in the waste management life cycle.

The plans, procedures and supporting resources described in §5.3.1.2, in particular the tracking system and its corresponding actual electronic operating system.

Documentation of the waste generator's facilities or equipment for pre-disposal.

Detailed procedures applicable to the entire radioactive waste management process from waste generation to disposal, covering all waste streams and waste spectrum of the waste generator, if applicable.

Emergency response program/plan for pre-disposal and/or sub-processing;

Plans/procedures and operating manuals for measuring equipment and tools, calibration, analysis, waste tracking systems, and other resources required for waste pre-disposal and management.

Training and/or qualification plans/procedures for staffs involved in waste pre-disposal.
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Waste generators/consignors should research and prepare appropriate inputs such as site-specific waste categories, types, characteristics, levels, etc. to perform a complete waste pre-profiling.

This is an important step in specifying the source, characteristics, and stream of radioactive waste, which should be an appropriate input to raw radioactive waste profiling, characterization, testing, and selection of waste pre-disposal methods in subsequent processes.

Requirements 

1. The identification of waste generation facilities such as geological information and its surroundings, objectives of facility operation, role and responsibility of organization, other details about facility

1. The identification of full waste disposition pathway 

1. Direct and indirect information to build raw waste profile such as the generated location, volume, its quantity of waste, temporary container type, radioactivity levels, radionuclides, the type of waste, and other characteristics of waste

Activities and tasks

All activities related to technology and quality control should be managed to produce a resulting waste profile during the generation process. In particular, all requirements should be managed through quality assurance programs (QAP), waste tracking systems and independent assessments.

Outcomes 

1) Profile of radioactive waste and waste generators specifying the characteristics of the raw waste;

2) Description of the waste generating facility or organization;

3) Waste inventory profile

NOTE  In addition to waste planning for radioactive waste management, the waste generation process should be an efficient process of early prediction of raw waste management elements such as radioactive waste (pre)treatment, conditioning, immobilization, packaging, permanent (temporary) storage, transportation, and monitoring.

NOTE  If a planning process for waste management is introduced, these requirements, activities, tasks and outcomes should be appropriately referenced in the implementation of the waste generation process and other remaining processes for waste management.
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This process is very closely connected to waste classification, (pre)treatment and conditioning process of radioactive waste management life cycle. The characterization process shall be able to evaluate the characteristics of wastes such as chemical composition, physical property, biological property and radiological characteristics.

All the information collected in this process shall be recorded and approved after review of authorized or appropriate personnel. 

Requirements

Origin and description

Accurate information about the source of the raw waste shall be identified or collected so that correct characterization information can be collected to determine the radionuclide content, physical and chemical properties of the waste. Information of the source and description of raw or historical waste is important for selecting and implementing subsequent processes such as (pre)treatment and conditioning.

NOTE  For example, raw waste from nuclear power plants is unlikely to contain alpha-emitting radionuclides. Details about the source, description, volume and weight of raw waste can be identified and accumulated through facility design and process records, research and development.

Radionuclide contents

Information on the basic characteristics of raw and manipulated waste is needed to ensure that the waste is (pre)treated to specified limits and identified radionuclide concentrations. Reporting should generally be done for total activity and radionuclide concentration per package.

First of all, all types of radionuclide shall be identified measurable, i.e. usually more than 90 % of existing radionuclides, or radionuclides equal to or greater than 1% of total activity. Specific guideline should be based on Member state regulation and practices.

NOTE	It should be noted that disposal facility may impose restrictions based not only on an activity level, but also related to longevity of radionuclides. In all cases, radioactivity level of total package should be reported. however. methods of sampling and analysis to be used by the waste generators should be appropriate and approved by the repository/interim storage facility owner as well as regulator if necessary.

Physical, chemical and biological properties

Information on the physical, chemical and biological properties of raw wastes shall be available to ensure that the safety during waste (pre)treatment, conditioning to produce waste form for movement.

In characterizing the physical, chemical and biological composition of the raw waste, attention shall be paid to identify and quantify the presence of any of the followings, but not limited to these elements.

1. low flash point of fixed liquids

1. combustible materials

1. nitrated ion exchange material

1. explosive materials (including pressurized containers)

1. toxic materials

1. corrosive materials

1. complexing agents

1. phosphorous

1. hydrides

1. reactive materials (i.e., flammable and explosive) 

1. materials capable of generating or evolving toxic gases, vapors or fumes (i.e., reactive material)

1. notifiable wastes (as defined by the relevant national authority) such as asbestos,

1. Polychlorinated biphenyls (PCBs), etc.

1. putrefiable materials

1. Biological, pathogenic and infectious materials, etiologic agents.

1. others not anticipated

NOTE Some national regulatory agencies may propose regulations for substances that accelerate nuclide transport, such as colloids, cellulose and chelates, so member states' regulations and practices should be followed

Activities and tasks

 A variety of methods, including scaling factors (ISO 21238), should be used to characterize nuclides and chemical components, and the methodology, data collected, and related information should be recorded and stored.

Outcomes

The information for waste profiling and characteristics for the following shall be extracted through the activities and tasks in this process and documented, reviewed and approved by authorized or independent personnel;

1. Origin and description of radionuclides, and relative information to describe the properties of radionuclides,

1. radionuclide contents that is detectable and difficult-to-measure (DTM)

1. characteristics of radionuclide such as physical, chemical, radiological and biological attributes,

other unanticipated information that is useful to establish the safety of radioactive wastes

NOTE	Depending on national regulations and practices, the migration characteristics of chelates, colloids and other radionuclides should be identified and documented.
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The principal aims shall be able to:

· Provide the way for segregation and collection of radioactive wastes. Segregation and separation at point of origin is recognized as the most desirable

· Provide the appropriate decontamination technology and facility services, including chemical adjustment if necessary

When using decontamination-related technology, it is necessary to manage performance indicators such as decontamination factors (DF) according to each country's regulations or practices as below;

a) Often a combination of decontamination technologies is needed rather than just one particular technology.

b)  An evaluation should be made in order to optimize the decontamination needs of a project. Issues such as dose uptake, secondary waste generation and waste disposal can impact this.

c) On-site decontamination is to be preferred if it is not inconsistent with optimization of dose uptake, costs and waste disposal routes.

d) Current technologies for decontamination are still case specific (See Annex B for state of art for decontamination). Efforts should be made to enlarge the direct applicability of existing processes.

e) Most of the processes used for decontamination are proprietary. In this case, special attention must be given to the analysis of specific chemical decontamination solution capabilities and resulting waste prior to selection for a given application.

· Provide the way as a preliminary activity to minimise(reduce) the volume of waste

Depending on the type of waste, various waste (pre)treatment methods should be selected, such as cutting, chemical treatment, and decontamination. All information collected during this process should be recorded and reviewed for approval.

All resources, including support devices and equipment for (pre)processing, should be managed according to appropriate plans and procedures, and procedures for these activities should be drawn up and approved for implementation, and reviewed and approved. This information should be kept on record for continuous process upgrades.

This process could involve the various different treatment methodologies to treat waste such as;

· compaction of dry solid waste or incineration of solid or organic liquid wastes (volume reduction);

· filtration or ion exchange of liquid waste (activity removal); and 

· precipitation or flocculation of chemical species (change of composition)
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(Pre)treatment of radioactive waste after characterization should be reasonably carried out by the available methods listed above.
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Waste classification, various decontamination and fragmentation, segregation, and collection should be carried out for all types of waste, including solid, liquid, gaseous, and sludge waste types.

(Pre)treatment and conditioning shall be performed appropriately in accordance with packaging, transportation, and acceptance standards based on information such as waste generation and characterization.

In addition to the identification of radionuclide, the amount of activity for each radionuclide of concern or of significance shall be measured and recorded appropriately. Especially in case of the mixture of radionuclides, the representing value shall be chosen by appropriate methods according to the code and regulation in legislatures. 

Outcomes

All data generated during (pre)treatment process  must be recorded and stored for the following;

· Record before and after (pre)treatment such as volume, mass and treated waste form

· Type of radioactive and its level, and any changes after (pre)treatment
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Conditioning shall be used to convert a wide variety of radioactive waste materials so far into forms that are suitable for their subsequent packaging(overpack). The aims of this process shall be able to:

· Immobilization

· Packaging

· Overpacking

1) Prohibited materials and waste forms

Materials that promote migration of released radionuclides or hazardous substances (free liquids), waste forms that promote dispersion in the event of a release (respirable particles), items that could pose safety concerns (containers and pressure vessels within the waste package), and waste form with properties that could contribute to risk (corrosivity, reactivity, pyrophoricity and chemical incompatibility) shall be prohibited in the waste conditioning, which should be a prerequisite for packaging process.

2) Immobilization (stabilization)

When immobilization of raw waste is necessary, the parameters which could affect the quality of the matrix, and thus its ability to meet the requirements derived from consideration of package integrity, should be identified, and limits for their control shall established. 

The manufacturing, placing and curing of the matrix should be controlled within these limits, and all those records shall be maintained, reviewed and approves by independent and/or authorised personnel as an evidence of compliance.

[bookmark: b][bookmark: c]NOTE	the output product from the conditioning could be one of the following types of conditioned waste form for subsequent process. 

a) Solidification using Portland, pozzolanic and calcium aluminate cement, paraffin, polymer etc.

b) Vitrification

c) Engineered encapsulation

d) And other acceptable technologies in Member States

NOTE	Common immobilisation methods include solidification of low and Intermediate level of liquid radioactive waste in cement, and vitrification of high level of wastes in a glass matrix. Immobilised waste may be placed in steel drums or other engineered containers, for example High Integrity Container (HIC) to create a waste package.

3) Package and overpack

Packaging should be preparation of radioactive waste for safe handling, transport, storage and/or disposal by means of enclosing it in a suitable container. Overpack is a secondary (or additional) outer container for one or more waste packages, used for handling, transport, storage and/or disposal.

During package and overpack, all the information on it shall be logged and maintained.

[bookmark: _Toc455392990]Activities and tasks

1. Waste conditioning by appropriate method

1. The specimen and/or scale-up testing of conditioned radioactive waste in accordance with the test procedure

1. The unit identification of radionuclide for packaging after conditioning. (See §5.3.3)

1. Labelling of radionuclide content and package

Outcomes

1. The plan and procedure for conditioning in specific way and its performance sheet, which shall be documented and approved

1. Performance check sheet for conditioning shall be generated and compared to the identification of radioactive waste characterization

1. Non-conformance report and its resolution details

1. All the records shall be kept for traceability, and review and approval.
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Various storage facilities such as temporary waste intermediate storage, decay storage, and disposal sites shall be operated and managed in accordance with the regulations and guidelines of the relevant country.

This process shall fully utilize the information collected in pre-disposal process. The essential information collected from the waste management process that is important to transport shall be indicated on the surface of waste transport unit and approved appropriately.

NOTE	Detail guidelines for response for accident in transport is in IAEA Safety Standard Series No. TS-G-1.1, Planning and preparing for emergency response to transport accident involving radioactive material

Requirements

In order to protect the public, property and environment from the effects of radiation during the radioactive waste transport inside and/or outside storage, the following information and activities should be achieved;

1. Request for receipt of waste

The consignor must request the disposal facility operator to receive the waste, including the following information for each package.

· Unique ID number

· Waste generation point, time of generation, packaging date, and other history

· Classification and types of waste, treatment methods, major radiological, physical, chemical and biological characteristics and characterization methods

· Total radioactivity, concentration of each major radionuclide, and measurement/evaluation date

· Maximum surface radiation dose rate and measurement date

· Type of container, packaging type, weight, main stability characteristics and characterization methods, etc.

· Precautions regarding handling, storage, disposal, etc.

· Quality assurance records regarding waste management

1. Containment of radioactive waste contents

Control of external radiation level

NOTE  Detail information relevant to transport of radioactive waste materials are covered in IAEA SSR-6 (Rev. 1), Regulations for the safe transport of radioactive material, 2018 edition that is issued by IAEA.

Handling requirements such as free drop of waste package,

Prevention of damage caused by extreme environment conditions such as heat, flooding and pressure etc.,

Transport Index (TI) calculation on waste,

Transport route and alternate by normal and emergent transport plan and procedure,

Tracking of radioactive waste transport unit and vehicle, ship and airplane in real-time manner.

For contingency, the emergency response plan and procedure shall be developed, approved and announced to all the personnel involved in waste transport process.

All the requirements shall be achieved so that the disposal facility owner for radioactive waste shall be able to identify the integral and safe treatment of radioactive waste base on the records, documents and any other materials to meet the performance requirements.

Activities and tasks

1. Transportation procedure of radioactive waste to disposal facility owner shall be prepared, documented and approved

1. All concentrations of radioactive waste units (containers, drums, etc.) should be identified and checked by limits to ensure safe transport in accordance with appropriate procedures and/or check sheets, which may be based on standards, regulations and practices of Member States. Additionally, this should be established as part of the information for traceability.

1. There shall be efforts to eliminate or mitigate the radiation effects internally and externally in accordance with appropriate procedure or check sheet.

Outcomes

All the records to identify the achievement of requirements shall be provided to ensure that the treatment, packaging and transport of radioactive waste are implemented appropriately.
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5.1 [bookmark: _Toc157946392]Data analytics 

Continuous process improvement in principle 8 of ISO 24389-1(§4.1.8) shall be implemented based on experiences and the results of analysis of all data generated and acquired during the pre-disposal process (§5). To utilize the data acquired during the pre-disposal process of radioactive waste, the following analysis methodology may be selected and used according to the purpose.

This data analysis basically analyses the pre-disposal process so that it can be used as input for management and improvement of subsequent decommissioning and decontamination processes, efficient resource management, maximization of cost-benefit ratio, and waste policy.

The following briefly provides a data analysis methodology, which can be selectively used as needed and the results visualized for process improvement. Additionally, reliable and verified data can be converted into reference standard data and used for process improvement, analysis, and policy decisions.

· Descriptive analysis

· Diagnostic analysis

· Predictive analysis

· Prescriptive analysis

5.2 [bookmark: _Toc157946393]Data utilization 
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Radioactive waste data is generated during the pre-operational, operational, and post-operational phases according to the nuclear facility life cycle, and long-term management across generations is required even after disposal. See Metadata for Radioactive Waste Management© OECD 2018, NEA No. 7378[5].

Therefore, in order to efficiently manage long-term data, related information, and records, meta and context data, including measurement data, must be managed. These data can be divided into the following types:

· administrative data

· structural data

· descriptive data

It should maintain meta and context data of radioactive waste to improve data quality in the long term, and to maintain interpretability and coherence of data to enable sharing, disclosure, analysis, and utilization of various data. (For more information, See ISO 24389-5)

Infrastructure for Standard Reference Data (SRD) 

Like SRD in various industries, radioactive waste measurement data, including meta and context data, should be used as standard reference data through a series of rational verification or big data analysis (See §5 and [6]).

Using SRD, agents should build and utilize an infrastructure that can reduce costs, prevent duplicate investment/effort, support new technology development, and continuously improve management technology in radioactive waste (pre)treatment and conditioning.

Visualization and utilization

It  is required to build a data framework infrastructure based on available data analytics and visualization technologies[7], and establish and operate related plans and procedures to interpret and utilize the analysis results.
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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of
national standards bodies (ISO member bodies). The work of preparing International
Standards is normally carried out through ISO technical committees. Each member
body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on

all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further
maintenance are described in the ISO/IEC Directives, Part 1. In particular the
different approval criteria needed for the different types of ISO documents should be
noted. This document was drafted in accordance with the editorial rules of the

ISO/IEC Directives, Part 2. www.iso.org/directives

The main task of the technical committee is to set international standards. The draft
international standards adopted by the Technical Committee are circulated to
member bodies for voting. Publication as an international standard requires approval

by at least 75% of member institutions for voting.

Attention is drawn to the possibility that some of the elements of this document may
be the subject of patent rights. ISO shall not be held responsible for identifying any or
all such patent rights. Details of any patent rights identified during the development
of the document will be in the Introduction and/or on the ISO list of patent

declarations received. www.iso.org/patents

Any trade name used in this document is information given for the convenience of

users and does not constitute an endorsement.

Submit to ISO/TC85/SC6 for Sub-committee.

Introduction

At present, magnetic confinement fusion superconducting devices ( e.g., magnetic
confinement fusion experimental device, strong magnetic field experimental device,
superconducting energy storage system and superconducting particle accelerator) which
are put into practical application all operate at liquid nitrogen or lower temperature area, so
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the mechanical properties of insulating materials in the device at low temperature are
important parameters that must be obtained in the R&D process and before formal
production.

Glass fiber reinforced polymer matrix composites are widely used as insulation materials
for magnetic confinement fusion superconducting devices. Insulation materials are
covered and cured on superconducting coils, superconducting conductors by specific
manufacturing methods. Insulation materials will be subjected to complex loads (e.g.,
electromagnetic force and thermal stress) when superconducting devices is operating.
Therefore, sorting out the basic mechanical test items and test methods are suitable for the
insulation materials for magnetic confinement fusion superconducting devices, and
standardizing the test methods with a series of general rules will be beneficial to improve
the industrialization of magnetic confinement fusion superconducting devices.

© ISO #### - All rights reserved
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Test methods for low temperature mechanical
properties of electrical insulation materials of
superconducting device of experimental magnetic

confinement fusion

1 Scope

This standard provides test methods for low temperature mechanical properties of glass
fiber reinforced polymer matrix insulation materials for magnetic confinement fusion
superconducting devices.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document
and are indispensable for its application. For dated references, only the edition cited
applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

ISO 527-1:2019(E) Plastics — Determination of tensile properties — Part 1: General
principles

IEC 60050-815:2015 International electrotechnical vocabulary — Part 815:
Superconductivity

ISO 14130-1997 Fibre-reinforced plastic composites—Determination of apparent
interlaminar shear strength by short-beam method

3 Terms and definitions

For the purposes of this standard, the terms and definitions are given in IEC 60050-
815:2015 and the following apply.

3.1 compression-shear strength

Maximum stress of the insulation layer separated from the metal layer in the specimen is
measured when a compressive force and a shear force are acted together to the laminated
bonded structure of insulation material and metal material.

3.2 push-out strength

Maximum stress of the insulation layer separated from the metal mandrel in the specimen
is measured when an axial pressure is acted to the metal mandrel structure wrapped in
hoop by insulation material.

3.3 0 degree sampling
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Sampling is along the direction parallel to the wrapping direction of fiber glass tape.
3.4 90 degree sampling

Sampling is along the direction perpendicular to the wrapping direction of fiberglass tape.
4 Test items

Table 1 lists the basic test items which are used to check whether the mechanical
properties of glass fiber reinforced polymer matrix insulation materials for magnetic
confinement fusion superconducting devices are qualified, and the strength judgment
criteria of specimen in non-fatigue state and after fatigue state. The test items include the
mechanical properties test of a single insulation material specimen and the mechanical
properties test of the bonding specimen between the insulation material and the metal
material (i.e., the part used to bear the insulation material in the magnetic confinement
fusion superconducting device). Other test items may be selected as supplements for
specific applications by the user.

Table 1 Mechanical test items and the judgment criteria®

In MPa
. . Minimum
Specimen I Minimum value
cateqor Test item of non-fatiques value after
gory g fatigue® d
Tensile strengt_h (O- 750 200
degree sampling)
1 Single msylatlon Tensile strength (90- 350 195
material degree sampling)
Shear strength of short
50 —
beam
i Compressive-shear
_ Bonding of - strength 150 85
2 | insulation material
and metal material
Push-out strength 20 —
The data in the table are typical mechanical properties values of glass fiber reinforced
insulation materials in magnetic confinement fusion superconducting devices, and
different reference values will be provided according to different insulation materials.
The test items which are listed in this table shall be carried out during the selection
stage and certification stage of insulation materials, as well as the inspection of

© ISO #### - All rights reserved
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different batches of raw materials in mass production.

The strength values listed in this table are the recommended values for insulation
materials prepared by vacuum pressure impregnation (VVPI) process, which may be
specified by the user according to actual product requirements.

The insulation preparation process for VPI includes wrapping or laying glass fiber and
other reinforcing materials on the surface of superconducting coil, conductor and
superconducting current lead, sealing the whole into the die cavity, vacuumizing the die
cavity, injecting the resin into the die cavity by utilizing its pressure difference between
the inside and outside to soak the reinforcing materials, and then curing and demolding.

See 6.5 of this standard for the fatigue requirements in details.

5 Test environment

In general, liquid nitrogen (-196°C) is the cooling medium for the test. The cooling
method is to soak the specimen and its clamping mechanism directly in a cryogenic
container containing liquid nitrogen and keep it for at least 10 min. This method of cooling
is considered conservative, and for some specific applications where controlled cooling
conditions apply it is allowed to select a cooling method which is specific to the
application.

6 Test methods

6.1 Test for tensile strength

The test shall be carried out according to regulations in 1ISO 527-1. See Annex A for small
dimension specimens.

6.2 Test for shear strength of short beam

The test shall be carried out according to regulations in 1SO 14130.

6.3 Test for compression-shear strength

6.3.1 Purpose

To confirm the strength of the insulation layer separated from the metal layer of the
specimen (which is had a bonded structure of insulation material and metal material) under
the combined action of positive load (compressive force) and tangential load (shear force)
by using the test tooling with special structure.

6.3.2 Method
The test shall refer to informative Annex B.

6.4 Test for push-out strength

6.4.1 Purpose
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Wrap and cure the insulation material on the metal mandrel according to a specific process
and take samples, and confirm the strength of the insulation material separated from the
metal material by applying the pressure to the metal mandrel specimen by using the test
tooling with special structure.

6.4.2 Method

The test shall refer to informative Annex C.

6.5 Fatigue test

6.5.1 Purpose

To measure the strength of the specimen after fatigue which is still working with the given
stress level and fatigue cycles, so as to obtain the performance degradation of the specimen
under specific working conditions without testing the S-N curve (the curve of the
relationship between fatigue strength and fatigue life of the standard specimen under
certain cyclic characteristics).

6.5.2 Fatigue parameters
The recommended fatigue parameters are as follows:
a) Sine wave is adopted with a working frequency of < 10 Hz.

b) For the tensile strength test, the cycle is in tensile-tensile cycle type, and three stress
levels are selected. In one cycle, the maximum stress is 80%, 60% and 40% of the
average tensile strength measured by static tensile test, and the minimum stress is
10% of the maximum stress.

c) For other strength tests, the cycle is in compression-compression cycle type, and three
stress levels are selected. In one cycle, the maximum stress is 80%, 60% and 40% of
the average strength measured by the corresponding static tensile test, and the
minimum stress is 10% of the maximum stress.

d) The target number of fatigue cycles is 3 x 10%.
7 Reports

The test report shall cover the following items:

a) Name of test item and implementation standard (or method);
b) Test personnel, time and place;

c) Specimen source and preparation, materials and specifications;
d) Specimen serial number, shape, dimension and quantity;

e) Model, specification and calibration of test equipment and instruments;
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The test results include:

1) The load and corresponding displacement increment curve (the force-displacement
curve) of each specimen in the test process;

2) Strength of each specimen and arithmetic mean of each specimen group;
3) Failure modes of each specimen and photos of specimens after test;

In case of test results after fatigue, the maximum and minimum values of fatigue

stress, frequency and cycle times in the fatigue test of the specimen shall also be
listed
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Annex A

(Informative annex)

Tensile test for small dimension specimen

A.1 Shape and dimension

In millimeters
L——Total length 60~90

L1——Length of the narrow parallel part  8+0.5

R——Radius >25
b1——Width of the narrow part 6+0.2
b2——Width of the end 32+0.5
h——Thickness 4~6

Figure 1 Small dimension specimen

A.2 Clamp

In order to facilitate the installation and disassembly of the specimen during low
temperature test, the sample may be connected with the testing machine by using the
simple specimen fixing mechanism shown in Figure 2, instead of clamped by wedge

clamp or bolt clamp.
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Keys:

1——Upper fixing pole
2——Specimen
3——DBolt

4——L ower fixing pole

Figure 2 Schematic diagram of simple specimen fixing mechanism
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Annex B
(Informative annex)
Recommended test method for compressive-shear strength
B.1 Test tooling

Specimen tooling is divided into upper mould, middle mould and lower mould. The upper
mould shall be provided with round grooves with the recommended diameter of (12.70 +
0.05) mm and height of (3.50 + 0.05) mm for specimen installation. The upper and lower
specimens may be installed after the combination of the three moulds (see 7.3 for
specimen dimension in this standard), see Figure 3.

Keys:

1——Upper mould

2——Middle mould
3——Lower mould

4——Upper specimen
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5——Lower specimen
d1——Groove diameter of specimen, d1=(12.70+0.05) mm;
h1——Groove height of specimen, h1= (3.50+0.05) mm;
I——Height of assembled mechanism, 1=120~150mm;
t——Mould width, t=60~70mm;
S——Mould included angle, recommended j = 45°
P——Pressure
Figure 3 Schematic diagram of compression-shear test tooling
B.2 Shape and dimension of specimen

The specimen consists of the upper and lower stainless-steel discs and one insulation layer
in the middle. See Figure 4 for the shape and dimension.

®d2

Keys:
1——Stainless steel disc;

2——Insulation layer.

In millimeters

@d2——Diameter of stainless steel disc 12.70+0.05
h2——Thickness of insulation layer 1.3~2.0
h3——Height of stainless steel disc 3.50£0.05

Figure 4 Compressive-shear specimen

B.3 Specimen preparation
13
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The specimen is prepared with a mould, as shown in Figure 5. The upper and lower plates
of the mould are made of Polytetrafluoroethylene (PTFE), and the thickness of the
plate is the same as that of the stainless-steel disc of the specimen. Several symmetrical
round holes shall be provided on the upper and lower plates, and the diameter is the same
as that of the stainless-steel disc of the specimen.

Keys:

1——Stainless steel disc;

2——Upper plate of the mould;

3——Fastener;

4——Area of adding sample and sampling by machine;

5——Insulation layer in the middle;

6——Lower plate of the mould.

Figure 5 Schematic diagram of preparation mould for compression-shear specimen

Preparation steps:

a)

f)

Sandblast the surface of stainless-steel disc with the roughness reaching Ra = 3-6 um,
and clean the surface of stainless steel by ultrasound, and avoid contamination with
oil, which will significantly reduce the strength of the specimen.

Install the stainless-steel discs on the upper and lower plates of the mould.

Lay fiber glass tape or cloth (or use prepreg tape or cloth directly) between the upper
and lower plates of the mould to reach the specified thickness.

Impregnate and cure according to the curing process of insulation layer.

Remove the upper and lower plates of the mould after curing. The stainless-steel discs
in the upper and lower plates shall be cured with the insulation layer as a whole.

Cut the specimen off one by one by the machining. The diameter of insulation layer
in the specimen may be appropriately larger than the diameter of stainless-steel disc.
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B.4 Computation of results

The compression-shear strength shall be calculated using Equation (1) and the result is
accurate to two significant figures:

BncosfS
g = ———— 1
Oors n (1)

Where,

o.———the compressive-shear strength, MPa;

Prhax——the maximum load of specimen before failure, N;

S——the included angle of the mould, °;

A——the area of stainless-steel disc in specimen, mm?.

15





ISO #####-#:####(X)

Annex C
(Informative annex)
Recommended test method for push-out strength
C.1 Specimen and test tooling

The total height of the specimen shall not larger than 50 mm, and its insulation layer shall
be chamfered at 45° and placed directly on the test tooling, as shown in Figure 6.

)

.

W

P
3
! -
Dd
1
9 3 i % l
: |
& : § " .

Keys:
1——Stainless steel mandrel;
2——Insulation layer;
3——Loading head,;
4——Support;
P——~Pressure.
Figure 6 Specimen for pushing-out test and test tooling
C.2 Computation of results

The push-out strength shall be calculated using Equation (2) and the result is accurate to
two significant figures:
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P?‘J"lEJ:’
= 2
% = Tl )
Where,

gy—the push-out strength, MPa;

Prhax——the maximum load of specimen before failure, N;

I——the height of insulation layer in specimen (effective part), mm;

d——the diameter of metal mandrel, mm.

17
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Foreword





1. Introduction

Individuals working in plutonium facility may get internally contaminated during the course of
their employment. Though, engineered containment and administrative controls are used to
minimize the intake, there is a probability of internal contamination in these facilities during
normal operations and / or during accidental releases. It is, therefore, necessary to implement
radiological protection programme to prevent, control and minimize such exposures. The
assessment of internal radiation doses to these workers is an integral part of the radiation protection
programme.

The doses resulting from internal radiation exposure cannot be measured directly. Assessment of
internal doses can be divided into two phases, namely determination of the amount of radioactive
material in the human body, in body organs or in wounds either by direct measurements and/or by
indirect methods such as excretion analysis or air monitoring. While implementing the individual
monitoring programme, it is essential to make decisions regarding which methods, techniques,
frequencies, etc. to measure and assess internal dose. The criteria for designing the programme,
i.e. its requirements, methods and frequency etc depends on the purpose of the overall radiation
protection programme, the probabilities of potential radionuclide intakes and the characteristics of
the radioactive materials handled.

The quantitative interpretation of individual monitoring data requires the use of well-defined
models developed by the ICRP which describe the behaviour of radioactive substances in the
human body. Use of these models, however, requires assumptions to be made regarding the
circumstances of an intake incident (either known or assumed), information regarding the chemical
and physical characteristics of the radioactive material to which the individual was exposed and
the time of intake. However, experiences gained during the various international intercomparison
exercises indicate that for a given set of bioassay data, though ICRP recommended models were
applied, assessed dose differed by orders of magnitude for various assessors. Thus, there is a
necessity to lay down standard procedures for assessing internal doses using body activities or
excretion rates, in order to achieve consistency and reliability in the internal dose assessment.

This Standard addresses the specific issue of monitoring and internal dose assessment following
internal contamination due to plutonium compounds. All the national and international
recommendations by the AERB, IAEA, ICRP & ISO are considered while developing this
standard. This standard will improve the reproducibility and reliability in internal dose assessments
and contribute towards harmonizing of the practices in the monitoring of occupationally exposed
individuals. It shall also form the basis for certification, accreditation or approval in this field.

2. Scope:
This standard specifies the monitoring requirements, and methodologies for intake and assessment
of internal dose to individuals occupationally exposed to plutonium.

This Standard specifies the minimum requirements for the design of monitoring programmes using
direct and indirect methods, criteria for selection of radiation workers, interpretation of monitoring
data, quality assurance and requirements for recording and reporting of internal doses.





This standard is not applicable to members of the public.
3. Normative references

AERB Safety Guide: AERB/NRF/SG/RP-1, 2019, Monitoring and Assessment of Occupational
Exposure Due to Intake of Radionuclides

AERB Safety Glossary: AERB/GLO, Rev.1, 2022, Nuclear and radiation facilities and associated
activities

BSC Safety Manual: BSC/SM/2020/3 Rev.-0, Radiation Protection Manual for BARC Facilities
IAEA Safety Glossary: 2019, Terminology used in nuclear safety and radiation protection.
IAEA Safety Standards Series no GSG-7, 2018, Occupational radiation protection.

IAEA Safety Report Series No.37, 2004: Methods for assessing occupational radiation doses due
to intakes of radionuclides

ISO 20553:20006, Radiation protection — Monitoring of workers occupationally exposed to a risk
of internal contamination with radioactive material

ISO 28218:2010, Radiation protection — Performance criteria for radiobioassay

ISO 27048:2011, Radiation protection — Dose assessment for the monitoring of workers for
internal radiation exposure

4. Terms and definitions

For the purposes of this document, the terms and definitions given in AERB Safety Glossary
(2022), AERB Safety Guide (2019) and IAEA Safety Glossary (2019) apply.

For the purposes of this document, the following terms and definitions apply.

Absorption
Activity that enters blood from the respiratory or alimentary tract through the skin or wound.

Activity

The average number of spontaneous nuclear transformations taking place per unit time in a
radioactive substance or material.

The quantity ‘A’ for an amount of radionuclide in a given energy state at a given time is defined

as:

dN
A(t)=—E

Where, ‘dN’ is the expectation value of the number of spontaneous nuclear transformations from
the given energy state in a time interval ‘dt’. The SI unit of activity is the reciprocal of second (s
1, termed the Becquerel (Bq). 1 Bq = 1 nuclear transformation per second.





Activity Median Aerodynamic Diameter

The value of aerodynamic diameter such that 50% of the airborne activity in a specified aerosol is
associated with particles smaller than the AMAD, and 50% of the activity is associated with
particles larger than the AMAD.

Analysis
A process and result of a study, using a specific technique, aimed at understanding the subject
under consideration.

Annual Limit on Intake

The intake of a given radionuclide in a year by the reference individual by inhalation, ingestion or
through the skin, which would result in a committed effective dose equal to the relevant dose limit.
The ALI is expressed in units of activity.

Assessment
The process, and the result, of analysing systematically and evaluating the arrangements and
activities and making judgments for acceptability or rejection against pre-defined criteria.

Bio-assay

Any procedure used to determine the nature, activity, location or retention of radionuclides in the
body by direct (in vivo) measurement or by in vitro analysis of material excreted or otherwise
removed from the body.

Committed Effective Dose, E (1)
The lifetime effective dose expected from an intake of a radionuclide.

The committed effective dose, quantity E(t), defined as:
E(7)

E@ =) WrH (0)

Where Hr (1) is the committed equivalent dose to tissue or organ T over the integration time t
elapsed after an intake of radioactive substances and Wr is the tissue weighting factor for tissue or
organ T. Where t is not specified, it will be taken to be 50 years for adults and the time to the age
of 70 years for intakes by children.

Contamination
The presence of a radioactive substance in or on a material or in the human body or other place in
excess of quantities specified by the competent authority.

Controlled Area

A defined area in which specific protection measures and safety provisions are or could be required
for controlling exposures or preventing the spread of contamination in normal working conditions,
and preventing or limiting the extent of potential exposures.

Criteria





Principles or standards on which a decision or judgment can be based. They may be quantitative
or qualitative.

Derived Air Concentration

That activity concentration of the radionuclide in air (Bg/m?®) which, if breathed by reference
individual for a working year of 2000 h under conditions of light physical activity (breathing rate
of 1.2 m*/h), would result in one annual limit on intake.

Dose

A measure of the energy deposited by radiation in a target. The quantities termed absorbed dose,
organ dose, equivalent dose, effective dose, committed equivalent dose, or committed effective
dose are used, depending on the context.

Dose coefficient

Used as a synonym for dose per unit intake of a radioactive substance, but sometimes also used to
describe other coefficients linking quantities or concentrations of activity to doses or dose rates,
such as the external dose rate at a specified distance above a surface with a deposit of a specified
activity per unit area of a specified radionuclide.

Human respiratory tract model

It is the respiratory tract model described in ICRP publication 66, which is divided into 5 parts:
anterior nasal passages ET1, all the other extra thoracic airways ET2, the trachea bronchi BB,
bronchioles bb, and the alveolus Al

Incident
Events that are distinguished from accidents in terms of being less severe.

Ingestion
Intake of radioactive material by way of the gastro-intestinal system.

Inhalation
Intake of radioactive material by way of the respiratory system.

Intake
The process of taking radionuclide into the body by inhalation or ingestion, or through the skin,
and the amount of given radionuclide taken in during a given period.

Internal Exposure
Exposure to radiation from a source within the body.

Investigation Level
The value of a quantity such as effective dose, intake, or contamination per unit area or volume, at
or above which an investigation would be conducted.

In vivo measurement
Also known as direct measurement, it is a process that the content of radioactive material in
body is measured with an instrument that directly detects the ray emitted from radioactive nuclide





in the body

Note: In general, the measuring device is a whole-body or partial-body (such as lung or thyroid)
counter.

In vitro measurement

Also known indirect or in vitro measurement, it is a process that the radioactive material in
human excreta or other biological samples is measured and analyzed

Intake
The process of taking radionuclide into the body by inhalation or ingestion, or through the skin, and
the amount of given radionuclide taken in during a given period.

Quality Assurance
The function of a management system that provides confidence that specified requirements will
be fulfilled

Radiation Worker
Any person who is occupationally exposed to radiation.

Radiological Safety Officer
Any person who is so designated by the employer and who, in the opinion of the competent
authority is qualified to discharge the functions outlined in the Radiation Protection Rules, 2004.

Recording Level
A level of dose, exposure or intake specified by the regulatory body at or above which values of
dose, exposure or intake received by workers are to be entered in their individual exposure

Records
Documents which furnish objective evidence of the quality of items and activities affecting quality.
It also includes logging of events and other measurements.

Reference Biokinetic Model

A reference biokinetic model describes the intake, uptake, distribution, and retention of a
radionuclide in various organs or tissues of the body, and the subsequent excretion from the
body by various pathways.

Routine monitoring
The monitoring carried out according to a regular monitoring plan and on a prescribed schedule

Special monitoring
The monitoring carried out to solve a particular problem or when there are abnormalities or
suspected to have abnormalities

Supervised Area

Any area not already designated as a controlled area but for which occupational exposure
conditions are kept under review even though specific protective measures and safety provisions
are not normally needed.





Task related monitoring
Nonroutine monitoring carried out to provide relevant information for a particular operation or to
provide basis for an operation sometimes

Type M material
The materials absorbed into body fluids from the respiratory tract at a medium rate. 10%
materials absorbed with a half-time of 10 min and 90% a half-time of 140d

Type S material
The relatively insoluble materials absorbed into body fluids from the respiratory tract at a slow
rate. 0.1% materials absorbed with a half-time of 10 min and 99.9% a half-time of 7000d

5. Symbols and abbreviated terms

AERB Atomic Energy Regulatory Board

ALI Annual Limit on Intake

BDL Below Detection Limit

AMAD Activity Median Aerodynamic Diameter

Ca-DTPA Calcium Diethylene Triamine Penta-acetic Acid

CED Committed Effective Dose
DAC Derived Air Concentration
DIL Derived Investigation Level
DRL Derived Recording Level
HPGe High Purity Germanium
FTA Fission Track Analysis

HR-ICP-MS High Resolution Inductively Coupled Plasma Mass Spectrometry

HRTM Human Respiratory Tract Model

IAEA International Atomic Energy Agency

ICRP International Commission on Radiological Protection
JAERI Japan Atomic Energy Research Institute





LEP Low Energy Photon
LLNL Lawrence Livermore National Laboratory
MDA Minimum Detectable Activity

MEQ-CWT Muscle Equivalent Chest Wall Thickness (MEQ-CWT)

NCRP National Council on Radiation Protection and Measurements
PAS Personal Air Sampler

QA Quality Assurance

RSO Radiological Safety Officer

SAS Static Air Sampler

6. Monitoring Program
6.1 Objectives of monitoring

The purpose of internal dosimetry is to verify and document that workers are adequately protected
against risks from radionuclide intakes, provide timely feedback on workplace control, initiate
medical intervention, and demonstrate compliance with a standard or regulation. It is vital that all
of these purposes are considered during the development of an internal dosimetry programme in a
plutonium handling facility.

6.2 Criteria for Individual Internal Monitoring

6.2.1 Individual monitoring measures are necessary if there is a likelihood of workers receiving
internal dose of 1 mSv or more from all occupational intakes of radionuclides in a year [1]. The
probability of workers exceeding an internal dose of 1 mSv per year shall be assessed on the basis
of the amount and type of Pu handled by the worker; its physical and chemical form; the type of
containment used; the nature of the operations performed and the air activity in the operating area.

6.2.2 In addition to these, before introducing any new operations or starting a new facility,
individual monitoring is to be implemented for all radiation workers and reviewed over the years
based on the experience accumulated. Individual monitoring for internal exposures should be
carried out for generation of baseline bioassay data for new workers; routine bioassay of radiation
workers; investigation of any incident at workplace; and demonstration of regulatory compliance
of the dose limit.

6.3 Designing of individual monitoring program
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Monitoring programmes can be divided and subdivided into several different types. The first
division relates to the objectives of the monitoring. At this level, four types of monitoring can be
defined viz. baseline bioassay assessment, routine bioassay monitoring, special bioassay
monitoring, and confirmatory monitoring for the purposes of radiation protection.

6.3.1 Baseline Bioassay Monitoring

For workers working in a Pu handling facility, baseline bioassay monitoring shall be performed
before they initiate the work that may lead to internal exposure. These measurements form the
personal baseline that needs to be subtracted from results obtained during subsequent routine
monitoring programmes to identify potential intakes, if any, before assignment of internal dose.

6.3.2 Routine Bioassay Monitoring

6.3.2.1 Routine bioassay monitoring is the usual and the most frequent type of bioassay
measurements which indicates internal exposures that might have been incurred by the workers
during the course of their work.

6.3.2.2 In case of routine monitoring, annual monitoring frequency is adopted with the assumption
that the intake occurs at the middle time in the monitoring interval (T/2). It is recommended
that monitoring period should generally be selected such that assumption of intake occurring at the
midpoint of two successive monitoring intervals, would not lead to an underestimation of intake
by a factor of more than three [2][3].

6.3.2.3 The measurement frequency required for a routine monitoring programme depends on the
retention and excretion of Pu, the sensitivity of the available measurement techniques and the
uncertainty that is acceptable when estimating annual intake and committed effective dose (CED),
as given in Equations 1 & 2:

For in vivo measurements:

AT
R(S)
<3 Eq.1
R(AT)
For in vitro measurements:
AT
(%)
<3 Eq.2
E(AT)

6.3.3 Special Bioassay Monitoring

6.3.3.1 Special bioassay monitoring shall be performed in response to a particular circumstance,
such as a known or suspected intake of radioactive material due to an abnormal incident in the
workplace and on completion of planned operations. It may also be triggered by either a routine
monitoring result suggesting that an action level or the dose limit may have been exceeded. It also
includes task related monitoring for a specific operation.

6.3.3.2 The reason for the special monitoring and interpretation of the results shall be clearly
identified and recorded. In all such cases, internal monitoring should begin as early as possible and
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dose assignment as well as refinement, if required, should be based on follow-up bioassay
measurements.

6.3.3.3 In case of special monitoring there is fair knowledge on time and type of intake. When the
time of intake is not known (or cannot easily be determined), it should be assumed that the intake
occurred at the mid-point of monitoring interval or of the planned operation.

6.3.3.4 Special internal monitoring shall also be recommended in cases such as nasal swabs, nose
blows show activity in excess of the prescribed action levels; injury resulting in wound in
controlled areas; surface contamination and air activity levels in excess of the derived levels (100
DAC-h = 1 mSv committed effective dose); contamination of the face or mouth area due to
incidents like spillage; unexpected air activity levels and workers are found in the area without
adequate respiratory protection; and detection of contamination inside the respiratory protection
equipment worn during any special work permit operation.

6.3.3.5 In case of administration of chelating agents like Ca- DTPA, the monitoring frequency
recommended is repeat urine analysis at an interval of 15 days for 12 weeks. After 12 weeks, 3
days pooled urine sample is analyzed for estimation of intake and CED. However, changes in the
above frequency of monitoring may be needed based on the observed levels of radionuclides in
urine during the follow-up measurements.

6.3.4 Confirmatory Bioassay Monitoring

6.3.4.1 Confirmatory bioassay monitoring is intended to verify the radiological exposure
conditions in the workplace are valid; that protection measures are effective during any off-normal
event; and routine bioassay is not required.

6.3.4.2 Supervised area generally has very low potential for internal contamination because no
radioactive material is handled openly in this area and radioactive contamination is not likely to
occur. Hence, there is no need to establish a routine internal monitoring program for the workers
in this area.

6.3.4.3 However, provision should be made for confirmatory monitoring as per the frequency
specified by RSO or once in five years, whichever is earlier, for few workers working in supervised
area to confirm that working conditions at the facility are satisfactory. All confirmatory monitoring
results should be recorded.

7. Monitoring Methods

Assessment of intake of Pu is carried out by organ activity measurements, excreta monitoring, air
sampling with personal/static air samplers or a combination of these techniques.

7.1 Individual monitoring

Individual monitoring consists of measuring Pu in the body (in vivo monitoring), in excreta (in
vitro monitoring), in air samples using personal air samplers, or a combination of these methods.

7.1.1 In-vivo monitoring
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7.1.1.1 For routine monitoring of workers handling Pu, in vivo monitoring technique does not have
the required sensitivity and hence is used only in cases of incident related / special monitoring.

7.1.1.2 For Pu, a phoswich detector or an array of three to six HPGe detectors are used for the
monitoring of internal contamination in specific organs such as lungs, liver, abdomen etc. Both
these detectors are to be placed inside a well shielded steel room to reduce the natural background
radiation. This totally shielded steel room is constructed with typically 20 cm thick mild steel walls
all around which are lined inside with [Pb (3cm) +Cd (2 cm) +Cu (0.5 cm) outer layer].

7.1.1.3 Lung monitoring is recommended for radionuclides that are absorbed slowly from the
respiratory tract (i.e., materials with Type M or S absorption).

7.1.1.4 In case of ingestion, immediate abdomen monitoring is recommended.

7.1.1.5 In case of wound / injury, in vivo measurements shall be performed to estimate the Pu
content embedded in the wound and based on the activity levels it can provide inputs for wound
excision, if necessary. Miniature cadmium telluride (CdTe) operate at room temperatures, require
no shielded enclosure, are ideal and sensitive for detection of low energy photons during wound
monitoring. These detectors can be more useful in quick assessment and enable timely surgical
excision procedure.

7.1.1.6 In case of delayed monitoring other organs like lymph nodes, liver and skeleton (knee)
shall also be monitored to study the transfer Pu to these organs over the time.

7.1.1.7 Calibration of in-vivo measurement systems shall be done using appropriate phantoms.
The most commonly used phantoms are those developed by (a) Lawrence Livermore National
Laboratory (LLNL), or (b) Japan Atomic Energy Research Institute (JAERI) phantom. Calibration
of in-vivo measurement systems can also be performed using computational voxel phantoms [5]
and Monte Carlo simulations [6]. The advantage of this numerical calibration technique is
calibration factors with respect to body size, body shape and radionuclide distribution can be
derived.

7.1.1.8 The efficiency and MDA for estimating activity in the lung are strongly affected by the
Muscle Equivalent Chest Wall Thickness (MEQ-CWT) of the subject. Hence, the CWT needs to
be estimated or determined using ultra sound technique or a correlation should be made between
physical measurements of the subject’s weight, height; chest circumference and chest wall
thickness.

7.1.1.9 In most of the cases Pu contains >*! Am formed by the decay of >*!Pu. The build-up of Am
depends upon the burn-up, cooling period and separation of Pu from Am. ! Am a gamma emitter
(60 keV) can be used as a tracer of Pu in some cases. The early estimated of Am lung content and
the activity ratios of 2*Pu and 2*'Am obtained through analysis of filter paper samples from
workplace or by faecal analysis can help to estimate the Pu intake.

7.2.1 In vitro monitoring
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7.2.1.1 Indirect monitoring programmes usually involve analysis of biological samples like urine,
faeces, nasal swabs collected from the exposed individuals and /or analysis of filter papers from
static /personal air samples, surface swipes etc.

7.2.1.2 Bioassay monitoring programmes routinely involve analysis of urine due to ease of
collection, transportation and analysis.

7.1.2.3 Routinely urinalysis is the preferred and sensitive method to detect Pu contamination for
type M compounds. For type S plutonium, it can be used only in case of special monitoring.
Sensitivity for in vitro method can be improved significantly by using HR-ICP-Mass Spectrometry
(HR-ICP-MYS) or Fission Track Analysis (FTA) technique [4].

7.1.2.4 Faecal analysis is carried out in addition to urine analysis, if exposure is to Type S Pu
compounds or during suspected inhalation intake of Type M or S Pu. Faecal samples undergo
biodegradation; therefore, they should be analyzed promptly, ashed or preserved by deep freezing.
Analysis of faecal samples can also provide information regarding the isotopic composition of Pu
that has entered the human body.

7.1.2.5 Urine/ faecal samples need to be collected away from workplace or at home after taking
bath, to prevent the external contamination of the sample. As diurnal variations are observed in
the individuals, collection of 24h bioassay samples are preferable. In case of overnight bioassay
samples, the results shall be extrapolated to 24 h. It is advisable that the bioassay samples are
taken-up immediately for analysis without delay, or when necessary, stabilized until analysis by
refrigeration or by addition of acid (1% by volume hydrochloric acid or nitric acid).

7.1.2.6 Biological samples such as urine, faeces and nasal swabs are analyzed by radiochemical
separation using ion exchange or solid extraction chromatography techniques followed by a
spectrometry. Alpha spectrometry technique provides information regarding the isotopic
composition of Pu in the sample but requires long counting times to achieve the required sensitivity
for routine monitoring of Pu.

7.1.2.7 Use of 2*Pu/ 236Pu as a tracer during radiochemical analysis helps in improving the
accuracy of measurement for Pu.

7.1.2.8 *'Pu a low energy beta emitter (21 keV) present in the samples can be estimated using
Liquid Scintillation Spectrometry technique. Knowledge of 2! Pu activity in biological samples of
workers or physical samples like nasal swabs or filter paper is essential for dose assignment as
well as to know the build-up of 2*! Am, either in lungs or wound over the years.

7.1.2.9 Tissues samples excised from the contaminated wound by medical doctors shall be
analyzed to know the isotopic composition of injected Pu (Am) and their activity ratios. In case of
wound injury, bioassay measurements also need to be carried out before and after every wound
excision and also in case of Ca-DTPA administration. However, frequency of follow-up
monitoring shall be decided on case-to-case basis.

7.2 PAS/SAS monitoring
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7.2.1 Air sampling at workplace generally provides information regarding the average exposure to
radiation workers in that particular area and also an early indication of off-normal situation.

7.2.2 Air sampling may include sampling at a fixed location in the workplace, sampling at a staff
member’s respiratory zone, or sampling with a portable personal air sampler (PAS) carried by the
staff member.

7.2.3 PAS have a better representativeness and an estimate of intake during the sampling period
can be made by multiplying the measured average air concentration by the volume breathed by the
worker during the period of intake.

7.2.4 The stationary air sampler (SAS) results are not truly representative. Use of SAS is a
relatively indirect method for assessing doses and estimation of individual dose using this method
requires a careful assessment of exposure conditions and working practices. However, SAS can be
used for concentration measurement as well as for characterisation of the aerosols, in particular
their size distribution and solubility types (M & S). This information is useful in the interpretation
of individual monitoring data as well as provides site-specific parameters.

7.2.5 The ratio of personal air sampler and stationary air sampler can be used to interpret the
measurement results of stationary air sampler to reduce the uncertainty of intake and dose
estimation.

7.2.6 Analysis of filter papers from workplace air samplers also provide information regarding
the isotopic ratios inhaled Pu and Pu to Am ratio.

7.2.7 The deposition and transport behaviour of inhaled radionuclides in the lungs depends on the
particle size of the aerosols and their solubility characteristics in lung fluids [7]. The knowledge
of particle size distribution in the work environment is necessary for the interpretation of results
in terms of intake and CED. Thus, efforts should be made to estimate the particle size distribution
of aerosols in Pu handling facility.

8 Monitoring Methods
8.1 Biokinetic models and parameters

8.1.1 In the absence of specific data on particle size, default particle size (AMAD) of Sum
recommended by ICRP [7] can be assumed.

8.1.2 For routine monitoring, intake is assumed to have occurred at the mid-point of the
monitoring interval. For special and task-related monitoring, the intake time is fairly known.

8.1.3 Compounds of Pu are either Type M (all compounds except oxides) or Type S (PuO2, MOX).
8.1.4 Type M compounds readily enter the blood stream from the lungs and deposit in body organs
and their elimination from the body is mainly through urinary excretion. For Type S compounds,

lung is usually the target organ because it retains there for a long time and gets cleared mainly
through faeces. ICRP recommended HRTM [7] provides information regarding the deposition and
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clearance of Pu aerosols from lungs.

8.1.5 In case of ingested Pu, in absence of any specific data, ICRP recommended the gut
absorption factor (f1) [8] for soluble and insoluble Pu compounds can be assumed.

8.1.6 For wound injury due to Pu, the National Council on Radiation Protection and Measurements
(NCRP) has recommended biokinetic model for radionuclide-contaminated wounds [9]. Once
injected and absorbed into the blood, the distribution of the radionuclide is similar to that material
entering the blood from lungs or alimentary tract and can be determined by solving the systemic
model for Pu recommended by ICRP [10]. Details regarding the biokinetics of Pu is given in
Annexure A.

8.1.7 The content in organ or tissue at a certain time (t) after unit intake is referred to as the intake
retention fraction. The excretion rate of urine or faeces at a certain time (t) after unit intake is
referred to as the intake and excretion fraction. Intake retention and excretion fraction are
expressed as m(t). The retention fractions, excretion fractions and the dose coefficients of Pu
following inhalation, ingestion & various categories of wound are given in Annexure B.

8.1.8 In cases when the CED receivable by an individual is less than 20mSv, the reference
biokinetic models recommended by ICRP can be used to estimate the intake and the CED.

8.1.9 In cases where significant intake has occurred, more refined calculations based on site-
specific data and wherever possible individual specific parameters shall be made.

8.1.10 In case of medical intervention to enhance the elimination of the Pu from the body, the
standard models recommended by ICRP cannot be used. In such cases internal doses should be
based on the bioassay data collected as part of the detailed investigations.

8.2 Estimation of intake
8.2.1 Intake Estimate based on Bioassay monitoring data (Annexure C)

8.2.1.1 Special Monitoring
For special monitoring, intake is computed using following equation:

M
I(BCI) = % Eq.3

where, m(t) is the predicted value of the measured quantity at time t days after intake of 1Bq. The
m(t) for Pu in urine, faeces and selected tissues for intakes by inhalation, ingestion and injection
are published by the ICRP & NCRP (Annexure B).

8.2.1.2 Routine Monitoring
For routine monitoring, intake is computed using following equation:
M

m(3)

I(Bq) = Eq. 4

16





where, m(T/2) is the predicted value of the measured quantity per Bq intake at the mid-point of
monitoring interval. When the time of intake is not known (or cannot easily be determined), it
should be assumed that the intake occurred at the mid-point of two successive monitoring data.

8.2.2 Intake Estimate based on aerosol activity concentration

An estimate of intake (I, Bq)) during the sampling period can be made by multiplying the measured
average air concentration of aerosol (C, Bq/m?®) by the volume breathed by the worker during the
period of intake (V, m?)

I(Bq) =CXV Eq. 5

8.2.3 Contributions from earlier intakes
The calculation of contributions from earlier intakes shall be estimated using the following
equation 6

P:Z[,-xm(Im —t;) Eq. 6
i

where, P is the activity to be measured (in vitro or in vivo) corresponding to all known, already
documented intakes; i is the index for the intake events previously identified; /; is all intakes (in
Bq) potentially contributing to the measured value to be analysed actually (in Bq); # is the time of
the intake; #n is the time of the current measurement.

8.2.4 Test of significance of earlier contributions
By means of the scattering factors, Ksr, given in Annexure D, the significance of earlier
contributions (P) shall be tested as follows.

8.2.4.1 If the measured value, M, lies in the interval of as given in Equation 7, then it indicates that
there is no significant contribution by new intakes. In such a case, it is sufficient to document the
measurement without further evaluation.

<M <KZ:xP Eq. 7

Ksr

8.2.4.2 If the measured value, M, is according to Equation 8 then it indicates a discrepancy between
the earlier assessments and the present value. If the earlier assessments can be confirmed, the
present measurement shall be repeated. If the earlier assessments cannot be confirmed, their
contribution to the present measurement shall be ignored.

P

Eq. 8
D
K&r

‘\[ <

8.2.4.3 If the measured value, M, is according to Equation 9 then the measured value is the
consequence of an intake not yet analysed, i.e. fresh intake.

M>PxKg Eq. 9
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8.3 Estimation of Committed Effective Dose

8.3.1 Computed intake when multiplied by the appropriate dose coefficient (eso Sv Bq™') gives the
CED receivable by the individual over a period of 50 y following the intake.

CED(Sv) = I(Bq) x e(50) (;—‘;) Eq. 10

8.3.2 If a measured value in a routine monitoring programme exceeds a predetermined
investigation level (or dose level), special monitoring needs to be initiated for dose refinement.

8.3.3 If the worker is administered Ca-DTPA to enhance the elimination of Pu from the body, then
the excretion rates may be influenced for weeks or months even after cessation of treatment.
Hence, the excretion data obtained for the initial few weeks after treatment should be disregarded
for the purpose of dose assessment. However, it is difficult to give any specific advice as the
treatment of any excretion data as it depends upon the circumstances of the exposure and timescale
required for the dose assessment.

8.3.4 The effort needed for the assessment of internal dose should be proportional to the anticipated
level of exposure. Structured approach in terms of levels of task [11] that can be chosen depending
upon the circumstances of any exposure. With respect to operational radiation protection the
following structure of “Levels of Task” are:

8.3.4.1 Level 0 (CED <0.1 mSv/y)
Potential intakes that could result in an annual dose less than 0.1 mSv. No evaluation of dose is
needed

8.3.4.2 Level 1 (0.1 mSv/y < CED <1 mSv)
Simple, “reference” evaluation, with ICRP defaults used for all parameter values.

8.3.4.3 Level 2 (1 mSv < CED < 6 mSyv)

Sophisticated evaluation generally using additional information from the workplace to give a more
realistic assessment of dose. At this Level, only the parameters related to the material
characteristics, and to the time of intake (if unknown) should be adjusted.

8.3.5.4 Level 3 (CED > 6 mSv)

More sophisticated evaluation are required to be performed by an expert assessor. It is applicable
to cases where comprehensive monitoring data is available, e.g. for exposures near the dose limit
and probably relating to an accident. The evaluation is an extension of Level 2, and in this Level
the model parameter values are adjusted systematically, in a specific order (“step-by-step”
approach), until the goodness of fit is acceptable (i.e. the fits obtained to all the data are not rejected
by the specified criteria).

If any parameter values in the ICRP models are changed from the defaults, then these values shall
be recorded and used to calculate committed effective doses.

8.3.5 If multiple bioassay monitoring data are available e.g. data for different samples collected at
different times and even from different monitoring techniques (urine, faecal and direct measurements)
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then statistical methods like the maximum likelihood method and the Bayesian approach can be applied
for obtaining the best fit for the observed monitoring data.

8.3.6 If both internal and external exposures exist, the effective dose corresponding to the intake
in a year shall be added to the effective dose of external exposure in the same year to calculate the
total effective dose and this annual dose shall be compared with the individual dose limit.

8.3.7 The 50-year committed doses, assigned to the year of intake, should be used as the basis for
compliance monitoring. Examples to assess intake based on observed monitoring data are given
in Annexure E.

9 Interpretation of Results

9.1 Reference Levels

A reference level is a predetermined value of a quantity that triggers a specified course of action
when exceeded or expected to be exceeded. Reference levels may be dose-based or intake-based.
There can be many reference levels like recording level, investigation level and medical referral
levels for any of the quantities determined in the internal dosimetry practices.

9.1.1 Recording level

Recording level (RL) is a defined value of committed effective dose of 1mSv or corresponding
intake at annual monitoring frequency above which a result from a monitoring programme is of
sufficient significance to require inclusion in a dose record.

B 0.001
Ne(g9)

Eq. 11

where, N is number of monitoring periods per year and e(g) is the appropriate dose coefficient in
Sv/Bq depending on the route of intake.

9.1.2 Investigation Level

Investigation level (IL) is a defined value of committed effective dose of 2 mSv or corresponding
intake at annual monitoring frequency above which investigations are carried out to find the
circumstances and, to the extent reasonable, to determine actual conditions and parameters for
dose evaluation, rather than use default assumptions. An investigation may involve special
measurements, work history review, determination of material form, and modification of
biokinetic parameters, and may culminate in a dose assessment.

1= 0.002
Ne(g)

Eq. 12

9.1.3 Medical Referral Level

Medical Referral Level (MRL) [12] is a defined value of committed effective dose of 20 mSv or
corresponding intake at annual monitoring frequency above which the medical staff should be
notified. The notification should be made as promptly as possible, but does not necessarily
constitute an identified need for intervention. MRL has the value of annual dose limit and if the
sum of internal and external exposures exceeds the limit, the worker is to be removed from further
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radiation work and to be investigated thoroughly. The actions are similar to that of IL except in
this case the radiation worker is laid off from radioactive jobs till the dose is assigned /
investigation completed. If the assigned dose is more than 20 mSv the case is referred to Medical
Officer.

MRL=— Eq. 13

9.2 Derived Reference Levels

9.2.1 Derived Reference Levels (DLs) are measured values of radioactivity in the whole body /
tissue or excreta concentrations or excretion rates that indicate an intake resulting in a dose
exceeding one reference level. e.g., For routine monitoring Derived Reference Level (DL) is
determined from a reference dose D as

DL = x m(T/2) Eq. 14

D
Ne(9)

where, m(T/2) = ICRP predicted fraction of the intake retained in the body or having been excreted
from the body at monitoring interval of T days following an intake of 1 Bq

9.2.2 For special monitoring,

pL = -2

Ne(9)

X m(t) Eq. 15

where, m(t) = ICRP predicted fraction of the intake retained in the body or having been excreted
from the body at time t days following an intake of 1 Bq.

9.2.3 Derived Recording Level (DRL), Derived Investigation Level (DIL) and Derived Medical
Referral Level (DMRL) will correspond to the reference doses of 0.001 Sv, 0.002 Sv and 0.020
Sv, respectively. Annexure F gives recommended actions appropriate to derived reference levels.

10. Uncertainties in Internal Dose Assessment

Uncertainty in an internal dose assessment depends on the uncertainties associated with
measurements used to determine the activity of a radionuclide in vivo or in a biological sample,
uncertainties in the exposure scenario used to interpret the bioassay results, and uncertainties in
the biokinetic and dosimetric models used to interpret the bioassay results. The major sources of
uncertainties on the estimate of intakes and doses are as follows:

10.1 Individual monitoring measurements

Uncertainties associated with measurements include representativeness of the samples, counting
statistics when observed body content or urinary activity excretion level is close to the detection
limit and correction for residual activity from previous intakes.

10.2 Assessment of intake from the measurements

A principal source of uncertainty in the interpretation of bioassay data is the determination of the
time of intake in case of routine monitoring. If the exposure takes place before the mid-point of
monitoring interval the intake will be underestimated. The monitoring intervals therefore need to
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be selected in such a way that any underestimation introduced by the unknown time of intake is
no more than a factor of three and can be achieved if the monitoring (T) is less than 3.2 times the
effective half — life of the radionuclide in the body (T < 3.2 Tes) [3]. Similarly, overestimation in
computed intake occurs if the exposure happens just before the monitoring or after mid - point of
monitoring interval. In such situations, the measurement needs to be confirmed before making
entry in dose records. Lastly use of default parameters like particle size and chemical nature
recommended by ICRP may be sufficient when exposures are well within the prescribed dose
limits.

10.3 Assessment of dose from the intake

Use of standard dosimetric and biokinetic models published by ICRP for Caucasians also add to
the uncertainty while computing dose for Indian population. For intakes of radionuclides
approaching the annual dose limit, ICRP recommends an individual-specific analysis based on the
biokinetic parameter values for that individual.

11. Quality Assurance

Quality Assurance (QA) programme is an essential and integral part of internal dosimetry
programme. The internal dosimetry laboratory should have a written QA plan to ensure
conformance to policies, procedures, and instructions. The plan should include the following:

a) Organization structure, management and operational responsibilities;

b) Instructions and procedures, including procedure on software validation;

¢) Qualification and training of laboratory personnel;

d) Document control;

e) Documentation and chain of custody of samples;

f) Inspection and testing of material and equipment;

g) Control and maintenance of calibration standards;

h) Preventive and corrective actions;

1) Review of procedures, specifications and operating logs;

) Periodic audit;

k) Intra-laboratory analyses (e.g., known quantities, replicates and blanks);

1) Participation in available interlaboratory intercomparison programs;

m) Quality assurance records;

n) Documentation of detection limit, relative bias, repeatability and methods of calculating results
for periodic quality control determinations; and

0) Non-Conformance

12. Record keeping & reporting of results

12.1 Record Keeping

Sufficient records shall be kept of details of all measurements including the results, instruments
used, calibrations, correction factors, background measurements, etc. All reports and records shall
be authenticated by the competent person responsible.

12.1.1 For samples

The procedure for taking samples (e.g., urine, faeces, nasal samples) shall be documented as part
of the QA procedures. The procedure shall be designed to ensure that the sample is properly
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labelled, packed and not contaminated. Each sample shall bear a unique identification number.
This identification shall be used to denote the identity of the worker, the date and time that the
sample was taken, the duration of sampling and all subsequent measurements made on that sample.

12.1.2 For measurements

The procedure for making measurements shall be documented as part of the QA procedures. The
procedure shall be designed to ensure that the equipment used is operating correctly and is properly
calibrated. Each measurement shall be given a unique identification number. In the case of
measurements on samples, this identification shall be used to denote the identity of the sample
measured and the date and time of the measurement. In the case of direct measurements on
individual workers, the identification shall denote the identity of the worker and the date and time
of the measurement. For each measurement the conditions of measurement shall be recorded [e.g.
counting time, equipment and method used for the measurement, limit of detection, name of
analyst / operator, background count, calibration (including the individual parameters taken into
account for the calibration)].

12.1.3 For dose calculations

The procedure for calculating doses shall be documented. This shall include the assumptions made
in respect of route of intake, temporal pattern of intake, default or specific value of AMAD and f1
value, chemical and physical nature of the radioactive aerosol together with assumptions on the
absorption type. The dose calculation shall be recorded if it is done manually. If computer software
is used to calculate the dose, the identity of the software used (version) shall be recorded together
with all parameters used in the calculation. Information regarding the solubility type and particle
size pertaining to the radioactive contaminant as received from the Consentee / Licensee / RSO
also should be recorded.

12.1.4 The retention period for individual monitoring data is 5 years and for worker’s internal dose
it is for worker’s working life and afterwards at least until the worker attains or would have attained
the age of 75 years, and for not less than 30 years after cessation of work involving occupational
exposure.

12.2 Reporting Information

12.2.1 The required dose reports are sent to concerned authority for the purpose of implementation
of radiation protection programmes and maintaining of dose records.

12.2.2 The report should contain the information regarding identification of the worker, techniques
used for monitoring, radionuclides analyzed, final result and it’s uncertainty, appropriate
references from the Consentee / Licensee regarding the input parameters used for dose
computation, specify the methodology, the biokinetic and dosimetric model or the software
(version) used for internal dose computation, internal dose due to individual radionuclides as well
as sum of total CED receivable and recommendations on follow-up individual monitoring, if
necessary.

12.2.3 If measured Pu activity content in the worker or bioassay sample is less than MDA of the

system then it should be reported as below detection level (BDL) with writing MDA equivalent
activity in the footnote.
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12.2.4 Results below the predefined recording level may be reported as “below recording level”.
13. Requirements of Internal Dosimetry Laboratories

13.1 Adequate laboratory and office space should be available to accommodate the necessary
equipment and personnel with adequate space for maintaining dose records.

13.2 Preferably in vivo and in vitro monitoring facilities should be located away from any nuclear
and radiation facility in order to minimize background radiation levels and the possibility of
contamination. These laboratories shall be designed with sufficient ventilation; filtration and
shielding in order to avoid interfering background fluctuations, such as those due to radon. There
should also be waiting rooms for workers coming for monitoring. Change rooms and showers
should be provided at facilities used for direct measurements.

13.3 The in vitro laboratory should not be used for analysis of other, high activity process samples.
When planning space for in vitro laboratory, precautions with regards to biohazard during handling
and storage of excreta samples should be taken into account.

13.4 Access control to all facilities is necessary, both to protect sensitive equipment and to
maintain confidentiality of records.
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Annexure A
(informative)

Plutonium: The currently recommended biokinetic model for the actinide elements (thorium,
neptunium, plutonium, americium, and curium) was adopted in ICRP Publication This is shown
in Figure A.1 [2]. For plutonium absorbed to blood the main sites of deposition are the liver and
skeleton. The model takes account of the initial deposition in bone, the liver, gonads and other
tissues, and allows for transfer of activity from bone surfaces to bone volume and marrow,
recycling of activity between tissues, as well as loss by excretion. /CRP recommended the values
of transfer rates shown in Table A.1 for substitution in the plutonium biokinetic model.

Other soft tissues
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Figure A.1 ICRP Publication 67 biokinetic model for plutonium.
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Table A.1. Transfer rates for plutonium biokinetic model. ®

Route of transfer between compartments

Transfer rate (d1)

Blood to STO 0.2773
Blood to ST1 0.0806
Blood to ST2 0.0129
Blood to Trabecular surface 0.1941
Blood to Cortical surface 0.1294
Blood to Urinary bladder contents 0.0129
Blood to Kidneys (urinary path) 0.00647
Blood to Kidneys (other tissue) 0.00323
Blood to ULI content 0.0129
Blood to Liver 1 0.1941
Blood to Testes 0.00023
Blood to Ovaries 0.000071
STO to Blood 0.693
ST1 To Blood 0.000475
ST1 to Urinary bladder content 0.000475
ST2 to Blood 0.000019
Liver 2 to Blood 0.000211
Liver 1 to Liver 2 0.00177
Liver 1 to Small Intestine (SI) 0.000133
Kidneys (other tissue) to blood 0.00139
Kidneys (urinary path) to Urinary bladder content 0.01386
Trabecular marrow to Blood 0.00760
Cortical marrow to blood 0.00760
Trabecular surface to Trabecular volume 0.000247
Cortical surface to Cortical volume 0.0000411
Trabecular surface to Trabecular marrow 0.000493
Trabecular volume to Trabecular marrow 0.000493
Cortical surface to Cortical marrow 0.0000821
Cortical volume to Cortical marrow 0.0000821
Testes to Blood 0.00019
Ovaries to Blood 0.00019

@JCRP Publication 78 [2] notes that the values of rate constants are given to sufficient
precision for calculational purposes and that this may be more precise than the biological
data would support.

Table A.2 Compounds, absorption types and fi values

Intake fi Compounds
Ingestion 5.0x10* Unspecified compounds
Ingestion 1.0x 10 Nitrates
Ingestion 1.0x 107 Insoluble oxides

Inhalation, Type M 5.0x10* Unspecified compounds
Inhalation, Type S 1.0x 107 Insoluble oxides
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Table A.3 Emissions

Radionuclide Radiation Energy (MeV) Intensity (%)
238py a 5.46 28
o 5.50 72
x-rays 0.014-0.020 11
23%Pu a 5.11 11
o 5.14 15
o} 5.16 74
y-rays 0.014-0.022 4.6
240py a 5.12 27
o 5.17 73
x-Tays 0.014-0.020 10
Table A.4 Measurement techniques
Method of Typical detection limit
measurement
y-ray spectrometry in Lungs 2000 Bq
Vivo
Radiochemical Urine 0.5 mBqd"!
separation and o- Faeces 0.5 mBq per sample

spectrometry on
biological sample
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Annexure B
(informative)

Table B.1 Dose coefficients (SvBq!) for intake of Pu via inhalation & ingestion [2]

Nuclide tin Type Inhalation Ingestion
f; e (50) f e (50)
38py 87.7y M 5.0x10* 3.0x 107 5.0x10* 23x 107
S 1.0x 103 1.1x103 1.0x10* 49x10%

1.0x 10° 8.8 x 10”

9Py 2.41x 10%y M 5.0x10* 3.2x10° 5.0x10* 2.5x 107
S 1.0x 107 8.3x 106 1.0 x 10" 5.3x108

1.0x 10° 9.0x 107

240py 6.54x10%y M 5.0x10* 3.2x10° 5.0x10* 2.5x107
S 1.0x 107 8.3x 106 1.0 x 10" 5.3x108

1.0x 107 9.0x 107

Table B.2 Dose coefficients (SvBq™!) for intake of Pu via a contaminated wound for all
wound model categories [9]

Radio- Weak Moderate Strong Avid Colloid | Particle | Fragment
nuclide
8py 4.44x10* | 4.43x10* | 4.36x10* | 4.18x10* | 4.17x10* | 3.36x10* | 1.41x10°
29py 4.89x10* | 4.89x10* | 4.83x10* | 4.66x10* | 4.67x10* | 3.9x10* 1.67x10°
240py 4.89x10* | 4.89x10* | 4.83x10* | 4.66x10* | 4.67x10* | 3.9x10* 1.67x10°

Table B.3 Monitoring interval T and intake retention and excretion fraction for routine
monitoring of inhaled Pu aerosol of Sum AMAD [2]

Type M Type S
Monitoring Lungs |Daily urinary | Daily fecal Lungs Daily Daily fecal
interval (d) retention | excretion excretion | retention urinary excretion
m(T/2) m(T/2) m(T/2) m(T/2) excretion m(T/2)
m(T/2)
360 1.2E-02 5.4E-06 1.7E-05 3.2E-02 1.6E-07 3.7E-05
180 2.2E-02 7.1E-06 | (6.6E-05)* 3.8E-02 1.6E-07 1.1E-04
120 2.8E-02 8.1E-06 | (1.3E-04) 4.2E-02 1.6E-07 1.9E-04
90 3.3E-02 8.7E-06 1.9E-04 4.5E-02 1.7E-07 2.5E-04
6 3.8E-02 9.5E-06 2.8E-04 4.9E-02 L.7E-07 3.5E-04
0
3 4.6E-02 1.1E-05 4.3E-04 5.5E-02 1.9E-07 4.9E-04
0
1 5.2E-02 24E-05 | (2.3E-03) 6.0E-02 3.1E-07 (2. 5E-03)
4
7 5.4E-02 5.3E-05 | (3.4E-02) 6.1E-02 5.9E-07 (3.5E-02)
aThe values in brackets are not applicable as these monitoring intervals fail to meet the requirement that
“When determining the monitoring frequency, the time of intake is unknown and it assumes the intake
occurs on one day in the middle of the monitoring interval, it shall be ensured such assumption adopted
will not result in an underestimate of intake by more than three times”.
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Table B.4 Monitoring interval T and intake retention and excretion fraction for special
monitoring of inhaled Pu aerosol of Sum AMAD for [2]

Time T)"pe M - "pre S -
after Lungs Daily Daily Lungs Daily Daily faecal
urinary faecal g urinary excretion
Intake(d) excretion excretion excretion
1 5.8E-02 2.3E-04 1.1E-01 6.4E-02 2.3E-06 1.1E-01
2 5.6E-02 1.3E-04 1.5E-01 6.3E-02 1.4E-06 1.6E-01
3 5.5E-02 7.8E-05 8.0E-02 6.2E-02 8.3E-07 8.4E-02
4 5.4E-02 5.3E-05 3.4E-02 6.1E-02 5.9E-07 3.5E-02
5 5.3E-02 3.9E-05 1.3E-02 6.1E-02 4.5E-07 1.4E-02
6 5.3E-02 3.0E-05 5.4E-03 6.0E-02 3.7E-07 5.7E-03
7 5.2E-02 2.4E-05 2.3E-03 6.0E-02 3.1E-07 2.5E-03
8 5.1E-02 2.0E-05 1.2E-03 5.9E-02 2.7E-07 1.3E-03
9 5.0E-02 1.7E-05 7.6E-04 5.8E-02 2.4E-07 8.2E-04
10 5.0E-02 1.5E-05 5.8E-04 5.8E-02 2.3E-07 6.5E-04

Table B.5 Monitoring interval T and intake retention and excretion fraction for special
monitoring of ingested Pu [2]

Time f1 =5.0E-04 f1 =1.0E-04 f1 =1.0E-05
Daily Daily faecal Daily Daily faecal |Daily urinary| Daily faecal
after urinary excretion urinary excretion excretion excretion
Intake (d)| excretion excretion
1 3.4E-06 2.8E-01 6.7E-07 2.8E-01 6.7E-08 2.8E-01
2 2.6E-06 3.9E-01 5.2E-07 3.9E-01 5.2E-08 3.9E-01
3 1.4E-06 2.0E-01 2.9E-07 2.0E-01 2.9E-08 2.0E-01
4 9.3E-07 8.1E-02 1.9E-07 8.1E-02 1.9E-08 8.1E-02
5 6.5E-07 3.1E-02 1.3E-07 3.1E-02 1.3E-08 3.1E-02
6 4.7E-07 1.2E-02 9.4E-08 1.2E-02 9.4E-09 1.2E-02
7 3.6E-07 4.4E-03 7.1E-08 4.4E-03 7.1E-09 4.4E-03
8 2.8E-07 1.6E-03 5.5E-08 1.6E-03 5.5E-09 1.6E-03
9 2.2E-07 6.0E-04 4.4E-08 6.0E-04 4.4E-09 6.0E-04
10 1.8E-07 2.2E-04 3.6E-08 2.2E-04 3.6E-09 2.2E-04
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Table B.6 Monitoring interval T and intake retention and excretion fraction for wound

contaminated with various categories of Pu [9]

Days Weak Moderate | Strong Avid Colloid | Particle | Fragment
1 6.76 x 102 3.19x 10! 6.20x 10" | 8.10x 10" | 9.95x 10" | 9.96x 10! 1.00 x 10*°
2 3.55x 102 2.57 x 10" 510x 10" | 8.09x 10" | 9.90x 10" | 9.93x 10! 1.00 x 10*
3 2.97x102 2.11x 10" 475x 10" | 8.08x 10" | 9.84x 10" | 9.89x 10! 1.00 x 10*°
4 2.72 x 10? 1.77 x 10! 4.62x 10" | 8.07x10" | 9.79x 10" | 9.86x 10! 1.00 x 10*
5 2.51x 10? 1.52 x 10! 4.54x 10" | 8.07x10" | 9.74x 10" | 9.83x 10! 1.00 x 10*
6 2.33x102 1.32 x 10! 448x 10" | 8.06 x10" | 9.69x 10" | 9.80x 10! 1.00 x 10*°
7 2.15x 10? 1.18 x 10! 442x 10" | 8.05x10" | 9.65x 10" | 9.77x 10! 1.00 x 10*
8 1.99 x 102 1.07 x 10! 437x10" | 8.04x 10" | 9.60x 10" | 9.74x 10! 1.00 x 10*°
9 1.85x 10 9.84x102 | 432x10" | 8.03x 10" | 9.56x 10" | 9.72x 10! 1.00 x 10*
10 1.71x 10? 9.18x102 | 4.27x10"' | 8.03x10"' | 9.53x 10" | 9.69x 10" 1.00 x 10*°
14 1.25x 102 7.61x102 | 408x10" | 8.00x10" | 9.39x 10" | 9.60x 10! 9.99 x 10!
30 3.65x 103 537x102 | 347x10" | 7.87x 10" | 9.02x 10" | 9.35x 10" 9.99 x 10!
60 3.60 x 10 3.11x102 | 275x 10" | 7.65x 10" | 8.67x 10" | 9.13x 10! 9.98 x 10!
90 3.52x 107 1.80x 102 | 2.37x 10! | 7.43x 10" | 845x 10" | 9.02x 10! 9.97 x 10!

120 3.44x10° 1.05x102 | 2.14x 10" | 7.22x 10" | 8.25x 10" | 8.94x 10! 9.96 x 10!
180 3.29x10% 3.54x 107 1.90x 10" | 6.81 x 10! | 7.87x 10" | 8.78x 10! 9.95x 10!
360 2.92x 1014 1.37x 10 1.57x 10! | 572x 10" | 6.85x 10" | 8.33x 10! 9.94 x 10!
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Annexure C
(informative)

Procedure for assessment of workplace and individual monitoring data is given in the following
flowcharts [adopted from ISO27048]

Measurement of airborne
radioactivity

Calcubted dose on the basis of default
mﬂlﬂlﬂlﬂhﬂlﬂ g s on
yes
yes
—P Special(individual ) monitoring

Fig C.1 Flow chart for interpretation of measured activity concentrations in air
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Measurement performed Measurement performed
for reutine monitoring for special monitoring

Fig. C.2 Procedure for assessment of doses on basis of individual measurements
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Annexure D
(informative)
Scattering factors

The following description of the use of scattering factors to characterise uncertainties in measured
bioassay quantities is adapted from that given in [13]. The components of uncertainty associated
with a measured bioassay quantity can be grouped into two categories: Type A comprises those
components that can be described by the Poisson distribution (i.e. counting errors); Type B
comprises all other components (e.g. variability of background, variation of positioning of the
body during in vivo measurement, variation of body dimensions, variability in thickness, density
and composition of overlying tissues, distribution of activity within the body, variability of the
biokinetic behaviour of the radionuclide, uncertainty in the activity of a calibration standard, and
variability in chemical recovery for an in vitro measurement). Type B components cannot in
general be described using Poisson statistics.

In general, the distributions of a measured bioassay quantity arising from the various components
of uncertainty can be described using lognormal distributions, with the uncertainty quantified using
the geometric standard deviation. The geometric standard deviation is often known as the
scattering factor (Ksr), Table D.1 lists values of Ksr for the various components of uncertainty in
in vivo counting measurements. For example, the scattering factor due to counting statistics for
low photon energy counting is given as 1.5 it means that the scattering of the measured values due
to counting statistics would result in 67 % of the values lying in the range xso/1.5 and xs50%x1.5,
where x50 1s the median of all the measured values.

Table D.1 Typical values for the compounds of lognormal uncertainty for in vivo measurements
of radionuclides emitting low energy photons [11]

Lognormal scattering factor, Ksr
Source of uncertainty type low energy photon | Intermediate energy photon
E <20 keV 20 keV<E <100 keV
Counting statistics (A) 1.5 1.3
Variation of detector positioning (B) 1.2 1.05
Variation of background signal (B) 1.5 1.1
Variation of body dimensions (B) 1.5 1.12
Variation of overlaying structures (B) 1.3 1.15
Variation of activity distribution (B) 1.3 1.05
Calibration (B) 1.05 1.05
Spectrum evaluation® (B) 1.15 1.05

2 High purity germanium detector spectra

Total uncertainty may be calculated using the approximate formula given in Equation (D.1):
Ksp = exp! > In?(Ks, )}
i

Where, Ksris the total scattering factor and Ksr;is the scattering factor due to component i.
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Application of Equation (D.1) yields the total scattering factors given in Table D.2.

Table D.2 Typical values for the total Type A and Type B lognormal uncertainty for in vivo
measurements of radionuclides emitting low and intermediate energy photons

Lognormal scattering factor, Ksr
Uncertainty type low energy photon | Intermediate energy photon
E <20 keV 20 keV<E <100 keV
Total Type A 1.5 1.3
Total Type B 2.06 1.25
Total 2.3 1.4

Typical values of Type B scattering factors for in vifro measurements are given in Table D.3.

Table D. 3 Default values for the lognormal scattering factor Ksr for various types of
measurement from different studies (Type B errors)

Quantity Type B scattering factor, Ksr
True 24h urine 1.12
Simulated 24h urine, creatinine or specific 1.7
gravity normalized
Spot urine sample 2.0
Faecal 24 h sample 3.0
Faecal 72h sample 1.9

2Value obtained from reference [14]
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Annexure E
(informative)

ILLUSTRATIVE EXAMPLES OF DOSE CALCULATION
Example 1 (Case of Lung monitoring)
A person was sent for lung counting 3 days after suspected acute internal exposure while carrying
out maintenance work in a cell containing plutonium oxide. The result of lung counting showed
15 Bq of ' Am. Average activity ratio of Pu/Am in nasal swab and faecal sample was 8.5.
Calculate the intake and CED due to plutonium.
Solution :

24IAm retained in the lung = 15 Bq. Corresponding retention of 2*°Pu=15x 8.5 = 127.5 Bq.

239Py Intake = Measured Lung burden
Lung retention factor

The lung retention factor for class ‘S’ plutonium after three days = 6.2 x 102 Bq per Bq intake
(Annexure B)

Therefore, 23°Pu Intake = 127.5 Bq = 2056.5Bq
6.2 x 102 Bq / Bq intake

The corresponding CED = Intake (Bq) x Dose conversion factor
for class 'S' 2%°Pu (Sv/Bq) = 2056.5 Bq x 8.3 x 10® Sv/Bq = 17.07 mSv.

Repeat lung counting is recommended to further refine the intake evaluation and observe the
decrease or build-up of 2! Am in the lung. The CED has to be added to external dose to get the
total dose.

Example 2 ( Case of Acute inhalation to class ‘M’)

A person working in a cell handling plutonium TBP complex was suspected to be exposed to Pu
aerosols and his nasal swab showed 8 Bq of plutonium. He was given Ca-DTPA by aerosol
inhalation and repeat monitored by urine analysis. Lung counting did not show *' Am in the lung.
The three days pooled urine sample 100 days after exposure gave >3°Pu urinary excretion of 2.5 +
0.8 mBg/d. Calculate the intake and CED.

Solution :
The stabilised urinary excretion 3 months after Ca-DTPA inhalation administration

1s 2.5+ 0.8 mBg/d. The daily urinary excretion rate for class "M' Pu aerosols 100 d after
exposure is 6.1 x 10 Bg/d per Bq intake (Annexure B).
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Therefore, Intake = Measured urinary excretion = (2.5+0.8) x 10> Bg/d
Daily urinary excretion rate 6.1 x 10 Bg/d per Bq intake

409.8 £ 131.1 Bq

Corresponding CED 409.8 Bq x 3.2 x 10° Sv/Bq

13.1 £4.2 mSv.
The CED has to be added to external dose to get the total dose.
Example-3 (Case of routine urine monitoring)

A routine urine sample of a subject showed urinary excretion of 4.5 = 0.7 mBqg/d. Calculate the
CED.

Solution :

As urine sample results of > 3 mBq/d, worker was re-monitored and no reduction was observed in
the excretion. He was recommended for lay off from radiation work and 3 days pooled urine
sample analyzed and found to have an excretion rate of 4.1 + 0.7 mBg/d. The time of intake was
assumed as 180 days (mid point of monitoring interval). Previous year urinary excretion was below
than detection limit.

Therefore,  Intake = (4.1+0.7)x 10 Bg/d = 820+ 140 Bq
5 x 10 Bq/d per Bq intake

CED 820 (Bq) x 3.2 x 107 (Sv/Bq) = 0.0262 Sv =26.2 +4.5 mSv

The internal dose has to be added to the external dose received during the year.
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Annexure F
(informative)

Table F.1 Derived Reference Levels and Recommended Actions

Bioassay Result

Recommended Action

<DRL

Record the bioassay measurement result as < DRL

DRL <Result < DIL

Confirm and record the bioassay measurement result. If the
result is confirmed, assess the CED and include in individual
dose record.

DIL < Result <DMRL

Confirm and record the bioassay measurement result.

If the result is confirmed, assess the CED and include in
individual dose record.

Radiation worker laid off from radioactive job to facilitate
investigation

>DMRL

Confirm and record the bioassay measurement result.

If the result is confirmed, assess the CED and include in
individual dose record.

Radiation worker laid off from radioactive job to facilitate
investigation.

Case is referred to Medical Officer for consideration of
measures to decorporate radionuclides from the body.
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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work. ISO
collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO document should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO draws attention to the possibility that the implementation of this document may involve the use of
(a) patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed
patent rights in respect thereof. As of the date of publication of this document, ISO had not received notice
of (a) patent(s) which may be required to implement this document. However, implementers are
cautioned that this may not represent the latest information, which may be obtained from the patent
database available at www.iso.org/patents. ISO shall not be held responsible for identifying any or all
such patent rights.

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to the World
Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see
www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 85, Nuclear energy, nuclear technologies
and radiological protection, Subcommittee SC 2, Radiological protection.

Alist of all parts in the [SO 16659 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

In nuclear facilities, iodine traps are usually used on ventilation systems to limit radioactive gaseous
iodine releases into the environment, to reduce iodine concentration in the air of facilities by recycling,
or to prevent radioactive iodine incoming to protected areas (such as control room for example). The
knowledge or the warranty of the capacity of these devices to trap gaseous iodine could be necessary,
particularly when they are valued in the safety demonstration. The IAEA recommends testing periodically
the efficiency of confinement systems used to limit radionuclides releases into the environment. This
recommendation (4.127 from IAEA Specific Safety Guide No. SSG-53) is transcribed in some national
rules by requirements about testing the efficiency of scrubbing devices of facilities ventilation systems
but no international standard exists.

[SO 16659-1 is the general part of a set of standards on the different in-situ test methods for iodine traps,
describing common general provisions applicable to all methods.

This document presents the in-situ testing method for measuring the efficiency of iodine traps using a
radioactive methyl iodine method (CH3!31I). This document provides the specific provisions according to
the expected role of this iodine trap, requirements about workers protections and requirement about
environment protection to take into account during these tests.

© IS0 2024 - All rights reserved vi





Ventilation systems for nuclear installations - In-situ efficiency
test methods for iodine traps with solid sorbent - Part 2:
Radioactive CH3I method

1 Scope

ISO 16659 series provide different test methods aiming at assessing the efficiency of radioactive iodine
traps in ventilation systems of nuclear facilities. This series deals with iodine traps with solid sorbent,
mainly activated and impregnated charcoal, the most usual solid sorbent used in ventilation systems of
nuclear facilities, as well as other sorbent submitted to special conditions (e.g. high temperature zeolites).

The scope of this document is to provide general and common requirements for the test method using
radioactive methyl iodide (CH3!31I) as a tracer to determine the decontamination factor of iodine trap.
This reproductible method can support nuclear operators to compare the result to reference values (e.g.
safety criteria, national legislation, etc.).

Due to the use of a radioactive tracer, this document is not used to determine the decontamination factor
of iodine traps used in ventilation systems with air release in rooms with potential presence of workers
(e.g. control room). A non-radioactive method is preferred.

Due to the use of a radioactive tracer, this method is usually used for ventilation systems with monitoring
of iodine gaseous releases in accordance with the national regulations.

This document can apply to installations with low inventory of radioiodine equipped with iodine traps
(e.g. small laboratories). In this case, some provisions can be adapted but always in accordance with the
national regulations.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 4677-series, Atmospheres for conditioning and testing — Determination of relative humidity

ISO 2889:2023, Sampling airborne radioactive materials from the stacks and ducts of nuclear facilities
ISO 10648-series, Containment enclosures

ISO 10780:1994, Measurement of velocity and volume flowrate of gas streams in ducts

ISO 11933-series, Components for containment enclosures

IS0 16670:2016, In situ test methods for high efficiency filter systems in industrial facilities

ISO 16659-1:2022, Ventilation systems for nuclear facilities — In-situ efficiency test methods for iodine
traps with solid sorbent — Part 1: General requirements

ISO 17873:2004, Nuclear facilities — Criteria for the design and operation of ventilation systems for nuclear
installations other than nuclear reactors

IS0 18417:2017, lodine charcoal sorbents for nuclear facilities — Method for defining sorption capacity
index

ISO 20042:2019, Measurement of radioactivity — Gamma-ray emitting radionuclides — Generic test
method using gamma-ray spectrometry

IS0 26802:2010, Nuclear facilities — Criteria for the design and the operation of containment and
ventilation systems for nuclear reactors
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 16659-1 and the the following
apply.
[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— SO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

WG23 experts can add specific definitions related to the radioactive CHzl method if necessary before the DIS
stage.

3.1
XXXXXXXXXXXXX
XXXXXXXXXXX

4 Method
4.1 Scope of the method

The scope of the method is to specify the methodology, the tools requirements, their accuracy, and the
provisions needed to ensure safely (for workers, public and environment) the measurement of the
efficiency of iodine traps based on the injection of radioactive iodine under methyl iodide form (CH3l).

This method covers all the physical phenomena entering in the iodine filtration during the test duration
(physical sorption, chemical sorption, isotopic exchange and short-term desorption).

It is important to notice that due to the different operating conditions between those proposed in this
document (in ambient conditions) and those encountered during incidental or accidental situations (high
temperature, high relative humidity, etc.), the decontamination factor determined with this method may
not be directly transposed as a reference value for the estimation of radiological consequences for
population. Nevertheless, this document gives a reproducible method to precisely evaluate the
decontamination factor of the iodine trap (up to several thousands) and thus to reveal its well-functioning
or its possible degradation over time.

[t is important to notice too that the methyl iodide form is generally not the most present gaseous iodine
form in nuclear facilities, in particular reactors, opposite to the molecular iodine form. But the interest of
such a method comes from the methyl iodide is the most penetrating form for iodine trap, moreover this
CH3l method is easier to implement in facilities than the I, method (less contamination of the test
equipment, less damage to equipment (corrosion), easier transport of test equipment, use of less fragile
materials (stainless steel instead of glass)) and leads to fewer worker contamination.

Finally, this document mainly deals with iodine traps using impregnated activated charcoal which is
widely encountered in nuclear facilities in particular reactors. However, this method can be applied with
some adaptations to other solid sorbent (zeolite-type or impregnated catalytic supports).

4.2 Principle of the method

The principle of the method consists in the injection of gaseous radioactive iodine 131 (CHsl form) into
the ducts of the ventilation system, on the measurement of the quantities of CHsl present upstream and
downstream of the iodine trap by sampling and on the comparison of the results of these measurements
with the predefined test criteria (see Figure 1).

NOTE: This document, as studies and research on iodine traps, is based on the iodine 131. The use of another iodine
radioisotope (e.g. 1231 or 129]) with this document is a priori possible (no known scientific barrier). Nevertheless,
R&D shall provide consolidated elements, particularly on trapping phenomena (e.g. impact of the difference
between (3+/f-) and adaptations on operations may occur, particularly for safety of workers.
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Key
1  lodine trap to be tested 4  Injection of CH3131]
2 Ventilation duct 5 Upstream integrated measure of CH3131] by sampling
3 Air flow 6  Downstream integrated measure of CH3131] by sampling

Figure 1 — General principle for the CH3131I test method

The quantities of CH3131] present upstream and downstream of the iodine trap are characterized by
sampling and collect on iodine test traps (see 5.2). Gamma spectrometry (with a Germanium detector, or
in-situ spectrometric y associated with a Nal type detector) is used to quantify iodine activities of the test
traps to determine the decontamination factor.

4.3 Parameter affecting the achievements
4.3.1 General

The removal of iodine species by activated charcoal is found to be function of many variables. Indeed, the
influencing parameters reported in literature studies can be classified in two categories: parameters
related to the sorbent and parameters related to the operating conditions.

In addition to parameters mentioned in 4.4 of ISO 16659-1, the following parameters have to be
considered.

4.3.2 Effectrelated to the sorbent

The production method of activated charcoal (carbonization, activation and further modification for
example grain size selection) as well as the raw material nature play logically a key role for iodine species
removal. Indeed, these parameters could influence the textural properties (specific surface area, pore size
distribution, pore volume) as well as the chemical characteristics (kind of surface functional groups,
speciation and content of the impregnated molecules) as stated in ISO 16659-1. These physical and
chemical parameters will in turn determine the adsorption performances towards iodine species in terms
of adsorption capacities and trapping stability.

To improve its iodine trapping efficiency, activated charcoal is impregnated generally with a combination
of KI and TEDA in the nuclear context. The typical quantity of iodine collected in a trap is about 1 mg of
iodine per g of activated charcoal.

This document with radioactive methyl iodide is fully adapted to characterize the decontamination factor
of high efficiency impregnated activated charcoal used in nuclear field by testing all the trapping
phenomena.

4.3.3 Effects of operating conditions
4.3.3.1 Introduction

Various studies have been carried out to determine the performance of activated charcoal impregnated
with TEDA and /or KI in the capture of methyl iodide under different conditions. In normal operation,
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iodine traps are implemented in different configurations (bypassed, continuous service, etc.) and with
various and not necessarily controlled conditions of relative humidity (until saturation) or temperature.
These conditions may be different from those encountered in accidental situations (e.g. severe accident).
The efficiency test conditions may be therefore different from those for which iodine traps are valorized
in the safety demonstration, so it is important to measure these conditions and know their influence on
the filtration phenomena. The most prominent factors are relative humidity, temperature, frontal speed
(and contact time) as well as the ageing phenomena.

This document gives recommendations on these influencing parameters to ensure reproducibility of the
test in controlled conditions.

Other parameters not developed below are considered second order in the influence of the
decontamination factor.

4.3.3.2 Relative humidity

The water contained in the air is generally considered to induce a negative effect on methyl iodide
trapping since pores filled with condensed water will be not anymore available for the adsorption of the
incoming iodine molecules. More precisely, it was reported that the water molecules located on the
surface of the activated carbon create clusters that were bound in a network by hydrogen bonds and then
filled the porous network of the activated carbons, making the active sites less accessible for iodine
species. The presence of water vapor leads to the competitive adsorption between iodine species and
H:O0.

In nuclear grade charcoal, TEDA was found to counterbalance the detrimental effect of humidity on the
adsorption performances of activated charcoal.

Regarding the detrimental effects of humidity, some correlations have been proposed with the aim to
predict the decrease of CHsl adsorption performances by activated charcoals for different values of
relative humidity. These empiric correlations have to be used with extreme care regarding the domain
validity.

Also, to ensure the reproducibility (and comparison between tests) of the efficiency tests, this current
method requires the control of relative humidity, with, in practice, a test accomplished at low relative
humidity (typically lower than 40%) using heaters which are generally implemented upstream of the
iodine traps. To evaluate the decontamination factor at higher relative humidities, the use of correlations
given by R&D is necessary.

For tests which cannot be carried out at low relative humidity (e.g. absence of heaters), this method is
still valid and gives the real decontamination factor of the iodine trap in the relative humidity conditions
of the test. Nevertheless, the comparison of one test to another and therefore the establishment of trend
curves is more delicate.

In any case, due to the importance of relative humidity on the efficiency of iodine traps, this parameter
shall be measured and registered in the report.

Before the DIS stage, WGZ23 experts will enrich this standard with some examples of correlations between
decontamination factor and relative humidity and temperature (figures and bibliography). Information
from research studies of countries of the WG23 experts are welcomed.

4.3.3.3 Temperature

Numerous studies devoted to the behavior of activated charcoal as a function of temperature were
performed. Controversial results can be found for the temperature effect on the reported adsorption
performances by impregnated activated charcoals between the “adsorption” and the “nuclear air
cleaning” communities. The different trends observed in the literature are mainly accounted from the
different test methodologies.

At any rate, activated charcoal are all the more effective when the air passing through them is cold
(adsorption is better with low Brownian agitation). However, the lower the temperature, the higher the
relative humidity which decrease drastically the efficiency of activated charcoal. The practical
arrangement to reduce the effect of air relative humidity is to heat it (e.g. electric heater upstream). Even
if the adsorption of gaseous iodine is lower, the global gain on the efficiency is better due to the reduction
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of the relative humidity impact.

So, temperature seems to enhance efficiency of activated charcoal for iodine species. But it is important
to operate activated charcoal for temperatures lower than 120°C considering the quite low relative
humidity and to avoid increase of desorption or degradation of impregnant (KI and TEDA) which could
lead to release iodine previously collected (nota: ignition of charcoal is for higher temperatures).

As the relative humidity, to ensure the reproducibility of the tests, this current method requires the
control of air temperature, with, in practice, the test accomplished at the set temperature of the heaters
generally implemented upstream the iodine traps. For tests carried out without heaters, this method is
still valid and gives the real decontamination factor of the iodine trap at the temperature conditions of
the test (which are measured). Nevertheless, the comparison of one test to another and therefore the
establishment of trend curves is more delicate.

In any case, due to the importance of temperature on the efficiency of iodine traps, this parameter shall
be measured and registered in the report.

4.3.3.4 Contact time between air and the sorbent

As stated in ISO 16659-1 (4.4.4), the contact time (coupling of air velocity and bed thickness) is a major
parameter due to the adsorption is not an instantaneous phenomenon.

Also, to ensure the reproducibility of the tests, this current method requires the accomplishment of the
test at the nominal air flow rate.

If test is always carried out at a reduced air flow rate (which increases the contact time so the efficiency),
the determination of the decontamination factor at nominal air flow rate should use correlations given
by R&D.

If periodic efficiency tests are carried out with variable air flow rates for one iodine trap, the comparison
of one test to another and therefore the establishment of trend curves is more delicate.

In any case, due to the importance of contact time on the efficiency of iodine traps, the air flow rate shall
be measured and registered in the report.

4.3.3.5 Ageing phenomena

In addition to 4.4.5 of the ISO 16559-1, regarding the quite short life of iodine trap with high
decontamination factor, the use of a radioactive tracer in this document involves attention when a high
quantity of iodine is injected to test an old iodine trap (more than 4 years to6 years).

4.4 Other specificities of the method
4.4.1 Use of the CH3131I tracer
4.4.1.1 Advantages compared to the I, tracer

The radioactive iodine species involved in reactor severe accidents are generally mostly I; and in a
smaller proportion CHsl (others iodide molecules exist). A method with CHzl rather than I is however
more relevant because of the quite low deposition/adsorption of the methyl iodide compared to the
molecular form. Indeed, this document takes advantage of this characteristic with:

— avoiding pre-injection of non-radioactive iodine into the ventilation ducts which artificially ages
ventilation systems due to I, is corrosive (this pre-injection is usually done to discriminate the iodine
collect in the iodine trap, so the decontamination factor, from the collect by equipment of the
ventilation system);

— limitation of iodine contamination of test equipment with benefits with the risk of workers
contamination or evacuation of the equipment from the controlled area.

4.4.1.2 Purity of the gaseous CH3131]

It is necessary to have a good production yield of gaseous CH313!] compared to the starting liquid source.
There is no method for calibrating generators to verify the composition of organic iodines released by the
reaction of 131][Na with dimethyl sulphate even if the CH3131[ form is mainly produced. So, the generation
of only CH3!31l depends on the quality of the chemical reaction, including such parameters as the
temperature or the well bubbling/mixing, but also the purity of the dimethyl sulphate.
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The use of dimethyl sulphate for CH313!] generation by bubbling/mixing can conduce to produce dimethy]l
sulphate vapor or droplets which shall be stopped in the generation device.

This current method requires reproducible conditions of methyl iodide generation.
4.4.1.3 Desorption of the CH3131[ in the iodine trap

Due to the reversible trapping phenomena of gaseous iodine on charcoal (physical adsorption and
isotopic exchange, but not chemisorption), desorption can occur. Typical time of the desorption peak is
about several hours after injection, depending on many parameters related to the sorbent (e.g. specific
surface and thickness of the charcoal bed) or the operating conditions (e.g. relative humidity and the
contact time).

To take in account the desorption of the methyl iodide, this current method requires a duration of the
samplings (in particular the downstream sampling) longer than the injection duration. Nevertheless, a
long duration of sampling may be not compatible with industrial constraints. If a short duration of
sampling is chosen (e.g. 1 to 2 hours), to ensure reproducibility, it is important to keep this duration for
all the tests of the same iodine trap and to keep in mind that is a limit of this document.

4.4.1.4  Half-life of the 131 iodine

The half-life of the 131 iodine shall be taken in account for the activity of the source at the time of the test
but also for the time lapse between the sampling and the counting.

4.4.2 Toxicity

The generation device must be in a containment enclosure (e.g. glove box) due to the chemical and
radiological toxicities (dimethyl sulphate, liquid 131INa and gaseous CH3!31I) as well as the volatility of the
solutions to be used and the gas produced.

4.4.3 Sampling
44.3.1 General

To ensure reproducibility and precision of the method, the use of two identical sampling lines (see 5.2)
is preferred to limit the uncertainties.

4.4.3.2 Representativeness

Sampling shall be homogeneous and representative of what is present in the ventilation duct. Isokinetic
is not required due to injected methyl iodide is gaz. General requirements are defined in ISO 2889.

Nota to entry: It is also possible to rely on the ISO 16170, which deals with in-situ test of high efficiency filter with
sampling, for the question of the representativeness of the sampling.

Sampling shall be identical upstream and downstream as much as possible. If necessary, an additional
factor shall be considered to compensate for a certain heterogeneity.

4.4.3.3 Sampled volume

Using sampling in this method requires a well estimation of the sampled volume upstream and
downstream the iodine trap to ensure low uncertainties on the CH3!3!] concentrations.

This current method requires calibrated devices (volumetric meter or sampling air flow indicator
coupled to sampling time).

4.4.3.4 Activities on iodine sampling traps

A sufficient thickness of iodine test trap for each sampling is necessary to ensure a maximum collect of
the CH3131L.

This current method requires the use of two cartridges in series in each sampling line for safety
considerations and to guarantee the complete trapping of gaseous iodine (see 5.2).

The uncertainty and the detection limit of method of quantification of radioactive iodine in the test traps
have directly an influence on the quantity of CH3!31l injected (considering air flow ratio
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(sampling/conduct) and estimated decontamination factor), especially for the second iodine test trap of
the downstream sampling (see 8.1.1).

The activity of the downstream charcoal cartridges shall be superior to the decision threshold
(established from the the sensitivity of the gamma spectrometer used) to allow an evaluation of the
decontamination factor. If the activity is not bigger than the decision threshold (e.g. because of high
efficiency of the iodine trap), a decontamination factor cannot be established but only validate the respect
of a criteria (se 9.1).

5 Testequipment
5.1 Generation and injection devices

The generation of gaseous CH3!31I (see 8.1.1) can be generated directly during the test or before the test
in a laboratory. These two methods, called “In-situ generation method” and “Laboratory generation
method” in this document, apply different devices. The devices of these methods are respectively
presented in Annex A and Annex B.

5.2 Sampling device
5.2.1 General

The upstream and downstream sampling lines (see Figure 1) are identical in their conception and
comprise successively (see Figure 2):

— asampling nozzle;

— connections to the ventilation duct;

— an isolation valve;

— a HEPA filter, intended to stop dust or aerosols that may have fixed iodine;
— two cartridges of activated charcoal in series;

— an air flow or air volume measurement device;

— an valve to adjust air flowrate of sampling;

— acompressed air ejector or equivalent device.

The Figure 3 gives an example of the filtration part (HEPA/charcoal) of a sampling line.

1
—> <2 i

3

4 A

5 11

/
W7
7 10
8 9

Key
1 Ventilation duct 7  Flowmeter or volume-meter
2 Sampling nozzle 8 Adjustment valve
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3 Connection to ventilation duct 9  Compressed air
4  Isolation valve 10 Air ejector
5 Sample HEPA filter 11 Release in the ventilation duct
6  Sample charcoal cartridge
Figure 2 — Schematic assembly of a sampling line
3
4
1
4
2
4
2
4
3
Key
1 HEPA filter (violet) 3 Protective tape for transport
2 Activated charcoal cartridge (orange) 4  Seal (green)

Figure 3 — Example of the HEPA/charcoal part of a sampling line

5.2.2 Sampling nozzle
Considering the tracer CHal is a gas, rectilinear can be used, isokinetic nozzle is not necessary.
5.2.3 HEPA filter

In ventilation systems of nuclear facilities, iodine traps are usually implemented downstream HEPA
filters leading to have a low concentration of aerosols in the air throw the iodine trap. Considering this,
in the sampling lines, the use of a HEPA filter upstream the charcoal cartridges to collect iodine adsorbed
on aerosols is optional. For different implementation of iodine traps in the ventilation system, HEPA filter
in sampling lines may be however necessary.

5.2.4 Activated charcoal cartridges

To improve the efficiency of the activated charcoal of cartridge (adsorption of molecular iodine and
radioactive organic iodides), it is recommended to use impregnated charcoal (e.g. 1% Potassium lodide
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(KI) and/or Triethylenediamine (TEDA)). The activated charcoal used in the sampling lines can be
different from the one used in the trap to test.

NOTE: According to the manufacturers, the efficiency of an impregnated charcoal cartridge for methyl iodide form
can reach 99,8% for a relative humidity of 40% and a flow rate of 50 litres per minute (1.mn%?), i.e. 3 m3.h'L.

The charcoal thickness bed shall be sufficient to collect all the iodine.

The second cartridge in each sampling line is fitted for safety reasons in case the first is defective (to
prevent iodine dispersion if sampling air release is not in the ventilation duct). This second cartridge also
ensure the viability of the test: the absence (or low level) of radioactivity on the second cartridge
guarantees the complete trapping of gaseous iodine by the first cartridge (presence of radioactivity on
the second cartridge does not guarantee complete trapping of the iodine on the two cartridges).

To ensure a good reproducibility of the test, it is recommended to use pre-packed cartridges which
benefit from industrial-type manufacturing quality (see Figure 4). It is possible to use own-made
cartridges, but caution shall be paid to manufacturing them.

For pre-packed cartridges, it is advisable to ensure the correct direction of the passage of the air through
the cartridges (to discriminate upstream and downstream faces for counting reasons).

For own-made cartridges, it is necessary to ensure proper compaction of the activated charcoal so that
leakage is minimal (e.g. by a settlement by gravity (by dropping the activated charcoal from a height of
one meter into the body of the witness control traps) or by using a compaction apparatus (vibration table,
shock table). Before the final assembling, the cartridges are dusted by the passage of a clean air flow to
remove all the dust caused by attrition during compaction.

Key

1 Polycarbonate carter 3 Activated impregnated charcoal
2 Separator film

Figure 4 — Schematic view of a charcoal cartridge (example)

5.2.5 Air flow rate measurement

The air flow rate measurement device, coupled with the measurement of the sampling time (which could
be different upstream and downstream the trap to test), is used to evaluate the quantity of air passed
throw the cartridges. It could be, for example, a calibrated venturi with a manometer; the use of air
volumetric counter is also possible.

A typical sampling air flow rate is 4 m3.h-1.
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5.3 Measurement device
5.3.1 Activity (y-spectrometer)

The samples (activated charcoal cartridges and HEPA filter) are measured by gamma spectrometry. The
resolution of the spectrometer should be sufficient to discriminate with certainty the peak centered on
364 keV of the 131 iodine to avoid confusion with other radionuclides.

Alternate method of measurement, e.g. Nal scintillation detector which does not need to be calibrated,
could be used but with caution considering the adsorption of the signal in the cartridge or the non-
discrimination of other radioactive species. Due to the low level of activity in the cartridge of the
downstream sampling line, the activated charcoal can be homogenized to increase the precision of the
measure.

5.3.2 Relative humidity (hygrometer)

Due to the importance of relative humidity in the phenomena of iodine trapping on solid sorbent, it is
necessary to measure the relative humidity of the air passing throw the trap. The relative humidity is
measured using a qualified and certified hygrometer in accordance with ISO 4677.

5.3.3 Ventilation, injection and sampling flow rate

Measurement of 1) the ventilation flow rate, 2) the injection flow rate and 3) sampling flow rates is done
in accordance with the provisions of ISO 10780 or by means of any suitable precision equipment.

5.4 Easiness of implementation

Layout arrangements and operational provisions needed to make the in-situ test easily performable will be
written by WGZ23 experts before the DIS stage.

5.5 Specificities
No specificities other than items previously mentioned.

WG23 experts will add specificity of the equipment used if necessary, before the DIS stage.

6 Safety of workers, members of the public and the environment

6.1 Main workers safety provisions
6.1.1 Radioactive considerations

As for aradioactive form of iodine used in the test in-situ testing iodine filters by radioactive CHsI method
shall be performed following national radiation protection regulations in force.

In order to avoid any risk of dispersion of radioactive iodine in the atmosphere of the room, the
equipment leak tightness is checked and the devices with sensible parts (e.g. valve or connections) are
located in a containment enclosure. Air extraction of the containment enclosure is preferably released in
the ventilation duct as the sampling lines releases.

At any rate, iodine monitoring is present in the room to alert workers of a contamination spread.

Workers who handle the sources and conduce the test shall be categorized in respect of national
regulations.

During the test, only workers directly participating in the test should be present in the room where the
test is performed.

Workers should wear respiratory protection equipment designed to purify the air from organic forms of
iodine, in particular when handling 13!INa source, opening the containment enclosure or disassembly
devices. The equipment should be especially selected to provide the degree of protection necessary with
the objective of minimizing the total dose by using a predetermined set of protection factors as a guide.
After use, protective clothing and respiratory equipment should be considered as contaminated and
should be handled accordingly.
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6.1.2 Biological considerations
As the dimethyl sulphate (CH3)2S04 is known as carcinogenic:

— dimethyl sulphate is vialed by adequate workers in laboratory; the workers in charge of the test only
handle the vial;

— the quantities used for a test should be reasonable, typically 0,5 to 1 ml;
— during the test, workers wear adequate respiratory protection.

Before the DIS stage, WG23 experts could enrich this standard with specific provisions to handling dimethyl
sulphate (e.g. operation provisions, guarantee for completeness of the reaction with INa, workers
protection...).

6.2 Main provisions for ensuring safety of members of public and the environment

Rooms where tests with radioactive iodine are performed should be equipped with local ventilation
treatment systems with iodine filters to reduce release of radioactive iodine in the environment.

The total activity of CH313!] used during tests should be at a reasonable minimum in order to avoid a
negative impact on members of the public and the environment and should be determined using with
sufficient sensitivity measuring instruments (see 8.1.1).

The air release downstream the iodine trap to test should be connected to a stack with radioprotection
controls to determine the quantity of gaseous radioactive iodine released into the environment (this
quantity could be quite high if the efficiency of the iodine trap is too low or if there is bad lineage of the
ventilation network (bypass valve still opened for example)).

If such provisions cannot be achieved, specific provisions should be implemented to evaluate the quantity
of iodine released in the environment.

Tests using radioactive CH3131I should not lead to exceeding authorized limits for radioactive releases.
6.3 Management of radioactive sources

The sources of 1311 are either stored with the company that performs the tests or with the operator. The
company in possession of unsealed sources of 131 shall keep the total quantity available to it and the
corresponding activity up to date, knowing that it has an authorization to hold a certain maximum activity
within the walls of the company.

131] sources are received in packages and thus stored in a locked shielded cabinet (which also contains
the inventory in paper format of the contents of the cabinet) all in a classified room in a controlled area.
Packages are only opened at the site of use.

The sources are transferred to the site of use in their sealed shipping package in compliance with the
transportation rules.

Technological waste can be handled by the company that owns the site where the source is used. As well
as 131] source residues. Waste management is also made by decreasing sources of 1311.

Annual periodic inspection of storage and deposit facilities for bottles of 1311 in solution such as
measurements of irradiation and contamination.

7 Facility arrangements

In addition to requirements for the facility stated in ISO 16659-1, the use of radioactive iodine involves
handling radioactive source within a nuclear controlled area to prevent dispersion throughout the facility
or in the environment.
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The nuclear operator also verifies:

— the presence and the correct positioning of injection rod and sampling nozzles;
— the air flow rate through the iodine trap coherent with the nominal air flow;

— the leak tightness of the ventilation duct;

— the hygrometric and thermal equilibrium of the iodine trap (measurement of temperature and
relative humidity upstream and downstream) which requires the commissioning of air heater;

— all the characteristics of the trap (brand, type, identification date of replacement, etc.).

8 Mode of performing the test
8.1 Test preparation
8.1.1 131]Na source preparation and calculation of the minimal activity

The gaseous CH3!31 is generated by reaction of liquid dimethyl sulphate ((CHs3)2 SO4) with liquid
radioactive sodium iodide (131INa) following the chemical reaction:

2 131[Na + (CHg)z SO4 9 SO4 Naz +2 CH31311 (1)

NOTE 1: This document deals with generation of CH3'3!] only from a liquid source of pure 3INa. Generation of
liquid 131INa from a solid form (e.g. 131 iodine pill or capsule) could be considered but shall be based on studies
showing the relevance of the method (in particular with the present molecules which could modify or delay the
reaction).

WG23 experts could enrich this standard with this type of generation from national standards using it. It
would be done before the DIS stage if such a method exists.

NOTE 2: Alternate ways to produce gaseous CH3!3!l by bubbling gaseous dimethyl sulphate in liquid radioactive
sodium iodide or using the phenomenon of isotopic exchange of stable CHsl (result of the reaction of methyl
sulphate with stable INa) throw solid 1311 could be considered but shall be based on studies showing the relevance
of the method.

WG23 experts could propose new methods before DIS stage (including operation/devices and comparison
between methods and uncertainties management).

The activity of the 131INa source is defined according to the decision threshold (established regarding the
sensitivity of the gamma spectrometer), the flow rate of the installation to be checked and the presumed
efficiency of the trap to be checked. It is expressed by the relationship:

A=S X % X DF (2)
where
A is the minimal activity of the source in Becquerel (Bq);

S is the decision threshold in Becquerel (Bq);

Q is the flow rate of the trap to test in cubic meter per hour (m3.h-1);
q is the sampling flow rate in cubic meter per hour (m3.h-1);

DF  is the expected decontamination factor.

The decision threshold is a key parameter to reach measurement of high decontamination factor with
low injected activity. In a laboratory, a decision threshold of 0.2 Bq is achievable. With in-situ portable
equipment, decision threshold is generally higher.

The minimum decontamination factor criterion used for the control of activated charcoal using CHsl is
generally 100, but this value may vary depending on the installation and the nature of the iodine to be
trapped and on potential hazards on the iodine trap during its use (poisoning, humidity, etc.).

The minimum decontamination factor sought is generally given by the users according to their general
operating rules.
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The injected activity shall make it possible, in the event of poor efficiency of the iodine trap to be tested
in relation to the required performance criterion, to provide the most precise possible test results.

Finally, the injected activity is typically in the range of several megaBecquerel (MBq) up to several
hundreds of MBq depending on air conditions (flowrate, temperature (with or without heater), relative
humidity, etc.), estimated decontamination factor (considering age of the iodine trap, poisoning
phenomena, suspicion of loss of efficiency, etc.) and decision threshold.

The radioactive transportation rules/limits should also be considered in the feasibility of the test.

8.1.2 Facility arrangements

Before injecting CH3131[, it is important to verify the well conditioning of the ventilation system, to
measure relative humidity, air flow rate and pressure drop of the trap to test.

The air conditions of the test (relative humidity and temperature) so the air sampled shall be compatible
with the domain of full efficiency of sampling charcoal cartridges.

8.1.3 Sampling lines
The two sampling lines are prepared with HEPA filters and two impregnated charcoal cartridges.
8.1.4 Calibrations/Periodic verifications

To ensure the reproducibility of the test and to master uncertainties, a calibration certificate and/or
verification report shall be established periodically for all the equipment including the generation and
injection device, the containment enclosure, the sampling device.

8.1.5 Connections

For safety reasons, it is important to connect the two sampling lines, the containment enclosure and the
injection device (with the radioactive source) successively to:

— 1) the air release (generally in the ventilation duct upstream the iodine trap to test);
— 2) the compressed air system (used for CH313!] injection in duct);

— 3) the ventilation duct (point of injection and sampling);

8.2 Test execution

The normative methods are presented in Annex A and Annex B.

This current standard could be enriched with different relevant methods. This should be done before DIS
stage.

8.3 Testend

8.3.1 Disassembly

At the end of the test, the method consists in successively:

1) Stopping the CH3!31l injection.

2) Stopping the upstream and downstream samples.

3) Disconnecting the sampling devices (whose openings will be closed to avoid any loss of material).

4) Evacuating the residual radioactive iodine source. Comply with radiation protection rules to avoid any
risk of contamination.

5) Stopping the air suction of the containment enclosure, and the rest of the installation is finally
dismantled.

8.3.2 Radiation controls

After dismantling and before evacuation of all the equipment, a radiation control is performed to ensure
the absence of iodine contamination of the equipment and the workers.
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8.3.3 Samples counting

The charcoal cartridges and HEPA filters are placed in a plastic pillbox or a plastic pouch to prevent
contamination during the transport but also in the spectrometer due to desorption phenomenon (see
Figures 5 and 6).

Figure 5 —

Figure 6 — HEPA filter in its pouch (example)

Before spectrometer counting, the activity of the second cartridges of each sampling line is measured
with a portable /vy meter. The activity measured shall be very low to success the test (the first cartridges
have to collect almost all the activity sampled upstream and downstream).

Nota to entry: the in-situ activity measurement could benefit from rooms with low radiation background noise.

The measurements should be carried in accordance with ISO 20042. The activity is determined with the
peak centred on 364 keV of the iodine 131.

In order to limit the uncertainties and guarantee the reproducibility of the tests, counting of the upstream
and downstream charcoal cartridges as well as the HEPA filters are often carried out with the same
protocol.

Counting by spectrometer of charcoal cartridges is done from the side to have a better estimation of the
activity trapped in the cartridge. A measurement on the upstream face couldn’t give a good value due to
the different penetration profile of iodine throw the depth of the cartridge. Moreover, to have better
uncertainties, it is recommended to realise several side measures due to the possible heterogeneity of
the charcoal bed in the cartridge.

NOTE: To avoid mispositioning in the spectrometer, the charcoal cartridges could be always positioned in the
direction of the flow in the pill dispensers, impregnated side on the lid side (see Figure 5).

WG23 experts will think about the relevance of providing information on the orders of magnitude of
sensitivity of gamma spectrometers and decision threshold before the DIS stage.

8.4 Other specificities

No other specificities.
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9 Establishing the result
9.1 Expressing the result

The result of the decontamination factor depends on the activities on the cartridges and the filter
(upstream and downstream) and sampling flow rates (upstream and downstream) according to the
following formula:

FO0+C1+C2

fo = S x

LI
fO+cl+c2 Q

=1

(3)
where

fo is the decontamination factor;

FO  isthe activity of the HEPA filter in upstream line in Becquerel (Bq);

C1 isthe activity of the first sampling charcoal cartridge in upstream line in Becquerel (Bq);

C2  isthe activity of the second sampling charcoal cartridge in upstream line in Becquerel (Bq);

fO0 is the activity of the HEPA filter in downstream line in Becquerel (Bq);

c1l isthe activity of the first sampling charcoal cartridge in downstream line in Becquerel (Bq);

c¢2  isthe activity of the second sampling charcoal cartridge in downstream line in Becquerel (Bq);

q is the sampling flow rate in cubic meter per hour (m3.h-1);

Q is the flow rate of the trap to test in cubic meter per hour (m3.h-1);
T is the sampling time of the upstream line in hour (h);

t is the sampling time of the downstream line in hour (h).

This formula can be expressed also following the volume sampled instead of the sample air flow rate and
the sample duration:

£, = FO+C1+C2
D™ fot+ci+e2

X = (4)
where (in addition to the previous formula)

v is sampled volume of the downstream line in cubic meter (m3);

|4 is sampled volume of the upstream line in cubic meter (m3).

Finally, upstream and downstream flow rates and sampling time are generally equal, moreover iodine
trap are generally implemented downstream a HEPA filter in nuclear ventilation, so the formula can be
simplified as following:

C1+C2

fo = c1+c2 ()

Caution on the activity on the charcoal cartridges

[t is important to notice that to quantify a decontamination factor, activities measured by spectrometry
requires values superior to the decision threshold.

If upstream and downstream activity measures are lower than the decision threshold, there is a problem
during the test or the measurements (considering the activity injected, the first upstream cartridge has
normally a measurable activity). It is not possible to calculate a decontamination factor.

When only downstream activity measures are lower than the decision threshold, it could come from a
high efficiency of the iodine trap or from a sampling or counting problem. When sampling or counting
problems are excluded (e.g. verification of sampling air flowrate), it is not possible to reach the value of
the decontamination factor, but it is possible to express that it is superior to a value calculated following
the formula (3) using decision threshold instead.

9.2 Accuracy of the result
WG23 will think about the need of an Ishikawa diagram before DIS stage.
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9.2.1 General formula of uncertainties

Considering the formula (3) expressed in/9.1 and neglecting the activity on the HEPA sample filters,
uncertainty expresses following:

2 2 2 2 2 2
B _ \/<(u_c1) () () () () () )
fp Cy C, cq1 cy v %4
Where “p” is the standard uncertainty, “C” and “c” the activity upstream and downstream on the 1st and

2nd cartridges and “v” and “V” the sample volumes upstream and downstream. For activity lower than the
decision threshold, it is retained a standard uncertainty of 50%.

This uncertainty shall also take into account all the uncertainties linked to the following quantities.
9.2.2 Uncertainties associated with the ventilation system
9.2.2.1 Representativeness

The homogeneity of the concentration of CHsl in the upstream and downstream sampling section of the
ventilation duct, so the representativeness of the samplings, is important and developed in the 4.4.3.
Representativeness shall be characterized to reach this uncertainty.

9.2.2.2 Leakage of ventilation ducts

As for sampling ducts, leakage of ventilation ducts conduces to dilute the real activity. Leakage of
ventilation ducts shall be checked, visually at minimum and may be tested during the commissioning
(with a typically expected leak tightness of 10-1 vol.h-1).

9.2.2.3 Retention in ventilation ducts
As for sampling ducts and due to the property of the CHs]l, this uncertainty remains second order.
9.2.2.4 Presence of dust in the air (aerosols)

Considering the general implementation of the iodine trap downstream a HEPA filter in the ventilation
system of nuclear facilities, the uncertainty due to the loss of iodine by adsorption on aerosol remains
second order.

9.2.2.5 Airrelative humidity and temperature

Due to their major impact on the efficiency of iodine trap (and sample charcoal cartridges), relative
humidity and temperature have to be mastered to more reproducible values as stated in 4.3.3.

9.2.3 Uncertainties associated with the method
9.2.3.1 lodine generator

There is no method for calibrating generators to check the composition of the organic iodines released
by the reaction with dimethyl sulphate. The purity of the CH3I generated depends on the purity of the
dimethyl sulphate and sodium iodide and on the well-achievement of the chemical reaction (see 4.4.1.2).

9.2.3.2 Sampling equipment
Uncertainties of the sampling equipment comes from:

— leakage of sample lines: the uncertainty results from the dilution of the CHsl activity by air inlet from
leaks in the sampling ducts. The sampling lines, in particular leak tightness of the connections, shall
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be carefully designed and implementation at minimum and could leak tested (typically expected leaks
for such equipment/connection are 10-1 vol.h-1);

— retention in ventilation and sampling ducts: the CH3l form is very few subject to deposition compared
to the I, form, so this uncertainty remains second order;

— sampling air flow rate: uncertainty about the sampling air flow rates leads to different frontal speeds
on the sampling cartridges;

— sampling isokinetic (for activity measured on HEPA filter): the sampling speed in relation to the flow
velocity in the duct has no direct impact on the sampling of gaseous iodine. The impact only concerns
iodine adsorbed on aerosols upstream of the trap or iodine adsorbed on activated charcoal dust and
released. Given the low levels of aerosols transported in the ducts and the low activities measured on
the HEPA sample filters, this uncertainty remains second order. Compliance with specific sampling
standards (in particular ISO 2889) does not seem essential for controlling the accuracy of the
measurement.

9.2.3.3  Sample charcoal cartridges
9.2.3.3.1 Efficiency

The uncertainty comes from the capacity of the charcoal samples to collect all the gaseous iodine. The
efficiency of charcoal may be variable depending on the batch (origin, activation treatment, etc.). this
uncertainty may be mastered by have a sufficient thickness of charcoal bed and by controlling the absence
of air bypass within the charcoal bed.

The use of two charcoal cartridges for each sampling line is recommended to guarantee, by the absence
of activity on the second cartridges, the first cartridges have trap almost the entire activity sampled. In
this way this uncertainty could be neglected.

9.2.3.3.2 Hygrometric and thermal equilibrium

The duration of sampling is quite short, so the achievement of an equilibrium for the charcoal cartridge
may be not reached. At any rate, the low quantity of charcoal in the sampling cartridge conduces this
uncertainty in second order.

9.2.3.4 Sampling duration

The uncertainty comes directly from the measurement accuracy of the sampling time. Generally, this
measurement is carried out with a standard stopwatch but shall also include the operating time on the
isolation valves of the sampling circuits: +/-30s.

9.2.3.5 lodine concentration sampled

Upstream sampling cartridges collect significant iodine concentrations while downstream cartridges
collect very low concentrations. It shall be taken in account in the design of the sampling lines and the
counting method/equipment.

9.2.3.6 Counting device

The uncertainty of the counting device comes from the detection limit but also from the geometry of the
charcoal samples (the counter shall be calibrated with the geometry of the sample). It is important to
establish a decision threshold depending on the device used.

9.2.3.7 Desorption of the iodine trap to test

The efficiency of the iodine trap to test shall take in account the desorption. This uncertainty is drastically
limited by having a long sampling duration (several hours) or at least limited to a second order of
uncertainties with a sampling duration of one to two hours as generally operated for an in-situ method
(see clause 8).
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9.2.3.8 Radioactive decay of the 131 iodine
9.2.3.8.1 Radioactive decay between sampling and counting

This uncertainty comes from the difference between the activity present on the sample cartridge at the
time of the efficiency test and at the time of counting.

The delay between sampling and counting is timed and a correction is made following the formula:
t

A(t) = A0 X % X 7)

131,
where
A(t) is the activity at time “t” in Becquerel (Bq);
A0 s the activity at “t” = 0 (sampling time) in Becquerel (Bq);
t is the duration time between sampling and counting in hour;

Ti311 is the half-life of 1311 in hour (192,47 h).

9.2.3.8.2 Radioactive decay during counting

This uncertainty comes from the difference between the activity present on the sample cartridge at the
start of counting and the counting result.

The downstream sample is counted first due to its low activity which shall remain superior to the
detection limit of the counting device. The counting time shall remain limited.

9.3 Evaluation and test report

The Annex C gives an example of a typical test report with the major information needed to appreciate
the result. The technical report shall have enough data to understand a low efficiency or to compare to
previous tests.

In particular, it is important to know the characteristics of the iodine trap and its conditions of operation
in the facility (air flow rate, pressure drop of the trap, relative humidity, etc.). The test report shall also
include:

— the activity of the 31INa source;

— activities measured upstream and downstream (see clause 8);

— the duration of sampling upstream and downstream (generally identical);
— upstream and downstream sampling rates (generally identical);

— the dose rate measured in contact with the source vial before and after injection is a good indication
of the injection yield. Activity expressed in Gray per hour (Gy.h1) or Sievert per hour (Sv.h-1);

— the estimate of the activity released downstream can be an interesting parameter to know how much
iodine has been released into the atmosphere, it is expressed by the following relationship:

Ar = AdTXQ (8)

where
Ar  is the activity rejected in Becquerel (Bq);
Ad  is the total activity measured on the downstream sample in Becquerel (Bq);
Q is the flow rate of the trap to test in cubic meter per hour (m3.h-1);
q is the sampling flow rate in cubic meter per hour (m3.h-1).

Considering the half-life of the 131 iodine, it is important to precise all the date and hour of all activity
measurement, or to present all the activities calculated for the day of injection at 12:00 (for example).
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Annex A
(normative)

Test method “In-situ generation method”

A.1 Test equipment (generation and injection devices)
A.1.1 General
The in-situ generator used to produce methyl iodide consists of:

— a containment enclosure (glove box) maintained in depression relative to the external atmosphere
and equipped with accessories (inlet and outlet filter cartridges, pressure gauges, etc.);

— aradioactive iodine injection line maintained in depression in relation to the containment enclosure
and directly connected to the ventilation duct upstream the trap to test.

The radioactive iodine injection line principle (see Figure A.1) consists of the transfer, by the action of
air, of liquid dimethyl sulphate into liquid radioactive sodium iodide, then the washing (to reduce
viscosity) of gaseous methyl iodide produced in ethanol (optional) before injection in ventilation duct.

The generator shall be able to suck up the CH313!] formed and sustain the chemical reaction throughout
the generation which shall be as continuous as possible during the injection period, which improves the
repeatability of the test. The temperature conditions shall be measured and as constant as possible during
the test. The optimum temperature for good iodine generation is between 15 and 30°C. For temperatures
below 15°C, the chemical reaction of generation of gaseous CHs131I could be not complete for the duration
of the test. For temperatures above 30°C, the generation of iodine is too fast (similar to a puff). And the
generator shall suck only gas (to avoid droplets).

Figures will be improved before the DIS stage by the project leader.
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17
Key
1 Containment enclosure 11 Bottle of liquid radioactive iodine
2 Air intake (for CH313!] generation) 12 Bottle of ethanol (optional)
3,5,8 HEPA filter/lodine trap 13 System to ensure injection of CH3131]
4 Air intake (containment enclosure) 14 Flow meter
6 System to ensure depression 15 CH3131] outlet to ventilation duct
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7 Air outlet (containment enclosure) 16 Non-plunging needles
9 Pressure gauge of the containment enclosure 17 Plunging needles
10 Bottle of liquid dimethyl sulphate

Figure A.1 - Example of CH3131I generation/injection (In situ generation method)

A.1.2 Containment enclosure

The containment enclosure, generally a glove box, is designed and operated following the ISO 10648
series and the 11933 series with sufficient air leak tightness, depression and air renewal to prevent
worker’s contamination (during the test in case of atmospheric iodine contamination or at the end of the
test in particular when evacuating the source of radioactive iodine.

NOTE:

Example of air leak tightness is 10X h'! following ISO 10648-2.
Example of depression is 1 kPa compared to the room.
Example of air renewal is 20 h-1.

A.2 Test execution

A.2.1 Teststart

The test comprises successively:

— 1) Measurement of pressure drop of the trap, air velocity in the ventilation duct, relative humidity.

— 2) Commissioning the suction devices for the upstream and downstream samples lines.
Air velocity on the sampling devices upstream and downstream shall be as identical as possible and
as the one of the trap to test (adjustment by a valve).
Samples devices are commissioning a few minutes before the injection.

— 3) Depression and air renewal of the containment enclosure.

— 4) Introduction of the vials of dimethyl sulphate and liquid 131INa in the containment enclosure.
— 5) Generation and injection of CH3!31] after injection the dimethyl sulphate into the 131[Na vial.
A.2.2 Test progress

A.2.2.1 Testduration

A whitish precipitate should form in the source vial, chemical reaction between 131[Na and dimethyl
sulfate indicating the production of iodomethane.

The injection time is calculated from the production of iodomethane. Typically, after opening the isolation
valve on the flow injection at a constant value of 80 litres per hour (Lh-1) for 20min and then 120 Lh-! for
10min (total injection duration 30min). It is considered that after 30 min at least 90% of iodomethane
has been injected at an ambient temperature of around 20°C to 25°C.

So, a minimal duration of 1 hour of injection for normal temperature conditions is recommended.

NOTE: The lower the temperature, the longer the CH313!] production.

Sampling lines were continued for at least one hour after the injection in order to take into account the
elution of iodine takes place in the first moments after the adsorption (after an hour elution becomes
negligible).

The initial volume of the 131[Na source and the volume at the end of the injection of iodomethane shall be
substantially identical.

A.2.2.2 CHj3131] generation verification (injection yield)

The good generation of CH3!31I can be checked by calculation of the theoretical activity on the upstream
sampling cartridge to reach the injected activity and thus to determine the injection yield with
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measurement by a scintillation detector (for this verification, it shall be ensured that the installation of
the upstream sampling point has been done in such a way as to guarantee good representativeness and
ensure the homogeneity of the sample mixture).

Q

A=At X ; (Al)
where
A is the injected activity calculated in Becquerel (Bq);
At  is the activity measured on the “upstream” cartridges in Becquerel (Bq);
Q is the flow rate of the trap to test in cubic meter per hour (m3.h-1);
is the sampling flow rate in cubic meter per hour (m3.h-1).
A
R% =100 x — (A.2)

where
R% is the injection efficiency in %;
A is the injected activity calculated in Becquerel (Bq);
As  is the real activity of the source in Becquerel (Bq).

While an injection efficiency of 80% to 100% is considered normal, these values are to be weighted
according to the homogeneity of the mixture of the sampling upstream of the activated charcoal to be
controlled.

A.2.2.3 Safety and radioprotection verifications

Safety devices can be put in place to prevent any risk of contamination in the event of an incident during
the injection, such as:

— checking the depression in the containment enclosure in which the iodomethane generator is placed;
— checking the depression of the iodomethane injection line;
— stopping the generation of iodomethane in case of overpressure in the injection line, etc.

Throughout the injection, the absence of leakage of radioactive iodine is check by irradiation
measurements and measurements of local contamination with atmospheric sampling and smear on
surfaces.

A.2.3 Testend

The verification of absence of radioactivity of the source at the end of the test will guarantee the injection
of the whole quantity of iodine 131. It also an indication of the complete reaction with the dimethyl
sulphate which is important due to the manipulation of the equipment at the end of the test and regarding
its toxicity.

A.2.4 Other specificities

No other specificities.

© IS0 2024 - All rights reserved 21





Annex B
(normative)

Test method “Laboratory generation method”

B.1 Test equipment (generation and injection devices)
The generator used to produce methyl iodide in a laboratory consists of:

— a containment enclosure (glove box or fume cub-board) maintained in depression relative to the
external atmosphere and equipped with accessories (inlet and outlet filter cartridges, pressure
gauges, etc.);

— ageneration of CH3!31l in a reactor from the adequate quantity of liquid !31INa for the test with liquid
dimethyl sulfate and its collection in a cold trap. At the end of the reaction, the cold trap is heating to
liberate CH3131I and fill an under vacuum container (see filling line);

— a filling line of gaseous CH3!3!I in a container suitable for transport to the nuclear facility and for
connection to the injection device in the ventilation duct.

The Figure B.2 gives an example of such a device.

The injection of CHs131[ with this method consists of the connection of the container with the injection
nozzle via a dosing valve to have a progressive injection and avoid too short injection (puff). The transfer
of the CH3131[ is realized by pressurize the CH3!31l container with a pressurized bottle of neutral gas
following the Figure B.1.

2
21b 3
22c¢. o 22d.
ol St
Pt [ B —
1
14.
Key
1 Pressurized bottle (N2) 14 Transport and feed container (gaseous CHs'31I)
2 Containment enclosure 21 Pressure gauge
3 Dosing valve 22 Isolating valve
4 Gaseous CHs!31 inlet to ventilation duct

Figure B.1 - Example of CH3131I injection (Laboratory generation method)

B.2 Test execution
B.2.1 CHs131] generation in laboratory

The generation of CH313!] in laboratory is based on the system presented in Figure B.2 below (numbers
in description refers to this Figure).
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At the start of the generation, the CO2/acetone (10) (optional) and liquid nitrogen (11) Dewar cylinders
are filled, the reflux cooler (3) is turned on, and the three-way valve (19) is turned so that the flow will
go through the activated carbon filter (12a) in the reaction line.

In the reaction flask (4), 1 mL of liquid 131INa, an excess of dimethyl sulphate, solid KI (and CaCO3 as pH
buffer) are dosed. The temperature is raised to ~40°C to speed up the reaction, stirring is started to
ensure good yield, and the carrier gas (inert gas) flow rate is adjusted to ~0.2 L.min! (2). The transport
of radioactive methyl iodine through water traps (optional) (8) to CH3131I traps (glass U-pipes) (9) and
possibly to the activated charcoal filter (12a) is measured by installed or removable detectors (20). If the
process works correctly, radioactivity should not be found in the measurement of activated charcoal filter
(12a). The reaction conditions are observed through the temperature sensors (7) of the water bath (5)
and reaction flask, pressure sensor (21) of the line, and scintillation detectors (20). After a few hours (4-
5 h), about 95% of CH313!1 is in a first Dewar flask filled with liquid nitrogen.

Then, the heating plate and stirring are turned off (6), the gas supply (inert gas) is stopped by closing the
valve(21a), the first the Dewar flasks filled with acetone are removed, and the three-way valve is turned
to lead the stream to the transport container (14) with a vacuum, after a couple of minutes liquid nitrogen
Dewar cylinders are removed, and one shall wait until the glass U-pipes, where the solid CH3131I is located,
have warmed up. The valve (22b) of the container is opened, and the tracer evaporated from the CH31311
trap is allowed to flow into the container until the container pressure is (-1 to -0.5 bar). To ensure that
all the activity goes to the container, the system is over-pressurized with 100 mbar three times (with
inert gas), and all the radioactivity is pushed to the container.

The A-type container (see Figure 0) under pressured can now be transported to the facility in accordance
with legislation in force.

21a 2a.

L @ 10.10. 11. 11. 12a. 13.

17.

15.
Key
1 Helium gas cylinder 12 Activated charcoal trap
2 Flowmeter 13 Bubble counter
3 Reflux cooler 14 Transport and feed container (gaseous CH3!31])
4 Reaction flask 15 Fume cub-board
5 Water bath 16 Nal scintillation detector
6 Heating plate and magnetic stirrer 17 Gaseous iodine monitor
7 Thermometer 18 Pump
8 Water trap 19 Three-way valve
9 Gaseous CHs!31] trap 20 Detector (=0@)
10 Dewar flask (COz/acetone) 21 Pressure gauge
11 Dewar flask (liquid Nz) 22 Isolating valve
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Figure B.2 - Example of CH3131I generation (Laboratory generation method)

B.2.2 Teststart
The transport and feed container of gaseous CHs131[ (14, see Figure B.3) is used as an injection device.

The space between the fitting level and the lid of the CHs!31[ container (space between the container) is
vacuumed for approximately 10min using a filter insert on the lid and an activated charcoal filter outside
the container (see Figure B.3). The activated carbon filter is constantly checked for dose rate during this
time to verify there is no leak of CH3!31I during the transport before injection.

The container lid is then removed, and the dose rate is also measured and recorded on the filter insert in
the lid. As soon as possible after removing the lid, the test agent dosing device is connected to the
container, the glove box is put on and screwed, and the box is put under a slight under pressure by the
pump. The exhaust air from the glove box is fed into the mobile filter system via an activated carbon filter.

After checking all components, the CH3131[ container is connected to the injection nozzle via a dosing
valve.

Figure B.3 - Example of A-type transport canister installed
with the lid and CH3131I dosing device

B.2.3 Test progress

Then, the CH3!3!] container, which is under pressure during the transportation, is pressurized with
neutral gas up to 10 bar via valve (22c) (using a container of neutral gas). Injection of the CH3!31] is
performed via valve (22d). The correct amount is adjusted by observing the pressure sensor (21b) and
adjust with a dosing valve for a period of approximately (15 to 30) min. The measured pressure (21b) in
the container is used for adjustment of the correct amount of CH331I for each tested filter (the reduction
of pressure in the pressurized neutral gas container controls the volume and activity - the pressure
transducer allows a reading accuracy of 10 mbar, corresponding to an activity dosage of approximately
0.1% of the total activity inventory).
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B.2.4 Safety and radioprotection verifications

Safety devices can be put in place to prevent any risk of contamination in the event of an incident during
the injection, such as:

— checking the depression in the containment enclosure;
— checking the pression of the injection line;
— stopping the injection in case of overpressure in the containment enclosure, etc.

Throughout the injection, the absence of leakage of radioactive iodine is check by irradiation
measurements and measurements of local contamination with atmospheric sampling and smear on
surfaces.

The gas mask with suitable filter material for CHsl shall be used during the pressurization and injection.
B.2.5 Testend

After injection, the container and the dosing device are flushed with argon for at least 10 min and then
dismantled.

The initial measurement of the gamma spectrometric measurement of the activated carbon samples from
the main test should be carried out in the radiation protection laboratory of the power plant or in a place
with low background with a movable lead shielded Nal or Germanium detector.

Approximately (30 to 45) min after completing the activity task (total sampling time: 60 min), the raw
and clean air samplers are removed, the sampling pipes are removed, and the nozzle openings are closed.

B.2.6 Other specificities

No other specificities.
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Annex C
(informative)

Example of typical test report for CH3131I method

Company of TEST REPORT
the subcontractor Reference:
Efficiency test for iodine trap
with CH3131] according to ISO 16659-2

CHARACTERISTICS OF THE IODINE TRAP
Nuclear operator: Facility:
Identification of the ventilation system / Trap designation:
Fillable trap or Number of cells / Capacity (kg/1):
Trap (or cell) type/brand:
Replacement date:
Test type: O Periodic O After replacement O Recovery
Pressure drop of the trap (Pa): +
Air flow rate “Q” (m3/h) Nominal: * Measured: *
Temperature (°C) Upstream: + Downstream: +
Relative humidity (RH%) Upstream: + Downstream: +
TEST
Source activity - Calibration date (MBq): Date/hour:
Source activity - Injection date “As” (MBq): Injection date/hour:
Contact dose rate (mSv.h-1) Before injection: After injection:
Duration of injection (min):
Temperature (°C) Upstream: * Downstream: *
Sampling - Duration (min) Upstream “dy”: Downstream “dq”:
Sampling - Air flow rate (m3/h) Upstream “qu”: * Downstream “qq”: *
Sampling activity (Bq) 1stcartridge gg:;if;:Aul": * ggg?ﬁgﬁim Aa’ %
Sampling activity (Bq) 2nd cartridge ggtsef;i?)rsrtmz": * ggré;lfgfim Aal %
RESULTS (a1t activities are calculated for 12:00 the date of the test)
Injection yield "R%" = 100 x W x q% (%):
Activity released downstream "Ar" = (441 + Agz) X % (MBq):
Decision threshold (Bq):
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Downstream activity > decision threshold: O Yes 0 No

éE X Eﬂ X gﬂ (J.

Decontamination factor "f," =
Aq dy qu

I+

Decontamination factor: Replacement criteria:
(minus uncertainties)

Observation:

Redaction of a non-conformity paper: O Yes O No
VALIDATION

Writer Verifier

Name: Name:

Date: Date:

Visa: Visa:
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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work. ISO
collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO draws attention to the possibility that the implementation of this document may involve the use of
(a) patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed
patent rights in respect thereof. As of the date of publication of this document, ISO had not received notice
of (a) patent(s) which may be required to implement this document. However, implementers are
cautioned that this may not represent the latest information, which may be obtained from the patent
database available at www.iso.org/patents. ISO shall not be held responsible for identifying any or all
such patent rights.

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to the World
Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see
www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 85, Nuclear energy, nuclear technologies,
and radiological protection, Subcommittee SC 2, Radiological protection.

This second edition cancels and replaces the first edition (ISO 19361:2017), which has been technically
revised.

The main changes are as follows:
— those driven by the ISO 11929 series evolution for expressing results.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Everyone is exposed to natural radiation. The natural sources of radiation are cosmic rays and naturally
occurring radioactive substances which exist in the earth and within the human body. Human activities
involving the use of radiation and radioactive substances add to the radiation exposure from this natural
exposure. Some of those activities, such as the mining and use of ores containing naturally-occurring
radioactive materials (NORM) and the production of energy by burning coal that contains such
substances, simply enhance the exposure from natural radiation sources. Nuclear power plants and other
nuclear installations use radioactive materials and produce radioactive effluent and waste during
operation and on their decommissioning. The use of radioactive materials in industry, agriculture and
research is expanding around the globe.

All these human activities give rise to radiation exposures that are only a small fraction of the global
average level of natural exposure. The medical use of radiation is the largest and a growing man-made
source of radiation exposure in developed countries. It includes diagnostic radiology, radiotherapy,
nuclear medicine and interventional radiology.

Radiation exposure also occurs as a result of occupational activities. It is incurred by workers in industry,
medicine and research using radiation or radioactive substances, as well as by passengers and crew
during air travel and for astronauts. The average level of occupational exposures is generally below the
global average level of natural radiation exposure [11.

As uses of radiation increase, so do the potential health risk and the public's concerns. Thus, all these
exposures are regularly assessed in order to: (1) improve the understanding of global levels and temporal
trends of public and worker exposure; (2) to evaluate the components of exposure so as to provide a
measure of their relative importance, and; (3) to identify emerging issues that may warrant more
attention and study. While doses to workers are mostly directly measured, doses to the public are usually
assessed by indirect methods using radioactivity measurements performed on various sources: waste,
effluent and/or environmental samples.

To ensure that the data obtained from radioactivity monitoring programs support their intended use, it
is essential that the stakeholders (for example, nuclear site operators, regulatory and local authorities)
agree on appropriate methods and procedures for obtaining representative samples and then handling,
storing, preparing and measuring the test samples. An assessment of the overall measurement
uncertainty need also to be carried out systematically. As reliable, comparable and ‘fit for purpose’ data
are an essential requirement for any public health decision based on radioactivity measurements,
international standards of tested and validated radionuclide test methods are an important tool for the
production of such measurement results. The application of standards serves also to guarantee
comparability over time of the test results and between different testing laboratories. Laboratories apply
them to demonstrate their technical qualifications and to successfully complete proficiency tests during
interlaboratory comparison, two prerequisites for obtaining national accreditation. Today, over a
hundred international standards, prepared by Technical Committees of the International Standardization
Organization, including those produced by ISO/TC 85, and the International Electrotechnical Commission
(IEC), are available for application by testing laboratories to measure the main radionuclides.

Generic standards help testing laboratories to manage the measurement process by setting out the
general requirements and methods to calibrate and validate techniques. These standards underpin
specific standards which describe the test methods to be performed by staff, for example, for different
types of sample. The specific standards cover test methods for:

— Naturally-occurring radionuclides (including 49K, 3H, 14C and those originating from the thorium and
uranium decay series, in particular 226Ra, 228Ra, 234U, 238U, 210Pb) which can be found in materials from
natural sources or can be released from technological processes involving naturally occurring
radioactive materials (e.g. the mining and processing of mineral sands or phosphate fertilizer
production and use);

Vi © IS0 2024 - All rights reserved
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— Human-made radionuclides, such as transuranium elements (americium, plutonium, neptunium, and
curium), 3H, 14C, 99Sr and gamma emitting radionuclides found in waste, liquid and gaseous effluent,
in environmental matrices (water, air, soil, biota) and food and feed as a result of authorized releases
into the environment and of fallout resulting from the explosion in the atmosphere of nuclear devices
and accidents, such as those that occurred in Chernobyl and Fukushima.

Many of these radionuclides are beta emitters that can be measured by liquid scintillation counting,
following appropriate sample preparation.

A generic international standard on liquid scintillation counting is justified for test laboratories carrying
out beta emitter measurements in fulfilment of national authority requirements. For example, testing
laboratories need to obtain a specific accreditation for radionuclide measurement for the monitoring of
drinking water, food, the environment or the discharges, as well as for biological samples for medical
purpose.

This document describes (after appropriate sampling, sample handling and test sample preparation) the
generic requirements to quantify the activity concentration of beta emitters using liquid scintillation
counting. In the absence of a specific pre-treatment of the test sample (such as distillation for 3H
measurement, or after benzene synthesis for 1#C measurement), this document is to be used as a
screening method unless the interference of beta emitters, others than those to be quantified, is
considered negligible in the test portion.

This document is one of a set of generic International Standards on measurement of radioactivity.

© IS0 2024 - All rights reserved vii
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Measurement of radioactivity — Determination of beta emitters
activities — Test method using liquid scintillation counting

1 Scope

This document applies to liquid scintillation counters and requires the preparation of a scintillation
source obtained by mixing the test sample and a scintillation cocktail. The test sample can be liquid
(aqueous or organic), or solid (particles or filter or planchet).

This document describes the conditions for measuring the activity of beta emitter radionuclides by liquid
scintillation counting(2lizl.

The choice of the test method using liquid scintillation counting involves the consideration of the
potential presence of other beta emitter radionuclides in the test sample. In this case, a specific sample
treatment by separation or extraction is implemented to isolate the radionuclide of interest in order to
avoid any interference with other beta-, alpha- and gamma-emitting radionuclides during the counting
phase.

This document is applicable to all types of liquid samples having an activity concentration ranging from
about one Bq-1-1 to 106 Bq:1-L. For a liquid test sample, it is possible to dilute liquid test samples in order
to obtain a solution having an activity compatible with the measuring instrument. For solid samples, the
activity of the prepared scintillation source shall be compatible with the measuring instrument.

The measurement range is related to the test method used: nature of test portion, preparation of the
scintillator - test portion mixture, measuring assembly as well as to the presence of the co-existing
activities due to interfering radionuclides.

Test portion preparations (such as distillation for 3H measurement, or benzene synthesis for 14C
measurement, etc.) are outside the scope of this document and are described in specific test methods
using liquid scintillation[#lBIel7]8]91{10][11],

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 5667-1, Water quality — Sampling — Part 1: Guidance on the design of sampling programmes and
sampling techniques

ISO 5667-3, Water quality — Sampling — Part 3: Preservation and handling of water samples
ISO 80000-10, Quantities and units — Part 10: Atomic and nuclear physics

ISO 11929 serie, Determination of the characteristic limits (decision threshold, detection limit and limits of
the confidence interval) for measurements of ionizing radiation — Fundamentals and application

ISO/IEC 17025, General requirements for the competence of testing and calibration laboratories

ISO 18589-2, Measurement of radioactivity in the environment — Soil — Part 2: Guidance for the selection
of the sampling strategy, sampling and pre-treatment of samples

© IS0 2024 - All rights reserved 1
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ISO/IEC Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM:1995)

ISO/IEC Guide 99:2007, International vocabulary of metrology — Basic and general concepts and
associated terms (VIM)

3 Terms, definitions
No terms and definitions are listed in this document.
ISO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp
— IEC Electropedia: available at https://www.electropedia.org/

3.1

quench

anything that interferes with the scintillation process and prevents light from reaching the PMT, results
in a loss in the number of recorded counts and in the apparent energy. Different quench type could occur
to reduce the efficiency of the energy transfer or to cause the absorption of photons (light):

Note 1 to entry: Physical Quench occurs when the radioisotope is physically separated from the solution in which
the scintillator is dissolved.

Note 2 to entry : Chemical Quench occurs when the energy of the beta particle is absorbed by compounds that will
not (or with too low efficiency) re-emit the energy during the transfer to the solvent molecules.

Note 3 to entry : Colour Quench occurs when the emitted light is absorbed by colour in the sample.

4 Symbols

For the purposes of this document, the symbols and abbreviations defined in ISO 80000-10,
ISO/IEC Guide 98-3, ISO/IEC Guide 99 and the following apply.

Prmax Maximum energy for the beta emission keV
4 Volume of test portion 1
m Mass of test portion kg
p Density of the sample kg1
& Preparation efficiency
a Activity per unit of mass Bq-kg1
ca Activity concentration Bql1t
A Activity of the calibration source Bq
to Background counting time S
tg Portion counting time S
ts Calibration counting time S
ro Background count rate st
re Portion count rate s
I's Calibration count rate st
£ Detection efficiency

2 © IS0 2024 - All rights reserved
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&q Quenched efficiency
fa Quench factor
u (CA ) Standard uncertainty associated with the measurement result; Bql™
U . . , _ Bglt
Expanded uncertainty, calculated by U=k - U(C, ) with k=1, 2,..,
cy Decision threshold Bql?!
ck Detection limit Bq'l?
¢, cr Lower and upper limits of the confidence interval Bq-l?

5 Principle

The aqueous, organic or particles portion is mixed with the scintillation cocktail in a counting vial to
obtain a homogeneous medium (scintillation source). Electrons emitted from beta disintegration transfer
their energy to the scintillation cocktail molecules that are excited by this process before returning to
their ground state by emitting photons that are detected by photoelectron multiplier tubes (phototubes).

The electronic pulses emitted by the phototubes are amplified. The peak pulse amplitude is converted to
a digital value by an analogue-to-digital convertor (ADC) and the pulse height stored using a multichannel
analyser (MCA). The pulses are analysed (in order to remove random events) by the electronic systems
and the data analysis software. The count rate of these photons allows the determination of the activity
in the test portion, after correcting for the background count rate and detection efficiency, taking account
of the quench correction. The requirements of the specific test method for specific beta emitting
radionuclides, including test portion preparation and scintillation source preparation, shall be
determined according to the intended use of the measurement results and the associated data quality
objectives.

In order to determine the background count rate, a blank portion shall be prepared in the same way as
the test portion.

The conditions to be met for the blank sample, the test portion and the calibration source are:

— same scintillation cocktail;

— same type of counting vial;

— same filling geometry;

— same ratio between test portion and scintillation cocktail;

— same preparation conditions, minimizing photoluminescence and static electricity effects;

In addition, the quench indicating parameter should be within the range of the quench calibration curve.
An alternative method using the Cerenkov effectl121(13] is treated in Annex C.

6 Reagents and equipment

Use only reagents of recognized analytical grade.

© ISO 2024 - All rights reserved 3
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6.1Reagents

6.1.1 Blank material

Blank material is used to prepare the blank portion. For direct counting of test portion, it shall be as free
as possible of chemical impurities to avoid quenching, and with radioactive impurities negligible in
comparison with the test portion activities to be measured.

If some preparation is required for the test portion, the blank portion shall be prepared with a reference
material of the lowest activity available.

This blank sample shall be kept physically remote from any radioactive material to avoid cross-
contamination.

For example, a water sample with a low tritium and carbon 14 activity concentration can be obtained
from (deep) subterranean water kept in a well-sealed borosilicate glass bottle in the dark at a controlled
temperature (see ISO 5667-3). When the volume of blank water is sufficiently large (e.g. 10 1 to 20 1) and
well-sealed, tritium and carbon 14 activity concentrations remain stable for years, although it is advisable
to determine these activity concentrations at predetermined intervals (e.g. every year).

6.1.2 Calibration source solutions

To avoid cross-contamination, preparation of samples and calibration source solution shall be
segregated.

The standardized solution used to prepare the calibration source solution shall be provided with a
calibration certificate confirming traceability to a national or international standard of radioactivity.

Weigh and pour into a weighed volumetric flask (e.g. 100 ml) the required quantity of a standardized
solution of the radionuclide to be measured, so that the activity concentration generates sufficient counts
to reach the required measurement uncertainty after dilution with the blank solution and thorough
mixing. Calculate the activity concentrations of the resulting calibration source solution (4). Note the date
at which the standard solution was prepared (t = 0).

The radionuclide activity concentration of the calibration source solution at time ¢t at which the samples
are measured shall be corrected for radioactive decay.

6.1.3 Scintillation solution

The scintillation cocktail is chosen according to the characteristics of the sample to be analysed and
according to the properties of the detection equipment(14115],

For the measurement of usual environmental and drinking water sample or for test sample prepared as
an aqueous solution, it is recommended to use a hydrophilic scintillation cocktail.

For the direct measurement of particles in suspension, it is recommended to use a scintillation cocktail
that leads to a gel type mixture.

In all cases, the characteristics of the scintillation cocktail when mixed with the sample shall result in a
scintillation source with the form of a homogeneous and stable medium.

[t is recommended to:

— store all samples in the dark and, particularly just before use, avoiding exposure to direct sunlight or
fluorescent light in order to prevent interfering luminescence;

— comply with storage conditions specified by the scintillation cocktail supplier.

A scintillation cocktail that does not contain hazardous chemicals (as defined by the local jurisdiction)

should be used when possible.

The mixtures (scintillation cocktail and test sample) should be disposed of as chemical waste, and,
depending on the radioactivity, may require disposal as radioactive waste.

4 © 1SO 2024 - All rights reserved
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6.1.4 Quenching agent
Water, as well as dissolved oxygen, is a quenching agent for the scintillation cocktail.
Examples of chemical quenching agents include acetone, organochloride compounds, nitromethane, etc.

Some quenching agents are dangerous or toxic and shall be handled and disposed properly.
6.2 Equipment
6.2.1 General

Laboratory equipment, such as pipettes and balances, shall be employed that enables the
expected/agreed data quality objectives to be achieved, including the uncertainty attached to the
measurement.

Control of the quantity of liquid scintillation cocktail used in source preparation is essential to achieve
consistent data quality.

6.2.2 Liquid scintillation counter

Liquid scintillation counter with an automatic sample transfer is preferable. Operation at constant
temperature is recommended following the manufacturer's instructions.

The generic method specified in this document relates to the widely used liquid scintillation counters
with vials that hold about 20 ml. When other vials are used with appropriate counters, the described
method shall be adapted accordingly.

Itis recommended to use a liquid scintillation counter using an external source, so that the level of quench
can be determined. Otherwise, an liquid scintillation counter with three photomultipliers and
appropriate softwarel61(17l may enable the activity to be determined directly (see Annex B).

For low activity measurements, a counter with low background photomultipliers, electronic equipment
with the option of background correction and suitable shielding is recommended.

6.2.3 Counting vials

Different types of scintillation vials exist, manufactured using a large range of materials. The most
common are glass vials and polyethylene vials. Glass vials allow visual inspection of the scintillation
medium, but have an inherent background, due to the presence of 0K. However, some organic solvents
contained in scintillation cocktails diffuse through the polyethylene, accelerating the degradation of the
scintillation source.

Other types of vials exist:

— glass vials with low level of 40K, exhibit a lower background than ‘normal’ glass vials;

— for the determination of very low concentration of low energy beta emitters (e.g. tritium), the use of
polytetrafluoroethylene vials (PTFE) or polyethylene vials with an inner layer of PTFE on inside vial
wall is recommended. Diffusion of organic solvents is then slower through PTFE than through
polyethylene. These vials are used for long counting times with very low-level activity to be
measured.

Generally, the vials are single use. If vials are re-used, it is necessary to apply an efficient cleaning
procedure.

To prevent interfering luminescence, the counting vials should be kept in the dark and should not be
exposed to direct sunlight or fluorescent light, particularly just before use.

Toluene-based scintillation solutions may physically distort polyethylene and should therefore not be
used in combination with polyethylene counting vials. Diffusion of organic solvents into and through the
polyethylene walls is also a serious drawback of polyethylene vials.

© ISO 2024 - All rights reserved 5
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7 Sampling and samples

7.1Sampling

[t is important that the laboratory receives a representative sample, unmodified during the transport or
storage and in an undamaged container.

For example, for water and soil, conditions of sampling shall comply with ISO 5667-1 and ISO 18589-2
respectively.

If carbonated species are to be measured, water sample shall not be acidified in order to avoid changing
the equilibrium of carbonated species.

For water, it is recommended to use a glass flask and to fill it to the maximum, to minimize tritium
exchange with the atmospheric moisture. For low level activity measurements, it is important to avoid
any contact between sample and atmosphere during the sampling.

7.2Sample storage

If storage of samples is required, the sample shall be stored to avoid oxidation, fermentation or any
modification of its properties.

For water, if storage is required, the sample shall be stored in accordance with ISO 5667-3. If the storage
duration exceeds that specified in ISO 5667-3, it is advisable to store the samples in glass flasks.

8 Procedure

8.1Determination of background

In order to determine the background count rate, a blank sample is prepared in the same way as the test
sample.

For aqueous test sample, the blank sample is prepared using a reference water of the lowest activity
available, also sometimes called “dead water”. For other matrices, the blank solution is prepared using a
reference material, as close as possible to the matrix to be measured, of the lowest activity available.

8.2 Determination of detection efficiency

In order to determine the detection efficiencies, it is necessary to measure a sample having a known
activity under conditions that are identical to those used for the sample. This sample shall be a mixture
of certified radioactive source (standardized solution) or a dilution of this mixture produced with the
prepared reference material.

8.3 Quench correction

The quench correction shall be considered, as mixing the organic liquid scintillation cocktail with the
sample test portion can affect the emission properties of the cocktail.

If the quenching is the same for the blank sample vial, the test sample vial and the calibration source vial,
the counting efficiency can be determined without requiring a quench correction.

Alternatively, an internal standard method can be used (see Annex A).

If chemical quenching affects the measurement results, it is recommended to determine a quench curve.
It is important to choose the chemical quenching agent according to the expected type of quenching
observed in the prepared test sample. An acid quenching agent, however, shall not be used if the chemical
form of the carbon 14 in the standardized solution is carbonates.

6 © IS0 2024 - All rights reserved
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It is useful to plot a quench curve for each matrix/radionuclide. These curves are only valid for:

— agiven instrument;

— agiven type of counting vial;

— agiven type of scintillation cocktail;

— given quantities of scintillation cocktail and test portions;
— agiven counting window.

The quench curve is obtained from a series of working standards (e.g. around 10) having variable quench
of which the matrix is similar or close to that of the samples to be measured (same scintillation cocktail,
same quantities of scintillation cocktail and test portion).

These working standards can be produced in the following manner:

— A similar quantity of standardized solution is dispensed into each vial. Its activity shall be sufficient
so that the count rate of the working standard can be determined with a known statistical accuracy,
even at high quench levels.

— Areference solution is added until the desired test portion is obtained.
— The scintillation cocktail is then added in order to obtain the desired proportions.

— Atleast one working standard is used without adding any quenching agent. Increasing quantities of
a quenching agent, with a very low volume (e.g. less than 1 or 2 % of the total volume of the working
standard), are added to the other working standards. This gives rise to a quench similar to that of the
samples to be measured.

The quench curve relating ¢ - f; (¢4) with the quenching is used to determine the quench factor f; using
Formula (1):

fo= 2 (1)

This method is not applicable to colour quenched samples.

8.4 Sample preparation

The test sample is prepared to obtain a scintillation source, aqueous or organic, which contains the
radionuclide to be measured. The efficiency of the preparation, &p, (conservation of the radionuclide to
be analysed through the transformation of the test sample, radiochemical yield) is to be determined.

8.5 Preparation of the scintillation sources to be measured
Known quantities of the sample and scintillation cocktail shall be dispensed into the counting vial.

For liquid and particulate samples, after closing the vial, it shall be thoroughly shaken to homogenize the
mixture.

For filter and planchet samples, great care shall be used to obtain the proper counting geometry, with the
filter or planchet materials not blocking the photons from reaching the phototubes. The active surface of
the filter or planchet shall be positioned with the activity facing into the scintillation cocktail.

© ISO 2024 - All rights reserved 7
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The vial identification shall be written on the top of the vial stopper. The storage time depends upon the
scintillation mixture, the mixture stability and the nature of the sample. It is recommended to perform
the measurement as soon as any photoluminescence or static electricity effects have become
negligible (e.g. after 12 h).

In order to reduce photoluminescence effects, it is recommended that the above mentioned operations
should take place in dimmed light, preferably light from an incandescent source or UV-free LED or red
light. Direct sunlight or fluorescent light should be avoided.

8.6 Counting procedure

8.6.1 Control and calibration

Statistical control of the detection system shall be monitored by measurement of suitable reference
background and reference sources usually provided by the equipment supplier, for example in
compliance with ISO 7870-2[18]. Usually, these references are sealed, unquenched scintillation sources:
blank, tritium and carbon 14.

The measurement of the blank sample is performed before each analysis or each series of sample
measurements in representative conditions of each type of measurement (see Clause 5).

8.6.2 Measurement conditions

The counting room used shall be suitable for the measurement equipment and to the activity levels of the
samples.

The measurement conditions (measurement time, blank sample, number of cycles or repetitions) are
defined according to the uncertainty and detection limit to be achieved.

The measurement is performed using an energy channel A that is between the detector noise threshold
and the Bnax of the radionuclide to be measured. It is recommended to choose the width of the energy
window for the counting of the radionuclide to be measured in order to optimize the figure of merit.

(52/7”0)

For measurement of low activities, it is recommended to fractionate the counting as cycles: all test
samples are counted once, then the counting starts for the second cycle, etc.

These fractionations of the counting time allow the detection of random or transitory interfering effects
(luminescence, static electricity) that are not auto-corrected by the measurement equipment. It also
allows taking into account any perturbations, intermittent or cyclic (night and day alternation for
example) associated with the measurement equipment environment.

For one cycle counting, it is recommended to arrange the counting as repetitions in order to verify the
statistical distribution of counting data. The first test sample is counted several times in a row (number
of repetitions), then the second test sample is counted likewise, and so on.

8.6.3 Interference control

8.6.3.1 General

The measurement can be influenced by chemiluminescence or spectrum attenuation phenomena due to
the presence of chemical entities, as well as by the presence of radionuclides other than the nuclide to be
measured. It is therefore advisable to take into account the characteristics of the prepared test sample
and to specify them in the presentation of the result.

A possible method of verification of the chosen conditions is the measurement of a known mixture
prepared with certified solutions or dilutions of these solutions.

8.6.3.2 Interference arising from luminescence

Serious interferences in the measurement of low energy beta-emitters (e.g. tritium) determinations can
occur due to a variety of luminescent processes (e.g. chemiluminescence, phosphorescence,

8 © IS0 2024 - All rights reserved
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treboluminescence, and static electricity). It is advisable to use a liquid scintillation counter capable of
identifying these single photon events and correcting automatically for these interferences.

8.6.3.3 Interference from other radionuclides

The following method can be used to identify possible interferences from other radionuclides in the test
portion. Two additional measurement channels (B and C) may be set: (1) channel B has the same lower
threshold as measurement channel A, but an upper threshold adjusted so that the counting efficiency is
about two thirds of the counting efficiency of channel A; (2) channel C has the same lower threshold as
measurement channel A, but an upper threshold adjusted to the fmax of the radionuclide to be measured.

In the absence of an interfering radionuclide, calculation should yield the same activity concentration in
the test portion for channels A, B and C, using appropriate efficiencies for each channel. If significant
differences are observed, further chemical separation steps may be needed in the sample preparation
process.

However, some low energy beta emitters and electron capture emitters (e.g. 241Pu, 210Pb, 228Ra, 227Ac, 63Ni
and 55Fe) cannot be distinguished from the energy spectrum of 3H and from the lower energy part of the
spectrum of 14C by liquid scintillation counting.

8.6.3.4 Equipment stability

If the equipment is not stable for the measurement of low beta spectrum energies (e.g. tritium), it is not
suitable for the measurement of lower parts of the test sample beta spectrum or for quenched test
samples. For example, once the measurement channels A and B have been adjusted for tritium, it is
advisable to check that the setting is maintained by measuring in each sequence two hermetically sealed
unquenched vials, one containing tritium standard solution and the other containing blank water. Drift
of the equipment from its initial setting is then easily detected.

For control purposes, the use of control charts!!8! is advisable.

9 Expression of results

9.1 General

In the case of the measurement of radionuclides, without a preparation, by liquid scintillation, the main
components of the uncertainty are:

— raw counts and backgrounds;

— detection efficiencies in the windows of the relevant energy ranges for a given quench indicating
parameter;

— quench factor, if a correction is applied;
— volume or mass of the test portion.

The other uncertainties can, to first order, be ignored (volume or mass of scintillation cocktail, counting
time, etc.).

In the case of a preparation of the sample, the uncertainty in the radiochemical yield shall be included.

9.2 Calculation of activity concentration, without preparation

The symbols used are defined in Clause 4.

© ISO 2024 - All rights reserved 9
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The sample activity concentration of the radionuclide present in the test sample is calculated using
Formula (2):

_Tgo 1

= -Ez(rg—ro)-w (2)

Ts—T17
where w= ———— andezST0
V xg x
fq

The combined uncertainty is calculated using Formula (3) and Formula (4):

u(cy) = \/WZ . (uz(rg) +u?(rp)) + ca? - udy(w) = \/wz . (rg/tg +10/t0) + ca? - uZ, (W) (3)
2 - .2 2 2
urel(w) - urel(g) + urel(V) T U (fq) (4)
and the relative standard uncertainty of ¢, Ur2e| ( fq), for each quenching value is calculated using
Formula (5):
2 2 2 2 2
urel (g)zurel (rs - r0)+urel (A):(rs /ts + r-0 /tO)/(rs - rO) +urel (A) (5)

uZ,(A) includes all the uncertainties related to the calibration source: that is in the standard solution and
the preparation of the calibration source.

uZ, (fq) depends on the mathematical model used to fit the quench curve.

For the calculation of the characteristic limits, #i(é4) is needed (see ISO 11929), i.e. the standard
uncertainty of C, as a function of its true value, calculated by using Formula (6):

@) = sz (Cafw + o)t + To to) + C2 - uly(W) )

If mass is used instead of volume, the mass of the test sample, m, is expressed in kilograms. The
intermediate calculations are done with similar equations. Activity a may also be expressed as the activity
per unit of mass (m replacing V in preceding formula).

9.3 Decision threshold, without preparation

The decision threshold, CZ\, is obtained from the above Formula (6) for ¢, =0 (see ISO 11929). This
yields:

Ca=ki_q U(0) =ki_g w-1o/tg+T10/to (7)
a = 0,05 with k,_, = 1,65 are often chosen by default.
9.4 Detection limit, without preparation

The detection limit, c&, is calculated by using Formula (8) (see ISO 11929):

ch=ci+ ki_p -ﬁ(c}f) =cytkip- JWZ . ((cj/w + ro)/tg + ro/to) + cfz “uZ,(w) (8)

B = 0,05 with k,_g = 1,65 are often chosen by default.

The detection limit can be calculated by solving Formula (9) for Ci or, more simply, by iteration with a

starting approximation Cf\ =2- C*A .

10 © IS0 2024 - All rights reserved
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When taking @ = f8 then k,_, = k;_g = k and the solution of Formula (8) is given by the following
Formula (9):
o = 2-cp+(k*w)/tg

R ) 9)

9.5Limit of coverage interval

9.5.1 Limits of the probabilistically symmetric coverage interval

The lower, c;’, and upper, c;, confidence limits are calculated using the Formulae (10) and (11)
(see ISO 11929-1):

ca=cs—ky ulcaip=w-1-y/2) (10)
g =catkygulcy)gq=1-—w-y/2 (11
where

w = @[y/u(y)], @ being the distribution function of the standardized normal distribution,
1- y, the probability for the confidence interval of the measurand, and
® =1 may be setifc, = 4 - u(cy). In this case:

CarCh = Cathkiyz-ulca) (12)
y =005 and then, k,_, , =1,96 is often chosen by default.

9.5.2 Limits of the shortest coverage interval

As described in detail in ISO 11929-1, the lower limit of the shortest coverage interval, c4<, and the upper
limit of the shortest coverage interval, cs>, are calculated from a primary measurement result, c4, of the
measurand and the standard uncertainty, u(c4), associated with c,, either by Formula (13):

ccr=ca—ky-ulc)p=(1+w(1-y))/2 (13)

Or if ca< <0 were the result by Formula (14):

=0 =catkg-ulca)iqg=1-w.y (14)

where
w = ®[y/u(y)], @ being the distribution function of the standardized normal distribution,

The relation 0 < cs< < ¢4, apply and the approximation of Formula (12) is valid.

9.6 Calculations using the activity per unit of mass, without preparation

The activity concentration may be calculated multiplying the activity per unit of mass by the density p in
grams per litre, using Formulae (13) and (14):

L =_F
Ch == v (rg — 7o) -wandw —ys (13)
u’l?e] (W) = u?e] (S) + urzel(m) + urzel(p) + ulgel (fq) (14’)

The uncertainty, the characteristics limits and the limits of the confidence interval may be calculated
using the previous expression (Formulae (3), (7), (8) and (9) with the two last equations.

© IS0 2024 - All rights reserved 11
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10 Testreport

The test report should conform to ISO/IEC 17025 requirements and it shall contain the following
information:

a) reference to this document, i.e. ISO 19361: — with the mention of the sample pre-treatment with or
without distillation;

b) identification of the sample;
c) units in which the results are expressed;
d) testresult, ¢, + u(cy) or ¢4 = U with the associated k value.

Complementary information can be provided such as:

e) probabilities @, f and (1 - y);
f) decision threshold and the detection limit;
g) depending on the customer request there are different ways to present the result:

— as recommended by ISO 11929 series, the test result should be compared with the decision
threshold. When the activity concentration ¢, is below or equal to the decision threshold, a
contribution from the sample has not been observed and the result of the measurement should
be expressed as < ¢ ;

— if the customer requests that the activity concentration C, is to be compared with the detection

limit, then the result of the measurement can be expressed as < Cj‘ when the result is below or
equal to the detection limit.

— If the detection limit exceeds the guideline value, it shall be documented that the method is not
suitable for the measurement purpose.

h) mention of any relevant information likely either to affect or explaining the results.
NOTE Occasionally, it is requested by the customer or regulator to compare the primary measurement results, ¢,

or ¢g, with the respectively detection limit, c¥ or c¥, in order to decide whether the physical effect is recognized or

not. Such stipulations are not in accordance with ISO 11929-1. They have the consequence that it is decided too
frequently that the physical effect is absent when in fact it is not absent.

12 © IS0 2024 - All rights reserved
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Annex A
(informative)

Internal standard method

A.1 Sample preparation

For each test sample fill two counting vials with a volume V3, in millilitres (see Note) of scintillation
solution followed by a volume V=20 - V3, in millilitres, of the test sample. Mark the cap of the two
counting vials so that they can be clearly identified (e.gz N and S). Add, using a pipette
(e.g. of capacity 100 pl), a known quantity of internal standard solution to one of these counting vials,
labelled S. The added activity is called As. Fill, in the same way, the appropriate number, as required by
the counting procedure, of background counting vials with a volume V3, in millilitres, of scintillation
solution followed by a volume V =20 - V3, in millilitres, of blank solution. The total inaccuracy of each
addition should be less than or equal to 1 %. Mark the lids of these counting vials with the designations
N1, S§1, N2, Sz, N3, S3, etc. Shake the counting vials thoroughly and uniformly, e.g. using a shaking machine.

The above mentioned operations should take place in dimmed light (preferably light from an
incandescent source or red light). Avoid direct sunlight or fluorescent light in view of the possible
interference by luminescence in some batches of counting vials.

For routine control determinations of similar samples, little difference may be observed in the counting
efficiency between samples. In this case, it is acceptable to determine a mean counting efficiency from the
addition of internal standard to two to three samples of the group or to use the efficiency indicated by a
calibrated external standard technique.

The use of an internal standard is recommended when polyethylene (PE) counting vials are used. When
using an external standard in PE counting vials, interference can occur because the counting rate of the
external standard changes as a function of time, on account of the loss of components of the scintillation
solution by diffusion into the wall of the counting vial. The effects are considerably smaller at lower
temperatures (4 °C to 10 °C) than at higher temperatures (e.g. 20 °C to 25 °C).

NOTE Under optimal counting conditions, many liquid scintillation solutions can incorporate up to about 50 %
volume fraction of water, in this case V1 =10 ml.

A.2 Counting procedure

After shaking the scintillation source in the counting vials, wipe them with a damp cloth that does not
leave any deposit to remove any electrostatic charge; hereafter, avoid contact with the light-transmitting
parts of the counting vials.

NOTE Modern liquid scintillation counter has static eliminators equipment to remove electrostatic charge from
the surface of plastic vials. Additionally, anti-static vials are available.

Place the counting vials in a fixed sequence in the liquid scintillation counter background, sample 1,
sample 1 with internal standard solution added, background, sample 2, etc.

Before counting, it is advisable to equilibrate the counting vials in the LSC for light and temperature
adaptation (e.g. overnight), thus reducing the chance of interfering luminescence occurring during
counting.

Count the vials for a preset time period using one or more measurement channels or, for the vials with
internal standard solution, until a preset count is reached.

© IS0 2024 - All rights reserved 13
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A counting time of 100 min per vial is generally sufficient. It is preferable to count the vial series during
repeated short counting times rather than one long counting time (e.g. instead of one 100 min count,
count five times for 20 min). For this purpose, an automatic sample presentation unit is necessary. This
provides a better control of stability of the samples and the possibility of undetected erroneous counts is
reduced.

A.3 Expression of results

The generic formulae (see Clause 9) are used taking into account that the counting efficiency is calculated
with Formula (A.1):

e= > F (A1)

r. is the count rate, in pulses per second, of the sample with the internal standard solution (see
6.1.2) added;

r. isthe countrate, in pulses per second, of the sample without internal standard solution added;

A, isthe added activity.

For estimating the uncertainty, the uncertainty in the volume or mass of the internal reference
solution and the certificated activity shall be taken into account.

14 © IS0 2024 - All rights reserved
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Annex B
(informative)

TDCR Liquid Scintillation Counting

B.1 General

The Triple to Double Coincidence Ratio method (TDCR) is a primary measurement method allowing the
standardization of radionuclides by Liquid Scintillation Counting (LSC).[t6ll17] The TDCR method allows
calculation of the detection efficiency from the experimental ratio of double and triple coincidence
counting rates. The underlying theory is based on a statistical distribution law of the number of photons
emitted by the scintillation process, the Poisson law, which is well suited to most measurement
conditions.

The TDCR method allows obtaining the sample counting efficiency and activity (DPM, Bq) without
known-activity standards. It requires a liquid scintillation counter with three photomultiplier tubes
(PMT), as shown in Figure B.1, and utilizes the fact that scintillations are multi-photon events, i.e. each
decay produces a flash of several photons within a few tens of nanoseconds.

PM R

Key
PMR  Photomultiplier R
PMS  Photomultiplier S
PMT  Photomultiplier T

Figure B.1 — Sample/detector geometry for TDCR counting

A valid pulse is recorded if the counter detects a triple coincidence (triple, simultaneous detection from
all 3 PMT’s) or a double coincidence (double, simultaneous detection from 2 PMT’s). The sum of triples +
doubles is called the logical sum of doubles and it represents all accepted coincidence pulses from
counting.

© IS0 2024 - All rights reserved 15
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The core parameter is the Triple to Double Coincidence Ratio (TDCR) which is given by Formula (B.1):

£ _t
t+d D

TDCR = (B.1)

t isthe number of obtained triples;
d is the number of obtained doubles;

D Is the number of logical sum of doubles = all obtained coincidences.
Thus, TDCR is the ratio of triple coincidences to all coincidences.

One advantage of the technique is that the TDCR can be used as a quench parameter. With many simple
beta emitters, for example 3H, 14C, 35S, 63Nj, 32P, 33P, it approximates counting efficiency of D, usually with
a few per cent bias. As the bias of TDCR is relatively small in most applications, a calibration may not
necessarily be required for some analysis.

The TDCR method is in use as a primary standardization method in national and international
measurement institutes. Metrologists have developed specialist software to calculate the detection
efficiency. The software include factors such as the Poisson model for PMT photoelectron distribution,
the energy spectrum of the beta particles and ionization quenching function for beta particle energy. The
programs calculate the detection efficiency that corresponds to the measured TDCR. Furthermore,
specialist TDCR counters at measurement institutes can take into account differences between
phototubes.

Modern liquid scintillation counters with three photomultiplier tubes can be used for all the different
methods utilizing liquid scintillation counting, either by applying the TDCR counting technique or by
calibration with reference standards.

The TDCR method can also be applied to Cerenkov counting (see Annex C). High-energy beta particles
(e.g. 32P, 89Sr, 90Y, 40K...) can elicit light emission directly in water, without a liquid scintillation cocktail,
via the Cerenkov phenomenon. Models have been developed to obtain Cerenkov counting efficiency from
the observed TDCR. For example, the TDCR-Cerenkov counting technique in combination with TDCR-LSC
can be applied for a rapid analysis of 89Sr and 99Sr in case of a nuclear incident or in routine analysis (e.g.
90Sr, 90Y),

The TDCR technique requires a minimum amount of activity, with today's scintillation counters usually
more than 10 to 20 Bq-1-%, in order to establish accurately the T/D ratiol9l.

B.2 Efficiency and quenching

When calculating the counting efficiency, the quench effect plays a dominant role. In TDCR counting
3 identical phototubes are used, and the detection efficiency is calculated for double coincidences and for
triple coincidences.

Increasing quench reduces the number of scintillation photons. This reduces the probability for triple
coincidences (cubic dependence) more than in relation to probability for double coincidences (quadratic
dependence), as it is shown in Figure B.2.

16 © IS0 2024 - All rights reserved
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Figure B.2 — Various 14C spectra for different quench level

Therefore, the triple-to-double coincidence ratio (TDCR) is a convenient quantity for quench and
efficiency.

The ratio of the triple to double counts/coincidences can be calculated by using the Poisson distribution,
using the calculated counting efficiencies for double and triple coincidences, using Birk’s parameter, and
by using the calculated transferred energy spectrum. The ratio of the triple to double counting efficiency
converges for high numbers of decays against the overall efficiency. Hence, the measured TDCR-value
under these circumstances approximates well the counting efficiency of the system.

The technique of TDCR-method enables an automatic quench correction without using external
standards. The TDCR method is therefore an absolute activity measurement method for detection of pure
beta- (e.g. 3H, 14C, 32P, 33P, 35S, 63Nj, 89Sr, 90Sr) and pure electron capture radionuclides emitters (e.g. 55Fe)
activity.

Chemical and colour quench correction is inherently incorporated in this method.

An external standard is needed if there is more than one radionuclide in the sample or to reduce the
uncertainty of the result.

For most environmental levels, an external source is recommended for the determination of the quench
level.

© IS0 2024 - All rights reserved 17
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Annex C
(informative)

Cerenkov measurement with liquid scintillation and TDCR counter

C.1 General

Cerenkov(20 light is emitted when charged particles (e.g. high-energy electrons) pass through a material
at a speed greater than the speed of light in the material. Measurement techniques based on the Cerenkov
effect play an important role for activity measurements, since samples can be easily measured in liquid
scintillation counters which are available in many laboratories. The ease of sample preparation (no need
for scintillation cocktail), low cost and automated counting available with a liquid scintillation analyser
are among the principle reasons for the widespread use of this counting method. The popularity of this
technique is well documented for a variety of applications where higher energy beta emitters are used.

The threshold energies are 0,262 MeV for water, 0,186 for glass and 0,167 MeV for polyethylene plastic.
However, the applications are predominantly limited to relative methods, i.e. standard reference sources
are required for calibration purposes.

C.2 Quenching

Chemical quenching in Cerenkov counting is non-existent, because Cerenkov photons arise from physical
formation of wave front in the medium in contrast to chemical fluorescence, which occurs in liquid
scintillation phenomenon. However colour quenching can be very significant. Compared to the liquid
scintillation techniques, the colour quenching effect is greater in Cerenkov counting, because Cerenkov
photons intensities are weaker and cover a wider spectrum of wavelengths than those produced in
scintillation.

The counting efficiency in Cerenkov radioassay can be determined by

— internal standardization;

— sample channel ratio;

— sample Spectrum Quench Index Parameter;

— external Standard Quench Correction (i.e. with !52Eu or 33Ba sources).

A colour-quench correction curve is prepared from a series of colour-quenched standards. The quenched
standards can be prepared using an aqueous solution with 0,01 % Cr0s.

The energies in excess of 1 MeV are more desirable since the counting efficiencies are higher and closer
to those observed by liquid scintillation counting.

C.3 Countingregion

For 32P in aqueous solution the pulse height spectrum is observed between 0 keV and 30 keV. In general
the pulse height spectrum does not exceed 50 keV for aqueous solution.

18 © IS0 2024 - All rights reserved
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C.4 Efficiency

The counting efficiency of Cerenkov radiation depends on the energy, sample volume and used media.
For example, the counting efficiency of 32P in 10 ml water in glass vial is about 51 %, of 32P in 10 ml water
in PE vials about 55 %. The counting efficiency for 90Sr/90Y is typically greater than 70 %.

The counting efficiency depends on the volume. To determine the optimum volume for the instrument
used, it is recommended to prepare and measure a set of vials containing a standardized solution in
different volumes. For example, the optimum of efficiency in 20 ml polyethylene (PE) vials is usually
measured at about 12 ml.

Typical efficiency in plastic vial for some radionuclides [12l: 32P (46 %; Emax=1710 keV),
36Cl (7 %; Emax=710 keV); 8Sr (37 %; Emax=1490 keV), 9Y (62%; Emax=2200 keV)
and 204T1 (4 %; Emax = 763 keV).

C.5 TDCR Cerenkov counting

The new TDCR technique can also be used for activity measurements by means of Cerenkov
counting.[1211131i21] The free parameter is directly determined from the measurements in a TDCR counter.

The new triple to double coincidence ratio (TDCR) efficiency calculation technique is applied to the
primary standardization of radionuclides by Cerenkov counting as well as by the conventional LSC
technique. As for liquid scintillation counting, the uncertainties are usually lower when the counting
efficiencies are high.

According to the Frank and Igor Tamm theory of the Cerenkov effectl22], the number of Cerenkov photons
emitted can be formulated as an energy-dependent function k(E), as shown in Figure C.1.
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Figure C.1 — Number of Cerenkov photons created, k(E), in 1 mol/L HCI, as a function &D of the
initial electron energy(21]

The free parameter method can be used for easy and rapid activity measurements without using
reference sources. Only the anisotropy coefficient should be established once using an activity standard
of a high-energy beta emitter, such as 32P or 99Y.
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[TDCR Cerenkov counting efficiencies are reported(2!l with experimental efficiency &p for: 32P (68 %);
Enmax=1710 keV), 89Sr (59 %; Emax = 1 490 keV), 99Y (67 %; Emax = 2 200 keV), 106Rh (88 %; Emax = 3 546

keV) and 204T1 (13 %; Emax = 763 keV)].
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