
 

IEC 61017 
Edition 1.0 2016-02 

INTERNATIONAL 
STANDARD 
NORME 
INTERNATIONALE 

Radiation protection instrumentation – Transportable, mobile or installed 
equipment to measure photon radiation for environmental monitoring 
 
Instrumentation pour la radioprotection – Equipement transportable, mobile  
ou installé pour mesurer le rayonnement de photons pour la surveillance de 
l'environnement 
 

IE
C

 6
10

17
:2

01
6-

02
(e

n-
fr)

 

  
  

® 
 

Full document details: IEC 61017 2016

http://www.avadocuments.com/doc/iec-61017-2016
http://www.avadocuments.com/doc/iec-61017-2016


 

 
  

 THIS PUBLICATION IS COPYRIGHT PROTECTED 
 Copyright © 2016 IEC, Geneva, Switzerland  
 
All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form 
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from 
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC 
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or 
your local IEC member National Committee for further information. 
 
Droits de reproduction réservés. Sauf indication contraire, aucune partie de cette publication ne peut être reproduite 
ni utilisée sous quelque forme que ce soit et par aucun procédé, électronique ou mécanique, y compris la photocopie 
et les microfilms, sans l'accord écrit de l'IEC ou du Comité national de l'IEC du pays du demandeur. Si vous avez des 
questions sur le copyright de l'IEC ou si vous désirez obtenir des droits supplémentaires sur cette publication, utilisez 
les coordonnées ci-après ou contactez le Comité national de l'IEC de votre pays de résidence. 
 

IEC Central Office Tel.: +41 22 919 02 11 
3, rue de Varembé Fax: +41 22 919 03 00 
CH-1211 Geneva 20 info@iec.ch 
Switzerland www.iec.ch 

 
About the IEC 
The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes 
International Standards for all electrical, electronic and related technologies. 
 
About IEC publications  
The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the 
latest edition, a corrigenda or an amendment might have been published. 
 
IEC Catalogue - webstore.iec.ch/catalogue 
The stand-alone application for consulting the entire 
bibliographical information on IEC International Standards, 
Technical Specifications, Technical Reports and other 
documents. Available for PC, Mac OS, Android Tablets and 
iPad. 
 
IEC publications search - www.iec.ch/searchpub 
The advanced search enables to find IEC publications by a 
variety of criteria (reference number, text, technical 
committee,…). It also gives information on projects, replaced 
and withdrawn publications. 
 
IEC Just Published - webstore.iec.ch/justpublished 
Stay up to date on all new IEC publications. Just Published 
details all new publications released. Available online and 
also once a month by email. 

Electropedia - www.electropedia.org 
The world's leading online dictionary of electronic and 
electrical terms containing 20 000 terms and definitions in 
English and French, with equivalent terms in 15 additional 
languages. Also known as the International Electrotechnical 
Vocabulary (IEV) online. 
 
IEC Glossary - std.iec.ch/glossary 
65 000 electrotechnical terminology entries in English and 
French extracted from the Terms and Definitions clause of 
IEC publications issued since 2002. Some entries have been 
collected from earlier publications of IEC TC 37, 77, 86 and 
CISPR. 
 
IEC Customer Service Centre - webstore.iec.ch/csc 
If you wish to give us your feedback on this publication or 
need further assistance, please contact the Customer Service 
Centre: csc@iec.ch. 
 

 
A propos de l'IEC 
La Commission Electrotechnique Internationale (IEC) est la première organisation mondiale qui élabore et publie des 
Normes internationales pour tout ce qui a trait à l'électricité, à l'électronique et aux technologies apparentées. 
 
A propos des publications IEC  
Le contenu technique des publications IEC est constamment revu. Veuillez vous assurer que vous possédez l’édition la 
plus récente, un corrigendum ou amendement peut avoir été publié. 
 
Catalogue IEC - webstore.iec.ch/catalogue 
Application autonome pour consulter tous les renseignements 
bibliographiques sur les Normes internationales, 
Spécifications techniques, Rapports techniques et autres 
documents de l'IEC. Disponible pour PC, Mac OS, tablettes 
Android et iPad. 
 
Recherche de publications IEC - www.iec.ch/searchpub 
La recherche avancée permet de trouver des publications IEC 
en utilisant différents critères (numéro de référence, texte, 
comité d’études,…). Elle donne aussi des informations sur les 
projets et les publications remplacées ou retirées. 
 
IEC Just Published - webstore.iec.ch/justpublished 
Restez informé sur les nouvelles publications IEC. Just 
Published détaille les nouvelles publications parues. 
Disponible en ligne et aussi une fois par mois par email. 
 

Electropedia - www.electropedia.org 
Le premier dictionnaire en ligne de termes électroniques et 
électriques. Il contient 20 000 termes et définitions en anglais 
et en français, ainsi que les termes équivalents dans 15 
langues additionnelles. Egalement appelé Vocabulaire 
Electrotechnique International (IEV) en ligne. 
 
Glossaire IEC - std.iec.ch/glossary 
65 000 entrées terminologiques électrotechniques, en anglais 
et en français, extraites des articles Termes et Définitions des 
publications IEC parues depuis 2002. Plus certaines entrées 
antérieures extraites des publications des CE 37, 77, 86 et 
CISPR de l'IEC. 
 
Service Clients - webstore.iec.ch/csc 
Si vous désirez nous donner des commentaires sur cette 
publication ou si vous avez des questions contactez-nous: 
csc@iec.ch. 

 

 

Full document details: IEC 61017 2016

mailto:info@iec.ch
http://www.iec.ch/
http://webstore.iec.ch/catalogue
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:csc@iec.ch
http://webstore.iec.ch/catalogue
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:csc@iec.ch
http://www.avadocuments.com/doc/iec-61017-2016
http://www.avadocuments.com/doc/iec-61017-2016


 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IEC 61017 
Edition 1.0 2016-02 

INTERNATIONAL 
STANDARD 
NORME 
INTERNATIONALE 

Radiation protection instrumentation – Transportable, mobile or installed 
equipment to measure photon radiation for environmental monitoring 
 
Instrumentation pour la radioprotection – Equipement transportable, mobile  
ou installé pour mesurer le rayonnement de photons pour la surveillance de 
l'environnement 
 
 

INTERNATIONAL 
ELECTROTECHNICAL 
COMMISSION 

COMMISSION 
ELECTROTECHNIQUE 
INTERNATIONALE  
ICS 13.280 

 

ISBN 978-2-8322-3160-9 
 

  
  

® Registered trademark of the International Electrotechnical Commission 
 Marque déposée de la Commission Electrotechnique Internationale 

® 
 

 Warning! Make sure that you obtained this publication from an authorized distributor. 
 Attention! Veuillez vous assurer que vous avez obtenu cette publication via un distributeur agréé. 

Full document details: IEC 61017 2016

http://www.avadocuments.com/doc/iec-61017-2016
http://www.avadocuments.com/doc/iec-61017-2016


 – 2 – IEC 61017:2016  IEC 2016 

CONTENTS 

FOREWORD ......................................................................................................................... 5 
INTRODUCTION ................................................................................................................... 7 
1 Scope ............................................................................................................................ 8 
2 Normative references..................................................................................................... 9 
3 Terms, definitions, abbreviations, symbols, quantities and units .................................... 10 

3.1 Terms and definitions .......................................................................................... 10 
3.2 Test nomenclature .............................................................................................. 12 
3.3 Abbreviations and symbols .................................................................................. 13 
3.4 Quantities and units ............................................................................................ 13 

4 General test procedure ................................................................................................ 13 
4.1 Nature of tests .................................................................................................... 13 
4.2 Reference conditions and standard test conditions ............................................... 13 
4.3 Radiation performance tests ................................................................................ 13 
4.4 Tests performed with variation of influence quantities .......................................... 13 
4.5 Statistical fluctuations ......................................................................................... 14 
4.6 Reference radiation ............................................................................................. 14 
4.7 Point of test ........................................................................................................ 14 

5 General requirements .................................................................................................. 14 
5.1 Summary of requirements .................................................................................... 14 
5.2 General characteristics ........................................................................................ 14 

5.2.1 Energy and measurement range ................................................................... 14 
5.2.2 Effective range of dose rate and dose ........................................................... 14 
5.2.3 Ease of decontamination .............................................................................. 15 

5.3 Equipment configuration ...................................................................................... 15 
5.4 Alarm facilities .................................................................................................... 15 

6 Radiation detection requirements ................................................................................. 15 
6.1 Linearity .............................................................................................................. 15 

6.1.1 Requirements .............................................................................................. 15 
6.1.2 Test source of photon radiation .................................................................... 16 

6.2 Variation of response with photon radiation energy .............................................. 16 
6.2.1 Requirements .............................................................................................. 16 
6.2.2 Method of test .............................................................................................. 17 

6.3 Variation of response with angle of incidence ....................................................... 17 
6.3.1 General ....................................................................................................... 17 
6.3.2 Requirements .............................................................................................. 17 
6.3.3 Method of test .............................................................................................. 18 

6.4 Overload characteristics ...................................................................................... 18 
6.4.1 Requirements .............................................................................................. 18 
6.4.2 Method of test .............................................................................................. 18 

6.5 Statistical fluctuations ......................................................................................... 19 
6.5.1 Requirements .............................................................................................. 19 
6.5.2 Method of test .............................................................................................. 19 

6.6 Response time .................................................................................................... 19 
6.6.1 Requirements .............................................................................................. 19 
6.6.2 Method of test .............................................................................................. 19 

6.7 Alarm requirements ............................................................................................. 20 

Full document details: IEC 61017 2016

http://www.avadocuments.com/doc/iec-61017-2016
http://www.avadocuments.com/doc/iec-61017-2016


IEC 61017:2016  IEC 2016 – 3 – 

6.7.1 Requirements .............................................................................................. 20 
6.7.2 Method of test .............................................................................................. 21 

6.8 Alarm response time and stability ........................................................................ 21 
6.8.1 Requirements .............................................................................................. 21 
6.8.2 Method of test .............................................................................................. 21 

6.9 Warm-up ............................................................................................................. 21 
6.9.1 Requirements .............................................................................................. 21 
6.9.2 Method of test .............................................................................................. 21 

7 Electrical, mechanical and environmental characteristics .............................................. 22 
7.1 Power supplies .................................................................................................... 22 

7.1.1 Mains operation ........................................................................................... 22 
7.1.2 Battery operation ......................................................................................... 22 

7.2 Electromagnetic compatibility (EMC) .................................................................... 23 
7.2.1 General ....................................................................................................... 23 
7.2.2 Electrostatic discharge ................................................................................. 23 
7.2.3 General radiated electromagnetic fields ........................................................ 23 
7.2.4 Conducted disturbances induced by fast transients or bursts ......................... 24 
7.2.5 Conducted disturbances induced by surges .................................................. 24 
7.2.6 Conducted disturbances induced by radio-frequencies .................................. 25 
7.2.7 Ring wave immunity ..................................................................................... 25 
7.2.8 50 Hz/60 Hz magnetic field ........................................................................... 26 
7.2.9 Voltage dips and short interruptions ............................................................. 26 

7.3 Mechanical characteristics .................................................................................. 26 
7.3.1 Microphonics/impact .................................................................................... 26 
7.3.2 Mechanical shock ........................................................................................ 27 

7.4 Environmental characteristics .............................................................................. 27 
7.4.1 Ambient temperature .................................................................................... 27 
7.4.2 Relative humidity ......................................................................................... 28 
7.4.3 Sealing ........................................................................................................ 28 

8 Documentation ............................................................................................................ 29 
8.1 Type test report ................................................................................................... 29 
8.2 Certificate ........................................................................................................... 29 
8.3 Operation and maintenance manual ..................................................................... 29 

Annex A (informative)  Example types of detectors and their characteristics ......................... 36 
A.1 Ionization chamber .............................................................................................. 36 
A.2 GM counter ......................................................................................................... 36 
A.3 Scintillation detector ............................................................................................ 36 
A.4 Semiconductor detector ....................................................................................... 36 

Annex B (informative)  Introduction of spectrum-weight G-function ....................................... 37 
Annex C (informative)  Specification and configuration of the system using two types of 
detector .............................................................................................................................. 39 

C.1 Combination of NaI type and ionization chamber type .......................................... 39 
C.2 Combination of NaI type and semiconductor type ................................................. 40 

Annex D (informative)  Calibration of dose rate and dose meters ......................................... 41 
 
Figure 1 – Example of the rotation of the detector assembly ................................................ 18 
Figure B.1 – Calculated spectrum-weight G-function (pSv/count) as a function of 
photon energy, compared with the detection efficiency (count/cm–2) and the fluence-

Full document details: IEC 61017 2016

http://www.avadocuments.com/doc/iec-61017-2016
http://www.avadocuments.com/doc/iec-61017-2016


 – 4 – IEC 61017:2016  IEC 2016 

to-ambient-dose-equivalent conversion coefficient (pSv/cm–2) for the NaI(Tl) 
scintillator (12,7 mm diameter and 12,7 mm thick cylinder) .................................................. 38 
 
Table 1 – Reference conditions and standard test conditions ............................................... 30 
Table 2 – Radiation performance tests ................................................................................ 31 
Table 3 – Classification of electricity, mechanical, and environmental testing ....................... 32 
Table 4 – Tests performed with variations of influence quantities ......................................... 33 
Table 5 – Maximum values of additional indications due to electromagnetic 
disturbances ....................................................................................................................... 34 

 

Full document details: IEC 61017 2016

http://www.avadocuments.com/doc/iec-61017-2016
http://www.avadocuments.com/doc/iec-61017-2016


IEC 61017:2016  IEC 2016 – 5 – 

INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
RADIATION PROTECTION INSTRUMENTATION –  

TRANSPORTABLE, MOBILE OR INSTALLED EQUIPMENT TO MEASURE  
PHOTON RADIATION FOR ENVIRONMENTAL MONITORING 

 
FOREWORD 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 

International Standard 61017 has been prepared by subcommittee 45B: Radiation protection 
instrumentation, of IEC technical committee 45: Nuclear instrumentation. 

This first edition of IEC 61017 cancels and replaces the first edition of IEC 61017-1, published 
in 1991, and the first edition of IEC 61017-2, published in 1994. It constitutes a technical 
revision. 

The main technical changes with the previous editions are as follows: 

– this standard explicitly describes air absorbed dose and dose rate, ambient dose 
equivalent dose and dose rate, in addition to air kerma and kerma rate; 

– this standard includes the description of the typical detector types for use in environmental 
monitoring. 
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The text of this standard is based on the following documents: 

FDIS Report on voting 

45B/825/FDIS 45B/837/RVD 

 
Full information on the voting for the approval of this standard can be found in the report on 
voting indicated in the above table. 

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2. 

The committee has decided that the contents of this publication will remain unchanged until 
the stability date indicated on the IEC website under "http://webstore.iec.ch" in the data 
related to the specific publication. At this date, the publication will be  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 
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INTRODUCTION 

Exposure of members of the public to ionizing radiation produced by nuclear and other 
facilities is subject to control. An essential part of control is the measurement of the 
environmental radiation levels in the neighborhood of these facilities . 

The evaluation of the environmental radiation dose from photons is difficult. The composition 
of the background radiation is complex and includes contributions from natural sources such 
as cosmic radiation and terrestrial radioactivity in addition to man-made radioactivity arising 
from the operation of nuclear facilities and fall-out from nuclear weapon tests. This, if further 
complicated by the variation in the natural background radiation dose, varies in time due to 
variation in ambient radon concentrations and space due to spatial heterogeneity of the 
natural environmental background.  

The requirements specified in this standard relate to normal operations of the assembly. 
Should an assembly be required for emergency conditions on-site at nuclear facilities then the 
requirements of IEC 60846-2 should also be applied to the assembly, particularly with regard 
to overload characteristics. The requirements for portable work place monitors to measure 
ambient and/or directional dose equivalent (rate) are specified in IEC 60846-1. 
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RADIATION PROTECTION INSTRUMENTATION –  
TRANSPORTABLE, MOBILE OR INSTALLED EQUIPMENT TO MEASURE  

PHOTON RADIATION FOR ENVIRONMENTAL MONITORING 
 
 
 

1 Scope 

This International Standard is applicable to transportable, mobile or installed assemblies 
intended to measure environmental air kerma rates or air absorbed dose rates from  
30 nGy⋅h–1 to 30 µGy⋅h–1 or ambient dose equivalent rates from 30 nSv⋅h–1 to 30 µSv⋅h–1, or 
air kerma or air absorbed dose from 10 nGy to 10 mGy, or ambient dose equivalent from  
10 nSv to 10 mSv, due to photon radiation of energy between 50 keV and 7 MeV. The 
measurable range of dose and dose rate can be extended by agreement between the 
purchaser and the manufacturer. This extension may be realized by combining more than one 
detector, for example NaI(Tl) scintillator and ionization chamber. For most environmental 
applications, instruments may measure over a more limited energy range of 80 keV to 3 MeV.  

NOTE 1 80 keV to 3 MeV has been chosen to cover the energies of the chief environmental and man-made radio-
nuclides that contribute to the environmental dose. The term “dose” used in this standard means the quantity, air 
kerma, air absorbed dose, and ambient dose equivalent, that the instrument is intended to measure. 

If the assembly is to be used to measure these quantities in the area surrounding a nuclear 
reactor producing 6 MeV radiation from the 16N isotope, it will be necessary to determine the 
response at this energy. An absorbed dose in air, which uses the same unit, Gy, as air kerma 
can be taken to have the same numerical value as air kerma under the condition of electron 
equilibrium. 

Passive devices such as Thermo-Luminescence Dosemeter (TLD), Optically Stimulated 
Luminescence (OSL) Dosemeter or Glass Radio-Photo Luminescence (RPL)  Dosemeter are 
not covered by this standard. 

Installed assemblies should be capable of operating continuously.   

This standard does not provide for the measurement of beta and neutron radiation. 

The equipment covered by this standard comprises a detector assembly and processing 
circuits, which may be connected together either rigidly or by means of a flexible cable, or 
incorporated into a single assembly. The equipment assembly may also include circuits for 
displaying readings, alarms and communication.  

This equipment should meet the environmental conditions of use.   

Examples of instruments include (detailed information is described in Annex A): 

a) Ionization chamber 

This is suitable for the measurement of air kerma and air absorbed dose and dose rate. In the 
environment, the correction due to temperature and atmospheric pressure may be required. 

NOTE 2 For the measurement of ambient dose equivalent and dose equivalent rate the energy response may be 
compensated. 

b) Geiger-Muller (GM) counter 

The energy response should be corrected. GM counters may overestimate the readings due to 
the dose (rate) from cosmic radiation. 

c) Scintillation detector 
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The energy response should be corrected. Detailed information is described in Annex A and 
Annex B. 

d) Semiconductor detector 

The energy response should be corrected. 

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. 

IEC 60038, IEC standard voltages 

IEC 60050-395:2014, International Electrotechnical Vocabulary – Part 395: Nuclear 
instrumentation: Physical phenomena, basic concepts, instruments, systems, equipment and 
detectors 

IEC 60068-2-75, Environmental testing – Part 2-75: Tests – Test Eh: Hammer tests  

IEC 60086-1, Primary batteries – Part 1: General 

IEC 60529, Degrees of protection provided by enclosures (IP Code) 

IEC 61000-4-2, Electromagnetic compatibility (EMC) – Part 4-2: Testing and measurement 
techniques – Electrostatic discharge immunity test 

IEC 61000-4-3, Electromagnetic compatibility (EMC) – Part 4-3: Testing and measurement 
techniques – Radiated, radio-frequency, electromagnetic field immunity test 

IEC 61000-4-4, Electromagnetic compatibility (EMC) – Part 4-4: Testing and measurement 
techniques – Electrical fast transient/burst immunity test 

IEC 61000-4-5, Electromagnetic compatibility (EMC) – Part 4-5: Testing and measurement 
techniques – Surge immunity test 

IEC 61000-4-6, Electromagnetic compatibility (EMC) – Part 4-6: Testing and measurement 
techniques – Immunity to conducted disturbances, induced by radio-frequency fields 

IEC 61000-4-8, Electromagnetic compatibility (EMC) – Part 4-8: Testing and measurement 
techniques – Power frequency magnetic field immunity test 

IEC 61000-4-11, Electromagnetic compatibility (EMC) – Part 4-11: Testing and measurement 
techniques – Voltage dips, short interruptions and voltage variations immunity tests 

IEC 61000-4-12, Electromagnetic compatibility (EMC) – Part 4-12: Testing and measurement 
techniques – Ring wave immunity test 

IEC 61000-6-2, Electromagnetic compatibility (EMC) – Part 6-2: Generic standards – 
Immunity for industrial environments 

IEC 61187, Electrical and electronic measuring equipment – Documentation 
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IEC 62262, Degrees of protection provided by enclosures for electrical equipment against 
external mechanical impacts (IK code) 

ISO 4037-1:1996, 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 4037-2:1997, X and gamma reference radiation for calibrating dosemeters and dose rate 
meters and for determining their response as a function of photon energy – Part 2: Dosimetry 
for radiation protection over the energy range from 8 keV to 1,3 MeV and 4 MeV to 9 MeV 

ISO 4037-3:1999, X and gamma reference radiation for calibrating dosemeters and dose rate 
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 4037-4:2004, X and gamma reference radiation for calibrating dosemeters and dose rate 
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 

3 Terms, definitions, abbreviations, symbols, quantities and units 

3.1 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

NOTE General terminology concerning detection and measurement of ionizing radiation and nuclear 
instrumentation is given in  IEC 60050-395 and IEC 60050-151. 

3.1.1  
ambient dose equivalent 
H*(10)  
dose equivalent at a point in a radiation field that would be produced by the corresponding 
expanded and aligned field in the ICRU sphere at a depth of 10 mm on the radius opposing 
the direction of the aligned field 

3.1.2  
alarm 
audible, visual, or other signal activated when the instrument reading exceeds a preset value, 
falls outside of a preset range, or when the instrument detects the presence of the source of 
radiation according to a preset condition 

3.1.3  
background level 
radiation field in which the instrument is intended to operate which includes background 
produced by naturally occurring radioactive material 

3.1.4  
manufacturer  
designer and seller of the equipment 

3.1.5  
monitor type 
 

3.1.5.1  
installed 
radiation instruments that may be permanently mounted at a location for use.  
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Note 1 to entry: By agreement between manufacturer and purchaser, these assemblies should be provided with 
appropriate facilities for indicating readings. 

3.1.5.2  
transportable 
radiation instruments not intended to be used whilst transported 

3.1.5.3  
mobile 
radiation instruments that are mounted to moving platforms and that operate while in motion 

3.1.6  
conventionally true value of quantity 
conventionally true dose or dose rate 
best estimate of the value of that quantity used for calibration of equipment; this value and its 
uncertainty shall be determined from a primary or secondary standard or by a reference 
instrument which has been calibrated against a primary or secondary standard 

3.1.7  
error of indication 
difference between the indicated value of a quantity DI and the conventionally true value of 
that quantity at the point of measurement DT 

3.1.8  
response 
response R of an assembly is the ratio of the assembly’s indicated value to the conventionally 
true value 

T

I
・

・

D

DR =
 

3.1.9  
relative error of indication 
quotient expressed as a percentage of the error of indication of a quantity by the 
conventionally true value of the measured quantity. It may be expressed as:  

( ) 100%
T

TI ×
−

=
・

・・

D

DDI
 

3.1.10  
relative intrinsic error 
relative error of indication of an assembly with respect to a quantity when subjected to a 
specified reference radiation under specified reference conditions 

3.1.11  
coefficient of variation 
ratio V of the estimate of the standard deviation s to the arithmetic mean x  of a set of n 
measurements xi given by the following formula:
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3.1.12  
effective range of measurement 
range of values of the quantity to be measured over which the performance of an equipment 
meets the requirements of this standard 

3.2 Test nomenclature 

3.2.1  
calibration direction 
direction of the incident radiation during calibration stated by the manufacturer 

3.2.2  
reference point of an assembly 
physical mark on the assembly indicating a center of a sensitive part of an assembly’s detector and to 
be used to calculate an effective reference point of the assembly 

Note 1 to entry: Effective reference point of an assembly is located at a distance, stated by the manufacturer for 
specified energy, from a reference point of the assembly to be used in order to position the assembly at a point 
where the conventionally true value of a quantity to be measured is known. 

3.2.3  
point of test 
point at which the reference point of the assembly is placed and at which the conventionally 
true value of air kerma (rate), air absorbed dose (rate) or ambient dose equivalent (rate) is 
known 

Note 1 to entry: For all tests involving the use of radiation, the reference point of the assembly shall be placed at 
the point of test and, apart from the test for variation in response with angle of incidence, in the orientation 
indicated by the manufacturer, i.e. with the radiation field incident from the manufacturer’s stated calibration 
condition. 

3.2.4  
qualification tests 
tests performed on a representative sample of equipment to verify the adequacy of the design 
and that the equipment meets the specifications agreed upon between manufacturer and user 
under normal operational conditions and anticipated operation occurrences 

Note 1 to entry:  Qualification tests are performed in order to verify that the requirements of a specification are 
fulfilled. 

Note 2 to entry:  Qualification tests are subdivided into type tests and routine tests. 

3.2.5  
type test 
conformity test made on one or more items representative of the production 
[SOURCE: IEC 60050-151:2001, 151-16-16] 

3.2.6  
routine test 
conformity test made on each individual item during or after manufacture 

[SOURCE: IEC 60050-151:2001, 151-16-17] 

3.2.7  
acceptance test 
contractual test to prove to the purchaser that the device fulfils certain specifications 
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[SOURCE: IEC 60050-151:2001, 151-16-23] 

3.2.8  
supplementary tests 
tests intended to provide supplementary information on certain specifications 

Note 1 to entry: The term “dose” used in this standard means the quantity, air kerma, air absorbed dose, and 
ambient dose equivalent, that the instrument is intended to measure. The radiation tests are defined by the 
manufacturer in terms of this quantity. 

3.3 Abbreviations and symbols 

EMC electromagnetic compatibility 

3.4 Quantities and units 

In this standard, units of the International System (SI) are used 1. The definitions of radiation 
quantities are given in IEC 60050-395. The corresponding old units (non SI) are indicated in 
brackets. 

Nevertheless, the following units may also be used: 

– for energy: electron-volt (symbol: eV), 1 eV = 1,602 × 10–19 J; 
– for time: years (symbol: y), days (symbol: d), hours (symbol: h), minutes (symbol: min). 

Multiples and submultiples of SI units will be used, when practicable, according to the SI 
system. 

4 General test procedure 

4.1 Nature of tests 

Unless otherwise specified in the individual clauses, all tests enumerated in this standard are 
to be considered as "type tests". Nevertheless, by agreement between the manufacturer and 
the purchaser, some of them may be considered as acceptance tests. 

4.2 Reference conditions and standard test conditions 

Reference and standard test conditions are given in Table 1. Reference conditions are those 
conditions to which the performance of the instrument is referred and standard test conditions 
indicate the necessary tolerances in practical testing. Except where otherwise specified, the 
tests in this standard shall be performed under the standard test conditions given in the third 
column of Table 1. 

4.3 Radiation performance tests 

The radiation performance tests are listed in Table 2, which indicates, for each characteristic 
under test, the requirements according to the clause where the corresponding test method is 
described. The tests shall be performed under test conditions detailed in Table 1, except for 
the quantity being tested. 

4.4 Tests performed with variation of influence quantities 

The classification of electrical, mechanical and environmental characteristics tests is shown in 
Table 3. Those tests are intended to determine the effects of variations in the influence 

_____________ 
1 International Bureau of Weights and Measures: The International System of Units, 8th edition, 2006. 
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quantities given in Table 4 and Table 5. All other influence quantities shall be maintained 
within the limits for the standard test conditions given in Table 1 unless otherwise specified in 
the test procedure concerned. 

4.5 Statistical fluctuations 

For any test involving the use of radiation, if the magnitude of the statistical fluctuations of the 
indication arising from the random nature of radiation alone is a significant fraction of the 
variation of the indication permitted in the test, then sufficient readings shall be taken to 
ensure that the mean value of such readings may be estimated with sufficient accuracy to 
demonstrate compliance with the test in question. 

The interval between such readings shall be sufficient to ensure that the readings are 
statistically independent. 

4.6 Reference radiation 

All tests shall be conducted with 137Cs unless specified otherwise. As an alternative, 60Co 
may be used. In this case, correction shall be made for the difference in response of the 
detector assembly between 60Co and 137Cs. These radiation qualities are specified in 
ISO 4037 series. 

4.7 Point of test  

The point of test at which the photon dose rate is to be determined shall be chosen such that 
the distance between the radiation source and the detector assembly shall be sufficiently 
large to ensure that any error due to the non-uniformity of irradiation of the detector is not 
more than ±5 %. 

5 General requirements 

5.1 Summary of requirements  

In Table 2, Table 4, and Table 5 the requirements are summarized.  

5.2 General characteristics 

5.2.1 Energy and measurement range 

The equipment shall measure the air kerma (rate), air absorbed dose (rate) or ambient dose 
equivalent (rate) to photon energies over a range of at least 80 keV to 3 MeV. The dynamic 
measurement range of the equipment shall be at least three orders of magnitude. 

5.2.2 Effective range of dose rate and dose 

The effective range of dose rate and dose meters shall be from 30 nGy⋅h–1 or 30 nSv⋅h–1 to at 
least 30 µGy⋅h–1 or 30 µSv⋅h–1. Where the instrument is to be used during emergency 
conditions, the upper limit should be at least 1 mGy⋅h–1 or 1 mSv⋅h–1. 

The indication of integrating assemblies shall be expressed in units of air kerma or air 
absorbed dose, Gy or in units of ambient dose equivalent, Sv. For most applications, the 
effective range of measurement shall be at least from 10 nGy or 10 nSv to 10 mGy or 10 mSv. 
The requirements of this standard are also applicable where an assembly has an upper limit 
higher than 10 mGy or 10 mSv. Where more than one detector is used for measurement over 
the complete range, automatic switching shall be provided between the detectors when 
changing range, and the corresponding measurements and read-out scale shall be 
simultaneous. The specification and configuration of the system using two detectors is 
exemplified in Annex C. 
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Where it is not practical to perform radiation tests in very low backgrounds for the purpose of 
this standard, it may be necessary to increase at least the lower limit of the effective range to 
100 nGy⋅h–1 or 100 nSv⋅h–1. 

Annex D discusses the problems of testing and calibrating at low air kerma or absorbed dose 
or ambient dose equivalent rates. 

5.2.3 Ease of decontamination 

The assembly shall be designed and constructed in such a manner as to minimize the risk of 
it becoming contaminated in use and to facilitate decontamination by using smooth non-
reactive materials that resist contamination. 

5.3 Equipment configuration 

The type of equipment defined in this standard generally comprises up to three types of 
assemblies, which may be interconnected in a number of configurations. 

These assemblies are: 

– detector assembly: assembly which contains one or more detectors and associated 
electronic devices. It can also include programmable electronic circuits; 

– processing assembly: assembly which converts the output signal from the detector 
assemblies into a form, generally digital, suitable for transmission to a display device, 
which may be connected together either rigidly or by means of a flexible cable or 
incorporated into a signal assembly; 

– alarm assembly: assembly which gives alarms when the output signal from the detector 
assemblies or the processing assemblies get over the previously set-point value, which 
may be connected together either rigidly or by means of a flexible cable or incorporated 
into a signal assembly.  

5.4 Alarm facilities 

For installed assemblies to measure dose rate, the alarm and the instrument fault alarm 
facilities shall be appropriate for the purpose of the equipment. Alarm units shall be operable 
either to hold an alarm condition until specifically reset by a reset control or to automatically 
reset when the alarm state disappears.  

All alarm functions shall be provided with test facilities to allow checking of alarm operation. 
In the case of adjustable alarms, checking shall be possible over the range of adjustment with 
indication of the actual alarm operation point.  

Alarm functions shall be agreed upon between the purchaser and the manufacturer.  

6 Radiation detection requirements 

6.1 Linearity  

6.1.1 Requirements 

This refers to the linearity of the instrument’s measurement range. The instrument error is to 
be established in respect of the radiation quantity that the equipment is designed to measure. 

Under standard test conditions, the linearity of the detector assembly to dose rate, when 
exposed to either of the reference radiations shall not exceed the range from −15 % to +22 % 
over the effective measurement range, but it shall not exceed ±30 % for dose rate up to 
0,1µGy⋅h–1 or 0,1 µSv⋅h–1. 
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This uncertainty is additional to the uncertainty in the value of the conventional true dose 
rate.; DI shall not exceed the range from −15 % to +22 % of (DT + U), where the U is the 
uncertainty of the conventional true dose rate. 

6.1.2 Test source of photon radiation 

6.1.2.1 Requirements 

The test shall be performed with a source of 137Cs or 60Co. The use of 60Co is subject to the 
requirements of 4.6. 

The conventional true dose rate shall be known and the uncertainty stated (see 3.1.6). 

6.1.2.2 Tests to be performed 

A type test shall be performed on monitoring units comprised of at least one of each type of 
detector, processing, and alarm assemblies. 

Routine tests shall be carried out on all possible combinations of detector assembly, 
processing units and alarm units. 

All tests shall be carried out using a radiation field unless otherwise agreed between 
manufacturer and purchaser. 

6.1.2.3 Type tests 

The type test shall be performed with one or more representative instruments of a given 
model. The test shall be performed at two points on the most sensitive range (lowest dose 
rate range), one at the mid-point of an intermediate range and two on the least sensitive 
range (highest dose rate range). The two points shall be at 20 % and 80 % of that range. 

6.1.2.4 Routine tests 

The routine test shall be carried out at one point on one value (between 10 % and 90 %) in 
the range or decade in which the highest alarm is set. 

6.1.2.5 Method of test 

For the tests described in 6.1.2.3 and 6.1.2.4, the detector assembly shall be exposed to 
known levels of radiation providing the stated indications. The response determined shall be 
within −15 % to +22 % of the reference response.   

6.2 Variation of response with photon radiation energy 

6.2.1 Requirements 

The response in the reference direction to photon energy between 80 keV and 1,5 MeV shall 
be within ±30 %. 

For assemblies intended for use in energies between 50 keV and 80 keV and/or higher than 
1,5 MeV, the variation shall be subject to agreement between the purchaser and manufacturer. 

If the monitor is to be used in the vicinity of nuclear power installations, the response up to 
7 MeV should fulfil the above requirement by agreement between the purchaser and 
manufacturer. 

In principle, this test should be performed at the same dose rate for each radiation energy. In 
practice this may not be possible, in which case the indicated dose rate of each radiation 
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energy should be corrected for the non-linearity (interpolated if necessary) at the indicated 
dose rate and for the reference radiation. 

In the case of multiple detectors covering different dose rate ranges, the test should be 
performed for each detector at the appropriate dose rate and energy. 

6.2.2 Method of test 

The following energies (specified as mean energy in keV) should be used for low dose rates 
(taken from the ISO 4037 series): 

mean energy (keV) 

– 60 keV (241Am)    where applicable; 
– 83 keV (type N-100 X-ray tube); 
– 662 keV (137Cs); 
– 1 250 keV (60Co). 

For 6,61 MeV the following alternatives may be used: 

– 6,61 MeV (R-F); or 

NOTE Reference radiations produced by nuclear reactions are denoted by the letter R followed by the chemical 
symbol of the element of the target responsible for the emission of the radiation. See Table 1 in ISO 4037-3:1999. 

– 6,61 MeV (R-O); or 
– verification by Monte Carlo simulation especially for this energy. 

The test for this high energy shall be agreed between the purchaser and manufacturer. 

The results shall be expressed as a ratio of the indication per unit dose rate for each radiation 
source normalized to the response per unit dose rate for the reference photon radiation 
(137Cs). 

6.3 Variation of response with angle of incidence 

6.3.1 General 

This standard relates to detector assemblies with a wide angle of acceptance and having 
essentially circular symmetry in one plane, normally horizontal, in use (see Figure 1). The 
standard recognizes the practical limitations of achieving a uniform response over 4π.  

6.3.2 Requirements 

The variation of response with angle of incidence against the direction of calibration (angular 
response) in more than one plane shall be within the following limits: 

For the range 80 keV to 1,5 MeV 

– for 662 keV at 15° intervals from 0° to ±120°, ±20 %; 

– for 83 keV at 15° intervals from 0° to ±120°,  to be defined by the manufacturer. 

For the range 50 keV to 80 keV 

– for 60 keV at 15° intervals from 0° to ±120°,  to be defined by the manufacturer where 
applicable.  

The manufacturer shall state the relative variation of the response beyond ±120°. 
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The results should be expressed as a ratio of the response at each test angle to the response 
at zero degrees angle of incidence. 

The necessity of additional angles to be tested for the other photon radiation exposures shall 
be determined in accordance with the agreement between the manufacturer and purchaser. 

a) The direction of radiation shall be changed in steps of 15° in a plane including the 
calibration direction specified by the manufacturer and the response determined 
throughout the range of angles as specified. 

b) The procedure of a) above shall be repeated for the plane perpendicular to that used in a) 
but still including the calibration direction. 

6.3.3 Method of test 

The assembly shall be mounted so as to most conveniently enable measurements to be made 
at the required angle. 

For this test, the reference point of the detector assembly shall be placed at a point of test 
where the dose (rate) is known. The photon radiation qualities of the narrow spectrum 83 keV 
X-ray and the gamma sources 137Cs and 241Am specified by ISO 4037 series should be used 
if possible.  

 

Figure 1 – Example of the rotation of the detector assembly 

6.4 Overload characteristics 

6.4.1 Requirements 

For dose rates greater than that corresponding to a scale maximum, the indication of the 
detector assembly/monitoring unit shall be off scale at the higher end of the scale and shall 
remain so. For instruments using a digital display, an appropriate over-range indication shall 
be provided. 

6.4.2 Method of test 

Prior to the overload test, reference readings shall be established.  

The detector assembly shall then be exposed for 5 min to a dose rate at least two times the 
scale maximum. The indication of the assembly shall remain off scale at the high end of the 
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scale for the duration of the test. For instruments using a digital display, the display shall 
indicate that it is “over-range” for the duration of the test.  

The time taken by the monitor to return to normal after the dose rate is returned to the 
preexposure level shall not be greater than the time specified by the manufacturer. The post 
test reading shall be within ±20 % of the pre-test or reference readings. 

6.5 Statistical fluctuations 

6.5.1 Requirements 

The coefficient of variation of the dose rate due to random fluctuations shall be less than 
20 % for the most sensitive scale. 

6.5.2 Method of test 

The detector assembly shall be exposed to a source of radiation giving a dose rate 
corresponding to an indication between one-third and one-half of the scale maximum on the 
most sensitive range (linear) or decade (logarithmic scale) or the second least significant 
decade (digital indication). 

Sufficient readings shall be taken to ensure that the mean value of such readings and 
coefficient of variation can be determined. Take a series of at least ten readings on indication 
of the detector assembly. 

6.6 Response time 

6.6.1 Requirements 

The response time is the time taken after a sudden increase or decrease in dose rate for the 
indication to reach the following value: 

( )ifi 9,0 DDD −+  

where Di is the initial indication and Df is the final indication.  

The number of tests to be performed shall be specified by the manufacturer as determined 
during the type testing. 

The response times shall be specified by the manufacturer.  

6.6.2 Method of test 

The test may be carried out either with a suitable source of radiation or by the input of a 
suitable electrical signal into the input of the measuring dose rate meter assembly. 

The initial and final dose rates shall differ by a factor of ten or more and measurements shall 
be carried out for both an increase and a decrease in the dose rate by this factor. 

Measurements shall be made over each order of magnitude of dose rate indication for dose 
rate meters detector assembly provided with a digital or a logarithmic display, and on each 
scale range for dose rate meter detector assemblies provided with a linear display. 

For linear scale dose rate meters the lower dose rate may be taken as zero or background 
and the upper one as that corresponding to at least 80 % of the scale maximum on all ranges.  
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For dose rate meters with switchable ranges, the response time shall be tested on each scale 
range. 

If the electrical method of test is employed, this shall be stated in the accompanying 
documents. The injected signals shall correspond to the above requirements. 

For the increasing dose equivalent rate test, the dose rate meter detector assembly shall be 
subjected first to the higher dose rate and the indication Df noted. The dose rate meter 
detector assembly shall then be subjected to the lower dose equivalent rate for a time 
sufficient for the indication Di to reach a steady value and this indication noted. The dose rate 
shall then be changed as quickly as possible (< 1 s) to that corresponding to the indication Df  
and the time taken to reach the value given by the formula in 6.6.1 be measured. 

In addition, the dose rate shall be changed by about a factor of 10 within about 10 s.  

NOTE This can be achieved by varying the distance from about 1 m to 3 m during the irradiation. 

The decreasing dose equivalent rate test is performed in the same way. 

6.7 Alarm requirements 

6.7.1 Requirements 

6.7.1.1 High level alarms 

For installed assemblies to measure dose rate, one high level alarm should be provided as a 
minimum. The alarm may be triggered at a networked control hub remote from the detector 
assemblies.  

The alarm set points may be fixed or adjustable. Each alarm shall activate within 1 s of the 
displayed value reaching the set point. Other (alert level) alarms may be provided to operate 
on increasing dose rates but at a level below the alarm level. 

Adjustable alarms should cover from at least 10 % to 100 % of scale reading (linear scales), 
from 50 % of the lowest order of magnitude scale to 100 % of the highest order of magnitude 
scale (logarithmic scales). For digital displays, adjustable alarms should cover all but the least 
significant decade. 

6.7.1.2 Low level alarms 

For installed assemblies to measure dose rate, a low level alarm facility should be provided. 
These are to operate on decreasing dose rate and generally act as an additional fault alarm. 

It should be possible to set a low level alarm to a point below the minimum of the effective 
range of measurement such that on failure of the detector assembly this alarm will operate 
within 5 min of the failure. 

6.7.1.3 Instrument fault alarms 

Diagnostic facilities should be provided as far as reasonably practicable to detect electronic 
component, inter-unit communication and processing firmware (software) failures, which may 
cause loss of the safety function of the equipment. These facilities shall result in fault 
indication or alarm. Separate indication of the source of the fault may be provided. 
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6.7.2 Method of test 

6.7.2.1 High level alarms 

This test shall be performed on the detector assembly/processing unit, but may exclude the 
detector. Using appropriate signal injection equipment, the range of the detector output shall 
be simulated. The alarms shall be adjusted to within 10 % of their lowest setting and the input 
signal increased until the alarms operate. The indication of the equipment shall be noted. The 
alarm settings shall be re-adjusted to their highest settings and the procedure repeated. 

6.7.2.2 Low level alarms 

This test shall be performed on the detector assembly/processing unit, but may exclude the 
detector. Using appropriate signal injection equipment, the range of the detector output shall 
be simulated. The alarms shall be adjusted to within 10 % of their lowest setting and the input 
signal decreased until the alarms operate. The indication of the equipment shall be noted. The 
alarm settings shall be re-adjusted to their highest settings and the procedure repeated. 

6.7.2.3 Instrument fault alarms 

The instrument fault alarm shall normally be tested in accordance with 6.7.1.3. Tests of failure 
alarms against appropriate equipment malfunctions shall be carried out. 

Alarm functions shall be agreed upon between the purchaser and the manufacturer.  

6.8 Alarm response time and stability 

6.8.1 Requirements 

Radiation alarm thresholds shall not deviate by more than ±10 % from the selected alarm set 
point and shall conform to the requirements of 6.7.1.1. 

6.8.2 Method of test 

The alarm threshold shall be adjusted to a reasonable dose rate level to enable the test to 
proceed. Expose the detector assembly to a dose rate that is 80 % of the alarm threshold. 
The alarm shall not activate for the duration of an exposure of 1 min. Increase the dose rate 
to 120 % of the alarm threshold. The alarm shall activate within 1 min. 

Additional alarm responses may be agreed upon between the purchaser and the manufacturer. 

6.9 Warm-up 

6.9.1 Requirements 

The manufacturer shall state the warm up time. The warm up time used to reach standard test 
conditions is indicated in Table 1. 

6.9.2 Method of test 

With the detector assembly/monitoring unit switched off, expose the detector to an 
appropriate source of radiation that will provide an indication of at least half the maximum 
scale. Switch on the assembly and note the readings of the assembly every 30 s after 
switching on until the manufacturer’s stated warm up time is exceeded. On a graph of 
indication as a function of time, draw a smooth curve that is the best fit. 

Thirty minutes after switching on, take at least ten readings and use the mean value of these 
as the "final value" of the indication. From the graph, the time related to 90 % of this value is 
the warm-up time. 
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7 Electrical, mechanical and environmental characteristics 

7.1 Power supplies 

7.1.1 Mains operation 

7.1.1.1 Requirements 

Assemblies should be designed to operate from single-phase AC supply voltage in one of the 
following categories in accordance with IEC 60038: 

– series I: 230 V AC;  
– series II: 100 V AC;  
– series III: 120 V and/or 240 V AC. 

The assemblies may be designed to operate from 24 V DC (series IV). Line operated 
assemblies should be designed to operate from single-phase AC supply voltage of 100 V to 
240 V and from 47 Hz to 63 Hz. The equipment shall operate with a supply voltage tolerance 
from –12 % to +10 %  of the nominal value. 

7.1.1.2 Method of test 

Place a 137Cs source as defined in 4.6 adjacent to the detector assembly. With the supply 
voltage at its nominal value, determine and record the mean reading from each detector. 

Take sufficient readings with the supply voltage 10 % above the nominal value and sufficient 
readings with the supply voltage 12 % below the nominal value. The mean values shall not 
differ from those obtained with nominal supply voltage by more than 10 %. 

The above tests shall be repeated but instead of changing the voltage, the frequency shall be 
changed from 57 Hz to 63 Hz for 60 Hz supply voltage or from 47 Hz to 53 Hz for 50 Hz 
supply voltage. 

7.1.2 Battery operation 

7.1.2.1 Requirements 
a) General 

Means shall be provided for checking the battery under conditions corresponding to maximum 
load. Batteries may be arranged in any desired manner but preferably shall be individually 
replaceable. The correct polarity shall be clearly indicated on the assembly by the 
manufacturer. 

b) Primary batteries (non-rechargeable) 

When power is supplied by primary batteries, the capacity of these should be such that, after 
operation under standard test conditions for 40 h of intermittent use the indication of the 
assembly shall not differ by more than 10 % from that obtained after the initial 15 min 
stabilization time of operation. 

When primary batteries are used, they should be selected from those specified in 
IEC 60086-1. 

NOTE 40 h intermittent use means 8 h of continuous use followed by 16 h with the assembly switched off, for five 
consecutive days. 

c) Secondary batteries (rechargeable) 
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When power is supplied by secondary batteries, the capacity of these shall be such that after 
12 h of continuous use, the indication of the assembly should not differ by more than 10 % 
from that obtained after the initial 15 min of operation. 

If secondary batteries are used, it should be possible to recharge the batteries from the mains 
supply within 16 h. The use of a device that switches off the charger when the complete 
charge is obtained should be included. 

7.1.2.2 Method of test 

New primary batteries or fully charged secondary batteries of the type indicated by the 
manufacturer shall be used for this test. Place a 137Cs source as defined in 4.6 adjacent to 
the detector assembly. Take sufficient readings (see 4.5). Leave the assembly continuously 
working in this radiation field for the periods or period given in 7.1.2.1 b) or 7.1.2.1 c) as 
appropriate. At the end of this time again take sufficient readings and verify that this mean 
value does not differ from the original mean value by more than 10 %. 

7.2 Electromagnetic compatibility (EMC) 

7.2.1 General 

Special precautions shall be taken in the design of the monitoring units to ensure proper 
operation in the presence of electromagnetic disturbance, particularly radio-frequency fields 
(see IEC 61000-4-3). Electromagnetic disturbances may cause increases or decreases in the 
radiation readings, or functional changes in the monitoring system (e.g, alarm activation). For 
each of the EMC tests given in 7.2.2 to 7.2.9, the detector assembly shall be set to the most 
sensitive range and irradiated with five times the lower end of the measuring range of the 
detector assembly. 

7.2.2 Electrostatic discharge 

7.2.2.1 Requirements 

The monitoring assembly shall not be affected by electrostatic discharges at the value shown 
in Table 5. The readings obtained after exposure to the discharges shall be within ±15 % of 
the pre-test values. The apparatus shall continue to operate as intended after the test. 

7.2.2.2 Method of test 

Place a 137Cs source as defined in 4.6 adjacent to the detector assembly. Determine and 
record the mean reading. 

Compliance with this performance requirement shall be checked by observing and recording 
the indications at the display and at any data output terminals, while discharging a suitable 
test generator as described in IEC 61000-4-2 at least five times to those various external 
parts of the complete equipment which may be touched by the operator during a normal 
measurement, when the dose equivalent (rate) meter detector assemblies with insulated 
surfaces are tested, the air discharge method with a voltage of 8 kV (severity level 3) shall be 
used. 

7.2.3  General radiated electromagnetic fields 

7.2.3.1 Requirements 

The monitoring assembly shall not be affected by exposure to radio-frequency fields from 
80 MHz to 1 000 MHz and 1,4 GHz to 2,5 GHz with an intensity of 10 V/m (Table 5). The 
readings shall remain within ±15 % of the readings obtained when not exposed to the radio-
frequency  field, no alarms shall be activated, and no other functional changes shall occur as 
a result of the radio-frequency field alone. 
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7.2.3.2 Method of test 

Place a 137Cs source as defined in 4.6 adjacent to the detector assembly. Determine and 
record the mean reading. 

Compliance with this performance requirement shall be checked by observing and recording 
the indications of the display and any data output terminals of the processing assembly with 
the dose equivalent (rate) detector assembly set to the most sensitive range. 

The electromagnetic field strength shall be 10 V/m in the frequency range of 80 MHz to  
1 000 MHz and 1,4 GHz to 2,5 GHz in steps of 1 % (see IEC 61000-4-3). 

To reduce the amount of measurements needed to show compliance with the above 
requirement, the test can be performed at a field strength of 20 V/m in one orientation only. If 
any indication that a susceptibility exists is observed, additional tests in the range of ±15 % 
around this frequency range of susceptibility with a field strength of 10 V/m shall be carried 
out with the dose equivalent (rate) meter detector assembly in all three orientations as 
described in IEC 61000-4-3. 

7.2.4 Conducted disturbances induced by fast transients or bursts 

7.2.4.1 Requirements 

The monitoring assembly shall not be affected by conducted disturbances induced by fast 
transients or bursts at the values shown in Table 5. The readings obtained after exposure to 
the disturbances shall be within ±15 % of the pre-test values. The apparatus shall continue to 
operate as intended after the test. 

7.2.4.2 Method of test 

Place a 137Cs source as defined in 4.6 adjacent to the detector assembly. Determine and 
record the mean reading. 

Fast transients or bursts should be applied to the mains supply terminals via a 
coupling/decoupling network, or equivalent equipment. The repetition rate shall not exceed 
once per minute. Compliance with this performance requirement shall be checked by 
observing and recording the indications of the display and any data output terminals of the 
processing assembly, with the dose equivalent (rate) detector assembly set to the most 
sensitive range. The tests shall be performed as described in IEC 61000-4-4 with a peak 
voltage of ±2 kV. 

The severity of the test shall be as follows: 

• for equipment installed in protected room: level 2; 

• for other equipment: level 3. 

7.2.5 Conducted disturbances induced by surges 

7.2.5.1 Requirements 

The monitoring assembly designed to operate from AC supply voltage shall not be affected by 
conducted disturbances induced by surges at the values shown in Table 5. The readings 
obtained after exposure to the disturbances shall be within ±15 % of the pre-test values. The 
apparatus shall continue to operate as intended after the test. 

7.2.5.2  Method of test 

Place a 137Cs source as defined in 4.6 adjacent to the detector assembly. Determine and 
record the mean reading. 
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Pulses should be applied to the mains supply terminals via a coupling/decoupling network, or 
equivalent equipment. The repetition rate shall not exceed once per minute. Compliance with 
this performance requirement shall be checked by observing and recording the indications of 
the display and any data output terminals of the processing assembly with the dose equivalent 
(rate) detector assembly set to the most sensitive range. The tests shall be performed as 
described in IEC 61000-4-5 with a voltage of ±2 kV or ±1 kV as given in Table 5. 

7.2.6 Conducted disturbances induced by radio-frequencies 

7.2.6.1 Requirements 

The monitoring assembly designed to operate from AC supply voltage shall not be affected by 
conducted disturbances induced by radio-frequencies shown in Table 5. The readings shall 
remain within ±15 % of the readings obtained when not exposed to the disturbances, no 
alarms shall be activated, and no other functional changes shall occur as a result of the 
disturbances alone. 

7.2.6.2 Method of test 

Place a 137Cs source as defined in 4.6 adjacent to the detector assembly. Determine and 
record the mean reading. 

Compliance with this performance requirement shall be checked by observing and recording 
the indications of the display of the processing unit, with the dosemeter detector assembly set 
to the most sensitive range. 

The voltage shall be equivalent to 10 V in the frequency range of 150 kHz to 80 MHz in steps 
of 1 % according to IEC 61000-4-6. 

7.2.7 Ring wave immunity 

7.2.7.1 Requirements 

The monitoring assembly designed to operate from AC supply voltage shall not be affected by 
oscillatory waves injected shown in Table 5. The readings shall remain within ±15 % of the 
readings obtained when not exposed to the disturbances, no alarms shall be activated and no 
other functional changes shall occur as a result of the oscillatory waves alone. 

The test procedures are defined in IEC 61000-4-12, with the following details concerning the 
dampened oscillatory wave: 

• oscillation frequency: 1 MHz + 10 %; 

• mains supply frequency between 50 Hz and 400 Hz and non-synchronized on the network 
frequency. 

7.2.7.2 Method of test 

Place a 137Cs source as defined in 4.6 adjacent to the detector assembly. Determine and 
record the mean reading. 

Injection takes place in common mode using the coupling/uncoupling network. If the 
manufacturer’s specifications stipulate that an earth connection is required for one of the 
circuit conductors, the test of this circuit shall be performed in differential mode while applying 
the specified common mode severities. 

The severity of the test shall be as follows: 

• circuits connecting the protected room: level 1; 

• circuits exiting other place: level 3. 
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