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INTERNATIONAL ELECTROTECHNICAL COMMISSION

NUCLEAR-POWERPLANTS
FACILITIES — INSTRUMENTATION SYSTEMS
IMPORTANT TO SAFETY — RADIATION MONITORING FOR
ACCIDENT AND POST-ACCIDENT CONDITIONS -

art 3: Equipment for continuous high range area gamma monitorin

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
alllnational electrotechnical committees (IEC National Committees). The object of IEC is-t0 pfomote interna
cotoperation on all questions concerning standardization in the electrical and electronic-fields. To this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications, Technical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as\*fEC Publication(s)”).
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préparation is entrusted to technical committees; any IEC National Committee interested in the subject dedlt with

may participate in this preparatory work. International, governmental and non-governmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely, with the International Organizat
Standardization (ISO) in accordance with conditions determined by agrgefment between the two organizati

Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interng
copsensus of opinion on the relevant subjects since each technieal committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC N3
Cdmmittees in that sense. While all reasonable efforts are made to ensure that the technical content
Pyblications is accurate, IEC cannot be held responsible for the way in which they are used or fd
miginterpretation by any end user.

In|order to promote international uniformity, IE€ \National Committees undertake to apply IEC Publig
transparently to the maximum extent possible initheir national and regional publications. Any divergence b¢
anl IEC Publication and the corresponding natiohal or regional publication shall be clearly indicated in the

IEC itself does not provide any attestation*of conformity. Independent certification bodies provide conf|
aspessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent.gertification bodies.

Alllusers should ensure that theyshave the latest edition of this publication.

Nd liability shall attach to IEC of its directors, employees, servants or agents including individual exper
megmbers of its technical committees and IEC National Committees for any personal injury, property dam
othher damage of any jmature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out ‘of/the publication, use of, or reliance upon, this IEC Publication or any othg
Pdyblications.

At{ention is drawn~to the Normative references cited in this publication. Use of the referenced publicati
indispensable.for the correct application of this publication.

Atlentionds.drawn to the possibility that some of the elements of this IEC Publication may be the subject of
rights. [EC*shall not be held responsible for identifying any or all such patent rights.
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the previous edition IEC 60951-3:2009. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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IEC 60951-3 has been prepared by subcommittee 45A: Instrumentation, control and electrical
power systems of nuclear facilities, of IEC technical committee 45: Nuclear instrumentation.
It is an International Standard.

This third edition cancels and replaces the second edition published in 2009. This edition
constitutes a technical revision.

The main technical changes with regard to the previous edition are as follows:

e T
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£ kL a-citian.

o T
e T
o T

This

The fext of this standard is based on the following documents:

Full i
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b update the references to new standards published since the second edition.

b update the terms and definitions.

standard is to be read in conjunction with IEC 60951-1.

Draft Report on voting

45A/1441/FDIS 45A/1450/RVD

bove table.
anguage used for the development of this knfernational Standard is English.

document was drafted in accordance with ISO/IEC Directives, Part 2, and develop

vw.iec.ch/members_experts/refdogs. The main document types developed by IEC
ibed in greater detail at www.iec.ch/publications.

ms important to safety‘\=)Radiation monitoring for accident and post-accident condi
e found on the IEC website.

e documents in this series will carry the new general title as cited above. Titles of ex
ments in this_series will be updated at the time of the next edition.

ity date indicated on the IEC website under webstore.iec.ch in the data related t
ficddocument. At this date, the document will be

hformation on the voting for its approval can be fodnd’in the report on voting indicated in

ed in

dance with ISO/IEC Directives, Part4*and ISO/IEC Directives, IEC Supplement, avalilable

are

of all parts of IEC 60951-sefies, under the general title Nuclear facilities — Instrumenfation

ions,

sting

ommijttee’ has decided that the contents of this document will remain unchanged untjil the

b the

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The "colour inside" logo on the cover page of this document indicates that it
contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

a) Technical background, main issues and organisation of the standard

This IEC standard specifically focuses on radiation monitoring systems (RMSs) used for

accident-and-post-acecident operations.

According to the lessons learned from the Fukushima-Daiichi accident, it re-acknowledges a
need to provide operators with reliable radiation monitoring data to allow them to understand
the plant state during and after the accident conditions. To support the design of such
instrymrentatiom—t—s mecessaryto provide gcllclai yuiu'allbc om—the u'cbigll principtes and
perfdrmance criteria for radiation monitoring instrumentation applied during and aftgf the
accident conditions. In addition, the scope of IEC 63147 which provides criteria for atcident
monitoring instrumentation for nuclear power generating stations has evolved to in¢lude s¢vere
accident (SA) to accident conditions.

Thus|to address the specific lessons learned from the Fukushima-Daiichi accident, this standard
categorizes accident condition into design basis accidents (DBA)¢anhd design extefpsion
cond]tions (DEC) including severe accident (SA).

This [standard is intended for use by purchasers in developing_specifications for their plant-
specf|fic radiation monitoring systems and by manufacturets to identify neededﬁepﬂﬁet
equigment characteristics when developing systems for accident monitoring conditions. $ome
specffic instrument characteristics such as measurement range,required energy response}, and
ambipatenvironmentreguirements environmental withistanding conditions will depend upon the
specffic application. In such cases, guidance .is{ provided on determining the spegcific
requirements, but specific requirements themselves*are not stated.

This [standard is one in a series of standards—covering—post-accidentradiation—morpitors
important—to—safety applicable to equipfment for continuous monitoring of radiation [level

impoftant to safety intended for use duridg design basis accidents (DBA) and design extefpsion
condjtions (DEC) including severe actident (SA), and post-accident conditions. The full series
is comprised of the following standards.

EC 60951-1 — General requirements

— IBEC 60951-2 — Equipment for continuous off-line monitoring of radioactivity in gaseous
effluents and ventilation air

— |IEC 60951-3 — Equipment for continuous high range area gamma monitoring
— IBEC 60951-4«="Equipment for continuous in-line or on-line monitoring of radioactivjty in
pfocess sireams

b) $Situation of the current standard in the structure of the IEC SC 45A standard series

The Series standards—are ' Heve ' e ' dards.
They prowde gmdance on specmcatlon de3|gn and testing of radlatlon monltorlng equment
used for accident and post-accident conditions.

Other standards developed by SC 45A and SC 45B provide guidance on instruments used for
monitoring radiation as part of normal operations. The IEC 60761 series provides requirements
for equipment for continuous off-line monitoring of radioactivity in gaseous effluents in normal
conditions. IEC 60861 provides requirements for equipment for continuous off-line monitoring
of radioactivity in liquid effluents in normal conditions. IEC 60768 provides requirements for
equipment for continuous in-line and on-line monitoring of radioactivity in process streams in
normal and |nC|dent condltlons Finally, ISO 2889 glves gwdance on gas and partlculate
sampling. A : ;
Jia%alre—1—tae1lewL In add|t|on IEC 62705 prowdes gmdance on the appllcat|on of existing
IEC/ISO standards covering design and qualification of RMS. An overview of the standards
covering the radiation monitoring in nuclear facilities is presented in Table 1.
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IEC 63147/IEEE Std 497™ provides general guidance for accident monitoring instrumentation.
IEEE Std 497™ was directly adopted as a joint logo standard and a technical report, IEC TR
63123, was prepared to discuss the application of the joint standard within the IEC context.

The structure of this standard is adapted from the structure of IEC 63147/IEEE Std 497™, and
the technical requirements of this standard are consistent with the requirements given in
IEC 63147/IEEE Std 497™ together with the application guidance given in IEC TR 63123.
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Table 1 — Overview of the standards covering
the domain of radiation monitoring in nuclear facilities

SO SC 45 5 ‘ o SC 458 — Radiati
Scope Sampling-circuits | Accident-andpost- Normal-and-incident | effluents monitoring
Gas, particulate and 1502889 IEC 60951-1-and IEC 60761 series-and IEC 62302 (noble
e L= onie o ek
(OFF-LINE)
f7a1=I =8 NTNT=IY
—~3
(gaseaseﬁﬂﬁentsr IEC 60951-4 <3..
withodt sampling (1/
(ON ol IN-LINE) LV
B NIA et el 1EC 80532
IEC60951-3
Centrgt-system NAA |EC 64504 | |EC 61559
IEC
Developer ISO
SC45A SC45B
Sampling Calibration Normal Normial
Scope (Normal (Normal operation, DBA DEC operation
operation) operation) AQO P
7
Raglioactive noble 1SO 4037-1 \Q\ IEC 60951-1 IEG aotar.
gas ¢_>ff-|_|ne ISO 2889 1SO 4037-3 "\ N/A IEC 60951-2 N/A 1,
monitoring IEC 60761-3
Radjoactive aerosol | o oggq | 1SQ4037-1, A IEC 609511, A EC o0t61-
off{ine monitoring 180-4037-3 IEC 60951-2 [EC 601761-2
Radioactive fodine | o .o =\IISO 4037-1, A IEC 609511, A IEC ooyet-
offjine monitoring ISO 4037-3 IEC 60951-2 IEC 60’761-4
. . \ >
Llquid off-line OﬁlA N/A N/A N/A N/A IEC 60B61
monitoring o5
~ IEC 62303,
T'|t|un_1 off-lme N/A N/A N/A N/A N/A IEC 60761-
monitoring, 1,
IEC 60761-5
On-line.of in-line ISO 4037-1, IEC 60951-1,
miafitoring e 1SO 4037-3 | 'EC 60768 | £ 60951-4 LA A
o ISO 4037-1,
Area monitoring N/A 1SO 4037-3 IEC 61031 IEC 60951-1, IEC 60951-3 IEC 60532
Centralized system N/A N/A IEC 61504, IEC 60960 N/A IEC 61559-1
IEC 61513, IEC 60880,
Classification/basic IEC 60987, IEC 61226,
requirements N/A N/A IEC 62138, IEC 625686, N/A N/A
q IEC 62566-2, IEC 62645,
IEC 61250
IEC/IEEE 60780-323,
Qualification N/A N/A IEC/IEEE 60980-344, N/A IEC 62706

IEC 62003
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For more details on the structure of the IEC SC 45A standard series, see the item d) of this
introduction.

c) Recommendations and limitations regarding the application of this standard

It is important to note that this standard establishes no additional functional requirements for
safety systems important to safety.

d) Description of the structure of the IEC SC 45A standard series and relationships with
other IEC documents and other bodies documents (IAEA, 1SO)

The IEC SC 45A standard series comprises a hierarchy of four levels. The top-level documents
of the IEC SC 45A standard series are IEC 61513 and IEC 63046.

IEC 61513 provides general requirements for instrumentation and control (I&C) systems and
equipment that are used to perform functions important to safety in nuclear power plants
(NPPs). IEC 63046 provides general requirements for electrical power systems of NPPs; it
covers power supply systems including the supply systems of the |I&C systems.

IEC 61513 and IEC 63046 are to be considered in conjunction and at the same level. IEC 61513
and IEC 63046 structure the IEC SC 45A standard series and shape a complete framework
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establishing general requirements for instrumentation, control and electrical power systems for
nuclear power plants.

IEC 61513 and IEC 63046 refer directly to other IEC SC 45A standards for general
requirements for specific topics, such as categorization of functions and classification of
systems, qualification, separation, defence against common cause failure, control room design,
electromagnetic compatibility, human factors engineering, cybersecurity, software and
hardware aspects for programmable digital systems, coordination of safety and security
requirements and management of ageing. The standards referenced directly at this second level
should be considered together with IEC 61513 and IEC 63046 as a consistent document set.

At a fhird level, IEC SC 45A standards not directly referenced by IEC 61513 or by IEC\6[3046
are dtandards related to specific requirements for specific equipment, technical methods, or
activities. Usually these documents, which make reference to second-level do ents for
genefral requirements, can be used on their own. (1/
Q

A fodrth level extending the IEC SC 45 standard series, corresponds to theb’ﬂe’chnical Reports
whiclp are not normative. ’

e

The |[EC SC 45A standards series consistently implements and d the safety and segurity
princjples and basic aspects provided in the relevant IAEA safe;gi ndards and in the rel¢vant
t

documents of the IAEA nuclear security series (NSS). In iCular this includes the JAEA
requirements SSR-2/1 , establishing safety requirements re to the design of nuclear power
plantg (NPPs), the IAEA safety guide SSG-30 dealing with thg'safety classification of structpres,
systgms and components in NPPs, the IAEA safety e SSG-39 dealing with the design of
instrymentation and control systems for NPPs, the safety guide SSG-34 dealing with the
desidgn of electrical power systems for NPPs, the I;&E safety guide SSG-51 dealing with hfiman
factofs engineering in the design of NPPs an te implementing guide NSS17 for computer
secufity at nuclear facilities. The safety and ggcurity terminology and definitions used by the
SC 4pA standards are consistent with those&ed by the IAEA.

IEC 1513 and IEC 63046 have ado@@d a presentation format similar to the basic sjafety
publication IEC 61508 with an ove{%y life-cycle framework and a system life-cycle frameywork.
Reggrding nuclear safety, IEC 6{@ and |IEC 63046 provide the interpretation of the geperal
requirements of IEC 61508-1 k§@ 61508-2 and IEC 61508-4, for the nuclear application s¢gctor.
In th{s framework, IEC 60880;"I[EC 62138 and IEC 62566 correspond to IEC 61508-3 fdr the

nuclgar application sec@’ .

IEC $1513 and IEC §§946 refer to ISO 9001 as well as to IAEA GSR part 2 and IAEA GS-(-3.1
and IAEA GS-G-@ or topics related to quality assurance (QA).

At leyel 2, rding nuclear security, IEC 62645 is the entry document for the IEC/SC{ 45A
secufity dards. It builds upon the valid high level principles and main concepts of the

genefi urity standards, in particular ISO/IEC 27001 and ISO/IEC 27002; it adapts theny and
compwmwwmw i i i level

2, IEC 60964 is the entry document for the IEC/SC 45A control rooms standards, IEC 63351 is
the entry document for the human factors engineering standards and IEC 62342 is the entry
document for the ageing management standards.

NOTE 1 |Itis assumed that for the design of I&C systems in NPPs that implement conventional safety functions (e.g.
to address worker safety, asset protection, chemical hazards, process energy hazards) international or national
standards would be applied.

NOTE 2 IEC TR 64000 provides a more comprehensive description of the overall structure of the IEC SC 45A
standards series and of its relationship with other standards bodies and standards.
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Part 3: Equipment for continuous high range area gamma monitoring

This
critern
facili
cond
seve

Gene
elect
requi

bcope

part of IEC 60951 provides general guidance on the design principles andrperform
ia for equipment for continuous high range area gamma monitoring in nuclear-powerp
ies for accident and post-accident conditions. This document catégorizes acgc
tions into design basis accidents (DBA) and design extension conditiéhg (DEC), incl
e accident (SA).

ral requirements for technical characteristics, test procedurés;-radiation characteri
rical, mechanical, and environmental characteristics are(given in IEC 60951-1. T
rements are applicable in this document, unless otherwise stated.

ance
lants
ident
iding

5tics,
hese

The purpose of this document is to lay down general reqgirements for equipment for continuous

high
cond

This

range area gamma monitoring of radiation witlin) the facility during and after acd
tions in nuclear facilities.

document is applicable to installed dose rate meters that are used to monitor high |

of gamma radiation during and after an accident. It covers equipment intended to isotrop

meas

ure air kerma, ambient dose or other exposure quantities due to gamma radiati

ener@ly between 80 keV and 7 MeV. The equipment is intended primarily for the purpo

| nuclg

Portd
dete
in th

ar-plant facility safety.

ble instruments for emergency purposes and installed area radiation monitors us
mine continuously the fadiological situation in working areas during normal operatio
scope of IEC 60532.

2 Normative references

The followingdocuments are referred to in the text in such a way that some or all of their co

cons
For
amer

itutescrequirements of this document. For dated references, only the edition cited ap
undated references, the latest edition of the referenced document (including

ident

bvels
cally
bn of
se of

ed to
n are

ntent
blies.
any

dments) applies.

IEC 60951-1:20092022, Nuclear-pewer-plants facilities — Instrumentation systems important to
safety — Radiation monitoring for accident and post-accident conditions — Part 1: General
requi

rements

IEC 61226, Nuclear power plants — Instrumentation-and, control and electrical power systems
important to safety —classification-of-instrumentation-and-control-functions Categorization of
functions and classification of systems

IEC 62705, Nuclear power plants — Instrumentation and control important to safety — Radiation
monitoring systems (RMS): Characteristics and lifecycle
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ISO 4037 (all parts), Radiological protection — X and gamma reference radiation for calibrating
dosemeters and doserate meters and for determining their response as a function of photon
energy

ISO 6980 (all parts), Nuclear energy — Reference beta-particle radiation

ISO 8529 (all parts),-Reference-neutron-radiations Neutron reference radiations fields

3 Terms and definitions

For t

ISO Ind IEC maintain terminological databases for use in standardization at the* folld

addr

4.1

The
scop

The
requi
stand

4.2
The

sour¢es specific to the-plant facility design. The range shall be suitable for the level of an
variation in radiation in the ‘area during accident and post-accident conditions. It shall

least

rate monitors designed-for normal operation conditions.

also
rang

4.3

The }nergy response of the detector in relation to the expected radiation energy spectrum

he purposes of this document, the terms and definitions given in IEC 60951-1 apply.

SSes:

FC Electropedia: available at http://www.electropedia.org/

O Online browsing platform: available at http://www.iso.org/obp
Design principles

General

peneral requirements of IEC 60951-1 are applicable to all types of monitors withi
b of the present document, unless otherwise stated.

radiation monitor classified for functionsGimportant to safety shall comply with
rements relating to the characteristics an@lifecycle of RMS defined in IEC 62705 an
ards referenced in IEC 62705 (e.g. IEG.61226).

Range of measurement

burchaser shall specify therequired effective range of measurement and the radi

six decades. The low end of the required range shall overlap the highest decade of

from 80 keV to 7 MeV.

Accuracy (relative error)

wing

h the

the
d the

ation
d the
be at
dose

shall

e specified> Typically, detectors should respond to gamma radiation within any energy

In ad

dition to 4.6 of IEC 60951-1:2022, the following requirements shall apply.

When a detector assembly utilizes more than one radiation detector to cover the full range of
dose equivalent rates indicated by the detector assembly, these requirements apply to the

relev

4.4

ant ranges for each detector separately.

Location of sensors

The requirements for such equipment are-plant facility specific. Therefore, the locations in which
the monitoring equipment is required shall be determined according to the-plant facility design.

For nuclear power plants, usually equipment is located within the reactor containment. It shall
be located to provide maximum coverage of the areas being monitored and to minimize
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shielding effects from other equipment or structures. As far as is practical, locations should be
selected so as to facilitate maintenance and calibration operations.

Because of the high level of radiation, the equipment is usually designed with a detector
assembly located remotely from any processing assembly (electronics), taking into account the
length of the cable between detector and remote electronics which should be minimized.

4.5

Detectorradiationresponse-characteristics Response for other radiation sources

The detector assembly shall be designed to be effectively insensitive to beta and neutron
radiation (compared to its gamma sensitivity) expected to be present during the accident

cond

tions for which the equipment is intended to operate.

Requirements related to accident conditions

dition to 4.12 of IEC 60951-1:2022, the following requirements shall apply.

For tclear power plants, the detector assembly of such equipment is usually located withi

reac
quali

r building which is submitted to a harsh environment.during and after an accident
fication program, agreed upon between the manufacturer and the purchaser, shall

into gccount specific conditions such as very high integtated dose (up to 1108 Gy) as w

comh

Ther
is req

5 H

5.1

Exce
be c4

ined high temperature, pressure and humidity.

take
eIl as

b may be cases where diversity or multiplexing in detector assembly or monitoring channel

uired for facility accident countermeasurés.

functional testing

General

pt where otherwise specified, all the tests specified in Clause 5 of IEC 60951-1:2022
rried out.

The
the

sts described hereinafter are only additional tests dedicated to the type of monitors
ope of the present document. As for tests stated in IEC 60951-1, these tests are

cons|dered as_type tests, although any or all may be considered as acceptance tes
agre¢ment between manufacturer and purchaser.

Thes|

shall

vithin
o be
s by

tests are carried out under standard conditions or with variation of the influ

quantities. They are listed in-Table4 Table 2.

ence
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Table 2 — Additional tests to complement the general tests required in IEC 60951-1

Tests

Tests conditions

Limits of variation of
indication

Reference (subclause)

Reference response Range of photon radiation |+30 %-ef-the-medium 5.3.1
energy between 80 keV and [sensitivity between 100 keV
7 MeV and 3 MeV
Value to be stated by
agreement otherwise if
necessary
Response to beta radiation [Range of beta radiation In accordance with 5.3.2.2
energy from a Sr-90/Y-90  [manutacturer’'s
source up to 4 MeV specifications
Variafion of response with |Different angles of +30 % 5.3\3

angle|of incidence incidence (+15°, £30°, +45°
+60°) in the plane including
the reference direction and
in a plane perpendicular to

that.

NOTH For assemblies having a non-linear scale, a linear instrument may be substituted for the indicating mgter of
the agsembly to verify the performance specified in this table.

5.2 Reference sources

5.2.1 General

In addition to 5.2.5 of IEC 60951-1:2022, the following requirements shall apply.

All tgsts shall be carried out using a monodirgctional radiation field, unless otherwise agreed
betwgen manufacturer and purchaser.

5.2.2 Gamma

All tgsts shall be conducted with,[Cs-137, unless specified otherwise. As an alternative, Go-60
may pbe used. In this case corréection shall be made for the difference in response of the detector
assenbly between Co-60 and)Cs-137. These radiation qualities are specified in the 1ISO 4037
seriepg. For very high dose rates an electron beam may be used.

The ¢onventional-trée)value of dose rate shall be known with an accuracy better than 5 %,.

5.2.3

If the|detector is sensitive to beta radiation, a test for the detector assembly response to gamma
radiation in the presence of beta radiation shall be conducted when agreed betL/een
man iati m a

Sr-90/Y-90 source shall be stated by the manufacturer. The reference beta radiation fields are
specified in the ISO 6980 series.

Beta

If the detector is not sensitive to beta radiation, the manufacturer should provide a
demonstration of this non-sensitivity by analysis.

5.2.4 Neutron

If the detector is sensitive to neutron radiation, the response to neutron radiation shall be stated
when agreed between manufacturer and purchaser. A test for neutron response shall be carried
out if the detector assembly is intended to be used in the presence of neutron radiation. Cf-252
should be used for neutron tests. The reference neutron radiation fields are specified in the
ISO 8529 series.
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If the detector is not sensitive to neutron radiation, the manufacturer should provi
demonstration of this non-sensitivity by analysis.

5.3 Performance characteristics
5.3.1 Reference response

In addition to 5.3.1 of IEC 60951-1:2022, the following requirements shall apply.

2022

de a

The variation of response with photon radiation energy between 100 keV and 3 MeV shall be

within £30 %.

For gssemblies intended for use in energies higher than 3 MeV, the variation shall be subject

to agreement between the purchaser and manufacturer.

In principle, this test should be performed at the same dose rate for each radiation energy. In

pracfice, this may not be possible, in which case the indicated dose rate, of each radi
energ@y should be corrected for the non-linearity (interpolated if necessary) at'the indicated
rate and for the reference gamma radiation.

The following energies should be used for low air kerma rates (taken’from the ISO 4037 se

e Mean energy (keV): quality (tube voltage, kV);
1Pp0 keV(N-120) or 109 keV(L-125);

118 keV(N-150);

e 1p4 keV(N-200) or 149 keV(L-170);

2pP8 keV(N-250) or 211 keV(L-240);

6p2 keV (Cs-137);
11250 keV (Co-60).

Ener@y response to other photon efiergies might be demonstrated by real tests or Monte
simulations.

lation
dose

ries):

Carlo

ln-thid-ehdition. S, shallnot exceed-more-than-30-%o£ S, . ~and-S,-shall-not go-below-30-%

O S piciurnr WHIOR PR S o — Srcgiur Smodiurn < 3074 PGS rociury— Srrin S pmecur < 30 Jo (568

Figure-1):
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A
Sensitivity

Smax
<30 %
A

Smedium = (Smax * Smin)/2

<30 %

Smin

N
»

100 keV 3 000 keV Elnergy
HC 977/09

Flgmrer—— =pererrrescopse

The ¢nergy corresponding to the average energy«range shall be taken as a reference engrgy.
For this purpose, Cs-137 or Co-60 should be chgsen.

The yariation of response for other energigscwithin the energy range shall be within £30(% of
the r¢ference response to the reference efiergy.

If for|specific applications it is necessary to extend the energy range, the energy response|(shall
be defined and agreed betweenl!the manufacturer and the purchaser. In this case it cgn be
perfgrmed either by real tests or-by Monte Carlo simulations.

For dpecific severe accgident applications, additional thermal shielding may be required.| This
may ladditionally affe¢tthe energy response of the system; in this case the required energy
respgnse shall be agreed between purchaser and manufacturer.

5.3.2 Sensitivity and relative response for-selid other radiation sources

5.3.2.1 General

In additioh to 5.3.2 of IEC 60951-1:2022, the following requirements shall apply.

5.3.2.2 Response to beta radiation

The response of the detector assembly to beta radiation from a Sr-90/Y-90 source shall be
stated by the manufacturer who shall also indicate the response to beta radiation for energies
up to 4 MeV.

If agreed upon between the manufacturer and the purchaser, the test for the response to beta
radiation shall be carried out and the response shall be expressed as the ratio of the detector
assembly indication to the conventional-true value of absorbed dose rate (due to the Sr-90/Y-
90 source) in air at the detector reference point when the detector is not present.

The detector assembly shall be exposed at 0° angle of radiation incidence to beta reference
radiation specified in ISO 6980.
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Variation of response with angle of incidence

A Requirements

2022

The response to a reference gamma source shall be within £30 % of the reference response
(corresponding to 0°) for the following angles of incidence: £15°, £30°, £45° +60° in the plane
including the reference direction and in a plane perpendicular to that and also including the
reference direction.

The manufacturer shall state the relative variation of the response for £90°.

The fesulis should be expressed as a ratio of the response per unit dose rate for each radi

sourq

the

e utilized to the response per unit dose rate for zero degrees angle of incidence.

If anrxther range of angles is required, it shall be selected according to the agreement bet

anufacturer and the purchaser.

.2 Test method

required angle.

his test, the reference point of the detector assembly, shall be placed at a point o
b the dose rate is known. The photon radiation qualities) of the narrow spectrum serie

the gamma sources Cs-137 specified in the ISO 4037 séfies should be used if possible.

ation

veen

ssembly shall be mounted so as to most conveniently enable mgasurements to be fnade

he direction of radiation shall b€ changed in steps of 15° in a plane including the calibr
rection specified by the maqufacturer and the response determined throughout the r
angles specified in 5.3.3:3

he procedure of a) above shall be repeated for the plane perpendicular to that used
Lt still including the_@alibration direction.

5.3.4 Environméngal performance

rmed by dssuming the environment of design extension conditions (DEC) including s¢

ident (SA).

ation
ange

n a),

considering the dose rate, temperature, pressure, humidity and vibration shall be

tvere
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

NUCLEAR FACILITIES — INSTRUMENTATION SYSTEMS
IMPORTANT TO SAFETY — RADIATION MONITORING FOR
ACCIDENT AND POST-ACCIDENT CONDITIONS -

Part 3: Equipment for continuous high range area gamma monitoring

Th
all
co
in

FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
national electrotechnical committees (IEC National Committees). The object of IEC is to_pronfote interng
operation on all questions concerning standardization in the electrical and electronic fields. To this er
hddition to other activities, IEC publishes International Standards, Technical Specifications, Technical R4

Publicly Available Specifications (PAS) and Guides (hereafter referred to as ‘IEC Publication(s)”).

pr

bparation is entrusted to technical committees; any IEC National Committee intereSted in the subject ded

may participate in this preparatory work. International, governmental and non-governmental organizations |

wi
St

Th
co

h the IEC also participate in this preparation. IEC collaborates closely withi;the International Organizat
hndardization (ISO) in accordance with conditions determined by agreement"between the two organizati

e formal decisions or agreements of IEC on technical matters express¢as nearly as possible, an interng
hsensus of opinion on the relevant subjects since each technical committee has representation fr

interested IEC National Committees.

IE

C Publications have the form of recommendations for international use and are accepted by IEC N{§

Cdmmittees in that sense. While all reasonable efforts aresmade to ensure that the technical content
Publications is accurate, IEC cannot be held responsible“for the way in which they are used or fdq

mi

In

Sinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Public

transparently to the maximum extent possible in theirnational and regional publications. Any divergence b¢

an

IE
as
se

All

IEC Publication and the corresponding national-or regional publication shall be clearly indicated in the

C itself does not provide any attestation ¢f,conformity. Independent certification bodies provide conf
Eessment services and, in some areas, 'access to IEC marks of conformity. IEC is not responsible f
fvices carried out by independent certification bodies.

users should ensure that they have_the latest edition of this publication.

Nd liability shall attach to IEC orits” directors, employees, servants or agents including individual exper
mgmbers of its technical committees and IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees

ex

benses arising out ofwthe publication, use of, or reliance upon, this IEC Publication or any othg

Publications.

At

ention is drawn, to.the Normative references cited in this publication. Use of the referenced publicati

indispensable for.fhe’correct application of this publication.

At
rg

IEC
powdr ‘systems of nuclear facilities, of IEC technical committee 45: Nuclear instrumentation.
It is an International Standard.

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

rising
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ports,
Their
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aising
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tional
bm all

tional
bf IEC
r any

ations
tween
latter.

prmity
br any

s and
hge or
) and
r IEC

bns is

patent

trical

0951+3 has been prepared by subcommittee 45A: Instrumentation, control and elec

This third edition cancels and replaces the second edition published in 2009. This edition
constitutes a technical revision.

The main technical changes with regard to the previous edition are as follows:

.
.
T
.

itle modified.
0 be consistent with the categorization of the accident condition.
o update the references to new standards published since the second edition.

o0 update the terms and definitions.

This standard is to be read in conjunction with IEC 60951-1.
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The text of this standard is based on the following documents:

Draft Report on voting

45A/1441/FDIS 45A/1450/RVD

2022

Full information on the voting for its approval can be found in the report on voting indicated in

the a

The |

bove table.

anguage used for the development of this International Standard is English.

This
acco
at w
desc

A list
syste
can |

Futut
docu

The
stabi
spec
e g
e W
e Ig

e a

document was drafted in accordance with ISO/IEC Directives, Part 2, and develep

vw.iec.ch/members_experts/refdocs. The main document types developed)by IEC
ibed in greater detail at www.iec.ch/publications.

ms important to safety — Radiation monitoring for accident and post-accident condi
e found on the IEC website.

e documents in this series will carry the new general title as_cited above. Titles of ex
ments in this series will be updated at the time of the next.edition.

ed in

dance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement).available

are

of all parts of IEC 60951 series, under the general title Nuclear facilities — Instrumenfation

ions,

sting

b the

ommittee has decided that the contents of this doctiment will remain unchanged untjl the
ity date indicated on the IEC website under wegbstore.iec.ch in the data related t

fic document. At this date, the document will.be

confirmed,

ithdrawn,

placed by a revised edition, or

mended.
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INTRODUCTION

a) Technical background, main issues and organisation of the standard

This IEC standard specifically focuses on radiation monitoring systems (RMSs) used for
accident operations.

According to the lessons learned from the Fukushima-Daiichi accident, it re-acknowledges a
need to provide operators with reliable radiation monitoring data to allow them to understand
the plant state during and after the accident conditions. To support the design of such
inStrLlIlUlltdt;Ull, It ib Ilcbcbbdly tU pIUV;dU gcnclai yu;ddllbc UTll tilG UIUbiUII }Jlillbipicb and
perfdrmance criteria for radiation monitoring instrumentation applied during and aftef the
accident conditions. In addition, the scope of IEC 63147 which provides criteria for ‘accident
monitoring instrumentation for nuclear power generating stations has evolved to include s¢vere
accident (SA) to accident conditions.

Thus|to address the specific lessons learned from the Fukushima-Daiichi accident, this standard
categorizes accident condition into design basis accidents (DBA)¢cand design extepsion
condjtions (DEC) including severe accident (SA).

This [standard is intended for use by purchasers in developing_specifications for their plant-
specffic radiation monitoring systems and by manufacturersito identify needed equipment
chachteristics when developing systems for accident mohitoring conditions. Some spegcific

instrument characteristics such as measurement range{ energy response, and environmental
withgtanding conditions will depend upon the specific. application. In such cases, guidance is
provided on determining the specific requirements,“but specific requirements themselves are
not stated.

This ptandard is one in a series of standards applicable to equipment for continuous monitpring
of radliation level important to safety intended for use during design basis accidents (DBA) and
design extension conditions (DEC):.including severe accident (SA), and post-accident
condj|tions. The full series is comprised of the following standards.

EC 60951-1 — General requirements

— IEC 60951-2 — Equipment,*for continuous off-line monitoring of radioactivity in gaseous
effluents and ventilation air

— IEC 60951-3 — Equipment for continuous high range area gamma monitoring
— |EC 60951-4 — Eduipment for continuous in-line or on-line monitoring of radioactivjty in
pfocess streams

b) Situation_of the current standard in the structure of the IEC SC 45A standard series

rds.

The |[EC60951 series of standards are at the third level in the hierarchy of SC 45A stand
) . o X . L o o ent

They ;
used for accident and post-accident conditions.

Other standards developed by SC 45A and SC 45B provide guidance on instruments used for
monitoring radiation as part of normal operations. The IEC 60761 series provides requirements
for equipment for continuous off-line monitoring of radioactivity in gaseous effluents in normal
conditions. IEC 60861 provides requirements for equipment for continuous off-line monitoring
of radioactivity in liquid effluents in normal conditions. IEC 60768 provides requirements for
equipment for continuous in-line and on-line monitoring of radioactivity in process streams in
normal and incident conditions. Finally, ISO 2889 gives guidance on gas and particulate
sampling. In addition, IEC 62705 provides guidance on the application of existing
IEC/ISO standards covering design and qualification of RMS. An overview of the standards
covering the radiation monitoring in nuclear facilities is presented in Table 1.
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IEC 63147/IEEE Std 497™ provides general guidance for accident monitoring instrumentation.
IEEE Std 497™ was directly adopted as a joint logo standard and a technical report, IEC TR
63123, was prepared to discuss the application of the joint standard within the IEC context.

The structure of this standard is adapted from the structure of IEC 63147/IEEE Std 497™, and
the technical requirements of this standard are consistent with the requirements given in
IEC 63147/IEEE Std 497 ™ together with the application guidance given in IEC TR 63123.

Table 1 — Overview of the standards covering
the domain of radiation monitoring in nuclear facilities

IEC
Developer ISO
SC45A SC45B
Sampling Calibration Normal Normial
Scope (Normal (Normal operation, DBA DEC ° er:Jion
operation) operation) AOO P
0y" IEC 62302
Raglioactive noble ’ ’
. ISO 4037-1, IEC 60951-1, IEC 607161-
gas off-line ISO 2889 | 150 4037-3 A IEC 60951-2, ) NA 1,
9 D IEC 607/61-3
Radjoactive aerosol | <o oo | 1SO 4037-1, N/A IEC 60951-1, N/A IEC coe1-
off{line monitoring ISO 4037-3 IEC(60951-2 IEC 607161-2
Radioactive iodine ISO 2889 1ISO 4037-1, N/A IEC 60951-1, N/A IEC 610 61-
offdine monitoring ISO 4037-3 Q IEC 60951-2 ;
Q IEC 607[61-4
N
Liquid off-line N/A N/A \@a N/A N/A IEC 60B61
monitoring ¢
N
‘4'\@ IEC 623803,
Tritium off-line N/A NA b NA N/A N/A IEC 60761-
monitoring $ 1,
0 IEC 60761-5
On-line or in-line 1ISO 4087-1, IEC 60951-1,
monitoring R 1s0%037-3 | 'EC 60768 | £ 50051-4 A A
. . |~ ¥SO 4037-1,
ArIea monitoring N/A I~ ‘\ ISO 4037-3 IEC 61031 IEC 60951-1, IEC 60951-3 IEC 60p32
A\
Cerltralized system l\'l\/A’ N/A IEC 61504, IEC 60960 N/A IEC 61559-1
\3
Q IEC 61513, IEC 60880,
Clagsification/basic 'O IEC 60987, IEC 61226,
;Ie uirements ) N/A N/A IEC 62138, IEC 62566, N/A N/A
a IEC 62566-2, IEC 62645,
IEC 61250
IEC/IEEE 60780-323,
Rualification N/A N/A IEC/IEEE 60980-344, N/A IEC 6206
IEC 62003

For more details on the structure of the IEC SC 45A standard series, see the item d) of this
introduction.

¢c) Recommendations and limitations regarding the application of this standard

It is important to note that this standard establishes no additional functional requirements for
systems important to safety.
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d) Description of the structure of the IEC SC 45A standard series and relationships with
other IEC documents and other bodies documents (IAEA, 1SO)

The IEC SC 45A standard series comprises a hierarchy of four levels. The top-level documents
of the IEC SC 45A standard series are IEC 61513 and IEC 63046.

IEC 61513 provides general requirements for instrumentation and control (I&C) systems and
equipment that are used to perform functions important to safety in nuclear power plants
(NPPs). IEC 63046 provides general requirements for electrical power systems of NPPs; it
covers power supply systems including the supply systems of the |I&C systems.

IEC 61513 and IEC 63046 are to be considered in conjunction and at the same level. IEC\6[1513
and |EC 63046 structure the IEC SC 45A standard series and shape a complete framgwork
estaljlishing general requirements for instrumentation, control and electrical power, systenys for
nuclgar power plants.

IEC 61513 and IEC 63046 refer directly to other IEC SC 45A standards for geperal
requirements for specific topics, such as categorization of functions™and classificatign of
systgms, qualification, separation, defence against common cause failure, control room design,
electfomagnetic compatibility, human factors engineering, cybersecurity, software| and
hardyvare aspects for programmable digital systems, coordipation of safety and segurity
requirements and management of ageing. The standards referenced directly at this second|level
shou|d be considered together with IEC 61513 and IEC 63046-as a consistent document get.

At a third level, IEC SC 45A standards not directly referenced by IEC 61513 or by IEC 63046
are dqtandards related to specific requirements for §pecific equipment, technical methods, or
activities. Usually these documents, which make>reference to second-level documents for
general requirements, can be used on their own’

A foyrth level extending the IEC SC 45 standard series, corresponds to the Technical Reports
whicl are not normative.

The IEC SC 45A standards series ‘consistently implements and details the safety and segurity
princ|ples and basic aspects provided in the relevant IAEA safety standards and in the rel¢vant
documents of the IAEA nuclear security series (NSS). In particular this includes the JAEA
requirements SSR-2/1 , establishing safety requirements related to the design of nuclear power
plants (NPPs), the IAEAsafety guide SSG-30 dealing with the safety classification of structpres,
systgms and componénts in NPPs, the IAEA safety guide SSG-39 dealing with the design of
instrymentation and.control systems for NPPs, the IAEA safety guide SSG-34 dealing with the
design of electrical power systems for NPPs, the IAEA safety guide SSG-51 dealing with hyman
factofs engineering in the design of NPPs and the implementing guide NSS17 for computer
secufity at nuclear facilities. The safety and security terminology and definitions used by the
SC 4pA standards are consistent with those used by the IAEA.

IEC fety
publication IEC 61508 with an overall life-cycle framework and a system life-cycle framework.
Regarding nuclear safety, IEC 61513 and IEC 63046 provide the interpretation of the general
requirements of IEC 61508-1, IEC 61508-2 and IEC 61508-4, for the nuclear application sector.
In this framework, IEC 60880, IEC 62138 and IEC 62566 correspond to IEC 61508-3 for the
nuclear application sector.

IEC 61513 and IEC 63046 refer to ISO 9001 as well as to IAEA GSR part 2 and IAEA GS-G-3.1
and IAEA GS-G-3.5 for topics related to quality assurance (QA).
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At level 2, regarding nuclear security, IEC 62645 is the entry document for the IEC/SC 45A
security standards. It builds upon the valid high level principles and main concepts of the
generic security standards, in particular ISO/IEC 27001 and ISO/IEC 27002; it adapts them and
completes them to fit the nuclear context and coordinates with the IEC 62443 series. At level
2, IEC 60964 is the entry document for the IEC/SC 45A control rooms standards, IEC 63351 is
the entry document for the human factors engineering standards and IEC 62342 is the entry
document for the ageing management standards.

NOTE 1 Itis assumed that for the design of I&C systems in NPPs that implement conventional safety functions (e.g.
to address worker safety, asset protection, chemical hazards, process energy hazards) international or national
standards would be applied.

NOTE|2 IEC TR 64000 provides a more comprehensive description of the overall structure of the IECSIC 45A
standards series and of its relationship with other standards bodies and standards.
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This [part of IEC 60951 provides general guidance on the design principles and pgrform
criteffia for equipment for continuous high range area gamma monitoring in nuclear facilitig
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(SA))

Gengral requirements for technical characteristics, test procedures, (radiation characteri
electrical, mechanical, and environmental characteristics are giyen in [EC 60951-1. T
requirements are applicable in this document, unless otherwise stated.
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NUCLEAR FACILITIES — INSTRUMENTATION SYSTEMS
IMPORTANT TO SAFETY — RADIATION MONITORING FOR
ACCIDENT AND POST-ACCIDENT CONDITIONS -

Part 3: Equipment for continuous high range area gamma monitorin

cope

g

ident and post-accident conditions. This document categorizes accident_conditions
ign basis accidents (DBA) and design extension conditions (DEC), including'severe acc

ance
s for
into
ident

5tics,
hese

The purpose of this document is to lay down general requirements for equipment for continuous

high [range area gamma monitoring of radiation within/the facility during and after acc

con

This document is applicable to installed dose rateymeters that are used to monitor high |
of gamma radiation during and after an accident.' It covers equipment intended to isotrop
meagure air kerma, ambient dose or other{exposure quantities due to gamma radiati

ene
nuc

Portgble instruments for emergency purposes and installed area radiation monitors us
detefmine continuously the radiological situation in working areas during normal operatio
in the scope of IEC 60532.

2

The following dogurments are referred to in the text in such a way that some or all of their co
constitutes requirements of this document. For dated references, only the edition cited ap

For

amendmeénts) applies.

IEC

djtions in nuclear facilities.

rgy between 80 keV and 7 MeV. Thelequipment is intended primarily for the purpo
lgar facility safety.

Normative references

undated-feferences, the latest edition of the referenced document (including

ident

bvels
cally
bn of
se of

bd to
N are

ntent
blies.
any

0951-1:2022, Nuclear facilities — Instrumentation systems important to safety — Rad

monitoring for accident and post-accident conditions — Part 1: General requirements

ation

IEC 61226, Nuclear power plants — Instrumentation, control and electrical power systems

imp

ortant to safety — Categorization of functions and classification of systems

IEC 62705, Nuclear power plants — Instrumentation and control important to safety — Radiation
monitoring systems (RMS): Characteristics and lifecycle

ISO 4037 (all parts), Radiological protection — X and gamma reference radiation for calibrating
dosemeters and doserate meters and for determining their response as a function of photon

ene

rgy

ISO 6980 (all parts), Nuclear energy — Reference beta-particle radiation
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ISO 8529 (all parts), Neutron reference radiations fields

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60951-1 apply.

2022

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |30 Online browsing platform: available at http://www.iso.org/obp

4 Design principles

4.1

The
scop

The
requi

standards referenced in IEC 62705 (e.g. IEC 61226).

4.2

The

sour¢es specific to the facility design. The range shall be suitable for the level of an

varia
least

rate monitors designed for normal operation conditions.

also
rang

4.3

In ad

When a deteCtor assembly utilizes more than one radiation detector to cover the full ran

dose
relev

4.4

The }nergy response of the detectorin relation to the expected radiation energy spectrum

General

peneral requirements of IEC 60951-1 are applicable to all types,.of monitors withi
b of the present document, unless otherwise stated.

radiation monitor classified for functions important to ‘safety shall comply with
rements relating to the characteristics and lifecycle of RMS defined in IEC 62705 an

Range of measurement

burchaser shall specify the required effective range of measurement and the radi

fion in radiation in the area during acgident and post-accident conditions. It shall
six decades. The low end of the required range shall overlap the highest decade of

from 80 keV to 7 MeV/(

Accuracy (relative ‘error)

dition to 4.6 of tEC 60951-1:2022, the following requirements shall apply.

equivalent rates indicated by the detector assembly, these requirements apply t
ant ranges for each detector separately.

h the

the
d the

ation
i the
be at
dose

shall

e specified. Typically, detectors should respond to gamma radiation within any energy

ge of
b the

Location of sensors

The requirements for such equipment are facility specific. Therefore, the locations in which the

moni

toring equipment is required shall be determined according to the facility design.

For nuclear power plants, usually equipment is located within the reactor containment. It shall
be located to provide maximum coverage of the areas being monitored and to minimize
shielding effects from other equipment or structures. As far as is practical, locations should be
selected so as to facilitate maintenance and calibration operations.

Because of the high level of radiation, the equipment is usually designed with a detector
assembly located remotely from any processing assembly (electronics), taking into account the

lengt

h of the cable between detector and remote electronics which should be minimized.
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4.5

Response for other radiation sources

- 11 -

The detector assembly shall be designed to be effectively insensitive to beta and neutron
radiation (compared to its gamma sensitivity) expected to be present during the accident
conditions for which the equipment is intended to operate.

4.6

Requirements related to accident conditions

In addition to 4.12 of IEC 60951-1:2022, the following requirements shall apply.

For nuclear power plants, the detector assembly of such equipment is usually located within the

reactfor building which is submitted to a harsh environment during and after an accident
qualification program, agreed upon between the manufacturer and the purchaser, shall
into account specific conditions such as very high integrated dose (up to 1x108 Gyj.as'w
comiined high temperature, pressure and humidity.

The
take
Bl as

Therg may be cases where diversity or multiplexing in detector assembly ormonitoring channel
is required for facility accident countermeasures.

5 FKunctional testing

5.1 General

Except where otherwise specified, all the tests specified,in‘Clause 5 of IEC 60951-1:2022

be carried out.

The
the

sts described hereinafter are only additional.tests dedicated to the type of monitors
ope of the present document. As for tests\stated in IEC 60951-1, these tests are

cons|dered as type tests, although any orcalf may be considered as acceptance tes

agre

ment between manufacturer and purchaser.

These tests are carried out under 'standard conditions or with variation of the influ
quantities. They are listed in Table<2-

shall

vithin
o be
s by

ence

Table 2 — Additional tests'to complement the general tests required in IEC 6095111
Tests Tests conditions Limits of variation of Reference (subclayse)
indication
Refergnce response Range of photon radiation [+30 % between 100 keV 5.3.1
energy between 80 keV and [gnd 3 MeV
7 MeV
Value to be stated by
agreement otherwise if
necessary
Respgnse’to beta radiation [Range of beta radiation In accordance with 5.3.2.2
energy from a Sr-90/Y-90 |manufacturer's
source up to 4 MeV specifications
Variation of response with |Different angles of +30 % 5.3.3

angle of incidence

incidence (£15°, £30°, +45°
+60°) in the plane including
the reference direction and
in a plane perpendicular to
that.

NOTE For assemblies having a non-linear scale, a linear instrument may be substituted for the indicating meter of

the assembly to verify the performance specified in this table.
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5.2 Reference sources
5.2.1 General

In addition to 5.2.5 of IEC 60951-1:2022, the following requirements shall apply.

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

5.2.2 Gamma

All testsshattbe conducted with Cs=-137, untess specifiedotherwise. AS amnm atternative,, Go-60
may be used. In this case correction shall be made for the difference in response of the detector
assefnbly between Co-60 and Cs-137. These radiation qualities are specified in the2ISO 4037
seriep. For very high dose rates an electron beam may be used.

The ¢onventional value of dose rate shall be known with an accuracy better than 5 %.

5.2.3 Beta

If the|detector is sensitive to beta radiation, a test for the detector assembly response to gamma
radiation in the presence of beta radiation shall be conducted when agreed betyween
manufacturer and purchaser. The response of the detector assembly to beta radiation from a
Sr-9(0/Y-90 source shall be stated by the manufacturer. The'reference beta radiation fields are
specified in the ISO 6980 series.

If the detector is not sensitive to beta radiation, the manufacturer should provige a
demanstration of this non-sensitivity by analysis.

5.2.4 Neutron

If the|detector is sensitive to neutron radiation, the response to neutron radiation shall be stated
wher agreed between manufacturer,and purchaser. A test for neutron response shall be c3rried
out iffthe detector assembly is intended to be used in the presence of neutron radiation. Cf-252
shou|d be used for neutron tests. The reference neutron radiation fields are specified in the
ISO 8529 series.

If the detector is notSsensitive to neutron radiation, the manufacturer should provide a
demanstration of this non-sensitivity by analysis.

5.3 Performance characteristics

5.3.1 Reference response

In addition to 5.3.1 of IEC 60951-1:2022, the following requirements shall apply.

The variation of response with photon radiation energy between 100 keV and 3 MeV shall be
within £30 %.

For assemblies intended for use in energies higher than 3 MeV, the variation shall be subject
to 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
energy should be corrected for the non-linearity (interpolated if necessary) at the indicated dose
rate and for the reference gamma radiation.


https://iecnorm.com/api/?name=93326038912eb2f48f68ab1896a537a1

IEC 60951-3:2022 © |EC 2022 -13 -

The following energies should be used for low air kerma rates (taken from the ISO 4037 series):

e Mean energy (keV): quality (tube voltage, kV);

o 1
o 1

00 keV(N-120) or 109 keV/(L-125);
18 keV(N-150);

e 164 keV(N-200) or 149 keV(L-170);
e 208 keV(N-250) or 211 keV(L-240);
e 662 keV (Cs-137);

e 1

Ener
simu

The
For t

The
ther

If for
be d

250 keg\/L ((‘n Rﬂ)

jy response to other photon energies might be demonstrated by real tests or Monte
ations.

energy corresponding to the average energy range shall be taken as a reference en
nis purpose, Cs-137 or Co-60 should be chosen.

ariation of response for other energies within the energy range_shall be within +30
bference response to the reference energy.

specific applications it is necessary to extend the energy.range, the energy response

perfdrmed either by real tests or by Monte Carlo simulations.

For gpecific severe accident applications, additional‘thermal shielding may be required.

may

response shall be agreed between purchaser and manufacturer.

5.3.2

5.3.2,

In ad

5.3.2

The
state
up to

Sensitivity and relative response for other radiation sources
1 General

dition to 5.3.2 of IEC 6095141:2022, the following requirements shall apply.

.2 Response to beta‘'radiation

4 MeV.

If agjeed upon/between the manufacturer and the purchaser, the test for the response to

radia
asse
sourd

mbly -indication to the conventional value of absorbed dose rate (due to the Sr-90
p) in air at the detector reference paint when the detector is not present

Carlo

Ergy.

% of

shall

pfined and agreed between the manufacturer and thelpurchaser. In this case it cgn be

This

additionally affect the energy response of.the system; in this case the required energy

response of the detector assembly to beta radiation from a Sr-90/Y-90 source shall be
d by the manufacturer who shall also indicate the response to beta radiation for enefgies

beta

tion,shall be carried out and the response shall be expressed as the ratio of the detector

Y-90

The detector assembly shall be exposed at 0° angle of radiation incidence to beta reference

radia

5.3.3

5.3.3

tion specified in ISO 6980.
Variation of response with angle of incidence
A Requirements

The response to a reference gamma source shall be within +30 % of the reference response
(corresponding to 0°) for the following angles of incidence: £15°, £30°, £45° +60° in the plane
including the reference direction and in a plane perpendicular to that and also including the
reference direction.

The manufacturer shall state the relative variation of the response for £90°.
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The results should be expressed as a ratio of the response per unit dose rate for each radiation
source utilized to the response per unit dose rate for zero degrees angle of incidence.

If another range of angles is required, it shall be selected according to the agreement between
the manufacturer and the purchaser.

5.3.3.2 Test method

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
wherp the dose rate is known. The photon radiation qualities of the narrow spectrum series and
the ggmma sources Cs-137 specified in the ISO 4037 series should be used if possible.

a) The direction of radiation shall be changed in steps of 15° in a plane includingythe calibrjation
d[rection specified by the manufacturer and the response determined throughout the fange
of angles specified in 5.3.3.1.

b) The procedure of a) above shall be repeated for the plane perpendicular to that used |n a),
bpt still including the calibration direction.

5.3.4 Environmental performance

Test§ considering the dose rate, temperature, pressure;~humidity and vibration shall be
perfgrmed by assuming the environment of design extenSion conditions (DEC) including severe
accident (SA).
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