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NUCLEAR-POWERPLANTS FACILITIES — INSTRUMENTATION SYSTEMS

IMPORTANT TO SAFETY — RADIATION MONITORING FOR
ACCIDENT AND POST-ACCIDENT CONDITIONS -

Part 1: General requirements
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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_promote 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 Rq
blicly Available Specifications (PAS) and Guides (hereafter referred to as ‘IEC Publication(s)”).
bparation is entrusted to technical committees; any IEC National Committee intereSted in the subject ded
y participate in this preparatory work. International, governmental and non-governmental organizations |
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 expressy¢as nearly as possible, an interng
hsensus of opinion on the relevant subjects since each technical committee has representation fr

C Publications have the form of recommendations for international use and are accepted by IEC N
mmittees in that sense. While all reasonable efforts aremade to ensure that the technical content

blications is accurate, IEC cannot be held responsible“for the way in which they are used or fdq
Sinterpretation by any end user.

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

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.

liability shall attach to IEC ,orits” directors, employees, servants or agents including individual exper
mbers of its technical committees and IEC National Committees for any personal injury, property dam
er damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
benses arising out ofwthe publication, use of, or reliance upon, this IEC Publication or any othg
blications.

ention is drawn, to.the Normative references cited in this publication. Use of the referenced publicati
ispensable for.the‘correct application of this publication.

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.
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has been made. Additions are in green text, deletions are in strikethrough red text.

redline version of the official IEC Standard allows the user to identify the changesgde to

the previous edition IEC 60951-1:2009. A vertical bar appears in the margin wherever a change
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IEC 60951-1 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

itle modified.
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The fext of this standard is based on the following documents:
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| Botatan. bt tooorization dant
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b update the references to new standards published since the second edition.

b update the terms and definitions.

Draft Report on voting

45A/1440/FDIS 45A/1449/RVD

bove table.

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

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.

document was drafted insa¢cordance with ISO/IEC Directives, Part 2, and develop

ibed in greater detail at www.iec.ch/publications.

hformation on the voting for its approval can be found in‘thé report on voting indicated in

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

ions,

sting

ed in

dance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
vw.iec.ch/members wexperts/refdocs. The main document types developed by IECQ are

b the

The ¢ommittee has.decided that the contents of this document will remain unchanged unfil the
stability date indicated on the IEC website under webstore.iec.ch in the data related t
spec|fic document. At this date, the document will be

e rg¢confirmed,

° ithdrawrm;

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.



https://www.iec.ch/members_experts/refdocs
https://www.iec.ch/publications
https://webstore.iec.ch/?ref=menu
https://iecnorm.com/api/?name=6769e2b40313078d23fcd7f399ba9dc2

-6- IEC 60951-1:2022 RLV © |IEC 2022

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-peost-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
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 atdident
monitoring instrumentation for nuclear power generating stations has evolved to in¢lude s¢vere
accident (SA) to accident conditions.

Thusf to address the specific lessons learned from the Fukushima-Dalichi accident] this
standard categorizes accident condition into design basis accideptss (DBA) and dgsign
extension conditions (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 neededﬁep%et
equigment characteristics when developing systems for accident monitoring conditions. $ome
specffic instrument characteristics such as measurement range,required energy responsej, and
ambipnt-environmentrequirements environmental withstanding conditions will depend op 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
cond|tions (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

— |EC 60951-3 — Equipment for continuous high range area gamma monitoring
— |EC 60951-4«="Equipment 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

The Series standards—are ' ' -1as ' dards.
They prowde gwdance on speC|f|cat|on de3|gn and testing of radlatlon momtormg 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. |[EC 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.
Table—4- In addltlon, IEC 62705 prowdes guidance on the appllcatlon of eX|st|ng
IEC/ISO standards covering design and qualification of RMS. An overview of the standards
covering the radiation monitoring in nuclear facilities is given 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

Seope Sampling cirouits “s;_de t-and P E.St e effluents-moAitering
Gas; pafticulate-and 1SO-2889 1EC-80951-1-and 1EC 80761 series-and IEGC-62302 (noble
iodine-With-sampling IEC-60951-2 gases-only)
(OFF-LINE)
(OFF-LINE)
B B e BLEA e tni e el L= oo BLEA
(gaseoys-effluents; IEC 809514
Area-mgnitoring N/A IEC 60951-1-and IEC 60532

IEC 60951-3
o N/A L=l B
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IEC
Developer ISO
SC45A SC45B
Sampling Calibration Normal Normal
Scope (Normal (Normal operation, DBA DEC operation
operation) operation) AOO P
. . IEC 62302
Radioactive noble '
. ISO 4037-1, IEC 60951-1, IEC 60761-
gas off-line IS0 2889 | 150 4037-3 NIA IEC 60951-2 NIA 1,
g IEC 60761-3
. . IEC 60761-
Radioactive aerosol ISO 4037-1, IEC 60951-1,
off-line_maonitoring ISO 2889 1ISO 4037-3 N/A |EC 68090512 N/A 1,
g TEC 607]61-2
Radioactive iodine | <o yagg | SO 4037-1, A IEC 60951-1, A ST
offdline monitoring ISO 4037-3 IEC 60951-2 ,\( IEC 60761-4
A
Lquid off-line N/A N/A N/A N/A N/AI/QD IEC 60B61
monitoring .
r—
N IEC 62803,
Tfitium off-line N/A N/A N/A N/A (O N/A IEC 60761-
monitoring C) 1,
O IEC 607§61-5
Onl-line or in-line ISO 4037-1, IEC 6Q951-1,
monitoring NIA 150 4037-3 | 'EC 60768 | \e550051.4 NIA Ak
- ISO 4037-1,
ArIea monitoring N/A 1SO 4037-3 IEC 61031 | (EC 60951-1, IEC 60951-3 | IEC 60p32
Cerltralized system N/A N/A IEC 64504, IEC 60960 N/A IEC 61559-1
IEG.61513, IEC 60880,
Clagsification/basic £§+00987, IEC 61226,
Joauirements N/A N/A [EC 62138, IEC 62566, N/A N/A
q HEC 62566-2, IEC 62645,
\\ IEC 61250
O IEC/IEEE 60780-323,
Dualification N/A N&\ IEC/IEEE 60980-344, N/A IEC 6206
o IEC 62003
Ne
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 10 note that this standard establishes no additional functional requirements for
i+ systems important to safety.
with
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IEC SC 45A standard series are IEC 615 nd |[EC 63046.

s). IEC 63046 provides generakk¥&quirements for electrical power systems of NP
s power supply systems inclu@g the supply systems of the I&C systems.

N-
1513 and IEC 63046 ag}c{)e considered in conjunction and at the same level. IEC 6
EC 63046 structure th

ar power plants.()

etic compatibility, human factors engineering, cybersecurity, software
v aspects for programmable digital systems, coordination of safety and se

EC SC 45A standard series comprises a hi@.hy of four levels. The top-level documents

N
1513 provides general requirement }E'r instrumentation and control (I&C) systemq and
ment that are used to perform .fgnttions important to safety in nuclear power plants

Ps; it

1513

EC SC 45A standard series and shape a complete framgwork
lishing general re ments for instrumentation, control and electrical power systenps for

1513 an &‘C 63046 refer directly to other IEC SC 45A standards for geperal
specific topics, such as categorization of functions and classificatign of
ication, separation, defence against common cause failure, control room delsign,

and
burity

requi

ETTETTS and TaraygenTernTt of agemy-— 1 e stardards teferenceddirectiy at thissecomd

level

should be considered together with IEC 61513 and IEC 63046 as a consistent document set.

At a third level, IEC SC 45A standards not directly referenced by IEC 61513 or by IEC 63046
are standards related to specific requirements for specific equipment, technical methods, or
activities. Usually these documents, which make reference to second-level documents for

gene

ral requirements, can be used on their own.

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

The IEC SC 45A standards series consistently implements and details the safety and security
principles and basic aspects provided in the relevant IAEA safety standards and in the relevant
documents of the IAEA nuclear security series (NSS). In particular this includes the IAEA
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requirements SSR-2/1 , establishing safety requirements related to the design of nuclear power
plants (NPPs), the IAEA safety guide SSG-30 dealing with the safety classification of structures,
systems and components in NPPs, the IAEA safety guide SSG-39 dealing with the design of
instrumentation 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 human
factors engineering in the design of NPPs and the implementing guide NSS17 for computer
security at nuclear facilities. The safety and security terminology and definitions used by the
SC 45A standards are consistent with those used by the IAEA.

IEC 61513 and IEC 63046 have adopted a presentation format similar to the basic safety
publication IEC 61508 with an overall life-cycle framework and a system life-cycle framework.

Reg4d

In th

nuclgar application sector.

IEC ¢

At le
secu

s framework, IEC 60880, IEC 62138 and IEC 62566 correspond to IEC 615

Ny

oY

rding nuclear sarety, TEC 61513 and IEC 63046 provide the Interpreiation of the ge
requirements of IEC 61508-1, IEC 61508-2 and IEC 61508-4, for the nuclear applicati ctor.
(QS’fo

heral

r the

1513 and IEC 63046 refer to ISO 9001 as well as to IAEA GSR part 2,a\n(}irlAEA GS-(-3.1
and IIAEA GS-G-3.5 for topics related to quality assurance (QA).

el 2, regarding nuclear security, IEC 62645 is the entry do Qgr)ént for the IEC/SC| 45A
ity standards. It builds upon the valid high level principl nd main concepts of the

genefic security standards, in particular ISO/IEC 27001 and IS C 27002; it adapts thenp and
compgletes them to fit the nuclear context and coordinates he IEC 62443 series. At

2, 1IE

docu

ment for the ageing management standards. Q

N\

NOTE|1 Itis assumed that for the design of 1&C systems i @Ps that implement conventional safety function
to adqress worker safety, asset protection, chemical h@a ds, process energy hazards) international or national
standdrds would be applied.

NOTE| 2 IEC TR 64000 provides a more compéig nsive description of the overall structure of the IEC S

standgrds series and of its relationship with ot&g

tandards bodies and standards.

level

C 60964 is the entry document for the IEC/SC 45A co | rooms standards, I[EC 63351 is
the gntry document for the human factors engineerinéQtandards and IEC 62342 is the

entry

b (e.g.

C 45A
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NUCLEAR-POWERPLANTS FACILITIES — INSTRUMENTATION SYSTEMS
IMPORTANT TO SAFETY — RADIATION MONITORING FOR
ACCIDENT AND POST-ACCIDENT CONDITIONS -

Part 1: General requirements

1 Scope

This [part of IEC 60951 provides general guidance on the design principles and pgerformance
critenjia for equipment to measure radiation and fluid (gaseous effluents or liquids)yradioagtivity
levels at nuclear-pewerplants facilities during and after-an—accident design bBasfis accifents
(DBA) and design extension conditions (DEC), including severe accident (SA)>This document
is limited to equipment for continuous monitoring of radioactivity in design“basis acciglents
(DBA), design extension conditions (DEC), including severe accident (8X) and post-acdident
condjtions.

The [purpose of this document is to lay down-—mandatery general requirements and|give
exanjples of acceptable methods for equipment for continuous{monitoring of radioactivity within
the-pllant facility during and after-accident-conditions-in-nuclearpowerplants-using-light-Wwater
reacfors design basis accidents (DBA), design extension‘conditions (DEC), including s¢vere
accident (SA) in nuclear facilities.

It spgcifies, for the equipment described abovej:the general characteristics, general test
procegdures, radiation, electrical, safety and environmental characteristics and the identificlation
and [ertification of the equipment. If this,equipment is part of a centralized system for
contihuous radiation monitoring in a nuclear facility, there may be additional requirements|from
othel standards related to this system.

Sample extraction and laboratory*analysis, which are essential to a complete programme of
efflugnt monitoring, are not within:the scope of this document.

2 Normative references

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

IEC 60038:20022009, IEC standard voltages

IEC 60068-2-1:2007, Environmental testing — Part 2-1: Tests — Test A: Cold
IEC 60068-2-2:2007, Environmental testing — Part 2-2: Tests — Test B: Dry heat
IEC 60068-2-6:2007, Environmental testing — Part 2-6: Tests — Test Fc: Vibration (sinusoidal)

IEC 60068-2-14:2009, Environmental testing — Part 2-14: Tests — Test N: Change of
temperature

IEC 60068-2-30:2005, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic
(12 h + 12 h cycle)
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IEC 60068-2-78:20042012, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat,
steady state

IEC 60529, Degrees of protections provided by enclosures (IP code)

IEC/IEEE 60780-323:2016, Nuclear facilities — Electrical equipment important to safety —
Qualification

IEC 0880, NuTlear power plarnts — ITStramentation and comrot Systems important to safety —
Software aspects for computer-based systems performing category A functions

f the

IEC/IEEE 60980-344, Nuclear facilities — Equipment important to safety « 8eismic qualifigation

IEC 60987, Nuclear power plants — Instrumentation and control important to safety — Hardware

design requirementsfor-computer-based-systems

IEC $1000-4-2:2008, Electromagnetic compatibility (EMC) - Part 4-2: Testing | and
meagurement techniques — Electrostatic discharge immunity test

IEC $1000-4-3:20062020, Electromagnetic compatibility (EMC) - Part 4-3: Testing| and
meagurement techniques — Radiated, radio-frequency, electromagnetic field immunity tesf

IEC $1000-4-4:20042012, Electromagnetic:\compatibility (EMC) — Part 4-4: Testing| and
meagurement techniques — Electrical fastdransient/burst immunity test

IEC $1000-4-5:20052014, Electromagnetic compatibility (EMC) - Part 4-5: Testing| and
meagurement techniques — Surge immunity test

IEC $1000-4-6:20082013, Electromagnetic compatibility (EMC) - Part 4-6: Testing| and
meagurement techniques. —-Immunity to conducted disturbances, induced by radio-freqyency
fieldd

IEC $1000-4-8:20042009, Electromagnetic compatibility (EMC) — Part 4-8: Testing| and
meagurement teehniques — Power frequency magnetic field immunity test

meagufement techniques — Ring wave immunity test

IEC 11000-4-12:20062017, Electromagnetic compatibility (EMC) — Part 4-12: Testing| and

IEC 61000-4-18:2019, Electromagnetic compatibility (EMC) - Part 4-18: Testing and
measurement techniques — Damped oscillatory wave immunity test

IEC 61000-6-4:20062018, Electromagnetic compatibility (EMC) — Part 6-4: Generic standards
— Emission standard for industrial environments

IEC 61069-1:49942016, Industrial-process measurement, control and automation — Evaluation
of system properties for the purpose of system assessment — Part 1:-General-considerations

and-methodology Terminology and basic concepts

IEC 61226, Nuclear power plants — Instrumentation, control and electrical power systems
important to safety —Classification-of-instrumentation—and-controlfunetions Categorization of
functions and classification of systems
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IEC 61504:20002017, Nuclear-power—plants facilities — Instrumentation and control systems
important to safety —Plant-wide—radiation—menitoring Centralized systems for continuous

monitoring of radiation and/or levels of radioactivity

IEC 61513:2011, Nuclear power plants — Instrumentation and control important to safety —
General requirements for systems

IEC 62138, Nuclear power plants — Instrumentation and control systems important-for to sfafety
— Software aspects for computer-based systems performing category B or C functions

IEC 6€2262:2002, Degrees of protection provided by enclosures for electrical equipment against
extennal mechanical impacts (IK code)

IEC $2566:2012, Nuclear power plants — Instrumentation and control lisaportant to safety —
Devdlopment of HDL-programmed integrated circuits for systemsgyperforming categdry A
functjons

IEC $2566-2:2020, Nuclear power plants — Instrumentation aad control important to safpty —
Devdlopment of HDL-programmed integrated circuits — P&art*2: HDL-programmed integfated
circujts for systems performing category B or C functions

IEC 2705, Nuclear facilities — Instrumentation and control important to safety — Radijation
moniforing systems (RMS): Characteristics and lifeeycle

ISO 2889:20092015, Sampling airborne radioactive materials from the stacks and dugts of
nuclgar facilities

3 Terms and definitions
For the purposes of this docament, the following terms and definitions apply.

ISO Ind IEC maintaip-terminological databases for use in standardization at the follqwing
addré¢sses:

o |EC Electropgdia: available at https://www.electropedia.org/

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

3.1
absadlute error of measurement
difference between the measured value and the conventional quantity value of the measurand

3.2
acceptance test
contractual test to prove to the customer that the device fulfils certain specifications



https://www.electropedia.org/
https://www.iso.org/obp
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3.3
aerodynamic equivalent diameter
diameter of unit-density sphere having the same gravitational settling velocity as the particle-in

gquestion of concern

Note 1 to entry: The aerodynamic equivalent diameter concerns particles with a diameter from 0,1 ym to 2 mm.

[SOURCE:+4EMV-393-14-44 IEC 60050-395:2014, 395-02-34]

3.4
coefficient of variation
ratio |of the standard deviation s to the arithmetic mean X of a set(ofn measurements x; given

by the following formula:

n
s 1 1
V=-—=- Z(xl——f)z
X X n—l_1
i=

HEVB94-40-14]

3.5

collection efficiency

perc}ntage retained by the filter of\the total amount of particles initially in a known volume of
air passed through the filter

3.6
conventional quantity value
quantity value attributed by agreement to a quantity for a given purpose

Note 1 to entry: The term “conventional true quantity value” is sometimes used for this concept, but its use is
discouraged.

Note 2 to entry: Sometimes a conventional quantity value is an estimate of a true quantity value.

Note 3 to entry: A conventional quantity value is generally accepted as being associated with a suitably small
measurement uncertainty, which might be zero.


https://iecnorm.com/api/?name=6769e2b40313078d23fcd7f399ba9dc2

IEC 60951-1:2022 RLV © IEC 2022 - 15—

3.7
effed
abso

Note 1
requir

HEV-

3.8

electron beam

elect
great

Note 1

[sou

tive range of measurement
ute value of the difference between.the two limits of a nominal range

to entry: In the nominal range the, performance of a piece of equipment or an assembly mee
ements of its specifications.

394-40-16]

ron flux emitted from one source and moving along the exactly determined tracks with
velocities

to entry:\_Such beam routed to a detector causes extremely high dose rates.

RCEIEC 60050-841:2004, 841-30-01]

Is the

very

3.9
expe

rimental standard deviation

for a series of n measurements of the same measurand, the quantity s characterizes the
dispersion of the results and is given by the formula:

x; being the result of the ith measurement and x being the arithmetic mean of the n results
considered
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Note 1 to entry: The expression S/\/; is an estimate of the standard deviation of the distribution of x and is called
the experimental standard deviation of the mean.

Note 2 to entry: Experimental standard deviation of the mean is sometimes incorrectly called standard error of the
mean.

[HEV.394-40-40}

3.10
measuring assembly
assembly designed to measure a quantity

Note 1 to entry: In this document, the quantity is volumetric activity or dose rate, although the value \may be
expregsed in other units.

radiojactivity which, if present in a sample, produces a counting~rate that will be detecte( (i.e.
cons|dered to be above background) with a certain level of cosifidence

Note ] to entry: The ‘certain level of confidence’ is normally set at,95.%; that is, a sample containing exac}ly the
minimpm detectable activity will, as a result of random fluctuations,\e taken to be free of radioactivity 5 % |of the
time.

Note 4 to entry: The minimum detectable activity is sometitngs referred to as the detection limit or lower I|mit of
detectjon.

Note § to entry: The counting rate from a samplefcontaining the minimum detectable activity is termgd the
determination level.

Note 4 to entry: An example formulation for minimum detectable activity is calculated as follows.

kZ 4+ 2k, [Rptg (1 + lf—s)
MDA = b

(£ (EX(C)
where|
k, is the one-sided govefage factor = 1,645 at 95 % confidence
Ry is the backgreund count rate in s
t is the sample count time in min
ty is th€ background count time in min
E s the detector efficiency in counts per disintegration

is the conversion factor from dpm to other desired activity unit, if applicable

[SOURCE: IAEA Safety Glossary, 2018 edition]

3.12
particle

aggregate of molecules, forming a solid or liquid-ef sizeranging-from-afew-meleculardiameters
to—some—tenths—of a—milimeter{several-hundred-—micrometers), ranging in size from a few

molecular diameters to several millimetres

[SOURCE: ISO 2889:2015, 3.55]
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3.13
process streams
fluid which flows through a system intended to provide a useful purpose

Note 1 to entry: Examples of process streams are: primary coolant system, spent fuel cooling system, component
cooling system, etc.

Note 2 to entry: The process streams within the scope of this document are those streams in which the level of
radioactivity may significantly increase as a result of accident or post-accident conditions.

Note 3 to entry: Monitoring of these process streams for radioactivity provides information on the quality or integrity
of the barrier and potential release to the environment.

3.14
referlence response
response of the assembly under reference conditions to unit reference dose rate,€xprgssed
as:

vV—VB
Ryt =—
Ve
wherk:
v is the value measured by the equipment or assembly undertest

vg | is the background value of the equipment without extécnal influence

Vs is the conventional quantity value of the referencesource

Note 1 to entry: The background value may be automatically taken into account by an algorithm included |in the
measyrement systems.

[EV-B94-40-22]

3.15
relatjve error
error|of measurement divided by a tfue value of the measurand

[EV-B94-40-11]

Note 1 to entry: Since a truetalue cannot be determined, in practice, a-cenventienally-true conventional qfiantity
value |s used. For this standard, relative error is calculated as follows.

(v-vg)-ve
E .
Ve
where|
v is'the-value measured by the equipment or assembly under test,
Vv isthe caonvgntionally triig caonvantional auantity valug of thg rafargncg source
c 24 <1 7 g
Vg is the background value of the equipment without external influence.

Note 2 to entry: The background value may be automatically taken into account by an algorithm included in the
measurement system.

3.16

relative response

value calculated during type testing equal to the ratio between the reference response of the
equipment and the sensitivity of the same equipment to the solid source of interest

Note 1 to entry: The relative response allows determination of the reference response of identical equipment that
has been type tested from the measurement of the sensitivity of the solid source.
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3.17

response time

period of time necessary for a component to achieve a specified output state from the time that
it receives a signal requiring it to assume that output state

Note 1 to entry: For the purposes of the tests described in this document, the input signal is assumed to be a step
variation and the ending output state is the point at which the output signal variation reaches 90 % of its final value
for the first time.

[SOURCE: IAEA Safety Glossary, 2018 edition]

3.18
routihe test
confgrmity test made on each individual item during or after manufacture

[HEV {394-40-03}

323
sampling assembly

3.19
sampling collection efficiency
for algiven quantity of radioactive material, ratio of the colle¢ted activity to the supplied acfivity,
for alspecified time interval

[EV-B94-39-45]
3.20

sensjitivity <of a measuring assembly>

foraqgivenvalue-of- the-measured-guantity; ratio of the variation of the observed variable tpo the

corrgsponding variation of the measured:quantity for a given value of the measured quantity
[SOURCE:+4EV-394-39-07 IEC 60050-395:2014, 395-03-105]

S

re conditionsforwhich-the volumic-detivity
conaHtoRstor-WwHeh—the-VYorHHeqoHhvY

4 Design principles

4.1 General

The radiation monitor classified for functions important to safety shall comply with the
requirements relating to the characteristics and lifecycle of RMS defined in IEC 62705 and the
standards referenced in IEC 62705 (e.g. IEC 61226).

In the case where different radiation monitoring systems for design basis accidents (DBA) and
that for design extension conditions (DEC) including severe accident (SA) are required, they
should be independent of each other as far as reasonably practicable.
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4.2 Basic requirements related to functions

The main purpose of equipment for continuous monitoring of radioactivity in accident or post-
accident conditions is to continuously measure radiation levels in appropriate areas and
processes. These radiation measurements are displayed locally and/or in control rooms and/or
incident control centers to keep plant operators aware of current radiological conditions. This
information is used by operators to assess plant conditions, take appropriate actions in order
to mitigate the consequences of a plant accident and prevent the inadvertent release of
radiatien radioactive substance, and by site emergency personnel, national authorities, for
actions necessary to safeguard public and plant personnel. Therefore, the equipment
concerned by this document is capable of actuating alarms and providing inputs to other plant

Syst ms and processes to isolate processes at abnormal radiation levels
L L

The basic requirements for the design, selection, testing, calibration and functional/losatipn of
equigment for continuous monitoring of radioactivity in accident or post-accident conditions are
plant| specific. It is typically split into three key parts, effluent and ventilation radiation
moniforing, process radiation monitoring, and area radiation monitoring:

o Effluent and ventilation radiation monitors measure the-radioactivity speCific activity in dases
g¢leased into the environment in accident and post-accident conditions to ensure thgt the
pdiationlevels—are specific activity is not hazardous to the public’s safety and to heglp in
Arly warning and process isolations—such-as—ceontainmentvent-isolation-orcontrolfoom
bbitability for containment or recirculation of controlNroom heating-ventilatign-air

bnditioning.—Effluent radiation—monitors—areusuallyof the off-line-type {radicactivityis
leasured-in-a-sample-drawn-from-the effluent or ventilation-system)-

rocess radiation monitors measure the-radioactivity specific activity in a fluid (either| gas,
huid or steam) and are normally used in plant pfacess to help in early warning and prqcess
olations, such as detecting reactor coolant pressure boundary leaks into containment and
other systems. Process radiation monitors can’be classified into three basic types:

—

=TU Z0oTOZg

7

—| In-line monitors: the detector is located directly in the process stream (pipe, stack, ftank,
duct, etc.).

—| On-line monitors: the detector\is” located external to and faced directly-faces tp the
process stream.

—| Off-line monitors: a sample-is drawn from the process stream to the detector located at
some distance.

rea radiation monitors (wide range type) are strategically located within buildings subject

high range dosetrates in accident and post-accident conditions, such as the repctor
Lilding and coptainment vessel, and serve as post-accident monitoring devices. [Area
diation monitors’are wall mounted in the area or tank to be monitored. Depending op the
diation leyvétl-at the detector position, the electronics part of the monitor may be located at
bme distafnice from the detector.

O 330>

For the purpose of critical data collection, these monitors are usually designed to withstand
adverse/environmental and seismic conditions, during and after an accident.

Radiation monitoring requirements and radiation monitoring system design should be
addressed early in plant design to establish effective monitoring at the appropriate sensitivity
level. Thus, for maximum performance capability, the following procedure should be followed
by the purchaser and the manufacturer:

e Establish the required measurement characteristics (purchaser):

— Determine the scenarios of normal and accidental operations, and the corresponding
source terms (main isotopes to be measured by the monitor), including their chemical
composition.

— Determine the essential information required by the plant operator or the control system
to initiate emergency actions, the functions assigned to the equipment for continuous
radiation monitoring and classify them according to IEC 61226 guidance.
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— Determine the optimum points of measurement taking into account installation conditions
(location, interfaces to plant protection features, ambient conditions and qualification
requirements, electrical connections through safety barriers, etc.).

— Calculate the activity transfers (propagation through pipes or ducts and through the
safety barriers), in order to determine the activity spectrums and the background at the
point of measurement.

— Determine the time profile of the postulated release and the required range of
measurement and response time of the complete channel (including the sampling
system, if any, and the time to send or to display the information to the plant operator or
the control system).

—[ Determine the gross characterisiics of the detectors (type of radiation and measurement,
sensitivity and range of measurement, energy response and overload performance,|etc.)
and of the sampling system, if any.

—| Determine the acceptable false alarm rate taking into account the plantconditiong and
the consequences of error in measurement (including losses in sampling), and sgecify
the precision and-aceuraey linearity needed to stay under this threshold-

e (Check the metrological characteristics of the chosen instrument (agreement betweep the
plrchaser and the manufacturer):

—| Calculate the response time of the instrument (measure'time related to a spegified
acecuracy linearity and time for the apparatus to proyvide an alarm), and the global
response time of the channel (including the response time of the sampling system].

—| Calculate, at the point of measurement, geometric detection efficiency, dedision
threshold and minimum detectable activity-(ertindif-of detection), taking into account the
appropriate shielding.

—| For each characteristic of the instrument, the manufacturer should specify its varigtions
as a function of the corresponding influence quantities (or variable parameters). These
influence quantities (or variable parameters) should be, at least:

i)  activity spectrum and time profile of the activity spectrum (during transient operating
conditions) of the source to be measured,

i) activity spectrum and time profile of the activity spectrum (during transient operating
conditions) of the background,

iii) detection geometry;

iv) number-ofstandard-deviations confidence level (e.g. 95 %) (in order to caldulate
the minimum.detectable activity-ertimit-of detection),

v) flow rate"of-the effluent to be measured,
vi) thermodynamic conditions,

vii) precision and time profile of the precision (in order to calculate the measurement
time during steady-state as well as transient operating conditions),

Viiiy measurement time and response time (during transient operating conditions).

s - e . I et o—tt daser
should indicate their range of values. Otherwise, the manufacturer should make any
useful hypothesis in order to take into account the probable conditions of use of the
instrument.

NOTE The term "manufacturer" includes the designer and the seller of the equipment. The term "purchaser"
includes the user.

If the signals are used for initiating protective action to mitigate the consequences of
malfunction or failure of structures, systems or components, then the equipment may be part of
the safety-related systems or the protection system. In this case, it shall meet the requirements
of the respective system in accordance with IEC 61226.

H-qualification-is-needed; The equipment shall be environmentally qualified in accordance with
the requirements of IEC/IEEE 60780-323 (and IEC/IEEE 60980-344 for seismic testing).
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4.3 Measurement range

The purchaser shall specify the required effective range of measurement. The range shall be
suitable for the level of radiation during accident and post-accident conditions. The low end of
the measurement range shall overlap the measurement range of monitors provided for normal
plant conditions for at least one decade (logarithmic scale). The highest measurable activity or
dose rate should be at least one decade over the highest activity or dose rate expected during
accident and post-accident conditions.

4.4 Energy response

'm that the energy response of the detection assembly is swtable for monitoring
potential activity.

4.5 | Minimum detectable activity-(erlimit-of detection)

tabIe
by a
ment

of the¢ beginning of the range of measurement.

The fequired minimum detectable activity—{ortmit-of-detestion} will depend on the particular
applifation and be subject to local regulations and plant'design; it shall be specified by the jplant
designer.

The [manufacturer shall specify the minimum, detectable activity—{ortimit—of -detectior) for
nucligles of interest, taking into account the chieck sources or provisions incorporated to provide
an ornj-scale indication on the monitor, as well"as all useful data needed to specify the beginning
of the effective range of measurement,ceven in transient operating conditions. The infldence

quan |t|es their range of values and the variation they cause on the minimum detectable agtivity
shall be specified.

4.6 | Precision (or repeatabijlity)

Precision (or repeatability) is a measure of the dispersion of the estimations around [their
average value. It shall'be given by the manufacturer in the effective range of measurementin %
of the signal value for a given confidence interval (or probability of error). Assuming thgt the
estimations follow\a' Gaussian distribution, this probability should be expressed in termg of a
number of standard deviations.

NOTE| For“example, the precision could be 20 % of the signal value within a part of the effective range of
measyrement with a probability of 95 % (meaning that all the estimations are within £2c, with o the stgndard
deviatjon)y’and 30 % within another part of the effective range of measurement with another probability.

Precision shall be consistent with accident analysis assumptions, operator needs, and
requirements imposed by other systems that use the radiation monitoring signals. Moreover,
they shall be characterized for signal values below the beginning of the effective range of
measurement. The influence quantities, their range of values and the variation they cause on
precision shall be specified by the manufacturer.

Typically, the precision should be within 20 % over the entire effective range of measurement,
all influence quantities taken into account.

4.7 Accuracy (orrelative error) Linearity

Accuracy—{or—relative—intrinsic—error) Linearity is a measure of the deviation between the
conventionally-true conventional quantity value and the average of the estimations. It shall be

given by the manufacturer in the effective range of measurement in % of the signal value for a
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given confidence interval (or probability of error). Assuming that the estimations follow a
Gaussian distribution, this probability should be expressed in terms of a number of standard
deviations.

NOTE For example, the-aceuracy linearity could be 20 % of the signal value within a part of the effective range of
measurement with a probability of 95 % (meaning that all the estimations are within +2c, with o the standard
deviation), and 30 % within another part of the effective range of measurement with another probability.

Aceuracy Linearity shall be consistent with accident analysis assumptions, operator needs, and
requirements imposed by other systems that use the radiation monitoring signals. Moreover,
they shall be characterized for signal values below the beginning of the effective range of
measurement. The influence guantities, their range of values and the variation they cause on
acecufacy linearity shall be specified by the manufacturer.

Typigally, the—aceuraey linearity should be within 30 % over the entire effective. range of
meagqurement, all influence quantities taken into account.

4.8 Measurement time

The measurement time is the average time during which the measurement is to be performed
to obfain an estimation of the signal in stated conditions. It should only,be considered in stg¢ady-
state|operating conditions. Its calculation by a formula is possible, hewever it does not take into
accolnt the processing algorithms implanted in the monitor.

The manufacturer shall specify the measurement time- as’well as all useful data (standard
devidtion or precision) necessary to know the precision\of the estimations and the false alarm
rate.| The influence quantities, their range of valdes¥and the variation they cause on the
meagurement time shall be specified.

4.9 | Response time

The lesponse time is the time needed forthe monitor, after a sudden variation of the meagured
signdl (for example a step), for its.output signal or indication to reach 90 % (increasing
transijition) or 10 % (decreasing transition) of the variation for the first time.

NoTEl-For integrating systemsyit'is a percentage of the equilibrium value of the first derivative
of th¢ output signal as a function of time that should be considered.

The fesponse time is to'be considered only in transient operating conditions. It shall take into
accolint the processing’algorithms of the monitor.

Thergfore, its_¢alculation by a formula is not relevant, and the manufacturer shall specify|it by
perfgrming tésfs or numerical simulations and give all useful data to determine its relationship
with the precision of the estimations and the false alarm rate. The influence quantities,|their
rangT af-values and the variation they cause on the response time shall be specified.

4.10 Overload performance

The indicated measurement shall not decrease or fall to zero during and following exposure
beyond the maximum measuring range. It shall maintain a full-scale indication or an
unambiguous indication. When the exposure returns to within the maximum range, the system
shall recover within the time interval specified by the purchaser.

4.11 Ambient background shielding or compensation devices

Shielding or electronic compensation shall be provided as necessary to reduce the effects of
background radiation on the measurement of process radiation.

It may be agreed upon between the manufacturer and the purchaser that significant background
radiation is only to be expected from defined directions or sources (vessels, pipes, etc.). In such
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cases, the construction of shielding may take this into account. In the absence of such an
agreement, shielding shall give virtually identical radiation attenuation in all directions seen
from the sensitive volume of the detector, taking into account the structural materials of the
detection assembly, and the angular response of the detector.

If the equipment cannot easily be removed from the shielding, such shielding should be easily
removable. The maximum mass of the elements, or the appropriate handling means, should be
agreed upon between manufacturer and purchaser.

When electronic techniques incorporating additional detectors are used to reduce the effect of
background radiation, these detectors shall be chosen and located to give the best practical
compgensation, taking into account the range of energies and the direction of the radiatign.

4.12| Requirements related to accident conditions

Equipment design shall ensure that the equipment supports the necessary, system fungtions
and that the equipment will not fail due to environmental conditions experienced during nofmal,
accident, or post-accident conditions.

The accident and post-accident time interval during which system operation is required shall be
specified by the purchaser.

The Ipcal environmental conditions in which the different components of the system can opgrate
durinlg normal operation, accident, and post-accident conditions shall be specified by the
purchaser. Specification of environmental conditions shall include, where applicable,
tempgrature and pressure and their rate of change, ¥ibration, humidity, aggressive or corrpsive
fluidg, vapours, or dusts, seismic conditions, electromagnetic environment and other adyerse
phys|cal conditions as well as the normal and aceident radiation dose rate and the integfated
radiation dose at the location of the monitoringZequipment.

The [manufacturer shall provide an (equipment designed to operate anywhere in the
envirpnmental envelope stated above,\unless otherwise agreed upon between purchasel and
manufacturer. If necessary, equipmént shall be qualified for the environmental conditions ¢f the
application in accordance with relevant standards.

In pafticular, equipment shall*be designed to minimize the effects of the specified environmiental
condj|tions, and the locatien of detectors shall be selected considering the accident and post-
accident radiation background and the need for shielding to minimize its effect. As far jas is
practical, locations shall be selected so as to facilitate maintenance and calibration operafions.
The location should also take into account the possible need to locate electronic equipmgnt in
an arnea of lower-dose rate.

Condideration shall be given to the possibility that materials used in the construction
monifofs , may release poisonous or corrosive substances under adverse environm
condt SU i e i v e i et T R LA™
shall minimize this by the choice of materials and appropriate containment of materials.
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4.13 Reliability

The required reliability of the functions shall be specified either quantitatively (mean time
between failures) or qualitatively (compliance with the single failure criterion).

For any part of the equipment (including sampling assembly, if any), subject to appropriate
planned maintenance, the following requirement shall be reached:

e Mean Time Between Failure (MTBF): > 20 000 h (with preventive maintenance).
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A failure modes and effects analysis (FMEA) shall be performed in addition to the MTBF
calculation in the case of equipment classified as performing a function important to safety
in category A in accordance with IEC 61226.

The manufacturer shall specify the frequency of routine maintenance, and fully describe
each maintenance procedure (see 4.15.2). These maintenance requirements should be kept
to a practical minimum.

4.14 User interface

4.14.1 General

The systemrstrattprovide contimuousdisptay andfor Tecordingof activity or dose tateand, in
additjon, provide an alarm signal when the activity or dose rate level exceeds a presetvajlue.

4.142 Display of measured value

The ¢hoice between logarithmic scales, linear scales, or numeric displays shall'be appropriate
to thg purpose of the equipment. Logarithmic scales or numeric displays are'generally prefgrred.

In th¢ case of assemblies provided with linear scales, it shall be possible to change the range
in suph a way that the scaling factors do not exceed 10. An indication of the scale in use|shall

be provided.

Whefe the accident conditions are such as to give rise toclarge variations in reading, manual

switching between ranges shall not be used unless speg¢ifically agreed to by the purchaser.

4.14,3 Alarms
4.14[3.1 General

The alarm and indication facilities shall be‘appropriate for the purpose of the equipment.

Alarm circuits shall be operable either to hold an alarm condition until specifically reset|by a
resefl control or to automatically resét when the alarm state disappears. Alarm mode selgction
shou|d be readily accomplished;but allow for positive administrative controls. This mdy be
accofnplished, for example by,Yequiring a key, password, or minor equipment modificatipn to

switch modes.

All alarm functions shall be provided with test facilities to allow checking of alarm operatign. In
the dase of adjustabte alarms, checking shall be possible over the range of adjustment with

indication of theyactual alarm operation point.

Alarm funetions shall be agreed upon between the supplier and the manufacturer. As a minjimum

the fTIIowing alarms shall be provided as applicable.

4.14.3.2 High-level alarm

At least one adjustable alarm setpoint shall be provided, adjustable over:

at least 10 % to 90 % of scale reading (linear scales), from 50 % of the lowest decade to
90 % of the highest decade (logarithmic scales),

or from 10 % of the second least significant decade to 90 % of the highest decade (digital
display).

4.14.3.3 Fault alarms

As many separate alarms as practicable should be provided for electronic or mechanical fault.
At least, the following should be provided when appropriate:
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e Loss of detector signal.

e Loss of the sampling circuit.

e Loss of the cooling system.

e Loss of the heating system.

e Sampling circuit high pressure.

e Sampling circuit high temperature.
e Sampling circuit high humidity.

e High ambient radiation.

Purging system failure.
4.14. Status indication
The following indications should be provided when appropriate:

e Pwer On.

e Pump On/Off.

e Flow Min/Max.

e Pressure.

. umidity.

e Temperature.

e Detector power supply status.

e Dletector heating unit On.

e (Jas stream cooling device On.

e (Has stream heating device On.

e Qroup fault alarms are indicated.

e Purging system On.

e (ccurrence of internal power supply changeover if internal supplies (e.g., batteries|) are
pfovided.

4145 Local indications

Local indication and“alarm units should be provided at accessible locations, close t¢ the
detegtor assembly; for the purpose of controlling access to high radiation areas in accjident
condj|tions or/fer maintenance and calibration during normal plant operation.

Whele provided, the local indication and alarm units shall be qualified for the conditions
appropridte to their purpose and location, in accordance with IEC/IEEE 60780-323. If the|local
indication and alarm units are not qualified to the same requirements as the detector it shall be
demonstrated that their failure will not affect the essential function of the monitor.

4.15 System testing, maintenance facilities and ease of decontamination
4.15.1 System testing

Capability shall be provided to allow periodic checks of the satisfactory operation of the system
from the detector to the measurement display, alarm functions, and system outputs. These
checks should include operational checks, calibration, and verification of the measurement
linearity.

The capability to check the good detector response at one representative point on the
measurement scale without accessing the detector, using for example a remote-controlled
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check source, should be provided. Additional points should also be checked, and therefore
means of access to the detector and to ensure the repeatability of the check, such as a support

in wh

4.15.

ich the detector is placed for checking with reference source(s), should be provided.

2 Maintenance facilities

The manufacturer shall specify the frequency of routine maintenance, and fully describe each
maintenance procedure, taking into account the failure rate of each component in order to
define a preventive maintenance schedule.

These maintenance requirements should be kept to a practical minimum and the design of all

equif
comg
shall
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indication of the anomalies on all parts. Self-diagnostic features should be available throy
display.

All electronic equipment shall be provided with a sufficient numbeér of easily accessible ide

test points to facilitate adjustments and fault location. Any_special maintenance tools sh
supplied.

4.153 Ease of decontamination

The detection assembly or the sampling and déetection assembly shall be constructed in s
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enance operations shall be able to be carried out either fully or partly when the pla
ting. The equipment should allow remote inspection and adjustment, inspection
ssing of intrinsic performance drifts, self testing of values, assistance with diagnosis

er that the build-up of contamination is*treduced as much as possible and shall be desi
ilitate decontamination when this be¢omes necessary. External surfaces shall be spe
bd to permit decontamination.

Electromagnetic interference

utions shall be taken against the effects of electromagnetic interference either rec
itted by the equipment.

5s otherwise agreed upon between the purchaser and the manufacturer, the follg
ards shall vapply: IEC 61000-4-2, IEC 61000-4-3, IEC 61000-4-4, IEC 6100d0
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4.17

—Power-stpplies

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

e 100V AC 50 Hz or 60 Hz;

e 1

10 V AC and/or 230 V AC 50 Hz;

e 120V and/or 240 V AC 60 Hz;
e 24V DC.

Nominal single-phase power in the United States of America and Canadais 117 V and/or 234 V,
60 Hz. Nominal single-phase power of 110 V, 50 Hz is also used in the United Kingdom.
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Upon agreement between manufacturer and purchaser, the equipment may be designed for
operation from a low-voltage stand-by supply in the case of a power failure. In such cases, it
would be desirable for the equipment not to malfunction or trigger an alarm as a result of the
supply change over; an indication for this change-over should be provided.

By agreement between manufacturer and purchaser, three-phase supplies may be used for air
pump motors.

4.18 Interfaces

The physical properties of system component interfaces shall be specified. These shall include
the fype of connections (pipes coupling and cable connectors), electrical propertiesj and
interpretation of the exchanged signals (e.g., pinout). Wherever possible, these specifications
shou|d be made by reference to commonly available standards.

Whefe network interfaces are provided, details of network interface protocols should be
provided. Typically these details include: the logical organization of data bits“transmitted, the
information exchanges between network nodes used to deliver data, the _quality and natyre of
the dpta delivery, the organization of data sequences, and the syntax of-data being transfgrred.
In ordler to verify the fulfilment of requirements concerning both desig® and performance pf an
equigment linked to its network, a general functional validation _shall be performed, inclyding
tests|on data exchange between subsystems and with operator!

Whete the equipment is part of a plant-wide radiation, monitoring system, it shall fulf{l the
corrgsponding requirements of IEC 61504-andfertEC 64659-2, unless otherwise agreed [upon
betwgen manufacturer and purchaser.

419 Sampling assembly

Whefe a sampling assembly is needed, it shall provide sampling, transport and conditioning of
the gir, gas, steam or liquid to be measured, together with the possibility of isolating and
dismantling the detector and the samplitig control system when necessary.

assenbly. Therefore, a study pérformed by the manufacturer should characterise the sampling
lossgs that can be predicted.during normal and accident conditions. These losses shall rgmain
as low as possible. Thedayout and the length of the sampling circuits shall comply with the
instryment response {ime and ensure sufficient uniformity of sampling at the poipt of
meagurement, avoiding’ any trapping of aerosols and dust in air, formation of air bubbles in
liquid, or condensation in the sampling pipes by variation of temperature or pressure. In
partig¢ular, it is recommended to take into account the nature of the construction materialg, the
state|of the internal surface and the ease of decontamination (by taking account of electrogtatic
effects, chemical corrosion, possible absorption and condensation), the transit time up tp the
detegtor ( (flow, fluid velocity and density) and the chemical forms of the monifored
radi0|e|ements.

In ggneral, the performance of the“instrument partly depends on the design of the saapling
r

The following characteristics shall be taken into account and shall be agreed upon between
manufacturer and purchaser:

e number and optimum position of sampling probes (representativity of the samples, minimum
distance between inlet and outlet to avoid recirculation, etc.);
e inside diameter of pipes;

e nature of the material used and in particular effects of chemical corrosion or erosion and
static electricity;

o finish condition of internal surfaces;
e curve radii of curvature and changes of direction;

e length of piping, slopes;
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e joining of the pipes, connection to external pipes, to the monitor;
e effect of harmful chemicals and steam;

e filtration of the suspended matter.

The components of the sampling assembly depend on the type of fluid to be sampled and the
particular conditions of measurement. Its design shall take into account the guidance of
ISO standards related to sampling (e.g. ISO 2889 for radioactive particulates sampling).

In addition, the following requirements shall be fulfilled:

. Nere necessary, the sampling device shall be designed to guaraniee the integrity, qf the
iclear containment;

>

e idokinetic probe or shrouded probe shall be used if aerosols or iodine are_sampled, an
omnidirectional probe if sampling takes place in a room;

e where flow or pressure drop have an influence on the measured value (volumetric activity),
it|shall be constantly measured and controlled;

where devices are needed for sampling and conditioning the fluid {such as pumps, filters,
pfessure or temperature detectors, solenoid valves, etc.), they shall’be compatible with dust
cpnditions in air or materials in suspension in liquid and be dimensioned for operation between
two scheduled unit outages;

where pumps are needed, they shall be placed downstream from the point of measurgment
ahd, where necessary, shall be equipped with pressure)and temperature protections|from
apnormal increases of these parameters;
W
p

here necessary, personnel protection devices{shall be provided against temper3ture,
ressure, radiation, etc.;

¢ it|shall be possible to isolate each samplin@jassembly for safety reasons;

o iflagreed upon between the purchaser and the manufacturer, devices for collecting samples
should be provided for deferred laboratory analysis;

e the acoustic noise level generated by the equipment shall be minimized and consistent with
the type of environment for which the equipment is intended.

4.20 ( Quality

The pystem and equipment shall be of high quality, developed using a structured prqcess
embadying conservative*design measures and verification and validation should be usgd, to
ensufe correct requirements are developed and that these requirements are corfectly
implgmented. Cemputer based hardware should be developed according to the guidange of
IEC 60987. Software for category A functions shall be developed according to the guidanice of
IEC 60880 and IEC 62566. Software for category B and C functions shall be developed
accofding-te the guidance of IEC 62138 and IEC 62566-2. Principles of IEC 61513 regafding
safetly lifeeycle shall be applied.

At the request of the purchaser, all documentation produced during design, manufacture,
installation, testing and start-up shall be provided to substantiate the correct performance of
the system and equipment.

4.21 Type test report and certificate

At the request of the purchaser, the manufacturer shall present a report on the type tests carried
out in accordance with the requirements of this series of standards (this document and specific
parts). This test report shall comply with the specifications given in 5.6 of IEC 61069-1:2016
which states that:

"The conduct and the results of the assessment shall be documented in a comprehensive
assessment and/or evaluation report. The report(s) should accurately, clearly, unambiguously
and objectively present the objective, the results and all relevant information of the assessment.
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The reports shall include at least the following information:

e an appropriate title;

e the credentials of the institute and/or person(s) responsible for the assessment or
evaluation;

o if the system has been assessed for a particular application, the characteristics of that
application in terms of type of process, type and number of input/outputs, scan rate required,
system mission, tasks and functions, etc., shall be included;

e a description and identification of the system assessed, including a list showing the
hardware with model numbers and the software with released data;
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refer
meet

A ce

e objective(s) of the assessment;
summary of the salient points arising out of the assessment and the conclusions-fea

N account of the procedures, methods, specifications and tests (preferably Summariz
matrix and supplemented by referenced documents), together with aysummary o
asons leading to the particular selection of assessment elements as shown in the m
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ny deviation from the assessment plan (additions or exclusions)’should be recordeg
bmmented upon;

easurements, examinations and derived results supported‘by tables, graphs, drawin
notographs as appropriate;

ilures observed,;
statement of the measurement uncertainties;

statement as to whether or not the system cemplies with the requirements against {
e system was assessed.

ssessment report shall contain a title page stating the report title, a unique (serial) nun
ssessment authority and the date of.issue.

format should be standardized) and facilitate comparison of assessments of diff
ms.

ing to the original réport identified by its title and number. This supplementary report
the same requirements as the main report."
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entification of the manutacturer,

e identification of the product,

o type test program/procedure and report,

e purchase order related documents,

o Sj

gnatory's official capacity.

5 Functional testing

5.1

General

Except where otherwise specified, tests described in this clause are to be considered as type
tests, although any or all may be considered as acceptance tests by agreement between
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manufacturer and purchaser. The stated requirements are minimum requirements and may be
extended for any particular equipment or function.

These tests do not include additional qualification tests that shall be performed if the equipment
is to be qualified in accordance with IEC/IEEE 60780-323.

5.2 General test procedures
5.21 General

General test procedures applicable to all types of monitors are covered in this document.
Detafled test procedures will vary in accordance with the particular characterisiics of each type
of monitor. Specialized test requirements are given in the relevant standard dealing with [each
type pf monitor.

The tests described in this standard may be classified according to whether théyyare performed
undef standard test conditions or under other conditions.

5.2.2 Tests performed under standard test conditions

Standglard test conditions are defined in Table 2. Tests performed under standard test condnLtions
are ljsted in Table 3, which indicates, for each characteristic.under test, the requirements
accofding to the clause where the corresponding test method\is“described.

5.2.3 Tests performed with variation of influence quantities

The ¢bject of these tests is to determine the effects of variations of the influence quantitigs.

In orgler to facilitate the execution of these tests, they can be divided into three categorieg:

—_

e tgsts relating to the measurementiralarm and indication assemblies (all typgs of

nleasurements);

[ ]
—_

gsts relating to the sampling assembly (off-line measurement);

e other complementary tests relating to postulated performance in volumetric measuregment
all types of measurements):

—~~

In orgler to check the effects of the variation of each influence quantity listed in Table 4, &fll the
otherl influence quantities shall be maintained within the limits of the standard test conditions
giver] in—Fable-2 Tahle 3, unless there are other requirements.

In orfer to simplify these tests, only a single test needs to be performed for each indiidual
influgnce quantity. This test shall measure the effect of the specified change of influence
quan%ity forractivity or dose rate levels of approximately 50 % of the second most sensitive

rang¢-Or decade.

The tests relating to the measurement, alarm and indication assemblies are shown in Table 4
with the range of variation of each influence quantity and the limits of the corresponding
variations of the indication of the assembly.

The tests of the sampling assembly are shown in the different parts of this standard dealing
with off-line measurement. The range of variation of each influence quantity and the limits of
the corresponding variations of the parameters under test are described.

The complementary tests relating to postulated performance in volumetric measurement where
real testing is impossible are described hereinafter. The calculations and numerical simulations
shall take into account the specified change of influence quantity required in Table 4 for at least
the same activity or dose rate levels as stated above, and, if agreed upon between the
purchaser and the manufacturer, for the whole range of measurement.
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Table 2 — Reference conditions and standard test conditions

Influence quantity

Reference conditions

Standard test conditions

Reference radiation sources

See specific parts of IEC 60951

See specific parts of IEC 60951

Warm-up time: (whole equipment) 30 min 2 30 min
Ambient temperature 20 °C 18 °C to 22 °C
Relative humidity 65 % 50 % to 75 %
Atmospheric pressure 2 101,3 kPa 86 kPa to 106 kPa

Power supply voltage

Nominal supply voltage Uy

Uy 1%

AC power supply frequency °

Nominal frequency

Nominal frequency * 0;5.%

AC power supply waveform

Sinusoidal

Sinusoidal with total‘harmonlic
distortion less than 5 %

Gamma radiation background

Air kerma rate in accordance with
manufacturer’s specification

th

Air kerma rate/n.accordance
manufacturer’s specificatiop

Electrostatic field Negligible Negligible
Elgctromagnetic field of external Negligible Less.thian the lowest value that
origin causes interference
Mpgnetic induction of external Negligible Less than twice the value of fthe

origin

induction due to the earth'g
magnetic field

Sampling flow-rate

Adjusted to nominal flow;rate
(defined by manufacturer)

Adjusted to nominal flow-rate|+5
%

Assembly controls

Set for normal operation

Set for normal operation

b

DC power supply may be used, and in such a case no frequency is specified.

here the detection technique is particularly sensitive.to variation in atmospheric pressure, the condifions
ghall be limited to £5 % of the reference pressure.
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Characteristics under Requirements Reference
test (subclause)
Reference response In accordance with the manufacturer’s specification 5.3.1
Sensitivity and relative < 10 % from the manufacturer’s specification 5.3.2
response for solid
sources
T < 20 % (between 2,5 times the lowest value and 75 % of the 5.3.3
Linearity range of measurement)
< 30 % (whole range of measurement)
Response to other Variation < 20 % from the manufacturer’s specification 5.3.4
artificial radionuclides
Precision Coefficient of variation < 10 % for any reading exceeding 10 5.3.6
(or repeatability) times the lowest value of the effective range of measurement
Stabllity of the indication | < 2 % of scale maximum angular deflection (analogue display) 5.3.7
or of first order of magnitude of range of measurement (digital
display)
Response time In accordance with the manufacturer’s specification 5.3.8
Overload-test To remain at full-scale indication (or unambiguous indication) 5.3.9
characteristics when exposed to an activity or dose rate twice(that which
would give full scale deflection and perform nafatally when this
overload is removed
Nlarm trip range Adjustable over 10 % to 90 % of scale réading (linear scales), 5.4.1
from 50 % of the lowest decade to 907%, of the highest decade
(logarithmic scales), or from 10" %"\of the second least
significant decade to 90 % of.the‘highest decade (digital
display).
Alarm trip stability No deviation outside the rafge 95 % to 105 % of the nominal 5.4.2
alarm set level during 100 h
Fault alarms As specified in design criteria 5.4.3 and 5.4.4
Warm-up-time Variation of indication < 10 % from value under standard test 5.4.5
conditions
Shdrt circuit withstand As specified in design criteria 5.4.7
tests
Degrges of protection (IP IP 65 (measurement and processing devices) or IP 44 5.5.2.1
and IK codes) (sampling devices) and IK 07 (all devices) for the devices
installed locally
IP 30 and IK 07 for the devices installed in clean and dry
rooms (electrical rooms)
IP 65 and IK 07 for the devices installed outside the buildings
Meghanical-vibrations As specified in design criteria 5.5.2.2
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Table 4 — Tests performed with variation of influence quantities

Influence quantity

Range of values of

Limits of variation of

Reference (subclause)

of thg assembly to verify the performance specified in.this table.

NOTI 2 DC power may be used, and in suchacase the AC power supply frequency test does not apply.

influence quantity indication
Response to background In accordance with the In accordance with the 5.3.5
radiation manufacturer's manufacturer's
specifications specifications
Slow supply voltage Upper and lower limits of In accordance with the 5.4.6.1
variations supply voltage and down manufacturer's
to zero specifications
Sudden supply voltage <1 % of the lower limit of As specified in design 5.4.6.2
Val;at;Ull cupp:y VU:‘I‘.GSU dul;lls 20 T ;tUl;a
ms
AC power supply +10 % of nominal As specified in design 5.4.6.3
frequency frequency criteria
Dry heat storage T=+70°C,t=96h As specified in design 55.1.1
criteria
Cold storage T=-40°C,t=96h As specified in design 5.5.1.2
criteria
V3riable temperature 5 cycles of 30 min As specified in design 5.5.1.3
storage criteria
T=-25°Cto+70 °C
Stapility of performance Damp heat T = + 40 °C, Change in indication 5.5.3
with variation of t=96h < +10 % over the entire
temgerature and humidity ) ) ranges of yariation of
Cyclic damp heat: 6 cycles | omperatiire and humidity
T=+25°Cto+55°C
Electromagnetic As specified in relevant As, specified in relevant 5.5.4
compatibility test test
NOTI 1 For assemblies having a non-linear scale, ainear instrument may be substituted for the indicating eter

5.2.4

Calculations and/or-numerical simulations

This [subclause applies {o in-line and on-line instruments but is also applicable to off-line
instruments if agreed upon between purchaser and manufacturer.

At the request of‘the purchaser, wherever real testing is impossible, for example whepn the
instrument is infended to measure the activity of a fluid in such a way that it is not feasible to
reprdduce the) same conditions for testing or calibrating, the manufacturer shall provide

calcllations—~and/or numerical simulations to ensure that the performance required in

this

standard,-and especially characteristics of detection tested on point sources, are guaranteed in
the r¢al.conditions of use. el

At the request of the purchaser, calculations reproducing the exact geometry of the “volumetric
source — collimator — detector — shielding” assembly and taking into account several mono-
energetic volumetric sources shall be provided by the manufacturer in order to validate
performance in detection (limit of detection, sensitivity, etc.) and to be compared with real tests
with single isotope point sources or based on equivalent type-tested configurations. A detailed
analysis shall explain the differences and limitations between real testing and calculations.

By agreement between purchaser and manufacturer, other calculations taking into account the
speed of the stream or the flow-rate, and a multi-energetic volumetric source as close as
possible to the real postulated volumetric source, should be provided, as well as the
corresponding detailed analysis.
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The manufacturer shall provide a comprehensive documentation to substantiate that the
software used in calculations and simulations correctly represent the physical phenomena in
the specified range. This documentation should be composed of, for example, comparisons with
other verified methods of calculations or qualified codes, analysis, including parametric analysis
of sensitivity, results of trials and tests in real conditions, data and corresponding correlations
from technical publications, and all other relevant methods.

5.2.5 Reference sources
5.2.5.1 General requirements

€S ‘va‘G 18 € eTerence ESPORSE eSS G“:v ‘:G;G‘ SOUTCEeS “: be
ble to the National Standardizing Laboratory of a country for Radioactivity measurements
(NSLRR) in the country in which the source is used.

calibration sources) shall either be prepared from radioactive solutions traceable to the NSLR,
or shfall refer to the primary calibration, during the reference response test,\ih order to have a
direct link with it (transfer factor).

All spurces used for the rest of the type tests or routine or acceptance tests (secoFary

All sgcondary calibration sources should be solid sources.

The fype of source is specified in the specific part of IEC 6095%. In order to cover the range of
meagurement and energy of the equipment, a number of souyces are likely to be necessary, the
activity of which shall be appropriate for the equipment.

The ¢onventionally true surface emission rate or activity of the sources shall be known with an
abso|ute uncertainty better than 10 % (k = 2), and.a relative uncertainty to other sources ip the
test get better than 10 % (k = 2). Where themethod of test uses a pre-calibrated refefence
instrument as an alternative to an accurately defined source strength, the calibration of this
instryment shall be to a comparable standard of uncertainty.

5.2.52 Primary calibration (reference response)
5.2.5.2.1 Gaseous sources

For instruments with sampling, the reference sources shall be gaseous sources of a khown
voluretric activity of the-appropriate radionuclide or radionuclide mix. The nature of the gases
to belused shall be agreed upon between the manufacturer and the purchaser.

As an alternatiye 1o the use of calibrated gaseous sources, a calibrated instrument may be Jused
to esfablish the“correct response to an undefined source activity. If it is intended to use |such
an inptrument; it shall be calibrated during these tests, unless it had already been calibrafed.

If thelus€ of gaseous sources leads to unacceptable source volumes or activities, an acceptable
method is to simulate a large source by positioning a smaller source at different locations with
respect to the detector and to use the reading as an input for calculations and numerical
simulations of the detector response. The manufacturer shall demonstrate the validity of such
calculations.

5.2.5.2.2 Solid sources

For instruments with sampling, the relative response to solid sources shall be determined during
the type tests by cross-calibration against gaseous sources, and this relative response may
then be used in conjunction with solid source tests when these are substituted for gaseous
source tests.

For area monitors, all tests shall be carried out with solid sources, either primary sources or
secondary sources cross-calibrated during primary calibration.


https://iecnorm.com/api/?name=6769e2b40313078d23fcd7f399ba9dc2

IEC 60951-1:2022 RLV © IEC 2022 - 35—

Such solid sources shall be of a physical form and of a radionuclide appropriate to the assembly
under test. In particular, the location of the source relative to the detector shall be accurately
fixed and repeatable.

5.2.5.3 Other types of sources

For testing with extremely high dose rates, electronic radiation sources may be used.

5.2.54 Electronic signal generator

In order to avoid the use of sources of too high activity for routine or acceptance tests, the
meadquring assembly alone may be tested by injection of an appropriate electronic signal at the
normial detector input of the measuring assembly.

5.2.6 Statistical fluctuations

For gny test involving the use of radiation, if the magnitude of the statistical fluctuation qf the
indicgtion arising from the random nature of radiation alone is a significant fraction of the
variafion of the indication permitted in the test, then sufficient readings shall be taken to ensure
that {he mean value of such readings may be estimated with sufficient—precision accuragy to
demanstrate compliance with the test in question.

The interval between such readings shall be at least three times the response time in order to
ensufe that the readings are statistically independent.

5.3 | Performance Radiation characteristics
5.3.1 Reference response
5.3.1}1 Requirements

The manufacturer shall state the relatignship between the indication given by the measpring
assenbly and the reference dose rate or activity when the equipment is operated under
standard test conditions and set up)as defined by the manufacturer. The uncertainty df the
refergence response shall be spegified.

The {est shall be carried out*with a set of sources of different representative radionuclide and
geonjetric characteristics\\such as defined in 5.2.5.

5.3.1|.2 Test method

The gssembly shall be operated under standard test conditions and set up as defined by the
manufacturer-with no reference radiation source present. The background indication shall be
noted.

The gssembty shaltthenm be exposed to an appropriate Teference source sufficientto give a
reading approximately at the mid-point of the linear scale or in the second lowest decade of
logarithmic scale or digital display. The value of R, shall be computed as defined in 3.14.

5.3.2 Sensitivity and relative response for solid sources
5.3.2.1 Requirements

For instruments normally tested with gaseous sources, the relative response for solid sources
shall be determined by cross-calibration against gaseous sources.

The test shall be carried out with a set of sources of different representative radionuclide and
geometric characteristics, as defined in 5.2.5.
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5.3.2.2 Test method

The background shall be measured in the geometry that will be used for the measurement with
solid sources; for example, with the measuring cell empty, and the value shall be noted.

Solid sources, of an activity sufficient to give a reading approximately at the mid-point of the
scale or decade above the lowest scale or decade, shall be placed at defined locations relative
to the detector, with the gaseous source test conditions unchanged, but the gaseous source
absent. The relative response to the solid source shall be noted. For subsequent tests, the
instrument response to the gaseous source shall be computed, using the relative response
established for the solid sources.

If sugh a relative response for solid sources is used in routine or acceptance tests, the pogsible
variafion in background radiation should be taken into account.

5.3.3 Accuracy{relative-error} Linearity

5.3.3]1 Requirements

Undgr standard test conditions, with the calibration controls adjusted according tq the
manufacturer’s instructions, the-acecuracy-{linearity-errororrelative-error) response lineaifity of
the detector assembly shall not exceed 20 %, between 2,5 times the lowest value of the effdctive
rang¢ of measurement and 75 % of this range, and shall not exceed +30 % over the whole
effecfive range of measurement. The uncertainty of the radieactive source is not included

Testg can be performed in two ways:

. ith gaseous or solid radioactive sources;

W
e wlith injection of an electronic signal (restricted to ranges of measurement where the use of
spurces is impossible).

Whele sources are used, the test shall be carried out with a set of sources of the $ame
radionuclide and geometric characteristics, such as defined in 5.2.5, except for area monitors
wherg different kinds of sources have to be used in practice as they are available for high|dose
rate.|In this latter case, the sources and the geometry used shall be defined.

The [reference curve shall, be determined from the reference response when the tgst is
perfgrmed with gaseous:sources or from the sensitivity obtained during the test of 5.3.2 when
solid|sources are used.

5.3.3.2 Test)method

For assemblies provided with linear scales, the type test shall be carried out on all ranges and
on at least 3 points on each range, i.e. at about 25 %, 50 % and 75 % of the scale range.

For assemblies provided with single range and logarithm graduation, or for digital displays, the
type test shall be carried out on all order of magnitude scales of dose rate and on at least
2 points on each order of magnitude scale. (The higher value in each decade shall be at least
three times the lower and at least 70 % of the maximum of that order of magnitude.)

At least three of these tests shall be carried out using a radioactive source, including the upper
and the lowest values.
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Where electronic test signals are used, they shall be used on all ranges or decades (in addition
to radioactive sources), and the manufacturer shall provide an analysis demonstrating the
performance of the system from the point of the highest source test to the maximum range.

Where this test is carried out with gaseous radioactive sources, it shall be performed in
accordance with the design of the monitor:

e For off-line equipment using a measuring cell: by circulating a reference source through the
assembly at nominal flow rate for a sufficient time to reach the equilibrium of the reading,
or by filling up the measuring cell with a volume equal to the nominal volume of a reference
source.

e Fpr off-line equipment using a concentration device: by concentrating the reference ‘squrce
i the normal operation condition (time of concentration, volume, etc.).

e Fpr in-line, on-line or off-line equipment without measuring cell: by locating the detector
¢lative to a sufficiently large volume of reference source to be equivalent/to the gctual
operating conditions of the monitor.

-

In orgder to minimize the effects of possible contamination of the sampling assembly, all jtests
with gaseous sources shall proceed from low to high values of volumetric activity.

5.3.j Response to other artificial radionuclides
5.3.4.1 Requirements

The fesponse for radionuclides of interest shall be agréed upon between manufacturef and
purchaser. The response of the assembly to radionuglides other than that of the reference|shall
not djffer by more than 20 % from the value specified by the manufacturer.

5.3.4.2 Test method

The fest method described in 5.3.1 using-appropriate radionuclides shall be performed.

5.3.5 Response to background(radiation

5.3.5.1 General

Because there is generally a relationship between the response to ambient gamma radiation
and the decision threshald, and the requirement for both depends on the particular |plant
applipation, the respohse of the assembly to gamma radiation, as well as the decision thresfhold,
shall|be agreed upon’ between the manufacturer and the purchaser, in accordance with the
expefted ambient-activity.

for ofher ‘activities, for example neutrons and/or high energy betas, may affect the reading.

Simil{ar test-methods as agreed upon between the manufacturer and purchaser shall be [used

This requirement does not apply to area monitors.

5.3.5.2 Requirements

The manufacturer shall state the decision threshold and the maximum value of the reading when
the detector, fitted with its ambient gamma radiation protection devices where necessary, is
exposed in a reference orientation specified by the manufacturer to a step change in gamma
air kerma rate from the reference background air kerma rate to 10 yGy/h from Cs-137 and
Co-60.

5.3.5.3 Test method

The equipment shall be operated under standard test conditions with no radioactive source
present and the background indication shall be determined.
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Next, using a Cs-137 source, position the source relative to the measurement assembly (i.e.
the detector with its fitted ambient gamma radiation protection devices) so that the source to
measurement assembly distance is at least 2 m and the conventionally true gamma air kerma
rate at the measurement assembly position, with the measurement assembly absent, is equal
to 10 yGy/h £ 10 %. The reference orientation of the measurement assembly in relation to the
source shall be as specified by the manufacturer.

Record the reading at 1 min intervals after the start of the exposure and continue taking
readings until the reading of the assembly is stable. At least 10 readings shall be taken after
the stability is achieved. Calculate the decision threshold based on the final readings.

orientations, as agreed upon between the manufacturer and the purchaser. Wherg the
meagurement assembly may be programmed with a gamma compensation factor, this=shalll not
be chhanged during these tests.

The Lmeasurement assembly shall also be exposed in a number of source-to-deﬁector
I

The fleading of the measurement assembly in each orientation shall not exceed twice the yalue
specified by the manufacturer for the reference orientation.

Repgdat the same test with a Co-60 source.

5.3.6] Precision (or repeatability)
5.3.6.1 Requirements

The goefficient of variation of the indication due to statistical fluctuations shall be less|than
10 %| for any reading exceeding 10 times the\ lowest value of the effective rande of
meagurement.

5.3.6.2 Test method

Use suitable radioactive sources to givesan indication between 10 and 50 times the lowest yalue
of the effective range of measurement.

Take|at least 10 readings at appropriate time intervals. In order to obtain independent values,
calcdlate the mean value ‘and the coefficient of variation of all the readings taken.| The
coeffjcient of variation shall‘lie within the limits required.

5.3.7 Stability of the indication
5.3.711 Requirements

The |ndication from a given source of activity, after the assembly has been in operation for
30 mjnshall vary over the following 100 h by not more than:

o 2 % of scale maximum angular deflection for instruments with an analogue display;

e 2 % of the first order of magnitude of the effective range of measurement for instruments
with a digital display.

5.3.7.2 Test method

Use irradiation equipment (e.g. radioactive source or electron beam) to give an indication
between 10 to 20 times the lowest value of the range of measurement.

Take sufficient readings after 30 min, then further readings after 10 h and 100 h with no
adjustment made to the assembly and no change of conditions. The means of the readings
taken each time shall lie within the limits indicated.

Readings shall be corrected for decay of the source if necessary.
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5.3.8 Response time
5.3.8.1 Requirements

The manufacturer shall specify the response time of the assembly for an activity or dose rate
between 10 to 50 times the lowest value of the range of measurement and give all useful data
to determine its relationship with the precision and the false alarm rate. The influence quantities,
their range of values and the variation they cause to the response time shall be specified.

The test shall be carried out with sources of the same representative radionuclide and geometric
characteristics. These sources may be gaseous or solid sources.

5.3.8.2 Test method

A reg¢order, able to record much faster than the response time being measured; shdll be
connected to the assembly to determine the change in indication as a function-of time.

Whele this test is carried out with gaseous sources, it shall be performed in accordanceg with
the design of the monitor:

e Fpr off-line equipment:

—| by circulating a non-radioactive gas through the assembly at nominal flow rate [for a
sufficient time to reach the equilibrium of the reading of\the background, or by filling up
the measuring cell with a volume equal to the nominal volume of a non-radioactive| gas;

—| then by continuously injecting into the inlet of the‘monitor, at the nominal sampling flow
rate, a solution of known volumetric activity)of appropriate radionuclide for the|time
needed to reach the equilibrium.

e Fprin-line, on-line or off-line equipment, and“especially for area monitors, when the use of
gaseous source is not possible:

Y]

—| by locating the detector relative totan empty volume, equivalent to the actual openating
conditions of the monitor, for a tife sufficient to reach the equilibrium of the readipg of
the background;

—| then by rapidly introducing.a sufficiently solid source into the empty volume, for the time
needed to reach the equilibrium.

NOTE| In the context of this test, ‘rapidly” is defined as a much shorter time than the response time being tegted.

The fesponse time is(the interval of time separating the initial moment where the radiogctive
solutjon or solid source is injected and the moment at which the reading reaches 90 % qgf the
variafion for thewfirst time. For off-line equipment using a concentration device, wher¢ the
meagqurement-is an integration of the volumetric activity, the response time is a percentage of
the ejquilibrium’/value of the first derivative of the output signal as a function of time.

5.3.9 Overload-test characteristics

5.3.9.1 Requirements

The equipment shall maintain full-scale indication or an unambiguous indication when
“exposed” to an appropriate activity or dose rate twice greater than that necessary to give the
maximum scale reading and shall perform normally when this overload “exposure” is removed.

Unless otherwise agreed upon between manufacturer and purchaser, an overload indication
shall be provided to point out that the activity or dose rate is too high for the measuring unit.

5.3.9.2 Test method

Subject the detector assembly to an appropriate form of activity to give a reading between 10
and 50 times the lowest value of the range; note the reading.
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Subject the detector assembly to an appropriate form of activity about twice greater than that
necessary to produce the maximum scale reading. Check the overload indication. Maintain the
exposure for at least 10 min and verify that the assembly maintains a maximum reading.

Remove the overload source and “expose” the detector assembly under identical conditions to
those used for the first reading. After a period to be agreed upon between manufacturer and
purchaser, but generally of less than 10 min, the reading shall not differ by more than 10 %
from the value previously noted.

For some applications this kind of test is impossible. In such cases, a demonstration by analysis
shall be provided by the manufacturer.

5.4

5.4.

5.4.

Electrical-performance-tests characteristics
1 Alarm trip range
11 Requirements

The fanges of alarm settings shall conform to the requirements of 4.14,3>These requiren
exclyde the detectors.

5.4.

1.2 Test method

Using an appropriate electronic signal generator, as specified by the manufacturer, the 1
of indication of the equipment over which the alarm trip ©péerates shall be determined.

Thesg tests shall be performed for the effective range of measurement.

For glarms intended to operate on increasing Signals, the alarm shall be adjusted to its Ig
setting and the input signal slowly increased until the alarm operates. The indication g
equipment shall be noted.

For dlarms intended to operate on_decreasing signals, operate as above, but slowly decr

the

5.4.

5.4.

I¢vel of input signal.
2 Alarm trip stability
2.1 Requirements

The ¢perating point of any alarm circuit shall not deviate outside the range 95 % X to 105
in the period of100 h of operation, where X is the nominal alarm set level.

Thesk reguirements exclude the detector.

5.4.

nents

ange

west
f the

ease

% X

2.2 Fest-method
) L] LLLAA%]

For any alarm circuit whose nominal trip setting has been determined as X.

For a condition equivalent to 94 % X applied electronically or by software to the assembly,

no trip shall occur within 100 h.

When a condition equivalent to 106 % X is applied to the assembly, after 30 min and 100 h

of operation, the alarm shall operate in less than 1 min.
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5.4.3 Fault alarm
5.4.3.1 Requirements
When failure appears in one of these parts of the equipment:

e detector;
e electronic circuit;

e sampling assembly where appropriate;

an alarm shall operate and permit the identification of the failure. For the electronic circuit and
the dampling assembly, a specific fault alarm shall operate within 1 min after failure.| The
manufacturer shall indicate the time required to obtain a detector fault alarm after failure, taking
into account the background of the detector.

The ¢quipment shall provide facilities to simulate failures.

5.4.3.2 Test method

For gach part: detector, electronic circuit and sampling assembly (where appropriate), a failure
shall[be simulated. The specific fault alarm shall operate before the time required. No pther
unrellated alarm shall operate.

5.4.4 Status indication and fault alarm tests

The indication and alarm facilities described in 4.14.3'and 4.14.4 shall be functionally tesfed.

5.4.5 Warm-up-time —Detection-and-measuring-assembly
5.4.5.1 Requirements

When exposed to irradiation equipment (e.g. radioactive source or electron beam)| the
assefnbly in steady state operationshall give an indication that does not differ by more|than
+10 % from the value obtained under standard conditions 30 min after being switched on.

5.4.5.2 Test method

Prior|to this test, the equipment shall be disconnected from the power supply for at least 1 h.

Use [rradiation equipment (e.g. radioactive source or electron beam) to give approximatelly 10
to 5( times the lowest value of the effective range of measurement. Switch on the detgction
and ¢ontrol assemblies.

Switgh<on-the equipment. Note values of indication of activity or dose rate every 5 min during
1 h. Ten’hours after Qwit(‘hing an_ take sufficient rpadingc and use the mean value as the I'final

value" of indication.

Draw a graph of activity or dose rate indication versus time, correcting for decay in activity as
necessary.

The difference between the "final value" and the value read from the curve for 30 min shall lie
within the limits specified.

5.4.6 Influence of supply variations
5.4.6.1 Influence of slow supply voltage variations

When several different voltage levels are required by the monitor, each supply voltage is taken
as a separate influencing factor.


https://iecnorm.com/api/?name=6769e2b40313078d23fcd7f399ba9dc2

—-42 - IEC 60951-1:2022 RLV © |IEC

2022

Firstly, verify the functional characteristics of the equipment at the upper and lower limits of its
rated power supply voltage. Then, slowly drop the voltage from the latter value down to zero.

The variation of the voltage duration shall be at least 1 min.

On completion of this test, the performance of the monitor shall comply with the performance
stipulated by the manufacturer.

5.4.6.2 Influence of sudden supply voltage variation

Unlewwwmwwwnm
durafion is one period of the power source frequency. During this outage, the voltage_ap

shall[not exceed 1 % of the lower limit of the rated supply voltage range.

Inpufl signals shall not be disturbed. Measures shall be taken to ensure that‘output si
remalin stable. The supply voltage is then cut-off for the specified period. Output signals
then [be observed, from just before the voltage cut-off, throughout the voltage outage and
after[the voltage is re-established.

If thge settings or equipment operating mode affects the output signals observed
configuration producing the greatest variation shall be adopted.

For 4

For lpgical (digital) outputs, the test is carried out.for'both states.

Upor| completion of this test, the performance @f the monitor shall comply with the perform
stipulated by the manufacturer.

5.4.6.3 Influence of supply frequéncy variations

Functional characteristics shall be verified at £10 % of the nominal frequency.

5.4.7 Short circuit withstand tests

The feffects of externalishort circuits on electronic equipment functions shall be vern
particularly for circuits-fed by internal power supplies.

Short-circuits shall be produced at the external interfaces of the various constituent parts,
as pljg-in units inputs and outputs, and power supply units.

The functional consequences of these short-circuits shall then be observed, involving
example:

loss
plied

jnals
shall
until

the

nalogue signal outputs, the test is carried out on a stabilized output at the lower, mean
and ypper levels of the voltage range.

ance

ified,

such

, for

the emission of an erroneous output signal, especially by an equipment sharing a p
supply with the faulty equipment,

the appearance of erroneous input data,

de-energizing of all or part of the equipment.

ower

On completion of this test, the performance of the monitor shall comply with the performance
stipulated by the manufacturer.
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5.5 Environmental-performance-test characteristics

5.5.1 Stability of performance after storage

5.5.1.1 Dry heat storage

This test shall comply with IEC 60068-2-2 (test Bb), completed by the following:

e the assemblies shall not encounter heat radiating from the walls of the test chamber,
o the assemblies are not energised,

e TA =+ 70°C, t = 96 h, < 1°C/min heat gradient (unless otherwise specified by the
nmlanufacturer on the maximum heat gradient accepted by the equipment).

On cpmpletion of this test, the assemblies are placed in normal atmospheric conditions fqr 2 h
so thiat they reach thermal equilibrium. The performance of the monitor shall comply with the
perfgrmance stipulated by the manufacturer.

5.5.112 Cold storage
This fest shall comply with IEC 60068-2-1 (test Ab), completed by the-following procedursgs:

o the assemblies shall not encounter heat radiating from the walls of the test chamber,

—

He assemblies are not energised,

e TB = —-40°C, t = 96 h, < 1°C/min heat gradient, (unless otherwise specified by the
nmanufacturer on the maximum heat gradient accepted by the equipment).

On cpmpletion of this test, the assemblies are placed in normal atmospheric conditions fqr 2 h

so thfat they reach thermal equilibrium. The performance of the monitor shall comply with the
perfdrmance stipulated by the manufacturer,

5.5.1|.3 Variable temperature storage
This fest shall comply with IEC 60068-2-14 (test Nb), completed by the following procedufes:

o the assemblies shall not endounter heat radiating from the walls of the test chamber,

e the assemblies are not.energised,

[ )
=]

Limber of cycles: 55 duration of each test condition: 30 min,

e TB =-25°C, TA)= +70 °C, < 1 °C/min heat gradient (unless otherwise specified by the
manufacturer.on‘the maximum heat gradient accepted by the equipment).

On cpmpletian)of this test, the assemblies are placed in normal atmospheric conditions fqr 2 h
so that theycan reach thermal equilibrium. The performance of the monitor shall comply with
the pFrformance stipulated by the manufacturer.

5.5.2 Mechanical-tests characteristics
5.5.2.1 Degrees of protection (IP and IK codes)

The tests shall comply with IEC 60529 and IEC 62262. The equipment is not energised.

Unless otherwise agreed upon between the purchaser and the manufacturer, the protection
indices of the various items of equipment should be:

e |P 65 (measurement and processing device) or IP 44 (sampling devices) and IK 07 (all
devices) for assemblies installed locally,
e |P 30 and IK 07 for the assemblies installed in clean and dry rooms (electrical rooms),

e [P 65 and IK 07 for the assemblies installed outside the buildings.
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This test is used to check the mechanical strength of the assemblies. It does not apply to
equipment whose stiffness is provided by another system (e.g.: cables, etc.).

The test shall be carried out in three tri-rectangular reference axes. It includes three successive
phases for each of the three specified axes:

Phase 1: search for critical frequencies (resonance frequencies or frequencies for which
defective operation of the monitor has been observed).

The #requency range is entirely swept in accordance with the procedures detailed below, ‘e
for th
frequ

Phase 2: Endurance by frequency sweeping. The frequency , varies in accordance wit
meth

]

T

folloy

a

n
d

a

hasle 3: Identical to phase 1.

hes

e scanning rate which may be reduced to allow accurate determination of the,c
encies. Eventually, this will reveal:

h electrical discontinuity between normally closed dry contacts,

advertent closing of the normally open dry contacts,

bfective operation of the monitor,

Ny other resonance phenomenon.

pds specified below.

e test phases are defined in IEC 60068-2-6\(test Fc). They are supplemented b
ving procedures:

he assemblies are energised during phases 1 and 3 of the test and are not ener
Lring phase 2.

he vibration table is fixed by a_rigid part which will not distort the test results, and {
ceives the assembly with its“usual fixing system. For the plugged-in parts, solidar
nly provided by the means t0-be used in normal service.

he module is subjected\.té sinusoidal rectilinear vibrations which are applied to it in
-rectangular directions. Sweeping (through to the specified frequency band once in
rection) is contindous and its speed is logarithmic with respect to time. The frequ
priation takes ptace at a rate of approximately one octave per minute.

he export frequency range is from 10 Hz to 500 Hz.

he vibrations are defined according to the following characteristics:
displacement: 0,15 mm peak to peak,
constant displacement below the transfer frequency,

cept
itical

n the

the

jised

vhich
ity is

hree
each
ency

transfer frequency: 58 Hz,

constant acceleration of 10 m/s2 above the transfer frequency.

The number of cycles is equal to:

phase 1: 1 cycle/axis,

phase 2: 10 cycles/axis,

phase 3: 1 cycle/axis.

A variation of the critical frequencies between phases 1 and 3 of more than 5 % leads to an
inspection.
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On completion of this test, the performance of the monitor shall comply with the performance
stipulated by the manufacturer.

5.5.3 Stability of performance with variation of temperature and humidity
5.5.3.1 General

Wherever the equipment or part of the equipment are submitted to variations of temperature or
humidity of the medium to be measured, or of the ambient atmosphere, the influence of such
variations shall be tested.

As the ranges of variation of such Influence quantities may be different for testing the
meagurement assembly and testing the detector, these tests shall be performed in two stgps if
necepsary:

e Tpst of the influence of the temperature or humidity on the measurement assembly.

e Tpst of the influence of the temperature or humidity on the detector bging in contacf with
the medium to be measured, if applicable.

5.5.3/.2 Requirements

The [change in indication shall be less than 10 % over the(entire ranges of variation of
temperature and humidity.

Unless otherwise agreed upon between the manufactGrer and the purchaser, the follqwing
rang¢s of variation of temperature and humidity shallapply.

5.5.3/.3 Test method
The measurement assembly (or part of it), ifinecessary without its shielding, shall be exposed

to sujtable solid sources as defined in 5.2:5, such that the nominal reading under standard test
condjtions is known.

The fest shall be performed following the method described in the following IEC standards:

— IBEC 60068-2-78 for damp heat, steady state test, supplemented by the following procedures:
o| the assemblies are fitted in their reference position,

o| they shall not be)subjected to heat radiated by the walls of the test chamber,
| assemblies\are energised,

¢| duration<«f the test condition: 96 h

o] T =40 °C, 93 % relative humidity.

— |EC60068-2-30 (test Db variant 2) for damp heat cyclic test, supplemented by the follqwing

p Ffocedures:

o the assemblies are fitted in their reference position,

o they shall not be subjected to heat radiated by the walls of the test chamber,

o the assemblies are energised,

e number of cycles: 6,

e TA=+25°C, TB =+ 55 °C.
Switch on the instrument, select the appropriate range and place in an environmental chamber
at the reference conditions. The other characteristics of the air in the chamber shall be lower

than the value that could cause damage to the equipment. This value shall be indicated by the
manufacturer.
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The detection assembly shall be exposed to suitable test sources in such a way that the nominal

readi

ng under standard test conditions is known.

The instrument shall be left in this condition for 30 min or until equilibrium is assured. If a set-
zero control is available to the operator, this shall then be adjusted to bring the indication to a

point

stated by the manufacturer.

For instruments with a non-linear scale, such a control is used to bring the indication to some
reference point rather than to zero. If this is the case, the control shall be set to bring the
indication to the appropriate reference point.

The
instry
equil

indication of the instrument shall be measured during the tests. On completion
ments are placed in normal atmospheric conditions for 2 h so that they reaeh. th
brium. The performance of the monitors shall comply with the performance stipulat

the manufacturer.

NOTE|
this tdg
manuf

Certain detectors are particularly sensitive to temperature variations (for instanceNal scintillator).
st it is advisable to provide means that will allow the permissible maximum heat gradient given
Acturer to be checked in addition to the non-deterioration of their characteristics¢

5.5.4,

5.5.j Electromagnetic compatibility
1

Oscillatory wave immunity

The flest procedures previously defined in IEC 61000-4-12,@nd now defined in IEC 61000-

e O

e s
fr

Injec
mand
cond
spec

The 3

°
()

o
= O

I,.

o Cc

Onc
stipu

scillation frequency: 1 MHz + 10 %,
prvice frequency between 50 Hz and 400-Hz and non-synchronized on the ne
equency.

ion takes place in common mode “using the coupling/uncoupling network. If
facturer's specifications stipulate that'an earth connection is required for one of the G
Lictors, the test of this circuit shalk'be performed in differential mode while applyin
fied common mode severities,

everity of the test shall.bé:

rcuits inside the control room: no test,

rcuits connecting.the control room and the other rooms of the electrical building or bet
e electrical rooms: level 1,

rcuits exiting the electrical building: level 3.

bmpletion of this test, the performance of the monitor shall comply with the perform
ated by the manufacturer.
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d by
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y the

work
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ircuit
y the
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5.5.4

.2 Electrical transient burst immunity test

This test shall comply with IEC 61000-4-4.

The severity of the test shall be:

o for equipment installed in the control room: level 2,

o for other equipment: level 3.

On completion of this test, the performance of the monitor shall comply with the performance
stipulated by the manufacturer.
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5.5.4.3 Radiated radio frequency immunity test

This test shall comply with IEC 61000-4-3.

Depending on the type of measurements to be made on the monitor, one or the other of the
following modes shall apply to the disturbance:

The $everity of the test for all the equipment shall be level 3, unléss“otherwise agreed
betwgen the purchaser and the manufacturer.

Onc

5.5.44 Electrical discharge immunity test

This ftest shall comply with IEC 61000-4-2.

The dlischarges shall be carried out on every sensitive part of the equipment that an ope
may come into contact with, i.e. each-type of discontinuity (LED, display, pushbutton, sv
termipnal) on the surfaces of the equipment and the outside of cabinets or boxes front of
door$ submitted to the test.

The ¢ontact test takes place an conducting surfaces, on insulating surfaces for the test i
air, and the plate test close to"each side.

The geverity of the testfor all the equipment shall be:

when the measurement results are instantaneous (less than 1 s), the frequency ran
swept slowly (1,5 x 103 decades/s) by maintaining the level of the electrical field con
during sweeping,

when a disturbance may have occurred on the equipment, a more detailed search

ge is
stant

f the

d[sturbing frequency zone and the minimum level of the electrical field required to caus
d|[sturbance is carried out,

when the results of measurement are obtained slowly (taking more than 1 s), the disturb
i applied after the first sweep by maintaining the level of the electrical field-Constant fq
fqllowing fixed frequencies: 80 MHz; 100 MHz; 150 MHz; 200 MHz; 300 MHz; 500
1000 MHz, to which the multiple/sub-multiple frequencies of the clock\frequencies g
tgsted sub-system are added.

(@]

bntact discharge: class 2,

Y]

r discharge (and at the plate): class 3.

e the

ance
r the
MHz;
f the

upon

bmpletion of this test, the performance of the monitoréshall comply with the performance
stipulated by the manufacturer.

rator
itch,
rear

n the

On cpmpletion of this test, the performance of the monitor shall comply with the performance
stipu|ated by the manufacturer. n1

5.5.4.5 Conducted disturbances immunity test

This test shall comply with IEC 61000-4-6. However, as nuclear power stations are not installed
in the immediate vicinity of radio transmitters, the attenuation or absence of disturbances in
certain frequency bands are not taken into account.

The severity of the test for all the equipment shall be level 3.

On completion of this test, the performance of the monitor shall comply with the performance
stipulated by the manufacturer.
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5.5.4.6 50 Hz magnetic field immunity test

This test shall be performed in compliance with IEC 61000-4-8 or the absence of components
sensitive to magnetic fields shall be demonstrated.

The severity of the test for all the equipment shall be level 3.

On completion of this test, the performance of the monitor shall comply with the performance
stipulated by the manufacturer.

5.5.47 ____Surge immunity test (high energy)
This test shall comply with IEC 61000-4-5.

Only|the AC supply and the connections that could leave the electrical building shall be tejsted.

The $everity of the test shall be:

o C supply: level 3 in common mode (between phase and earth) @nd level 2 in differgntial

ode (between phases),

3 >

input or output that could be connected to an electrical building outgoing cable: leve| 2 in
cpmmon mode.

On cpmpletion of this test, the performance of the monitor-shall comply with the performance
stipulated by the manufacturer.

5.5.4.8 Non-aggression test: radio disturbances

This test shall comply with IEC 61000-6-4.

On cpmpletion of this test, the performance of the monitor shall comply with the performance
stipulated by the manufacturer.
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Part 1: General requirements
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FOREWORD

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

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

hsensus of opinion on the relevant subjects since each technical committee has representation fr

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

Sinterpretation by any end user.

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

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.

benses arising out ofwthe publication, use of, or reliance upon, this IEC Publication or any othg
ention is drawn, to.the Normative references cited in this publication. Use of the referenced publicati

ention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
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0951+1 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.
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The text of this standard is based on the following documents:

Draft Report on voting

45A/1440/FDIS 45A/1449/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
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ms important to safety — Radiation monitoring for accident and post-accident€ondi
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.

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

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

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

ions,

sting

ed in

dance with ISO/IEC Directives, Part 1 and ISO/IEC Directives{IEC Supplement, avalilable

are

ommittee has decided that the contents of this doctdiment 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
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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 Ulcbigll plillb;picb 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.

Thusf to address the specific lessons learned from the Fukushima-Daiichi accident] this
standard categorizes accident condition into design basis accidentss (DBA) and désign
extension conditions (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 on the specific.@pplication. In such cases, guidange 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
cond|tions. The full series is comprised* of the following standards.
— IBEC 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
— IEC 60951-4 — Equipment 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

ards.
ment

The IEE 60951 series of standards are at the third level in the hierarchy of SC 45A stand
They ) . Freation : : . o .
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 given 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 scagB
Sampling Calibration Normal Normial
Scope (Normal (Normal operation, DBA DEC ° er:Jion
operation) | operation) AOO P
N7
Raflioactive noble | o saag | 150 4037-1, N/A IEC 609511, | N4\ IEC 80761
gas i ISO 4037-3 IEC 60951-2, 1) 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
o IEC 60761-
Radioactive iodine 1ISO 4037-1, IEC 60951-1,
offfine monitoring | 'S0 2889 | 150 4037-3 NIA €1 |EC 60951-2 N/A 1
IEC 607)61-4
N
Liquid off-line N/A N/A \@a N/A N/A IEC 60B61
monitoring ¢
N
X IEC 62§03,
Tritium off-line N/A NA S N/A N/A N/A IEC 60161-
monitoring $ 1,
.0 IEC 607§61-5
or-line or in-line ISO 4087-1, IEC 60951-1,
monitoring R 1s0%037-3 | 'EC 60768 | \£c50051-4 A A
L |50 4037-1,
ArIea monitoring N/A 47180 40573 IEC 61031 | IEC 60951-1, IEC 60951-3 | IEC 60p32
NS
Cerftralized system N/A N/A IEC 61504, IEC 60960 N/A IEC 61559-1
\Y
Q IEC 61513, IEC 60880,
Clagsification/basic 'O IEC 60987, IEC 61226,
I viremente o 1 N/A N/A IEC 62138, IEC 62566, 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 62[06
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 secgurity
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 makexreference to second-level documents for
genefral 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 nuctear security series (NSS). In particular this includes the JAEA
requirements SSR-2/1, establishing safety requirements related to the design of nuclear ppower
plants (NPPs), the IAEAsafety guide SSG-30 dealing with the safety classification of structpres,
systegms and componeénts 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 human
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 IEC\SIC 45A
standards series and of its relationship with other standards bodies and standards.
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NUCLEAR FACILITIES — INSTRUMENTATION SYSTEMS
IMPORTANT TO SAFETY — RADIATION MONITORING FOR
ACCIDENT AND POST-ACCIDENT CONDITIONS -

Part 1: General requirements

1 cope

This [part of IEC 60951 provides general guidance on the design principles and performance
critenjia for equipment to measure radiation and fluid (gaseous effluents or liquids)yradioagtivity
levels at nuclear facilities during and after design basis accidents (DBA) and design extension
condj|tions (DEC), including severe accident (SA). This document is limitedfe’equipment for
contihuous monitoring of radioactivity in design basis accidents (DBA);. design extepsion
condj|tions (DEC), including severe accident (SA) and post-accident conditions.

The purpose of this document is to lay down general requirements and give examplgs of
acceptable methods for equipment for continuous monitoring ofradioactivity within the facility
durinlg and after design basis accidents (DBA), design extension conditions (DEC), incliiding
sevefe accident (SA) in nuclear facilities.

It spgcifies, for the equipment described above, the)general characteristics, general test
procegdures, radiation, electrical, safety and environmental characteristics and the identificlation
and [ertification of the equipment. If this equipment is part of a centralized system for
contipuous radiation monitoring in a nuclear facility, there may be additional requirements|from
othell standards related to this system.

Sample extraction and laboratory analysis, which are essential to a complete programme of
efflugnt monitoring, are not within the*scope of this document.

2 Normative references

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

IEC $0038:2009, /IEC standard voltages

IEC §0068-2-1:2007, Environmental testing — Part 2-1: Tests — Test A: Cold

IEC 60068-2-2:2007, Environmental testing — Part 2-2: Tests — Test B: Dry heat
IEC 60068-2-6:2007, Environmental testing — Part 2-6: Tests — Test Fc: Vibration (sinusoidal)

IEC 60068-2-14:2009, Environmental testing — Part 2-14: Tests — Test N: Change of
temperature

IEC 60068-2-30:2005, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic
(12 h + 12 h cycle)

IEC 60068-2-78:2012, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat, steady
state
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IEC 60529, Degrees of protections provided by enclosures (IP code)

IEC/IEEE 60780-323:2016, Nuclear facilities — Electrical equipment important to safety —
Qualification

IEC 60880, Nuclear power plants — Instrumentation and control systems important to safety —
Software aspects for computer-based systems performing category A functions

IEC/IEEE 60980-344, Nuclear facilities — Equipment important to safety — Seismic qualification

IEC Ugor, Nuciear power pidrits — frstromemntation ama comntrot imporlan[ 10 Sarety — raarqware
requirements

IEC $1000-4-2:2008, Electromagnetic compatibility (EMC) - Part 4-2: -'Testing | and
meagurement techniques — Electrostatic discharge immunity test

IEC 61000-4-3:2020, Electromagnetic compatibility (EMC) - Part _+4-3: Testing | and
meagurement techniques — Radiated, radio-frequency, electromagnetié¢-field immunity tesf

IEC 61000-4-4:2012, Electromagnetic compatibility (EMC) —"“Part 4-4: Testing | and
meagurement techniques — Electrical fast transient/burst immunity test

IEC $1000-4-5:2014, Electromagnetic compatibility (EMC) — Part 4-5: Testing | and
meagdurement techniques — Surge immunity test

IEC 61000-4-6:2013, Electromagnetic compatibility (EMC) - Part 4-6: Testing | and
meagurement techniques — Immunity to conducted disturbances, induced by radio-frequency
fields

IEC 61000-4-8:2009, Electromagnetic/Ocompatibility (EMC) - Part 4-8: Testing | and
meagurement techniques — Power frequency magnetic field immunity test

IEC 61000-4-12:2017, Electromagnetic compatibility (EMC) - Part 4-12: Testing| and
meagdurement techniques — Ring wave immunity test

IEC 61000-4-18:2019,~Electromagnetic compatibility (EMC) - Part 4-18: Testing| and
meagurement techniques — Damped oscillatory wave immunity test

IEC 61000-6-4<2018, Electromagnetic compatibility (EMC) — Part 6-4: Generic standafds —
Emisfsion standard for industrial environments

IEC §1069-1:2016, Industrial-process measurement, control and automation — Evaluatipn of

S Strm nrannrfina fayr fthn nirnnon ~f cuctnm ~concomannt DDAyt 4:- Trarminnlnogs AnA baSIC
ystem—prepertics—forthe—purposc—of-system—assessment—Part1—TFerminclogy—and

concepts

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

IEC 61504:2017, Nuclear facilities — Instrumentation and control systems important to safety —
Centralized systems for continuous monitoring of radiation and/or levels of radioactivity

IEC 61513:2011, Nuclear power plants — Instrumentation and control important to safety —
General requirements for systems

IEC 62138, Nuclear power plants — Instrumentation and control systems important to safety —
Software aspects for computer-based systems performing category B or C functions
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IEC 62262:2002, Degrees of protection provided by enclosures for electrical equipment against
external mechanical impacts (IK code)

IEC 62566:2012, Nuclear power plants — Instrumentation and control important to safety —
Development of HDL-programmed integrated circuits for systems performing category A
functions

IEC 62566-2:2020, Nuclear power plants — Instrumentation and control important to safety —
Development of HDL-programmed integrated circuits — Part 2: HDL-programmed integrated
circuits for systems performing category B or C functions

IEC 62705, Nuclear facilities — Instrumentation and control important to safety — Rad

monitoring systems (RMS): Characteristics and lifecycle
ISO 2889:2015, Sampling airborne radioactive materials from the stacks and ducts of nu
facilities

3 Terms and definitions

For t

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

ISO Ind IEC maintain terminological databases for use ,in, standardization at the follg

addr

3.1

SSses:

BEC Electropedia: available at https://www.electrepedia.org/
$0 Online browsing platform: available at hitps://www.iso.org/obp

absollute error of measurement
diffefflence between the measured value@nd the conventional quantity value of the measu

3.2

acceptance test
contrfactual test to prove to the customer that the device fulfils certain specifications

3.3

aero
diam
conc

Hynamic equivalent diameter
bter of unit-density sphere having the same gravitational settling velocity as the parti
Brn

Note 1 to entry:» The aerodynamic equivalent diameter concerns particles with a diameter from 0,1 ym to 2 n

ation

clear

wing

rand

tle of

m.

[SOYREE: IEC 60050-395:2014, 395-02-34]
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3.4

coefficient of variation
ratio of the standard deviation s to the arithmetic mean x of a set of » measurements x; given

by the following formula:

n
s 1 1
V=-—=- 7Z(Xi—f)2
X X n—1_1
1=

3.5

collection efficiency
percgntage retained by the filter of the total amount of particles initially in a known“volur

air p

3.6

convlentional quantity value

quan

Note 1
discol

Note 2

Note J
measy

3.7
effec
abso

Note
requir

3.8

elecfron beam

elect
great

Note

[SOU

ssed through the filter

ity value attributed by agreement to a quantity for a given purpase

to entry: The term “conventional true quantity value” is sometimesUsed for this concept, but its
raged.

to entry: Sometimes a conventional quantity value is an estimate,'of a true quantity value.

to entry: A conventional quantity value is generally aceépted as being associated with a suitably
rement uncertainty, which might be zero.

tive range of measurement
ute value of the difference between the'\two limits of a nominal range

to entry: In the nominal range the performance of a piece of equipment or an assembly mee
ements of its specifications.

ron flux emitted from one-source and moving along the exactly determined tracks with
velocities

to entry: Such beam routed to a detector causes extremely high dose rates.

RCE: IEG 60050-841:2004, 841-30-01]

dispersion of the results and is given by the formula:

ne of

lse is

small

s the

very

erie a) p_ e remen a) ne ame.__me

s the

x; being the result of the ith measurement and x being the arithmetic mean of the n results
considered

Note 1 to entry: The expression S/\/; is an estimate of the standard deviation of the distribution of x and is called

the ex

perimental standard deviation of the mean.
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Note 2 to entry: Experimental standard deviation of the mean is sometimes incorrectly called standard error of the
mean.

3.10
measuring assembly
assembly designed to measure a quantity

Note 1 to entry: In this document, the quantity is volumetric activity or dose rate, although the value may be
expressed in other units.

3.1

minimum detectable (measurable) activity
radioacuvny whnichn, I present In a sample, proauces a counting rate tnat will be detecle (i.e.
cons|dered to be above background) with a certain level of confidence

Note 1 to entry: The ‘certain level of confidence’ is normally set at 95 %; that is, a sample containing exac}ly the
minimpm detectable activity will, as a result of random fluctuations, be taken to be free of radjeactivity 5 % |of the
time.

Note 4 to entry: The minimum detectable activity is sometimes referred to as the detection limit or lower I[mit of
detectjon.

Note § to entry: The counting rate from a sample containing the minimum ,detectable activity is termgd the
determination level.

Note 4 to entry: An example formulation for minimum detectable activity is*¢alculated as follows.

k? + 2k, Ryt (1 +§—Z)

MDA =) B@)
where
k, is the one-sided coverage factor = 1,645 at 95:%"\confidence
Ry is the background count rate in s
ty is the sample count time in min
ty is the background count time in min
E is the detector efficiency in counts per disintegration
C is the conversion factor from-dpm to other desired activity unit, if applicable

[SOURCE: IAEA Safety,Glossary, 2018 edition]

3.12
particle
aggrg¢gate of'molecules, forming a solid or liquid, ranging in size from a few molecular diamgters
to sejeralmillimetres

[SOURCE: ISO 2889:2015, 3.55]

3.13
process streams
fluid which flows through a system intended to provide a useful purpose

Note 1 to entry: Examples of process streams are: primary coolant system, spent fuel cooling system, component
cooling system, etc.

Note 2 to entry: The process streams within the scope of this document are those streams in which the level of
radioactivity may significantly increase as a result of accident or post-accident conditions.

Note 3 to entry: Monitoring of these process streams for radioactivity provides information on the quality or integrity
of the barrier and potential release to the environment.
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3.14
refer

ence response

response of the assembly under reference conditions to unit reference dose rate, expressed

as:
V—vg
Rrer =
Ve
where:
v is the value measured by the equipment or assembly under test
vg | is the background value of the equipment without external influence
Ve is the conventional quantity value of the reference source
Note 1 to entry: The background value may be automatically taken into account by an algorithm”included [in the
measyrement systems.
3.15
relatjve error
error|of measurement divided by a true value of the measurand
Note 1 to entry: Since a true value cannot be determined, in practice, a convéntional quantity value is used. For
this standard, relative error is calculated as follows.
v—-vg)—V
E= ( B) c
Ve
where
v is the value measured by the equipment or assembly under test,
Ve is the conventional quantity value of the reference source,
Vg is the background value of the equipment(without external influence.
Note 3 to entry: The background value may be automatically taken into account by an algorithm included |in the
measyrement system.
3.16
relatjve response
valug calculated duringstype testing equal to the ratio between the reference response qf the
equigment and the sensitivity of the same equipment to the solid source of interest
Note 1 to entry: Therrelative response allows determination of the reference response of identical equipmept that
has bgen type tested from the measurement of the sensitivity of the solid source.
3.17
resppnse-time
peri of time necessary for a compaonent to achieve a qlnpr'ifiprl output state from the time that

it receives a signal requiring it to assume that output state

Note 1 to entry:

For the purposes of the tests described in this document, the input signal is assumed to be a step

variation and the ending output state is the point at which the output signal variation reaches 90 % of its final value
for the first time.

[SOURCE: IAEA Safety Glossary, 2018 edition]

3.18
routi

ne test

conformity test made on each individual item during or after manufacture
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3.19

sampling collection efficiency

for a given quantity of radioactive material, ratio of the collected activity to the supplied activity,
for a specified time interval

3.20

sensitivity <of a measuring assembly>

ratio of the variation of the observed variable to the corresponding variation of the measured
quantity for a given value of the measured quantity

[SOURCE: IEC 60050-395:2014, 395-03-105]

4

4.1

Design principles

General

The [radiation monitor classified for functions important to safety shall* comply with the
requirements relating to the characteristics and lifecycle of RMS defin€d, in IEC 62705 an(d the

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

In th¢ case where different radiation monitoring systems for desigh basis accidents (DBA) and
that for design extension conditions (DEC) including severe“accident (SA) are required,|they

shou|d be independent of each other as far as reasonably practicable.

4.2

acci
proc

The({wain purpose of equipment for continuous ¢monitoring of radioactivity in accident or post-

Basic requirements related to functions

ent conditions is to continuously measure radiation levels in appropriate areas| and
sses. These radiation measurements are displayed locally and/or in control rooms and/or

incident control centers to keep plant operators aware of current radiological conditions.| This
information is used by operators to ass€ss plant conditions, take appropriate actions in prder

to mjtigate the consequences of a_plant accident and prevent the inadvertent releaj
radioactive substance, and by site“emergency personnel, national authorities, for ag
necepsary to safeguard public andplant personnel. Therefore, the equipment concerned b
document is capable of actuating alarms and providing inputs to other plant systems

e of
tions
 this
and

procegsses to isolate processes at abnormal radiation levels.

The basic requirements/for the design, selection, testing, calibration and functional locatipn of
equigment for continuous monitoring of radioactivity in accident or post-accident conditions are
plant] specific. Atis typically split into three key parts, effluent and ventilation radiation

monitoring, precess radiation monitoring, and area radiation monitoring:

Effluent’and ventilation radiation monitors measure the specific activity in gases relelased
inftothe environment in accident and post-accident conditions to ensure that the spgcific
aut;v;ty ishotthazardous—to—the pub“u’o oafct_y afd—to hclp A cally VVGIII;IIH atrel process
isolations for containment or recirculation of control room heating-ventilation-air
conditioning.

Process radiation monitors measure the specific activity in a fluid (either gas, liquid or
steam) and are normally used in plant process to help in early warning and process
isolations, such as detecting reactor coolant pressure boundary leaks into containment and
other systems. Process radiation monitors can be classified into three basic types:

— In-line monitors: the detector is located directly in the process stream (pipe, stack, tank,
duct, etc.).

— On-line monitors: the detector is located external to and faced directly to the process
stream.

— Off-line monitors: a sample is drawn from the process stream to the detector located at
some distance.
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e Area radiation monitors (wide range type) are strategically located within buildings subject
to high range dose rates in accident and post-accident conditions, such as the reactor
building and containment vessel, and serve as post-accident monitoring devices. Area
radiation monitors are wall mounted in the area or tank to be monitored. Depending on the
radiation level at the detector position, the electronics part of the monitor may be located at
some distance from the detector.

For the purpose of critical data collection, these monitors are usually designed to withstand
adverse environmental and seismic conditions, during and after an accident.

Radiation monitoring requirements and

addr
level

Thus, for maximum performance capability, the following procedure should be foll

by the purchaser and the manufacturer:

e E

stablish the required measurement characteristics (purchaser):

radiation monitoring system design should be

tivity
bwed

Determine the scenarios of normal and accidental operations, and the corresponding

source terms (main isotopes to be measured by the monitor), including their che
composition.

Determine the essential information required by the plant opérator or the control sy

mical

stem

to initiate emergency actions, the functions assigned to.the’equipment for continuous

radiation monitoring and classify them according to IEC 64226 guidance.

Determine the optimum points of measurement taking«into account installation conditions

(location, interfaces to plant protection featuresy ambient conditions and qualific
requirements, electrical connections through safety barriers, etc.).

Calculate the activity transfers (propagatien<through pipes or ducts and throug
safety barriers), in order to determine the.activity spectrums and the background 4
point of measurement.

Determine the time profile of the“postulated release and the required rang
measurement and response timetof the complete channel (including the sam
system, if any, and the time to send or to display the information to the plant opera
the control system).

Determine the gross charakteristics of the detectors (type of radiation and measurer
sensitivity and range ofmeasurement, energy response and overload performance,
and of the sampling system, if any.

Determine the aecceptable false alarm rate taking into account the plant conditions
the consequerices of error in measurement (including losses in sampling), and sp
the precisionnand linearity needed to stay under this threshold.

heck the metrological characteristics of the chosen instrument (agreement betwee
irchasef and the manufacturer):

Calculate the response time of the instrument (measure time related to a spe
linearity and time for the apparatus to provide an alarm), and the global response

ation

n the
t the

e of

pling
or or

nent,
etc.)

and
ecify

h the

cified
time

of the channel (inr‘lllding the response time of the Qnmpling eyefnm)

Calculate, at the point of measurement, geometric detection efficiency, decision

threshold and minimum detectable activity, taking into account the appropriate shiel

For each characteristic of the instrument, the manufacturer should specify its varia
as a function of the corresponding influence quantities (or variable parameters). T
influence quantities (or variable parameters) should be, at least:

i) activity spectrum and time profile of the activity spectrum (during transient oper
conditions) of the source to be measured,

ii) activity spectrum and time profile of the activity spectrum (during transient oper
conditions) of the background,

iii) detection geometry,

iv) confidence level (e.g. 95 %) (in order to calculate the minimum detectable acti

ding.
tions
hese

ating

ating

vity),


https://iecnorm.com/api/?name=6769e2b40313078d23fcd7f399ba9dc2

- 18 — IEC 60951-1:2022 © IEC 2022

v) flow rate of the effluent to be measured,
vi) thermodynamic conditions,

vii) precision and time profile of the precision (in order to calculate the measurement
time during steady-state as well as transient operating conditions),

viii) measurement time and response time (during transient operating conditions).

— For the influence quantities depending on the process or the location, the purchaser
should indicate their range of values. Otherwise, the manufacturer should make any
useful hypothesis in order to take into account the probable conditions of use of the
instrument.

NOTE| The term "manufacturer" includes the designer and the seller of the equipment. The term "purchaser"
includps the user.

If th¢ signals are used for initiating protective action to mitigate the consequences of
malfynction or failure of structures, systems or components, then the equipment may be part of
the spfety-related systems or the protection system. In this case, it shall meetthe requirements
of th¢ respective system in accordance with IEC 61226.

The fquipment shall be environmentally qualified in accordance With the requiremenits of
IEC/IEEE 60780-323 (and IEC/IEEE 60980-344 for seismic testing)-

4.3 | Measurement range

The purchaser shall specify the required effective range, of’fmeasurement. The range shall be
suitaple for the level of radiation during accident and post-accident conditions. The low epd of
the mpeasurement range shall overlap the measurement range of monitors provided for normal
plant|conditions for at least one decade (logarithmic scale). The highest measurable activjty or
dose|rate should be at least one decade over the highest activity or dose rate expected during
accident and post-accident conditions.

4.4 | Energy response

The gletector may be selected to measure either beta or gamma radiation. The purchaser|shall
confirm that the energy response of the detection assembly is suitable for monitoring the
potential activity.

4.5 [ Minimum detectable activity

The |minimum detéctable activity should only be considered in steady-state operating
condj|tions. Its calculation by a formula is possible, using the measurement time, howeyer it
does|not give arigorous statement of the beginning of the range of measurement.

The fequired minimum detectable activity will depend on the particular application and be
subjgcttoTocal regulations and plant design; it shall be specified by the plant designer.

The manufacturer shall specify the minimum detectable activity for nuclides of interest, taking
into account the check sources or provisions incorporated to provide an on-scale indication on
the monitor, as well as all useful data needed to specify the beginning of the effective range of
measurement, even in transient operating conditions. The influence quantities, their range of
values and the variation they cause on the minimum detectable activity shall be specified.

4.6 Precision (or repeatability)

Precision (or repeatability) is a measure of the dispersion of the estimations around their
average value. It shall be given by the manufacturer in the effective range of measurementin %
of the signal value for a given confidence interval (or probability of error). Assuming that the
estimations follow a Gaussian distribution, this probability should be expressed in terms of a
number of standard deviations.


https://iecnorm.com/api/?name=6769e2b40313078d23fcd7f399ba9dc2

IEC 60951-1:2022 © IEC 2022 -19 -

NOTE For example, the precision could be 20 % of the signal value within a part of the effective range of
measurement with a probability of 95 % (meaning that all the estimations are within £2c, with o the standard
deviation), and 30 % within another part of the effective range of measurement with another probability.

Precision shall be consistent with accident analysis assumptions, operator needs, and
requirements imposed by other systems that use the radiation monitoring signals. Moreover,
they shall be characterized for signal values below the beginning of the effective range of
measurement. The influence quantities, their range of values and the variation they cause on
precision shall be specified by the manufacturer.

Typically, the precision should be within 20 % over the entire effective range of measurement,
all influence quantities taken into account.

4.7 | Linearity

Linearity is a measure of the deviation between the conventional quantity value andithe average
of th¢ estimations. It shall be given by the manufacturer in the effective range,of measurement
in % |of the signal value for a given confidence interval (or probability of error). Assuming that
the ejstimations follow a Gaussian distribution, this probability should bejexpressed in terms of
a number of standard deviations.

NOTE| For example, the linearity could be 20 % of the signal value within “a’ part of the effective range of
measyrement with a probability of 95 % (meaning that all the estimations ‘are within £2c, with o the stgndard
deviatjon), and 30 % within another part of the effective range of measurement with another probability.

Linegrity shall be consistent with accident analysis, assumptions, operator needs,| and
requirements imposed by other systems that use thesradiation monitoring signals. Morepver,
they [shall be characterized for signal values below’ the beginning of the effective range of
meagurement. The influence quantities, their range.of values and the variation they cauge on
linearity shall be specified by the manufacturer.

Typigally, the linearity should be within 30,% over the entire effective range of measuremnent,
all influence quantities taken into account:

4.8 Measurement time

The measurement time is the*average time during which the measurement is to be performed
to obfain an estimation of the-signal in stated conditions. It should only be considered in stiady-
state|operating condition$. Its calculation by a formula is possible, however it does not tak¢ into
accolnt the processingralgorithms implanted in the monitor.

The manufacturerishall specify the measurement time as well as all useful data (standard
devidtion or precCision) necessary to know the precision of the estimations and the false alarm
rate.| The influence quantities, their range of values and the variation they cause on the
meagurement time shall be specified.

4.9 —Response time

The response time is the time needed for the monitor, after a sudden variation of the measured
signal (for example a step), for its output signal or indication to reach 90 % (increasing
transition) or 10 % (decreasing transition) of the variation for the first time.

For integrating systems, it is a percentage of the equilibrium value of the first derivative of the
output signal as a function of time that should be considered.

The response time is to be considered only in transient operating conditions. It shall take into
account the processing algorithms of the monitor.
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Therefore, its calculation by a formula is not relevant, and the manufacturer shall specify it by
performing tests or numerical simulations and give all useful data to determine its relationship
with the precision of the estimations and the false alarm rate. The influence quantities, their
range of values and the variation they cause on the response time shall be specified.

4.10 Overload performance

The indicated measurement shall not decrease or fall to zero during and following exposure
beyond the maximum measuring range. It shall maintain a full-scale indication or an
unambiguous indication. When the exposure returns to within the maximum range, the system
shall recover within the time interval specified by the purchaser.

4.11| Ambient background shielding or compensation devices

Shielding or electronic compensation shall be provided as necessary to reduce the effegts of
background radiation on the measurement of process radiation.

It maﬁ/ be agreed upon between the manufacturer and the purchaser that significant background
radiafion is only to be expected from defined directions or sources (vessels; pipes, etc.). In[such
case$, the construction of shielding may take this into account. In:the absence of sugh an
agre¢ment, shielding shall give virtually identical radiation attentiation in all directions |seen
from[the sensitive volume of the detector, taking into account(the structural materials gf the
detegtion assembly, and the angular response of the detector.

If thgl equipment cannot easily be removed from the shielding, such shielding should be gasily
remoyvable. The maximum mass of the elements, or the appropriate handling means, shoufld be
agreg¢d upon between manufacturer and purchaser,

When electronic techniques incorporating additional detectors are used to reduce the effgct of
background radiation, these detectors shallkbe chosen and located to give the best pragtical
compgensation, taking into account the rarige of energies and the direction of the radiation|.

4.12| Requirements related to accident conditions

Equipment design shall ensure(that the equipment supports the necessary system fundtions
and that the equipment will notfail due to environmental conditions experienced during normal,
accident, or post-accident conditions.

The accident and pastraccident time interval during which system operation is required shall be
specified by the purchaser.

The Ipcal environmental conditions in which the different components of the system can opgrate
durinlg nermal operation, accident, and post-accident conditions shall be specified by the
purchaser: SpeC|f|cat|on of envrronmental conditions shall include where applicable,
Dsive
fluids, vapours or dusts, seismic condltlons electromagnetic environment and other adverse
physical conditions as well as the normal and accident radiation dose rate and the integrated
radiation dose at the location of the monitoring equipment.

The manufacturer shall provide an equipment designed to operate anywhere in the
environmental envelope stated above, unless otherwise agreed upon between purchaser and
manufacturer. If necessary, equipment shall be qualified for the environmental conditions of the
application in accordance with relevant standards.
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In particular, equipment shall be designed to minimize the effects of the specified environmental
conditions, and the location of detectors shall be selected considering the accident and post-
accident radiation background and the need for shielding to minimize its effect. As far as is
practical, locations shall be selected so as to facilitate maintenance and calibration operations.
The location should also take into account the possible need to locate electronic equipment in
an area of lower dose rate.

Consideration shall be given to the possibility that materials used in the construction of the
monitors may release poisonous or corrosive substances under adverse environmental
conditions, such as fire, high temperature or high radiation. As far as practicable, the design
shall minimize this by the choice of materials and appropriate containment of materials.

4.13 | Reliability

The fequired reliability of the functions shall be specified either quantitatively |(mean|time
betwgen failures) or qualitatively (compliance with the single failure criterion).

For any part of the equipment (including sampling assembly, if any), subject to appropriate
planned maintenance, the following requirement shall be reached:
¢ Mean Time Between Failure (MTBF): > 20 000 h (with preventive maintenance).

e Al failure modes and effects analysis (FMEA) shall be performed in addition to the NITBF
calculation in the case of equipment classified as performing a function important to slafety
i category A in accordance with IEC 61226.

e The manufacturer shall specify the frequency of «outine maintenance, and fully desicribe
epch maintenance procedure (see 4.15.2). Thesednaintenance requirements should bg kept
tq a practical minimum.

4.14| User interface
4.141 General

The $ystem shall provide continuous display and/or recording of activity or dose rate and, in
additjon, provide an alarm signal when the activity or dose rate level exceeds a preset value.

4,142 Display of measured value

The ¢hoice between logarithmic scales, linear scales, or numeric displays shall be appropriate
to thg purpose of the-equipment. Logarithmic scales or numeric displays are generally prefgrred.

In the¢ case of @ssemblies provided with linear scales, it shall be possible to change the range
in suph a way that the scaling factors do not exceed 10. An indication of the scale in use|shall
be provided:

Whete_the accident canditions are such as to gi\/p rise to Iargp variations in rpading7 manual
switching between ranges shall not be used unless specifically agreed to by the purchaser.

4.14.3 Alarms
4.14.3.1 General

The alarm and indication facilities shall be appropriate for the purpose of the equipment.

Alarm circuits 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. Alarm mode selection
should be readily accomplished but allow for positive administrative controls. This may be
accomplished, for example by requiring a key, password, or minor equipment modification to
switch modes.
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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 supplier and the manufacturer. As a minimum

the following alarms shall be provided as applicable.

4.14.3.2 High-level alarm

At least one adjustable alarm setpoint shall be provided, adjustable over:

[ )
D % of the highest decade (logarithmic scales),

splay).

4.143.3 Fault alarms

As miany separate alarms as practicable should be provided for electranic or mechanical

At least, the following should be provided when appropriate:

. pbss of detector signal.

bss of the sampling circuit.

pss of the cooling system.

ampling circuit high pressure.

L
L
L
e Lpss of the heating system.
S
Slampling circuit high temperature.
S

ampling circuit high humidity.

igh ambient radiation.

Purging system failure.

4.14, Status indication

The following indications_should be provided when appropriate:

e Plower On.
Pump On/Off.
e Flow Min/Max-:

e Pressure:

. uridity.

least 10 % to 90 % of scale reading (linear scales), from 50 % of the lowest deca

a
9
e of from 10 % of the second least significant decade to 90 % of the highest decade (d
d
4,

He to

igital

fault.

e Temperature.

e Detector power supply status.

e Detector heating unit On.

e (Gas stream cooling device On.

e Gas stream heating device On.

e Group fault alarms are indicated.

e Purging system On.

e Occurrence of internal power supply changeover if internal supplies (e.g., batteries) are

provided.
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4.14.5 Local indications

Local indication and alarm units should be provided at accessible locations, close to the
detector assembly, for the purpose of controlling access to high radiation areas in accident
conditions or for maintenance and calibration during normal plant operation.

Where provided, the local indication and alarm units shall be qualified for the conditions
appropriate to their purpose and location, in accordance with IEC/IEEE 60780-323. If the local
indication and alarm units are not qualified to the same requirements as the detector it shall be
demonstrated that their failure will not affect the essential function of the monitor.

4.15( System testing, maintenance facilities and ease of decontamination
41501 System testing

Capdbility shall be provided to allow periodic checks of the satisfactory operation|of the syjstem
from |the detector to the measurement display, alarm functions, and systeM joutputs. These
checks should include operational checks, calibration, and verification of\the measurement
linearity.

The |capability to check the good detector response at one representative point on the
meagqurement scale without accessing the detector, using fo example a remote-controlled
check source, should be provided. Additional points shouldfdlso be checked, and thergfore
mearns of access to the detector and to ensure the repeatability of the check, such as a support
in wHich the detector is placed for checking with reference ‘'source(s), should be provided.

4.152 Maintenance facilities

The manufacturer shall specify the frequency of‘routine maintenance, and fully describe jeach
mainfenance procedure, taking into account the failure rate of each component in order to
defing a preventive maintenance schedule:

These maintenance requirements should be kept to a practical minimum and the design jof all
equigment shall be such as to facilitate ease of repair and maintenance. Interchangeabiljty of
components should be possible without requiring any adjustment and pairing. All the equipment
shall|be designed so as not te 'subject operating personnel to risks of contamination or radiation
during handling or other operations.

Maintenance operations shall be able to be carried out either fully or partly when the plant is
operIting. The equipment should allow remote inspection and adjustment, inspection[ and
procgssing of intrinsic performance drifts, self testing of values, assistance with diagnosis and
indication of the anomalies on all parts. Self-diagnostic features should be available throygh a
display.

All elgetronic equipment shall be provided with a sufficient number of easily accessible identified
test points o facilitate adjusitments and fault locafion. Any special maintenance tools shall be
supplied.

4.15.3 Ease of decontamination

The detection assembly or the sampling and detection assembly shall be constructed in such a
manner that the build-up of contamination is reduced as much as possible and shall be designed
to facilitate decontamination when this becomes necessary. External surfaces shall be specially
treated to permit decontamination.

4.16 Electromagnetic interference

Precautions shall be taken against the effects of electromagnetic interference either received
or emitted by the equipment.
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Unless otherwise agreed upon between the purchaser and the manufacturer, the following
standards shall apply: IEC 61000-4-2, IEC 61000-4-3, IEC 61000-4-4, I|EC 61000-4-5,

IEC 61000-4-6, IEC 61000-4-8, IEC 61000-4-12 and IEC 61000-6-4.
Levels of severity are given in 5.5.4.

4.17 Power supplies

Assemblies should be designed to operate from single-phase AC supply voltage in one of the

following categories in accordance with IEC 60038:

e 1Pp0OV AC 50 Hz or 60 Hz;
110 V AC and/or 230 V AC 50 Hz;
e 1P0 V and/or 240 V AC 60 Hz;
2

1V DC.

Nominal single-phase power in the United States of America and Canada|isA117 V and/or 2
60 Hr. Nominal single-phase power of 110 V, 50 Hz is also used in theldnited Kingdom.

Upon agreement between manufacturer and purchaser, the equipment may be designe
operation from a low-voltage stand-by supply in the case of & pewer failure. In such cas
would be desirable for the equipment not to malfunction orctrigger an alarm as a result g
supply change over; an indication for this change-over should be provided.

By agreement between manufacturer and purchaser thfee-phase supplies may be used f
pump motors.

4.18 | Interfaces

The physical properties of system compenent interfaces shall be specified. These shall in
the i/pe of connections (pipes coupling and cable connectors), electrical properties,

B4V,

d for
es, it
f the

DI air

tlude
and

interpretation of the exchanged signals (e.g., pinout). Wherever possible, these specificgtions

shou|d be made by reference to.commonly available standards.

Where network interfaces are provided, details of network interface protocols shoul
provided. Typically thesedetails include: the logical organization of data bits transmitted
information exchanges-bétween network nodes used to deliver data, the quality and natu
the dpta delivery, the organization of data sequences, and the syntax of data being transfg
In ordler to verify_the fulfilment of requirements concerning both design and performance

d be
, the
re of
rred.
of an

equigment linkéd o its network, a general functional validation shall be performed, incliding

tests|on data exchange between subsystems and with operator.

Whele<the” equipment is part of a plant-wide radiation monitoring system, it shall f
. . "y therwise

corresponding 2Ya ements a -0

ulf

A

manutuer and rcaer.
4.19 Sampling assembly

Where a sampling assembly is needed, it shall provide sampling, transport and conditioni
the air, gas, steam or liquid to be measured, together with the possibility of isolating
dismantling the detector and the sampling control system when necessary.

ng of
and
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In general, the performance of the instrument partly depends on the design of the sampling
assembly. Therefore, a study performed by the manufacturer should characterise the sampling
losses that can be predicted during normal and accident conditions. These losses shall remain
as low as possible. The layout and the length of the sampling circuits shall comply with the
instrument response time and ensure sufficient uniformity of sampling at the point of
measurement, avoiding any trapping of aerosols and dust in air, formation of air bubbles in
liquid, or condensation in the sampling pipes by variation of temperature or pressure. In
particular, it is recommended to take into account the nature of the construction materials, the
state of the internal surface and the ease of decontamination (by taking account of electrostatic
effects, chemical corrosion, possible absorption and condensation), the transit time up to the
detector (flow, fluid velocity and density) and the chemical forms of the monitored
radiogterments-

The following characteristics shall be taken into account and shall be agreed upan-between
manufacturer and purchaser:

imber and optimum position of sampling probes (representativity of the samples, minimum
stance between inlet and outlet to avoid recirculation, etc.);

Q5

inside diameter of pipes;

ature of the material used and in particular effects of chemical corrosion or erosion and
atic electricity;

[ ]
[2=]

o fipish condition of internal surfaces;

¢ radii of curvature and changes of direction;

e Igngth of piping, slopes;

e jdining of the pipes, connection to external pipes,‘to the monitor;
o gffect of harmful chemicals and steam;

e filtration of the suspended matter.

The ¢omponents of the sampling assembly depend on the type of fluid to be sampled and the
parti¢ular conditions of measurement: Its design shall take into account the guidange of
ISO gtandards related to sampling(e.g. ISO 2889 for radioactive particulates sampling).

In addition, the following requirements shall be fulfilled:
e where necessary, theisampling device shall be designed to guarantee the integrity gf the
nliclear containment;

e idokinetic probe-or shrouded probe shall be used if aerosols or iodine are sampled, an
omnidirectional probe if sampling takes place in a room;

o where flow“or pressure drop have an influence on the measured value (volumetric activity),
it|shall be constantly measured and controlled;

e wheré devices are needed for sampling and conditioning the fluid (such as pumps, filters,
pressure or temperature detectors, solenoid valves, etc.), they shall be compatible with dust
conditions in air or materials in suspension in liquid and be dimensioned for operation between
two scheduled unit outages;

e where pumps are needed, they shall be placed downstream from the point of measurement
and, where necessary, shall be equipped with pressure and temperature protections from
abnormal increases of these parameters;

e where necessary, personnel protection devices shall be provided against temperature,
pressure, radiation, etc.;

e it shall be possible to isolate each sampling assembly for safety reasons;

o if agreed upon between the purchaser and the manufacturer, devices for collecting samples
should be provided for deferred laboratory analysis;
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the acoustic noise level generated by the equipment shall be minimized and consistent with
the type of environment for which the equipment is intended.

4.20 Quality

The system and equipment shall be of high quality, developed using a structured process
embodying conservative design measures and verification and validation should be used, to
ensure correct requirements are developed and that these requirements are correctly
implemented. Computer based hardware should be developed according to the guidance of
IEC 60987. Software for category A functions shall be developed according to the guidance of
IEC 60880 and IEC 62566. Software for category B and C functions shall be developed
according to the guidance of IEC 62138 and IFC 62566-2 Principles of IEFC 61513 regarding

safetly lifecycle shall be applied.

At the request of the purchaser, all documentation produced during design, immanufagture,
installation, testing and start-up shall be provided to substantiate the correct-performange of

the system and equipment.

4.21| Type test report and certificate

At th¢ request of the purchaser, the manufacturer shall present a report on the type tests cgrried
out in accordance with the requirements of this series of standards (this document and spgcific
parts|). This test report shall comply with the specifications given in 5.6 of IEC 61069-1:2016

whiclh states that:

"The|conduct and the results of the assessment shall*be documented in a comprehepsive
assegsment and/or evaluation report. The report(s)‘should accurately, clearly, unambigupusly
and gbjectively present the objective, the results and all relevant information of the assessment.

The feports shall include at least the following-information:

aph appropriate title;

the credentials of the institute, and/or person(s) responsible for the assessment or
eyaluation;

iff the system has been assessed for a particular application, the characteristics of that
application in terms of type/of process, type and number of input/outputs, scan rate required,
system mission, tasks.and functions, etc., shall be included;

al| description and_identification of the system assessed, including a list showing the
hardware with,model numbers and the software with released data;

—
=

e objective(s) of the assessment;
alsummary/of the salient points arising out of the assessment and the conclusions rea¢hed;

ah aceount of the procedures, methods, specifications and tests (preferably summarized in
al| matrix and supplemented by referenced documents), together with a summary of the
reasons leading to the particular selection of assessment elements as shown in the matrix.
The reasons why certain aspects are not assessed should be also recorded;

any deviation from the assessment plan (additions or exclusions) should be recorded and
commented upon;

measurements, examinations and derived results supported by tables, graphs, drawings or
photographs as appropriate;

failures observed;
a statement of the measurement uncertainties;

a statement as to whether or not the system complies with the requirements against which
the system was assessed.

The assessment report shall contain a title page stating the report title, a unique (serial) number,
the assessment authority and the date of issue.
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The format should be standardized and facilitate comparison of assessments of different
systems.

Corrections or additions to the report after its issue shall be made only by a further report,
referring to the original report identified by its title and number. This supplementary report shall
meet the same requirements as the main report."

A certificate shall also be provided with each equipment, giving at least the following general
information and the additional information specified in the relevant subsequent part of the
standard:

e identification of the entity who draws up the certificate,

dentification of the manufacturer,

identification of the product,
o type test program/procedure and report,

irchase order related documents,

[
©

e signatory's official capacity.
5 FKunctional testing

5.1 General

Except where otherwise specified, tests described in 4his clause are to be considered as|type
tests| although any or all may be considered as ‘@ccCeptance tests by agreement between
manufacturer and purchaser. The stated requirements are minimum requirements and may be
extended for any particular equipment or function:

Thesg tests do not include additional qualification tests that shall be performed if the equipment
is to pe qualified in accordance with IEC/IEEE 60780-323.

5.2 | General test procedures
5.2.1 General

Gengral test proceduresthapplicable to all types of monitors are covered in this document.
Detalled test procedurés will vary in accordance with the particular characteristics of each|type
of monitor. Specialized test requirements are given in the relevant standard dealing with jeach
type pf monitor.

The fests described in this standard may be classified according to whether they are performed
undef standard test conditions or under other conditions.

5.2.27 Tests performed under standard test conditions

Standard test conditions are defined in Table 2. Tests performed under standard test conditions
are listed in Table 3, which indicates, for each characteristic under test, the requirements
according to the clause where the corresponding test method is described.

5.2.3 Tests performed with variation of influence quantities

The object of these tests is to determine the effects of variations of the influence quantities.

In order to facilitate the execution of these tests, they can be divided into three categories:

o tests relating to the measurement, alarm and indication assemblies (all types of
measurements);
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tests relating to the sampling assembly (off-line measurement);

other complementary tests relating to postulated performance in volumetric measurement
(all types of measurements).

In order to check the effects of the variation of each influence quantity listed in Table 4, all the
other influence quantities shall be maintained within the limits of the standard test conditions
given in Table 3, unless there are other requirements.

In order to simplify these tests, only a single test needs to be performed for each individual
influence quantity. This test shall measure the effect of the specified change of influence
quanti Vi i 9

range or decade.

The {ests relating to the measurement, alarm and indication assemblies are shown'in Taple 4
with [the range of variation of each influence quantity and the limits of thefc¢ofrespomnding

varia
The
with
the ¢

The ¢

ions of the indication of the assembly.

ests of the sampling assembly are shown in the different parts of this standard dealing
bff-line measurement. The range of variation of each influence Quantity and the limjts of
prresponding variations of the parameters under test are described.

omplementary tests relating to postulated performance in{volumetric measurement where

real flesting is impossible are described hereinafter. The calculations and numerical simuldtions

shall
the d

Table 2 — Reference conditions and standard test conditions

take into account the specified change of influencequantity required in Table 4 for at|least
ame activity or dose rate levels as stated above, and, if agreed upon between the
purchaser and the manufacturer, for the whole range/of measurement.

Influence quantity

Reference conditions

Standard test conditions|

Reference radiation sources

See_spetcific parts of IEC 60951

See specific parts of IEC 60951

Waim-up time: (whole equipment) 30 min 2 30 min
Ambient temperature 20 °C 18 °C to 22 °C
Relative humidity 65 % 50 % to 75 %
Atmospheric pressure @ 101,3 kPa 86 kPa to 106 kPa

Power supply voltage

Nominal supply voltage Uy

Uyt1%

AC power supply-frequency °

Nominal frequency

Nominal frequency + 0,5 %

\C powersupply waveform

Sinusoidal

Sinusoidal with total harmonlic
distortion less than 5 %

Gamma.radiation background

Air kerma rate in accordance with
manufacturer’s specification

th

Air kerma rate in accordance
manufacturer’s specificatiop

origin

Electrostatic field Negligible Negligible
Electromagnetic field of external Negligible Less than the lowest value that
origin causes interference
Magnetic induction of external Negligible Less than twice the value of the

induction due to the earth's
magnetic field

Sampling flow-rate

Adjusted to nominal flow-rate
(defined by manufacturer)

Adjusted to nominal flow-rate £5
%

Assembly controls

Set for normal operation

Set for normal operation

a

b

Where the detection technique is particularly sensitive to variation in atmospheric pressure, the conditions
shall be limited to £5 % of the reference pressure.

DC power supply may be used, and in such a case no frequency is specified.



https://iecnorm.com/api/?name=6769e2b40313078d23fcd7f399ba9dc2

IEC 60951-1:2022 © IEC 2022

Table 3 — Tests performed under standard test conditions

- 29—

Characteristics under Requirements Reference
test (subclause)
Reference response In accordance with the manufacturer’s specification 5.3.1
Sensitivity and relative < 10 % from the manufacturer’s specification 5.3.2
response for solid
sources
Linearity < 20 % (between 2,5 times the lowest value and 75 % of the 5.3.3
range of measurement)
< 30 % (whole range of measurement)
Response to other Variation < 20 % from the manufacturer’s specification 5.3.4
artificial radionuclides
Precision Coefficient of variation < 10 % for any reading exceeding 10 5.3.6
(or repeatability) times the lowest value of the effective range of measurement
Stabllity of the indication | < 2 % of scale maximum angular deflection (analogue display) 5.3.7
or of first order of magnitude of range of measurement (digital
display)
Response time In accordance with the manufacturer’s specification 5.3.8
Ovellload characteristics | To remain at full-scale indication (or unambiguous indication) 5.3.9
when exposed to an activity or dose rate twice(that which
would give full scale deflection and perform naofatally when this
overload is removed
Nlarm trip range Adjustable over 10 % to 90 % of scale réading (linear scales), 5.4.1
from 50 % of the lowest decade to 90%, of the highest decade
(logarithmic scales), or from 10" %"\of the second least
significant decade to 90 % of.the‘highest decade (digital
display).
Alarm trip stability No deviation outside the rafge 95 % to 105 % of the nominal 5.4.2
alarm set level during 100 h
Fault alarms As specified in design criteria 5.4.3 and 5.4.4
Warm-up Variation of indication < 10 % from value under standard test 5.4.5
conditions
Shdrt circuit withstand As specified in design criteria 5.4.7
tests
Degrges of protection (IP IP 65 (measurement and processing devices) or IP 44 5.5.2.1
and IK codes) (sampling devices) and IK 07 (all devices) for the devices
installed locally
IP 30 and IK 07 for the devices installed in clean and dry
rooms (electrical rooms)
IP 65 and IK 07 for the devices installed outside the buildings
Meghanical-vibrations As specified in design criteria 5.5.2.2
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Table 4 — Tests performed with variation of influence quantities

Influence quantity

Range of values of

Limits of variation of

Reference (subclause)

of thg assembly to verify the performance specified in.this table.

NOTI 2 DC power may be used, and in suchacase the AC power supply frequency test does not apply.

influence quantity indication
Response to background In accordance with the In accordance with the 5.3.5
radiation manufacturer's manufacturer's
specifications specifications
Slow supply voltage Upper and lower limits of In accordance with the 5.4.6.1
variations supply voltage and down manufacturer's
to zero specifications
Sudden supply voltage <1 % of the lower limit of As specified in design 5.4.6.2
Val;at;Ull cupp:y VU:‘I‘.GSU dul;lls 20 T ;tUl;a
ms
AC power supply +10 % of nominal As specified in design 5.4.6.3
frequency frequency criteria
Dry heat storage T=+70°C,t=96h As specified in design 55.1.1
criteria
Cold storage T=-40°C,t=96h As specified in design 5.5.1.2
criteria
V3riable temperature 5 cycles of 30 min As specified in design 5.5.1.3
storage criteria
T=-25°Cto+70 °C
Stapility of performance Damp heat T = + 40 °C, Change in indication 5.5.3
with variation of t=96h < +10 % over the entire
temgerature and humidity ) ) ranges of yariation of
Cyclic damp heat: 6 cycles | omperatire and humidity
T=+25°Cto+55°C
Electromagnetic As specified in relevant As, specified in relevant 5.5.4
compatibility test test
NOTI 1 For assemblies having a non-linear scale, ainear instrument may be substituted for the indicating eter

5.2.4

Calculations and/or-numerical simulations

This [subclause applies {o in-line and on-line instruments but is also applicable to off-line
instruments if agreed upon between purchaser and manufacturer.

At the request of‘the purchaser, wherever real testing is impossible, for example when the
instrument is infended to measure the activity of a fluid in such a way that it is not feasible to
reprdduce the) same conditions for testing or calibrating, the manufacturer shall provide

calcllations~and/or numerical simulations to ensure that the performance required in

this

standard,-and especially characteristics of detection tested on point sources, are guaranteed in
the r¢al. conditions of use. el

At the request of the purchaser, calculations reproducing the exact geometry of the “volumetric
source — collimator — detector — shielding” assembly and taking into account several mono-
energetic volumetric sources shall be provided by the manufacturer in order to validate
performance in detection (limit of detection, sensitivity, etc.) and to be compared with real tests
with single isotope point sources or based on equivalent type-tested configurations. A detailed
analysis shall explain the differences and limitations between real testing and calculations.

By agreement between purchaser and manufacturer, other calculations taking into account the
speed of the stream or the flow-rate, and a multi-energetic volumetric source as close as
possible to the real postulated volumetric source, should be provided, as well as the
corresponding detailed analysis.
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The manufacturer shall provide a comprehensive documentation to substantiate that the
software used in calculations and simulations correctly represent the physical phenomena in
the specified range. This documentation should be composed of, for example, comparisons with
other verified methods of calculations or qualified codes, analysis, including parametric analysis
of sensitivity, results of trials and tests in real conditions, data and corresponding correlations
from technical publications, and all other relevant methods.

5.2.5 Reference sources
5.2.5.1 General requirements

€S ‘va‘G A € ETerence ESPORSE eSS G“:v ‘:G;G‘ SOUTEEeS “: be
able to the National Standardizing Laboratory of a country for Radioactivity measurements
(NSLRR) in the country in which the source is used.

calibration sources) shall either be prepared from radioactive solutions traceable to the NSLR,
or shfall refer to the primary calibration, during the reference response test,\ih order to have a
direct link with it (transfer factor).

All spurces used for the rest of the type tests or routine or acceptance tests (secoFary

All sgcondary calibration sources should be solid sources.

The fype of source is specified in the specific part of IEC 6095%. In order to cover the range of
meagurement and energy of the equipment, a number of souyces are likely to be necessary, the
activity of which shall be appropriate for the equipment.

The ¢onventionally true surface emission rate or activity of the sources shall be known with an
abso|ute uncertainty better than 10 % (k = 2), and.a relative uncertainty to other sources ip the
test get better than 10 % (k£ = 2). Where themethod of test uses a pre-calibrated refefence
instrument as an alternative to an accurately defined source strength, the calibration of this
instryment shall be to a comparable standard of uncertainty.

5.2.52 Primary calibration (reference response)
5.2.5.2.1 Gaseous sources

For instruments with sampling, the reference sources shall be gaseous sources of a khown
volumetric activity of the-appropriate radionuclide or radionuclide mix. The nature of the dases
to belused shall be agreed upon between the manufacturer and the purchaser.

As an alternatiye o the use of calibrated gaseous sources, a calibrated instrument may be Jused
to esftablish the“correct response to an undefined source activity. If it is intended to use|such
an inptrument; it shall be calibrated during these tests, unless it had already been calibrafed.

If thelus€ of gaseous sources leads to unacceptable source volumes or activities, an acceptable
method is to simulate a large source by positioning a smaller source at different locations with
respect to the detector and to use the reading as an input for calculations and numerical
simulations of the detector response. The manufacturer shall demonstrate the validity of such
calculations.

5.2.5.2.2 Solid sources

For instruments with sampling, the relative response to solid sources shall be determined during
the type tests by cross-calibration against gaseous sources, and this relative response may
then be used in conjunction with solid source tests when these are substituted for gaseous
source tests.

For area monitors, all tests shall be carried out with solid sources, either primary sources or
secondary sources cross-calibrated during primary calibration.
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Such solid sources shall be of a physical form and of a radionuclide appropriate to the assembly
under test. In particular, the location of the source relative to the detector shall be accurately
fixed and repeatable.

5.2.5.3 Other types of sources

For testing with extremely high dose rates, electronic radiation sources may be used.

5.2.5.4 Electronic signal generator

In order to avoid the use of sources of too high activity for routine or acceptance tests, the
meaduring assembly alone may be tested by injection of an appropriate electronic signal at the
normial detector input of the measuring assembly.

5.2.6 Statistical fluctuations

For gny test involving the use of radiation, if the magnitude of the statistical fluctuation gf the
indic@tion arising from the random nature of radiation alone is a significant fraction of the
variatﬂon of the indication permitted in the test, then sufficient readings shall be taken to ensure
that fhe mean value of such readings may be estimated with sufficienf-accuracy to demonstrate
comgpliance with the test in question.

The interval between such readings shall be at least three times the response time in order to
ensufe that the readings are statistically independent.

5.3 | Radiation characteristics
5.3.1 Reference response
5.3.1}1 Requirements

The manufacturer shall state the relatignship between the indication given by the measpring
assenbly and the reference dose rate or activity when the equipment is operated ynder
standard test conditions and set up)as defined by the manufacturer. The uncertainty gf the
reference response shall be spegified.

The {est shall be carried out*with a set of sources of different representative radionuclide and
geonjetric characteristics\\xsuch as defined in 5.2.5.

5.3.1|.2 Test method

The gssembly-shall be operated under standard test conditions and set up as defined by the
manufacturer-with no reference radiation source present. The background indication shall be
noted.

The assembly shaftthenm be exposed to an appropriate reference source sufficientto give a
reading approximately at the mid-point of the linear scale or in the second lowest decade of
logarithmic scale or digital display. The value of R shall be computed as defined in 3.14.

5.3.2 Sensitivity and relative response for solid sources
5.3.2.1 Requirements

For instruments normally tested with gaseous sources, the relative response for solid sources
shall be determined by cross-calibration against gaseous sources.

The test shall be carried out with a set of sources of different representative radionuclide and
geometric characteristics, as defined in 5.2.5.
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5.3.2.2 Test method

The background shall be measured in the geometry that will be used for the measurement with
solid sources; for example, with the measuring cell empty, and the value shall be noted.

Solid sources, of an activity sufficient to give a reading approximately at the mid-point of the
scale or decade above the lowest scale or decade, shall be placed at defined locations relative
to the detector, with the gaseous source test conditions unchanged, but the gaseous source
absent. The relative response to the solid source shall be noted. For subsequent tests, the
instrument response to the gaseous source shall be computed, using the relative response
established for the solid sources.

If sugh a relative response for solid sources is used in routine or acceptance tests, the pogsible
variafion in background radiation should be taken into account.

5.3.3 Linearity
5.3.3]1 Requirements

Undgr standard test conditions, with the calibration controls adjusted according tq the
manufacturer’s instructions, the response linearity of the detector~assembly shall not exceed
20 %| between 2,5 times the lowest value of the effective range of measurement and 75(% of
this fange, and shall not exceed +30 % over the whole effective range of measurement{ The
unceftainty of the radioactive source is not included.

Testg can be performed in two ways:

. ith gaseous or solid radioactive sources;

W
e with injection of an electronic signal (restricted to ranges of measurement where the use of
spurces is impossible).

Whefe sources are used, the test shall be carried out with a set of sources of the same
radignuclide and geometric characteristics, such as defined in 5.2.5, except for area monitors
wherg different kinds of sources have to be used in practice as they are available for high|dose
rate.[In this latter case, the sources and the geometry used shall be defined.

The [reference curve shall, be determined from the reference response when the tgst is
perfgrmed with gaseous:sources or from the sensitivity obtained during the test of 5.3.2 when
solid[sources are used.

5.3.3|.2 Test)method

For gdssemblies provided with linear scales, the type test shall be carried out on all range$ and
on af/least 3 points on each range, i.e. at about 25 %, 50 % and 75 % of the scale range.

For assemblies provided with single range and logarithm graduation, or for digital displays, the
type test shall be carried out on all order of magnitude scales of dose rate and on at least
2 points on each order of magnitude scale. (The higher value in each decade shall be at least
three times the lower and at least 70 % of the maximum of that order of magnitude.)

At least three of these tests shall be carried out using a radioactive source, including the upper
and the lowest values.

Where electronic test signals are used, they shall be used on all ranges or decades (in addition
to radioactive sources), and the manufacturer shall provide an analysis demonstrating the
performance of the system from the point of the highest source test to the maximum range.
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Where this test is carried out with gaseous radioactive sources, it shall be performed in
accordance with the design of the monitor:

5.3.4 Response to other artificial radionuclides

For off-line equipment using a measuring cell: by circulating a reference source through the
assembly at nominal flow rate for a sufficient time to reach the equilibrium of the reading,
or by filling up the measuring cell with a volume equal to the nominal volume of a reference
source.

For off-line equipment using a concentration device: by concentrating the reference source
in the normal operation condition (time of concentration, volume, etc.).

For in-line, on-line or off-line equipment without measuring cell: by locating the detector
i ici j ctual

tests

L1 Requirements

The fesponse for radionuclides of interest shall be agreed upon‘\between manufacturef and
purchaser. The response of the assembly to radionuclides other'than that of the reference(shall

not djffer by more than 20 % from the value specified by the myanufacturer.

5.3.4.2 Test method

The fest method described in 5.3.1 using appropriaterradionuclides shall be performed.

5.3.5 Response to background radiation

5.3.5.1 General

Because there is generally a relationship between the response to ambient gamma radifation

and

he decision threshold, and the requirement for both depends on the particular jplant

applifation, the response of the assembly to gamma radiation, as well as the decision threshold,
shall[be agreed upon between*the manufacturer and the purchaser, in accordance with the

expefted ambient activity.

Similpr test methods.as agreed upon between the manufacturer and purchaser shall be [used

for ofher activities, for example neutrons and/or high energy betas, may affect the reading.
This Fequirement does not apply to area monitors.

5.3.5/.2 Requirements

The manufacturer shall state the decision threshold and the maximum value of the reading when
the detector, fitted with its ambient gamma radiation protection devices where necessary, is
exposed in a reference orientation specified by the manufacturer to a step change in gamma
air kerma rate from the reference background air kerma rate to 10 pGy/h from Cs-137 and
Co-60.

5.3.5.3 Test method

The equipment shall be operated under standard test conditions with no radioactive source
present and the background indication shall be determined.
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Next, using a Cs-137 source, position the source relative to the measurement assembly (i.e.
the detector with its fitted ambient gamma radiation protection devices) so that the source to
measurement assembly distance is at least 2 m and the conventionally true gamma air kerma
rate at the measurement assembly position, with the measurement assembly absent, is equal
to 10 yGy/h = 10 %. The reference orientation of the measurement assembly in relation to the
source shall be as specified by the manufacturer.

Record the reading at 1 min intervals after the start of the exposure and continue taking
readings until the reading of the assembly is stable. At least 10 readings shall be taken after
the stability is achieved. Calculate the decision threshold based on the final readings.

orientations, as agreed upon between the manufacturer and the purchaser. Wherg the
meagurement assembly may be programmed with a gamma compensation factor, this=shalll not
be chhanged during these tests.

The Lmeasurement assembly shall also be exposed in a number of source-to-deﬁector
I

The fleading of the measurement assembly in each orientation shall not exceed twice the yalue
specified by the manufacturer for the reference orientation.

Repgdat the same test with a Co-60 source.

5.3.6] Precision (or repeatability)
5.3.6.1 Requirements

The goefficient of variation of the indication due to statistical fluctuations shall be less|than
10 %| for any reading exceeding 10 times the\ lowest value of the effective rande of
meagurement.

5.3.6.2 Test method

Use guitable radioactive sources to givesan indication between 10 and 50 times the lowest yalue
of the effective range of measurement.

Take|at least 10 readings at appropriate time intervals. In order to obtain independent values,
calcdlate the mean value ‘and the coefficient of variation of all the readings taken.| The
coeffjcient of variation shall‘lie within the limits required.

5.3.7 Stability of the indication
5.3.711 Requirements

The |ndication from a given source of activity, after the assembly has been in operation for
30 mjnshall vary over the following 100 h by not more than:

o 2 % of scale maximum angular deflection for instruments with an analogue display;

e 2 % of the first order of magnitude of the effective range of measurement for instruments
with a digital display.

5.3.7.2 Test method

Use irradiation equipment (e.g. radioactive source or electron beam) to give an indication
between 10 to 20 times the lowest value of the range of measurement.

Take sufficient readings after 30 min, then further readings after 10 h and 100 h with no
adjustment made to the assembly and no change of conditions. The means of the readings
taken each time shall lie within the limits indicated.

Readings shall be corrected for decay of the source if necessary.
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5.3.8 Response time
5.3.8.1 Requirements

The manufacturer shall specify the response time of the assembly for an activity or dose rate
between 10 to 50 times the lowest value of the range of measurement and give all useful data
to determine its relationship with the precision and the false alarm rate. The influence quantities,
their range of values and the variation they cause to the response time shall be specified.

The test shall be carried out with sources of the same representative radionuclide and geometric
characteristics. These sources may be gaseous or solid sources.

5.3.8.2 Test method

A reg¢order, able to record much faster than the response time being measured; shdll be
conngcted to the assembly to determine the change in indication as a function-of time.

Whele this test is carried out with gaseous sources, it shall be performed in accordance with
the design of the monitor:

e Fpr off-line equipment:

—| by circulating a non-radioactive gas through the assembly at nominal flow rate [for a
sufficient time to reach the equilibrium of the reading of\the background, or by filligg up
the measuring cell with a volume equal to the nominal volume of a non-radioactive| gas;

—| then by continuously injecting into the inlet of the‘monitor, at the nominal sampling flow
rate, a solution of known volumetric activity)of" appropriate radionuclide for the|time
needed to reach the equilibrium.

[ )
T

pr in-line, on-line or off-line equipment, apnd“especially for area monitors, when the use of
gaseous source is not possible:

QO

—| by locating the detector relative tatan empty volume, equivalent to the actual operating
conditions of the monitor, for a tirMe sufficient to reach the equilibrium of the readipng of
the background;

—| then by rapidly introducing.a sufficiently solid source into the empty volume, for the time
needed to reach the equilibrium.

NOTE| In the context of this test, “rapidly” is defined as a much shorter time than the response time being tegted.

The fesponse time is(the interval of time separating the initial moment where the radiogctive
solut|on or solid source is injected and the moment at which the reading reaches 90 % qgf the
variafion for thewfirst time. For off-line equipment using a concentration device, wher¢ the
meagurement.is an integration of the volumetric activity, the response time is a percentapge of
the efquilibrium/value of the first derivative of the output signal as a function of time.

5.3.9 Overload characteristics

5.3.9.1 Requirements

The equipment shall maintain full-scale indication or an unambiguous indication when
“‘exposed” to an appropriate activity or dose rate twice greater than that necessary to give the
maximum scale reading and shall perform normally when this overload “exposure” is removed.

Unless otherwise agreed upon between manufacturer and purchaser, an overload indication
shall be provided to point out that the activity or dose rate is too high for the measuring unit.

5.3.9.2 Test method

Subject the detector assembly to an appropriate form of activity to give a reading between 10
and 50 times the lowest value of the range; note the reading.
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Subject the detector assembly to an appropriate form of activity about twice greater than that
necessary to produce the maximum scale reading. Check the overload indication. Maintain the
exposure for at least 10 min and verify that the assembly maintains a maximum reading.

Remove the overload source and “expose” the detector assembly under identical conditions to
those used for the first reading. After a period to be agreed upon between manufacturer and
purchaser, but generally of less than 10 min, the reading shall not differ by more than 10 %
from the value previously noted.

For some applications this kind of test is impossible. In such cases, a demonstration by analysis
shall be provided by the manufacturer.

5.4

5.4.

5.4.

Electrical characteristics
1 Alarm trip range
11 Requirements

The fanges of alarm settings shall conform to the requirements of 4.14,3>These requiren
exclyde the detectors.

5.4.

1.2 Test method

Using an appropriate electronic signal generator, as specified by the manufacturer, the 1
of indication of the equipment over which the alarm trip ©péerates shall be determined.

Thesg tests shall be performed for the effective range of measurement.

For dlarms intended to operate on increasing §ignals, the alarm shall be adjusted to its Ig
setting and the input signal slowly increased until the alarm operates. The indication o
equipment shall be noted.

For dlarms intended to operate on,decreasing signals, operate as above, but slowly decr

the

5.4.

5.4.

lg¢vel of input signal.
2 Alarm trip stability
201 Requirements

The ¢perating point of any alarm circuit shall not deviate outside the range 95 % X to 105
in the period of100 h of operation, where X is the nominal alarm set level.

Thesp reguirements exclude the detector.

5.4.

nents

ange

west
f the

ease

% X

2.2 Fest-method
[ L] LLLAA%]

For any alarm circuit whose nominal trip setting has been determined as X.

For a condition equivalent to 94 % X applied electronically or by software to the assembly,

no trip shall occur within 100 h.

When a condition equivalent to 106 % X is applied to the assembly, after 30 min and 100 h

of operation, the alarm shall operate in less than 1 min.
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5.4.3 Fault alarm
5.4.3.1 Requirements
When failure appears in one of these parts of the equipment:

e detector;

e electronic circuit;

e sampling assembly where appropriate;

an alarm shall operate and permit the identification of the failure. For the electronic circuit and
the dampling assembly, a specific fault alarm shall operate within 1 min after failure.| The

manufacturer shall indicate the time required to obtain a detector fault alarm after failure, taking
into account the background of the detector.

The ¢quipment shall provide facilities to simulate failures.

5.4.3.2 Test method
For gach part: detector, electronic circuit and sampling assembly (where appropriate), a failure

shall[be simulated. The specific fault alarm shall operate before the time required. No pther
unrellated alarm shall operate.

5.4.4 Status indication and fault alarm tests

The indication and alarm facilities described in 4.14.3'and 4.14.4 shall be functionally tesfed.

5.4.5 Warm-up
5.4.5.1 Requirements

When exposed to irradiation equipment (e.g. radioactive source or electron beam)| the
assenbly in steady state operation,shall give an indication that does not differ by more|than
+10 % from the value obtained under standard conditions 30 min after being switched on.

5.4.5.2 Test method

Prior|to this test, the equipment shall be disconnected from the power supply for at least 1 h.

Use {rradiation equipment (e.g. radioactive source or electron beam) to give approximately 10
to 50 times thellowest value of the effective range of measurement. Switch on the detdction
and g¢ontrol agssemblies.

Switgh<on-the equipment. Note values of indication of activity or dose rate every 5 min during
1 h. Ten"hours after switching an take sufficient readings and use the mean value as the I'final

value" of indication.

Draw a graph of activity or dose rate indication versus time, correcting for decay in activity as
necessary.

The difference between the "final value" and the value read from the curve for 30 min shall lie
within the limits specified.

5.4.6 Influence of supply variations
5.4.6.1 Influence of slow supply voltage variations

When several different voltage levels are required by the monitor, each supply voltage is taken
as a separate influencing factor.
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Firstly, verify the functional characteristics of the equipment at the upper and lower limits of its
rated power supply voltage. Then, slowly drop the voltage from the latter value down to zero.

The variation of the voltage duration shall be at least 1 min.

On completion of this test, the performance of the monitor shall comply with the performance
stipulated by the manufacturer.

5.4.6.2 Influence of sudden supply voltage variation

Unleﬁamawaag&aLwan&euihLmhasﬂLaMmauuianﬂmubmmge
durafion is one period of the power source frequency. During this outage, the voltage_ap

shall[not exceed 1 % of the lower limit of the rated supply voltage range.

Inpufl signals shall not be disturbed. Measures shall be taken to ensure that‘output si
remalin stable. The supply voltage is then cut-off for the specified period. Output signals
then [be observed, from just before the voltage cut-off, throughout the voltage outage and
after[the voltage is re-established.

If thge settings or equipment operating mode affects the output signals observed
configuration producing the greatest variation shall be adopted.

For 4

For Ipgical (digital) outputs, the test is carried out.for'both states.

Upor| completion of this test, the performance @f the monitor shall comply with the perform
stipulated by the manufacturer.

5.4.6.3 Influence of supply frequéncy variations

Functional characteristics shall be verified at £10 % of the nominal frequency.

5.4.7 Short circuit withstand tests

The feffects of externalishort circuits on electronic equipment functions shall be vern
parti¢ularly for circuits-fed by internal power supplies.

Shorf-circuits shall be produced at the external interfaces of the various constituent parts,
as pllg-in units inputs and outputs, and power supply units.

The functional consequences of these short-circuits shall then be observed, involving
example:

loss
plied

jnals
shall
until

the

nalogue signal outputs, the test is carried out on a stabilized output at the lower, mean
and uypper levels of the voltage range.

ance

ified,

such

, for

the emission of an erroneous output signal, especially by an equipment sharing a p
supply with the faulty equipment,

the appearance of erroneous input data,

de-energizing of all or part of the equipment.

ower

On completion of this test, the performance of the monitor shall comply with the performance
stipulated by the manufacturer.
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5.5 Environmental characteristics

5.5.1 Stability of performance after storage

5.5.1.1 Dry heat storage

This test shall comply with IEC 60068-2-2 (test Bb), completed by the following:

e the assemblies shall not encounter heat radiating from the walls of the test chamber,
e the assemblies are not energised,

e TA =+ 70°C, t = 96 h, < 1°C/min heat gradient (unless otherwise specified by the
nmanufacturer on the maximum heat gradient accepted by the equipment).

On cpmpletion of this test, the assemblies are placed in normal atmospheric conditions fqr 2 h
so thiat they reach thermal equilibrium. The performance of the monitor shall comply with the
perfdrmance stipulated by the manufacturer.

5.5.112 Cold storage
This fest shall comply with IEC 60068-2-1 (test Ab), completed by the-following procedursgs:

o the assemblies shall not encounter heat radiating from the walls of the test chamber,
e the assemblies are not energised,

e TB = —-40°C, t = 96 h, < 1°C/min heat gradient, (unless otherwise specified by the
nmanufacturer on the maximum heat gradient accepted by the equipment).

On cpmpletion of this test, the assemblies are placed in normal atmospheric conditions fqr 2 h

so thjat they reach thermal equilibrium. The performance of the monitor shall comply with the
perfdrmance stipulated by the manufacturer,

5.5.13 Variable temperature storage
This fest shall comply with IEC 60068-2-14 (test Nb), completed by the following procedufes:

e the assemblies shall not endounter heat radiating from the walls of the test chamber,

e the assemblies are not energised,

[ )
=]

Limber of cycles: 5&duration of each test condition: 30 min,

e TB =-25°C, TA)= +70 °C, < 1 °C/min heat gradient (unless otherwise specified by the
manufacturer.on-the maximum heat gradient accepted by the equipment).

On cpmpletian)of this test, the assemblies are placed in normal atmospheric conditions fqQr 2 h
so thiat they-ean reach thermal equilibrium. The performance of the monitor shall comply with
the pFrformance stipulated by the manufacturer.

5.5.2 Mechanical characteristics
5.5.2.1 Degrees of protection (IP and IK codes)

The tests shall comply with IEC 60529 and IEC 62262. The equipment is not energised.

Unless otherwise agreed upon between the purchaser and the manufacturer, the protection
indices of the various items of equipment should be:

e |P 65 (measurement and processing device) or IP 44 (sampling devices) and IK 07 (all
devices) for assemblies installed locally,
e |P 30 and IK 07 for the assemblies installed in clean and dry rooms (electrical rooms),

e |P 65 and IK 07 for the assemblies installed outside the buildings.
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5.5.2

.2 Mechanical vibrations test

This test is used to check the mechanical strength of the assemblies. It does not apply to
equipment whose stiffness is provided by another system (e.g.: cables, etc.).

The test shall be carried out in three tri-rectangular reference axes. It includes three successive
phases for each of the three specified axes:

Phase 1: search for critical frequencies (resonance frequencies or frequencies for which
defective operation of the monitor has been observed).

The #requency range is entirely swept in accordance with the procedures detailed below, ‘e

for th
frequ

e a

° N

d
a

Phase 2: Endurance by frequency sweeping. The frequency , varies in accordance wit

eth

3

]

Thes
folloy

e T

hasle 3: Identical to phase 1.

e scanning rate which may be reduced to allow accurate determination of the,c
encies. Eventually, this will reveal:

h electrical discontinuity between normally closed dry contacts,

advertent closing of the normally open dry contacts,

bfective operation of the monitor,

ny other resonance phenomenon.

pds specified below.

e test phases are defined in IEC 60068-2-6\(test Fc). They are supplemented b
ying procedures:

he assemblies are energised during phases 1 and 3 of the test and are not ener
Liring phase 2.

he vibration table is fixed by a_rigid part which will not distort the test results, and |
ceives the assembly with its“usual fixing system. For the plugged-in parts, solidar
nly provided by the means to-be used in normal service.

he module is subjected.to sinusoidal rectilinear vibrations which are applied to it in
-rectangular directigns. Sweeping (through to the specified frequency band once in
rection) is contindous and its speed is logarithmic with respect to time. The frequ
briation takes plaee at a rate of approximately one octave per minute.

he export frequency range is from 10 Hz to 500 Hz.

he vibrations are defined according to the following characteristics:
displacement: 0,15 mm peak to peak,
constant displacement below the transfer frequency,

cept
itical

h the

the

pised

Vhich
ity is

hree
each
ency

transfer frequency: 58 Hz,

constant acceleration of 10 m/s2 above the transfer frequency.

The number of cycles is equal to:

e phase 1: 1 cycle/axis,

e phase 2: 10 cycles/axis,

e phase 3: 1 cycle/axis.

A variation of the critical frequencies between phases 1 and 3 of more than 5 % leads to an
inspection.
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On completion of this test, the performance of the monitor shall comply with the performance
stipulated by the manufacturer.

5.5.3 Stability of performance with variation of temperature and humidity
5.5.3.1 General

Wherever the equipment or part of the equipment are submitted to variations of temperature or
humidity of the medium to be measured, or of the ambient atmosphere, the influence of such
variations shall be tested.

As the ranges of variation of such Influence quanfities may be different for testing the
meagurement assembly and testing the detector, these tests shall be performed in two st¢ps if
necegsary:

e Tpst of the influence of the temperature or humidity on the measurement assembly.
e Tpest of the influence of the temperature or humidity on the detector bging in contacl with
tHe medium to be measured, if applicable.
5.5.3/.2 Requirements

The [change in indication shall be less than 10 % over the(entire ranges of variation of
temperature and humidity.

Unle$s otherwise agreed upon between the manufactdrer and the purchaser, the follgwing
ranggs of variation of temperature and humidity shall.apply.

5.5.3.3 Test method

The measurement assembly (or part of it), ifinecessary without its shielding, shall be exposed
to sujtable solid sources as defined in 5.2:5, such that the nominal reading under standard test
cond|tions is known.

The fest shall be performed following the method described in the following IEC standards:

— |BEC 60068-2-78 for damp-heat, steady state test, supplemented by the following procedures:
o| the assemblies are fitted in their reference position,

o| they shall not be)subjected to heat radiated by the walls of the test chamber,
| assemblies\are energised,

¢| durationof the test condition: 96 h

o] T =40 °C, 93 % relative humidity.

— |ECB0068-2-30 (test Db variant 2) for damp heat cyclic test, supplemented by the follqwing

ptacédures:

o the assemblies are fitted in their reference position,

e they shall not be subjected to heat radiated by the walls of the test chamber,

e the assemblies are energised,

e number of cycles: 6,

e TA=+25°C, TB=+55°C.
Switch on the instrument, select the appropriate range and place in an environmental chamber
at the reference conditions. The other characteristics of the air in the chamber shall be lower

than the value that could cause damage to the equipment. This value shall be indicated by the
manufacturer.
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The detection assembly shall be exposed to suitable test sources in such a way that the nominal

readi

ng under standard test conditions is known.

The instrument shall be left in this condition for 30 min or until equilibrium is assured. If a set-
zero control is available to the operator, this shall then be adjusted to bring the indication to a

point

stated by the manufacturer.

For instruments with a non-linear scale, such a control is used to bring the indication to some
reference point rather than to zero. If this is the case, the control shall be set to bring the
indication to the appropriate reference point.

The
instry
equil

the manufacturer.

NOTE|
this tdg
manuf

indication of the instrument shall be measured during the tests. On completion
ments are placed in normal atmospheric conditions for 2 h so that they reaeh th
brium. The performance of the monitors shall comply with the performance stipulat

Certain detectors are particularly sensitive to temperature variations (for instanceNal scintillator).
st it is advisable to provide means that will allow the permissible maximum heat gradient given
Acturer to be checked in addition to the non-deterioration of their characteristics¢

5.5.4,

The flest procedures previously defined in IEC 61000-4-12,@nd now defined in IEC 61000-

e O
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many
cond
spec

The s

°
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o Cc
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stipu

5.5.j Electromagnetic compatibility
1

Oscillatory wave immunity

scillation frequency: 1 MHz + 10 %,
prvice frequency between 50 Hz and 400-Hz and non-synchronized on the ne
equency.

ion takes place in common mode “using the coupling/uncoupling network. If
facturer's specifications stipulate that'an earth connection is required for one of the ¢
Lictors, the test of this circuit shallbe performed in differential mode while applyin
fied common mode severities,

everity of the test shall.be:

rcuits inside the control room: no test,

rcuits connecting.the control room and the other rooms of the electrical building or bet
e electrical rooms: level 1,

rcuits exiting the electrical building: level 3.

| the
rmal
d by

During
y the

work

the
ircuit
j the

veen

bmpletion of this test, the performance of the monitor shall comply with the performance

ated_by the manufacturer.

5.5.4

.2 Electrical transient burst immunity test

This test shall comply with IEC 61000-4-4.

The severity of the test shall be:

o for equipment installed in the control room: level 2,

o for other equipment: level 3.

On completion of this test, the performance of the monitor shall comply with the performance
stipulated by the manufacturer.
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5.5.4.3 Radiated radio frequency immunity test

This test shall comply with IEC 61000-4-3.

Depending on the type of measurements to be made on the monitor, one or the other of the
following modes shall apply to the disturbance:

e when the measurement results are instantaneous (less than 1 s), the frequency range is
swept slowly (1,5 x 10-3 decades/s) by maintaining the level of the electrical field constant
during sweeping,

sturbmg frequency zone and the minimum level of the eIectncaI field requwed to caus|
d|sturbance is carried out,

o when the results of measurement are obtained slowly (taking more than 1 s), the disturbance
i applied after the first sweep by maintaining the level of the electrical field-Constant fqr the
fqllowing fixed frequencies: 80 MHz; 100 MHz; 150 MHz; 200 MHz; 300 MHz; 500 MHz;
1|000 MHz, to which the multiple/sub-multiple frequencies of the clock\frequencies qf the
tgsted sub-system are added.

The $everity of the test for all the equipment shall be level 3, unléss“otherwise agreed jupon
betwgen the purchaser and the manufacturer.

On cpmpletion of this test, the performance of the monitoréshall comply with the performance
stipulated by the manufacturer.

5.5.44 Electrical discharge immunity test

This test shall comply with IEC 61000-4-2.

The dlischarges shall be carried out on every sensitive part of the equipment that an opgrator
may fome into contact with, i.e. each.type of discontinuity (LED, display, pushbutton, switch,
terminal) on the surfaces of the equipment and the outside of cabinets or boxes front ol rear
door$ submitted to the test.

The ¢ontact test takes place~an conducting surfaces, on insulating surfaces for the test ip the
air, and the plate test close to"each side.

The $everity of the test.for all the equipment shall be:

e contact discharge: class 2,

O]

r discharge (and at the plate): class 3.

On cpmpletion of this test, the performance of the monitor shall comply with the performance
stipulated by the manufacturer. n]

5.5.4.5 Conducted disturbances immunity test

This test shall comply with [IEC 61000-4-6. However, as nuclear power stations are not installed
in the immediate vicinity of radio transmitters, the attenuation or absence of disturbances in
certain frequency bands are not taken into account.

The severity of the test for all the equipment shall be level 3.

On completion of this test, the performance of the monitor shall comply with the performance
stipulated by the manufacturer.
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5.5.4

.6 50 Hz magnetic field immunity test

This test shall be performed in compliance with IEC 61000-4-8 or the absence of components
sensitive to magnetic fields shall be demonstrated.

The severity of the test for all the equipment shall be level 3.

On completion of this test, the performance of the monitor shall comply with the performance

stipu

5.5.4

This
Only

The 3

3 >

in
c

Onc
stipu

5.5.4.8 Non-aggression test: radio disturbances

This

Onc
stipu

lated by the manufacturer.

Z___Surge immunity test (high energy)
fest shall comply with IEC 61000-4-5.

the AC supply and the connections that could leave the electrical building shall be te

everity of the test shall be:

C supply: level 3 in common mode (between phase and earth) @nd level 2 in differg
ode (between phases),

put or output that could be connected to an electrical building outgoing cable: leve
bmmon mode.

ated by the manufacturer.

fest shall comply with IEC 61000-6-4.

bmpletion of this test, the performance of the monitor shall comply with the perform
ated by the manufacturer.

sted.

pntial

2 in

bmpletion of this test, the performance of the monitor-shall comply with the performance

ance
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

INSTALLATIONS NUCLEAIRES — SYSTEMES D'INSTRUMENTATION
IMPORTANTS POUR LA SURETE - SURVEILLANCE DES RAYONNEMENTS
POUR LES CONDITIONS ACCIDENTELLES ET POST-ACCIDENTELLES -

Partie 1: Exigences générales

AVANT-PROPOS

1) LalCommission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation composée
de| I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC), L"EC a pour| objet
de|favoriser la coopération internationale pour toutes les questions de normalisation |dans les donpaines
de|l'électricité et de I'électronique. A cet effet, I'lEC — entre autres activités — publie des'Normes internatiojnales,
dep Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (PAS) et
dep Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiee a des comités d'éfudes,
auk travaux desquels tout Comité national intéressé par le sujet traité peui-participer. Les organisfations
internationales, gouvernementales et non gouvernementales, en liaison avee I'lEC, participent également
auk travaux. L'IEC collabore étroitement avec I'Organisation Internationale”de Normalisation (ISO), [selon

2) Lep décisions ou accords officiels de I'lEC concernant les questions.techniques représentent, dans la njesure
dulpossible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux dg I'lEC

3) Lep Publications de I'lEC se présentent sous la forme desrecommandations internationales et sont agréées
comme telles par les Comités nationaux de I'lEC. Tous_les\efforts raisonnables sont entrepris afin qug I'lEC
s'dssure de I'exactitude du contenu technique de ses, publications; I'lEC ne peut pas étre tenue respomfsable
de|l'éventuelle mauvaise utilisation ou interprétation quien est faite par un quelconque utilisateur final.

4) D4gns le but d'encourager l'uniformité internationate,”les Comités nationaux de I'lEC s'engagent, dans| toute
la mesure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications natipnales
et|régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications nationales ou
régionales correspondantes doivent étre indiguées en termes clairs dans ces derniéres.

5) L'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépendants
fouyrnissent des services d'évaluationnde conformité et, dans certains secteurs, accédent aux m4grques
de|conformité de I'lEC. L'IEC n'est responsable d'aucun des services effectués par les organismes de certification
ingépendants.

6) Tous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication|.

7) Aucune responsabilité nexdoit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandajaires,
y ¢ompris ses experts (particuliers et les membres de ses comités d'études et des Comités nationaux de|l'lEC,
popr tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de qielque
nafure que ce soit,tdireécte ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dépenses
défoulant de la-publication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de|l'lEC,
oulau crédit quilti est accordé.

8) L'dttention_est attirée sur les références normatives citées dans cette publication. L'utilisation de publications
référencées est obligatoire pour une application correcte de la présente publication.

9) I'objet

droits

de brevets.

L'IlEC 60951-1 a ¢été établie par le sous-comité 45A: Systemes d'instrumentation,
de contréle-commande et d'alimentation électrique des installations nucléaires, du comité
d'études 45 de I'lEC: Instrumentation nucléaire. Il s'agit d'une Norme internationale.

Cette troisieme édition annule et remplace la deuxiéme édition parue en 2009. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

e Le titre a été modifié.

e La catégorisation des conditions accidentelles a été harmonisée.
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e Les références aux nouvelles normes publiées depuis la deuxieme édition ont été mises a
jour.

e L

es termes et définitions ont été mis a jour.

Le texte de cette norme est issu des documents suivants:

abou

Lala

Projet Rapport de vote
45A/1440/FDIS 45A/1449/RVD

i @ son approbation.

hgue employée pour I'élaboration de cette Norme internationale est I'anglais-

Une liste de toutes les parties de la série IEC 60951, publiées sous le titre général Installa
nuclgaires — Systemes d'instrumentation importants pour la sdreté - Surveil
des nayonnements pour les conditions accidentelles et post-accidentelles; se trouve sur I¢

web

e I'IEC.

Les futurs documents de cette série porteront le nouveau titre général cité ci-dessus. Le
des documents qui existent déja dans cette série sera mis a jour lors de leur prochaine éd

Ce document a été rédigé selon les Directives ISO/JEC, Partie 2, il a été développé
les Dlirectives ISO/IEC, Partie 1 et les Directives ISONEC, Supplément IEC, disponibles

wWwWw
par I'

iec.ch/members_experts/refdocs. Les prinCipaux types de documents dévelo
EC sont décrits plus en détail sous www.ié¢c.ch/publications.

Le cgmité a décidé que le contenu de ce document ne sera pas modifié avant la date de st3

indiq

1ée sur le site web de I'|EC sous webstore.iec.ch dans les données relatives au docu

rechgrché. A cette date, le document séra

e rgconduit,

o S

ipprimé,

e rgemplacé par une édition révisée, ou

mendé.

tions
ance
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titre
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selon
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INTRODUCTION

a) Contexte technique, questions importantes et structure de la norme

La présente norme IEC traite spécifiquement des systémes de surveillance des rayonnements
(RMS, Radiation Monitoring System) utilisés en conditions accidentelles.

A la lueur des enseignements tirés de I'accident de Fukushima-Daiichi, elle réaffirme le besoin
de fournir aux opérateurs des données de surveillance des rayonnements fiables pour
leur permettre de comprendre [I'état de Ila centrale en conditions accidentelles et
post- i —Afi ] e f formjl est
nécepsaire de fournir des recommandations générales sur les principes de conception et
les critéres de performance de l'instrumentation de surveillance des rayonnementsvut(lisée
en cgnditions accidentelles et post-accidentelles. En outre, le domaine cd'application
de I'lEC 63147, qui fournit des criteres applicables a linstrumentation de  'surveillance
des accidents dans les centrales nucléaires de puissance, a été élargi-afin d'inclure
les apcidents graves (SA, Severe Accident) dans les conditions accidentelles:

Par |conséquent, afin de tirer des enseignements de [l'accident)yde Fukushima-Ddiichi,
la pr¢sente norme classe les conditions accidentelles en accidents de dimensionnement
(DBA, Design Basis Accident) et en conditions additionhelles de dimensionnement
(DEQ, Design Extension Condition), incluant les accidents graves (SA).

La présente norme est destinée aux acheteurs paur “¢€laborer des spécifications [pour
les systémes de surveillance des rayonnements< spécifiques a leurs installations et
aux fpbricants pour identifier les caractéristiqdes des matériels nécessaires | lors
du d¢veloppement de systémes de surveillancexdes rayonnements utilisés en conditions
accidentelles. Certaines caractéristiques d'instruments spécifiques comme I'étendue
de mesure, la réponse en énergie et la tentre aux conditions d'environnement dépendent
de I'gpplication spécifique. Dans ce cas, des recommandations sont fournies pour déterminer
les ekigences spécifiques, mais aucunecexigence spécifique proprement dite n'est spécifige.

La pésente norme fait partie d'une. série de normes applicables aux matériels de surveillance
en cqntinu des niveaux de rayopnement, importants pour la sQreté, destinés a étre utilisés lors
d'acdidents de dimensionnemeént (DBA), en conditions additionnelles de dimensionnement
(DEQ), incluant les accidents graves (SA), et en conditions post-accidentelles. La [série
compléte comprend les.normes suivantes.

— |EC 60951-1 — Exigences générales

— IBEC 60951-25=~" Matériels pour la surveillance des rayonnements en continu |avec
prélévements dans les effluents gazeux et I'air de ventilation

— IEC 60951-3 — Ensemble de surveillance locale en continu des rayonnements gamma
allarge.gamme

externes aux flux de procédé

b) Positionnement de la présente norme dans la structure de la collection de normes
du SC 45A de I'lEC

Les normes de la série IEC 60951 se situent au troisiéme niveau de la hiérarchie des normes
du SC 45A. Elles fournissent des recommandations pour la spécification, la conception et
les essais des matériels de surveillance des rayonnements utilisés dans des conditions
accidentelles et post-accidentelles.
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D'autres normes élaborées par le SC 45A et le SC 45B fournissent des recommandations
concernant les instruments utilisés pour surveiller les rayonnements dans le cadre
des opérations normales. La série IEC 60761 fournit des exigences applicables aux matériels
pour la surveillance en continu des rayonnements avec prélévements dans les effluents gazeux
en conditions normales. L'IEC 60861 fournit des exigences applicables aux matériels pour
la surveillance en continu des rayonnements avec prélévements dans les effluents liquides
en conditions normales. L'I[EC 60768 fournit des exigences applicables aux matériels pour
la surveillance en continu, interne et externe, des rayonnements au niveau des fluides
de procédés pour les conditions de fonctionnement normal et incidentel. Enfin, I'ISO 2889
fournit des recommandations pour I'échantillonnage de gaz et de particules. En outre,
I'lEC 62705 fournit des recommandations pour l'application des normes IEC/ISO existantes qui
traitept—de—ta—eorcepton—et—de—ta—gualification—des RMS—e—TFableau—d—Fournit—ure vue
d'endemble des normes qui traitent de la surveillance des rayonnements dans les installations
nucldaires.

L'lEQ 63147/IEEE Std 497™ fournit des recommandations générales pour [Nnstrumenfation
de syrveillance des accidents. L'IEEE Std 497™ a été adoptée directement én,tant que nprme
double logo et un rapport technique, I''EC TR 63123, a été établi pour étudier I'application
de lalnorme commune dans le contexte de I'lEC.

La stfucture de la présente norme est alignée sur la structure de IHEC 63147/IEEE Std 497 ™,
et les exigences techniques de la présente norme sont cohérentes avec les exiggnces
spécifiées dans I'lEC 63147/IEEE Std 497™ ainsi qu'avec les{recommandations d'application
fournies dans I'lEC TR 63123.



https://iecnorm.com/api/?name=6769e2b40313078d23fcd7f399ba9dc2

—54 —

IEC 60951-1:2022 © IEC 2022

Tableau 1 — Vue d'ensemble des normes qui traitent de la surveillance
des rayonnements dans les installations nucléaires

IEC
Développeur ISO
SC 45A SC 45B
Domaine Echantillonnage Etalonnage Fonctionne- Fonctionne-
. o (fonctionnement | (fonctionnement | ment normal, DBA DEC
d'application ment normal
normal) normal) IFP
Surveillance
avec SO 40371 IEC 00951- IEC 62302,
préléevements 1ISO 2889 1SO 4037_3’ N/A [EC 66951- N/A IEC 60761-1,
des[gazTares > TEC60741-3
radlioactifs
Sunveillance IEC 60951-

R ISO 4037-1, 1, IEC 6076[1-1,
prélevements 1SO 2889 ISO 4037-3 AR IEC 60951- | VAL IEC 60741-2
des|aérosols 5

radlioactifs A
A
Supvetllance IEC 609515

ol 1ISO 4037-1, 1, IEC 6076f[1-1,

prépvements 1SO 2889 ISO 4037-3 R IEC 60981- | VA | \EC 607d1-4
. N 2

radioactif
Surnveillance \<<>J

favee N/A N/A N/A N/A N/A IEC 60861
prélevements O
deq liquides Q)Q
S”’tﬂ;‘f"ce 1% IEC 623p3,
prélevements N/A N/A | 0\\ N/A N/A N/A I|EE% 66(())77(211-15,

dy tritium h\

Sunveillance IEC 60951-
. ISO 4037+1, 1,
inferne ou N/A 1SO 40373 IEC 60768 IEC 60951- N/A N/A

externe 4
Surveillance ISO 4037-1, IEC 60951-1,

de zone R [SO 4037-3 IEC 61031 IEC 60951-3 IEC 60332

Y ‘\ M
Systéme N/A C)\‘ N/A IEC 61504, IEC 60960 N/A | IEC 61549-1
centralisé
@ . IEC 61513, IEC 60880,
Exigences de IEC 60987, IEC 61226,
clasgement/de N/A IEC 62138, IEC 62566, N/A N/A
base A IEC 62566-2, IEC 62645,
@ IEC 61250
a)
S IEC/IEEE 60780-323,
Quaglification N/A N/A IEC/IEEE 60980-344, N/A IEC 62706
IEC 62003

Pour plus d'informations sur la structure de la collection de normes du SC 45A de I'lEC, voir
le point d) de la présente introduction.

c)

Recommandations et limites relatives a I'application de la présente norme

Il est important de noter que la présente norme n'établit pas d'exigences fonctionnelles
supplémentaires pour les systémes importants pour la sireté.
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d) Description de la structure de la collection de normes du SC 45A de I'IEC et
des relations avec d'autres documents de I'lEC, et avec les documents d'autres
organisations (AIEA, ISO)

La collection de normes établies par le SC 45A de I'lEC est structurée en quatre niveaux.
Les documents de niveau supérieur dans la collection de normes du SC 45A de I'l[EC sont
les normes IEC 61513 et IEC 63046.

La norme IEC 61513 établit les exigences générales relatives aux matériels et systémes
d'instrumentation et de contréle-commande (I&C) utilisés pour réaliser des fonctions
importantes pour la slireté des centrales nucléaires de puissance. La norme |IEC 63046 établit
les ¢xigences générales relatives aux systémes d'alimentation électrique des cen:l;ales
nuclgaires de puissance; elle couvre les systémes d'alimentation électrique y. compris
les alimentations des systemes d'lI&C.

Les normes IEC 61513 et IEC 63046 doivent étre prises en compte ensemble et au méme
nivegu. Les normes IEC 61513 et IEC 63046 structurent la collection de jnormes du SQ 45A
de I'lEC et forment un cadre complet qui établit les exigences générales nelatives aux systémes
d'l&Q et d'alimentation électrique des centrales nucléaires de puissance)

Les normes IEC 61513 et IEC 63046 font directement référence-a d'autres normes du SJ 45A
de I'[EC qui établissent les exigences générales relatives a«des’ sujets spécifiques, telg que
la catégorisation des fonctions et le classement des systémes, la qualification, la séparation
des gystémes, la défense contre les défaillances de cause{lcommune, la conception des dalles
de g¢ommande, la compatibilité électromagnétiques<l'ingénierie des facteurs humpains,
la cybersécurité, les aspects logiciels et matériels’ relatifs aux systémes numériques
progfammables, la coordination des exigences\de sireté et de sécurité, et la ggstion
du vigillissement. Il convient de considérer qué:ces normes, auxquelles il est fait réfénence
a ce deuxiéme niveau, forment, avec les normes IEC 61513 et |IEC 63046, un ensegmble
documentaire cohérent.

Au troisieme niveau, les normes du .SC€C45A de I'lEC, qui ne sont généralement pas ditées
en rgfférence directement par les nearmes IEC 61513 ou IEC 63046, établissent les exiggnces
parti¢ulieres aux matériels, méthodes techniques ou activités spécifiques. Généralement,
ces documents, qui font référence aux documents de deuxiéme niveau pour les exiggnces
générales, peuvent étre utilisés de fagon isolée.

Un quatriéme niveausqui est une extension de la collection de normes du SC 45 de |'IEC

Les normes dela-collection du SC 45A de I'lEC mettent en ceuvre de maniére systématique et
décrivent les\principes de sireté et de sécurité et les aspects fondamentaux donnés |dans
les nprmes;de sGreté de I‘AIEA pertinentes et dans les documents pertinents de la collegction

nucléaires de puissance, avec Ie gwde de surete SSG- 30 qui tralte du classement de slreté
des structures, systémes et composants des centrales nucléaires de puissance, avec le guide
de sdreté SSG-39 qui traite de la conception des systemes d'I&C des centrales nucléaires
de puissance, avec le guide de s(reté SSG-34 qui traite de la conception des systémes
d'alimentation électrique des centrales nucléaires de puissance, avec le guide
de slreté SSG-51 qui traite de l'ingénierie des facteurs humains lors de la conception
des centrales nucléaires de puissance et avec le guide de mise en ceuvre NSS17 qui traite
de la sécurité informatique pour les installations nucléaires. La terminologie et les définitions
utilisées pour la sareté et la sécurité dans les normes établies par le SC 45A sont conformes a
celles utilisées par I'AIEA.
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Les normes IEC 61513 et IEC 63046 ont adopté une présentation similaire a celle
de la publication fondamentale de sécurité IEC 61508, avec un cycle de vie d'ensemble et
un cycle de vie des systémes. En ce qui concerne la slreté nucléaire, les normes |IEC 61513
et IEC 63046 donnent l'interprétation des exigences générales des parties 1, 2 et4 de
I'lEC 61508 pour le secteur nucléaire. Dans ce cadre, I'lEC 60880, I''EC 62138 et I'lEC 62566
correspondent a la partie 3 de I'lEC 61508 pour le secteur nucléaire.

Les normes I|EC 61513 et I|IEC 63046 font référence a la norme ISO 9001, ainsi
qu'aux documents AIEA GSR partie 2 et AIEA GS-G-3.1 et AIEA GS-G-3.5 pour ce qui
concerne l'assurance qualité.

Au s¢cond niveau, en ce qui concerne la s(ireté nucléaire, la norme IEC 62645 est le docujment
chappau des normes du SC 45A de I'lEC applicables a la cybersécurité. Elle se_fondé¢ sur
les principes pertinents de haut niveau et sur les concepts principaux des normes ‘génériques
de siireté, en particulier I''SO/IEC 27001 et I'lSO/IEC 27002; elle les adapte et/ les compléte
pour[qu'ils deviennent pertinents pour le secteur nucléaire; elle est coordannee étroitement
avec|la norme IEC 62443. Au second niveau, la norme |IEC 60964 est le,document chajpeau
des nformes du SC 45A de I'l[EC applicables aux salles de commande, la norme IEC 63351 est
le document chapeau des normes du SC 45A de I'lEC applicables a Kingénierie des facfeurs
humains et la norme |IEC 62342 est le document chapeau des normes du SC 45A de |'l[EC
applifables a la gestion du vieillissement.

NOTE[1 On considere que pour la conception des systémes d'l&C qui mettent en ceuvre des fonctions de pireté
conveptionnelle (par exemple, pour couvrir la sécurité des travailleurs, |a‘protection des biens, la prévention pontre
les rigques chimiques, la prévention contre les risques liés au procédé énergétique), des normes nationales ou
interngtionales sont appliquées.

NOTE[2 L'IEC TR 64000 décrit plus en détail la structure générale de la collection de normes du SC 45A de|l'lEC,
ainsi que ses relations avec les autres organismes de normalisation et normes.
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INSTALLATIONS NUCLEAIRES — SYSTEMES D'INSTRUMENTATION

IMPORTANTS POUR LA SURETE - SURVEILLANCE DES RAYONNEMENTS
POUR LES CONDITIONS ACCIDENTELLES ET POST-ACCIDENTELLES -

La
aux
les

dans|les installations nucléaires pendant et apres les accidents de dimensionnement (DB
les cpnditions additionnelles de dimensionnement (DEC), incluant les accidents graves

Lep

utilises lors d'accidents de dimensionnement (DBA), en conditions additionn
imensionnement (DEC), incluant les accidents graves . {(SA), et en conditions
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post

Lep

de méthodes acceptables pour les matériels de surveillance en continu de la radioad
utilises dans les installations nucléaires pendant et aptés les accidents de dimensionne
(DBA) et les conditions additionnelles de dimensionnement (DEC), incluant les acci
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les pfocédures d'essai générales, les caracteéristiques des rayonnements, les caractérist
électriques, les caractéristiques de sireté et d'environnement, ainsi que l'identificatic
la ceftification du matériel. Si ce matériel fait partie d'un systéme centralisé de surveil
gntinu des rayonnements d'ung installation nucléaire, des exigences supplémentaires
peuvent étre définies dans d'autres normes applicables a ce systéme.
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Partie 1: Exigences générales

omaine d'application

présente partie de [I'IEC 60951 fournit des recommandations générales ‘relg
principes de conception et aux critéres de performance des matériels utilisés pour me
rayonnements et la radioactivité des fluides (effluents gazeux()od liqu

nésent document ne couvre que les matériels de surveillance en contiriu de la radioag
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ésent document,
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gur_contenu, des exigences du présent document. Pour les références datées,
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I'éditlancitée s'applique Pour les références non datées la derniere édition du document
de référence s'applique (y compris les éventuels amendements).

IEC

IEC

60038:2009, Tensions normales de I'lEC

60068-2-1:2007, Essais d'environnement — Partie 2-1: Essais — Essai A: Froid

IEC 60068-2-2:2007, Essais d'environnement — Partie 2-2: Essais — Essai B: Chaleur seche

IEC 60068-2-6:2007, Essais d'environnement — Partie 2-6: Essais — Essai Fc: Vibrations
(sinusoidales)

IEC

60068-2-14:2009, Essais d'environnement — Partie 2-14 — Essai N: Variations de
température
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IEC 60068-2-30:2005, Essais d'environnement — Partie 2-30: Essais — Essai Db: Essai cyclique
de chaleur humide (cycle de 12 h + 12 h)

IEC 60068-2-78:2012, Essais d'environnement — Partie 2-78: Essais — Essai Cab: Chaleur
humide, essai continu

IEC 60529, Degrés de protection procurés par les enveloppes (Code IP)

IEC/IEEE 60780-323:2016, Installations nucléaires — Equipements électriques importants pour
la streté — Qualification

IEC 60880, Centrales nucléaires de puissance — Instrumentation et contréle-commiande
impoltants pour la siireté — Aspects logiciels des systemes programmés réalisant deS.fondtions
de cgtégorie A

IEC/IEEE 60980-344, Nuclear facilities — Equipment important to safety — Seismic qualification
(disppnible en anglais seulement)

IEC 0987, Centrales nucléaires de puissance — Systemes (dYnstrumentation ef de
contnéle-commande importants pour la sareté — Exigences applicables au matériel

IEC §1000-4-2:2008, Compatibilité électromagnétique (CEM) <="Partie 4-2: Techniques d'essai
et del mesure — Essai d'immunité aux décharges électrostatiques

IEC §1000-4-3:2020, Compatibilité électromagnétiqte (CEM) — Partie 4-3: Techniques d'essai
et dd mesure — Essai d'immunité aux champs électromagnétiques rayonnés aux fréqugnces
radioglectriques

IEC 61000-4-4:2012, Compatibilité électromagnétique (CEM) — Partie 4-4: Techniques d'gssai
et del mesure — Essais d'immunité aux.transitoires électriques rapides en salves

IEC 61000-4-5:2014, Compatibilité<électromagnétique (CEM) — Partie 4-5: Techniques d'gssai
et del mesure — Essai d'immunijté aux ondes de choc

IEC 61000-4-6:2013, Compatibilité électromagnétique (CEM) — Partie 4-6: Techniques d'gssai
et delmesure — Immunité-aux perturbations conduites, induites par les champs radioélectriques

IEC 61000-4-8:2009,"Compatibilité électromagnétique (CEM) — Partie 4-8: Techniques d'essai
et del mesure —7Essai d'immunité au champ magnétique a la fréquence du réseau

IEC 61000-4-12:2017, Compatibilité électromagnétique (CEM) — Partie 4-12: Technlques
d'esdaicet-de mesure — Essai d'immunité a l'onde sinusoidale fortement amortie

IEC 61000-4-18:2019, Compatibilité électromagnétique (CEM) — Partie 4-18: Techniques
d'essai et de mesure — Essai d'immunité a I'onde oscillatoire amortie

IEC 61000-6-4:2018, Compatibilité électromagnétique (CEM) — Partie 6-4: Normes génériques
— Norme sur I'émission pour les environnements industriels

IEC 61069-1:2016, Mesure, commande et automation dans les processus industriels —
Appréciation des propriétés d'un systéeme en vue de son évaluation — Partie 1: Terminologie et
principes de base

IEC 61226, Centrales nucléaires de puissance — Systémes d'instrumentation, de
contréle-commande et d'alimentation électrique importants pour la sireté — Catégorisation des
fonctions et classement des systémes
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IEC 61504:2017, Installations nucléaires -  Systéemes d'instrumentation et de
contréle-commande importants pour la sdreté — Systémes centralisés pour la surveillance en
continu des rayonnements et/ou des niveaux de radioactivité

IEC 61513:2011, Centrales nucléaires de puissance — Instrumentation et contréle-commande
importants pour la sireté — Exigences générales pour les systémes

IEC 62138, Centrales nucléaires — Systémes d'instrumentation et de contréle-commande
importants pour la sdreté — Aspects logiciels des systéemes informatisés réalisant des fonctions
de catégorie B ou C

IEC §2262:2002, Degrés de protection procurés par les enveloppes de matériels électrlques
contre les impacts mécaniques externes (Code IK)

IEC 62566:2012, Centrales nucléaires de puissance — Instrumentation et contrdle-commiande
importants pour la sireté — Développement des circuits intégrés programmés)en HDL polr les
systdmes réalisant des fonctions de catégorie A

IEC 62566-2:2020, Centrales nucléaires de puissance — Instrumentatioh et contréle-commlande
importants pour la sdreté — Développement des circuits intégtés’ programmés en HDL —
Partig 2: Circuits intégrés programmés en HDL pour les systemes réalisant des fonctions de
catégorie B ou C

IEC 62705, Installations nucléaires — Instrumentation etcontréle-commande importants pour la
sirete — Systemes de surveillance des rayonnements\(RMS): Caractéristiques et cycle dg vie

ISO 2889:2015, Echantillonnage des substances:radioactives en suspension dans l'air dans les
éemisgaires de rejet et les conduits des installations nucléaires

3 Termes et définitions
Pourl|les besoins du présent document, les termes et définitions suivants s'appliquent.

L'ISQ et I'IEC tiennent a jour des bases de données terminologiques destinées a étre utilsées
en ngrmalisation, consultables aux adresses suivantes:

EC Electropedia: disponible a I'adresse https://www.electropedia.org/

e |$0 Online browsing platform: disponible a I'adresse https://www.iso.org/obp

3.1
erre:[r de-mesure absolue

1%

diffélence-entre la valeur mesurée et la valeur conventionnelle de grandeur du mesurand

3.2

essai de réception (essai d'acceptation)

essai contractuel destiné a prouver au client que le dispositif satisfait a des spécifications
données

3.3

diamétre aérodynamique équivalent

diameétre d'une sphére de densité 1 ayant la méme vitesse de sédimentation que la particule
étudiée

Note 1 a l'article: Le diamétre aérodynamique équivalent concerne les particules de diamétre est compris
entre 0,1 yum et 2 mm.

[SOURCE: IEC 60050-395:2014, 395-02-34]
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3.4
coefficient de variation
rapport de I'écart-type s a la moyenne arithmétique x d'une série de n mesures x;, donné par la

formule suivante:

3.5
rendpment de collection
pour¢entage du nombre total de particules contenues au départ dans un volume d'aiconnu qui
travefsent un filtre et qui ont été retenues par celui-ci

3.6
valedir conventionnelle d'une grandeur
valeJr fixée par accord attribuée a une grandeur pour un usage donné

Note 1 a I'article: L'expression "valeur conventionnelle vraie d'une grandeur/~est parfois utilisée pour ce concept,
méme|si son utilisation est déconseillée.

Note 4 a l'article: Parfois, la valeur conventionnelle d'une grandeur est.une estimation de la valeur vraie dg cette
grandeur.

Note § a l'article: Il est généralement admis que la valeur conventionnelle d'une grandeur est associée [a une
incertifude de mesure suffisamment faible, qui peut étre égale.a zéro.

3.7
étendue de mesure effective
valeyr absolue de la différence entre deuxi\limites d'une plage nominale

Note 1 a l'article: Sur la plage nominale, les performances d'un matériel ou d'un ensemble satisfont aux exigences
de seg spécifications.

3.8
faisdeau électronique
flux q'électrons émis a partir d'une source et se déplagant le long de trajectoires déterminées
avec|exactitude a de tr€s*grandes vitesses

Note 1 a l'article: Unftel faisceau dirigé vers un détecteur produit des débits de dose extrémement élevés.

[SOYRCE: IEC60050-841:2004, 841-30-01]

3.9
écart-type expérimental
pour une série de n mesurages du méme mesurande, grandeur s qui caractérise la dispersion
des résultats, donnée par la formule:

x; étant le résultat du i® mesurage et x la moyenne arithmétique des » résultats pris en compte

Note 1 a l'article: L'expression S/\/; est une estimation de I'écart-type de la distribution de x et est appelée
écart-type expérimental de la moyenne.
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Note 2 a l'article: L'écart-type expérimental de la moyenne est parfois appelé, de fagon incorrecte, erreur type de
la moyenne.

3.10
ensemble de mesure
ensemble destiné a mesurer une grandeur

Note 1 a l'article: Dans le présent document, la grandeur est I'activité volumique ou le débit de dose, méme si cette
valeur peut étre exprimée dans d'autres unités.

3.1

activité minimale détectable
radiopctivité dans unm echantfiton qui-produit un taux de comptage qui Sera detecte (Cest-3-dire
supéfieur au rayonnement de fond) avec un certain niveau de confiance

Note 1 a I'article: Le "niveau de confiance" est généralement fixé a 95 %, c'est-a-dire qu'un échantillon qui cqntient
exactgment l'activité minimale détectable sera, du fait de fluctuations aléatoires, considéré comme ne présgentant
pas d¢ radioactivité dans 5 % des cas.

Note 3 a I'article: On parle parfois de seuil de détection {detection limit, lower limit of detection}.

Note 3 a l'article: Le taux de comptage pour un échantillon contenant I'activité_mihimale détectable est appelé
niveay de détermination {determination level}.

Note 4 & I'article: Un exemple de formulation pour le calcul de I'activité minimale détectable est donné ci-apfés.

k% + 2ky |Rpts (1 +§—z)

A= ®©@
ou
ky est le facteur d'élargissement unilatéral égal @ 1 645 pour un niveau de confiance de 95 %
R, est le taux de comptage du bruit de fond en s
tg est le temps de comptage de I'échantillonien min
1y est le temps de comptage du bruit de<fond en min
E est I'efficacité du détecteur en comptages par désintégration
C est le taux de conversion du"dpm en une autre unité d'activité souhaitée, le cas échéant

[SOURCE: Glossaire de sdreté de I'AIEA, édition 2018]

3.12

particule
agrégat de molécules, constituant un solide ou un liquide, dont les dimensions varient de

quelques diametres moléculaires a plusieurs millimétres

[SOURCETISO 2889:2015, 3.55]

3.13
flux de procédé
fluide qui circule dans un systéme mis en ceuvre pour assurer une mission dans un but utile

Note 1 a l'article: Le systeme de réfrigérant primaire, le systéme de refroidissement des combustibles usés, le
systeme de refroidissement d'un composant, etc. sont des exemples de flux de procédé.

Note 2 a l'article: Les flux de procédé couverts par le présent document sont ceux dont le niveau de radioactivité
peut significativement augmenter en raison de conditions accidentelles ou post-accidentelles.

Note 3 a l'article: La surveillance de la radioactivité de ces flux de procédé fournit des informations sur la qualité
ou l'intégrité de la barriére, ainsi que sur les rejets potentiels dans I'environnement.
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réponse de référence

réponse d'un ensemble dans des

référence, exprimée par:

est la valeur mesurée par le matériel ou I'ensemble en essai

B
Ve

Note
dans |

3.15

est la valeur qui correspond au bruit de fond du matériel sans influence externe

est la valeur conventionnelle de grandeur de la source de référence

a l'article: La valeur du bruit de fond peut étre automatiquement prise en compte par Un, algorithme
Es systéemes de mesure.

errel]l)r relative

rapp

Note 1
vraie

ou:

VB

Note 2
dans |

3.16

répo
valel
maté

Note
été sol

3.17
temp

rt de I'erreur de mesure a une valeur vraie du mesurande

a l'article: En pratique, une valeur conventionnelle de grandeur estutilisée étant donné qu'aucune
e peut étre déterminée. Pour la présente norme, I'erreur relative est'ealculée comme suit.

_ (v-vg)-vg
Ve

E

est la valeur mesurée par le matériel ou I'ensembte, en essai,

est la valeur conventionnelle de grandeur de la source de référence,

est la valeur qui correspond au bruit de faftrd"du matériel sans influence externe.

a l'article: La valeur du bruit de fond peut étre automatiquement prise en compte par un algorithme
e systéme de mesure.

hse relative
r calculée durant des' essais de type égale au rapport entre la réponse de référeng
riel et la sensibilité) du méme matériel par rapport a la source solide de référence

a l'article: karéponse relative permet de déterminer la réponse de référence de matériels identiques ¢
umis a des-eSsais de type a partir de la mesure de la sensibilité de la source solide.

sdeTréponse

temp

5 Mmis par un compasant pour atteindre un état de sortie donné a compter du moment

recoit un signal lui imposant de prendre cet état de sortie

Note 1 a l'article:

conditions de référence vis-a-vis d'un débit de dose de

inclus

aleur

inclus

e du

ui ont

ou il

Pour les besoins des essais décrits dans le présent document, il est admis par hypothése que le

signal d'entrée correspond a une variation d'échelon, et I'état de sortie de fin correspond au point auquel la variation
du signal de sortie atteint pour la premiére fois 90 % de sa valeur finale.

[SOURCE: Glossaire de sareté de I'AIEA, édition 2018]

3.18
essa

i individuel de série

essai de conformité effectué sur chaque entité en cours ou en fin de fabrication
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3.19

effi
pou

cacité de préléevement
r une quantité de matiére radioactive donnée, rapport de la radioactivité collectée par la

radioactivité fournie pour un intervalle de temps donné

3.20
sensibilité <d'un ensemble de mesure>

pou
par

r une valeur donnée de la grandeur mesurée, quotient de la variation de la variable observée
la variation correspondante de la grandeur mesurée

[SOURCE: IEC 60050-395:2014, 395-03-105]

4

4.1

Rrincipes de conception

Généralités

Le mpniteur de rayonnement classé pour les fonctions importantes pour la sireté doit satigfaire

aux

norm

ingences de I'EC 62705 relatives aux caractéristiques et au cycle*de vie, ainsi qu'aux
s citées dans I'lEC 62705 (I'lEC 61226, par exemple).

Lorsque des systémes de surveillance des rayonnements dijfférents sont exigés poufr les

acc

idents de dimensionnement (DBA) et les conditions additionnelles de dimensionnement

(DEQ), incluant les accidents graves (SA), il convient que~ceux-ci soient, dans la mesufe du

pos

4.2

Le
acc

s|ble, indépendants les uns des autres.

Exigences de base liées aux fonctions

pfincipal objectif du matériel de surveillance en continu de la radioactivité en conditions
identelles ou post-accidentelles est de*mesurer de fagon continue les niveauk de

rayomnement pour les procédés et les zones appropriées. Ces mesures de rayonnements| sont
affichées localement et/ou dans lessalles de commande et/ou les locaux de crise| afin
d'infgrmer les opérateurs des conditions radiologiques en cours. Ces informations sont util{sées

par
pou

Igs opérateurs afin d'évaluer les.conditions de la centrale, d'engager les actions appropfiées
r|limiter les conséquences, d'uin accident dans la centrale et d'empécher que des prgduits

radiojactifs ne soient rejetés parinadvertance, ainsi que par le personnel des services d'urgence
et leq autorités nationales afin'd'engager les actions nécessaires a la protection du public jet du
personnel de la centrale\"\En conséquence, le matériel couvert par le présent documer]t est

cap
de |

Les

aple de déclencher des alarmes et de fournir des entrées a d'autres systémes et prodédés
a|centrale afin dlisoler les procédés présentant des niveaux de rayonnement anormayx.

g¢xigences.de base pour la conception, le choix, les essais, I'étalonnage et la localisfation

fonctjonnelle.~-du matériel de surveillance en continu de la radioactivité en conditions

acc

identélles ou post-accidentelles sont spécifiques a la centrale. En général, celles-ci[ sont

clasgéés en trois catégories: surveillance des rayonnements dans les effluents et les syst¢mes
de ventitation; i =de i ts de

Zon

e.

Les moniteurs de rayonnement dans les effluents et les systémes de ventilation mesurent
I'activité spécifique présente dans les gaz rejetés dans l'environnement en conditions
accidentelles et post-accidentelles afin de s'assurer que cette activité spécifique n'est pas
dangereuse pour la sécurité du public et d'accélérer I'alerte et l'isolement des procédés a
des fins de confinement ou de recirculation de I'air conditionné de la salle de commande.

Les moniteurs de rayonnement de procédé mesurent l'activité spécifique dans un fluide
(gaz, liquide ou vapeur) et sont normalement utilisés dans un procédé de centrale pour
permettre au plus tot I'alerte et I'isolement des procédés, par exemple la détection de fuites
dans I'enveloppe sous pression du fluide réfrigérant dans I'enceinte et d'autres systémes.
Les moniteurs de rayonnement de procédé peuvent étre classés suivant trois types de base:
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— Les moniteurs internes: le détecteur est placé directement dans le flux du procédé
(tuyau, émissaire de rejet, réservoir, conduit, etc.).

— Les moniteurs externes: le détecteur est situé a l'extérieur du flux de procédé,
directement face au flux.

— Les moniteurs avec prélevements: un échantillon est prélevé dans le flux du procédé et
dirigé vers le détecteur placé a distance.

Les moniteurs de rayonnement de zone (de type a large gamme) sont situés
stratégiquement dans les batiments exposés a des débits de dose élevés en conditions
accidentelles et post-accidentelles, comme le batiment du réacteur et la cuve, et servent de
systémes de surveillance post-accidentelle. Les moniteurs de rayonnement de zone sont
kés sur [es murs de Ta zone ou sur [es parois du réservoir a surveiller. Selon le niveau de
yonnement présent a l'endroit d'installation du détecteur, la partie électronique du
oniteur peut étre déportée a une certaine distance du détecteur.

les besoins de la collecte de données critiques, ces moniteurs sont généralement cgngus
résister a des conditions d'environnement hostiles et a des conditions sismiques, pefdant
rés un accident.

vient de prendre en considération les exigences de surveillance’/des rayonnementsj|et la
bption du systéme de surveillance des rayonnements dés~les premiéres phases de
bption de la centrale afin de mettre en place une surveillancé efficace par rapport au niveau
nsibilité recherché. Ainsi, pour optimiser les performancés, il convient que I'acheteur et le
ant suivent la procédure suivante:

tablir les caractéristiques de mesure exigées (acheteur):

Déterminer les scénarii de fonctionnement normal et accidentel ainsi que les termes
sources correspondants (les isotopes prépondérants qui doivent étre mesurés par le
moniteur), y compris leurs compositions,chimiques.

Déterminer les informations essentielles exigées par l'opérateur de la centrale pu le
systéme de contréle-commande pour déclencher les actions d'urgence, les fongtions
assignées aux matériels pour |assurveillance en continu des rayonnements et podr les
classer conformément aux reecommandations de I'lEC 61226.

Déterminer les points de-mesure optimaux en prenant en compte les conditions
d'installation (localisation, interfaces avec les fonctions de protection de la centrale,
conditions ambiantes‘\et exigences de qualification, branchements électriques au travers
des barrieres de confinement, etc.).

Calculer les transferts d'activité (propagation par les tuyaux ou conduits et au travers
des barriéres_de confinement), afin de déterminer les spectres d'activité et le bryit de
fond au peint'de mesure.

Déterminer le profil de temps associé au rejet postulé et I'étendue de mesure et le t¢mps
de réponse exigés de I'ensemble de la chaine (y compris le systeme de prélévemepnt, le
cas)échéant, et le temps nécessaire pour envoyer ou afficher les informatiohs a

destination de 'opérateur de la centrale ou du systéme de contréle-commande).

e V

Déterminer les caractéristiques de base des détecteurs (type de rayonnement et de
mesure, sensibilité et étendue de mesure, réponse en énergie et performance en
saturation, etc.) et du systéme de prélévement, le cas échéant.

Déterminer le taux de fausses alarmes tolérable en tenant compte des conditions de la
centrale et de l'incidence des erreurs de mesure (y compris les pertes dans
I'échantillonnage), et spécifier la précision et la linéarité nécessaires pour maintenir le
taux au-dessous de ce seuil.

érifier les caractéristiques métrologiques des instruments retenus (accord entre I'acheteur

et le fabricant):

Calculer le temps de réponse de l'instrument (temps de mesure par rapport a une
linéarité spécifiee et temps nécessaire a I'appareil pour déclencher une alarme) et le
temps de réponse global de la chaine (y compris le temps de réponse du systéme
d'échantillonnage).
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— Calculer, au point de mesure, I'efficacité de détection dans la géométrie donnée, le seuil
de décision et 'activité minimale détectable, en tenant compte du blindage approprié.

— Pour chaque caractéristique de l'instrument, il convient que le fabricant spécifie les
écarts liés aux grandeurs d'influence (ou paramétres variables) correspondantes. |l
convient de prendre en compte au moins les grandeurs d'influence (ou paramétres
variables) suivantes:

i) spectre d'activité et profil de temps du spectre d'activité (pendant les conditions de
fonctionnement transitoire) de la source a mesurer,

ii) spectre d'activité et profil de temps du spectre d'activité (pendant les conditions de
fonctionnement transitoire) du bruit de fond,

iiil) géométrie de détection,

iv) niveau de confiance (par exemple, 95 %) (afin de calculer l'activit&) minimale
détectable),

v) débit des effluents a mesurer,
vi) conditions thermodynamiques,

vii) précision et profil de temps lié a la précision (afin de calculer-le temps de mesure
en régime établi et en conditions de fonctionnement transitoire),

viii) temps de mesure et temps de réponse (en conditions de fonctionnement
transitoire).

—| Pour les grandeurs d'influence qui dépendent du procedé ou de la situation, il convient
que l'acheteur indique leurs plages de valeurs. Sinon, il convient que le fabiricant
établisse les hypothéses nécessaires afin de<prendre en compte les conditions
probables d'utilisation de I'instrument.

NOTE| Le terme "fabricant" couvre le concepteur et le..vendeur du matériel. Le terme "acheteur" comnfprend
I'utilisteur.

Si lels signaux sont utilisés pour déclencher les actions de protection afin de limiter les
consgquences de dysfonctionnements ol de défaillances de structures, de systémes dqu de
composants, alors les matériels peuvent faire partie des systémes liés a la sOreté qu du
syst§me de protection. Dans ce.¢as, ils doivent satisfaire aux exigences relatives § ces
systg§mes conformément a I'lEC61226.

Les matériels doivent faire“f'objet d'une qualification environnementale conformémen{ aux
exiggnces de I'lEC/IEEE60780-323 (et a celles de I'lEC/IEEE 60980-344 pour les epsais
sismiques).

4.3 Etendue_de.mesure

L'acheteur doit’ spécifier I'étendue de mesure effective exigée. L'étendue doit étre compaz
avec|le niveau des rayonnements en conditions accidentelles et post-accidentelles. La limite
inféri :
(éché e tendue de sure—du oniteur utilisé pol S
de fonctionnement normal de la centrale. Il convient que I'activité maximale ou le débit de dose
maximal mesurable soit supérieur d'au moins une décade a l'activité la plus importante ou
au débit de dose le plus élevé prévu en conditions accidentelles et post-accidentelles.

aYab= alaallallil= elenaue ae me a maonite o DO e tlons

4.4 Réponse en énergie

Le détecteur peut étre choisi pour mesurer les rayonnements béta ou gamma. L'acheteur doit
confirmer que la réponse en énergie de I'ensemble de détection est adaptée a la surveillance
de la potentielle activité.
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4.5 Activité minimale détectable

Il convient de mesurer l'activit¢ minimale détectable en régime établi uniguement. Celle-ci
peut étre calculée a l'aide d'une formule en utilisant le temps de mesure. Cependant, cela
ne permet pas une évaluation rigoureuse du début de I'étendue de mesure.

L'activité minimale détectable exigée dépend de l'application particuliere et varie en fonction
des réglementations locales ainsi que de la conception de la centrale. Elle doit étre spécifiée
par le concepteur de la centrale.

Le fabricant doit spécifier I'activité minimale détectable pour les nucléides d'intérét, en prenant
en cqmpte les tests-sources ou les dispositions prises afin de fournir une indication a I'éghelle
sur le moniteur, ainsi que toutes les données utiles nécessaires pour préciser.le~début
de I'dtendue de mesure effective, et ceci méme en conditions de fonctionnement transitgires.
Les jgrandeurs d'influence, ainsi que leurs plages de valeurs et les variations induites
sur I'pctivité minimale détectable doivent étre spécifiées.

4.6 | Précision (ou répétabilité)

La prfécision (ou répétabilité) est une mesure de la dispersion des estimations autour dg leur
valeyr moyenne. Elle doit étre fournie par le fabricant dans I'étenduede mesure effective pn %
de I4 valeur du signal pour un intervalle de confiance donné (ou une probabilité d'drreur
donnge). En prenant pour hypothése que les estimations suivént une distribution gaussienne,
il corvient d'exprimer cette probabilité par un nombre d'écarts-types.

NOTE| Par exemple, la précision peut étre de 20 % de la valeur.du)signal dans une partie de I'étendue de mesure
effective avec une probabilité de 95 % (ce qui signifie que toutes'lés estimations se situent a +2¢, ¢ étant I'écar{-type)
et de 30 % dans une autre partie de I'étendue de mesure effective avec une autre probabilité.

La précision doit étre cohérente avec les hypothéses retenues pour les analyses d'accidents,
les besoins des opérateurs, et les exigences imposées par les autres systémes qui utilisent
les slgnaux de surveillance de rayonnements. De plus, elle doit étre caractérisée podr les
valeUrs de signaux inférieures au début de I'étendue de mesure effective. Les grandeurs
d'influence, ainsi que leurs plages de valeurs et les variations induites doivent étre spécifiées
par lg¢ fabricant.

En ggnéral, il convient quel la précision soit de l'ordre de 20 % sur la totalité de I'étehdue
de mesure effective, toutes grandeurs d'influence prises en compte.

4.7 Linéarité

La lipnéarité estune mesure de I'écart entre la valeur conventionnelle d'une grandepr et
la mgyenne_des estimations. Elle doit étre fournie par le fabricant dans I'étendue de mgsure
effective en=% de la valeur du signal pour un intervalle de confiance donné (ou une probabilité
d'errgur donnée). En prenant pour hypothése que les estimations suivent une distribution
gaustienne, il convient d'exprimer cette probabilité par un nombre d'écarts-types.

NOTE Par exemple, la linéarité peut étre de 20 % de la valeur du signal dans une partie de I'étendue de mesure
effective avec une probabilité de 95 % (ce qui signifie que toutes les estimations se situent a £2¢, o étant I'écart-type)
et de 30 % dans une autre partie de I'étendue de mesure effective avec une autre probabilité.

La linéarité doit étre cohérente avec les hypothéses retenues pour les analyses d'accidents,
les besoins des opérateurs, et les exigences imposées par les autres systémes qui utilisent
les signaux de surveillance de rayonnements. De plus, elle doit étre caractérisée pour
les valeurs de signaux inférieures au début de I'étendue de mesure effective. Les grandeurs
d'influence, ainsi que leurs plages de valeurs et les variations induites sur la linéarité doivent
étre spécifiées par le fabricant.

En général, il convient que la linéarité soit de l'ordre de 30 % sur la totalité de I'étendue
de mesure effective, toutes grandeurs d'influence prises en compte.
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4.8 Temps de mesure

Le temps de mesure est le temps moyen durant lequel le mesurage doit étre réalisé pour obtenir
une estimation du signal dans des conditions données. Il convient de le mesurer uniquement
en régime établi. Celui-ci peut étre calculé a 'aide d'une formule. Cependant, cela ne prend
pas en compte les algorithmes de traitement mis en ceuvre dans le moniteur.

Le fabricant doit spécifier le temps de mesure ainsi que toutes les données utiles (écart-type
ou précision) nécessaires pour connaitre la précision des estimations et le taux de fausses
alarmes. Les grandeurs d'influence, ainsi que leurs plages de valeurs et les variations induites
sur le temps de mesure doivent étre spécifiées.

4.9 | Temps de réponse

Le temps de réponse est le temps nécessaire au moniteur, aprés une variation brutale du signal
mesyré (par exemple, un échelon) pour que son signal de sortie ou son indicationlatteigne[pour
la prg¢miere fois 90 % (dans le cas d'une augmentation) ou 10 % (dans le cas d’Une diminygtion)
de la|variation.

Pour|des systémes intégrateurs, il s'agit d'un pourcentage de la valeur.d'équilibre de la défivée
premijiiére du signal de sortie en fonction du temps qu'il convient deprendre en compte.

Le temps de réponse ne doit étre pris en compte qu'en conditions- de fonctionnement transifoire.
Les algorithmes de traitement du moniteur doivent étre pris*en compte.

Par ¢onséquent, son calcul au moyen d'une formule\n'est pas pertinent, et le fabricant doit
le spgcifier en réalisant des essais ou des simulations numériques et doit fournir I'ensegmble
des tliJonnées utiles pour déterminer sa relation.avec la précision des estimations et leftaux
de fausses alarmes. Les grandeurs d'influence, ainsi que leurs plages de valeufs et
les variations induites sur le temps de réponsedoivent étre spécifiées.

4.10| Performance en saturation

La mesure indiquée ne doit pas dimjauer ou tomber a zéro pendant et aprés une exposition qui
entrgine un dépassement de_ lavvaleur maximale de I'étendue de mesure. Le matérie| doit
maintenir l'indication de la yaleur maximale de I'étendue de mesure ou une indicatior] non
ambigué. Lorsque l'exposition repasse au-dessous de la valeur maximale de I'étehdue
de mesure, le systeme doit récupérer dans l'intervalle de temps spécifié par I'acheteur.

4.11| Protection contre le bruit de fond ou mécanismes de compensation

Une [protectiond'ou une compensation électronique doit étre mise en ceuvre autant| que
nécepsaire \pour réduire les effets des rayonnements de bruit de fond sur la megsure
des rayonnements de procédé.

Un accordpeut—étre gtabtientre tefabricant et acheteur surte faitque tes Tayonmements
de bruit de fond significatifs proviennent uniquement de directions ou de sources définies
(cuves, tuyaux, etc.). Ceci peut étre pris en compte dans la réalisation de la protection.
En I'absence d'accord, la protection doit assurer pour la partie sensible du détecteur une
atténuation des rayonnements dans toutes les directions virtuellement identiques, compte tenu
de la structure matérielle de I'ensemble de détection et de la réponse angulaire du détecteur.

Si le matériel ne peut étre facilement retiré de la protection, il convient que cette protection soit
aisément démontable. Il convient que le fabricant et I'acheteur fixent par accord la masse
maximale des éléments ou les moyens de manutention appropriés.

Lorsque des techniques électroniques qui intégrent des détecteurs supplémentaires sont
utilisées pour réduire les effets des rayonnements de bruit de fond, ces détecteurs doivent étre

choisis et placés de maniere a assurer la meilleure compensation possible, compte tenu
des plages d'énergies et de la direction des rayonnements.
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4.12 Exigences liées aux conditions accidentelles

La conception du matériel doit assurer la prise en charge des fonctions systéme nécessaires
et I'absence de défaillances dues aux conditions d'environnement rencontrées en conditions
de fonctionnement normal et en conditions accidentelles ou post-accidentelles.

L'intervalle de temps entre les conditions accidentelles et post-accidentelles, pendant lequel
le fonctionnement du systéme est exigé, doit étre spécifié par I'acheteur.

Les conditions d'environnement locales dans lesquelles les différents composants du systéeme
peuvent fonctionner, en conditions de fonctionnement normal, accidentelles et
post-accidentelles, doivent étre spécifiées par l'acheteur. La spécification des conditions
d'enfironnement doit comprendre, lorsque cela est pertinent, la température et la pressionjainsi
que |eur taux de variation, les vibrations, I'humidité, les fluides agressifs ou corresifd, les
vapelrs ou les poussiéres, les conditions sismiques, I'environnement électromagnétiquie et
toutefs autres conditions physiques hostiles, comme les débits de dose de fayonnement
en c@nditions de fonctionnement normal et en conditions accidentelles, ainsi que les doses
de rgyonnement intégrées a I'endroit d'installation du matériel de surveillance.

Le fabricant doit fournir un matériel congu pour fonctionner en~tous points du domaine
d'enyironnement décrit ci-dessus, sauf accord contraire entre‘d'acheteur et le fabricant.
Si nécessaire, le matériel doit étre qualifié pour les conditions Jd'environnement relatijes a
I'application conformément aux normes applicables.

Plus particulierement, le matériel doit é&tre congu de maniére a réduire le plus possible les ¢ffets
induits par les conditions d'environnement spécifiéespetl'emplacement des détecteurs doif étre
choidi en fonction du bruit de fond en conditions accidentelles et post-accidentelles ains| que
des besoins en matiére de blindage pour réduite)le plus possible les effets du bruit de fond.
Dang la mesure du possible, les endroits d'installation doivent étre choisis de maniére a fagiliter
les gpérations de maintenance et d'étalonnage. Lors du choix de I'endroit d'installation,
il corlvient également de prendre en compte la nécessité éventuelle d'installer des équipements
électfoniques dans des zones de débit.de dose plus faible.

L'évgntualité que des matériaux_devconstruction du moniteur puissent rejeter des substgnces
toxiqhes ou corrosives dans.des conditions d'environnement hostiles, par exemple dprant
un incendie, en présence( de températures élevées ou de rayonnements imporfants,
doit ggalement étre prise .en compte. La conception doit réduire autant que pogsible
cette| éventualité en choisissant des matériaux adaptés et en les isolant de fagon approprjée.

4.13 | Fiabilité

La fiabilité exigée pour les fonctions doit étre spécifiée de fagon quantitative (temps moyen
entre défaillances) ou qualitative (conformité au critére de défaillance unique).

Les exigences suivantes doivent étre remplies pour tous les composants de I'équipement
(y compris I'ensemble de prélévement le cas échéant), qui font I'objet d'une maintenance
planifiée adaptée:

e Temps moyen entre défaillances: > 20 000 h (avec une maintenance préventive).

e Une analyse des modes de défaillance et de leurs effets (AMDE) doit étre réalisée en plus
du calcul du temps moyen entre défaillances dans le cas d'un matériel classé comme
réalisant une fonction importante pour la sireté de catégorie A conformément a I'lEC 61226.

e Le fabricant doit spécifier la fréquence des opérations de maintenance courante et décrire
chaque procédure de maintenance de maniéere exhaustive (voir 4.15.2). Il convient de limiter
ces exigences de maintenance au minimum pratique.
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4.14
4.14.

Interface utilisateur

1 Généralités

Le systéme doit afficher et/ou enregistrer I'activité ou le débit de dose en continu. En outre,
il doit émettre un signal d'alarme lorsque le niveau d'activité ou du débit de dose dépasse
une valeur prédéterminée.

4.14.2 Affichage des valeurs mesurées

Le choix entre les échelles logarithmiques, les échelles linéaires ou les affichages numériques

doit
num4
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pour
doit é
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spéc

4.14,

4.14,

Les ¢
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n'a p
lorsq
soit g
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Toutés les fonctions d'alarme doivent étre fournies avec des dispositifs d'essai qui permse

de vé
poss
de I's

Les

Au mlinimum etdorsque cela est pertinent, les alarmes suivantes doivent étre fournies.

4.14.

Atra adantd aux aobiectifs du matdriel | as dchelles loaarithmiaues o las affic
1 ) - o h

riques sont généralement privilégiés.

les ensembles fournis avec des échelles linéaires, il doit étre possible de changer de
que les facteurs d'échelle ne dépassent pas 10. Une indication de J'e€chelle ut
tre fournie.

ue les conditions accidentelles produisent d'importantes variations.au niveau des va
ées, le basculement manuel entre les plages ne doit pas étre utilisé, sauf accord con
fique de I'acheteur.

3 Alarmes
3.1 Généralités

ispositifs d'alarme et d'affichage doivent étre a@daptés aux objectifs du matériel.

ircuits d'alarme doivent étre capables de maintenir une condition d'alarme tant que ceg
as été réinitialisée par une commandg*ou de réinitialiser automatiquement le sys
ue I'état a I'origine de I'alarme disparaft. Il convient que la sélection du mode d'al
isée, mais contrdlable. Le changemént de mode peut étre effectué au moyen d'une
mot de passe ou en effectuant une’légére reconfiguration matérielle.

rifier le fonctionnement des alarmes. En cas d'alarmes réglables, la vérification doi
ble pour I'ensemble de Ta plage de réglages avec un indicateur du point réel d'activj
larme.

fonctions d'alarme doivent faire I'objet d'un accord entre le fabricant et I'achs

3.2 _<Alarme de haute activité

Au m

ages

blage
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raire

lle-ci
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teur.

oins’une alarme a point de consigne réglable doit étre disponible, le réglage allant:

e au moins de 10 % a 90 % de la plage de lecture (échelle linéaire), de 50 % de la plus petite
décade a 90 % de la plus grande décade (échelle logarithmique),

e oude 10 % de la deuxieme plus petite décade a 90 % de la plus grande décade (affichage
numérique).

4.14.

3.3 Alarmes de défaut

Il convient de fournir autant d'alarmes distinctes que possible pour les défauts mécaniques
ou électroniques. Il convient de disposer au moins des alarmes suivantes lorsque celles-ci sont
pertinentes:

e P
e P

erte de signal du détecteur.

ertes dans le circuit de prélévement.
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