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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RADIATION PROTECTION INSTRUMENTATION -
EQUIPMENT FOR SAMPLING AND MONITORING
RADIOACTIVE NOBLE GASES

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote

9)

internaffional co-operation on all questions concerning standardization in the electrical and electrgni
this engl and in addition to other activities, IEC publishes International Standards, Technical~Spe
Technidal Reports, Publicly Available Specifications (PAS) and Guides (hereafter refefred t
Publicafion(s)”). Their preparation is entrusted to technical committees; any IEC National Committegq
in the [subject dealt with may participate in this preparatory work. International, gavernmenta
governmental organizations liaising with the IEC also participate in this preparation [E€"collabor3
with the International Organization for Standardization (ISO) in accordance with~conditions det
agreemfent between the two organizations.

The forfnal decisions or agreements of IEC on technical matters express, as nearly as possible, an if
consengus of opinion on the relevant subjects since each technical commitiee has representati
interested IEC National Committees.

IEC Puplications have the form of recommendations for international use and are accepted by IH
Commiftees in that sense. While all reasonable efforts are made_to ‘ensure that the technical con
Publicafions is accurate, IEC cannot be held responsible for the/way in which they are used
misintefpretation by any end user.

In order to promote international uniformity, IEC National.Committees undertake to apply IEC H
transpafently to the maximum extent possible in their pational and regional publications. Any
betweep any IEC Publication and the corresponding national or regional publication shall be clearly
the lattg

=

IEC pr¢vides no marking procedure to indicatecits approval and cannot be rendered responsil
equipmpnt declared to be in conformity with an IE€ Publication.

All userns should ensure that they have the latest edition of this publication.

No liabllity shall attach to IEC or its directors, employees, servants or agents including individual 4
membefs of its technical committees.-ahd’IEC National Committees for any personal injury, property
other damage of any nature whatsoever, whether direct or indirect, or for costs (including lega
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any
Publications.

Attentign is drawn to the Normative references cited in this publication. Use of the referenced puj
indispefpsable for the carrect application of this publication.

Attentign is drawn to, the possibility that some of the elements of this IEC Publication may be theg
patent flights. IEC-shall not be held responsible for identifying any or all such patent rights.

Internatignal /Standard |EC 62302 has been prepared by subcommittee 45B:
protection ifistirumentation, of IEC technical committee 45: Nuclear instrumentation.

C fields. To
cifications,
b as “IEC
interested
and non-
tes closely
ermined by

ternational
n from all

C National
ent of IEC
or for any

ublications
divergence
ndicated in

le for any
xperts and
damage or

fees) and
other IEC

lications is

subject of

Radiation

This standard directly complements IEC 60761-1 (2002) and IEC 60761-3 (2002).

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

FDIS Report on voting
45B/550/FDIS 45B/556/RVD

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in
the data related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

» replaced by a revised edition, or
*+ amended.
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RADIATION PROTECTION INSTRUMENTATION -
EQUIPMENT FOR SAMPLING AND MONITORING
RADIOACTIVE NOBLE GASES

1 Scope and object

This International Standard is applicable to equipment used for sampling and continuous
measurement of rad|oact|ve noble ~gases in the workplace in gaseous effluents d|scharged
into the en n is the
process of continuous and real time measurement. The processes of sampling, pr taking
samples for retrospective laboratory analysis are included in this standard.

The objelct of this standard is to establish mandatory general requirements’ and t¢ present
exampleg of acceptable methods and equipment for sampling and pionitoring rddioactive
noble gases. Current standard IEC 60761-3 which is complemented by this stapdard, is
applicable to installing portable and transportable equipment for('sampling and mnfonitoring
radioactive noble gases, ONLY IN GASEOUS EFFLUENTS, while this standard|expands
coverageg to include monitoring all possible locations where radioactive noble gages could
present a radiological hazard. The equipment is designed: to-be operational during normal
operatior] conditions as well as under emergency conditions, both during and follpwing an
accident,| Depending on the nature of the emergency conditions it may be necessary|to install
specially| designed equipment for normal operationah conditions and other equigment for
emergengy conditions.

This stapdard is applicable to radioactive noble gas samplers and monitors intgnded to
provide the following functions:

— The measurement of the volumetric(activity of radioactive noble gases and their|variation
with time in the workplace, in\/gaseous effluents at the discharge point and in the
envirpnment.

— The mMmeasurements performed during normal operational conditions as well as under
emer@ency conditions during and after an accidental release.

— The gctuation of an alarm when a predetermined volumetric activity, or concentration, or a
predgtermined total of released radioactivity is exceeded.

— The determination of the total gaseous activity discharged over a given time and/or to
provide information on the composition of a mixture of different gases released.

— The slampling and retrospective analysis of air or gas containing noble gas.

Radon, 10ble gas
whose measurements are NOT con3|dered in th|s standard. The presence of radon and its
progeny may significantly interfere with the proper measurement of the noble gases of
concern in this standard.

This standard specifies the general characteristics, general testing procedures, mechanical,
electrical and electronic, radiological, safety and environmental characteristics, and the
proper identification and certification of the equipment. If this equipment is part of a
centralized system for continuous radiation monitoring in a nuclear facility, there may be
additional requirements from other standards related to those systems.

2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.
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IEC 60050-393:2003, International Electrotechnical Vocabulary (IEV) — Chapter 393: Nuclear

instrumentation — Physical phenomena and basic concepts
IEC 60068 (all parts), Environmental testing

IEC 60761-1:2002, Equipment for continuous monitoring of radioactivity in gaseous
— Part 1: General requirements

effluents

IEC 60761-3:2002, Equipment for continuously monitoring radioactivity in gaseous effluents —

Part 3: Specific requirements for radioactive noble gas monitors

IEC 61000 (all parts): Electromagnetic compatibility (EMC)

IEC 61187:1993, Electrical and electronic measuring equipment — Documentation

ISO Guide 98:1995, Guide to the expression of uncertainty in measurement\(GUM)

3 Terms and definitions
For the plurposes of this document, the following terms and definitions apply.

3.1
acceptance test
contractyal test to prove to the customer that the.'system meets certain conditio
specification

3.2
accident conditions
conditions deviating from normal operations, more severe than anticipated og
occurrenges, including design basis accidents and severe accidents

3.3
alarm asjsembly
assembly or a combinatiopn-6f*fassemblies whose output provides audible or visual alg
event thgt an alarm thresheld has been exceeded or a malfunction has been detected

3.4

anticipafed operation occurrence
operatiorjal process deviating from normal operation which is expected to occur at I
during the «operational lifetime of a nuclear power plant but which, in view of ap

design prowisions, does not cause any significant damage to items important to safe

to accident conditions

3.5
coefficient of variation

ns of its

erational

rm in the

ast once
propriate
y or lead

the ratio V" of the standard deviation s to the arithmetic mean X of a set of » measurements x;

given by the following formula:

s 1 1 & —\2

V=§=§\/n_1,z(xl' -
i=1

3.6

collection efficiency

where applicable, the collection efficiency of a monitor is defined as the ratio of

activity available for measurement on or in the collection medium to the total activity

at the inlet of the collection medium

the total
in the air
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3.7

control assembly

assembly used to process the output of the detection assembly and to provide data indication
and electrical power for the entire system

3.8
conventionally true activity
the best estimate of the activity of a radioactive source

NOTE Conventional activities, in general, are regarded as sufficiently close to the true values for the difference to
be insignificant for the given purpose. For example, a value and its uncertainty determined from a primary or a
secondary standard, or by a reference instrument which has been calibrated against a primary or secondary
standard, may be taken as the conventionally true value.

3.9
coveragé¢ factor
numerical factor (k) used as a multiplier of the combined standard uncertainty in| order to
obtain anl expanded uncertainty (ISO GUM: 1995)

3.10
decision| quantity
random Mariable used to determine whether a physical effect to bedmeasured is presgnt or not

3.1
decision|threshold
fixed valye of the radioactivity that allows a decision to_ be made for each measuremgnt with a
given prgbability of error as to whether the registered measurement includes a coptribution
from the physical effect

NOTE The¢ statistical test shall be designed such that the probability of wrongly rejecting the hypothesis is equal
to a designption o. For this standard error of the first. type, o is equal to 5 %.

3.12
design blasis accident
accident [conditions for which a-nuclear power plant is designed according to esftablished
design criteria, and for which the/damage of the fuel and the release of radioactivgd material
are kept within authorized limits

3.13
detection limit
minimum| value of the measurement quantifying a physical effect that can be detectgd with a
given prdbability.of error by the measuring method.

NOTE The detection limit is the smallest true value of the measured value that is associated with the¢ statistical
test and hylpatheses (Cf decision quantity) by the following characteristies if in reality the true value islequal to or
exceeds the detection limit, the probability of wrongly not rejecting the hypothesis (error of the second kind) shall
be at most equal to a given value B. For this standard R equals 5 %.

3.14

dynamic range

ratio of the signal from the maximum measurable indication to the signal from the minimum
detectable value of that quantity

3.15

effective range of measurement

range of values of the radioactive quantity to be measured over which the performance of
equipment or an assembly meets the requirements of its specifications
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error of indication
difference between the indicated value v of an activity and the conventionally true value v, of
that activity at the point of measurement

where:

AV =V -V,

v is the value of the activity indicated by the equipment or assembly under test;

v¢ is the conventionally true value of the activity

3.17

installed equipment

equipme
of such €

3.18

mainten
test carri
certain a

3.19
manufac
the term

the term

3.20

t designed to be in place for many years. IEC 60050-393 specifiesthe “inst
quipment as less than 40 years

nce test

jjustments to ensure that its performance remains within specified limits

turer and purchaser
'manufacturer" includes the designer and the’seller of the equipment;

'ourchaser” includes the user of the equipment.

measurement assembly

this assqg
radiation

3.21

mbly includes functional units designed to measure quantities related tg
(activity, volumetric activity; etc.)

measurement uncertainty

parametsg
the valu
measure
recomme

3.22

r associated with the result of a measurement that characterizes the disp
s that coeuld reasonably be attributed to the measurement. Any
ent shall/be given with the associated uncertainty calculated following
nded in‘the ISO GUM: 1995

plled life”

d out periodically on a device or equipment to ascertain and, if necessdry, make

ionizing

ersion of
result of
method

monitor

VY . P
air-circuitefficiency

the air circuit efficiency of the monitor describes the losses of activity on the walls of the
monitor between the air circuit inlet and the collection medium. It is defined as the ratio of the
total activity available for the monitor to sample to the total activity in the air supplied at the
inlet of the monitor.

3.23
monitor

sampling efficiency

monitor sampling efficiency is defined as the ratio of the volumetric activity as available for
measurement on or in the collection medium, to the volumetric activity in the air supplied to
the inlet of the monitor. It is the product of the collection efficiency times the air circuit
efficiency of the monitor.
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3.24

noble gas

the radioactive noble gases of concern in this standard include 41Ar, 85Kr, 133Xe and 135Xe in
the workplace, in gaseous effluents and in the environment itself. The isotopes of Radon are
NOT included.

3.25
normal operation conditions
operation within specified limits and conditions

portable equipment
I + docianad to-ba aoacilvy carriad hy aona narcan ta A lncatinn whara o maacr t i
equipmenpt-desigred-to-be-easiy-carried-by-one-person-to-altesation-where—armeasufement is

required pr desired

3.27
radiation detection assembly
assembly or combination of assemblies capable of providing radiation measurementg

3.28
referencp response
the refer¢gnce response R, is the ratio under standard test conditions, between the response

indication of the monitor and the unit reference activity (Table 1). This response is expressed
by the relation:

where:
v is the vplue of the activity measured by the equipment or assembly under test;

v, is the ponventionally true value of the activity.

3.29
relative intrinsic error
relative ¢rror of indjcation (e;) of a piece of equipment or an assembly with respect to a
quantity yhen subjeéted to a specified reference quantity under specified reference conditions
expressed as:

3.30

response time

time required after a step variation in the measured quantity for the output signal variation to
reach a given percentage for the first time, usually 90 %, of its final value

NOTE In this standard, 90 % is used.

3.31

retention capacity

the maximum quantity of a defined substance that can be retained at equilibrium in the
medium considered
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routine test
a test to which each individual device is subjected during or after manufacture to ascertain
whether it complies with certain criteria

3.33

sampling assembly
a set of connected devices used to collect a representative gas or air sample

3.34
severe a

ccident

accident conditions more severe than a design basis accident involving significant core

degradat

3.35
surface
number
face of a

NOTE Th

on

mission rate of a solid source
f particles of a given type above a given energy that are emerging from
source per unit time

normally applies to alpha and beta emitting sources and not to photon sources, chara

activity (refler to 7.2.1).

3.36

transpontable equipment
equipment designed to be in place for a limited time and_capable of being transported to other

locations

3.37

type test
a test of
specifica

3.38

sensitivi
ratio of t
quantity,

3.39
volumet
radioacti

for measurements

pne or more devices made to a cerfain design to show that the design mee
ions

ty
e variation of the observed variable to the corresponding variation of the n
for a given value of the measured quantity

ic activity
ity per unif volume of measured air or gas

the front

Cterized by

s certain

neasured

4 Claslsification of noble gas monitoring equipment

There are a number of designs for noble gas monitors available with some monitors of special
design to meet the specific needs of the user. This standard classifies noble gas monitors
based on the following radiological requirements:

— Gamma detection (best applied to monitoring for 41Ar)

— Beta detection

— Combination beta/gamma detection

— Radionuclide-specific (again applied to monitoring for 41Ar)

e Meas

urement range

— Low range monitors include those monitors that have range (R) 0 < R < 10 MBg/m3.

— High range monitors have a range X < R <Y where “X” and “Y” are, respectively, the
minimum and the maximum responses of the monitor as stated by the manufacturer.

e Working condition
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— Normal operation conditions

— Emergency conditions

e System interface

— Local readout and alarm only.

e Type of installation and/or power source

— Installed or transportable noble gas monitors operate mainly using line power and may
also have battery backup. Installed monitors typically have outputs that interface the
monitor with a centralized radiation monitoring system.

— Portable monitors primarily use batteries and are typically carried from location to location
for use. They may also use line power through an internal or external converter and can

also tr\ mntarfacadaaith o cantralizad ovctam
Tt o e oWt e Tt oz C ooy ot

41 G1:eral design considerations

4.1.1 ethods of detection

This starjdard does NOT specify what type or types of radiation detectors may bg used to
accomplish the performance required. The entire range of radiation detectors, [including
ionization chambers, proportional counters, GM detectors, solid-state’detectors, inorganic and
organic scintillators, and combinations of these, can and are used\td6 measure noble gases.

4.1.2 Fase of decontamination
Surfaces|that are designed to come in contact with fadioactivity, such as the sampling and
detection assemblies, shall be designed and cofastructed such that the accumgylation of

contaminjation is minimized and shall be designed to facilitate decontaminatipn when
necessaryy.

4.1.3 Considerations for explosive mixtures
In some gircumstances the measured gas sample may contain an explosive mixture pf gases.

Where an explosive mixture may exist the assembly shall be designed to prevent the ignition
of the sample.

4.1.4 Corrosion resistance

If gas sgmples should contain noxious and/or corrosive substances, special system design
shall be flequired to-protect sampling and measuring systems.

4.1.5 Reliabifity

All equipment shall be designed to provide reliable performance with unrevealed failires kept
to a minimum.

The manufacturer shall provide documentation of the expected operational lifetime of critical
and replaceable components such as air pump, detector, flow-rate measuring device,
batteries, etc.

The manufacturer shall specify the frequency of routine maintenance and fully describe each
maintenance procedure. The maintenance requirements should be kept to a practical
minimum.

4.2 Capability for operational testing

Capability should be provided to allow the purchaser to carry out periodic checks of the
operation of the assembly, including calibration and verification of the linearity of response.
These facilities should normally be installed so as to allow the checks to be carried out from
the control and measurement assembly.
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It shall be possible to check the calibration of the assembly at a minimum of two
representative points on the measurement range.

This check shall be carried out using one or more suitable radioactive sources as necessary.
The system response linearity may be checked electronically.

4.3 Adjustment and maintenance facilities
All electronic equipment shall be provided with a sufficient number of easily accessible

identified test points to facilitate adjustments and fault location. Any special maintenance
tools and an appropriate maintenance manual shall be supplied.

The desig

rance.
Self-diaghostic features should be available with a display.

4.4 Adoustic noise level of the assembly

Acoustic[noise level of the assembly mainly arises from the sampling assembly gnd more
particulafly from the operation of the fluid duct system and the resultant vibration.

The manufacturer shall select the components and shall design the assembly so| that the
noise level is minimized and consistent with the type of enwvifonment for which the assembly is
intended

4.5 Electromagnetic interference

All necegsary precautions shall be taken against the effects of electromagnetic int¢rference
either regeived or emitted by the equipment,

Severity |evel 3 shall be applied for immiunity (see IEC 61000).

The manpfacturer shall specify the:electromagnetic emission of the equipment. The |emission
limits for Japparatus covered by. this standard are given in table 1 of IEC 61000-6-4.

Moreovef the manufacturer’shall state the influence of cellular phones and walkie-talkies on
the meagurement assembly at a given distance and define the precautions of use.

4.6 Médchanical\shock

The monl|tor, shall be designed to minimize the effects of mechanical shock.

4.7 Measurement characteristics

The electronic assembly should indicate the measured activity in Bq/m3. In the United States
of America other units are being used. The manufacturer and purchaser shall agree upon the
expression of measurement, for example, Bg/m3 under the conditions of temperature and
pressure at the sampling location. They shall also agree on how to correct the expression of
measurement if the conditions inside the measuring assembly are different from the
calibration conditions.

The manufacturer shall indicate the decision threshold and the effective range of
measurement of the equipment. These characteristics shall be given taking into account the
reference background level (0,2 uGy/h) and the reference volumetric activity of radon.

The effective range of the measurement shall be appropriate to the particular application.
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5 Equipment components

5.1

General

The equipment comprises several components. The main components and their functions are
listed and described in the following paragraphs.

5.2

Sa

mpling assembly

The sampling assembly includes essentially one or more of the following assemblies and
functional units:

5.2

sampling and exhaust pipes;

air/liq
meas
ambig
airbo
indivi
air flo
press|
humig

air/c*nting gas mixing device (for proportional counters);

id scintillation mixing device (for liquid scintillation counters);
uring chamber and/or sample cell;
nt gamma radiation protection device, compensation device or-adequate sh
ne particulate filter, where appropriate;
dual air pump or centralized pumping system;
w-rate monitoring and/or control devices, where appropriate;
LUre monitoring and/or control device, where appropriate;

ity monitoring and/or control device, where appropriate;

tempegrature measuring device, where appropriate;’and

batte

A

The follg
manufacfurer and purchaser:

5.2

the n
adsor

ies, where appropriate.
SBampling and exhaust pipes

wing characteristics shall be) considered and shall be agreed upon

ature of construction materials, with attention given to chemical corrosion
ption, memory effects; etc.;

the m

the p|
press

the i

inimum distance/etween inlet and outlet to avoid recirculation;

revention of cendensation in the sampling pipe by control of temperatu
ure;

pact of flow-rate and pressure drop on the measurement;

the delaystime from sample inlet to detector based on flow-rate, pipe diameter,
the sampling pipes, etc; and

elding;

between

, surface

e and/or

length of

the ease of decontamination.

.2

Inlet filter or water trap

A filter shall be placed in a filter-holder at the sampling circuit inlet to remove any dust and
aerosols from the air. In order to maintain the specified performance of the equipment, such a
filter shall not trap, or even temporarily retain noble gases. To ensure that the inlet filter does
not retain noble gases or to observe the retained noble gas by the calculation of the noble gas
activity the filter-holder shall be removable without loss of radioactivity adhering to the filter.

All necessary arrangements shall be made to control the pressure drop in the filter. The
system should be designed to allow filter change at a given pressure drop to ensure that an
intact filter is in place.

The gas sample may also be passed through a water trap to remove particulate materials.
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5.2.3 Collection medium

If the detection assembly includes a collection medium intended to collect a specific
radionuclide of noble gas or to concentrate the radioactivity, its characteristics, efficiency,
retention capacity and delay time constant shall be known for the noble gas of concern.

The manufacturer shall state how the collection efficiency and the collection capability are
influenced by the noble gas of concern, atmospheric conditions and the presence of chemical
products and other gases in air sampled. The manufacturer shall specify the conditions of
storage of the collection medium.

5.24 Air pump

Where a pump is an integral part of any assembly the following requirements shall.bg met:

— the pump should be placed down stream of the detection assembly, except where the
measjrement is made by collecting the noble gas into a pressurized chamber;

— the d¢sign shall provide for ease of access to the pump and its replaceable parts;
— the rgnge of acceptable flow-rates shall be stated by the manufacturer;

— the mlodel of pump and its replaceable parts shall be specified;

— the plimp shall allow a total air flow-rate adequate for the mé&asurement method;

— wherg¢ the measurement technique of volumetric activity’is sensitive to pressure, ¢are shall
be taken to ensure that the pressure in the measuring‘volume is minimally affecteéd by the
variafion of pressure drop across the inlet filter;

— the pumps of a monitoring system and the sampling units designed to be in pperation
during and after an accident shall be extremely leak-tight. The acceptable |eak rate
depends on the accident conditions. The leak rate of a pump of a measuring device
desighed to be in operation during and after a basis design accident or a severe|accident
shall pe agreed upon between the manufacturer and purchaser. A helium leak de¢tector or
use of sulphur hexafluoride should.beyused for leak detection;

— the pump shall be capable of-continuous operation between scheduled maiptenance
opergtions. The frequency ,of> maintenance operations shall be agreed betyeen the
manufacturer and the purchaser, but shall not be more frequent than once gvery six
months. The design shall'provide for easy access to the pump and its replaceabld parts.

5.2.5 Flow-related control and measurement
5.2.51 Flow-rate control

If the mgasurement technique is influenced by flow-rate, a flow-rate control devicel shall be
provided |that has a flow-rate adjustment range sufficient to allow for variation in the intrinsic
characteristics of the air pump and any filters used.

5.2.5.2 Flow-rate measurement

The sampling flow-rate shall be expressed in Sl units. The pressure and the temperature at
which the flow-rate meter is calibrated and at which the flow-rate is expressed shall be
provided. Appropriate corrections shall be made for the actual ambient air conditions.

5.2.5.3 Pressure control

If the measurement technique is sensitive to pressure such as with an ionization chamber, a
pressure control device with alarms shall be provided for warning of any excessive variation
of pressure.
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5.2.5.4 Pressure measurement

If the measurement technique is sensitive to pressure, a pressure-measuring device with
alarms shall be provided for warning of any excessive variation of the pressure. The pressure
shall be expressed in Sl units. The pressure-measuring device shall be calibrated under
standard conditions. Appropriate corrections shall be made for the actual ambient air
conditions.

5.2.5.5 Volumetric measurement

Sampling units shall be equipped with total-volume measuring devices. The volume
measurement shall be indicated in Sl units.

5.3 Detection assembly

Detectorg influenced by humidity such as ionization chambers shall be ¢protected from
condensation. This protection can be provided by

— heating the gas stream and the detector itself, or

— cooling the gas stream followed by heating it to reduce the relative humidity. The
condgnsate of the cooler shall be collected in a local reservoir” This should nqt require
discharging more frequently than every eight days. A liquid level indicator equigped with
an alarm unit shall be provided to alarm at the maximum le\el in the reservoir.

The influpence of heating or cooling the gas stream onthe/volumetric measuremen{ shall be
strictly opserved. The effects of passing the gas through a water trap shall be taken into
account.

5.3.1 Radiation detector
The marnufacturer shall specify the charaeteristics of the detector including thg type of

detector,| detector dimensions and the Aolumes of the sampling chamber and the [sampling
lines.

5.3.2 Compensation detection
One or more additional detectors may be used by the manufacturer to compepsate for
background gamma radiation, and/or activity from radon or radon progeny in the gag sample.

The marjufacturer may“also provide a detection system wherein radioactivity frgm radon
progeny s electronically eliminated.

5.4 Cgntrolassembly

The contfol@nd measurement assemblies include essentially the following parts:

— Electrical control and power supply.

— Electronic measurement devices.

— Measurement display unit.

— The radiation detector(s) (see 5.2.1 above).

The assembly may be associated with a central radiation monitoring display panel. Then it
shall be capable of being installed into electronic racks of standard dimensions.

5.5 Indication facilities

In addition to the visual display of the measured value, operational indications may be
provided on the equipment for the following:

— System power on.
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— Air pump on, if appropriate.

— Detector high voltage supply on.

— Detector heating unit on, if appropriate, and

— Cooli

ng device on.

Units equipped with pressure measurement, pressure control, flow-rate measurement, flow-
rate control and/or volume measurement shall have suitable indication units for the measured
parameters.

An output may be provided permitting remote indication of measurements and alarms by

agreeme

5.6 Alarm assembly

The alar
shall be

5.6.1
5.6.1.1

An adjustable high-level alarm covering the entire effective rahge of measurement

provided

5.6.1.2
A fault al

— anal

— an alarm indicating the loss of the sampling circuit;

— an al

— when
possi

A separate indication of each-fault should be displayed.

Other algrms shall be ‘agreed upon between manufacturer and purchaser.

5.6.2

All alarm
For adju

nt between manufacturer and purchaser.

and indication facilities shall be appropriate to the purpose of the equipment and

greed upon between manufacturer and purchaser.

Alarms

High level alarm

Fault alarm system

arm shall be provided. It shall include:

rm indicating loss of detector signal;

rm indicating failure of the eleetronic system;

bver possible the alarms.should indicate the source of as many other
ble by having a self-diagnostic system.

Alarm test facilities

functions shall be provided with test facilities to allow checking of alarm g

shall be

faults as

peration.

table alarms r‘hpr‘king shall be Inneqihln over the entire range of ndjllc‘rr

hent with

indication of the actual alarm operation point.

5.6.3

Alarm reset features

Alarm circuits shall be operable either to hold an alarm condition until specifically reset by a
reset control or to auto-reset when the alarm state subsides.

5.6.4

Alarm self-diagnosis

A self-diagnostic system should be provided.

5.6.5 Alarm display

A separa

te indication of each fault should be displayed.


https://iecnorm.com/api/?name=1096be0b01820235cc066b8082d68a1c

- 20 - 62302 © IEC:2007

5.7 Check and “keep alive” sources

The monitor may be equipped with a photon-emitting check source such as 137Cs to indicate
that the instrument is working properly. The detection limit of the assembly shall be
determined when the check source is in the shielded condition. A keep-alive radioactive
source may also be provided. This source consists of a small amount of radioactive material
mounted on or near the detector to verify that the detector is continuously operating.

5.8 Ambient background shielding or compensation devices

Appropriate radiation shielding, electronic compensation, or software correction techniques
should be provided to reduce the effect of the ambient background on the measurement.

Shielding shall be designed to allow the equipment to be readily serviced.

5.9 Batteries

Some mpnitors may be equipped with batteries. The batteries may _be;~Connected in any
desired manner and shall be individually replaceable. The correct polarity shall be clearly
indicated|on the assembly. The manufacturer shall specify the type(s),of batteries.

Rechargg¢able batteries shall be rechargeable from line power within 16 h. The use of a
device that turns off the charger when a complete charge,is“obtained should be provided.
Facilities|shall be provided to check the battery conditiondupder maximum load. The minimum
load indi¢ation shall be clearly displayed on the monitor/before the function of the monitor is
affected.

6 Test conditions

6.1 Ggneral test procedures

General fest procedures applicable to_each type of monitor and/or sampling units arg covered
in this standard. Except where otherwise specified these are to be considered as type tests,
although| any or all may be'considered as acceptance tests by agreement |between
manufacfurer and purchasersThe stated requirements are minimum requirements anfd may be
extended for any particulareguipment or function.

Detailed [test procedures will vary according to the particular characteristics of each type of
monitor.

The testp described in this standard may be classified according to whether Jthey are
performefd. under standard test conditions or under other conditions.

6.2 Tests performed under standard test conditions for normal operation conditions

Standard test conditions are defined in Table 1. Tests performed under standard test
conditions are listed in Table 2. This table indicates, for each characteristic under test, the
requirements according to the paragraph where the corresponding test method is described.

6.3 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 are grouped into two categories:

— tests relating to the measurement, alarm and indication units, and
— tests relating to the air circuit.

These two categories of tests shall be carried out independently of each other.
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In order to check the effects of the variation of each influence quantity listed in Table 3, all the
other influence quantities shall be maintained within the limits of the standard test conditions
given in Table 1.

In order to simplify these tests only a single test need be performed for each individual
influence quantity. This test shall measure the effect of the specified change of influence
quantity for radioactivity levels of between 10 and 50 times the lowest value of the range of
measurements.

The tests relating to the measurement, alarm and indication units are shown in Table 3 with
the range of variations of each influence quantity and the limits of the corresponding
variations of the indication of the assembly.

The testq of the air circuit are shown in Table 4 with the range of variations of each jinfluence
quantity and the limits of the corresponding variations of the parameters under_test.

6.4 Tests performed under test conditions for emergency conditions

Measuring units designed to monitor during emergency conditions)) during and |after an
accident,| shall be tested in two steps. The first tests shall be performed in accordance with
the standard test conditions described in 7.1. The second tests.shall be performpd under
emergengy conditions where the units shall be in operation~The conditions in emergency
case degend on the type of the facility and the type of aCeident. Therefore the emergency
conditionjs should be agreed upon between the manufacturer and the purchaser.

6.5 Types of sources
6.5.1 eference source

For the determination of the reference respanse during type testing the reference souyrce shall
be air with a known volumetric activity ofithe type of noble gas for which the equ|pment is
designed|. The reference sources should consist of bottles of pressurized air and thee type of
noble gas for which the equipment isldesigned.

The conyentionally true activity of the gas sources shall be known with an uncertaipty better
than 10 % (k = 2).

6.5.2 Solid sources

Solid radioactiveseurces appropriate to the equipment concerned may be used tq perform
other tedts. For.example, 137Cs shall be used if the instrument is designed to |measure
photon—gmitting'noble gas or it has the capability to disable gamma compensation. In order to
cover thg¢.range of measurements of the equipment a number of sources is likg¢ly to be
necessa Tvityti i i i nt. The
conventionally true surface emission rate of the solid sources shall be known with an
uncertainty better than 10 % (k = 2). Solid sources should be used concurrently with the
gaseous source during type testing as reference sources for later calibrations or tests of the
monitor (7.1.2).

6.6 Metrological confirmation system during tests
6.6.1 Uncertainty of measurement

The uncertainty of the test result should be less than one third of the maximum permissible
variation for the test being conducted (see Tables 2 and 3).

NOTE Due to the difficulty to obtain gaseous sources with a low uncertainty on the volumetric activity, a factor
one half between the uncertainty (k=2) of the volumetric activity for the reference source and the permissible error
of the equipment is acceptable for tests of air contamination monitors.
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6.6.2 Statistical fluctuations

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

7 Radiation detection performance tests

These tests are carried out under standard test conditions. If an electronic method of
shall be
ng to the

manufaciurer’s specifications.

71 Reference response
711 Requirements

Under Tandard test conditions, with calibration controls, ‘adjusted accordind to the
manufacfurer's specifications, the reference response shall be between £15 % of unity.

7.1.2 Test to be carried out

Where splid sources are to be used for routinecan functional tests the responge of the
assembly to such sources relative to the appropriate gaseous sources shall be esftablished
during type testing.

71.3 Test method with gaseous sources
Dependept on the design of the monitor;either:

— Air of gas labelled with as/Known volumetric activity shall be circulated thrpugh the
assembly at a constant flow” rate and known pressure for a sufficient time [to reach
measpjrement equilibrium‘and the equilibrium readings shall be noted,

or

— The detector shall*be immersed into a large volume of gas of known volumetric activity to
be equivalent 10 the volume in the actual operating position of the detector| and the
readings shalt be noted under equilibrium conditions.

NOTE The user should be aware of the influence of radon and its progeny.

71.4 Relative response with solid sources

The appropriate solid source shall be located at the defined position relative to the detector,
where the gaseous source test condition is unchanged but the gaseous source is absent. The
relative response to the solid source shall be established at equilibrium. For subsequent
routine or functional tests the solid source shall be located at the defined position relative to
the detector and the appropriate factor shall be applied for the relative response to gaseous
sources as established in the type test.

71.5 Test with an electronic signal generator

In order to avoid the use of several sources for the routine or functional tests the measuring
assembly alone may be tested by injection of an appropriate electronic signal at the detector
input.
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7.2 Linearity
7.21 Test source

The test shall be carried out with the noble gas of concern or with a set of solid sources of the
identical radionuclide and geometric characteristics.

The standard of preparation of the test sources used in the required tests shall be such that
the uncertainty in the conventionally true activity of each source in absolute terms
(eg5) is better than 10 % (k=2) and the uncertainty in the conventionally true activity between

sources of the same test set (gg,) is better than 5 % (k=2). The test sources shall be traceable
to recognized standards laboratories.

7.2.2 Requirements

Under standard test conditions the maximum value of the relative intrinsic error shall be less
than = 10 % for the whole effective range of measurement. The uncertainty,of the radioactive
source (9) is not included.

Where splid sources are used, v and v, shall refer to the variation in responge of the
equipment to calculate the relative error.

7.2.3 Test method

These tegts may be performed:
— with rpdioactive noble gaseous or solid sources, or

— with ipjection of an electronic signal.

The testp should be performed at least\'at 2,5 times the lowest value of the Jrange of
measurement and at three points including approximately 25 %, 50 % and 75 o of the
effective range of measurements.

7.3 Response to radioactive gases other than radioactive noble gases
7.3.1 Requirements

The manpfacturer shall‘state the response of the equipment to designated radioactive gases
other thgn the noble~gas of concern such as tritium and the three isotopes of Rafdon. The

designated radioactive gases to which this requirement applies shall be the subjg¢ct of an
agreemepnt between the manufacturer and the purchaser.

7.3.2 Test'method

The test method is identical with that described in 7.1 using the appropriate radioactive noble
gas or gases.

7.4 Response time
7.4.1 Requirements

The manufacturer shall specify the response time of the assembly. The response time
includes the renewal time of the air in the detector.

7.4.2 Test method

This test shall be done at the normal flow-rate. The volumetric activity inside the chamber
should be at least 10 times the lowest value of the range of measurements. A recorder shall
be connected to the assembly to determine the change in indication as a function of time.
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The system shall sample continuously air free from noble gases and the background value R;
shall be noted.

A known volumetric activity of noble gas shall be continuously injected into the inlet of the
monitor for the time needed to reach equilibrium. The equilibrium value R; shall be noted.

The response time shall be calculated as the interval of time between the initial moment when
the noble gas is injected and the moment at which the reading reaches
0,90 (R;— R,) + R for the first time.

7.5 Response to ambient gamma radiation

7.51 General

The resppnse to ambient gamma radiation and the decision threshold are directly' related. The
manufacfurer and the purchaser shall agree upon and document the valuescof-the pgrameters
that are nneeded for the particular application of the system.

7.5.2 Requirements

The manpfacturer shall state the decision threshold and the maximum value of th¢ reading
when the| detector, fitted with its ambient gamma radiation compensation devices, is|exposed
in an origntation specified by the manufacturer to a changein gamma air kerma rate| from the
referencg background air kerma rate to 10 uGy/h from”137Cs. The response tq gamma
radiation| exposure in any orientation and of any gamma radiation energy up to [1,3 MeV
(69Co) sHall not exceed twice that value.

7.5.3 Test method
7.5.3.1 Determination of the background indication

The equipment shall be operated under standard test conditions with no radioactie source
present gnd the background indication shall be determined for at least 1 h.

7.5.3.2 Determination ofithe influence of the radiation source

The 137Cis source shall pe-positioned relative to the detector so that the source is at |east 2 m
from the [detector andithe conventionally true gamma air kerma rate at the detector|position,
with the detector assembly absent, is equal to 10 uGy/h 10 %. The orientation of thg detector
in relation to the Source shall be as specified by the manufacturer.

The readings shall be recorded when stability is achieved. The decision threshold| shall be
calculated_hased aon this rpnding The decision threshold shall conform to the manufacturer’s
specification. The maximum reading of the measurement assembly shall not exceed the value
specified by the manufacturer.

7.5.3.3 Determination of the effect of orientation

Where a gamma compensation detector is used, the detector shall also be exposed to a
number of orientations as agreed upon between the manufacturer and the purchaser. Where
the measuring assembly may be programmed with a gamma compensation factor this factor
shall not be changed during these tests. The reading of the measurement assembly in each
case shall not exceed twice the value specified by the manufacturer.

The test above shall be repeated with the reference source to detector orientation using
alternative gamma radiation sources, as agreed upon between the manufacturer and the
purchaser. Where the measuring assembly may be programmed with a gamma compensation
factor this factor shall not be changed during these tests. The reading of the measurement
assembly shall not exceed twice the value specified by the manufacturer.
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7.6 Response to neutron radiation
7.6.1 General

Neutron radiation may influence the readings. The manufacturer shall specify the response of
the monitor when exposed to neutron radiation.

7.6.1.1 Requirements

If the instrument is intended to be used in the presence of neutron radiation then the response
to neutrons shall be stated. A test for neutron response is not mandatory and need only be
carried out if this requirement is specified. In any case instruments shall be designed to
reduce the influence of neutron radiation.

7.6.1.2 Test method

The method of test shall be subject to agreement between manufacturer and-purchaskr.

7.7 Oyverload test
7.71 Requirements

Unless dtherwise agreed upon between manufacturer and purchaser the equipment shall
maintain | full-scale indication or an unambiguous indication when exposed to a [radiation
source of activity twice the activity necessary to give the.maximum measurable indicdtion, and
perform mormally when this overload exposure is removed. An “overload” indication ghould be
provided

7.7.2 Test method

a) The detector assembly shall be subjected:to a radiation source of appropriate gctivity to
give Jz reading between 10 and 50 times the lowest value of the range of measyrements.
This leading shall be documented.

b) The detector assembly shall thentbe subjected to a radiation source of activity twice that
necegsary to produce the  maximum measurable indication. The exposure [shall be
maintgined for at least 10.min and it shall be verified that the instrument maintains the
maximum reading.

c) The qource of activity.in step b) shall then be removed and the detector assenpbly shall
again| be exposed.under identical conditions to step a). After a period to be agrg¢ed upon
betwgen manufacturer and purchaser but less than 1 h, the reading shall not|differ by
more [than 10/%‘rom the value documented in step a).

7.8 Statistical fluctuations
7.8.1 quuumants

The coefficient of variation of the indication due to statistical fluctuations shall be less than
15 % for any reading exceeding 10 times the lowest value of the effective range of
measurements.

7.8.2 Test method

A solid radioactive source shall be used to give an indication between 10 and 50 times the
lowest value of the range of measurements.

At least 20 readings shall be taken at appropriate time intervals. In order to obtain
independent values the mean value and the coefficient of variation of all the readings taken
shall be calculated. The coefficient of variation shall be within the limits required.
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7.9 Zero stability
7.9.1 Stability of zero indication with time
7911 Requirements

The indication of any instrument with a zero setting switch that has been set to zero after the
instrument has been in operation for 30 min under standard test conditions shall not differ
from zero by more than the following amount on any range during the next 4 h:

a) for instruments with an analogue display: not more than 2 % of maximum scale angular
deflection;

b) for instruments with a digital display: not more than 2 % of the maximum of the first order
of magmitudeof theeffective Tange of measurements<{Table2):

7.9.1.2 Test method

The instrument shall be turned on and left on for a period of 30 min. If a~set-zero fontrol is
available|to the operator, this shall then be adjusted to bring the indication+to a point gtated by
the mandfacturer. For some instruments with a non-linear scale, suchi/a control i used to
bring the|indication to some reference point rather than to zero. If this is the case, tHe control
shall be get to bring the indication to the appropriate reference point.

The instfument shall be left in this condition and the redding noted every 30 mjn for an
additionall 4 h.

For instjuments where background radiation givesya significant indication on the most
sensitive|range an equivalent electrical test should be carried out. For this electricdl test the
detector [may be rendered inoperative provided this is done in a manner that other
characteristics of the system such as drift aresnot changed.

7.9.2 Stability of zero indication with variation of temperature
7.9.21 Requirements

Those with and those without externally accessible zero-setting controls are the twq types of
instruments considered.

For instrdments without'a’zero-set control the variation of the zero indication with temperature
of the indtrument shallinot differ from zero by more than the following values.

Over the|rated<temperature ranges from +5 °C to +40 °C, or from —10 °C to +40 °C [not more
than £2 % or't5 %, respectively, of the maximum scale angular deflection for instruments with
an analggue/display, or, for a digital display, a variation of not more than 1 of 2 units
respectively, in the Teast significant digit.

For instruments provided with a separate zero-set control the variation of the zero indications
shall not differ from zero by more than the following amounts. Over the rated temperature
ranges from +5 °C to +40 °C, or from —-10 °C to +40 °C, not more than 10 % or +20 %,
respectively, of the scale maximum angular deflection for instruments with an analogue
display, or, for a digital display, an indication of not more than 3 or 5, respectively, in the least
significant digit.

In addition, the range of adjustment of any zero-set control provided shall be sufficient to
enable the indication to be set to zero throughout the temperature range.

7.9.2.2 Test method

The instrument shall be turned on to the lowest range. The instrument shall then be placed in
an environmental chamber at a temperature of (20 + 2) °C. The instrument shall be left in this
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condition for 30 min or until equilibrium is reached. If a zero-set 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 other than to zero. In this case the control shall be set to
bring the indication to the appropriate reference point.

The temperature shall be varied up to the extreme value. The temperature change rates
should not exceed 10 °C-h="1 and the humidity level should be kept low to avoid condensation.

The temperature shall be maintained at each of its extreme values for at least 4 h and the
indication of the instrument measured during the last 30 min of this period.

For instr 1Y ignifi indicati U iati west range
an equivalent electrical test should be performed. For this electrical test the detector may be
disabled provided this is done to maintain the stability of the instrument.

7.10 Reproducibility of the response
7.10.1 Requirements

After thel assembly has been in operation for 30 min the response to a given radioactive
source shall not vary by more than 10 % over the following 100-h.

7.10.2 [Fest method

A radioagtive source shall be used to give an indication between 10 to 20 times the lowest
value of {he range of measurements.

At least 20 readings shall be taken after 30 min. Then additional readings shall be tgken after
10 h and| 100 h with no adjustment made to’the assembly and no change of conditions. The
means of the readings taken at each time shall be within the limits indicated.

Readingg shall be corrected for radioactive decay of the source if necessary.

8 Electrical, electronic.and mechanical tests

8.1  Alarm trip range
8.1.1 Requirement

This reqlirement excludes the detector. The range of alarm settings shall conform to the
requirements-of 5.6.

8.1.2 Test method

This test shall be performed on each adjustable alarm. Using an appropriate electronic signal
generator as specified by the manufacturer the range of response of the equipment over
which the alarm trip operates shall be determined.

For alarms intended to operate on increasing signals the alarm shall be adjusted to its lowest
setting and the input signal slowly increased until the alarm is actuated. The indication of the
equipment shall be noted. The alarm shall then be re-adjusted to its highest setting and the
input signal slowly increased until the alarm operates again.

The indications of the equipment shall be noted at 50 times the lowest value of the range of
measurements.
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For alarms intended to operate on decreasing signals, operate as above from the highest
setting to the lowest setting and slowly decrease the level of input signal.

8.2 Alarm trip stability

This test

8.2.1

is performed using an appropriate electronic signal.

Requirements

These requirements exclude the detector.

The operating point of any alarm circuit shall not deviate outside the range of 95 % X to

105 % X,

where X is tha nominal alarm set levael in the pnrind of 100 h of npnrofinh_

8.2.2
For any §

— when
shall

— when
100 h

Test method
larm circuit whose nominal trip setting has been determined as X

a condition equivalent to 95 % X is applied to the assemb}ylelectronical
bccur within 100 h;

a condition equivalent to 105 % X is applied to, the”assembly after
of operation the alarm shall operate within 1 min.

83 E

The det

uipment fault alarm system

tor fault alarm system shall be tested in agccordance with 8.1. Other test

alarms for appropriate equipment malfunctions shall"be carried out by agreement

manufac

8.3.1
8.3.11

urer and purchaser.

|_oss of detector signal

Requirement

The systém shall indicate a fault when there is no signal from the detector.

8.3.1.2

Test method

The systém shall be operating normally at the beginning of this test. The signal cable

detector
interrupt

should be disconnected from the detector or some other method may bg
the signalr>The system should indicate this fault condition. The syster

indicate mormal gperation after the condition causing the fault is corrected.

8.3.2

Failure of the electronic system

y no trip

1 h and

5 of fault
between

from the
used to
h should

8.3.21

Requirement

The detection system shall indicate a fault when the electronic system fails because of faulty
connecting cable or failure of any electronic component in the electrical or electronic circuit.

8.3.2.2

Test method

Remove the detector from the electronic circuit and connect a signal generator suitable for
simulating the output from the detector. Observe the response of the electronics to the
simulated signal and replace or repair the electronics if the expected response is not

provided.


https://iecnorm.com/api/?name=1096be0b01820235cc066b8082d68a1c

62302 © IEC:2007 - 29 -

8.3.3 Loss of the sampling circuit
8.3.3.1 Requirement

The system shall indicate a fault when the indication of the sampling flow rate goes below an
acceptable level.

8.3.3.2 Test method

The system shall be operating normally at the beginning of the test. The air sampling flow rate
shall be decreased to a level below the preset air sampling flow rate alarm. A fault alarm
should be signaled.

8.4 Warm-up time — Detection and measurement assembly
8.4.1 Requirements

When exposed to a radioactive source the assembly shall give an indication that |[does not
differ by [more than + 10 % from the value obtained under standard conditions (seg table 3)
30 min after being switched on.

8.4.2 Test method

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

A radioag¢tive source shall be used to give approximately 10 to 50 times the lowes{ value of
the rangg of measurements. The detection and controelrassemblies shall be turned on

The valugs of response to activity shall be noted every 5 min during the first hour. Tlen hours
after waqm up sufficient readings shall be taken and the mean value shall be usgd as the
"final valyie" of indication.

A graph| of radioactivity indication*\ersus time shall be developed correcting for [decay in
activity ap necessary.

The diffdrence between the \'final value" and the value from the graph for 30 min| shall be
within the limits specified!

8.5 Pdwer supplyivariations
8.5.1 Requirements

The assgmblies shall be capable of operating from the mains with a supply voltage [olerance
of +10 Y%land =12 % and supply frequenciesof 47 Hz to 51 Hz (57 Hz tgo 641 Hz in kcountries
Ll o = X

where the nominal frequency is 60 Hz) without the indication varying by more than 10 % from
the indication under standard test conditions.

8.5.2 Test method

A radioactive source shall be used to give a reading within 10 to 50 times the lowest value of
the measuring range. With the supply voltage and frequency at their nominal values, the
mean of a sufficient number of readings shall be taken in accordance with 7.8.2.

e For alternating or direct current:

The mean of two additional sets of consecutive readings shall be taken with the supply at the
nominal frequency for alternating current at a voltage 10 % above the nominal value, and the
mean of sufficient consecutive readings shall then be taken at a voltage 12 % below the
nominal value.
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These two mean values shall not differ from that obtained with the nominal supply voltage by
more than £ 10 %.

e For alternating current

The mean of sufficient consecutive readings shall be taken with a nominal supply voltage and
a frequency of 47 Hz, 57 Hz in countries where the normal frequency is 60 Hz, and the mean
of sufficient consecutive readings shall be taken with a nominal supply voltage and a
frequency of 51 Hz, 61 Hz in countries where the normal frequency is 60 Hz.

These two mean values shall not differ from that obtained with a nominal frequency by more
than + 10 %.

8.6 Battery test
8.6.1 eneral

The capdcity of the battery directly influences the operational time of monitors. A battery with
decreasing voltage during a measuring period may influence the quality) of the meaqurement.
Thereforg a test of the capacity of the battery is necessary for a satisfactory function|ng of the
monitors |and/or sampling units.

8.6.2 Requirements

The capacity of the battery shall be such that, after,16/h of intermittent use (pgriods of
maximum use of 4 h, separated by intervals of at least 1 h) or 8 h of continuous|use, the
indication of the assembly shall not differ from the initial indication by more than 10 %.

When power is supplied by secondary batteries\their capacity shall be such that, after 8 h of
continuolis use, the indication of the assembly does not differ by more than 10 %|from the
initial valle.

8.6.2.1 Test methods for the primary battery

The monftor shall be exposed to)an appropriate radioactive source to give an indjcation of
approximlately two-thirds of full-scale deflection on the least sensitive range scale. The initial
responsg shall be noted. Fhe*monitor shall be used continuously for 8 h. The actual fesponse
shall be gompared with the-response at the beginning of the tests. The difference in fesponse
shall be less than 10 %_of the initial value.

8.6.2.2 Test.methods for secondary battery

The charging-unit shall be turned off and the same test procedure performed as degcribed in
8.6.2.1. Thedifference in response shall also be less than 10 % of the initial value.

8.7 Power supply transient effects
8.71 Requirements

The monitor shall meet the requirements of the IEC 61000-4-4, severity level 3 (electrical fast
transient/burst), and IEC 61000-4-11 (withstand half period interruptions in its power supply).

With no radioactive source present the variation from the background indication shall not
exceed three times the lowest value of the range of measurements.

With the source present the response shall not vary by more than 10 % of the mean response
and no alarm shall be actuated during the transient.
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8.7.2 Test method

Two different tests shall be necessary, one without the source, and one with a source giving a
response within the lowest value of the range of measurements. With the source present the
mean response shall be at least 20 % of any alarm set value.

Sufficient readings shall be made in order to minimize statistical uncertainties. One set of
readings shall be performed without any power transients, one with fast transients (test
method according to IEC 61000-4-4), and one with short interruptions (test method according
to IEC 61000-4-11, frequency of the interruptions: 10 Hz).

9 Air circuit performances test

9.1 Géneral

These tepts shall be applied to all monitors where the response is dependent“upon|a known
flow-rate[through sampling and detection assemblies.

Where the equipment is insensitive to flow-rate, but requires a sampling flow-rate in order to
function, [a simple test of the flow-rate circuit and any flow-rate alarms shall be agr¢ed upon
between the manufacturer and the purchaser.

When the¢ equipment is sensitive to flow-rate, and the flow=rate varies in conjunction] with the
effluent flow-rate, appropriate tests shall be agreed upon between the manufacturef and the
purchaser.

The requjrements of these tests are summarizeddn-table 4.

9.2 Susceptibility to gaseous retention
9.2.1 Requirements

Noble gals with volumetric activityngreater than 1 000 times the decision threshold ghould be
introducdd into the monitor. The\test for gaseous retention shall indicate less than 1% of the
maximum resulting reading after clean air is introduced into the monitor.

In testing instruments designed to be in operation during and after an accident, thg applied
concentrItion of activity shall be agreed upon between the manufacturer and the ppirchaser.
After cleaning withh\air the acceptable gaseous retention shall be < 1 %. Multiple flughes with
clean air|may be'necessary.

9.2.2 Fest'method

Noble gas with a volumetric activity approximately 1 000 times the decision threshold should
be introduced for at least 10 times the response time of the equipment for the noble gas which
the equipment is designed to measure.

For assemblies not having a trapping system, the gas system shall be made into a closed
loop and sufficient noble gas shall be introduced into this system so that the volumetric
activity will equal 1 000 times the decision threshold. This closed loop system shall be
operated for 10 min.

It shall be verified that the indication of the measurement assembly stays at the maximum
value for at least 10 times the response time of the equipment.

Fresh air shall then be circulated at ambient temperature and pressure with the air circuit
open at the nominal flow-rate, for a time long enough to reach an indicated equilibrium value.
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This value shall be less than 1 % of the maximum indicated value during the test with the
appropriate noble gas.

9.3 Accuracy of the volume and flow rate measurement

The accuracy of the measured values of noble gas in air concentrations is directly related to
the accuracy of the measured values of flow rate or volume for those sampling volumes that
concentrate the gas into the collection chamber or volume.

9.3.1 Requirement

The manufacturer shall specify the accuracy of the volume and flow rate measurement of the
air containing noble gas and the volume and flow rate measurement of the counting gas (for
proportiopal counters). The measurements shall not deviate by more + 10 % -0f| the true
sampled volume.

9.3.2 Test method

This tes{ shall be done with filtered, dust-free air. For this test a_volume and |flow-rate
measuring device calibrated under the measuring conditions and having an uncertaipty better
than 2 %|, shall be incorporated in the air circuit at the inlet of thé.equipment. The eguipment
shall be furned on and the flow-rate measured after 30 min of.operation. The readings shall
agree with the requirement.

9.4 Flow-rate stability

The purgdose of this test is to determine the nominal sampling flow-rate and the |[sampling
stability pnder standard test conditions, with théJpressure drop exclusively due tp the air
circuit arld any inlet or sampling filter. This testis not required for monitors whose functions
are demeonstrably independent of the flow rate, for example, monitors with sampling units
having tatal volume measurements.

9.4.1 Requirements

The manpufacturer shall specify the nominal flow-rate for the type of filter that is uded. After
the normlal warm-up time of _the sampling assembly (~30 min), the indicated vallie of the
sampling|flow-rate shall net:vary by more than 10 % for the next 100 h.

9.4.2 Test method

This test|shall bg done with dust-free air in order to avoid any variation of the pressure drop of
the colleftion-device during the test. So a HEPA filter with low-pressure drop shgll be put
upstream of\the air circuit. For this test a flow-meter calibrated under the njeasuring
conditiong“and having an uncertainty better than 3 % (k=2), shall be incorporated |n the air
circuit at the inlet to the equipment. The equipment shall be switched on and the flow-rate
measured after 30 min, 5 h, 20 h and 100 h of operation. The readings shall be in agreement
with the requirement.

The flow rate indicated by the monitor for this pressure drop shall not vary by more than
+10 % from the conventionally true flow rate.

9.5 Effect of filter pressure drop

Only measurements of overall pressure drop and flow-rate shall be considered since the
nature of the inlet filter and the degree of blockage may vary from one test to another.

9.5.1 Requirements

The purpose of this test is to determine the increase in pressure drop across the filter causing
a 10 % decrease from the nominal air flow-rate under standard test conditions. This test is not
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required for monitors with sampling units whose functions are demonstrably independent of
the flow rate, for example monitors with sampling units with total volume measurements.

The minimum acceptable pressure drop that can cause a 10 % decrease from the nominal
flow-rate shall be agreed upon between the manufacturer and the purchaser.

9.5.2 Test method

For this test the monitor shall be fitted with a clean inlet filter. A flow meter shall be inserted
upstream of the monitor with a variable restrictor such as a valve between the flow meter and
the monitor inlet. A calibrated pressure sensor such as a U-tube or differential manometer
shall be fitted downstream of the inlet filter, at a point selected by the manufacturer, in order
to measure the pressure drop across the monitor due fo air flow

The nom|nal flow-rate shall be measured at the nominal pressure drop through thefilter. Then
the variaple restrictor shall be adjusted to obtain a mean flow-rate 10 % below thg nominal
flow-ratg under standard test conditions. The conventionally true sampling.flow ratd shall be
measuredl under standard conditions.

Under these conditions the measured pressure drop that causes,a_decrease of 10|% of the
flow rate [shall agree with the requirements.

9.6 Effect of power supply voltage on the flow rate
9.6.1 Requirement for mains supplied equipment

The nom|nal flow-rate shall not vary by more than.,5"% when the power supply voltage varies
between 10 % and -12 % of the nominal supplyvoltage.

9.6.2 Test method

For this test, the sampling and detection-assembly is connected to a voltage, which vpries in a
range defined in table 4.

The meagurement of the flow-rate shall be carried out as specified in 9.3.

9.7 Effect of power supply frequency on flow rate
9.71 Requirementfor mains supplied equipment

The nom|nal flow=rate shall not vary by more than 10 % when frequency is varied from 47 Hz
to 51 Hz,[57 Hzto 61 Hz in countries where the normal frequency is 60 Hz.

9.7.2 est method
For this test the sampling and detection assembly is connected to a power supply of the rated

voltage and a frequency that may be varied between 47 Hz and 51 Hz (alternative values:
57 Hz and 61 Hz).

The flow-rate shall be noted at nominal frequency and at the quoted frequency limits.
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10 Environmental performance tests

10.1 Ambient temperature
10.1.1 General

The performance of the detection assemblies may be affected by variations in ambient
temperature. The permitted ambient temperature range shall be agreed between the
manufacturer and the purchaser.

10.1.2 Requirements

The indication shall remain within the limits specified in Table 3 for the temperature range
agreed upon between the manufacturer and the purchaser.

For this fype of equipment the detection and sampling assemblies may have to operate under
different lenvironmental conditions from the measuring assembly. Part or-all‘compénents of
the equigment may have to operate under higher temperature conditionsthan those puoted in
Table 3.[ Where this is the case appropriate tests shall be agreed’ upon between the
manufacfurer and the purchaser.

10.1.3 [Fest method

The detdction assembly shall be exposed to a suitablectest source such that thg nominal
reading Under standard test conditions is known.

This test[shall be carried out in an environmental, chamber. It is generally not necgssary to
control the humidity level in the environmental ¢hamber unless the equipment is sepsitive to
variation [in humidity.

The temperature shall be maintained at_each extreme value of the agreed temperatiyre range
for at lealst 4 h. A reading shall be obtained during the last 30 min of this period that shall be
within the appropriate tolerance value:

Additiondlly a reading shall be obtained at the midpoint of the temperature range |stated in
Table 3. |f the reading from{the midpoint temperature is not within £ 10 % of the read|ng of the
monitor gt the reference-temperature, the manufacturer shall state the difference at that point.

10.2 Tejmperature)shock for portable and transportable assemblies

10.2.1 [General

Temperafuré/shocks may adversely affect the assemblies by condensation of humidjty inside

the assemblfes. Condensation may cause a short circult i the efectrical or electronic

components.

10.2.2 Requirement

Portable and transportable assemblies can be adversely affected by temperature shock.
Therefore they shall be designed to withstand temperature shock without damage.

10.2.3 Test method

The monitor shall be exposed to a gamma radiation source of sufficient activity to produce an
equivalent indication of noble gas activity or concentration that is approximately mid-scale on
the range being tested. The equipment shall be placed at a temperature of 20 °C £ 2 °C and
allowed to stabilize for a minimum of 40 min. The temperature shall then be increased to
40 °C in less than 5 min. The response shall be noted at 5 minutes and every subsequent 15
min for 2 h. The equipment shall then be allowed to return to 20 °C+ 2 °C for 4 h. The
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environment shall than be changed to —10 °C (+10 °C for exclusive indoor use) in less than 5
min. The response shall be noted at 5 min and then every 15 min for 2 h. For exclusively
indoor use the higher temperature need only be 35 °C and the lower be +10 °C.

10.3 Relative humidity
10.3.1 General

The detection and control assemblies may be affected by condensation inside the assemblies.
The result of condensation can be a short circuit of the electrical or electronic components.

10.3.2 Requirement

Portable |and transportable assemblies may be badly affected by humidity shocks Therefore
they shall be designed to withstand humidity shock without change in perfotmance. The
prescribgd variations in temperature and humidity shock are defined in IEC 60068-2-38. The

variation |of the response due to the effects of relative humidity of up to 90 %)at'35 °G shall be
less than| 10 %.

10.3.3 [fest method

The deteftion assembly shall be exposed to a suitable test source~as described in 6.%.

This test{may be performed at a single temperature of 35y"C and relative humidity|of 90 %.
The pernpitted variation of £10 % in the indication as specified in table 3 is in additipon to the
permitted variations due to temperature alone.

10.4 Atmospheric pressure
10.4.1 [General

The prespure of the ambient atmospheté and/or atmosphere inside the detector sygtem may
have an ¢ffect on the response of thelmonitor.

10.4.2 Ambient atmosphere
10.4.2.1 | Requirements
The effegt of atmospheric pressure on detector assemblies sensitive to varying presgure such

as ionizgtion chambers shall be tested. Depending on the operational condition§ for the
monitors |the test(conditions shall be agreed between manufacturer and purchaser.

10.4.2.2 | dAest methods

The detection assembly shall be exposed to various pressures. The atmospheric pressure at
which all tests are carried out shall be stated and the effects of variations in atmospheric
pressure shall be indicated.

10.4.3 Atmosphere inside the detector system
10.4.3.1 Requirements

The influence of the atmospheric pressure inside the detector system sensitive to varying
pressure shall be tested. Depending on the operational conditions for the monitors the test
conditions shall be agreed between manufacturer and purchaser.

10.4.3.2 Test methods

The response at 3 different pressures shall be determined. The values at which these tests
are to be performed shall be agreed between manufacturer and purchaser.
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10.5 Sealing

Where the detector assembly is likely to be used in exceptionally damp or dusty conditions
such as outdoors, the purchaser shall state the requirements regarding protection against
dampness and dust. The assembly shall then satisfy the requirements of the IEC 60068
series, or otherwise be in agreement between the manufacturer and purchaser. For example,
the equipment shall be protected against the ingress of particulates whose diameter is greater
than 1 mm. It shall also be splash proof so that liquids cannot cause interference with
satisfactory operation.

10.6 Mechanical shocks

Portable and transportable assemblies can be affected by mechanical shock.

10.6.1 Requirements

The assgmblies shall be designed to withstand mechanical shock without loss in perfprmance.
The manpfacturer shall specify the performance of the assemblies with mechanical shhock.

10.6.2 [fest methods

The test methods for the mechanical types of shock are defined inMEC 60068-2-27.

10.7 External electromagnetic immunity and electrostatic discharge

Special precautions shall be taken in the design of\the equipment to ensure thaf] external
electromagnetic fields and/or electrostatic dischafges do not cause the equipmgnt to be
unusable] or to give incorrect indications. The edquipment shall meet the severity Ievel 3 of
IEC 61000-4-2 (Electrostatic discharge immunity test), IEC 61000-4-3 (radiatedl, radio-
frequency, electromagnetic field immunity test), IEC 61000-4-4 (electrical fast trans|ent/burst
immunity| test), IEC 61000-4-5 (surge immunity test) and IEC 61000-4-12 (oscillatofy waves
immunity|test).

10.7.1 Requirements

A warning to this effect shall be given by the manufacturer and be stated in the ifgstruction
manual [f the response of-\an assembly may be affected by the presence of| external
electromagnetic fields. Fhe’ range of frequencies and minimum intensity of electromagnetic
fields anfl the level of electrostatic discharge in which the assembly is influenced| shall be
stated by the manufacturer along with the resulting variation in response.

The bacKground=response and the response to a source shall be agreed upon between the
manufacllurer ahd the purchaser.

10.7.2 Test method
The methods of test shall be based on the IEC 61000 series. Particular care should be taken

to detect any change in response at particular frequencies. The test and acceptance criteria
shall be specified by the manufacturer and in agreement with the purchaser.

10.8 Electromagnetic emission
10.8.1 Requirements

If the monitor emits electromagnetic radiation it shall be subject to an agreement between
manufacturer and purchaser.

The electromagnetic emission shall not exceed the value specified by the manufacturer.
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10.8.2 Test method

The method of test shall be based on IEC 61000-4-2.

Particular care must be taken to detect any change in the emission at a particular frequency.
The test and acceptance criteria shall be specified by the manufacturer and by agreement
with the purchaser.

11 Type test report and certificate

The manufacturer shall present a report on the type tests carried out in accordance with the
requirements of this standard to the purchaser.

A certific
and the &

ate shall be provided with each system presenting the following minimaliin
dditional information specified in the relevant subsequent parts of the stand

- manuIacturer's name or registered trade mark;

— type
— type q

nd serial number of the monitor and assemblies;
f detector (s);

— effective range of measurement;

— backg
— limits
— scale
— respo
— respo
— maxir
— nomin
— descr
— noble
— syste
— syste
- type,
—  respo
— gaseq

round response under standard test conditions;

for each measuring range;

graduation for each range;

nse to specified noble gas test sources;

nse to ambient gamma radiation and_external gamma radiation sources;
num allowable cable length between assemblies;

al air flow-rate;

ption of display;

gas (s) which the equipment is designed to measure;

M response as a fungtion of the volumetric activity per unit volume;

M response to other radioactive gases such as tritium and radon/thoron;
dimensions_andeffective area of any aerosol filter or type of water trap;
nse time;

us retention fraction, and

- a stat1ement of how this equipment performs in compliance with this standard.

ormation
ard:

12 Ope

ration and maintenance manual

Each assembly shall be supplied with an appropriate instructions manual in accordance with
IEC 61187.
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Table 1 — Reference conditions and standard test conditions

for normal operation conditions

(Unless otherwise indicated by the manufacturer)

Influence quantity

Reference conditions

Standard test conditions

Reference radioactive source

Air or gas mixture with the
appropriate noble gas

Air or gas mixture with the
appropriate noble gas

Warm-up time: (whole equipment) 30 min > 30 min

Ambient temperature 20°C 18 °C to 22 °C
Relative humidity 65 % 50 % to 75 %
Atmosphéric pressure 101,3 kPa 70 kPa to 106 kPa

Power supply voltage

Nominal supply voltage Ux

Uvt1%

A/C powdr supply frequency

Nominal frequency

Nominal-fréquency £ 1 %

A/C powdr supply waveform

Sinusoidal

Sinusoidal with a total harmonic
distortion less than 5 %

Gamma rpdiation background

Air kerma rate less than
0,20 uGy/h

Kerma rate in air
less than 0,25 uGy/h

Electromagnetic field of external Negligible Less than the lowest valye that

origin causes interference

Magnetic|induction of external Negligible Less than twice the valug of the

origin induction due to the earthl's
magnetic field

Radio freguency Negligible Less than the lowest valye that

causes interference

Sampling| flow-rate

Adjusted to nominal flow-rate
(defined by the manufacturer)

Adjusted to nominal flow-{rate
+5%

Assembly controls

Set for normal operation

Set for normal operation

Contamirjation by radioactive Negligible Negligible
elements
Contamirjation by chemieal Negligible Negligible

products

3 Where| the détettion technique is particularly sensitive to variation in atmospheric pressure, the

shall be limited to + 5 % of the reference pressure.

b) DC po . f . ifi

conditions
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Table 2 — Tests performed under standard test conditions
for normal operation conditions

Characteristics

Requirements

Reference (subclause)

under test

Reference response [ In accordance with the manufacturer's 7.1
specifications £15 %

Linearity Less than £+15 % for the whole effective range |7.2
of measurements

Response time In accordance with the manufacturer’s 7.4
speciications

Overload To remain at full scale indication when 7.7
exposed to an activity two times that which
would give full scale deflection

Gaseous retention Less than 1 % of the maximum resulting 9.2
reading after exposure to a volumetric activity
greater than 1 000 times the decision threshold

Statistical Coefficient of variation less than 15 % 7.8

fluctuations

Zero stability For instruments with analogue display: not 7°9
more than 2 % of the scale maximum
For instruments with digital display: not morée
than 2 % of the maximum of the first order.of
magnitude of the effective range of
measurement

Stability of Less than 10 % of the full scale angular 7.9and 7.10

indication deflection over a period of 100 ¢r0On all ranges
or less than 10 % of indicatiohfor digital
display

Alarm trip ffange Over the entire rangerof measurements. 8.1

Alarm trip gtability Less than5 % of set point level over a period 8.2
of 100 h

Equipmentffailure 8.3

alarms
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Table 3 — Tests performed with variation of influence quantities

for normal operational conditions

Influence quantity

Range of values of

Limits of variation of

Reference (subclause)

influence quantity indication
Response to other In accordance with In agreement between |7.3
radioactive gases such | manufacturer's the manufacturer and
as tritium and radon specifications the purchaser
External gamma Air kerma rate of In accordance with the |7.5
radiation from "*’Cs 10 uGy/h manufacturer's
source in defined specifications
source/detector
geometry
External ggmma Air kerma rate of 7.5
radiation frpm "*’Cs 10 uGy/h
source in other
geometry
External ggmma Air kerma rate of Twice the value 7.5
radiation frpm other 10 uGy/h specified by the
sources in fhe defined manufacturer for '*'Cs
source/ defector source
geometry
Warm-up time 30 min +10 % 8.4
AC power qupply 88 % Unto 110 % Un |2 10 % 7.3
voltage (Un = nominal supply
voltage)
AC power qupply 47 Hz to 51 Hz; 57 Hz [+ 10 % 8.5
frequency to 61 Hz where the
normal frequency is
60 Hz
A/C power pupply +10 % 8.7
transient effects
Ambient tefnperature +19d°C 't0t+3g2OCC 10.1
. 499 o
(mid point; ) +10 %
—10 °C to +40 °C
(mid point: +15 °C) +20 %
=256 °C to +50 °C
(mid point: +12 °C) + 50 %
Relative hymidity: Up to 90 % at 35 °C +10 % 10.3
Atmospher{c.pressure As specified by the 10.4
manufacturer
Sealing Defined by the Defined by the 10.5
manufacturer manufacturer
Mechanical shock As defined by the As defined by the 10.6
manufacturer manufacturer
Electromagnetic field By agreement By agreement between | 10.7
of external origin and between manufacturer | manufacturer and
electrostatic discharge |and purchaser purchaser
Electromagnetic By agreement By agreement between | 10.8

emission

between manufacturer
and purchaser

manufacturer and
purchaser
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Table 4 — Tests of the air circuit

(These tests are applicable only to assemblies whose response is dependent on flow-rate)

Influence quantity

Range of variation

Limits of variation

Reference (subclause)

Time 1hto 100 h +10 % 9.4
Filter pressure drop In accordance with the +0 % to —10 % 9.5
manufacturer's
specifications
Power supply voltage From 88 % Unxto 110 % Ux [£5 % 9.6
A/C power supply From 47 Hz to 51 Hz +10 % 9.7

frequency

From 57 Hz to 61 Hz for

countries where 60 Hz is

used
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Annex A
(informative)

Preparation of radioactive gas reference sources

EC:2007

Numerous techniques are available for the preparation of the gaseous reference sources
required for the performance of the tests in this standard.

No techni

que is applicable unless it complies with the provisions of 7.1.

This anngx—destribestwo practicattechmiques—whictT, i torrectty performed;,—with e
tests to be carried out.

A.1 Use of pressurized cylinders of noble gas

A11

Direct ug

pressuriZed cylinders are commercially available.

These cy
the equip

A1.2

General

age may be made of these for the tests described(in 7.1.3 where d

linders enable a known radioactivity to be injested into the calibration loop
ment under test is connected. The test arrangement is shown in Figure A.1.

Method of operation

1able the

alibrated

to which

— Fill the known volume V between the valves™A and B, at a pressure P above atnpjospheric

pressure with standardized noble gas from*the cylinder.
— The gas volume V is then injected™into the calibration loop of total knowr

V1 >

— Thes¢ operations are repeated-until the desired volumetric activity is obtaing
standardization loop under atmospheric pressure.

V for the equipment under test:

volume

d in the
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Reference

m itor
@ moni

(if necessary)

Calibration loop Equipment X
having a volume under test o

Vq>>V

D
P éc (N ioncmmoter
O— v FH-]p-=
A

B

Pressure reducing
valve

Cylinder of
standard gas

IEC 1797/07
Figure A.1 — Calibration loop

A.2 Use of ampoules containing radioactive noble gas

A.2.1 General

Known volumetric activity of radioactive_gas may be obtained by breaking standard ampoules

in a known volume of air or gas.

A.2.2 Method of operation

a) Intioduce the ampoule inte a suitable cylinder.

b) Clgse the cylinder and fill with dry air or gas to the pressure P.
C) Brgak the ampoule-by rotating or shaking the cylinder.

If the amlpoule centains a sufficient gas activity, the method described in Clause A.
applied.

Low-actiyity*ampoules may be used to directly obtain the desired volume activities in

may be

different

cylinders. Under these conditions, the air or gas in each cylinder, after reduction of the

pressure, is injected into the appliance under test at the rated flow-rate.
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b\internationale CEl 62302 a été préparée par le sous-comité 45B: Instrur

hentation

La présente norme compléte la CEI 60761-1 (2002) et la CEI 60761-3 (2002).

Le texte de cette norme est issu des documents suivants:

FDIS Rapport de vote
45B/550/FDIS 45B/556/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de cette norme.

Cette publication a été rédigée selon les Directives ISO/CEI, Partie 2.
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Le comité a décidé que le contenu de cette publication ne sera pas modifié avant la date de
maintenance indiquée sur le site web de la CEl sous "http://webstore.iec.ch" dans les
données relatives a la publication recherchée. A cette date, la publication sera

. reconduite,

. supprimée,

. remplacée par une édition révisée, ou

. amendée.
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INSTRUMENTATION POUR LA RADIOPROTECTION -
MATERIEL POUR LE PRELEVEMENT ET LA SURVEILLANCE
DES GAZ RARES RADIOACTIFS

1 Domaine d'application et objet

La présente Norme internationale est applicable au matériel utilisé pour les mesures par
prélevement ou en continu des gaz rares radioactifs sur les lieux de travail, dans les effluents
gazeux rejetés dans l'environnement et dans l'environnement lui-méme. Par définition,
surveillenl est un processus de mesure permanent et en temps réel. Les progédés de
prélevement ou d’échantillonnage pour des analyses a postériori en laboratoire sgnt inclus
dans cerme norme.

L'objet de la présente norme est d’établir des exigences généralesHimpératives et de
présentefr des exemples de méthodes acceptables et de matériels(:de prélevemgnt et de
surveillannce des gaz rares radioactifs. La norme actuelle CEl 60767143 qui est comp|étée par
la présepte norme, est applicable aux matériels fixes, portables et transportaljles pour
prélever |et surveiller les gaz rares radioactifs, UNIQUEMENT DANS LES EFHLUENTS
GAZEUX| tandis que la présente norme étend son domaine-a la surveillance de|tous les
emplacements possibles ol des gaz rares radioactifsy‘peuvent représenter up risque
radiologique. Le matériel est congu pour fonctionnet/dans des conditions normales de
fonctionnement et dans des conditions d’urgence, pendant l'accident et aprés Ifaccident.
Selon leg conditions et la nature de l'urgence, il péut étre nécessaire d’installer un matériel
spécifiquement congu pour des conditions .pgrmales de fonctionnement et Un autre
spécifiqupment congu pour les conditions d’urgence.

La présepte norme est applicable aux moniteurs de gaz rares radioactifs, congus pour remplir
les fonctipns suivantes:

— La mesure de I'activité volumiqué des gaz rares radioactifs et sa variation avec|le temps
sur un lieu de travail, dans deg effluents gazeux au point de rejet et dans I’enviroanement.

— Les mesures doivent étrereffectuées dans les conditions normales de fonctionnement et
dans des conditions dé situation d’'urgence pendant et aprés le dégagement accidentel.

— Le dgclenchement, d“dne alarme lorsqu‘une activité volumique ou une concentfation ou
une dctivité totalerejetée préalablement fixée, est dépassée.

— La d¢termination de I‘activité totale des gaz rejetés sur une durée donnée| et/ou la
fourniture dfinformations sur la composition d‘un mélange de différents gaz dans le rejet.

o

— Le pr¢lé¥ement et 'analyse a postériori de I'air ou du gaz contenant des gaz rare

Le radon, avec les isotopes 2'9Rn, 220Rn, et 222Rn, est un gaz rare qui est présent
naturellement et dont les mesures NE sont PAS considérées dans la présente norme. La
présence du radon et de ses descendants peut interférer significativement avec les mesures
propres aux gaz rares qui sont I'objet de la présente norme.

La présente norme spécifie les caractéristiques générales, les procédures générales d’essai,
les caractéristiques mécaniques, électriques et électroniques, radiologiques, de sécurité et
environnementales et les identifications et certifications propres aux matériels. Si ce matériel
fait partie d’'un systéme centralisé de surveillance en continu des rayonnements dans un site
nucléaire, il peut y avoir des exigences complémentaires appartenant a d'autres normes en
relation avec ces systémes.
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2 Reéférences normatives

Les documents de référence suivants sont indispensables pour l'application du présent
document. Pour les références datées, seule I'édition citée s'applique. Pour les références
non datées, la derniére édition du document de référence s'applique (y compris les éventuels
amendements).

CEI 60050-393:2003, Vocabulaire Electrotechnique International (VEI) — Chapitre 393:
Instrumentation nucléaire — Phénomenes physiques et notions fondamentales

CEI 60068 (toutes les parties), Essais d’environnement

CEI 60741-1:2002, Equipements de surveillance en continu de la radioactivité [dans les
effluents|gazeux — Partie 1: Exigences générales

CEI 60741-3:2002: Equipements de surveillance en continu de la radioactivité [dans les
effluents|gazeux — Partie 3: Exigences particuliéres aux moniteurs de gaz’rares radioactifs

CEI 61000 (toutes les parties): Compatibilité électromagnétique (CEM)
CEI 61187:1993, Equipement de mesures électriques et électroniques — Documentatjon

ISO Guide 98:1995, Guide pour I'expression de l'incertitdde’ de mesure (GUM)

3 Termes et définitions

Pour les pesoins du présent document, les termes et définitions suivants s’appliquent.

3.1
essai d’gcceptation
essai coptractuel destiné a prouver au client que le systéme est conforme a fertaines
conditions de sa spécification

3.2

conditions accidentelles
conditions s’écartant\ndu fonctionnement normal, plus graves que I'événemeént dont
I’éventualité en fongctionnement est prévue, y compris les accidents relevant de la cgnception
et les ac¢idents.graves

3.3
ensemble-dFatarme
dispositif ou combinaison de dispositifs dont la sortie délivre une alarme sonore ou visuelle
quand un seuil d’alarme a été dépassé ou lorsqu’un dysfonctionnement a été détecté

3.4

evénement dont I’éventualité en fonctionnement est prévue

processus fonctionnel s’écartant du fonctionnement normal et dont il est prévu qu'il se
produise au moins une fois pendant la durée de l'exploitation fonctionnelle d'une centrale
nucléaire, mais qui du fait des dispositions appropriées prises lors de la conception, ne peut
pas provoquer de dommages significatifs aux entités importantes pour la sécurité, ni conduire
a des conditions accidentelles

3.5
coefficient de variation

le rapport ¥ de I'écart-type s a la moyenne arithmétique X d’une série de n mesures x;, donné
par la formule suivante:
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s 1 1 & \2

2 P DML
i=1

3.6

efficacité de la collecte

lorsque c’est applicable, I'efficacité de la collecte d’un moniteur est définie par le rapport de

I'activité totale disponible pour la mesure dans le milieu de collecte sur I'activité totale dans

I’air a I’entrée du circuit d’air du moniteur

3.7

ensemble de contréle-commande
ensemble utilisé pour traiter la donnée de sortie de I'ensemble de détection et pour fournir
des indicptions et 'alimentation electrique a tout le systeme

3.8
activité ¢onventionnellement vraie
la meilleure estimation de I'activité d’'une source radioactive

NOTE Leg activités conventionnellement vraies sont, en général, considérées contme suffisamment proches de la
valeur vrai¢ pour que la différence soit négligeable pour une application donnéé. Par exemple, une vgleur et son
incertitude [déterminées a partir d’'un étalon primaire ou secondaire, ou par un\inStrument de référence qui a été
étalonné par rapport a un étalon primaire ou secondaire, peuvent étre prises\pour la valeur conventignnellement
vraie.

3.9
facteur d’élargissement
facteur nbmeérique (k) utilisé comme multiplicateur de\l'incertitude type composée polir obtenir
I'incertitude élargie (1ISO GUM 1995)

3.10
grandeuf de décision
variable aléatoire utilisée pour détermin€r si un effet physique a mesurer est présentjou non

3.1
seuil de [décision
valeur fide de la radioactivité.qui permet pour chaque mesure de prendre une décigion avec
une probabilité d’erreur/sur le fait que la mesure enregistrée comporte ou |non une
contribution de I'effet physique

NOTE L’epsai statistique-doit étre congu de sorte que la probabilité de rejeter a tort I’hypothese est ggale a une
valeur oo dgterminée, Pour cette erreur normalisée du premier type, o est égal a 5 %.

3.12
accident| relevant de la conception
conditions accidentelles pour lesquelles une centrale nucléaire est congcue conformément a
des critéres de conception établis, et pour lesquelles les dommages au combustible et le
dégagement de matiére radioactive sont maintenus dans les limites autorisées

3.13

limite de détection

valeur minimale de la mesure quantifiant un effet physique qui peut étre détecté avec une
probabilité donnée d’erreur par la méthode de mesure

NOTE La limite de détection est la plus petite valeur vraie de la valeur mesurée qui peut étre associée a I'essai
statistique et a ses hypothéses: si en réalité la valeur vraie est égale ou supérieure a la limite de détection, la
probabilité de ne pas rejeter a tort I'hypothése (erreur de second type) doit étre au plus égale a une valeur donnée
B. Pour la présente norme,  est égal a 5 %.
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3.14

domaine dynamique

rapport du signal de l'indication maximale mesurable sur le signal de la valeur minimale
détectable pour la grandeur concernée

3.15

domaine de mesure

domaine de mesure de la grandeur radioactive a mesurer dans lequel I'aptitude a la fonction
d’'un matériel ou d’'un ensemble répond aux exigences de ses spécifications

3.16
erreur sur l'indication

dlfférencv\ antr Ila valapie tndia i A vy AV aetinatA ot 1o volaiir Ao At Al A n Vrale Vv
P et T varcot— miamgqoCt—ov—GorC—at v tC—CtTa varcur_ CoTrrveToroTmeeTeTT c

de l'activ|té étudiée au point d

ou

v est la valgur de I'activité indiquée par le matériel ou I’ensemble en essai;

v est la valeur conventionnellement vraie de I'activité.

3.17
matériel jinstallé
matériel congu pour étre en place pendant plusieurs” années. La CEIl 60050-393 spécifie la
«vie installée» de tels matériels comme étant inférieure a 40 ans.

3.18
essai de[maintenance
essai rédlisé périodiguement sur un dispositif ou un matériel pour assurer que son dptitude a
la fonctign reste dans des limites spécifiées et, si nécessaire effectuer certains réglages

3.19
construgteur et client
le terme kconstructeur» inclut le concepteur et le vendeur du matériel;

le terme Kkclienty» inclutV'utilisateur de I'équipement

3.20
matériel|de mesure
cet ensemble est constitué d’'unités fonctionnelles congues pour mesurer des grandeurs en

H H L b - - N L - e e i L - ' AY
liaison avectes rayonmmeTe S T0mSantsS (actuvie, actvite voTumTgque; StCo)

3.21

incertitude de mesure

parameétre, associé au résultat de mesure, qui caractérise la dispersion des valeurs qui
peuvent étre raisonnablement attribuées a la mesure. Tout résultat de mesure doit étre donné
accompagné de [lincertitude qui lui est associée, calculée en suivant la méthode
recommandée par I'ISO GUM 1995

3.22

efficacité du circuit d’air du moniteur

I’efficacité du circuit d’air du moniteur décrit les pertes d’activités dans les parois du moniteur
entre I'entrée du circuit d’air et le milieu de collecte. Elle est définie par le rapport de l'activité
totale disponible dans le prélévement pour le moniteur, sur I'activité totale dans l'air a I'entrée
du circuit d’air du moniteur.
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3.23

efficacité du prélévement du moniteur

I’efficacité du prélévement du moniteur est définie par le rapport de l'activité volumique
disponible pour la mesure dans le milieu de collecte, sur l'activité volumique dans l'air apporté
a l'entrée du moniteur. C'est le produit de l'efficacité de la collecte par I'efficacité du circuit
d’air du moniteur.

3.24

gaz rares

les gaz rares radioactifs en relation avec la présente norme sont 41Ar, 85Kr, 133Xe et 135Xe
sur les lieux de travail, dans les effluents gazeux et dans I'environnement. Les isotopes du
radon NE sont PAS inclus.

3.25
conditiops normales de fonctionnement
fonctionnement dans les limites et conditions spécifiées

3.26
matériel |portable
matériel congu pour étre porté facilement par une personne sur I’emplacement ou ung mesure
est nécegsaire ou souhaitable

3.27
ensemble de détection de rayonnements
dispositiffou ensemble de dispositifs capable de réaliser des mesures de rayonnemer

—

3.28
réponse|de référence
la réponge de référence R ¢ est le rapport,dans des conditions d’essai normaliséges, entre

I'indicatign de la réponse du moniteur sunactivité de référence (Tableau 1). Cette réponse
est exprimée par la relation:

ref

ou
v est la Jaleur de l'activité indiquée par le matériel ou I’'ensemble en essai;

v, est la yaleur.conventionnellement vraie de 'activité.

3.29
erreur relative intrinséque

erreur relative de l'indication (e;) d’'un matériel ou d’'un ensemble par rapport & une grandeur
quand il est soumis a une grandeur de référence dans des conditions de référence, exprimée
comme:

3.30

temps de réponse

temps nécessaire aprés une variation brusque de la grandeur a mesurer pour que la variation
du signal de sortie atteigne pour la premiére fois un pourcentage donné, en général 90 %, de
sa valeur finale.
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NOTE Dans la présente norme, on utilise 90 %.

3.31

capacité de rétention

la quantité maximale d’'une substance définie qui peut étre retenue a I'équilibre dans le milieu
considéré

3.32

essai unitaire

essai auquel est soumis individuellement chaque dispositif pendant ou aprés sa fabrication
pour assurer qu'il est conforme a des critéres définis

3.33
ensemble de préléevement
un ensemble de composants utilisé pour collecter un échantillon représentatif de @az|ou d’air

3.34
accident{ grave
conditions accidentelles plus graves que les accidents relevant de la.conception, impliquant
une dégrpdation significative du coeur

3.35
taux d'émission surfacique d'une source
nombre de particules d’'un type donné au dessus d’'une Cértaine énergie qui émergent de la
face avamt d’une source, par unité de temps

NOTE Cefi s’applique normalement aux sources émettant des alpha et des béta et non aux sources de photons,
caractériséps par I'activité (se référer a 7.2.1).

3.36
matériel ftransportable
matériel congu pour étre en place pour\une durée limitée et pouvant étre transporté en un
autre emplacement pour des mesures

3.37
essai de|type
essai de|un ou plusieurs dispositifs effectué pour une conception donnée afin de montrer que
cette conception est conforme a une spécification donnée

3.38

sensibilité
pour ung valeur donnée de la grandeur mesurée, rapport de la variation de la| variable
observéd sur'la variation correspondante de la grandeur mesurée

3.39
activité volumique
radioactivité par unité de volume d’air ou de gaz mesuré.

4 Classement du matériel de surveillance des gaz rares

Il existe plusieurs conceptions possibles pour les moniteurs de gaz rares et certaines sont
spécifiques a des besoins spécifiques a I'utilisateur. La présente norme classe les moniteurs
de gaz rares a partir des exigences radiologiques suivantes:

— Détection gamma (le plus adapté a la surveillance de 41Ar)

— Détection béta

— Combinaison des détections béta/gamma

— 