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Foreword

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

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

Attentioh is drawn to the possibility that some of the elements of this document maybe the subject pf
patent rights. ISO shall not be held responsible for identifying any or all such patentrights. Details pf
any patept rights identified during the development of the document will be in the Tntroduction and/¢r
on the IS0 list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the conveniénce of users and does n¢t
constitufe an endorsement.

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

This document was prepared by Technical CommitteeISO/TC 85, Nuclear energy, nuclear technologig
and radiglogical protection, Subcommittee SC 2, Radiélogical protection.

g

Alist of 3ll the parts in the ISO/TR 22930 series.ean be found on the ISO website.

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

Sampling and monitoring of airborne activity concentration in workplaces are critically important for
maintaining worker safety at facilities where dispersible radioactive substances are used.

The first indication of a radioactive substance dispersion event comes, in general, from a continuous
air monitor (CAM) and its associated alarm levels. In general, the response of a CAM is delayed in time
compared to the actual situation of release.
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AM type and its operating parameters.

he role of the radiation protection officer is to select the appropriate CAM, to determine when
please of radioactive substances occurs, to interpret measurement results and. tostake c
Ction appropriate to the severity of the release.

he objective of ISO/TR 22930 series is to assist radiation protection (officer in evalug
erformance of a CAM.

esponse of a CAM.

his document deals with monitoring systems based on flow-through sampling techniques|
ccumulation.

ropriate

effective
brrective

ting the

0/TR 22930 series describes the factors and operating parametens and how they influgnce the

without
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Evaluating the performance of continuous air monitors —

Part 2:

Air monitors based on flow-through sampling techniques

without accumulation

Scope

nd in the most accurate way possible with an acceptable false alarm rate when significant
bncentration value is exceeded, in order to take appropriate measures to‘reduce exposure
involved.

1
The use of a continuous air monitor (CAM) is mainly motivated by the need to-be alerted
a
c

he performance of this CAM does not only depend on the metrologidal aspect characterizg
ecision threshold, the limit of detection and the measurement uncertainties but also on its
ipacity characterized by its response time as well as on the minimum detectable activity concg
rresponding to an acceptable false alarm rate.

Qo o -

The ideal performance is to have a minimum detectable activity concentration as low as
a

therefore important that the CAM and the choice of the adjustment parameters and the alarm
inp line with the radiation protection objectives.

—

This document describes
— the dynamic behaviour and the detenmination of the response time,

— the determination of the characteristic limits (decision threshold, detection limit, limi
coverage interval), and

— apossible way to determine the minimum detectable activity concentration and the alarnf

T

nally the annexes of this. document show actual examples of CAM data which illustrate how to
lhe CAM performance by determining the response time, the characteristics limits, the 1
btectable activity eoncentration and the alarms setup.

Q.

Normative references

| quickly
activity
of those

d by the
dynamic
pntration

possible

tsociated with a very short response time, but unfortunately these two criteria are in opposifion. It is

levels be

ts of the

s setup.

quantify
hinimum

2

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

ISO 11929-1, Determination of the characteristic limits (decision threshold, detection limit and limits of
the coverage interval) for measurements of ionizing radiation — Fundamentals and application — Part 1:

Elementary applications

[SO 16639, Surveillance of the activity concentrations of airborne radioactive substances in the workplace

of nuclear facilities

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

requirements
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3 Terms and definitions

For the

purposes of this document, the terms and definitions given in ISO 11929-1, ISO 16639,

IEC 60761-1 and the following apply.

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

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

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

3.1

annual limit on intake

ALI
derived |
inhalatid

[SOURCE

3.2
continu
CAM
instrumg

[SOURCE

3.3
decisiorn
value of
using a
the phys

Note 1 to
the decisi
zero if in

Note 2 to
be attriby

[SOURCE

3.4
derived
DAC
concentr
intake of

Note 1 to
light-actiy

imit for the amount of radioactive substance (in Bq) taken into the body of an adult worker by
n or ingestion in a year

:1S0 16639:2017, 3.7]

bus air monitor

bnt that continuously monitors the airborne activity concentration on a near real-time basis

:1S0 16639:2017, 3.10]

threshold
the estimator of the measurand, which when exceéded by the result of an actual measurement
iven measurement procedure of a measurand, quantifying a physical effect, it is decided that
cal effect is present

entry: The decision threshold is defined such that in cases where the measurement result, y, exceedls
on threshold, y*, the probability of a wrong'decision, namely that the true value of the measurand is npt
fact it is zero, is less or equal to a chosen probability a.

entry: If the result, y, is below the detision threshold, y*, it is decided to conclude that the result cannpt
ted to the physical effect; nevertheless, it cannot be concluded that it is absent.

: 1SO 11929-1:2019, 3.12]

air concentration

ation of a radionuclide in air that, if breathed over the period of a work year, would result in the
one ALIfor that radionuclide

entpyi’The DAC is calculated by dividing the ALI by the volume of air breathed by reference man undg¢r
yity.work during a working year (in Bq m=3).

Note 2 to entry: The parameter values recommended by the International Commission on Radiological Protection
for calculating the DAC are a breathing rate of 1,2 m3-h~! and a working year of 2 000 h (i.e. 2 400 m3).

Note 3 to

entry: The air concentration can be expressed in terms of a number of DAC. For example, if the DAC for

a given radionuclide in a particular form is 0,2 Bq m~3 and the observed concentration is 1,0 Bq m3, then the

observed

concentration can also be expressed as 5 DAC (i.e. 1,0 divided by 0,2).

Note 4 to entry: The derived air concentration-hour (DAC-hour) is an integrated exposure and is the product of the
concentration of a radioactive substance in air (expressed as a fraction or multiple of DAC for each radionuclide)

and the ti

me of exposure to that radionuclide, in hours.

[SOURCE: ISO 16639:2017, 3.12]

© IS0 2020 - All rights reserved


https://www.iso.org/obp
http://www.electropedia.org/
https://standardsiso.com/api/?name=e670a6853edea89e4313caf30c9cc0b6

ISO/TR 22930-2:2020(E)

3.5
detection alarm level
SO

value of time-integrated activity concentration activity concentration corresponding to an acceptable

false alarm rate
Note 1 to entry: When SO increases false alarm rate decreases.

Note 2 to entry: Others values of alarm level higher than SO can also be set up for operational reasons.

36
dletection limit
njeasurement procedure

pte 1 to entry: With the decision threshold according to 3.3, the detection limit is the smallest true v3
easurand for which the probability of wrongly deciding that the true value of the measturand is zero i
specified value, 8, when, in fact, the true value of the measurand is not zero. The probability of being d
d consequently (1-3).

v g =

—

pte 2 to entry: The terms detection limit and decision threshold are used‘in an ambiguous way in
fandards (e.g. standards related to chemical analysis or quality assuraree). If these terms are refery
s to state according to which standard they are used.

o v =

[SOURCE: ISO 11929-1:2019, 3.13]

317
limits of the coverage interval
vhlues which define a coverage interval

Npte 1 to entry: The limits are calculated in the [SO {1929 series to contain the true value of the measu
afkpecified probability (1-y).

Npte 2 to entry: The definition of a coverage interval is ambiguous without further stipulations. In this
tyo alternatives, namely the probabilistically symmetric and the shortest coverage interval are used.

Npte 3 to entry: the coverage interval is defined in ISO 11929-1:2019, 3.4, as the interval containing the
ghantity values of a measurand with a stated probability, based on the information available.
[§

OURCE: ISO 11929-1:2019, 3.16 modified - Note 3 to entry has been added]

3(8
njeasurand
ghantity intended to be measured

[JOURCE: 1S©-+1929-1:2019, 3.3]
3{9

smallest true value of the measurand which ensures a specified probability of being detectable by the

lue of the
s equal to
etectable

different
ed to one

rand with

standard

etof true

inimum detectable concentration
timesintegrated activity concentration or activity concentration measurements and their as

sociated

coverage intervals for a given probability (1-y) corresponding to the first alarm level SO

3.10
model of evaluation

set of mathematical relationships between all measured and other quantities involved in the evaluation

of measurements

[SOURCE: 1SO 11929-1:2019, 3.11]
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3.11

potential missed exposure

PME

time-integrated activity concentration or maximum activity concentration, as applicable, that can
acceptably be missed

Note 1 to entry: the value of PME is defined according to ALARA/ALARP principles, and below legal limits.

Note 2 to entry: In order to be alerted when a measurement is likely to exceed the value of PME, an alarm level S1
is set up. The PME is then the upper limit of the coverage interval for a given probability (1-y) of time-integrated

activity cprcemntration or activity COCEMtration MEaSUTEMEtS COITeESpoIding to St

[SOURCH: ISO 16639:2017, 3.18]

3.12

responsge time
time reqpired 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 1 tolentry: The intrinsic response time is related to the measurement principle afid its associated model
evaluatioh of an ideal detector (without taking account of the counting time of the d¢tector).

[SOURCH: IEC 60761-1:2002, 3.15]

4 Symbols

a(t)

C(JC

pf

Activity going through the detection volume at a time ¢, in Bq
Activity concentration, in Bqg-m3
Actual activity concentration, ifBqg-m3

Decision threshold of the aetivity concentration, in Bq-m3
Detection limit of the activity concentration, in Bq-m=3

Lower limit of-the'coverage interval of the activity concentration for a given prob-
ability (1-)); iwBg-m3

Upper dimit of the coverage interval of the activity concentration for a given prob-
ability\(1-y), in Bq:m3

Aetivity concentration measured at a time ¢, in Bq:m™3
Actual activity concentration measured at a time ¢, in Bq-m3

Gross primary measurement of the activity concentration, in Bq-m3

Minimum detectable activity concentration, in Bq-m=3

Lower limit of the coverage interval of the minimum detectable activity concentra-
tion for a given probability (1-y), in Bq-m=3

Upper limit of the coverage interval the minimum detectable activity concentration
for a given probability (1-y), in Bq-m~3

Activity concentration of the ith measurement of a series of gross measurements
(withi =1, ..., n) which represent a background situation, in Bq-m=3

Mean value of ¢ ;, in Bg:m3

© IS0 2020 - All rights reserved
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Loin Minimum amount of current registered by the measuring detector (with
Qmin ;
[ i,=— inA
%
Lin cd Minimum amount of current registered by the compensating detector (with
, Qmin cd
min,cd ~ t ),in A
C,cd

I (t) Instantaneous gross current of the measuring detector ata time ¢, in A
1} (t,tc ), 1g Gross current during the counting time ¢ of the measuring detector ata‘time ¢, in A
I 4 (t) Instantaneous gross current of the compensating detector at a timet, in A
I 4 (t,t Ced ) ) 1g o Gross current during the counting time ¢, .4 of the compensatingdetector atatimet,in A
I Background current of the measuring detector, in A
1§ cq Background current of the compensating detector,in-A
K Detection alarm setup parameter corresponding to the chosen acceptable false

alarm rate level, dimensionless
k Quantile of a standard normal distribution, if k;_, = kl—ﬁ , dimensionless
K _,, Quantile of a standard normal disttibution for a probability (1-«a), dimengionless
kl—B Quantile of a standard normahdistribution for a probability (1-£), dimengionless
K . o s Y 4 .

-7 Quantile of a standard no¥mal distribution for a probability 1—5 , dimensionless
2
N Number of atoms on“the media filter, dimensionless
n (t,tc) Gross count during the counting time t; of the measuring detector at a tjme ¢, di-
i mensionless

Qin Minjmum amount of electric charge that induces a pulse registered by the mleasuring

deteetor, in C
Gnin cd Minimum amount of electric charge that induces a pulse registered by the[compen-

sating detector, in C
q Flow rate, in m3:s-1
rf (t) Instantaneous gross count rate of the measuring detector at a time ¢, in sTX
r (€. ), r Gross count rate during the counting time ¢t of the measuring detector ata time t, in s

~ [S)

rg,cd (t’tC,cd )’ rg,cd

Instantaneous gross count rate of the compensating detector at a time ¢, in s™1

Gross count rate during the counting time ¢ .4 of the compensating detector at a
time t, in s71

Background count rate of the measuring detector, in s1
Background count rate of the compensating detector, in s™1

Standard deviation of the activity concentration at a series of i measurements which
represent a background situation

© IS0 2020 - All rights reserved 5
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Counting time of the measuring detector, in s
Counting time of the compensating detector, in s
Duration of airborne release, in s

Response time, in s

Intrinsic response time, in s

5 Med

Arepres
time tis

being re
volume.

on theb
installat
take intd

Counting time of the measuring detector for background measurement, in s
Counting time of the compensating detector for background measurement,\in's
Half-life, in s

Detection volume, in m3

Calibration factor, in Bqm=3-s or Bq:m=3:A-1

Correction factor related to sampling (sampling point representativity, radioactiy
decay, ...), dimensionless

Detector efficiency, in Bq~1-s~1 or A-Bq~!

Decay constant, in s71

isuring principle

entative sample of ambient air to be monitorgd tontaining an activity concentration c,_ (t) at

continuously captured through a transportline then goes through a detection volume withot
ained. In parallel, a detector continuously measures the activity going through the detectid

hsis of the evolution of the activity'going through the detection volume of air sampled and t}
on or not of an ambient compensating detector. The processing algorithm can also, if necessar
account influence quantities\which may perturb the measurement result (see Figure 1).

[hen a processing algorithm calculates the activity concentration c(t) and the suited alarns

a

1t
n

e
Y,
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e .. e
e
® e ® @ e
e o © ° ° e
e o
° e .o. e ® © o o
¢t
&)~ p
Key
1| transportline
2| detector
3| sampling pump
4| media filter
5| processing algorithm
6| alarm processing unit

Figure 1 — Model of the sampling and alarming

6 Study of dynamic behaviour

This)clause describes the evolution over time of the activity concentration c¢(t) during th¢ sudden
appearance of an actual activity concentration c,.. The dynamic behaviour is quantified by the

response time. The response time ¢y, is due to the intrinsic response time ty; related to the measurement
principle and its associated model of evaluation, the time delay provided by the counting time ¢ of the
activity going through the detection volume, the renewal rate of the detection volume and also the
duration of the processing algorithm. This latter duration is not taken into account in this document but
it should be kept in mind.

It is considered in the following that the actual concentration to be measured c,. changes over time in
steps of duration tp:

Cae (E)=Cye when 0<t <t €))

© IS0 2020 - All rights reserved 7
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c, (t)=0 whent>t (2)

The differential equations describing the number of atoms N of the radionuclide considered in the
detection volume of the detector can be formulated as a function of the concentration C,. at the

sampling point according to the following relationships:
dN(t)zqscac N(t)q
%4

de A

—AN(t)- when 0<t<t; (3)

NOTE 1 | The monitor flow rate q is taken to be constant over the interval of interest.
and

dN(p) _ _
AN )

N(t
N©a when t>t, )

Moreover, the evolution of the activity present in the detection volume is given by the relationship

r,(t)-r,
a(t)EAN(t)=2—— (%)
€p
NOTE2 | The detector efficiency € is supposed to be constant meanihg that at any time the activity [is
distribut¢d uniformly throughout the detection volume.

Considering that N(0) = 0 at the beginning of the sampling, the.solutions of the differential Formulae (3)
and (4) are:

epqoc —Mi)t
rg(t -1, =£p /lN(t):LqaC 1-e ( 4 when 0<t<t; ()]
A+=
V —
gnqoc —(/l+i)t —(/l+i) t—t
r, (t) -1y =8y, ?tN(t)quaC a2 L e G G when t>¢; (1)
A+= |
vV

From th¢ Formulae (5), (6) and (7, the model of evaluation of the activity concentration over time cgn
be exprefssed as

q

o 6Vq[rg &% | @

c(t)

When ar] ionization detector is used, instead of the count rate, the current may be the output. Then the
model oflevaluation of the activity concentration becomes to

a
y

c(t)ng 6Vq[1g ()1 ] (9)

8 © IS0 2020 - All rights reserved
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with
—(}Hi)t
c(t)=c, |1-e\ V when 0<t<t; (10)
—[)ﬁ 1 }F —[/‘L+ iJ(t ~tp)
c(t)=c,.|1-el V) lel V whent>t, (11)
The evolution of the ratio of the activitv concentration and the actnal one nr‘(‘m‘ding to Formula (10) by
cpnsidering an infinite duration release (t; — o) is given in Table 1.
: . c(t) - :
Table 1 — Evolution of the ratio ——— of the measured activity concentration and the/actual
c
ac
one according to Formula (10)
Ratio Time
%
0
0,69
50
A+L
|4
2,3 "
90 ~ERI
A+ L
vV
3
95
A+L
4,61
99
A+L
6,91
99,9
A+d
|4
Thble 1 shows that, according to Formula (10), the higher the detection volume renewal rate % the
bptter theliptrinsic response time tp; is.
The €velutions of the activity concentration c(t) as defined in Formulae (10) and (11) assumg that the
gLoss count rate r, (t) is instantaneous which means:

- n, (t.t;)
Iy (t)=lim [u:I

tc—0 tC

This implies that Iy (t) does not depend on t.. In reality, any count rate measurement is associated with

a counting time ¢ and therefore the following relationships are obtained:

a) when 0<t<t;:

© IS0 2020 - All rights reserved 9
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b)

d)

f)

10

, e a8 —(}L+%Jt
c -
r (t’tC)_rO :iJ. I:r (t)_ro:ldtz Dq ac t+e 1 [12)
8 to JoL8 q q
te| A+ A=
|4 |4
whent. <t <tp:
1 ¢t £,qdc { 1 _(M%]tc jtw
_ _épq —e 1My
rg(t,tc)—ro—z l.f *h[rg(t)—ro—'dt_ . ac 1+ /2’ — (13)
+—= te| A+
v LMY J
wheh t; <t<(tp+t;) and t, <tg:
ry (tlte) -1 N [rg(t)—ro}duaj.tF [rg(t)—ro]dt_
e iy (t-tc) o+ e
enlqdc ( V)F_ ( V) ¢ _ v )F _()H_i)t_t
S KL T P © 17e e g (14)
te A+ A+ L A+ L
|4 |4 |4
whep tp <t<t::
1 (tp 1
rg(t te )Ty =¥ . [rg (t)—ro]dt+¥J.F[rg(t)—ro]dt_
Ja+ L 2+ L e
ep|qdc ( V]F— - ( VJF —(Mij t—t
B CLL S P L, 1e o Ty ) th
tc A+ A+ A+
|4 |4 |4
wheh t. <t<(t.+tp) and t; >tg
1 rte et
r (tlte )1 :t_L_tC[rg (t)—ro]olua LF [r, (6)-r |de=
{1+ L el (t-tc) 2+ L e
eqdc ( )F_ ( V) ¢ F —(/1+1) t—t
T KL P ° ° ey ) (16)
te A+ A+ L a+ L
|4 |4
wheh t>(t.+tp)
1)'rtr
ry (tltc)—ry :a i [rg(t)—rOJdtz
£ "\’SC |_ _(ﬂ_l_q\f —”_ (JJ_q\f' —| _(}.Lq\(f'_f' )
=‘1—aC2[1—ek V)”J{ek V)“—1Jek v (17)
q
to| A+
c[4+7]
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Taking account of the counting time t; the model of evaluation of the activity concentration given in
the Formulae (10) and (11) becomes:

A+
|4

[rg (t.tc )—ro] (18)

The use of Formulae (12) to (17) applied to Formula (18) makes it possible to quantify the dynamic

t)=
(=5

behaviour of the evaluation model in all release conditions knowing A (or ¢; ,), % and t. and so to
| 4

dptermine the corresponding response time tp. Table 2 gives the response time for the measufement of

the activity concentration as a function of the detection volume renewal rate % plus decay constant A

ahd the counting time t;. An example of use of Table 2 is given in the Annexes A and™B.

Table 2 — Response time t; of the model of evaluation of activity concentration as a funiction of

the detection volume renewal rate % plus decay constant A and{the counting time| ¢

q
t }’+_
¢ v

1h-1 5h1 | 10h-1 | 20h-1 | 50h-1 [100h1|{200h-1|300h-1|{400h-1|500h-1|600h1
1s 1379 min|27,6 min|13,8 min| 6,9 min | 2,8 min | 1,4 min 42 s 28s 21s 17 s 12s

10s |[138,2min|27,7 min|13,9 min| 7,0 min | 2,9 min | 1,5 min 47 s 33s 26s 22s 18 s

30s ([138,4min|279 min|14,1 min| 7,2 min | 3,0 min | 1,7 min 59s 46 s 39s 36s 33s

1 min |138,4min|28,1 min|14,3 min| 7,4 min | 3,3 min.[*2,0 min | 1,3 min | 1,1 min | 1,1 min | 1,0 min | 1,0 min
5 min |140,4min|30,2 min|16,5min| 9,7 min | 6,04nin | 5,1 min | 4,8 min | 4,7 min | 4,7 min | 4,6 min | 4,6 min
10 min [1429 min|32,9 min|19,5 min|13,2 min {10,2 min| 9,6 min | 9,3 min | 9,2 min | 9,2 min | 9,1 min | 9,1 min
20 min |148,1 min|38,9 min|26,4 min|21,2 miw'| 19,2 min | 18,6 min| 18,3 min|18,2 min|18,2 min| 18,1 min| 18,1 min
30 min | 153,5min|45,6 min|34,1 min|30;0'min|28,2 min|{27,6 min|27,3 min|27,2 min|27,2 min|27,1 min|27,1 min
40 min [159,0min|52,7 min|42,4 min|39,0 min|37,2 min |36,6 min 36,3 min |36,2 min 36,1 min |36,1 min|36,1 min
50 min | 164,6 min| 60,3 min|51,1'min|48,0 min|46,2 min |45,6 min 45,3 min |45,2 min 45,1 min 45,1 min|45,1 min
60 min |170,4 min| 68,2 min|60)0 min|57,0 min|55,2 min |54,6 min | 54,3 min|54,2 min| 54,1 min| 54,1 min| 54,1 min

NOTE In most cases ﬂ,<<i , then the response time is mainly due to the detection volume renewal rate i .
vV

When an ionization detector is used, instead of count rate, current may be the output then the|model of
eyaluation of the activity concentration becomes

A+L

c(t):gD qV5 (1, (t.tc)~1 ] (19)

The relation between the count rate r and the current I is given by

I=rQ (20)

Figure 2 shows shift between Formula (8) respectively Formula (9) displayed by curve 1 and
Formula (18) respectively Formula (19) displayed by curve 2 because of the counting time t; which
adds an additional delay to the intrinsic response time tp;.

© IS0 2020 - All rights reserved 11
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shows that in some case of puff reledse (¢ <ty) the value of the actual concentration c|
e measured by the CAM because itsgéSponse time t is too long compared to the brief duratig
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Figure 2 — Response time of the model of evaluation
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Figure 3 — Dynamic behaviour of the model of evaluation in case of puff release

However, in any case of release conditions, it can be demonstrated that the integrated concg

—

)itegrated concentration:

t>tg
_[0 c(t)dt=c,  tg

7| Evaluation ofthe characteristic limits

711 General

Dfirect measurements in real time use most of the time complex systems of processing data (pf]
gorithm, etc.) protected by copyrights. The certification tests of such equipment are usuallj
optZin' test laboratories with well-defined test conditions which does not necessarily re

jo5)

bntration

which represents the total internal €xposure due to inhalation always remains equal to the actual

ocessing
y carried
flect the

- P 1= 1 .l | . . | | do 1 1 41 £1 . do £ . 1 1. .
E€ITVITOTITITEIIC 11T WITITIT CII€ UEVICE IS uscUu dalIra pditituldlly tic 1TUttudtionns Ol Idtul dl Iauioqdtit
the radiological environment.

vity and

To determine the characteristic limits (uncertainty, decision threshold and detection limit) related
to this type of device it may be necessary to conduct tests in an environment representative of real

conditions of use.
7.2 Single detector
7.2.1 General

The measuring principle is given in Figure 1 without the compensating detector.

© IS0 2020 - All rights reserved
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7.2.2 Definition of the model

From the models of evaluation given in Formulae (18) and (19) and considering for simplification that

ry (t,tc )—>rg,

I, (t.te )=y,

c(t)=c and

o+ L
|4

w=

4,996
the folloying Formulae for the activity concentration c can be obtained:

a) for the count rate mode: c=(rg —Iy )~w

b) for the current mode: c=(1g -1, )-W

7.2.3 $tandard uncertainty

a) For the count rate mode, the standard uncertainty can bewritten as:

dc ’ Jc ’ oc ¢
u2<c>=[g] -ﬂ@){g] ~u2(ro>+[a—wj w2

r

Assuminlg that u? (rg ):i’ the Formula aboyeican be transformed:
t

C

tC WZ tC W2
2 2 2
. rw u® (w . r; u=\w
S0 T w? iy Yl W) _cw, D (1) |- w? 2 )
tC tC W2 tc tc Wz

This leads to the stanpdard uncertainty u(c) given in Formula (23):

. 2

u? (c):—c W2 (0)+c? LW) (w)
2

C w

—+r,
g uk(w ( 0) u? (w
u? ()= w2 +w? u? (1 )+c?- tw)_{w ~W2+W2-u2(ro)+c2-—( )_

(2

(23)

(2

3)

b) For the current mode, the standard uncertainty can be written as:

14 © IS0 2020 - All rights reserved
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2 2 2
dc dc dc
UZ (C):[@] 'le (Ig )+(£J 'UZ (IO )+(a—wj 'UZ (W)
from Formula (20):

o, Y al
{52 | ] s

] u? (Qmin )

ISO/TR 22930-2:2020(E)

And assuming that u(¢)~T0,

2( ) alg i 2( ) ng Qmin
us (L, )=l — | u“ (1, )=0min" —=— 1y, =Ly !
g arg g tC tC g g
NOTE Usually the parameter [, —min_ g given by the manufacturer of the ioniization detector.
t
C
Then the following transformations in regard to the standard uncertainty t(c) can be done:
2 2
2 (o) 20202 g ut(w) _ 2 po2 U (W) _
u? (€)=l I w?+w?-u (Io)+c? > _[Imin'lg“‘ (IO)]W A
w w
2
_ ¢ 2 2, 2. W (w)_
—[Imin{;HO )+u (10)}~w +c -
2
_ 2 2, 2.U (W)
=cw-Lyn H Lin 1o +u2 (I ) w2 +c2- —

The standard uncertainty u(c) can be written according to Formula (24):
2
2 (o) 2 2 Ut (W)
u®(c)=c-w-I_, +u“(0)+c T (24)
712.4 Decision threshold
The decision threshold ¢" is given, for both modes, by the expression
¢ =k;_,,-u(0)
Regardings=0 the decision threshold
a] fofithe count rate mode is:
[r 1
m (0)=ﬁ+uz o) [ W2
tc
* I 1 1
¢ =k_, W O y2 (ro)=ky_o W |1y | —+— (25)
te te b
* r()
NOTE1 If t,=t. then ¢ =k,__ -w- [2-—
t
C
NOTE2  If ¢, >t orif  are mean values determined experimentally from such a number of observations

r *
that u? (ro )<<l , then the decision threshold can be expressed as ¢ =k
te
© IS0 2020 - All rights reserved
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b) for the current mode is:

u? (O):[Imin -1, +u? (1 )]wz

Ciin . Omi
* 2 _ min min
¢ —k1—a'W‘\/Imin'10+“ (10)—k1—a'W'\/10'[_t A (26)
C 0
Qmin Qmin *
NOTE 3 If —=—",thenc =k, -w-J2-1_. -1 .
T T 4t = min
C
Qmin Qmin . . .
NOTE4 | If ——>—— or if I, are mean values determined experimentally from such a number pf
t t
0 c
observations that u? (10)<<Imin -1, then the decision threshold can be expressed as ¢’ =K _o W allmin 1o -

However in some cases, r, or I, are not explicitly known. In that situation, the only.data the user mgy

have is dllﬂlrectly the estimate of the activity concentration c.

In that situation, the principle of the model of evaluation is known, but the input'‘data are not accessible.

The meapurement problem is to compare a series of indications ¢, ; (i = 1., n) which are judged by the
user to represent a background situation with a single indication Cq for another situation, called “gross

instantaheous situation at a time ¢. Then the activity concentratiafi at a time t is given by the expressign

c=cd—¢p 27)
with
— 1 n o8
o —';'2,-:1%,1' (28)
and the §tandard deviation
1 n —\2
So 71 ,-:1(00,1' ~<o) (29)

and sincg no other information/s available the ¢, ; (i=1, .., n) is assumed to be samples from Gaussign

distribufions with unknéwn expectations and variances. According to [1] the arithmetic means ¢, fs
the best pstimate and.the standard uncertainties associated with C_O is

12

u(co :Z—:; : with n>4 (30)

<SIES

u? (c)=u? (cg )+u2 (c_o) and in the absence of the phenomenon to be measured (c = 0) it is assumed that

u? (cg )=S(2) then

16 © IS0 2020 - All rights reserved
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— -1
u2(0)255+u2(co):sg [1+#_3)} (31)

And the decision threshold is given by

* n—1
c =k, s, [1+————— 32
1-o °0 n~(n—3) ( )

NOTES5  The determination of the decision threshold according to Formula (32) implies checking periodically
tHat there is not significant variation of So -

712.5 Detection limit

—

he detection limit c* is given by

ctt :c*+kl_B~u(c#)

2
With k=k,_, =k1_B and under the condition k2 .i;/v)<1 , the detection limit ¢ is
w
2,
2'C* " kt w
a) for the count rate mode: c* :—2C (33)
12t w)
WZ
2:¢C+k% 1. W
b) forthe current mode: ¢ = 2m1n (34)
12 L)
W2

Otherwise the measurement method is nob adapted.

712.6 Limits of the coverage interval

The limits of the coverage intérval are provided when c¢>c" in such a way that the coveragd interval
cpntains the true value of dwith a specified probability (1-y).
The lower limit of tHe Jcoverage interval ¢ and the upper limit of the coverage interval c¢> are
pfrovided by:
c‘=c—k Q-ulc) (35)
1ok
2
apd
¢ =c+k v -u(c) (36)
T2

NOTE The determination of ¢ according to Formula (27) implies to check periodically that there is not
significant variation of ¢ .

7.3 Double detector

7.3.1 General

The measuring principle is given in Figure 1 with the compensating detector.

© IS0 2020 - All rights reserved 17
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7.3.2 Definition of the model

Considering for simplification that

ry(tite)=ry, Fycd (Eca ) 2Ty car

Ig (t'tC)%Ig Ig,cd (t’tC,cd)%Ig,cd

c(t)—>c and

A+
w=—-—
£ q

=
7N IRl

the folloying Formulae for the activity concentration ¢ can be obtained:

a) fqr the count rate mode: c=[(rg —rglcd)—(ro —FO'Cd):I‘W (3N
b) for the current mode: c=[(1g —Ig'Cd )—(10 —Iy )]w (38)

7.3.3 $tandard uncertainty

a) For the count rate mode, the standard uncertainty u(c) can be written as:

2 2 2 2 2
dc dc dc dc dc
UZ(C)=[£] '“Z(Fg)+[arg,cd] 'uz(rg,cd){%] '“2(ro)+{ar0’cd] 'uz(ro,cd)Jf(a—W) u* (w)

r r
. ,cd .
Assuminlg that u? (rg ):i and u? (rg od ):L ,&he Formula above can be transformed into:
te toed
c'w 1 1 Iy =1t u? (w
(== r, q| —+ 0 02 (o) +u? (ry ) w2 ez W)
t 8t ¢ t € w?
C C “Ccd C
This leads to the standard uncertainty u(c) given in Formula (39):
2 cw o, 5 HAW)
u“ (d)=—-=+u= (0)+co=—- (39
te w?

b) For the currentmode, the standard uncertainty can be written as:

2 2 2 2 2
dc dc dc Jc dJc
UZ(C):[@] 'uz(lg)‘{al } 'uz(lg,cd)"{%J '“2<10)+[alo'ch 'uz(lo,cd)"'(a_wj u* (w)

g,cd

Q..
I, g with [ =0ed ppey

. 2 _ B _len 2 _
Knowing that u (Ig)—lminJg with [ . = and u (Ig,cd)—lmin,cd' oc min.cd =
C C,cd

the following transformations in regard to the standard uncertainty u(c) can be done:

2
2 () 2 2 2002 2.2 2 U (w) _
u (C)_Imin'lglw +Imin,cd'1g,cd'w Twe-u (10)+W u (IO,cd)+C ’ W2 -
_ 21 c I I.—] I I 2 2 .,2 I 2 .5,2 I 2 uz(w)_
=W™ lhin~ ;+ g,cd+ 0 lo,cd [Hmin,ed” gedW Twe-u (0)+W u <O,Cd)+c ’ w2 -

18 © IS0 2020 - All rights reserved
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u* (w)

=Wl in c+w? '[Imin '(IO _IO,cd )+(Imin +Imin,cd )'Ig,cd :|+W2 '[uz (10 )+u2 (IO,cd ):|+Cz 7

The standard uncertainty u(c) can be written according to Formula (40):

—3

=

N

NOTE2  Formula (41) shows that the decision threshold ¢ varies according to Iy d which repi

ambient level in the absepce.of the phenomenon to be measured.

for the current mode is:

u? (O)Z[Imin '(10 _IO,Cd )+Ig,cd '(Imin +Imin,cd )+u2 (10 )+u2 (IO,cd ):"Wz

*

¢ :kl—oc 'W'\/Imin '(10 _IO,cd )+Ig,cd '(Imin +Imin,cd )+u2 (IO )+u2 (Io,cd )

FE8" If I, and I, , are mean values determined experimentally from such a number of obs

2
u® (w)
2 ()= 2 2
u® (c)=c-w-I_; +u(0)+c* > (40)
w
3-4—Deecision-thresheold
he decision threshold ¢ is given, for both modes, by the expression
¢ =ky_,,u(0)
egarding ¢=0, the decision threshold
for the count rate mode is:
n—r 1 1
2 |0 "0,cd 2 2 2
u® (0)= — +ry t_+_t +u” (ry )+u (ro’cd)}-w
C C C,cd
ry—r
- 0 "0,cd 1. 1 2 2
¢ =k_,w — +ryed” t_+t u” (ry )+u (rO,cd) (41)
C C C,cd
NOTE1 If r, and r, 4 are mean values.determined experimentally from such a ngmber of
1 1 r—r
observations that, |:u2 (r0)+u2 (ro Cd):|<< L@ | —t— 0 Ocd then the decision threshqld can be
' Sl S t
C “Ccd C
R 10 = 10,cd 1. 1
expressed as: ¢ =k;_ W [———¥T, 4| —+— |.
¢ S A
C c ‘Ccd

esent the

(42)

ervations

| - 2 | C |
that |_u (10)+u “0,cd)J<<|_1min.“0+10,cd)+1g,cd.klmin+1min,cd)J’ then the decision threshold can be

expressed as: c zkl_a 'W'\/Imin -(10 _IO,cd )+Ig,cd '(Imin +Imin,cd ) .

NOTE 4

ambient level in the absence of the phenomenon to be measured.

© IS0 2020 - All rights reserved
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However in some cases, 1y, 1 4 and Ty cd respectively I, Iy oq are not explicitly known. In that

situation, the only data the user may have is the displayed activity concentration c. In those situations,
Formulae (27) to (32) apply.

NOTE 5

The determination of the decision threshold according to Formula (32) implies checking periodically
that there is not significant variation of s, .

7.3.5 Detection limit

The detd
applies.

7.3.6 Limits of the coverage interval

The limifs of the coverage interval are provided when c¢>c” in such a way that the covetage interv

contains

The lower limit of the coverage interval ¢< and the upper limit of the coverage interval ¢ can &

calculate

NOTE
significar

8 Ala
exposu

The performance of a CAM is quantified by the decision threshold (and therefore the detection limift)

and the
threshol

alarm raes.

To avoid
to anacc

Values o

NOTE 1

measurethents in the absence(of the phenomenon to be measured and in a relatively stable radiologic

environnj
false alan
(if not thg
values, e1]

ction limit ¢” can be calculated 1n the same way as described in 7.2.5, then Formula (34) st

the true value of c with a specified probability (1-y).
d in the same way as described in 7.2.6, then Formulae (35) and (36] still apply.

t variation of Co -

fms setup, minimum detectable concentration and potential missed
re

hssociated response time. It could be tempted to setup the alarm on the basis of the decisid
1, but given the large number of measurements, this choice would lead to an unacceptable falj

excessive false alarm, it can be useful to setup the detection alarm level with a K value adjuste
pptable level of false alarm rate, instead of kl_a value used to determine the decision threshol

K as a function of false alarm'rate are given in Table 3.

The K values defined fin) Table 3 are related to the usual statistical fluctuations radioactivi

ent, but sources of.instability may arise and if poorly compensated may lead to additional sources
ms. For example:(fhictuations caused by significant variations in the activity concentration of radg
object of measurement) or the ambient dose rate. In this case, the value of K can be adjusted, at larg
hpirically accotding to the actual situations encountered.

Table 3 — Alarm setup parameter K and its associated false alarm rate X

The determination of ¢ according to Formula (27) implies to chegk periodically that there is npt

n
e

=

Ly
hl
pf

eI

20

K X
%
1,282 10
1,645 5
1,960 2,5
2,327 1
3,091 0,1
3,720 0,01
K Alarm setup parameter.
X False alarm rate, in %.
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Table 3 (continued)

K X
%
4,267 0,001
4,756 0,0001
5,203 0,000 01
K Alarm setup parameter.
A TdISEe adlarlirrdate, I 7o.

—

his detection alarm level (see Figure 4) is then given by
S0=K-u(0)=c,;.

which corresponds to the minimum detectable activity concentration c_; and its associated
jtervals for a given probability (1-y).

—

The lower limit of the coverage interval c . and the upper limit ¢f)the coverage interval
plovided by:
< —
“min = min _kl_z u(cmin )
2

C?nin =Cmin +k Y 'u(cmin )

2

I order to be alerted when a measurement isdikely to exceed the value of a chosen PME, an al{
SIL can be set up. The value L1 of the PME is then the upper limit of the coverage interval fo
Fobability (1-y) of the activity concentration measurement corresponding to S1 (see Figure
| is set up according to

o

S1=L1-k . -u(S1)
1Y

2
he minimum value of LO of the PME (see Figure 4) that can be chosen with an acceptable fal
ite corresponds to theupper limit of the coverage interval for a given probability (1-y) of thg
bncentration meas@rement corresponding to SO, which is

o= 4

LO=S0+k -5, u(S0)=c’

) min

2
I orderto-be alerted when a measurement is likely to exceed the guideline or legal limit
lgvel S2ean be set up. The value L2 of the guideline or legal limit is then the upper limit of the
interval for a given probability (1-y) of the activity concentration measurement correspond

(43)

coverage

min are

(44)

(45)

irm level
I a given
14). Then

(46)

se alarm
e activity

(47)

n alarm
coverage
ng to S2

Thigiien 4 Than CO 3 arding

daa 3 3 jIo-caf il o i
DAY § Aébll C T 1ITICIT U4 15 OSU LU ulJ dllVuUl ulus U

s2=L2-k  -u(S1)
1Y

2

(48)

NOTE 2  Formulae (46) and (48) can be solved with the help of Formulae (23), (24) or (40), either by iteration

or by solving explicitly a second degree equation.
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min min

SOikl_;'“(SO) si+k ., -u(s1)3 L1 5/'521"1, _u(sz)"'; L2

N =

v

a

SO = Cmin S1 S2

Cmin

Figur

activity concentration, in Bq-m~3

decision threshold of the activity concentration, in Bq-m~3

detection limit of the activity concentration, in Bq-m~3

detection alarm level value related to an acceptable level of false alarmypate

minimum detectable activity concentration, in Bq-m~3

.u(S0) | range of minimum detectable activity concentration for a giyen probability (1-y)

minimum value of the PME that can be chosen with dn acceptable false alarm rate
lower limit of the coverage interval of c_. ~for agiven probability (1-y)

upper limit of the coverage interval of c_. «fora given probability (1-y)
alarm level value related to the chosen value L1 of the PME

chosen value the PME

alarm level value related to the guideline or legal concentration value L2

guideline or legal concentration value

e 4 — Characteristic limitsjalarms setup, minimum detectable activity concentration
and PME
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Application example: Single detector with a proportional counter

=

.1 Description

o -

chamber.

a n

bmpensation detector.

A.2 CAM Parameters

Table A.1 — Parameters of the used CAM

his type of CAM measures noble gas activity concentration in the air. After being filtered ttremove
hrticles, the air is drawn into the instrument by an external pump and flows through a

measuring

The measuring detector is equipped with one large area proportional counter ffubes xenon sealed and
wrrounded by 2 cm of a lead shield to minimize the background as muchyaspossible and there is no

. Estimated .
Quantity Value uncertainty Unit
te 600 Neglected S
to 600 Neglected S
Iy 62 0,1b sl
%4 0,01 0,000 57 m3
£ 0,028¢ 0,001 4 s1.Bq!
q 1,11 E-3 Useless m3-s-1
o 1 0,05
A 2,05 E-9¢ Neglected s
A+L
W= |4 3571 324 Bg:m3-s71
&y 0
DAC 1,1 E7d Not applicable Bg:m3
a -2 cm lead shielding.
r
b u(rU )= E.
Vit
c 85Kr.
d  The effective dose rate per unit air concentration of 85Kr is equal to 2,2 E-11 Sv-d~1/(Bg-m3)
or 2,02 E-12 Sv-h~1/(Bg-m™3). Assuming that in one year, there are 2 000 h and the annual effective dose limit
20E-3 -3 3
for a worker is 20 mSv, then DAC=—  — Bq'm °=1,1E7Bq-m™.
2000-2,02E-12

© IS0 2020 - All rights reserved

23


https://standardsiso.com/api/?name=e670a6853edea89e4313caf30c9cc0b6

ISO/TR 22930-2:2020(E)

A.3 Monitoring requirements

Quantity Value Unit
Guideline value (L2) 12 DAC
PME (L1) 0,1 DAC
a  Maximum level of concentration allowed in the area.

A.4 Pdrformance
Table A.3 — Performance
Quantity Value Unit
tg? 9,2d min
b 990¢ Bg:m3
9,0 E-5 DAC
2068¢ Bq:m¥
ctte
19 E-4 PAC

A.5 Alarms setup and minimum-detectable concentration

There is
is set up

Table A.2 — Requirements

a  See Table 2.

b Formula (25).
¢ Formula (33).
d q 1., _ .
A+—~350h™"; t; =10 min
V
© Ky =k =k=1,96
with 0=8=2,5%.

which is|not acceptable.

In order

false alarm per day (se€ Table 3).

Tablle A.4 —<Values for the alarm setup and minimum detectable activity concentration

A measurement every second 'which means there are daily 86 400 output data and if the alarm
at the decision threshold;level, 2 160 false alarms per day (2,5 % of 86 400) can be expectdgd

to avoid that situation, the first alarm level is set up with K = 5 to obtain a far less than one

Quantity Value Unit
Detectiof aldarm level set up value with an acceptable false alarm 2,5E3 Bq-m3
rate = minimum detectable activity concentration: S0=c_, 2 2 3 E-4 DAC

a

b

C

Formula (43).
Formula (47).
Formula (46).
Formula (48).
Formula (44).
Formula (45).
k =1,96

1-y/2
with y =5 % for a probability (1-y) = 95 %.
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Table A.4 (continued)
Quantity Value Unit
Lower limit of the coverage interval of c¢_. for a given probability 1,4E3 Bq-m3
(1-p):cd, et 1,3 E-4 DAC
Upper limit of the coverage interval of c_. ~for a given probability 3,6 E3 Bq:m3
(1—y); Cr[;in fg 3,3 E-4 DAC
Minimum value of the PME that can be chosen with an acceptable 3,6 E3 Bg-m3
fhlse alarm rate: LO=c}>. P 3,3 E-4 DAL
Alarm set up value associated to the PME (L1): S1¢ 9,3 E5 Bq-m-3
8,5 E-2 DAC
Alarm set up value associated to the legal value (L2): S2d 9,3 E6 Bq-m3
8,5 E-1 DAC

al  Formula (43).
b Formula (47).
¢l Formula (46).
d  Formula (48).
¢l Formula (44).
fl Formula (45).
8l k =1,96

1-y/2
with y =5 % for a probability (1-y) = 95 %.

.6 Discussion

blow the PME value L1 of 0,1 DAC and the guideline value L2 of 1 DAC. The associated respons

A
The minimum detectable activity concentration c_; —of 2,3 E-4 DAC is quite acceptable as
b
of 9,2 min seems also acceptable.

compared to L2, the values of ¢t can be reduced.

Al there is a lot of margin on<Cyy, o
F

pr example, if £ is 1 minjinstead of - = 10 min, then according to (25), the corresponding

threshold ¢* as well as'c are multiplied by 2,34. Then the minimum detectable activity concq

min’
cl,in, becomes 5,4E24"DAC which is still quite acceptable with a better corresponding respons
of 1 min according to Table 2.

it is well
e time ty

decision
bntration
e time tp
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Annex B
(informative)

Application example: Double detector in current mode

B.1 Description

This typ

e of CAM measures noble gas activity concentration in the air. After being filtered td remoye

particleg, the air is drawn into the instrument by an external pump and flows through a‘measuring

chamber

The meapuring and the compensation detectors are equipped with the same type of ienization chambdr.

B.2 CAM Parameters

Table B.1 — Parameters of the used CAM

. Estimated .
Quantity Value uncert§ndy Unit
tc 60 Neglected s
. :Imin,cd a 3 E-18 Net applicable A
Va 0,000 18 Not used m3
q 5E-4 Useless m3-s71
0] 1 0,05
A 2,05 E-9¢ Neglected s71
r+L
W= V y 5,2.E19 3,7E18 Bg-m=3-A-1
€90
DAC 1,1 E7d Not applicable Bg'm3

2 Applicable to both-measuring and the compensating detectors.

w is directly chiaracterized without knowing &, and V.

c 85Kr.

d  The effecfive dose rate per unit air concentration of 8°Kr is equal to 2,2 E-11 Sv-d~1/(Bq-m~3) or

2,02 E-12:Sv*h~1/(Bg-m~3). Assuming that in one year there are 2 000 h and the annual effective dose
20E-3

imit.for a worker is 20 mSv, then DAC=——m M8 ™ —
2000-2,02E-12

Bq-m~3=1,1E7Bq-m™3.

B.3 Measurement results in the absence of the activity concentration to be
monitored in a given radiological background ambient level

Table B.2 — Results of background measurements (i = 120)

Date/Time € Date/Time € Date/Time € ; Date/Time €
Bg-m3 Bg:m3 Bg:m-3 Bgq-m-3
16/11/2016 00:01|-86 024 |16/11/2016 00:31 |-82 815 16/311_/021016 -72 197 16/11/2016 01:31 | -74 979
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