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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| explanation on the meaning of ISO specific tefms and expressions related fo
conformjty assessment, as well as information about ISO's adherence to the World Trade
Organizgtion (WTO) principles in the Technical Barriers¢t0rTrade (TBT) see the following UR
www.isd.org/iso/foreword.html.

E

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. to“take 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 accumulation sampling techniques.

ropriate

effective
brrective

ting the

0/TR 22930 series describes the factors and operating parametens and how they influgnce the
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Evaluating the performance of continuous air monitors —

Part 1:
Air monitors based on accumulation sampling techniq

ues

[y

Scope

—3

he use of a continuous air monitor (CAM) is mainly motivated by the need to be alertéd qu
1} the most accurate way possible with an acceptable false alarm rate when a-significant
bncentration value is exceeded, in order to take appropriate measures to reduce exposure
volved.

—y -

he performance of this CAM does not only depend on the metrological\aspect characterize
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 minimumdetectable activity conce
prresponding to an acceptable false alarm rate.

00 o —

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

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

—

he knowledge of a few factors is needed to interpretthe response of a CAM and to select the apy
AM type and its operating parameters.

[Nl

Almong those factors, it is important to knew the half-lives of the radionuclides involved, in
¢lect the appropriate detection system®and its associated model of evaluation.

%)

(@)

AM using filter media accumulatioh'sampling techniques are usually of two types:

fixed filter;

\ml

o

moving filter.

—3

his document first deséribes the theory of operation of each CAM type i.e.:

- the differentinodels of evaluation considering short or long radionuclides half-lives valueg
— the dynamiic behaviour and the determination of the response time.

I mostcase, CAM is used when radionuclides with important radiotoxicities are involved (snj
of Alsl)¥Those radionuclides have usually long half-life values.

ckly and
activity
of those

d by the
dynamic
entration

possible

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

levels be

ropriate

order to

b

all value

Themrthedeterminationof-the characteristic timits (dcuiaiuu thresholddetectionrHimitHm
coverage interval) of a CAM is described by the use of long half-life models of evaluation.

ts of the

Finally, a possible way to determine the minimum detectable activity concentration and the alarms

setup is pointed out.

The annexes of this document show actual examples of CAM data which illustrate how to

quantify

the CAM performance by determining the response time, the characteristics limits, the minimum

detectable activity concentration and the alarms setup.
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements 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.

ISO 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
requireni{ents

ISO 11949-1, Determination of the characteristic limits (decision threshold, detection limit and lithits pf
the coverfage interval) for measurements of ionizing radiation — Fundamentals and application —/Part |I:
Elementdry applications

3 Terms and definitions

For the |purposes of this document, the terms and definitions given in ISO.11929-1, ISO 1663p,
IEC 60761-1 and the following apply.

ISO and |EC maintain terminological databases for use in standardization.at the following addresses:
— ISO Qnline browsing platform: available at http://www.iso.or

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

31
annual limit on intake
ALI
derived limit for the amount of radioactive substancé-(in Bq) taken into the body of an adult worker by
inhalatidn or ingestion in a year

[SOURCH: ISO 16639:2017, 3.7]

3.2
continugus air monitor
CAM
instrumént that continuously menitors the airborne activity concentration on a near real-time basis

[SOURCH: ISO 16639:2017,:320]

3.3
decisior] threshold
value of the estimator of the measurand, which when exceeded by the result of an actual measurement
using a given measurement procedure of a measurand quantifying a physical effect, it is decided that
the physjcaleffect is present

Note 1 to entry: The decision threshold IS defined Such that in cases WHere the measurenent Tesult, y, exceeds
the decision threshold, y* the probability of a wrong decision, namely that the true value of the measurand is not
zero if in fact it is zero, is less or equal to a chosen probability .

Note 2 to entry: If the result, y, is below the decision threshold, y* it is decided to conclude that the result cannot
be attributed to the physical effect; nevertheless, it cannot be concluded that it is absent.

[SOURCE: ISO 11929-1:2019, 3.12]
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3.4

derived air concentration

DAC

concentration of a radionuclide in air that, if breathed over the period of a work year, would result in the
intake of one ALI for that radionuclide

Note 1 to entry: The DAC is calculated by dividing the ALI by the volume of air breathed by reference man under
light-activity work during a working year (in Bq m~3).

Note 2 to entry: The parameter values recommended by the International Commission on Radiological Protection
fqreatcatatimg the DPAC are s breathimg Tate of 152 - Hamta workinmg year of 2 060 {re2 400

Npte 3 to entry: The air concentration can be expressed in terms of a number of DAC. For example; ifthe DAC for
given radionuclide in a particular form is 0,2 Bq m=3 and the observed concentration is 1,0'Bgq m-3} then the
observed concentration can also be expressed as 5 DAC (i.e. 1,0 divided by 0,2).

QO

Npte 4 to entry: The derived air concentration-hour (DAC-hour) is an integrated exposureand is the proquct of the
concentration of a radioactive substance in air (expressed as a fraction or multiple pf DAC for each radlonuclide)
and the time of exposure to that radionuclide, in hours.

[JOURCE: ISO 16639:2017, 3.12]

3({5
detection alarm level
Sp
value of time-integrated activity concentration activity coneentration corresponding to an adceptable
dlse alarm rate

-

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

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

3i6

detection limit
mallest true value of the measurand\which ensures a specified probability of being detectable by the
easurement procedure

= Z]

pte 1 to entry: With the decision threshold according to 3.3, the detection limit is the smallest true vdlue of the
easurand for which the probability of wrongly deciding that the true value of the measurand is zero is equal to
specified value, 5, when, ipfaet, the true value of the measurand is not zero. The probability of being detectable
g consequently (1-3).

L H =

—

Npte 2 to entry: The\terms detection limit and decision threshold are used in an ambiguous way in| different
sfandards (e.g. standards related to chemical analysis or quality assurance). If these terms are referred to one
hs to state aceording to which standard they are used.

=3

[SOURCE:4S0 11929-1:2019, 3.13]

3{7
li|mits of the coverage interval
values which define a coverage interval

Note 1 to entry: The limits are calculated in the ISO 11929 series to contain the true value of the measurand with
a specified probability (1-y)

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

Note 3 to entry: The coverage interval is defined in ISO 11929-1:2019, 3.4, as the interval containing the set of
true quantity values of a measurand with a stated probability, based on the information available.

[SOURCE: I1SO 11929-1:2019, 3.16 modified - Note 3 to entry has been added]
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3.8

measurand
quantity intended to be measured

[SOURCE: ISO 11929-1:2019, 3.3]

39
minimu

m detectable activity concentration

time-integrated activity concentration or activity concentration measurements and their associated
coverage intervals for a given probability (1-y) corresponding to the detection alarm level SO

3.10
model o

f evaluation

set of mgthematical relationships between all measured and other quantities involved in the gvaluatiq
of measyrements

[SOURCH: ISO 11929-1:2019, 3.11]

3.11

potentigl missed exposure

PME

time-intg¢grated activity concentration or maximum activity concentratien, as applicable, that cg
acceptably be missed

Note 1 to

Note 2 to
is set up.
activity ¢

entry: The value of PME is defined according to ALARA/ALARP{binciples, and below legal limits.

entry: In order to be alerted when a measurement is likely talexceed the value of PME, an alarm level §
Che PME is then the upper limit of the coverage interval for-a given probability (1-y) of time-integratg
bncentration or activity concentration measurements-¢orresponding to S1.

[SOURCH: ISO 16639:2017, 3.18]

3.12

responske time

time req
given pe

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

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

Note 1 to
evaluatio

3.13

entry: The intrinsic respanse time is related to the measurement principle and its associated model
h of an ideal detector (without taking account of the counting time of the detector).

transit ffime
duration| corresponding to the complete scrolling of the moving filter in front of the detector, in case
moving flilter, and_considering that the entire deposition area is viewed by the detector

Note 1 td entryIf v is the moving filter speed and L the detector aperture or length of the deposition ar¢

n

n

d

a

pf

ba

L
considering-a constant width wy then the time transit t, =—.
v

4 Symbols

a(t) Activity deposited on the media filter at a time ¢, in Bq

b r Slope of the linear regression line obtained from a set of n successive points (i, y;), y; being
the ith measurement of the counting pulse (i = 1, ..., n), in s~2

Cir Correlation coefficient of the line resulting from the linear regression, dimensionless

4 © IS0 2020 - All rights reserved
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Csr Coefficient of Student, dimensionless

c Activity concentration, in Bq-m3

c* Decision threshold of the activity concentration, in Bq-m3

c Detection limit of the activity concentration, in Bq-m=3

¢S Lower limit of the coverage interval of the activity concentration for a given probability (1-y),
in Bq'm~3

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

c(t) Activity concentration measured at a time t, in Bq-m=3

c tj), o Activity concentration measured at a time t;,in Bg:m3

c. () Actual activity concentration measured at a time ¢, in Bq-m3

Clet Detectable activity concentration, in Bq-m=3

c4 Activity concentration of a gross measurement, in Bg=m=3

chi Minimum detectable activity concentration, in Bgym-3

i Lower limit of the coverage interval of the minimum detectable activity concentration for a
given probability (1-y), in Bq-m3

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

i Activity concentration of th&Jih measurement of a series of gross measurements (with
i =1, ..., n) which representa background situation, in Bq-m~3

E)_ Mean value of ¢, ; in Bg'm3

D Diameter the citcular window deposition area viewed by the detector, in m

K Detection@larm setup parameter corresponding to the chosen acceptable false alarm rate
level, dimensionless

k Qudntile of a standard normal distribution, if k;_, =k1—ﬁ , dimensionless

K _, Quantile of a standard normal distribution for a probability (1-«), dimensionless

k1—ﬁ Quantile of a standard normal distribution for a probability (1-£), dimensionless

K . — N\ .

1Y Quantile of a standard normal distribution for a probability Ll_é J dimensionless
2

L Length of the rectangular window deposition area viewed by the detector, considering a
constant width wp, in m

N Number of atoms on the media filter, dimensionless

ny(t, t) Gross count during the counting time ¢, of the media filter at a time ¢, dimensionless

Pst Student test acceptance parameter of the linear regression with a risk less than one out of

ten thousand to be aberrant, dimensionless

© IS0 2020 - All rights reserved 5
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q
a0

rg(t, t)

rg(t, t), rj

Flow rate, in m3-s-1

Instantaneous gross count rate of the media filter at a time ¢, in s71

Gross count rate during the counting time ¢, of the media filter at a time ¢, in s™1
Gross count rate during the counting time ¢ of the media filter at a time ¢;, in s71

Background count rate, in s™1

5 Mea3jsutring principle

Standard deviation of the activity concentration at a series of 1 measurements which repr
sent a background situation

U
]

Time, in year (YYYY)-month (MM)-day (DD) T hour (hh):minute (mm): second (ss)
Counting time, in s

Duration of airborne release, in s

Time interval, in s

Response time, in s

Intrinsic response time, in s

Transit time, in s

Counting time for background measurement in s

Half-life, in s

Moving filter speed, in m-s1

Calibration factor, in Bg:m=3:s

Width of the rectangular deposition area viewed by the detector, in m
Counting pulse measurenient at the initiation of a linear regression process

Correction factor related to sampling (sampling point representativity, aerosol deposition |n
the transport ling, .!.), dimensionless

Detector efficiency, in Bq1-s71

Decay constant, in s71

A repres

TItative Sampie of ambient aiT to be MOMtored COMtaiming air actuat activity ¢ () ata tme ¢

is continuously captured through a transport line which deposits the radioactive substance on a media
filter. In parallel, a detector continuously measures the activity deposited on the media filter which
can be fixed or moving. Then a processing algorithm calculates the activity concentration c(t) and the
appropriate alarms on the basis of the evolution of the deposited activity and the volume of air sampled.
The processing algorithm can also, if necessary, take into account parameters which may perturb the
measurement result (see Figure 1).

© IS0 2020 - All rights reserved
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6

ey

c()
% 1
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transport line
detector

sampling pump
media filter
processing algorithm
alarm processing unit

Figure 1 — Model of the sampling and alarming

Fixed-media filter monitor

61

I

1= = -
?l CIHIIIdry mmowc

In Clause 6, fixed-media filter means any type of fixed trapping method of radioactive contaminant (e.g.
“filter” used for aerosols monitoring, “charcoal cartridge” used for iodine, etc.).

6.2 Study of the dynamic behaviour

6.2.1 General

This subclause describes the evolution over time of the activity concentration c(t) during the
sudden appearance of an actual activity concentration c,.(t). The dynamic behaviour is quantified
by the response time tg. The response time ¢ty is due to the intrinsic response time ty; related to the

© IS0 2020 - All rights reserved 7
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measurement principle and its associated model of evaluation, the time delay provided by the counting
time t; of the radioactivity measurement on the media filter, if needed the time interval ¢, for calculating
the activity concentration c(t), 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.

Itis considered in the following that the actual activity concentration measured at a time ¢t changes over
time in steps to the duration of airborne release t:

Coct) = e when 0 <t<tg 1)

c,.(t)=0 when t >t 62)

The diffdrential equations describing the number of atoms N of the radionuclide deposited on‘the medja
filter cai} be expressed as a function of the activity concentration c,. at the sampling pointaccording fo
the folloyving Formulae:

dN(F) 99 ¢,

d 2

—AN(t) when 0<t<t (3

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

didij=—/uv(t) when >t )

Moreover, the evolution of the activity on the filter is givenby Formula (5)

r, (t)-n
a(t)EAN(t)=2—— ($)
gy 0
NOTE 2 | The detector efficiency & is supposeito be constant that is to say that at any time the activity [is
distribut¢d uniformly on the media filter suxface or volume.

Considering that N(0) = 0 at the beginning of the sampling, the solutions of the differential Equations ($)
and (4) dre:

)

Ty (t)-ry=¢p 0 lN(t):quT%c[—e_“] when 0<t <t ()]
€pqo

Ty (t)-ry=¢p ot N(t):% [1—e_’1tF ]e_/l (t-t5) whent >t N

6.2.2 $hort half-life model of evaluation of the activity concentration

From the Formulae (5), (6) and (7), the model of evaluation of the activity concentration can be
expressed as

A

(=05 [, ()1 ] €)
with
c(t)=c,, [1—e_“:| when 0<t <t 9)

8 © IS0 2020 - All rights reserved
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c(t)=c,, [1_e—“}r ]e—'l (ttg) when ¢ >t (10)

The evolution of the ratio of the activity concentration and the actual one according to Formula (9) by
considering an infinite duration release (t; — ) is given in Table 1, with:

c(t) _ ry (£)—rp
C,c (t) rg(t—>o<>)—r0

Table 1 — Evolution of the ratio of the measured concentration and the actual one aceording to
Formula (9)
Ratio Time
% s
0 0,69 (~1 half-1if)
A
50 23 (~3-halElives)
A
3 .
95 — (~4 half-lives)
A
99 4'—61 (~7 half-lives)
A
99,5 6,91 (~10 half-lives)
A
Thble 1 shows that, according to Formula (9);the intrinsic response time is tz; approximately 3 times
t

e half-life value of the considered radionudlide.

The model of evaluation of the activity concentration given by the Formulae (9) and (10) is fherefore
ohly suitable for radionuclides with!short half-life of few minutes of magnitude order, otherjwise the
intrinsic response times and the'associated counting rates are too large to be practically exploitable.
The evolutions over time of the activity concentration as defined in the Formulae (9) and (10) assume
that the gross count rate rg(t) is instantaneous which means:

rlee)
Ty (t)=lim [u}

tc—0 tC

This implies thatv,(t) does not depend on the counting time ¢. In reality, any measurement is agsociated
with a counting time t; and then the following Formulae are obtained:
1 ¢t
rg (5t )—n =t_-|.0 [rg (t)—ro]dt when0<t<t, (11)
C
1 rt
r (£,tc)-r, =t—j0 [r,(6)-r, [dt  whent>t, (12)
C

Taking account of the counting time ¢, the model of evaluation of the activity concentration given in the
Formulae (9) and (10) for short half-life radionuclide becomes:

c(t)

=8D 5 [rg (t.tc )—I‘O] (13)

The development of Formulae (11) to (12) applied to (13) makes it possible to quantify the dynamic
behaviour of the evaluation model in all release conditions knowing A (or t1/2 ) and t; and so to determine

© IS0 2020 - All rights reserved 9
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the corresponding response time tg.
activity concentration as a function of the half-life ¢, ;, of the radionuclide and the counting time ¢.

Table 2

gives the response time ¢ty for the measurement of the

Table 2 — Response time, ¢y, for a fixed media filter and short half-life model of evaluation as a
function of half-life, ¢, ,,, and counting time, ¢,

te tiy2
min min
0,5 1 2 3 4 5 10 20 30
0,5 1,9 3,6 6,9 10,2 13,5 16,8 33,4 66,6 99,7
1 2,2 3,9 7,2 10,5 13,8 171 33,7 66,8 10040
5 53 6,5 9,5 12,7 16,0 19,2 35,7 38,8 102,0
10 9,7 10,5 13,0 159 19,0 22,2 38,5 71,5 104,6
20 18,7 19,4 21,2 23,3 25,9 28,8 44,3 76,9 109,8
30 27,7 28,4 29,9 31,6 33,7 36,2 50,7 82,6 115,3
40 36,7 37,4 38,9 40,3 42,1 44,2 57,5 88,6 121,0
50 45,7 46,4 479 49,3 50,8 52,6 64,8 94,8 126,8
60 54,7 55,4 56,9 58,3 59,8 61,3 72,4 101,3 132,9
Figure 2 shows the shift between the activity concentration caleilated according to Formula (§),

displayefl by curve 1, and the activity concentration calculated according to Formula (13), displayed hy
curve 2, pecause of the counting time ¢ which adds an additional delay to the intrinsic response time,

Cac
]
90 % Cac—= T h\
///‘ 1 \
1 / 4 \ // 2
A1 o
T 77 .
/4 \
7 N
¢ / /’ \
4 \
/A A\
# \
/ / \\ "
J Nk
v *
i J
ik RRNSK
’ Sl
0 -kt 15
Y
tr t —>
tr
\
tr~33t,; 12
Key
t time, in s
c activity concentration, in Bg-m™3
1  activity concentration calculated according to Formula (8)
2 activity concentration calculated according to Formula (13)
Figure 2 — Short half-life fixed media filter model of evaluation
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Figure 3 shows that in some case of puff release (ty < tg) the value of the actual activity concentration c,
cannot be measured by the CAM because its response time ty is too long compared to the brief duration
of release ty

Cac
c
1
q 2
<\¢ T
™ ™ <
AT,
y , ~~~:~L= J |
2| I
0 = ]
' -
tp
tr
Y
tRl ~ 3,3 t1/2

Key
t time, in s
c activity concentration, in Bq-m~3
1| activity concentration calculated according to’Eormulae (9) and (10)
2| activity concentration calculated according to Formula (13)

Figure 3 — Dynamic behaviour-innsome case of puff release for short half-life fixed medjia filter
model of evaluation

However in any case of release conditions, it can be demonstrated that the integrated conc¢ntration
which represents the total internal exposure due to inhalation always remains equal to the actual
)itegrated concentrdtion:

—e

t> tF 6> tF

A t>tp A
j c(t)dt= J. T G dt_J.O -y [, (6,6¢)-1y Jde=c .t
0 0
6{2.3( Long half-life radionuclide activity concentration model of evaluation
a7 (L)
c(t)=——? (14)
epoq dt
And according to Formulae (6) and (7),
c(t)=c, e when0<t <t (15)
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whent > te

(16)

It can be seen that the Formulae (15) and (16) tend respectively to Formulae (1) and (2) when A —0,
that is to say when dealing with long half-life radionuclides. In this case, the intrinsic response time is
almost instantaneous.

The transposition of Formula (14) shows that in addition to taking account of the counting time ¢,
account should also be taken of the time interval ¢; between two successive measurements of counting

rate. Thu

s the model of evaluation of the activity concentration given in Formula (14) for long half-li

fe

radionud

lide becomes:

r (t,t-)—r
:M Whent<tl (1
£y 0 qt

:W[rg (.6 )-r, (t=t,tc)]  whent2g (1

The modlel of evaluation of the activity concentration given by Formula {18) is only adapted f

radionud
concentr
shows th

The devg
quantify
knowing
interval

Annexes
In the ev

is not tal

successi
statistic

lides with long half-life because in case of short half-life radionuelide a constant activif
ation leads to a constant activity or count rate on the media filter'and the use of Formula (1
at the activity concentration equals zero which is wrong.

tlopment of Formulae (11) to (12) applied to the Formulae{17) and (18) makes it possible {

tc and t;. Table 3 gives the response time ty as a‘furction of the counting time ¢ and tk
Fime ¢;

A and C show how to use Table 3 to quantify the response time.
pluation of the response times given in Table 3, the random characteristic of the counting rate

dr, (t)
fit of Formula (14) can be determined fro

ken into account. If it is taken it intoMaecount,

e counting measurements by ‘the use of a linear regression method. Then, with specif]
] tests conditions, the minimum detectable activity concentration and its associated respons

1

the dynamic behaviour and the response time of the evaluation model in all release conditions

y
B)

=

(o]

e

LS

m

iC

time are|determined[2]. The explanation and numerical example of this method are given in Annex D.
Table 3 — Response time, ¢y) for a fixed media filter and long half-life model of evaluation as g
function of the counting time, t;, and the time interval, ¢,

tc &
min min

1 5 10 20 30 40 45 50 60

1 1,6 50 9,5 18,5 27,5 36,5 41,0 45,5 54,5

5 5,0 7,8 11,8 20,5 29,5 38,5 43,0 47,5 56,5
10 9,5 11,8 15,5 23,7 32,3 41,1 45,5 50,0 59,0
20 18,5 20,5 23,7 31,1 39,0 47,3 51,6 55,8 64,5
30 27,5 29,5 32,3 39,0 46,6 54,5 58,5 62,7 71,0
40 36,5 38,5 41,1 47,3 54,5 62,1 66,0 70,0 78,1
45 41,0 43,0 45,5 51,6 58,5 66,0 69,8 73,8 81,7
50 45,5 47,5 50,0 55,8 62,7 70,0 73,8 77,6 85,5
60 54,5 56,5 59,0 64,5 71,0 78,1 81,7 85,5 93,1

Figure 4 shows that the response time ty is only due to the counting time t; and the time interval ¢,
because when t. and ¢; tend to zero, then ¢ty also tends to zero which is the value of tp;

12
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Figure 4 also shows a slight decreasing slope of c(t) when (¢ < ti) instead of perfectly matching with ¢,
This is due to the effect of the radioactive decay on the long half-life model of evaluation. This effect is
also manifested by negative values of c(t) when t >> t.

The effect of the radioactive decay on the long half-life model of evaluation can be neglected when

t
£>50.
tg

90 % Cac

tRl"’O

24
time, in s

activity concentration, in Bq-m~3

activity concentration calculated acdording to Formulae (15) and (16)

N = o o =

activity concentration calculateda¢cording to Formulae (17) and (18)

Figure 4= Long half-life fixed media filter model of evaluation

Flgure 5 shows that-in"some cases of puff release (t; < tg) the value of the actual concentration c,,
cannot be measurled by the CAM because its response time ty is too long compared to the brief{duration
of release ty
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5 — Dynamic behaviour in some case of puff release for long half-life fixed media filtex
model of evaluation

in any case of release conditions,dt*can be demonstrated that the integrated concentratig
presents the total internal expGsure due to inhalation always remains equal to the actu
bd concentration:

% r\t>tg,t- =K
Fe(t)dt= g( F5 e ~C,.tg when A.t; =0
€& ogq
D

ntermediate half*life radionuclide activity concentration model of evaluation

cases, CAM>is used when radionuclides with important radiotoxicities are involved (sm3
ALI). Thiese radionuclides have usually long half-lives. This is why the long half-life model

evaluatiIn is the.most currently used.

Neverth

less, in certain accidental situations which may occur in nuclear reactor installations, fissig

n

11
bf

n

products with relatively short half-lives may be released and may require the use of CAM. This can
be the case of 88Rb which has t;,, = 17,8 min for example. In that situation, the following model of
evaluation can be used:

At At
rg (t,tc )(14‘7(: ]—ro [1—7(:}
c(t)= - X whent<t, (19)

14

€y 0 qt;
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1 Ate Ate
t)y=———|r, (t,t.)| 1+—= |-r, (t—t;,t. )| 1-—= ||-X, hent >t 20
c(t) e 0 qt, |:rg( c)( > ]rg( C c)[ 2 0 whent =t (20)

R
epdq
The development of Formulae (11) to (12) applied to Formulae (19) and (20) makes it possible to quantify

the dynamic behavior and the response time of the evaluation model in all release conditions knowing
tc and t;,, Table 4 gives the response time ¢y as a function of the half-life ¢, , of the radionuclide and

where X; is an adjustment factor to make sure that ¢(0,t; )=0. The value of X, is then X, =

i 4+ £
t C LUullLllls CIITIC LC

te that when A —0 which means typ = (long half-life radionuclides) and considering/thpt t; =t,

then Formulae (19) and (20) tend respectively to Formulae (17) and (18). It can be noted.that the values
of the response time ty in Table 4 when Ly, = are the same as in Table 3 when t{=t..

Table 4 — Response time, ¢y, for a fixed media filter and intermediate half-life model of
evaluation as a function of the counting time, ¢, and the haif-life, ¢, ,

tc L2
min min
0,5 1 2 3 4 5 10 20 30 00
0,5 0,8 0,8 0,8 0,8 0,8 0;8 0,8 0,8 0,8 0,8
1 1,6 1,6 1,6 1,6 1,6 1,6 1,6 1,6 1,6 1,6
5 9,3 9,3 8,5 8,0 7,9 7,8 7,8 7,8 7,8 7,8
10 18,4 18,6 18,5 17,7 16,9 16,9 15,6 15,5 15,5 15,5
20 36,4 36,8 37,3 37,4 371 36,4 32,7 31,1 31,1 31,1
30 54,4 54,8 55,4 55,9 56,1 56,0 52,3 47,6 46,6 46,6
40 72,4 72,8 73,5 74,1 74,5 74,7 72,7 65,3 62,9 62,1
45 81,4 81,8 82,5 83,1 83,6 83,9 82,8 74,7 71,4 69,8
50 90,4 90,8 91,5 92,2 92,7 93,1 92,6 84,4 80,0 77,6
60 108,4 108,8 109,6 110,3 110,9 111,4 111,9 104,5 97,9 93,1
6{2.5 Comparison of the-three fixed filter models of evaluation
. . . . tyy . . .
Fpr long half-lives-radionuclides, that is, when t—>50, the intermediate half-life model tenfs to the
F

[a—

gng half-life mhodel. In this case, the long half-life model is the most convenient to use.

Fpr short.half-lives radionuclides, there may be a competition between the short half-life mjodel and
the intermediate half-life model with respect to the response time ¢t for a given counting time t: and

From Table 2 and Table 4, Table 5 can be build, that indicates the model with the best response time ty
for a given counting time ¢ and half-life ¢,
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Table 5 — Model of evaluation with the best response time, t, for a given counting time, t;, and

half-life, t, ,, for short half-lives radionuclides

te tiy2
min min
0,5 1 2 3 4 5 10 20 30

1 B B B B B B B B B
5 A A B B B B B B B
10 A A A B B B B B B
20 A A A A A A B B B
30 A A A A A A B B B
40 A A A A A A A B B
50 A A A A A A A B B
60 A A A A A A A B B

A shorth

B interm

alf-life model of evaluation: Formula (13)
ediate half-life model of evaluation: Formulae (19) and (20)

To illust

time

Fate the differences between the three models of evaluation, Figlre 6 shows the case 88Rb
,8 min) considering t; =t =10 min.
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actual activity concentration: Formulae (1) and (2)
short half-life model of evaluation: Formula (13)

long half-life model of evaluation: Formulae (17) and (18)
intermediate half-life radionuclide model of evaluation: Formulae (19) and (20)

Figure 6 — Comparison of the 3 fixed media filter models of evaluation of the activity
concentration applied to 88Rb (¢, , = 17,8 min) with ¢, = t; = 10 min

16
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Figure 6 shows that:

— Long half-life model of evaluation is not adapted because the half-life is not long enough to

consider

a constant slope of the activity deposited on the media filter. As long as the activity concentration ¢,

is maintained, the activity deposited on the media filter tends towards equilibrium then cd
towards zero. When ¢, ceased the activity deposited on the media filter decreases due
process and ¢ becomes first negative and then tends to zero,

— Short half-life model of evaluation seems correct but the response time ty, is about 64 m
intermediate half-life model of evaluation gives a response time tg, of about 15 min.

ecreases
to decay

in, while

et

{should be noted that short and intermediate half-life models of evaluation are valid for only.c
gdionuclide since they only apply for a given half-life ¢, ,, (or decay constant 1) value.,Thére
njeasurement technique should focus on the radionuclide under consideration with the‘least]
jterference of other radionuclides of different half-lives.

—

—e

—

hese two models are therefore not applicable for a mixture of radionuclides ofdifferent short

~

Moving filter monitor

711 Preliminary note

r¢ctangular or circular in shape and this deposition area.is'viewed by the detector.

Ig Clause 7, only the rectangular window deposition area is described but the differences
pecified, in the case of a circular window deposition area.

%)

.2 Study of the dynamic behaviour

7

This subclause describes the evolutian over time of the activity concentration c(t) during th
appearance of an actual activity coneeéntration c, .. The dynamic behaviour is quantified by the
time. The response time is due to'the intrinsic response time related to the measurement prin
tis associated model of evaluation, the time delay provided by the counting time ¢ of the radi
njeasurement on the filter, the:time transit and also the duration of the processing algorithm. T
dpration is not taken intg-account in this document but it should be kept in mind.

[

—

tis considered in thefellowing that the actual concentration to be measured c,. changes ove
teps of duration ¢p-aSit is described in Formulae (1) and (2).

%]

ne given
fore, the
possible

half-lives

values, unlike the long half-life model of evaluation which does not depend on the half-lives values.

Ig that situation, a roll filter advances slowly across acdeposition window which is usually either

nade are

b sudden
rfesponse
ciple and
pactivity
his latter

I time in
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a(t) ddpositediactivity on each portion of the filter at time ¢
I-'c'ignrn 7 — Drinripln ofthe nr‘ﬁvify rlnrr\ncifinn ona mnving filter

In Figure 7, the following is considered: the presence of constant activity concentration in the air and
the collection medium is moving from left to right at a constant speed, with a deposition area of length
L and width wy,. Itis also assumed that this entire deposition area is viewed by the detector and that the
deposition is uniform across the deposition area.

The deposition area can be divided in two regions A and B described as

— Region A: part of the moving filter present when the released activity event occurs at time ¢ = 0. This

i d then di letel i ¢ =L
partincreases and then disappears completely at time t=t. =
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— Region B: part of the moving filter emerging in front of the detector that has not yet seen a deposited

activity at time t = 0 and then progressively increases, andthen stabilize after time t=t; =—.
1%
Considering respectively N, and N the number of atoms in region A and B, then the number of atoms N
of the radionuclide considered on the moving filter is N = N, + Ng.

The differential equations describing the number of atoms N, and N can be formulated as a function of
the concentration c, at the sampling point according to the following Formulae:

During the release

dn, (t oc _a—At
al ):q ac|q_1[, 1=¢ —AN, (t) when 0<t<t; andt<t; (21)
dt A tr A
dNg (t oc
5(1) 40 e ‘t—A Ng (t) when 0<t<t; and t<tg (22)
dt Aty
dN, (t) dNg(t
Al ): B ): when 0<t<tgandt>t; (23)
dt de
NOTE The monitor flow rate q is taken to be constant over the interyal of interest.
and after the release
dn, (t)
T:O whent>t; andt 2t (24)
dn, (t N, (t
Al ):—/'L N, (t)—ﬁ-e_’l(t_tF) whent>t; andt<t; (25)
dt tr —tg
dnyg (t oc
(’;t( )2 Ny (£)+7 - {ertaste) —1}.emA () whent>ty, <ty +ty and b 2ty (26)
T
dNg (t)
=0 whent>t, +t (27)
dt
Cpnsidering that N(0) 3 0 at the beginning of the sampling and (5) the solutions of the differential
Fprmulae (21) and {23) during the release expressed as r, (t)—ry=2Aep [N, (t)+Ng (t)] are:
Se, c et iAt-1
r (t)—rozq D %ac||q_* (1—e_’“)+¥ whent<t;+tandt<t, (28)
& A tr Aty
qéepc At
Flt)-r =T,rac[e T+At; —1} whent<t; andt>t; (29)
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7.3 Activity concentration model of evaluation

The model of evaluation of the activity concentration c(t) over time is deduced from Formula (29) which
represent the stability of the measurement during release then

2
C(t)ZM f(l,tT)[rg (t)—ro:l (30)
with
A4 t4
e )= T 31
f(He) 2[e i Aty —1] L

For long|half-life radionuclide f(l,tT )~1 then the model of evaluation of the activity concentratiqn
c(t) over|time can be expressed as

2
c(t)fp———|r, (t)—r 32
OF ez L 00] €
In the cafe of a circular window deposition area, Formula (32) becomes (33}[8las follow
3w
c(t)f—————|r, (t)-r 33
(O Faqse, e s ®n] €
D
with t.—
TTv

The intyinsic response time tp, for model of evaluation of activity concentration according o

Formulal(30) as a function of the half-life ¢, ,, and time\transit ¢; according to Formula (28) is given |n
Table 6.

Table 6 — Intrinsic response time tg; for moving filter model of evaluation of the activity
conceptration according to Formula (30) as a function of the half-life ¢, ,, and time transit ¢;

according to Formula (28)

t12 ty
min min
1 10 20 30 60 120 180 240 300
0,63 2,8 3,1 3,2 3,2 3,3 3,3 3,3 3,3
0,68 5,8 9,5 11,7 14,3 15,5 15,9 16,1 16,2
10 0,68 6,3 11,6 15,8 23,4 28,6 30,3 31,0 31,5
20 0,68 6,6 12,6 18,1 31,5 47,0 53,7 57,2 59,2
30 0768 6,7 13,0 19,0 34,7 57,0 70,2 78,0 82,7
60 0,68 6,8 13,3 19,7 379 69,5 94,5 114,1 129,0
120 0,68 6,8 13,5 20,1 39,4 75,8 108,8 138,6 165,3
>t 0,68 6,8 13,7 20,5 41,0 82,0 123,0 163,9 204,9

Table 6 shows that, for a given time transit ¢} the intrinsic response time is better when the half-life is
low, but according to Formula (30) for a given activity concentration value, the lower the half-life is, the
lower the count rate is, because f(/l,tT ) increases when A decreases.

Table 6 also shows that for long half-life radionuclides (tl/z >>tT) the intrinsic response time equals

tp;=0,68t; . In the case of a circular window deposition area, for long half-life radionuclides (tl/z >t )

the intrinsic response time equals t;;=0,61¢ [,
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The evolutions over time of the activity concentration as defined in Formulae (30) and (32) assume that
the gross count ry () rate is instantaneous which means:

r (t)=lim [M:l
g

tc—0 t C

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

a counting time t; and then (11) and (12) still applies and taking account of the counting time ¢, the
model of evaluation of the activity concentration given in Formulae (30) and (32) become:

2
C(t):mf(;’u,trr)l:rg (t;tc )—r0:| (34‘)
apd for long half-life radionuclide ( f(4,t;)~1)
c(t):m[rg (t.tc)-15 | (35)

In the case of a circular window deposition area, Formula (35) becomes,(36)[3] as follow

3w
C(t):mlirg (t’tC )—r0i| (36)

D
ith t, ==
T v

he development of Formulae (11) to (12) applied,to Formulae (34) and (35) makes it pgssible to
hantify the dynamic behaviour and the responsefime of the evaluation model in all release cgnditions
howing A (or t; ;) tr and ¢ Table 7 gives the response time as a function of the time transit ty and the

unting time ¢ considering long half-life radionuclides (t1/2 >tr ) It was noted previously| that the

o xo 4 <

ijtrinsic response time, ty; of a circularsindow deposition is of the same order magnitude as|that of a
r¢ctangular one. Then it can be reasondbly considered that the response time given in Table 7 allso apply
t¢ the case of a circular window deposition area. An example of use of Table 7 is given in Annex B.

—

Table 7 — Response:time of the moving media filter model of evaluation of activity
concentration as a function of the time transit £; and the counting time ¢; considering|a long

half-life radionuclides (t1 /2 >t )

tc ty

min min
1 10 20 30 60 120 180 240 300
1 1,3 7,4 14,2 21,3 41,5 82,5 123,5 164,4 205,4
5 4,8 9,7 16,3 23,1 43,6 84,5 125,5 166,4 2074
10 9,3 13,3 19,4 26,0 46,2 871 128,0 169,0 210,0
20 18,3 21,6 26,6 32,4 51,9 92,4 133,2 174,2 215,1
30 27,3 30,3 34,7 399 58,1 98,0 138,6 179,4 220,3
40 36,3 39,3 43,1 479 64,9 103,8 144,1 184,8 225,6
50 45,3 48,3 51,8 56,2 72,2 109,8 149,8 190,3 231,0
60 54,3 57,3 60,7 64,7 79,8 116,1 155,6 195,9 236,5
120 108,3 111,3 114,6 118,0 129,3 159,6 194,6 232,3 271,4
180 162,3 165,3 168,6 171,9 182,0 2079 239,3 273,8 310,3
240 216,2 219,2 222,6 2259 235,9 258,6 287,2 3191 353,3
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Figure 8 shows shift between the activity concentration calculated by Formula (30) and displayed by
curve 1 and the activity concentration calculated by Formula (34) and displayed by curve 2 because of
the counting time ¢ which adds an additional delay to this intrinsic response time.

c
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4
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. NEEE
4 7 \ \
1 \
T /// 4 ‘ \‘ >
’ \
Cc ,‘ \\\ ) N
L 3
LY N
/ l’ h pN
Al MR
4 7 N d
/| N [k
N
L ‘ f \\\
tp tr
t——>
tr1

tr
Key
t time} in s
¢ actility concentration, in Bq-m=3
1  activity concentration calculated according to Formula (30)
2 actifity concentration calculated according to Férmula (34)

Figure 8 — Response time of the moving filter model of evaluation

Figure 9 shows that in some case_of puff release (t;<tg) the value of the actual concentration d,.

cannot be measured by the CAM because its response time ¢ is too long compared to the brief duratign
of releasp ty
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—

jtegrated concentration:

t>tg
J-o c(t)dt=c, (ty

8 Evaluation of the characteristic limits

8l1 Geéneral

Diirect’ measurements in real time often use complex algorithms of processing data prot

Figure 9 — Dynamic behaviour of the moving filter model of evaluation in case of puff release

However in any case of release ¢onditions, it ca be demonstrated that the integrated concg¢ntration
which represents the total internal exposure due to inhalation always remains equal to the actual

bcted by

cOpyTights. The certification tests of such equipment are usually carried out In test laborato
well-defined test conditions which do not necessarily reflect the environment in which the
used and particularly the fluctuations of natural radioactivity:.

ries with
device is

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.

In most cases, CAM is used when radionuclides with important radiotoxicities are involved (small value
of ALI). Those radionuclides have usually long half-life values. Thus, expressions of long half-life models

of evaluation are used to determine the characteristic limits.
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8.2 Fixed media filter model of evaluation

8.2.1 General

An example of application is given in Annex A.

8.2.2 Definition of the model

The activity concentration c(t;) at a time ¢; of a long half-life radionuclide, according to Formula (18), is
expressqeas:

T (¢t )=, (£, -t1.tc ) )
C(tj - gD.q.tl.g (37)

To simpljfy the Formula, consider that

r (tJ ,tc)—>rj,

r, (] -t tc) =7

c(tj —>c]. and

11
4y-q°t )
Then Foitmula (37) becomes to

¢;=(ri-ri4 )-w (38)

Knowing the random characteristic of the-count rates, the evaluation of c¢; can also be carried out by the

dr, (t)

use of a|linear regression method which make possible to determine 3 of Formula (14) from
t

successiye counting measurementstél. The explanation and numerical example of this method are givgn
in AnneyD.

8.2.3 $tandard uncertainty

The standard uncextainty, (c) is given by the following Formulae:

2 2 2
dCy oc; oc;
2 _ J 1,2 J 1,2 J Y
u (c.)—[—ar'] u (rj)J{ar. 1] u (rj_1)+[—aw] u“ (w) (39)
j Jj-
then
oW ow T W @ w) , W aw  w(w)
uslc; |= +— C, +2-—ry+ 4= +—r;_  +———*% 40
(1) te ckg{k COWZJtC tcl—l w2 (40)
then
w-c 2 u? (w)
2 _M LW 2
u?(c) )=——+2-—r, ot (41)
c tc w
with
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ro initial gross count rate with a counting time ¢ at the beginning of a measuring cycle (s-1)

8.2.4 Decision threshold
The decision threshold ¢* is given by

c’ =k;_,u(0)

(42)

For ¢, =..=c; =0 Formulae (40) and (41) lead to

2

uZ(O):Z-W—-r0 then
L

N 2-r;

c =k1—OL'W' t_o

NOTE1 The decision threshold given in Formula (42) is only valid when thére-is no radiological ¢
ddiological event occurs the decision threshold values increase as the activity\settles on the media filt

—

With regard to the real-time measurements of the artificial activity-eoncentration, the presen
nptural radon and thoron radioactivity and, where appropriate, the ambient dose rate are sucH

njeasured quantities of counting (rj,rj_1 ,...,ro) are most oftén processed by algorithms in

afttenuate their influences and are also not explicitly knowa.

p—

that situation, the only data the user may have is directly the displayed activity concentrat
the decision threshold c* cannot be calculated usingFormula (42).

I that situation, the principle of the model of evaluation is known, but the input data are not a(

he measurement problem is to compare.a series of indications ¢, ; (i =1, ..,n) which are judg

easurement of the activity concentration at a time ¢t. Then the model of evaluation of theg

T
uker to represent a background situation with a single indication c, for another situation, cal
|
cpncentration can also be written'as

€=Cg =6 =5 _;'ZCO,I‘
i1

with

P S o
0—_'2 0,i
n i

hd the'standard deviation

o)

(43)
rvent. If a
br,

ce of the
that the

order to

on ¢ and

cessible.

bd by the

ed gross
activity

(44)

(45)

[
T

1 R
So :\/E'Z(Co,i ) )2

i=1
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and since no other information is available the ¢, ; (i =1, ..,n) is assumed to be samples from Gaussian

distributions with unknown expectations and variances. According to ISO/IEC Guide 98-3-1:2008, the
arithmetic means o Is the best estimate and the standard uncertainties associated with o Is

1/2
— n-1 So .
=l — | — thn>4 47
u(co) (n—S) 7 withn (47)

then

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

u? (cg)zs(z) then

and the dlecision threshold is given by

ES n_l
c =k s [1+——— 49
1-o °0 n-(n—3) ( )

NOTE 2 | The determination of the decision threshold according to Formula (49) implies checking periodically
that therg¢ is not significant variation of s,.

8.2.5 DPetection limit

The detéction limit c# is given by

ct = +k1_B -u(c#) (50)
then
2,
9. 4 kt w
o=l 2C (5D
g2 W)
WZ

with k=f,_, =k; g

under the condition

D
2. 0 Wy (52)

Otherwise the measurement method is not adapted.

8.2.6 Limits of the coverage interval

The limits of the coverage interval are provided when c¢>c" in such a way that the coverage interval
contains the true value of ¢ with a specified probability (1-7).
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The lower limit of the coverage interval ¢ and the upper limit of the coverage interval c¢> are

provided by:
c=c-k  -u(c) (53)
1Y
2
and
c®=c+k  -u(c) (54)
1Y
T}ne determination of ¢ according to Formula (44) implies to check periodically thatthere is not
significant variation of ¢ .
NOTE In the case of a continuous release, Formula (40) shows that due to the constantinerease of activity on
the media filter the uncertainties are getting important over time and the measurementsréesults beconje quickly
uhusable because of the fluctuations as it is shown in the illustration given in Figure 10:
1
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4
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100 T 0.6'00 ® -« ] ‘. \¢ .0"0 °° ee o ee M) oo
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t
Ky
t time, in~s
c). actualkactivity concentration, in Bq-m=3
1| _-actual activity concentration during the regarded time
2|_-measured activity concentration during the regarded time
3

lower limit of the coverage interval €< of the measured activity concentration with a probability of 95 %

upper limit of the coverage interval ¢* of the measured activity concentration with a probability of 95 %

Figure 10 — Dynamic behaviour of the fixed media filter model of evaluation in case of

continuous release, c,, with t- = t; = 5 min
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8.3 Mo

ving filter model of evaluation

8.3.1 Definition of the measurand

In the case of a rectangular window deposition area, the activity concentration c(t) ata time t of along

half-life radionuclide, according to Formula (32) is expressed as:

c(t)=#[rg (t,tc)—ro]

qéepty

(55)

In the cdse of a circular window deposition area, according to Formula (33), Formula (55) becomgs

Formula|(56)[3! as follow

3n

c(t) =—[rg (t,tc )—ro:l

with tr ¥

To simpl

r, (tite)—r,,

4qdepty
D

v
fy the Formula:

g

c(t)p>c with

in the cape of a rectangular window deposition area

2
68D tr

and in the case of a circular window depositiondrea

3n
w=t——
4qdeyty
Then Foiimulae (55) and (56) can bejexpressed as

c=w~(r —ro)

g

8.3.2 $tandard uncertainty

The stanjdard un¢entainty u(c) is such that

2
b | -uz(rg)+@f-u2(rn)+@)2-u2<w>

(56)

E1p)

(5%)

(60)

Assumin

Then

kdrg) kdroj \dW

g that u? (rg ):%
C

u? (c):(rg w2 )/te +w2.y? (r Y+c2.(u? (w))/ w?

28
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2
—+
0 2 w
u?(c)= w +W~u2( )+c2 (w)
t 2
C w
2 2
r,
u?(c)= cwy oW +w? 2( )+c2 u” (w)
t t 2
C C w
r 2
2(ci—cw+0 +w?. 2(r,.\+c U (r/)
c te w
r w 2 (w
uz(c)—c L D2 (1) | w2 +c2 W) W2 (0)+c (w) (61)
2 2
tC tC w tC w

o)

3.3 Decision threshold

br ¢ = 0 Formula (57) leads to

z3]

E

£ (0)= {—+u2( )} -w?  then according to Formula (42)

ko ,/ 2(ry) =k Wi [_Jf_] (62)
tc &

(ith regard to the real-time measurements of the artificial activity concentration, the preser]ce of the
htural radon and thoron radioactivity and, where-appropriate, the ambient dose rate are suclj that the
easured quantities of counting r, are most often-processed by algorithms in order to attenyate their
pfluences.

oD <

—3

hese algorithms are usually black boxes protected by copyright and the certification tesks of the
njeasurement devices are generally carried out in test laboratories under well-defined test c¢nditions
which do not necessarily reflect the €énvironment in which the device is used.

I that situation the only data the user may have is the displayed activity concentration c, [then the
dgcision threshold c* cannotibe calculated using Formula (60), but can be determined experimentally

cing Formula (49).

c

[=5]

3.4 Detection limit

—3

he detection limit ¢* can be calculated in the same way as described in 8.2.5, then Formula|(51) still
bplies with.the condition (52).

o8]

8|3.5 . Limits of the coverage interval

TheJimits of the coverage interval are provided when c>c” in such a way that the coveragd interval
contains the true value of c with a specified probability (1-7).

The lower limit of the coverage ¢ and the upper limit of the coverage interval ¢> can be calculated in
the same way as described in 8.2.6, then Formulae (53) and (54) still apply.

The determination of ¢ according to Formula (44) implies to check periodically that there is not
significant variation of ¢ .

9 Alarms setup, minimum detectable activity concentration and PME

The performance of a CAM is quantified by the decision threshold (and therefore the detection limit)
and the associated response time. It could be tempted to setup the alarm on the basis of the decision
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threshold, but given the large number of measurements, this choice would lead to an unacceptable false
alarm rates.

To avoid

excessive false alarm it can be useful to setup the detection alarm level with a K value adjusted

to an acceptable level of false alarm rate, instead of kl_a value used to determine the decision threshold.

Values of K as a function of false alarm rate are given in Table 8.

NOTE 1

The K values defined in Table 3 are related to the usual statistical fluctuations radioactivity

measurements in the absence of the phenomenon to be measured and in a relatively stable radiological
environment, but sources of instability may arise and if poorly compensated may lead to additional sources of

false alan

progeny
according

This detq
S0=

which cd
intervals

The low
provided

<
Cmin

and

>

Cmin

In order
S1 can b
probabil

S1is set

S1=

ms. For example: fluctuations caused by significant variations in the activity concentration of radqgn
br the ambient dose rate. In this case, the value of K can be adjusted, at larger values, empirically
to the actual situations encountered.

ection alarm level SO (see Figure 11) is then given by
K-u(0)=ci, (63)

rresponds to the minimum detectable activity concentration c,,;,, and-it$.associated coverage

for a given probability (1-7y).

min

s . < - . b
er limit of the coverage interval ¢y, and the upper limit of the coverage interval c; ;. are
by:

~Cmin _kl_x 'u(cmin ) (64
~ Cmin +k Y 'u(cmin) (63)

2

to be alerted when a measurement is likely to exceed the value of a chosen PME, an alarm levgl
e set up. The value L1 of the PME isthen the upper limit of the coverage interval for a givgn
ty (1—7) of the activity concentration measurement corresponding to S1 (see Figure 11). Thgn

Lip according to

L1-k . -u(S1) (66)
1—

Table 8 — Alarm setup parameter K and its associated false alarm rate X

30

K X
%
1,282 10
1,645 5
1960 25
2,327 1
3,091 0,1
3,720 0,01
4,267 0,001
4,756 0,000 1
5,203 0,000 01
K alarm setup parameter
X false alarmrate, in %
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The minimum value of LO of the PME (see Figure 11) that can be chosen with an acceptable false alarm
rate corresponds to the upper limit of the coverage interval for a given probability (1-y) of the activity
concentration measurement corresponding to S0, which is

LO=S0+k v u(S0)=cr . (67)

2

In order to be alerted when a measurement is likely to exceed the guideline or legal limit an alarm
level S2 can be set up. The value L2 of the guideline or legal limit is then the upper limit of the coverage
interval for a given probability (1-y) of the activity concentration measurement corresponding to S2
(Jee Figure I1J. Then SZ 1S set up according to

2

NOTE 2  Formulae (66) and (68) can be solved with the help of Formulae (40) or (61), either by iteration or by
lving explicitly a second degree equation. The use of the Formula (40) assumes, ir_all cases, that I =T

s2=L2—k  -u(S1) (68)
1

%)

which is wrong because in case of a constant atmospheric contamination ria increases over time (see Higure 10).

Hpwever it can be admitted, as a first approximation, that this assumption isitrue for a duration, of|the same
ofder of magnitude of the response time, after the beginning of the rejection:

L o< _ >
i C_r_pin LO = Cmin
i SO £ kq.1-u(S0) fs1+ky 1as1) L1 522k, 1u(s2) L2
s . S R i M A >
| S0 =Coin S1 S2
i i
%
C c*
Key
c activity concentratiost, in Bq-m~3
c] decision threshold of the activity concentration, in Bq-m=3
cf detection limit of the activity concentration, in Bq-m3
N | detection.alarm level value related to an acceptable level of false alarm rate

minimum detectable activity concentration, in Bq-m=3

c

l:;()ik -u(SQ)|vange of minimum detectable activity concentration for a given probability (1-y)
Y

L

2

I minimum value of the PME that can be chosen with an acceptable false alarm rate
C; G lower limit of the coverage interval of ¢, for a given probability (1-y)
Cr[;in upper limit of the coverage interval of ¢, ~fora given probability (1-y)
S1 alarm level value related to the chosen value L1 of the PME
L1 chosen value the PME
S2 alarm level value related to the guideline or legal concentration value L2
L2 guideline or legal concentration value

Figure 11 — Characteristic limits, alarms setup, minimum detectable activity concentration
and PME
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Annex A
(informative)

Numerical example of gross beta emitting activity concentration

measurement on fixed filter

A.1 Description

This ty

radon and thoron background compensation.

The air is drawn into the instrument by an external pump, and the air particles afe deposited on the
fixed filtpr. A silicon detector measures the beta radioactivity deposited on the fi%ed filter.

This type of generally mobile device can be used for monitoring dismantlifigiwork to be alerted in|a

reasona
equipme

A2 CA

of beta aerosol CAM measures the beta activity concentration of particles in-the air with

ly short time when contamination levels exceed the limits of\use of personal protectiye
nt.

\M Parameters

Table A.1 — Parameters of the used CAM

. Estimated .
Quantity Value standard uncertainty Unit
t. 600 Neglected s
t 600 Neglected s
&p 0,2302 0,007 s71.Bq1
q 5,36 E-4 2,68 E-5 m3-s-1
9 1 0,05
DAC 1 244b Not applicable Bg-m3
w=—- ¢ 13,52 1,04 Bg:m3:s
€y-qlt; -0
a 137Cs
b The dose coefficientfor inhalation of 137Cs at the workplace is assumed to be 6,7 E-9 Sv-Bq~1. Assuming that in onle
year ther¢ are 2 000\h) that the breathing rate of a worker is 1,2 m3-h~1 and the annual effective dose limit for a worker |s
20E-3 3
20 mSv then BAC= =1244Bgxm™.
1,2-2000-6,7 E-9
¢ Long ratf-lferadiontehdeevatuationrmodek:

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

32
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Table A.2 — Measurement results of background measurements (n = 120)
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Date/Time Cy.i Date/Time Cy.i Date/Time €y i Date/Time Cy.i
in Bg'm~3 in Bg'm~3 in Bq-m~3 in Bq'm~3
08/362:/220016 8,69 08/&62:/520016 0,11 08/&3:/220016 6,14 08/372:é2()016 6,79
08/362:/221016 9,40 08/362:/521016 -1,88 08/33:/221016 3,89 08/3;:/521016 11,69
08/12/2016 24 | 08/12/2016 g2 | 08/12/2016 226 08/12/2016 | .
06:22 ’ 06:52 ’ 07:22 ’ 07:52 ’
08/362:/223016 6,40 08/362:/523016 ~9,23 08/&%/223016 5,16 08/372:/523016 9,53
08/362:/224016 216 08/0162:/524016 -9,40 08/33:/21016 751 08/3%/524016 742
08/362:/225016 —464 08/362:/525016 -11,66 08/(}3:/225016 5,47 08/372:/525016 3,00
08/362:/226016 2,68 08/0162:/526016 9,51 08/&3:/226016 ~0.0% 08/372:/526016 4,07
08/362:/227016 111 08/362:/527016 -11,04 08/372:/2?7016 154 08/3%/527016 0,09
08/0162:/228016 0,91 08/0162:/528016 11,21 08/(}72:/228016 173 08/372:/528016 799
08/0162:/229016 6,84 08/362:/529016 14,08 08/33:/229016 1,66 08/33:/5%016 772
08/(}2:/320016 13,64 08/372:{)20016 -7.07 08/(}72:/320016 1,40 08/015:/020016 111
08/362:/321016 14,62 08/372:621016 548 08/572:/321016 121 08/(};/021016 -3,59
08/362:/322016 13,42 08/372:{)22016 114 08/372:/322016 0,14 08/015:/022016 5,32
P | iage | W | o | | L |00 | oo
PR | gy QOIS | gy | OWRE | g |0 | |
PR | QPO | gy | WS | g |0z | o
PRI | o | S | g | OIS | gy |09 | o
PRIISE con | VIS | gy | OGS | o |G| oo
08/0162:/328016 3,33 08/(}72:{)28016 400 08/&3:/328016 —491 08/0182:/028016 255
08/0162:{1-20016 ~4,99 08/3%/1%016 486 08/(}72:{}20016 6,02 08/322;:/120016 3,57
08/(}62:/421016 748 08/3;:/121016 6,63 08/&72:{1-21016 -6,19 08/(};:/121016 410
08/362:/422016 -5,31 08/33:/122016 3,96 08/3%{}2;16 3,56 08/35:/122016 498
08/362:{1-23016 ~496 08/372:/123016 408 08/3%{}23016 —4,37 08/35:/123016 442
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Table A.2 (continued)

Date/Time C i Date/Time Co i Date/Time € Date/Time Ci
in Bq-m~3 in Bg'm3 in Bq-m~3 in Bq-m~3
08/12/2016 _ 08/12/2016 08/12/2016 _ 08/12/2016
06:44 145 07:14 4,49 07:44 1,05 08:14 6,27
08/12/2016 08/12/2016 08/12/2016 08/12/2016
06:45 2,30 07:15 2,13 07:45 0,60 08:15 >12
08/12/2016 0 ac 08/12/2016 £ na 08/12/2016 aac 08/12/2016 4 0
06:4p 7 07:16 7 07:46 7 08:16 7
08/12/2016 08/12/2016 08/12/2016 08/12/2016
06:4) 3,57 07:17 4,06 07:47 2,62 08:17 P
08/12/2016 08/12/2016 08/12/2016 08/12/2016 N
06:4B 3,43 07:18 479 07:48 2,43 08:18 0,27
08/12/2016 08/12/2016 08/12/2016 08/12/2016 _
06:4p 3,83 07:19 515 07:49 1,60 08:19 2,51
2
13
] \ f\\
] l J\ M Iaa A / ﬂ A
J 1 [V LA
COI \ V A A‘N A
ARRVEIN A NEERVASRY
Iy \ '
Y )
| \
-1
-2

Key
t  timefin day (DD)/month,(MM)/year (YY)- hour (hh):minute (mm)
cp; activlity concentratign,of i gross measurements representing the background situation, in Bq-m=3

Figure A.1 - Illustration of the measurement results of background measurements

A.4 Monitoring requirements

Table A.3 — Requirements

Quantity Value Unit
Guideline value (L2) 1002 DAC
PME (L1) 50 DAC
a2 Maximum limit of use of personal protective equipment.
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A.5 Performance

Table A.4 — Performance

ISO/TR 22930-1:2020(E)

Quantity Value Unit
tr a 15,5¢ min
¢y P 0,83 Bq-m-3
e 11,3f Bg-m3
cHd 23,2f Bg-m-3

a  See Table 3.

b Formula (45).

¢ Formula (49).

d  Formula (51).

¢ t.=t;=10min.

f ki, :k1—[3 =k=1,96.
with 0==2,5%.

—e

which is not acceptable.

fglse alarm per day (see Table 8).

A.6 Alarms setup and minimum detectable activity concentration

There is a measurement every second which means there'are daily 86 400 output data and if t
4 set up at the decision threshold level, 2 160 false alarms per day (2,5 % of 86 400) can be

[ order to avoid that situation the detection alarm level is set up with K =5 to obtain a far less

he alarm
bxpected

than one

© IS0 2020 - All rights reserved
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Table A.5 — Values for the alarm setup and minimum detectable activity concentration

Quantity Value Unit
petecion alarm lovel st vl wih n accpiac z
concentration: S0=c_, 2 2,4 E-2 DAC
Lower limit of the coverage interval of ¢_. ~fora given 17 Bg-m-3
probability (1-y): ¢, ©8 1,37 E-2 DAC
UppeT TImIT of The coverage Imtervat ot ¢, for a given 4T Bqm 3
prpbability (1-y): ¢, ©8 3,3E-2 DAC
Mipimum value of the PME that can be chosen with an 41 Bg:m™3
acgeptable false alarm rate: LO=c>. P 3,3 E-2 DAC
Alarm set up value associated to the PME (L1): S1¢ 5,3 E4 Bgan-3

43 DAC
Algrm set up value associated to the guideline 1,1 E5 Bg-m3
vajue (L2): S2d 87 DAC
a | Formula (63).
b | Formula (67).
¢ | Formula (66).
d | Formula (68)
¢ | Formula (64).
f | Formula (65).
¢ | k,,=1,96
with y =5 % for a probability (1 - y) = 95 %.

A.7 Discussion

The minjmum detectable activity congcentration ¢
the PME

min

15,5 minf seems also acceptable.

As there
For exan
decision

detectablle actiVity concentration c,;, becomes 6,8 E-2 DAC which is still quite acceptable with a betts

correspdnding response time ty of 7,8 min according to

36

threshold ©~as well as Coin » are multiplied by the ration

Table 3.

1010
545

of 2,4 E-2 DAC is quite acceptable as it is well belo
value L1 of 50 DAC and theguideline value L2 of 100 DAC. The associated response time ty

is alot of margin on e, compared to L2, the values of t; and ¢| can be reduced.

pleif t; = t; = 5min instead of ¢ = t; = 10 min, then according to Formula (43), the correspondir

=2,83. Then the minimu

w

g

I
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Annex B
(informative)

Numerical example of gross alpha emitting activity concentration
measurement on moving filter

jwel

.1 Description

—

his type of beta aerosol CAM measures the alpha activity concentration of particles in the|air with
adon and thoron background compensation. The air is drawn into the instréiment by an |external
pphmp, and the air particles are deposited on the moving filter. A silicon deteoter measures the alpha
radioactivity deposited on the moving filter.

—

—

his type of CAM is typically used to monitor a very dusty atmosphere that can cause frequent|clogging
of a fixed filter system.

jws|

.2 Parameters

Table B.1 — Parameters-of the used CAM

Quantity Value Estimated Unit
standard uncertainty
tc 600 Neglected S
to 600 Neglected S
ro 7 0,112 s1
L=D 2(5E-2 50E-4 m
v 1,39 E-6 2,78 E-8 m-s~1
p 0,2b 0,01 s1.Bq!
q 8,33 E-4 4,17 E-5 m3-s71
9 1 0,05
tr :£:2 1,8 E4 5,09 E2 S
vV v
2
w=———7¢ 6,67 E-1 6,1 E-2 Bg-m3:s
q o€t
3n
w=~——d 7,86 E-1 7,2 E-2 Bg-m-3-s
qé ey ty
r.
a u(ro ): ’i .
L
b 239py.

¢ Rectangular deposition area long half-life radionuclide model of evaluation. Formula (57).
d  Circular deposition area long half-life radionuclide model of evaluation. Formula (58).

e The dose coefficient for inhalation of 239Pu at the workplace is assumed to be 1,6 E-5 Sv-Bq~1. Assuming that in one
year there are 2 000 h, that the breathing rate of a worker is 1,2 m3-h-1 and the annual effective dose limit for a worker is

20E-3
1,2-2000-1,6 E-5

20 mSv then DAC=

=0,52Bgqxm~>
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Table B.1 (continued)

Quantity Value Estimated Unit
standard uncertainty
DAC 0,52¢ Not applicable Bg-m3
@ u(r)
b 239py.
¢ Rectc llsuldl dUpUbiLiUll al'Td }Ulls lld‘lf'lifc I dL‘liUlluL}idb‘ lllUL‘lC‘l Ufcvdludtiull. FUI lllu}d |r57\[
d  Circular deposition area long half-life radionuclide model of evaluation. Formula (58).
e The dose coefficient for inhalation of 239Pu at the workplace is assumed to be 1,6 E-5 Sv-Bq~1. Assuming thatin one
year ther¢ are 2 000 h, that the breathing rate of a worker is 1,2 m3-h~1 and the annual effective dose limit fora worker 1s
20E-3 .
20 mSv then DAC= =0,52Bgqxm
1,2-:2000-1,6 E-5
B.3 Performance
Table B.2 — Performance
Quantity Value Unit
tg? 2104 min
e 0,2¢ Bq:m-3
(rectangular deposition) ’ am
e D,24¢ Bq:m-3
(circular deposition) ’ qm
et 0,42¢ Bq:m-3
(rectangular deposition) ’ q
cre 0,49¢ Bq:m-3
(circular depositiof) ’ am
a  SeeTable7.
b Formula (62).
¢ Formula (51).
d _ :
t.= 10min .
t=300 min .
sNk=k =k17B =1,96
with =5=2,5%.
B.4 Mpnitoring requirements
Table B.3 — Requirements
Quantity Value Unit
Guideline value (L2) 1002 DAC
PME (L1) 50 DAC
a2 Maximum limit of use of personal protective equipment.
38 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=7bbd81ea36ff45e46a6830e5dfec5377

ISO/TR 22930-1:2020(E)

B.5 Alarms setup and minimum detectable activity concentration

There is a measurement every second which means there are daily 86 400 output data and if the alarm
is set up at the decision threshold level, 2 160 false alarms per day (2,5 % of 86 400) can be expected
which is not acceptable.

In order to avoid that situation the detection alarm level is set up with K= 5 to obtain a far less than one
false alarm per day (see Table 8).

Table B4 — Values for the alarm setup and minimum detectable activity concentration in the
case of a rectangular deposition area

Quantity Value Unit
Detection alarm levgl set up value with an .ac.ceptable 5.1 E-1 Bg:m-3
false alarm rate = minimum detectable activity concen-
tration:S0=c_. 2 9,8 E-1 DAC
Lower limit of the coverage interval of ¢, = fora given 0,29 Bq'm™3
probability (1-y): ¢ &8 0,55 DAC
Upper limit of the coverage interval of ¢, foragiven 0,73 Bq'm™3
probability (1-y): . 8 14 DAC
Minimum value of the PME that can be chosen with an 0,73 Bg-m3
acceptable false alarm rate: LO=c_ . P 1,4 DAC
Alarm set up value associated to the PME (L1): S1¢ 22 Bg:m-3

42 DAC
Alarm set up value associated to the guideline 44 Bg-m3
value (L2): S2d 85 DAC
a  Formula (63).
b Formula (67).
¢ Formula (66).
d  Formula (68).
¢ Formula (64).
f Formula (65).
& k=196
with y =52% for a probability (1-y) = 95 %.
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Table B.5 — Values for the alarm setup and minimum detectable activity concentration in the
case of a circular deposition area

Quantity Value Unit
Detection alarm leve_l set up value with an gc_ceptable 6,0 E-1 Bq:m-3
false alarm rate = minimum detectable activity concen-
tration: SO=c_. 2 12 DAC
Lower limit of the coverage interval of ¢, fora given 0,34 Bg-m3
prlobabilitv (A-y):cs. ©8 0,65 DAC
U}I)per limit of the coverage interval of ¢, fora given 0,87 Bg-m-3
prjobability (1-y): ¢ . ©8 1,7 DAC
Mjnimum value of the PME that can be chosen with an 0,87 Bg-m73
adceptable false alarm rate: LO=c_. P 1,7 DAC
Alarm set up value associated to the PME (L1): S1¢ 22 Bg‘m-3

42 DAC
Alarm set up value associated to the guideline 44 Bgq-m~3
vdlue (L2): S2d 85 DAC
a | Formula (63).
b | Formula (67).
¢ | Formula (66).
d | Formula (68).
¢ | Formula (64).
f | Formula (65).
8| k_,,=1,96
with y =5 % for a probability (1-y) = 95 %.

B.6 Discussion

The minjmum detectable activity goneentrations ¢, of 0,98 DAC for rectangular deposition and c

of 1,2 DAC for circular deposition ar'e quite acceptable as they are well below the PME value L1 of 50 DA
and the guideline value L20f(I00 DAC. On the other hand, the associated response time t; of 210 m
does not|[seem reasonable.

To reduge the responge time ty to a reasonable value, for example 13,3 min, keeping t.=¢t, =600
(10 min)} Table 7 iridicates that the transit time ¢} should be then equal to 10 min, which also mean

moving flilter speed'v of 15 cm per hour.

Then acqording to (62), the corresponding decision threshold c*as well as c_; are multiplied by th

n

min

. 300
ratio of the transit times ——=50. Then the minimum detectable activity concentrations become

0 min

(%)

a

e

29 DAC for rectangular deposition and 36 DAC for circular deposition which are still acceptable

compared to the PME value L1 of 50 DAC and the guideline value L2 of 100 DAC.
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Annex C
(informative)

Numerical example of iodine 131 activity concentration gamma

spectrometry measurement on fixed charcoal cartridge

.1 Description
This type CAM measures the activity concentration in the air of the gaseous form of.jodine.

The air is drawn into the instrument by an external pump, and the iodine gasis-trapped withi
charcoal cartridge. A scintillator Nal type measures the iodine radioactivity deposited w
charcoal cartridge.

This type of CAM is used to monitor workplaces where there is a risk of radioactive iodine di

n a fixed
thin the

spersion

gaseous form, in order to alert workers without personal protectivé equipment in a reasonaply short

time in case of an unexpected release.
G2 CAM Parameters
Table C.1 — Parameters of the used CAM
. Estimated .
Quantity Value standard uncertainty Unit
t. 600 Neglected s
t 600 Neglected s
ro 0,4 0,0262 s1
& 0,04b 0,002 s1.Bq1
q 1,67 E-3 8,35E-5 m3-s71
1) 1 0,05
1
w=——-—C¢ 24,95 2,16 Bg-m3-s
£, -q-t-8
DAC 555d Not applicable Bg'm3
r
{ 0
a u(ro )= —_.
te
b| 131
¢ Long half-life radionuclide evaluation model.
d  The dose coefficient for inhalation of 1311 (organic form) at the workplace is assumed to be 1,5 E-8 Sv-Bq~L. Assuming
that in one year there are 2 000 h, that the breathing rate of a worker is 1,2 m3-h~! and the annual effective dose limit for a
20E-3 3
worker is 20 mSv then DAC= =555Bgqxm™.
1,2.2000-1,5E-8
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C.3 Performance

C.4

C.5 Alprms setup and minimum detectable activity concentration

There is
is set up

Table C.2 — Performance

Quantity Value Unit
tg? 15,54 min
-3
b 1,8¢ Bg'm
3,2 E-3 DAC
e 38 B
6,9 E-3 DAC
a  See Table 3.
b Formula (49).
¢ Formula (51).
d t.=t; =10 min.
¢ k=k_, =k _g=1,96
with a=5=2,5%.
Mpnitoring requirements
Table C.3 — Requirements
Quantity Value Unit
Legal value (L2) 1a DAC
PME (L1) 0,1 DAC
a  Maximum level of concentration allowed in the area.

which is[not acceptable.

In order

one falsq alarm per day (see Table 8).

42

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

to avoid that situation, the detection alarm level is set up with K = 5 to obtain a far less thgn
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