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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.
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Introduction

This document focuses on monitoring the activity concentrations of radioactive gases. They allow the
calculation of activity releases in the gaseous effluent discharge from facilities producing positron
emitting radionuclides and radiopharmaceuticals. Such facilities produce short-lived radionuclides
used for medical purposes or research. They include accelerators, radiopharmacies, hospitals and
universities. This document provides performance-based criteria for the use of air monitoring
equipment including probes, transport lines, sample monitoring instruments, and gas flow measuring
methods. It also provides information covering monitoring program objectives, quality assurance,
developing air monitoring control action levels, system optimisation, and system performance

veri

The

airst
extrd
sets

cation.

ream, is accomplished either by direct (in-line) measurement within the exhaust s
ction (bypass) from the exhaust stream for measurement remote from the.duct. Th

coal of achieving an accurate measurement of radioactive gases, which are well’mixed in the

‘'ream or by
s document

forth performance criteria and recommendations to assist in obtaining valid measureinents.
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Monitoring radioactive gases in effluents from facilities
producing positron emitting radionuclides and
radiopharmaceuticals
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document focuses on monitoring the activity concentrations of radioactive gases. Th
lation of the activity releases, in the gaseous effluent discharge from facilities preduc
fing radionuclides and radiopharmaceuticals. Such facilities produce short-lived r
for medical purposes or research and can release gases typically includingsbut not li
50 and 13N. These facilities include accelerators, radiopharmacies, hospitals‘and univg
ent provides performance-based criteria for the design and use offair monitoring
ng probes, transport lines, sample monitoring instruments, and gas flow measuri
document also provides information on monitoring program“objectives, quality
opment of air monitoring control action levels, system optintisation and system
jcation.

boal of achieving an unbiased measurement is accomplishéd either by direct (in-line) m
e exhaust stream or with samples extracted from theeéxhaust stream (bypass), provi
active gases are well mixed in the airstream. This document sets forth performance
nmendations to assist in obtaining valid measuremeénts.

1  The criteria and recommendations of this,document are aimed at monitoring which is g
tory compliance and system control. If existing.dir monitoring systems were not designed acqg
rmance criteria and recommendations of this document, an evaluation of the performance
Fised. If deficiencies are discovered based ‘on a performance evaluation, a determination of t
Im retrofit is to be made and corrective@ctions adopted where practicable.

2 The criteria and recommendations of this document apply under both normal an
ting conditions, provided that\these conditions do not include production of aerosols or vz
al and/or off-normal condifions produce aerosols and vapours, then the aerosol collection
389 also apply.
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[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— 1
[

31

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

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

abatement equipment
apparatus used to reduce contaminant concentration in the airflow exhausted through a stack or duct

[SOU
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accident (conditions)
any unintended event, including operating errors, equipment failures and other mishaps, the
consequences or potential consequences of which are not negligible from the point of view of protection

and safety

3.3
accuracy
closeness of

[SOURCE: IS

agreement between a measured quantity and the true quantity of the measurand

0 2889:2010, 3.4]

3.4

action level
threshold (
appropriate

[SOURCE: IS

3.5
aerosol
dispersion d

Note 1 to ent
[SOURCE: I§

3.6
analyser
device that
sampling sy

oncentration of an effluent contaminant at which it is necessary to_perforr
action

0 2889:2010, 3.5]

f solid or liquid particles in air or other gas

Fy: An aerosol is not only the aerosol particles.

0 2889:2010, 3.8]

provides for near real-time data on radiol@gical characteristics of the gas (air) flow
stem or duct

Note 1 to enftry: Usually, an analyser evaluates thelconcentration of radionuclides in a sampled air st

however, son
[SOURCE: IS

3.7
bend
gradual cha

[SOURCE: IS

3.8
bulk strear
air flow in a

[SOURCE: I§

e analysers are mounted directly withia or just outside a stack or duct.

0 2889:2010, 3.12]

hge in direction of asample (3.38) transport line

0 2889:2010, 3-14]

n
stack-or duct, as opposed to the sample (3.38) flow rate

0-2889:2010, 3.15]

3.9

bypass system
system whereby a sample (3.38) is withdrawn from the effluent stream and analysed at a location that
is remote from the region where the extraction takes place

3.10
calibration

in a

feam;

operation that, under specified conditions, in a first step establishes a relation between the quantity
values with measurement uncertainties provided by measurement standards and corresponding
indications with associated measurement uncertainties and, in a second step, uses this information to
establish a relation for obtaining a measurement result from an indication

© ISO 2021 - All rights reserved
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coefficient of variation

Cy

quantity that is the ratio of the standard deviation of a variable to the mean value of that variable

Note
[SOU
3.12

1 to entry: It is usually expressed as a percentage.

RCE: ISO 2889:2010, 3.18]

continuous air monitor

CA

near

real-time sampler and associated detector that provide data on radionuclides (e.g.hcg

of alpha-emitting aerosol particles) in a sample stream

Note
[SOU

3.13
cont
contij

[SOU

3.14
cove

1 to entry: A CAM is used for monitoring and detecting radioactive gases.

RCE: ISO 2889:2010, 3.21]
inuous monitoring
nuous near real-time measurements of one or more sampling characteristics

RCE: ISO 2889:2010, 3.22]

rage interval

ncentration

interjval containing the set of true quantity values of@a‘measurand with a stated probability, based on
the ipformation available

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

3.15

cycl?tron

particle accelerator that is comméenly used in nuclear medicine to produce positr

radid

Note
outw

3.16
deci
valug
using
that

Note

nuclides

1 to entry: Charged particles-(e.g. protons or deuterons) are accelerated along a spiral path fr
ard to an appropriate target.

sion threshold

e of the estimf@tor of the measurand, which, when exceeded by the result of an actual m
b a given measurement procedure of a measurand quantifying a physical effect, is us
the physical effect is present

bn emitting

m the centre

easurement
cd to decide

decis

1 toentry: The decision threshold is defined such that in cases where the measurement resuilt exceeds the

or_threshold, the probability of a wrong decision, namely that the true value of the measuran

is not zero if

in fac

titis zero, is less or equal to a chosen probability a.

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

[SOU
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3.17

detection limit

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

Note 1 to entry: With the decision threshold, the detection limit is the smallest true value of the measurand for
which the probability of wrongly deciding that the true value of the measurand is zero is equal to a specified value,
B, when, in fact, the true value of the measurand is not zero. The probability of being detectable is consequently

(1-8).
[SOURCE: ISO 11929-1:2019, 3.13]

3.18
effluent
waste stream flowing away from a process, plant, or facility to the environment

Note 1 to entry: In this document, the focus is on effluent air that is discharged to the atmosphere’through stacks,
vents and dugts.

[SOURCE: IS0 2889:2010, 3.29]

3.19
emission
contaminanfs that are discharged into the environment

[SOURCE: IS0 2889:2010, 3.30]

3.20
emit
discharge cgntaminants into the environment

[SOURCE: IS0 2889:2010, 3.31]

3.21

flow rate
rate at whith a mass or volume of gas (air) crosses an imaginary cross-sectional area in either a
sampling system tube or a stack or duct

Note 1 to entyy: The rate at which the volume crosses the imaginary area is called the volumetric flow ratg¢; and
the rate at which the mass crosses the imaginary area is called either the mass flow rate or the volumetri¢ flow
rate at standfrd conditions.

[SOURCE: IS0 2889:2010,.3,33]

3.22
hydraulic diameter
type of equivalent’duct diameter for ducts that do not have a round cross section

Note 1 to entlysenerally itis four times the eross-sectionalarcadivided by the perimeter
[SOURCE: ISO 2889:2010, 3.38]

3.23
in-line system
system where the detector assembly is adjacent to, or immersed in, the effluent (3.18)

3.24
limits of the coverage interval
values which define a coverage interval

Note 1 to entry: It is characterized in this document by a specified probability (1 - y), e.g., 95 %, and (1 - y)
represents the probability for the coverage interval of the measurand.

4 © IS0 2021 - All rights reserved
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Note 2 to entry: The definition of a coverage interval is ambiguous without further stipulations. In ISO 11929-1
two alternatives, namely the probabilistically symmetric and the shortest coverage interval, are used. In this
document only the probabilistically symmetric is used.

Note 3 to entry: The probabilistically symmetric coverage interval is the coverage interval for a quantity such
that the probability that the quantity is less than the smallest value in the interval is equal to the probability that
the quantity is greater than the largest value in the interval

[SOURCE: ISO 11929-1:2019, 3.16]

3.25
mixing element
devife placed in a stack or duct thatis used to augment mixing of both contaminant mass_ahd fluid

[SOURCE: ISO 2889:2010, 3.47]

3.26
monjitoring
contjnual measurement of a quantity (e.g. activity concentration) of the airborne radioactivg constituent
or the gross content of radioactive material continuously, at a frequency(that permits an gvaluation of
the vfalue of that quantity in near real-time, or at intervals that comply-with regulatory requiirements

[SOURCE: ISO 2889:2010, 3.48]

3.27
normal conditions
limitks (or range) of use or operation under which a prograu or activity is able to meet its ohjectives and
withput significant changes that would impair this ahility

3.28
nozzle
devige used to extract a sample (3.38) from aystream of the gaseous effluent (3.18) and to [transfer the
sample to a transport line or a collector

[SOURCE: ISO 2889:2010, 3.49]

3.29
off-normal conditions
condjfitions that are unplanned’and which present a gap with normal conditions

Note [l to entry: Examplesare accidents and equipment failure.
[SOURCE: ISO 2889:2010, 3.54]

3.30
positron emission tomography
PET
imaglingtechnique that uses radioactive substances to reveal the operating function and mgtabolism of
tissues and organs and allows the observation of malignant tissues

Note 1 to entry: The technic involves injection of a radioactive drug with the radionuclide being a positron
emitter. Upon annihilation of the positron, two 511 keV photons are produced at 180° angle. These photons are
used in the scanner to determine the point of annihilation and to develop an image.

3.31

probe

sometimes used colloquially to refer to the equipment inserted into a stack or duct for measurement of
volumetric flow or amount of activity present

© IS0 2021 - All rights reserved 5
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3.32
profile
distribution

[SOURCE: IS
3.33

:2021(E)

of gas velocity over the cross-sectional area of the stack or duct

0 2889:2010, 3.62]

quality assurance
planned and systematic actions necessary to provide confidence that a system or component performs
satisfactorily in service and that the results are both correct and traceable

[SOURCE: I

02889:2010 3 63]

3.34
radionuclid

unstable isgtope of an element that decays or converts spontaneously into another isotope or diff

energy statd
[SOURCE: IS

3.35
reference n
apparatus a

Note 1 to ent
[SOURCE: I

3.36

representa
sample (3.34
at the time ¢

[SOURCE: IS
3.37

response time

time requirg

given percentage for the first time, usually 90 %, of its final value

[SOURCE: I§

3.38
sample

portion of an air stream of interest, or one or more separated constituents from a portion of an air st

[SOURCE: IS

e

, emitting radiation

0 2889:2010, 3.64]

nethod
hd instructions for providing results against which other approaches may be compare

Fy: Application of a reference method is assumed to define correct results.

0 2889:2010, 3.66]

five sample
) with the same quality and characteristics‘for the material of interest as that of its sq
f sampling

0 2889:2010, 3.67]

bd after a step variationdin-the measured quantity for the output signal variation to re

C60761-1:2002, 3:15]

0 2889:2010, 3.68]

brent

urce

hch a

ream

3.39

sample extraction location
location of extraction of a sample (3.38) from the bulk stream (3.8), also known as sampling location

[SOURCE: IS

3.40
sampling

0 2889:2010, 3.69, modified — definition was reworded.]

process of removing a sample (3.38) from the bulk stream (3.8) and transporting it to a monitor

[SOURCE: IS

0 2889:2010, 3.72]

© ISO 2021 - All rights reserved
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sampling plane
cross sectional area where the sample (3.38) is extracted from the airflow

[SOURCE: ISO 2889:2010, 3.75]

3.42

sampling system
system consisting of an inlet, a transport line, a flow monitoring system and a monitor

[SOURCE: ISO 2889:2010, 3.76]

3.43
sens
chan

itivity
£e in indication of a mechanical, nuclear, optical or electronic instrument as afféected b

the vfariable quantity being sensed by the instrument

Note
of an

1 to entry: The slope of a calibration curve of an instrument, where a calibration¢turve shows
instrument as a function of input values.

[SOURCE: ISO 2889:2010, 3.78]

3.44
stan

dard conditions

temperature of 25 °C and pressure of 101 325 Pa

Note
be us|

1 to entry: Used to convert air densities to a common basis. Other temperature and pressure cd
ed and should be applied consistently.

[SOURCE: ISO 2889:2010, 3.82]

3.45
tran
part
dete

sport line
of a bypass system (3.9) between. the outlet plane of the nozzle (3.28) and the inle
[tor chamber or a vessel

[SOURCE: ISO 2889:2010, 3.84]

3.46
turb|
flow

Note
andl

ulent flow
regime characterizéd by bulk mixing of fluid properties

hminar if the-.Reynolds number is below about 2 200. There is little mixing in the laminar flow

[SOURCE: 1§6:2889:2010, 3.86]

3.47

y changes in

butput values

nditions may

t plane of a

1 to entry: Fomexample, in a tube, the flow is turbulent if the Reynolds number is greater thamp about 3 000

regime.

uncertainty
non-negative parameter characterizing the dispersion of the quantity values being attributed to a
measurand, based on the information used

Note 1 to entry: An analysis of uncertainty is a procedure for estimating the overall impact of estimated
uncertainties in independent variables on the accuracy or precision of a dependent variable.

[SOURCE: ISO 11929-1:2019, 3.10]
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3.48
vapour

gaseous form of materials that are liquid or solids at room temperature, as distinguished from
non-condensable gases

Note 1 to entry: Vapours are gases but carry the connotation of having been released or volatilised from liquids

or solids.

[SOURCE: ISO 2889:2010, 3.89]

Dietection limit of the activity released over a peridd At , in Bq per time;

in Bgm3;

file

of the velocity values at a given cross section in a stack or duct

0 2889:2010, 3.90]

s

t are used in formulae in this document are defined below:

Foss sectional area of the stack or duct, in m?;
ctivity released over a period Atg, in Bq per time;

ecision threshold of the activity released over a periodyAty , in Bq per time;

pwer limit of the coverage interval of the released activity over a period At for a §
Fobability (1 - y), in Bq per time;

pper limit of the coverage interval(of the released activity over a period At, for a
Fobability (1 - y), in Bq per time;

blocity-averaging correctjenifactor for determining the flow rate in a stack or duct w
tot tube from a single point reading, dimensionless;

lecision threshold of the activity concentration, in Bq-m3;
letection limit Gfthe activity concentration, in Bg-m-3;

ross printary measurement of the activity concentration at a time ¢, +i-At, in Bg:m3;

riven

riven

ith a

hlculated gross average activity concentration over a time interval m-At attime ¢, +i-m-At ,

Calculated gross average activity concentration over a time interval Aty =n-m-At, in Bq m3;

ctivity concentration at a time to +i-At ,in Bqg-m3;

. . _3.
Average value of ne, number of Cp,j» I Bg'm3;

verage value of n— number of Co,o ooy il Bg'm3;
o m,jm

Gross primary measurement of the activity concentration which represents a background
situation at a time ¢, +j-At, in Bq-m3;

3.49
velocity pr
distribution
[SOURCE: IS
4 Symbg
Symbols thg
A C
Ap Al
Ap D
AR
A7 L
p
Ax U
p
C V
t
P p
c* D
ctt D
cg,i G
c C
Cg m,im
CgAtR
¢ A
o
g A
Co,j
8

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=8915eb7e6de607324b5ed5365b695e5c

ISO 16640:2021(E)

Calculated gross average activity concentration over a time interval m-At, which represents
a background situation at time to+Jj-m-At,in Bg-m3;

Tube diameter, in m;
Fluctuation constant, dimensionless;

NOTE 1 Thisissetat1 for a meter whose readings do not fluctuate. If there are fluctuations,
the parameter is set taken to be the average number of scales unit above and below the mean
indicated value.

g,cd|i

g1

min

IO,cdj

0,

pal el . 1 . PN . A
Ul'O55 CUI'TCIIU O ULIIC LUlllpﬁlldelllg UcicCLlOl dU UIIIC LO TI[AAl, Il A,

Gross current of the measuring detector at time ty+i-At,in A;

Minimum amount of current registered by the measuring detector with /. =—fﬂ ,in A;

Background current of the compensating detector at a time ¢y j-At, in A;
Background current of the measuring detector at a time tgt+j-At, in A;
Quantile of a standard normal distribution, if kl_a =Kivp dimensionless;
NOTE 2 The value of kis 1,96 for a coverage intetval of 95 %.

Quantile of a standard normal distribution féia probability (1 - «), dimensionleg

@

Quantile of a standard normal distribution for a probability (1 - ), dimensionlegs;

«

Quantile of a standard normal distribution for a probability (1—%), dimensionlgss;

Number of times At to calcujate c_ ~and c_0 _from archived data;
&m,im m,jm

Number of times m-At-to calculate chtR from archived data;

Number of measurements of €, to determine Co» dimensionless;

Number ofimeasurements of Com im to determine Co» dimensionless;
Penetration, dimensionless;

NOTE 3 Penetration is the ratio between the activity concentration at the sam(iﬂing system
exit, including transport lines, and the activity concentration in the ventilation duct.

Pstd
Qmin

ap

Astq

Standard pressure, equal to 101 325 Pa;

Minimum amount of electric charge thatinduces a pulse registered by the measuring detector, in C;
Total volume of gas (air) sampled, in m3;

Volumetric flow rate, in m3-s1;

Volumetric flow rate in the ventilation duct, in m3-s-1;

Volumetric flow rate at standard conditions, in m3-s-1;

© IS0 2021 - All rights reserved 9
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R, Individual gas constant for air, equal to 287 ]-kg1-K'L;

Re Reynolds number, dimensionless;

Ty cd,i Gross count rate of the compensating detector at time t,+i-At, in s

Ty i Gross count rate of the measuring detector at time to +i-At,ins;

I Background noise measured by the probe, in s1;

Tocd,j Background count rate of the compensating detector at time ¢, +-At, in s;

To,j Bpckground count rate of the measuring detector at time ¢, +j-At, in s};

SCO Standard deviation of nCo values of €, in Bq-m3;

s% Standard deviation of n% values of C_Om,jm’ in Bq'm3;

T Temperature, in K;

std Standard temperature, equal to 298 K;

t Time, in s;

to Initial time, in s;

tc Cpunting time of the measuring detector, s;

t, Time period over which sampling is performedgin s;

te Time stamp, (e.g. in YYYY-MM-DD hh:mm:ss);

to Initial time stamp, (e.g. in YYYY-MM-DP-hh:mm:ss);

U, Spatial mean velocity of gas (air) inva flow tube, in m-s1;

u(x) Standard uncertainty associated with x, units of x;
NOTE 4 As an approximation, the uncertainty associated with the calibration instrument
may be used.

Ulrel) Relative standatd)uncertainty in reading the flow meter scale, dimensionless;
NOTE 5 Thi$ can be estimated by dividing the value of the smallest scale division by the in-
djcated flow rate and multiplying by a factor of 0,5.

v Velocity, in m-s1;

Verd Velocity at standard conditions, in m-s1;

w Calibration factor, in Bq-m-3-s'1 in count rate mode or in Bq:-m3-A-1 in current mode;

At Duration of acquisition, in s;

Atp Duration of the time interval over which the released activity is calculated, in s;

u Dynamic viscosity of air, in Pa-s;

p Density, in kg-m-3;

Petd Density of air at standard conditions, equal to 1,184 kg-m-3.
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5 Factors impacting the design of the monitoring system

This document focuses on the mechanics of monitoring radioactive gases in facility emissions. Some of
the factors that impact the design of the system are:

— purpose of monitoring;
— the type of conditions (normal or off-normal conditions);
— characteristics of the air stream and radioactive gases;

— desired measurement sensitivity;

— ¢ompensation for background radiation;
— ¢oncentrations or total emissions which trigger remedial action (action levels).

Inforymative guidance concerning these factors is given in Annexes A, B and-€@>The user may need to
consjder additional factors specific to a particular site, process, or environmental condjtion(s). The
impdct of these factors on the monitoring system should be assessed.

6 Types of monitoring systems

Ther are two general types of positron gas effluent monitoring'Systems in use; the first tyjpe, a bypass
systém, uses a sampling system to extract a representative sample from the duct and gnalyses the
radigactive content in a detector away from the duct. The second type of system, an in-Jline system,
uses|detectors (or possibly probes) placed around or-within the duct to directly analyse|the activity
concentrations of radioactive substances in the airstream.

In bgth types the response of the detectors_to~other sources of radiation shall be congsidered and
minimized in order to accurately measure thewactivity concentration of radioactive gas in the airstream.
For ¢xample, this minimization can be achieved by the use of shielding, or a compensatjon detector
when a consequent ambient dose is involved and by the use of a compensation algorithm when radon
gas ipfluences the detector response!

Gengral monitoring system requirements are provided in Table 1, which summarizes an adequate
mon{toring system as discussed/in Clauses 7 to 9.

Table 1 <= Summary of guidance for an adequate monitoring system

Adequate monitoring system criteria Subclause

Detection systemscan meet the specified minimum detectable concentration. 7.2
The highest possible normal release condition can be measured. 72
Dischargesfollowing an incident can be quantified. 7.2
The flétection range is compatible with those that may be present in the system. 72
Detect_or: responses to outside sources of radiation, other than background, are considered 731
and minimized. —
Background effects are minimized. 731
System components are readily accessible for maintenance and calibration. 7.3.2,8.2
Effects from environmental conditions are considered. 7.3.3,9.3
Flow measurements are known and measured continuously. 74
Samples are extracted from a well-mixed location within the bulk stream. 8.2
Systems are designed in a way so that condensation of vapour is avoided. 8.3
Sample nozzles are maintained and checked periodically. 8.4
Leak checks are performed periodically. 8.5
Controls to prevent measurement readings from adjacent systems are in place. 9.2

© IS0 2021 - All rights reserved 11


https://standardsiso.com/api/?name=8915eb7e6de607324b5ed5365b695e5c

ISO 16640

:2021(E)

7 General monitoring system requirements

7.1 General

Subclauses 7.2 to 7.4 provide guidance and requirements for the design of a monitoring system.

7.2 Detection range

The importance of the detection range (both low [~MBq] and high [~TBq]) originates from the
requirement to be able to determine the activity concentration to a sufficient degree of certainty
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range, the detection system shall be adequate to meet a specified minimum |detec
n (at the 95 % confidence level) with a reasonable counting time, taking into accoun
at the location of installation, as discussed below.

hnge of the system shall be capable of measuring up to the highest possible normal re
'ten requiring dead time correction in the detection system. Additional information on
ided in A.4.4.2.

following an incident shall be quantified and taken into aecdunt in the total discharg
except in the event of a breakdown of ventilation).

best evaluate discharges, it shall at first be ensured that the measuring range o
rstem is compatible with the levels of concentration that may be present. If a dete
rates (overloads), it makes the evaluation of*activity emitted (or released) durin
ossible.

racteristics, including half-life, decay. mode and energy of produced and par
s (e.g. 18F, 11C, 150, 13N, 41Ar) are protided in Annex A. Advantages and disadvantag
s of detectors and associated operating principles are provided in Table A.3.

'tor location
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s of monitoring systems (in-line or bypass), the response of the detectors to other sour
all be consideredand minimized in order to accurately measure the activity concentr
re gas in the airstream. Therefore, any detector should be located such that the effects
sources are-minimised. Background sources could include:
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target transfer lines;

hot cells/fume cupboards;
other effluent ducts;
source stores;

equipment;

patient waiting areas;
radon gas;

radioactive waste storage.
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The sensitive part of the monitoring system should be kept sufficiently far, sufficiently well shielded, or
sufficiently well compensated from the above-mentioned sources of background interference to meet
the system sensitivity requirements.

7.3.2 Ease of accessibility for maintenance

The detector, flow measurement system and associated equipment should be readily accessible for
routine maintenance and calibration.

7.3.3 Environmental conditions

nterference
plied where

The
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pffect of temperature, humidity, vibration, weather conditions and electromagnetic
Id be considered when deciding on system location and appropriate compensatien ap
Esary.

7.4 | Emission stream flow measurement

The flow measurements in the stack, duct, or vent are critical to both in=]line and bypasq monitoring
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8.1

ms because they directly impact the accuracy of the calculated entiSsions. The airflow
ms shall be continuously measured unless justified otherwisé, Errors are introdu
lation of emissions if the emission and sample volumetriccunits are not based on tl

her the activity concentration or the emitted activity is reported. In calculating th
ent air, the user should either adjust for the density, differences in the air or use mq
 on a standard density. For bypass systems, a correction factor to the ratio of sam
ity concentration may need to be applied, if the difference between the bulk and
ties exceeds 10 %.

[low measurement device should be seleeteéd according to the duct shape. The devig
ed in accordance with the manufacturer'srecommendation. A shrouded probe is prefert
-stream velocity does not vary considerably over the cross-sectional area of the duct,
sampling may be necessary in situations where the main-stream velocity varies consi
ross-section. ISO 2889 provides‘additional details on the use of shrouded and multi-p
hmpling. If there is no manufacturer recommendation, then the location should be a
draulic diameters downstrieam of a flow disturbance and a minimum of five hydraul
ream of the end of the sta¢k or the next flow disturbance. The flow measurement devi
ctto minimum annualaccuracy audits according to the recommendation of the manufg
ks can include, butare not limited to, comparison with manual measurements, routing
Hependent calibrated instrument verification.

Requiréments specific to bypass systems

General

of emission
red into the
e same gas

ity. Local regulations may specify the gas density conditions to use for reporting emissions and

e amount of
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ple to stack
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ed when the
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re should be
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As noted in the definitions, a bypass system extracts a sample from the effluent stream and analyses
it at a location remote from the region where the extraction takes place. The following should be
considered when choosing to use a bypass system.

8.2 Sample extraction locations

A representative sample is best extracted from a location where the radioactive materials of interest
are well mixed within the bulk stream. To establish a well-mixed location, the coefficient of variation,
Cy, of the tracer gas concentration should be within £20 % across at least the centre two thirds of the
cross sectional area of the stack or duct. In addition, at none of the measurement points should the
concentration of the tracer gas differ by more than 30 % from the mean value for all of the points (see
Annex D). The designer should plan the ventilation system such as to provide a favourable location
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where the sample may be extracted from a well-mixed stream. In this case, the sampling probe may
contain a single inlet.

Following a careful evaluation, one or more of the following steps should be taken in circumstances
where these criteria cannot be satisfied with respect to effluent systems designed and constructed

prior to the

publication of this document:

a) Selectanother location for the sampling probe;

b) Install features that promote mixing;

c¢) Perform in-situ tests at representative flow conditions, covering the expected range of flow rates,
to demgnstrate that there is no risk of under-sampling (ISO 2889); or

d) Apply appropriate correction factors.

The stack of duct geometry and the airflow within should be fully understood. The sample extraftion
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]

juld not be so close to the stack exit that wind effects can significantly influence the vel
e sampling location. Typically, in well mixed airflow, successful sample probe location|
of 5 to 10 hydraulic diameters downstream of a flow disturbance,and 3 or more hydr
pstream of a flow disturbance. There are instances where greater’distances are ne
ttention should be given to the geometry surrounding the flow entry. Any addition
Hary air stream close to the wall of the stack or duct should’be avoided. Bends, fans,
nd similar disturbances promote mixing, but may also produce distortions in velocity
[t concentration profile and angularity in the airflow inthe first 2 to 3 hydraulic diam
1. Therefore, sampling locations too close to such disturbances should be avoided ev]
nger sampling lines.

to the physics of obtaining a representative\sample, there are other consideratio
probe and associated equipment. The location should be readily and safely accessil

should be extracted from a location where the gas constituents are well mixed in the
de streams are present in the ventilation system, a uniform gas concentration shou
patures that enhance mixing.de so by creating large scale turbulence. One or more 90° t
hirstreams, and mixing €lements such as mixing boxes, perimeter rings, and commsg
s all enhance mixing, On’the other hand, turning vanes and flow straighteners hav
ect. A summary of mixers and their test data can be found in Maiello and Hooverl49], ]
7] and 1SO 2889:2010, Annex F[2Z], The generic tests provide results of features that pro
viously testedsconfigurations can be used and scaled. Many of these are summaris
Hoover[49],

e contanyinants are present, then ISO 2889 also applies. Under conditions with particu
ell-mixed location also includes criteria for the flow angle, velocity and tracer concentr
Anhex D).
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Sample transport lines, collectors, and analysers should be designed to avoid condensation of vapour.
Condensation takes place when the temperature of air in the sample transport line is less than the
saturation temperature of the vapour of interest. Thermally insulating and in some cases heating, the
sample transport line may be needed to prevent condensation. Experimental or numerical analyses may
be performed to demonstrate the effectiveness of any design provisions that are intended to minimize
or preclude the formation of condensation in sample transport systems.

8.4 Maintenance

The sampling nozzle should be checked periodically. The maintenance interval shall consider the
presence of aerosol filters protecting the devices from aerosol deposits. Examples of proposed

14 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=8915eb7e6de607324b5ed5365b695e5c

ISO 16640:2021(E)

maintenance intervals are three years for HEPA-filtered systems and one year for unfiltered systems for
the presence of deposits of foreign materials and other factors that could degrade the performance of
the monitoring system. If there are background aerosol particles that can produce deposits, a cleaning
schedule should be established that does not allow over 5 % of the inlet area of a nozzle to be occluded.
Where cleaning is not possible or desired the sampling nozzle should be replaced.

In case significant contamination is found on the sampling nozzle, consideration should also be given to
cleaning or replacement of the sampling lines.

8.5 Leak checks

A leg
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k in a bypass monitoring system would reduce the observed concentration relative
entration. Leak checks shall be performed as a final step, prior to commissioning of
ving either installation or after carrying out significant maintenance or systemmaodifi
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9 Requirements specific to in-line systems

9.1 | General

An in-line system is one where the detector assembly istadjacent to or immersed in the gffluent. The

item$ to be considered when designing this type of systéem are described below.

9.2 | Location of the probe or detector

The probe or detector shall be located wherethe effluent stream in the duct or stack is we¢ll mixed. To
establish a well-mixed location, the Cy, of\the tracer gas concentration should be within 20 % across
at least the centre two thirds of the-€ross sectional area of the stack or duct. In addition, at none of
the easurement point should the corcentration of the tracer gas differ by more than 30|% from the
appropriate

mean value for all of the points (s€e Annex D). A mixing element may be useful to establish
mixihg at the probe or detectofr location.

s effluent in
background
avoided by
rious alarm
n Annex A.

jure control,
temperatures can reach extreme hlghs and lows This can cause damage to the momtormg system
and inaccuracies in readings due to elevated backgrounds or changes in sensitivity. When using
temperature sensitive detectors, the effect of temperature variations should be considered when
selecting the detector type and location. Appropriate compensation should be applied where necessary.

10 Evaluation and upgrading of existing systems

If an existing air monitoring system was not designed according to the performance requirements
and recommendations of this document, an evaluation of the performance of the system including the
location and environment of the probe, detectors and other equipment is recommended. If deficiencies
are discovered, the evaluation should determine if retrofit is recommended and possible. Arriving at
a suitable solution requires optimisation among competing factors. Evaluation of existing systems
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should be undertaken using proven techniques, for example the UK Environment Agency, Best Practice

Techniques

(BAT) guidance for environmental radiological monitoring[3&l.

Furthermore, there are instances when a performance verification of a monitoring system is advisable.
These situations include:

— when the effluent stream being sampled is potentially not well mixed;

— when an existing system has just come under additional regulatory requirements;

— when the potential to emit contaminants has changed significantly;

— when af existing system has had significant changes, for example:
— change of the stream flow beyond the original design limits;

— addition of a new effluent stream in a manner that destroys the well mixed state-at the n
(bypass system) or detector (in-line system) locations;

— addjition of new background sources close to the measurement system that may influenc
megsurement results; or

— cha

— when tHe supporting documentation is deficient.

11 Qualit
The purpos

teams, regullatory agencies and the public of the validity of air monitoring data and to identify

deficiencies
The tools u
calibration.
Annex C.
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a) organis

— org

— administrative controls;

— rep

nge of system operating parameters outside of the design range;

y assurance and quality control

bs of a Quality Assurance (QA) program are to provide assurance to facility manage

in the monitoring system equipment and procedures so that corrective action can be t
ced to accomplish these objectives include documentation, maintenance, inspection
Information relevant for air samphling systems relating to these criteria is present

Lty that conducts radioactive. air emissions monitoring shall have a QA Program
he quality related activities of the air monitoring program. A specific QA Plan shou
Ind implemented. As a minimum, it should address the quality aspects of the sampling
pf effluent radioactjve substances in the following areas:

htion:

hnisationalrésponsibilities;

brting and notification system;

hzzle

e the

ment
r any
hken.
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that
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— documentation;

— per

sonnel qualifications and training;

b) design of the monitoring system:

— Ssou

rce terms;

— selection of extraction or detector placement locations;

— selection of monitoring devices;

c) operational procedures:

— system operation procedures;

16
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— calibration procedures;

— correction factors;

— data analysis and reporting;

— maintenance and check procedures;

— disposition of non-conformant items and conditions;

— corrective action program.
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(informative)

Factors impacting the monitoring system design

A.1 Introduction

The main radionuclide produced for radiopharmaceuticals and research is fluorine-18 (18F), folowgd by
carbon-11 (}1C), nitrogen-13 (13N), and oxygen-15 (1°0). Their characteristics are recalled im\Jabl¢ A.1.
The related pctivity values discharged annually in the form of gaseous effluents can vary between a few
MBq and pofentially be as high as a few TBq, depending on the facility.

Table A.1 — Characteristics of radionuclides produced

These radio

() in oppos
PET (positr

Half-life B*- energy (max) | y-energy
Radionuclide
min MeV keVv
18, 110 0,634 511
11, 20 0,960 511
13N 10 1,200 511
15, 2 1,732 511
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7 <
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\
\
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huclides emit 8* particles, whose annihilatiorrresults in the emission of two 511 keV photons
te directions (see Figure A.1). It is this property that is used in nuclear medicine to perfform
n emission tomography) imaging.

S~_180°_~

Figure A.1 — Annihilation of positrons

In addition to—these radionuclides others "parasite” radionuclides, are produced when the tardet is
irradiated by the cyclotron (by activating the air inside the shielded enclosure of the cyclotron, the
contents of the target or certain materials). The main parasitic radionuclides most frequently identified
by the operators are argon-41 (*1Ar) produced by activation of the air inside the shielded enclosure of
the cyclotron and nitrogen-13 (13N) produced by activation of the content of the target and released in

the synthesis cell at the end of irradiation. Their characteristics are recalled in the Table A.2.

Table A.2 — Characteristics of “parasite” radionuclides

Half-life 4 - ener - .
Radionuclide - energy (max) Y gy B - energy (max)
min MeV keV MeV
13y 10 1,20 511 /
41Ar 109 / 1290 1,19
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The first point to be solved is what type of detector is most suitable for measurements of gaseous
effluents releases. The most common types of detectors are:

— ionisation chamber;
— proportional counter;
— Geiger-Miiller (GM);

— scintillator detector;

— semiconductor detector.

They] all generate either electrical current or electrical pulses which are then amplified,'d

counted by electronics.

Tabl¢ A.3 shows the operating principle of each type of these detectors.i\JFhe adv3
disadvantages (+/-) have different importance depending on the environment/working con

Table A.3 — Type of detectors and operating principle

etected and

ntages and
ditions.

Type of detector

Operating principle

Adyantages/Disadvantage

T

Ionization chamber
(60 Vto 300V)

Ionization of a gas

no satuxation of the probe (+)

a. very good detection limit and
detectable activity (+)

a low detection yield (-)

good discrimination from backgrou

a minimum

nd (+)

Proportional counter
(1kVto4kV)

Ionization of a gas

a very good detection limit and
detectable activity (+)

an average saturation of probe, dete

sufficient discrimination from
depending on the gas used (-)

a low detection yield (-)

a minimum

ction limit (-)

background

Geiger-Miiller(GM)

Ionization of a gas

a good detection limit and a minimu
activity (+)

a low detection yield (-)
sufficient discrimination from back

a strong saturation of the probe (-)

m detectable

bround (-)

a high detection yield (+)

Scintillator

Emission of fluorescence
or phosphorescence
photons

a good detection limit and a minimum detectable

activity (+)

an average saturation of the probe (-)

good discrimination from backgrou

nd (+)

Semi-conductor

Ionization of a solid

a high detection yield (+)

a low minimum energy required to ionize the

detector medium (+)

sufficient discrimination from background (-)
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A.2 Monitoring purpose

There are many possible objectives for the gaseous effluent discharge monitoring program. The
rationale in choosing a specific objective and approach should be well documented. Some possible air
monitoring objectives are:

— meeting regulatory requirements;
— assessing the need for a permanent monitoring program;

— measuring the release of radioactive materials to the environment through monitoring;

— helpingfo ensure that people in the surrounding environment are not exposed to levels of radigalctive
releaseg exceeding established limits;

— helping|to assess the possible consequences of the normal and off-normal releases ofa facility and
guiding|the selection of appropriate corrective action. This can include the integration<of radioactive
contamjnation released to the environment over various time periods.

The design pf a technically defensible monitoring program (in-line or bypass system) requires a [clear
understanding of these objectives.

Many objectives are related to worker or environmental protection and4egulatory compliance. Fdilure
to understapnd the monitoring objectives can lead to inappropriate or ineffective system design and
implementafion. The design and implementation of a monitoring.plan in a particular facility inyolve
matters of engineering judgement in which conflicting demands.atise from consideration of obtajning
the most acfurate measure, ensuring worker and public safety, physical plant constraints, and ¢ther
operational fand safety factors that have to be balanced.

The variouq objectives for a monitoring system are nat,(or need not be) mutually exclusive in most
effluents menitoring circumstances. A monitoring system designed to meet one objective may meet
other objectives as well. Likewise, there can be*a-humber of approaches taken to achieve a given
objective.

A.3 Consjiderations for differentunonitoring conditions

A.3.1 General

Particular aftention should be'‘given to the potential interactions between the operating conditions of
the facility, pir contaminants;control and ventilation components, and environmental parameterg that
may impact|the monitoring.system.

The measurpment system (including the probe, its positioning, the data analysis method) shall perfform
well in both hormakand off-normal operation. It is therefore important to distinguish its role in both dases.

A.3.2 Monitoring under a normal condition

In general, normal operating conditions are those expected under normal operations and are associated
with a certain expectable variability. These are usually the average operating conditions and their
variance as defined in statistical terms. The normal operating conditions may have a large range of
temperature and airflow rates depending on the processes in operation. The effluent monitoring
system should be chosen to accommodate these conditions. The effluent discharge system may also
operate with an effluent control (clean-up) system in place that reduces particle and gaseous emissions
to an acceptable level. The effluent monitoring system should be designed to reliably function under
these operating conditions.

The normal operation of a facility is defined as the operating situation for which the installation
was designed, without taking into account potential situations of incident or accident. This involves
avoiding any material or human failure that could lead to the unforeseen release of effluents into the
environment.
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Under normal conditions, the measurement system shall provide a good estimate of the discharged
activity, in particular to ensure that it is within the permitted limits. The main requirement is
therefore the ability of the system to measure a given level of discharge, characterized by the activity
concentration of the effluents and by the airflow rate. In addition, the system shall provide real-time
information useful for monitoring the current operation.

A.3.3 Monitoring under an off-normal condition

The main incidents that may lead to unusual releases in this type of installation are generally related
to a rupture of a containment system. This loss of containment can cause leaks in the target, in the
transfer system to the synthesis enclosures or in the synthesis equipment inside the enclosures.

f-normal conditions (where discharges are higher than in normal operating conlditions) the
uring device shall give early warning so that the appropriate measures can be jimplemented.

In of
meay

A.3.4 Action levels

An action level is an effluent contaminant concentration threshold at which an approgriate action
is to|be performed. The response (action) depends on the circumstanees/and can result {n an alarm,
the "ldiversion” of effluents by a longer transfer line or, for additionalprocessing, it can also result in
interjvention at the process level (to remove incidental cause), work stoppage, or evacuation. Some
actions have possible consequences (cost, damage to equipment,‘ehdangering people).

Careful consideration should be given to the setting of an action level for a monitoring
conslders all such consequences. The goal is to anticipate and avoid that:

system that

gn operator's reaction to an alarm causes a stop.and/or evacuation and unnecessary cqsts,

— 3n off-normal discharge is not investigated, which may be of consequence to facility op

Actid

yorkers' safety.

n levels related significant releases and potential risks to members of the public a

established by the responsible authority following discussions with the operator. They

to R

the 1lesponsible authority. In additien, the Licensee may set his own lower alarm levels

Adm|
Actid

usually set somewhat abgve normal release levels. Alarms triggered by increasing release

used
have

or adtion level.

The process af selection of an appropriate action level requires consideration of

tthe physical and physicochemical characteristics of the contaminant,

the-<characteristics of the qnmp]ing system, which is required to obtain a sample of the

fnistrative Levels or Limits}).' These may be set to avoid reaching the less stringent
n Levels or they may b€ sét for other technical or economic reasons. Administrative Levels are

brations and

re generally
correspond

boulatory Alarm Levels. Releases above these Regulatory Alarm Levels require feporting to

(also called
Regulatory

rates can be

in the operation of'the surveillance system to warn operators that conditions of efflugnts releases
changed and thatjimmediate action may be necessary to avoid exceeding an adminisftrative level

ontaminant

for analysis and counting (e.g. the nozzle design characteristics, the transport line design, or

sampling location), and

the type, intensity, and variability of interference with the measurement.

Each of these three factors can contribute uncertainty to the contaminant concentration estimate,
and, therefore, affect the level of confidence that can be assigned to the decision. The selection of an
appropriate action level is separate from and precedes considerations related to the required sensitivity
of the monitoring systems.
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In any case, in the context of discussing action levels it is useful to make distinctions among the

following:

a)

Control monitoring (i.e. continuous monitoring with alarm): monitoring for purposes of providing

adequate warning so that an operator can take action to protect workers and the public from
excessive exposure.

b) System availability: tracking the availability and response of monitoring systems so that the
facility operators are alerted, if equipment failure takes a system off-line or seriously degrades its
performance.

c) Performance monitoring: rpgn]:\fnry r‘nmp]i;mrp monitoring that vields data of such qnn]ih' and
type that the facility operator can identify and quantify the most significant radionuclides present
in the effluent, and demonstrate regulatory compliance by responding to all requirements qf the
monitoring system.

In order to| resolve an off-normal situation it is essential to be able to identifyt correctly via

measuremehts of the radioactive releases.

To do this, an action level shall be defined beforehand. It corresponds to thesyalle of the radioactive

gaseous actlivity concentration from which the discharge can no longer beévattributed to a ngrmal

operation o
correspondi
shall then b
facilities, th

— from thle airflow rate and the annual activity allowed forzdischarges, which can be express

activity

from th
method
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Indeed, the
level should|
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It is therefor
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this action 1
discharge aif
modification
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ng to an acceptable level of false alarm rate as defined in{Annex B. Appropriate a
e taken to determine the cause of the discharge and to limit'it. Generally, for these ty
e action level is defined:

per week, or per day, or per hour;

e application of the practical concentrationlimits in air, specific to each radionuclide.
is based on the hypothesis of inhalation by a person, of concentration at the outle
nce with the annual limit of incorporation fixed as prescribed.

action level should not be definedvaccording to the impact on the population. The a
however, make it possible to distinguish a normal from an off-normal situation relat
tharges in order to alert the.operators and allow them to remedy them.

e recommended to define the action level from the activity discharged during a convent
taking into account @ )sufficiently large margin to avoid unwanted alarms. The val
evel should be justified. Because each individual installation is different, the impact g
d therefore actionlevels may also differ. Action levels should be re-evaluated in the ever
| of the plantoref production parameters (synthesis of a new molecule, new production

iderations for different monitoring systems

F the system. The action level should be at least the “minimur detectable concentration”
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jiie’monitoring system

For in-line systems, the probe is positioned either directly within the duct (see Figure A.2) or on the
duct (see Figure A.3). The geometry of the probe depends on its positioning: it is generally cylindrical
when placed in the duct and rectangular when placed on it.

In the absence of special constraints, the installation of a live measurement with a probe positioned
on or in the exhaust duct has the advantages that the flow is not disturbed as long as the probe is well
positioned, that the response time is fast and that no additional parameters have to be taken into
account.

When the probe is positioned in the exhaust duct it is essential to ensure that it is correctly positioned
to avoid measuring in a dead or inhomogeneous zone.
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The positioning of the probe on the duct makes it possible to overcome the disadvantages mentioned
above, while allowing direct detection of all the discharges.

The advantages (+) and disadvantages (—) of the in-line monitoring system are presented in Figure A.2

(for a probe located in the exhaust duct) and Figure A.3 (for a probe located on the exhaust duct). These
figures thus show the advantages and disadvantages of the positioning of the probe in the exhaust duct
and on the exhaust duct.

>00000000

o o o o o o o o

(+) | astrongreactivity (+) , .adirect measurement

(+) | adirect measurement (#) positioning of several probes

(=) | low volume and detection surface (+) large detection surface

(=) | an inhomogeneity of the flow (=) detection volume limited by the|duct

(-) | difficulty of shielding from external'sources (—) difficulty of shielding from extefnal sources
= | analert probe is recommended = may be reliable compromise

Figufre A.2 — Probe positioned in the duct Figure A.3 — Probe positioned on the duct

A.4.2 Bypass momnitoring system

For bypass systefs, the probe is positioned in a container at a distance from the ekhaust duct
(see Figure A#),‘The measurement is carried out on a sample taken from the main duct.

The fapacity of the container can vary from less than one litre to several litres in volyme. Several
surfdce-or cylindrical sensors can be positioned. Their detection surface is generally lowgr than that
of the Pt obes-instaledonthe-ductToridentical %23 ubca, the pet formanece-ofthis-devicets quivalent to

that of the probes positioned on the extraction duct. However, this system is more effective when:

— the background radiation is too high near the measuring point in the duct;

— the probe cannot be installed in the exhaust duct under satisfactory conditions (congestion of the
ventilation room, weight constraints, inadequate dimensions of the duct).

This solution, however, encounters some difficulties which need to be considered:
— the problem of representativeness of the sample taken;

— the installation of additional equipment (sampling pump, pipes, container), which shall be checked
periodically and maintained.
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The bypass measuring system may be acceptable under many conditions. The representativeness of the
sample (sampling point, sampling rate) and the response time of the measurement shall be taken into
consideration.

If the kinetics of this type of system is calculated to be slow, the bypass measuring system could be
combined with a direct measurement (warning probe), thus allowing the rapid detection of any
abnormal discharges. Otherwise, an alternative to achieve faster system Kinetics may also be the use of
aring-line system with significantly higher sample flow and secondary extraction at the position of the
detector. Other multi-point sampling probes or higher sample rate designs are described in ISO 2889.

The advantages (+) and disadvantages (—) of the bypass monitoring system are presented in
Figure A.4.

o
=

R B z - § - A £ - - g
7 9 a : . AE 4 < 1

+)  canbe located in a lower packground location
+)  easigr to shield a smatlervolume
+)  alow saturationofthe probe

representativeness of the sample

)
—)  addifional'material (pump, nozzle, pipe,) requires more maintenance

)  delay of measurement: size and location of the container from the sampling point
— Direction of flow.
=

Alternative solution if space is lacking.

Figure A.4 — Schematic of a bypass system
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A.4.3 Environment of the monitoring system

A.4.3.1 General

In general, the environment of the monitoring system such as background noise, temperature,
humidity, vibration, location, and accessibility should be carefully considered before being put in place.
Such consideration of the environment serves to limit the impacts of these parameters. Compensatory
provisions are implemented if necessary.

Whatever the technology used, the installation conditions influence the performance of the probes, in
particular by promoting the homogeneity of the measured flux and by limiting the presence of parasitic

radid

A.4.3
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production sites (cyclotron) and the handling and circulation of radioactive product
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$hielding of the probe or using a container for bypass systems.

easurement (probe 1 in Figure‘A!5). The guard probe is dedicated to the measureme
I;rasitic radiation which cah,thus be subtracted in real time from the measurement results of

tion.

.2 Radiation background noise

pf the main constraints in these installations is the proximity of the measuring sy4
ms, transfer lines, synthesis cells, other exhaust duct effluents, storage facilities for

Anges in the radiological environment on the measurement is necessary.

der to avoid the risk of interference from background (interfeting radiation) with the m
ts, the probe shall be positioned in such a way as to midjmvize this radiation. Ideally,
ioned remotely from outside sources of radiation.

s is not possible due to the configuration of the facility or to lack of space, the followi
Id be considered.

compensation measurement (see Figure A.5):

mplementing a second probe (guard-probe: probe 2 in Figure A.5) contiguous to the m

he main probe. This methoad is called measurement by compensation. The probes u
dentical and positioned(back to back at the extraction duct (see Figure A.5).
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Ces and waste). Under these conditions, the choice of a technologyi-a method to limift the impact
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1 main probe: measurement of gamma and f* radiation

2 guard probe: measurement of y radiation

NOTE

meas

© ISO

urement probe and the duct is thin enough to allow the measurement of $* radiation.

Figure A.5 — Guard probe - Compensation measurement
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When both probes are placed on the duct, it is necessary to ensure that the window between the main
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For a coincidence measurement (see Figure A.6):
— Choosing a bypass system to place the measurement away from any external radiation sources.

— Choosing a type of probe that is able to preferentially detect the 5* radiation (depending on the filling
gas) in order to minimize the proportion of gamma "parasite" radiation in the measurement result.

— Choosing a system allowing the detection of the y radiation emitted in coincidence. With regards
to PET, the probes are positioned in a way to detect the photons emitted simultaneously during the
annihilation of §* (see Figure A.6).

Key
1 probel
2  probe2

NOTE The probes are positioned on either side of theduct in order to detect the photons enpitted
simultaneougly during the annihilation of §*.

Figure A.6 — System of detection of the y-radiation emitted in coincidence

It is importhnt to note that the size of the'probe influences its sensitivity to background radigtion.
This sensitiyity increases with the volume and the detection surface of the probe. For proportjional
counters, for example, the sensitivity to background radiation increases with the number of anode
wires. Thergfore, it is necessary to find a balance between the detection efficiency of the probe and its
sensitivity tp background radiation.

A.4.3.3 Temperature

With respegt to the ambient temperature, large variations are liable to disturb the measurement, in
particular for probes-of the Nal scintillator type probes. It is the luminous efficiency of the scintillator
that increages with the increasing temperature (in particular in the case of the Nal scintillator)} The
temperatur¢ yaridtions can also have an effect on the electronics associated with the probe.

It is recommended to use a measuring device that is insensitive to variations in ambient temperature
and to preferably place it inside the facility in a temperature-controlled room. However, in justified
cases, the sensitive device (e.g. scintillator) can still be used. Indeed, it is strongly advised not to locate
the measuring device in places with large temperature variations (e.g. directly on the roof of a facility).
An appropriate corrective factor shall be applied to the measurement result of this type of device.

In case of bypass monitoring, the expected temperature range at potential sampling points under
normal operating conditions and credible accident conditions should be determined. Often the effluent
temperature is very stable. However, any temperature changes could be important to the collection of a
sample under off-normal conditions.
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A.4.3.4 Effluent composition

The composition of a stack effluent under both normal and off-normal conditions should be taken
into account when designing a ventilation system for that kind of installation. Radioactive and non-
radioactive constituent characteristics should be identified. An important example is the presence of
strong acid or caustic fumes that could cause rapid deterioration of a duct, a nozzle (see Figure A.7)
or sample transport line unless suitable compensation is provided by the selection of appropriate
materials for the construction of these elements. Moisture content of the effluent can also be a
significant factor to be considered when designing these elements due to possible interactions with
contaminant components and condensation.

Furt'mrwmmmmﬁwmd. While
certdin molecules discharged into the exhaust system as a gas may exit as a gas, others\nay become

aerosols as they pass through the ventilation duct system and be discharged as particulates.

A.4.3.5 Accessibility and positioning

The |equipment (probe, airflow sensor, sampling nozzle) shall be easily “accessible, edpecially for
maintenance and service operations.

With| regards to the in-line system, the following is noted. In order te.position the probe (e.g., shrouded
probg or rake) in the exhaust duct, it shall be ensured that the airflow is well mixed in this place so that
a homogeneous volume activity can be obtained. The positioning of the probe in a bent pgrtion of the
exhaIEst duct (see Figure A.2) is to be avoided due to the size‘of the probe compared to the size of the
ductfand due to the disturbance of the resulting airflow,.However, this type of positioning, if carried
out dloser to the production or synthesis sites, has the advantage of allowing the rapid detection of an
unusjual discharge and of triggering an alert (warning\probe).

For the bypass systems, the main difficulties concern the positioning of the sampling pgint and the
repr¢sentativeness of the sample taken (the velume activity of the sample shall be similar to that of
the rpain stream). It is recommended to position the sampling point in a well-mixed flow in order to
use g sampling probe with a single nozzle(see Figure A.7). In order to position the sampling point at
a locption where the flow is homogeneous, the sampling point should not be too close to the outlet of
the duct, to limit the turbulence generated by the wind, nor too close to an element that car} disturb the
airflow (fan, elbow, duct junction):

Figure A.7 — Sampling probe with one nozzle

If the sampling is carried out in a non-homogeneous flow (for an existing facility), it is obviously
advisable to choose another sampling point. If this is not possible, it is recommended to implement
upstream devices to promote mixing or to perform an on-site test to demonstrate that the sample taken
does not result in an underestimation of activity.
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A.4.3.6 Effluent airflow rate

Knowledge of effluent flow is important in any final calculation of a release rate or total release. Knowing
the range of gaseous effluent velocities is also important for the design and control of the monitoring
(and sampling) system. Flow rates may change as processes increase or decrease, fans are turned on or
off for maintenance, doors are opened or closed, and heating/cooling systems are operated.

It is important to address the issue of airflow measurement because it directly impacts the estimate of
the activity discharged by the facility. Since the probe's measurement results are expressed in Bq-m-3,
the estimate of the total activity discharged is in fact based on the value of the volumetric airflow rate,
expressed in m3-h-1, considered during the measurement.
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The airflow to be measured is that in the ventilation at the level of the discharge measure
system. Thq sensor, located on the terminal part of the ventilation system, is often close tathe

of the installation and therefore exposed to daily and annual variations in temperature and-pres
Therefore, it is recommended to set up an airflow measurement system that is insensitive to
variations. For this type of measurements there are a multitude of technologies that)can be us
a well-mixef locations (thermal anemometer, Pitot tube). Devices such as airflow. sensor, elect
module and| user interface are associated with the probe (e.g. shrouded probe or rake) and can
influence the measurement results.
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A.4.4 Characteristics of the monitoring system
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n thresholdyallows to decide whether the physical effect quantified by the measura
ot. It is the value from which a value measured by the monitoring system is counted i
releases of the facility. The decision threshold should not be set too low to limit the nu
tiveés. It shall also not be too high to ensure that all releases from the facility are accoy
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cted with the applied meéasurement procedure. This allows for a decision on whethpr or
surement procedure.satisfies the requirements and is therefore suitable for the intended
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minimize false negatives. It could be the value of the minimum detectable activity d

f the

monitoring system. Usually the value of the decision threshold is a half the value of the detection limit.

It can be noted that the decision threshold and the detection limit quantifying the metrological
performance of the detection system depend on parameters such as the measurement time and
the ambient radiological background in which the detector is immersed. In order to obtain a good
metrological performance, the ambient radiological background shall be as low as possible and the
measurement time shall be as long as possible while still providing a reasonable response time that
allows the detection system to identify short-duration (e.g. puff, spike, or bolus) releases from the
facility.

Generally, the manufacturer provides users with values of the detection limit associated with different
values of measurement time for typical ambient radiological backgrounds. The operator can then make
a preliminary evaluation of the measurement time to be set in order to be able to comply with the
regulatory requirements related to released activities.
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The notion of measurement time is important, because the longer it is, the more it is possible to
measure low activity releases. The gaseous discharges are typically released in puffs (also called spikes
or boluses) of about 10 min (during the transfer of the contents of the target and during certain phases
of the synthesis, principally those in which the solution is heated). Therefore, the operator shall balance
the detection limit values, requiring long averaging times, with those of measuring actual puff releases
of short duration, requiring fast response. Also noteworthy is the fact that if the response time set
up is longer than the puff release duration, the peak of the measured activity concentration can be
underestimated even though the activity release over that period which is calculated by the integration
of measured activity concentrations over that same period is correct.

A.4.4.2 Saturation ofthe probe

The fount rate of the probe is limited by the dead time, which is related to the technplogy of the
probg, the materials that compose it and to the associated electronics. It corresponds-to the minimum
(incdmpressible) duration before another event can be detected (see Figure A.8).‘&)low dead time thus
makges it possible to detect a large number of events.

5
Key
1 1yecovery time
2 deadtime
3  time
4  qutput voltage
5 ipitial discharge (red line)
6 level of possible events after the initial discharge (orange and blue dashed lines)

Figure A.8 — Detection duration cycle of the y-radiation emitted in coincide11ce

Beyond the maximum count of the probe, some of the events can no longer be detected. This is called
saturation of the probe (e.g. a paralysable [GM tube] detector). Generally, the type of probe chosen shall
be adapted to this constraint. For low count rates, both a paralysable and non-paralysable detector
system give virtually the same result, but their behaviour is very different at higher count rates. The
count loss in a paralysable model is predicted to be much higher than in non-paralysable model. At
the extremely high count rates the paralysable detector, which in addition to saturating, gives results
falsely lower than the value actually measured[®ll, Therefore, it is recommended to adapt the geometry
of the probe in order to limit the phenomenon of saturation in case of a high activity concentration. A
second probe, shielded, should be placed near the main probe, to keep the count in case of saturation.
The first probe is thus dedicated to the measurement of low and medium activity concentrations, while
the second probe is dedicated to the measurement of larger activity concentrations.
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A.4.4.3 Detector calibration factor

A.4.4.3.1 The probe-specific calibration factor

The probe-specific calibration factor is determined by the manufacturer. One method of doing this is to
place the probe in a closed box with a known volume and activity of 18F together with an air stirrer. The
contents of the enclosure are suspended in the form of micro-droplets with a system of nebulization by
compressed air. Some manufacturers have also conducted on-site experiments to confirm the values
obtained by this method. The physicochemical characteristics of the calibration gas (18F, 11C, 13N, or
150) should be known and may include its chemical form, wall losses and materials not nebulized.
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Annex B
(informative)

Evaluating uncertainty of effluent measurement
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Description of real-time measurement systems

Il General Description
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unit for displaying and processing data

visualization of the real-time‘acquisition results of the activity concentration in the ventilation duct
graphic display
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archiving of average measurements
10 released|activity
11 line of sgmpling

12 sampling pump
Figure B.1 — Bypass measurement system

For a bypass system (see Figure B.1), the sample return may be either downstream of the sample
location or just as well upstream of the sample location. When the sample return is downstream,
the sampled stream exits the stack with the other non-sampled exhaust. It is important to place the
downstream return far enough downstream so as not to impact the sample location. While returning
the sampled stream upstream of the sample location, it may be possible that a portion of the sampled
stream be sampled a second time thereby adding to the overall emission calculation.

The second method consists of directly measuring in-line the activity concentration by means of
detector(s) placed around or inside the ventilation duct (see Figure B.2).
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8  graphic display

9  drchiving of average measurements
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Figure B.2 — In-line measurement system

In both cases, there is a unit for displaying and processing data comprising a visualization of the
real-time acquisition results of the activity concentration in the ventilation duct and the possibility
to restitute average activity concentrations over specified periods from the archived data. Figure B.3
illustrates the different displayed activity concentrations.
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B.2.2 Reall-time activity concentration

B.2.2.1 De¢finition of the model of evaluation

AtR:n.

The activity|concentration ¢; ata time~{y+i-At is given by

C.=cC -“CO

n

K

=3 0
0~ j=1- 0

And expresgiensof ¢

g

; and Cp,; are given in Table B.1

Figure B.3 — Illustration of the different displayed activity concentrations

(B.1)

(B.2)

Table B.1 — Expressions of the activity concentrations

‘

i and €,

Compensation
detector

Mode

g.i

CO,j

NO

Count rate

I,

P

gi’ W

(B.3)

(B.4)

Current

P

Ig,i W

(B.5)

(B.6)

NOTE

In the case of in-line measurement (see Figure B.2), the penetration, P, is 1.
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Table B.1 (continued)

ISO 16640:2021(E)

Compensation Mode C,; Co i
detector & J
(s =ras W (Fy i~ ;)W
Count rate gi "gedi (B.7) J0cd,j (B.8)
YES P p
Current (g, ~Tgcai )W (B.9) (fo,j ~lo.caj ) (B.10)
P P
NOTE Inthe case of in-line measurement (see Figure B.2), the penetration, P, is 1.
In ganeral 1, ;.10 ;)1 cd i To,cd,j Ig,irlo,j Igedi and Iy q ; are input data for processingalgorithm and
are Iot usually accessible to the user who only has pre-processed values of Co f and Fo,j At their
dispgsal.
B.2.2.2 Standard uncertainty
. . 2
Tabl¢ B.2 gives the expressions of u“(c;).
Table B.2 — Expressions of standard uiicertainty «? (c; )
Compensation Mode u? ( c )
detector !
2 2
u“(w) u“(P
Count rate _'Ci+“2 (CI- —0)+ ( )+ (P) .c2 (B.11)
-t w2 p2 I
G
YES or NO 5 5
[ -w u“(w) u=(P
Current &Ci+u2 (Ci—0)+{ ( )+ ( ):|~C-2 (B.12)
2 2 1
w P
NOTE  Usually the parameter Imin = Q;nin is given by the manufacturer of the ionization detector.
C
With{ according to Reference/{34]:
n. —1
¥ (c;=0)=s? | 165—2—— (B.13)
CO . _3
nco (nc )
and
1 ey —\2
Seq _\/n _1.21_:1(%'.—%) (B.14)
Co
under the condition that ng, is greater than 3.
B.2.2.3 Decision threshold and detection limit
The decision threshold is given by the expression
*
¢ =k, ,-u(c;=0) (B.15)
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then accord

NOTE 1

ing to (B.13)

n,

significant variation of ¢ .

The determination of ¢; according to Formula (B.1) implies to check periodically that there is not

(B.16)

NOTE2 The determination of the decision threshold c¢* according to Formula (B.16) implies to check
periodically that there is not significant variation of Sep -
Table B.3 giyes the expressions of the detection limit.
Table B.3 — Expressions of the detection limit c*
Compenkation Mode ct
detedtor
k.
2:c"+ w
pP-t,
Count rate > (B.17)
2 | WA (w) 2 (P)
1-k=*-
W2 P2
YES ot NO
2
2:¢’@ K i W
Current P (B.1§)
2 2 ’
u“ (w u“ (P
w2 p2
ith k=k,__|= d the condition k? {uz (W)+uz (P)—|<1
W1 =K_a” 1—ﬁ an e condition M/Z pZ | .
B.3 Determination of released-activity
B.3.1 Defjnition of the model of evaluation
The calculated released actiyity-A, over a duration Aty is given by
Ap =Atd qp -(chR —co):n-m‘At-qD~(chtR —co) (B-19)
With
PRI ol 7 €8.20)
07— £ j=1"0m,jm (B
&
and
= 1 n —
CgAtR _;.21&1 &m,im (B21)

NOTE 1 EgAtR is calculated from the sum of the time-stamped archived raw signals (number of pulses, amount

of electric charge) provided by a software interface. This sum is made over a specified time interval of
Aty =n'm-At duration which is equivalent to having a counting time of Aty or a minimum amount of current

registered by the measuring detector of I_;

36
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NOTE2  The determination of Ap according to Formula (B.19) implies to check periodically that there is not

significant variation of ¢, over time.

B.3.2 Standard uncertainty

The variance is given by

2 _ 20 2(. 2( Va2 2
u (AR )_(AtR .qD) '[u (CgAtR )+u (CO )j|+urel (qD )'AR (B.22)
Sincg-re-otherinformationisavailablerthe C_Om — \:'—1, e ] is-asstmed-te-besamplesfrom Gaussian
’ 0

distrjibutions with unknown expectations and variances. According to Reference [34]|th¢ arithmetic
means ¢, is the best estimate and the standard uncertainties associated with ¢, is

1/2
= ("7 %
t(c, |=| = —2  with n— >4 (B.23)
0 n—-3 n— &
CO (o
With)
R SR L
5%— ni_lzjzl(com,jm_co) (B.24)

‘o
and from (B.21)

? (g, )=iz'[2f=1“2 (G )} (B.25)

n

o~

It is [recalled that in the absence of the phenomenon to be measured (period B in Figufre B.3) it is
assumed that u? (c_m im):uz (C_Om im):s% then
: ’ 0
& - n—-1
2 (A =0)=(Atg -qp )*- %ﬂz (o) |=(Atg ap 52 1, @ (B.26)

C
o n n—-(n——B)
% \ %

o~

Tabl¢ B.4 gives the expressions of u? (4 ).

Table B.4 — Expressions of the variance of the released activity u? (4p)

Comjpensation Mode 2
u“(A
rgEtector (4g)
qp-w ) [ (w) w2 (P) u?(qy)] ,
Count rate —— A FU- (A =0JF + + AR (B.27)
P 2 p2 2
w ap
YES or NO 5 5 5
[ . -qn Aty -w u“(w) u“(P) u
Current M-AR+UZ(ARZO)+ ( )+ ( )+ (%) A% (B29)
P 2 p2 2
w qap
Qmin
NOTE1 InFormula (B.28) [, = .
Aty
NOTE2 u?(Ag =0) is given by (Formula B.26).
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B.3.3 Decision threshold and detection limit

The decision threshold is given by the expression

Ap =k, -u(Ag =0) (B.29)

Then according to Formula (B.26)

. 1 n% -1
AR —kl_a'AtR'qD'S%" ;+ﬁ (BBO)
u% \“% J}

NOTE The determination of the decision threshold, A;, according to Formula (B.30) implies, to theck

periodically fhat there is not significant variation of S—.
0

The detectign limit, Aﬁ is given in Table B.5.

Table B.5 — Expressions of A}

Compensation Mode A#
detector R
k2 .w-
2 Ay WD
Count rate (B.31)
2
. {uZ(wguZ(P) u (qn)}
YES or NO v P QIZJ
or
2
ZA*+k 'W'Imin'qD-AtR
R
Current 5 5 P > (B.32)
SO [ w) @ () i (ap)
W2 p2 ?
2 2(py u?
With| k=k,_,, :kl—ﬁ and the conditien k?- - (;/V)+u (2 )+ (ZD) <1.
w P an
NOTE: In (Formula B.32)N2 _Omin_
Atp

B.3.4 Limlits of the coverage interval

The limits of the €everage interval are provided when Ap > A; in such a way that the coverage intprval

contains the trye value of A; with a specified probability (1—7/) .

The lower limit, A3, and the upper limit, Az, of the coverage interval are provided by:

AJ=Ag—k . u(Ag) (B.33)

1Y
2
and

Ay =Ayvk yu(Ay) (B.34)
2
With u(Ag ) given in Table B.4.
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B.4 Application examples
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B.4.1 Description of the measurement equipment and its display and archiving
principles

This is an in-line measurement system (see Figure B.2), with a compensated measurement in count rate
mode. The parameters are given in Table B.6.

Table B.6 — Compensated measurement parameters in count rate mode inputs

Quantity Value Unit Relative standard
uneertainty
/o
a 3100 Bg-s'm3 10
1
q 0,2 m3-s1 10
a=pf 2,5 %
) 5 %
I':kl_a :k1—[3 :kl—y/z 1,96
a 18
F
B.4.2 Released activity characteristic limits and results

The

pross average activity concentrations ¢, jm which represent a background situati¢n are given

in Taple B.7. (gm jm is calculated from the archived data over a time interval m-At=1x3 60p=3 600 s.

Table B.7 — Mean gross activity concentrations representing a background situatipn inputs

© ISO

st %o m,jm st %o m,jm

in DD/MM/YYYY hh:mm: in Bq-m-3 in DD/MM/YYYY hh:mm in Bq-mf3
12/08/2017 02:00 6,47E+02 13/08/2017 02:00 3 44E+(2
12/08/2017 03:00 5,26E+02 13/08/2017 03:00 4,01E+(2
12/08/2017.04:00 1,39E+02 13/08/2017 04:00 5,01E+(2
12/08/2017 05:00 5,07E+02 13/08/2017 05:00 2,75E+(1
12/08/2017 06:00 4,15E+02 13/08/2017 06:00 3,14E+(2
12)08/2017 07:00 4,01E+02 13/08/2017 07:00 4,16E+(2
12/08/2017 08:00 1,74E+02 13/08/2017 08:00 3,52E+()2
12/08/2017 09:00 4,36E+02 13/08/2017 09:00 1,29E+()2
12/08/2017 10:00 4,55E+02 13/08/2017 10:00 4,59E+02
12/08/2017 11:00 4,47E+02 13/08/2017 11:00 2,45E+02
12/08/2017 12:00 5 41E+02 13/08/2017 12:00 4,39E+02
12/08/2017 13:00 5,79E+02 13/08/2017 13:00 3,27E+02
12/08/2017 14:00 7,34E+02 13/08/2017 14:00 2,30E+02
12/08/2017 15:00 5,02E+02 13/08/2017 15:00 5,16E+02
12/08/2017 16:00 3,98E+02 13/08/2017 16:00 2,96E+02
12/08/2017 17:00 4,46E+02 13/08/2017 17:00 3,01E+02
12/08/2017 18:00 3,34E+02 13/08/2017 18:00 2,34E+02
12/08/2017 19:00 4,51E+02 13/08/2017 19:00 4,95E+01

2021 - All rights reserved
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Table B.7 (continued)
tst Com’jm tSt cO m,jm
in DD/MM/YYYY hh:mm in Bq-m3 in DD/MM/YYYY hh:mm in Bg-m-3
12/08/2017 20:00 2,06E+02 13/08/2017 20:00 1,96E+02
12/08/2017 21:00 2,61E+02 13/08/2017 21:00 4,64E+02
12/08/2017 22:00 491E+01 13/08/2017 22:00 5,49E+02
12/08/2017 23:00 2,15E+01 13/08/2017 23:00 6,14E+02
13/08/2017 00:00 5,75E+02 14/08/2017 00:00 1,80E+02
13/08/2017 01:00 7,62E+02 1470872017 01:00 3,00E+01
a is calculated with n— =48 values of c_0 o
o m,jm
% At 86 400
Ag is calculpted with n= R - =
B m-At 3 600
%,A{;, Aﬁ hre given in Table B.8.
Table B.8 — Decision threshold, and detection limit'outputs
Quantity Value Unit Reference Formula
- 3,6E+02 Bg-:m3 (B.20)
o
A;; 1,5E+06 Bqd1 (B.29)
Al 3,3E+06 Bg-d1 (B.31)

The gross gverage activity concentrations EgAtR is calculated from the archived data over a|time
interval Aty =n-m-At=24x3 600=86 400 s, freni 15/08/2017 01:00 to 16/08/2017 00:00, by the yse of

a software ipterface and is given in Table B.9:

Ay, AR and| Ap are calculated from then = 24 values of c_g _and are also given in Table B.9.
m,l

Table B.9 — Released activity, lower and upper limits of the coverage interval outputs

Quantity Value Unit Reference Formulae
Z'gAtR 6,9E+02 Bg-m3 Extracted from archived data
A 5,7E+06 Bg-d (B.19)
A3 4,1E+06 Bq-d1 (B.33)
Ax 7,3E+06 Bg-d! (B.34)

Table B.9 shows that the A7 does not exceed the value of L1 given in B.4.2.
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Docy
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C.2

C.2.]
The
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Annex C
(informative)

Quality assurance

Introduction

mentation, maintenance, inspection and calibration are key components of ensuring t
mples.

Documentation

| General

Juality assurance program should assure that the activity coneentration detection sy

components are characterized and documented.

C.2.2

The

ident
ventj
air c
relea

C.2.3

The
e.g. §

P Source term

hature of the processes serving each stack should>be identified, including informatig
ity of the radionuclides as well as their chemieal'and physical forms. It includes ch:
lation system or changes to processes that might affect the airborne effluent disc
eaning systems associated with each stacki$hould be identified as well as the probalj
ses resulting from the possible failure of.these systems.

b Effluent flow characterization

results of studies to characterize the flow conditions of the effluents should be d
patial and temporal variatiohs in velocity across the stack or duct, determination

flow,

of th
facili

C.2.4

Docy
radid

gas mixing. In some cases; modelling may be used to supplement the characteristic{

measurements, individuals involved, equipment used, and any pertinent informatig
y operations.

condlEtions[5]'[6]'[52]. The deocumentation should include or list all procedures employed, tim

} Design.and construction

mentation that describes the objectives of each stack sampling system, and include
nuclides and their potential physical and chemical forms, should be available. If

he quality of

stem and its

n about the
inges to the
harged. The
le nature of

ocumented,
of cyclonic
of the flow
bs and dates
n regarding

5 or lists all
h particular

com}l)onent is present but not sampled, the reasons should be discussed.

The rationale and any supporting evidence for sampling at a particular location along the duct or stack
should be documented. Similarly, the rationale for sampling at a particular point(s) within (across)
the stack or duct should be documented. Documentation that explains the rationale for the design
of the sampling system should be available. This includes documentation regarding the choice of the
transport system, the material, diameter and configuration of the sampling lines, the choice of filters or
absorbers, the selection of flow meters.

Also, there should be a means for allowing verification that the installed sampling equipment is that
described in the documentation. This can be accomplished by identification marks on the installed
components. An evaluation of sample losses in the sampling lines should be documented. Other design
documents that should be maintained include engineering change control documents, equipment
manuals and vendor supplied information.
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Further to this, the key characteristics of the monitoring system should also be documented. This

should, as a

minimum, include:

the technical data of the detection system (e.g. CAM) - energy response, sensitivity, range, limit of

detection. The type test report for the detection system should also be available, and would detail

most of

the alar

these key characteristics;

m setup characteristics - levels, units, logging intervals, response time;

release calculation;

the properties of the archived data, how they are managed and how they can be post-processed for

The use

C.3 Main

C.3.1 Gen

The require

Routine malintenance may be performed as described in the manufacturer's equipment man

Non-routine
guidance pf
are absent.

Inspectiona
as partof in
The inspect
reasons for {
the equipmse
during sche
inspection ¢
once a year|
calibrations

C.3.2 Inspections

Inspections
possibly con

— positioy
conditid
dust acq

Ccorrosi

r manual and maintenance procedures.

tenance and inspection
eral
ments for maintenance and inspection depend upon the nature of the-sampling equipy]

maintenance should also be performed as indicated by the(tesults of inspections
ovided here can be used as appropriate, such as when mahufacturer recommenda

nent.
uals.

The
tions

nd maintenance activities should be described in progcedures. Checklists should be employed

spection protocols, and, after use, a checklist should,become a part of the inspection re
jon and maintenance records should include the nature of the inspection or mainten
he inspection or maintenance, names of the individuals involved, times and dates, ident|
nt employed, and a description of any replagéd parts or materials. All deficiencies idenf
duled and unscheduled inspections should be recorded. Recommended maintenancg
uidelines are given below. Regularly scheduled inspections should be performed at

possibly concurrent with calibrations. Ideally, the same individuals responsible fo
would also be responsible for the inspections.

should be performed, routinely, quarterly or annually as appropriate and practic
current with othermaintenance. Inspections should include but not be limited to:

and orientatighyof sampling nozzles or inlets;
n of nozzle\or inlet openings;
umulation in the sampling nozzles, inlets, and transport lines;

nyphysical damage or dust loading to the transport lines and equipment;

cord.
nnce,
ity of
ified

and
least
r the

able,

leakage

in the overall sample transport system;

tightness of all fittings and connections;
condition of flow sensors;

condition of temperature and pressure sensors;

the nominal value more than 10 %).

42

calibration of flow meters (the value of the flow rate determined by the test should not deviate from
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C.3.3 Sampling system flow meter inspections

Mass flow meters should be checked at least annually with a secondary or transfer standard, where a
transfer standard is typically a calibrated mass flow meter placed in series with the unit to be tested.
Unscheduled calibrations may be needed if any maintenance to the sampling system has been conducted
that could affect the performance of the flow meter. The flow rate at which the mass flow meter is
checked should be at a level that is within +25 % of the nominal design sampling rate of the system. If
the flow rate, g4, of the flow meter being tested differs by more than 10 % from the value indicated by

a secondary standard, the flow meter should be removed from service for maintenance and calibration.
Rotameters may not need to be checked in the field with secondary standards unless any maintenance

orc

anges have been made to the sampling system that could affect their accuracy. A rota

neter should

be i1
depo
be re

C.3.

Ona
throt
stach
whet|
of th
read
be wi

anenpometer, the velocity determined from use of the reference pitot tube, v, should be conj

temp
throt

The
sens

If the
rang
a sen

If th
funct
a sim

If an
shou
velod

spected at the start of each sampling interval for assurance that no foreign matt
sited on inside surfaces in the measurement tube. If foreign matter is visible, theotan
moved from service, cleaned, and re-calibrated.

. Continuous effluent flow measurement apparatus

n annual basis, response checks should be made of the flow rate readings from in-stac
igh use of a reference Prandtl-type pitot tube. If a thermal anemorheter or pitot tube i
[ or duct, the reference pitot tube should be placed in the vicinity of the in-stack devi
e, based on previous measurements (see Annex E), the velocjtyreading is either the s
b in-stack device or a known correction factor can be applied‘to provide a ratio of the
ngs. If the in-stack sensor is a pitot tube, the velocities calculated from use of the two t
ithin £10 % (after taking into account any correctipn.factors). If the in-stack sensor

erature, Tand T4, and pressure, p and p4, to the:€quivalent velocity at standard cond
igh use of:

T,

std P

T Pstq

std =V

er has been
heter should

K equipment
5 used in the
e at a point
ame as that
two velocity
ubes should
is a thermal
erted using

1tions, vstd ,

(€.1)

ratio of the velocity at standard conditions indicated by the in-stack sensor and the reference

br should be within +10 %.

velocity value from eitheran in-stack pitot tube or thermal anemometer is outside of t
e, the cause of the difference should be determined. The device may need to be recalibr]
sor requires maintenance that could affect the calibration, the device should be recalil

e flow sensor s @ pitot tube, response checks should be made at least quarterly t
ionality of afiy-pressure gauges used in conjunction with the pitot tube readout. This c
ple test to. show the application of a pressure differential causes an appropriate output

acoustic flow meter is used as the in-stack equipment, at least quarterly perform
|ld_be made by comparing the average velocity determined with the acoustic flow 1

he specified
ated. Also, if
brated.

p verify the
heck may be
bf the gauge.

hnce checks
neter to the
e Reference

ity/at a reference point determined with a Prandtl-type pitot-static tube. Based on th

method measurements (see Annex E) taken during calibration of the acoustic flow meter, a ratio can
be established between the average velocity and the velocity at the selected reference point. The
velocity measured with the acoustic flow meter should agree within £10 % of the single point pitot tube
measurement when the latter is corrected with the velocity ratio.

C.4 Calibration verification

C.4.1 General

Measurement and test equipment should be calibrated using standards whose calibration is traceable
to the governing national institute of standards and measurements or derived from accepted values
of natural physical constants. The principal calibration activities on a sampling system involve the
verification of sample flow rate, sampling time, and effluent flow rate. The suggested calibration
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