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Foreword

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

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed fof]
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention i
patent righ
any patent
on the ISO

Any trade
constitute

5 drawn to the possibility that some of the elements of this document may be the subjec
ts. ISO shall not be held responsible for identifying any or all such paténtrights. Detail
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

For an explanation on the voluntary nature of standards, the . meaning of ISO specific terms

expression
World Trad
URL: www

s related to conformity assessment, as well as information about ISO's adherence to
e Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the follow
Liso.org/iso/foreword.html.

This docur
and radiold

A list of all

Any feedbs
complete i

gical protection, Subcommittee SC 2, Radiological protection.
parts in the ISO 16659 series can bexfound on the ISO website.

ck or questions on this document should be directed to the user’s national standards bod
sting of these bodies can be found at www.iso.org/members.html.

are
the
the

t of
s of
| /or

not

And
the
fing

hent was prepared by Technical CommitteedSO/TC 85, Nuclear energy, nuclear technologies,

y. A

© IS0 2022 - All rights reserved


https://www.iso.org/directives
https://www.iso.org/patents
https://www.iso.org/iso/foreword.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=95388e12a9df9ec5300cb303c9c2da82

ISO 16659-1:2022(E)

Introduction

In nuclear facilities, iodine traps are usually used on ventilation systems to limit radioactive iodine
effluent releases into the environment, to reduce iodine concentration in the air of facilities by recycling
or to prevent radioactive iodine from entering into protected areas (such as control room for example).
Some examples of the iodine trapping systems are shown in Annex B. The knowledge or the warranty of
the capacity of these devices to trap iodine could be necessary, particularly when they are valued in the
safety demonstration.

The IAEA recommends in the Safety Guide SSG-53[21] to test periodically the efficiency of
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mmendation is transcribed in some national rules by requirements about testing the '€
ation or scrubbing devices of facilities’ ventilation systems but, no international stapdar
methods to be used for testing them in situ. ISO 17873 and ISO 26802 recommend perid
r their installation as well. Some design recommendations may also be found'if nationa
ASTM standard(8]).

5 document is the general part of a set of standards on the different current methods
cribes common provisions to use to test in situ the iodine trap sertibbing efficiency of

of this iodine trap, requirements about workers protectionsf{and requirements for e
Lection to take into account during these tests. Specific methods will be presented in th
s of [SO 16659, using radioactive nuclides (e.g. 131ICH; in‘order to determine the filters e
s such as cyclohexane in order to perform integrity tests).

finement systems used to limit gaseous radioactive effluents releases into the envirenment. This

fficiency of
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ems of nuclear facilities. These provisions deal with the methedssed according to the expected

vironment
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Scope

scope of ISO 16659 series is to provide different test methods aiming at-assessing thg
hdioactive iodine traps in ventilation systems of nuclear facilities. The ISO 16659 series
ne traps containing a solid sorbent — mainly activated and impregnated charcoal, the mo
 iodine sorbents used in the ventilation systems of nuclear facilitiesy— as well as other s
Cial conditions (e.g. high temperature zeolites).

scope of this document is to provide general and common requirements for the dif
hods for industrial nuclear facilities. The different methdds+will be described in other sp
b0 16659 series. Nuclear medicine applications are excluded from the scope of ISO 16659

also be trapped together with iodine. In such &gase, some specificity may have to be ¢

be other radioactive gases in specific parts of ISO 16659 series.

5 document describes the main general requirements in order to check in situ the effici

Normative references

following documents aré veferred to in the text in such a way that some or all of th
stitutes requirements of this document. For dated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

Termsand definitions

theputposes of this document, the following terms and definitions apply.

ISO

ne traps, according to test conditions,that are proposed to be as reproducible as possibld.

efficiency
deals with
st common
brbents for

ferent test
bcific parts
series.

rinciple, ISO 16659 series is used mainly for filterifig radioactive iodine, but other radioactive gases

dapted for

bncy of the

Pir content
pplies. For
[s) applies.

2889:2021, Sampling airborne radioactive materials from the stacks and ducts of nuclear fqcilities

dresses:

31

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

IEC Electropedia: available at https://www.electropedia.org/

activated and impregnated charcoal
carbon fiber filter

charcoal or carbon fiber filters often obtained from biomass or synthetic fiber precursors and for which
its specific surface is drastically increased by physical or chemical activation during a high temperature
thermal treatment

Note 1 to entry: Its specific surface area is so high and so its adsorption capacity, that it is largely used in iodine
trap in nuclear installations or mask for workers.
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Note 2 to entry: The activated charcoal can be impregnated with potassium iodide (KI) and/or triethylenediamine
(TEDA) to enhance the decontamination factor by increasing respectively isotopic exchange and chemical
adsorption.

Note 3 to entry: Activated carbon fiber filter are also used for nuclear applications for iodine trap in nuclear
installations or mask for workers; their principle is to use microporous trapping phenomena (increasing the
specific surface area) instead of macro-porous trapping phenomena in conventional charcoal filters.

3.2
adsorption
surface phenomenon that results in the increase of the density of an adsorbate, a substance that is

adsorbed (|
different p

Note 1 to enftry: It differs from absorption, in which a fluid (the absorbate) is dissolved by or permeatesjaliqu

solid (the alj

Note 2 to enftry: Charcoal, argil or zeolite are good adsorbent due to their crystalline structute,

3.3
chemical §

chemisorption

adsorption
surface of {

Note 1 to entry: This irreversible phenomenon leads to a deep modificatien of the repartition of the electr

charges of t

3.4

contact tie

gas flow tr

Note 1 to e
meter per {
metres per

3.5
decontam
fo
measure o
expressed
speciesin |

Decontamination facterf}, is expressed using the following formula:

fo=4/a

where A an

i H 1 ] £ 1s A | - 1 A | L) o L3 3 i £
ALUIILS, TUILIS Ul ITIUITCTUITS 1T UL Ad 561), ll\.iulu Ul UIoSoUIveUu DUIIUJ, UUCT LU ITAAUIUIT LU d Ssul1adc

hysical (physisorption) or chemical (chemisorption) processes with different energies

sorbent), respectively. Absorption is a volume phenomenon.

jdsorption

(3.2) resulting from a surface chemical reaction between the, adsorbate and the impregng
he sorbent with formation of a chemical bond

he adsorbed molecules, the forces are similar to the chemical'bond.

hnsit time through sorbent layer (or sorbentthed)

htry: Contact time, 7, is expressed using the ratio: sorbent thickness (in metres)/frontal speec
econd) or using the ratio: sorbent voluine (in cubic meter)/flow rate throw the sorbent (in c
econd).

ination factor

the efficiency achieved by a filter and corresponding to the ratio of activity, 4, of the spe
in Bq at the inlet of-the filter (or concentration of tracer, C, and the activity off

y u stream)
Bg, a, (or concentration of tracer, Cy . nstream) at the outlet of th

e filter

=C

upstream/Cdownstream

diayare the activity upstream and downstream and C, and Cy,ynstream are the con

e by

d or

ted

pnic

(in
ubic

ies,
the

Cen-

pstream

tration upstreanT amd toOWIStrean, the f; being greater tiram 1

Note 1 to entry: The decontamination factor is related to efficiency, E, and penetration, P, by the following

relation:

Jo

1 1

TI-E P

Note 2 to entry: The decontamination factor considers both the intrinsic quality of the sorbent and leaks of the
in situ complete integrated device (internal, due to mounting, by-pass, etc.).

Note 3 to entry: The notion of decontamination factor applies particularly to tests with radioactive tracer gas.
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3.6

desorption

inverse phenomenon of the physical adsorption (3.2) due to physical or chemical modification of the
sorbent (increase of temperature, decrease of pressure, etc.)

3.7

efficiency

E

ratio of the quantity of species (particles or gas) retained by the filter to the quantity entering it

Note 1 to entry: Efficiency is always less than or equal to 1.

3.8
frontal speed
spepd of gaseous radioactive wastes through sorbent bed layer

3.9
hygrometric and thermal equilibrium
confditions for which hygrometric or thermal parameters of the air flow containing water vappr crossing
the|sorbent start to reach asymptotic value downstream the sorbent such as it can be consjdered that
thelsorbent and air flow are in equilibrium

3.1
integrity test
in ditu test indicating whether the filter or material is performing as designed, such as [to identify
potential non-filtered leaks

sorbent intended for trapping radioiodine in gaseous radioactive effluent, usually based of activated
impregnated charcoal, silver impregnatedizeolite or silver nitrite impregnated catalytic|devices

devjice intended to trap radioiodine-in gaseous radioactive effluents by using a solid soibent in an

EXAMPLE An atom of iodine 131 in a CHzl molecule in a gas form exchanges its position with a gtable iodine

volume flow rate specified by the user which pass through the iodine trap (3.12) during the 11est

Note 1 to entry: This flow rate may be different from the flow rate specified by the manufacturer.

3.15

penetration

P

ratio of the quantity of species (particles or gas) penetrating the filter to the quantity entering it

Note 1 to entry: Penetration is always less than or equal to 1.

3.16

physical adsorption

physisorption

adsorption (3.2) with low energy of adhesion (e.g. Van der Waals) and reversible phenomenon

©1S0 2022 - All rights reserved 3
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3.17

sorbent thickness
thickness of the sorbent layer

3.18

sorbent volume
quantity of solid sorbent present in the iodine trap (3.12)

3.19

specific surface area of the sorbent
total surface area (exchange surface) of the sorbent, expressed in square meter per a mass unity (in g)

Note 1 to eltry: This parameter can be calculated from the surface area of a monolayer of an adsorbed p1

molecule (a

Note 2 to 4
accessibility

Note 3 to en
Teller (BET
IS0 9277.

3.20
tracer gas
gas used in

3.21
zeolite
crystalline
adsorbents

Isorbate) at standard temperature and pressure (STP) and normalized per mass unit of serbent.

ntry: The specific surface area of the sorbent defines the surface available for-adsorption
r to adsorption sites.

try: The most widely used method for determining specific surface area is the)Brunauer, Emmett
method. The determination of the specific surface area according to the/BET method is defing

test

aluminosilicate minerals that form microporousframeworks, commonly used as commer
and catalysts

Note 1 to enftry: These are commonly referred to as molecular sieves.

4 Trapj

4.1 Typ

ping phenomena and influencing factors

b of iodine to be filteredsin'nuclear facilities

Radioactiv|
as well as i
can be pro|
isotope ca
fuel reprog

e iodine is a fission product representing a serious radiological impact due to its radiotoxi

uced from fissieh.reactions occurring within the fuel matrix of nuclear reactors. The
also be produced from fission process, and may be released by other nuclear facilities
essing plants/isotope production facilities).

:Es affinity toward the_thyroid gland. Different isotopes of iodine (mainly 1311, 1321, 133], 1

Isotope 13

obe
and

and
d in

cial

Ccity
351)
129]

e.g.

[ with ashalf-life of about 8 days is the main contributor to iodine radiological consequences

to the envifonmeit for nuclear power plants (NPPs). Isotopes with long half-lives such as 12°1 (half
about 1,6x[L07 years) could be released by spent fuel reprocessing facilities. Finally, beta minus

ife
B-)

decay iodihessotopes 1297 131y 132] 1337 134] 135] and heta plus (R+) decay iodine isotopes 123]
125], 126 with half-lives of less than 2 months could be produced or released by laboratories or isotope
production facilities.

241’

Radioactive iodine can be released in gaseous or particle form (in most cases, iodine aerosol volatile
particles could represent up to 95 % of quantity of iodine forms, but this depends on the iodine
chemistry with regards to its environment inside the process or inside buildings). In this last case, these
iodine aerosol particles are filtered by high efficiency particulate filter (HEPA) whose test method is
not considered by this document. This document focuses on the trapping of volatile iodine compounds,

represente

d commonly by molecular iodine (I,) and methyl iodide (CH;I).
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4.2 Trapping phenomena

The trapping phenomena within the iodine filters are of primary importance for the in situ efficiency
tests of the different radioactive products passing through the filters. For radioactive iodine, the
removal efficiency results from the balance between different mechanisms for the iodine retention
within the sorbent stage. These mechanisms are mainly physical, chemical phenomena, or isotopic
exchanges depending on the impregnating molecules. It is worth recalling that nuclear grade activated
carbons are generally co-impregnated with both potassium iodide (KI) and triethylenediamine (TEDA)
molecules (e.g. 1 % mass fraction of KI and content lower than 5 % mass fraction for TEDA). The
adsorption capacity of this type of activated carbons is considered in the range of about 1 g or a few

grams of totaliodine per l(g of adsorbent (Fnr an pvppr‘fnr‘] filter nffiripnr3r of 2about 99 0/,\)

Thg main factors influencing the trapping efficiency are

a) [the parameters related to the adsorbent, i.e. nature of the raw material, impregnatioh type and
content, preparation method, granular size, bed depth, and

b) |parameters specific to the gas conditioning: temperature, relative humidity, inhibitors, gas velocity
described hereafter.

Sonpe other factors influencing trapping efficiency are specific to thé-testing methods; these will be
spefified in those methods.

Thrjee main phenomena are associated with the trapping of radioactive iodine:
— |physisorption or physical adsorption;

— |chemisorption or chemical adsorption;

— |isotopic exchange.

NOTE Desorption can occur, because physisorption and isotopic exchange are reversible phenorhena.
The relative quantification of these phenomena depends on several parameters:
— |characteristics of iodine to be removed (organic, inorganic);

— |nature of the adsorbent-uised (e.g. activated carbon, zeolite) and its characteristi¢s (sorbent
thickness, sorbent volume;’specific surface area of the sorbent);

— |chemical additive used to improve the performance and the stability of trapping;
— |gas conditioning-parameters (e.g. temperature, relative humidity).

In the following;a brief description of the main mechanisms of iodine retention is presentged. Then, a
smgll reviewabout some influencing parameters towards the capture of iodine species is digcussed.

4.3| dodine trapping mechanisms inside porous filters

4.3.1 Physical adsorption

The physical adsorption or physisorption involves very weak interaction energy, such as Van der Waals
forces. These forces are sensitive to the distance between the adsorbent and the adsorbed molecule,
also known as “adsorbate”. Physisorption interaction occurs without modification of the molecular
structure of the adsorbent and is totally reversible. The desorption may occur by a simple changing of
gas conditioning process (temperature increase, pressure decrease, replacing the iodine flow with an
inert gas...).

In addition, physisorption depends mainly on the accessibility of the adsorbate to the adsorption sites
(pores). This is governed by the relative size of the adsorbate molecule to the pore size distribution of
the sorbent used. Hence, this mechanism is not specific to iodine species.

© IS0 2022 - All rights reserved 5
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4.3.2 Chemisorption

In contrast with physisorption, the chemisorption results from a chemical reaction with formation
of chemical bonds between the molecules of adsorbate and adsorbent. Consequently, the involved
energy is much stronger, and the associated process is much less reversible and can be in some cases
irreversible. This phenomenon improves also the specificity of the trapping of iodine species, which is
of great interest especially when considering the real application conditions.

This type of reactivity is widely used for the industrially implemented sorbents for iodine removal in
the nuclear context. Depending on the desired application, different chemical additives can be used:

a) Silver-[oaded adsorbents.
Owing to the well-known affinity of silver for iodine species, silver-loaded sorbents could beapplied
in specific|circumstances. This interest in the use of silver arises from its high reactivity,with iodine,
leading to the formation of thermal stable and insoluble Agl precipitates within the internal porosity.

NOTE The total chemisorption capability of a catalytic support impregnated with sily€p nitrate is ardqund

120-140 mg|per adsorbent gram for total iodine.

b) TEDA-|mpregnated activated carbons.

sed
eis
een

As outlined before, TEDA impregnation is commonly used for the nuclear grade activate carbons y
for the cleaning of ventilation circuits within nuclear reactors of facilities. The use of this molecu
explained by its ability to retain methyl iodide through SN, nucleophitic substitution reaction, as

in Figure 1

/- CIH3 \ I
N+
N AN
oif, ¢y CH,
APY(e reumm— R

CH, CH, .
2\ / g CHz \N// ’
N N I

- CH,

Figure 1 — €hemisorption for methyl iodine with TEDA

TEDA impilegnation is necessary in order to improve the adsorption performances of activated carfons

towards C}

4.3.3 Isd

In the read

151 especially-inder humid conditions.

topic exchange

differ fromn

ultimate compounds. Only the exchange takes place between isotopes. This means

tionof isotopic exchange, the elementary composition of the beginning compound does

not

that

radioactive methyl iodide in the airstream fluid is replaced by a non-radioactive methyl iodide in the
same airstream fluid.

The K'27] impregnated sorbents traps organic iodine (CH;131I) by isotopic exchange:

K127](on sorbent) + CH;131Igas & K131](on sorbent) + CH;1271

NOTE The total capacity of adsorption iodine of radioactive carbons impregnated with potassium iodide is
the order of magnitude of 1 g/kg of adsorbent.
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4.3.4 Desorption

This natural phenomenon is associated with the physical adsorption phenomenon. Chemical sorption
and isotopic exchanges reduce the risks of desorption. The use of an impregnate makes it possible to
shift the balance and limit the phenomena of desorption.

The lower the boiling point, the more important the desorption phenomena is. In particular, the
desorption of CH3I was observed (boiling point of 42,5 °C) at higher levels than those of I, (boiling point
of 184 °C).

This parameter, relating to the quantification and kinetics of releases from an installation, would
reqfiire additional research before characterizing it in detail In this document.

4.4 Parameters influencing the performance of iodine traps

4.4{1 Initial conditioning and equilibrium conditions

Tenperature is an important parameter although its influence is often corrélated with other parameters

such as relative humidity.

Relative humidity is one of the more important parameters for the retention of iodine species since
the|filled pores with the condensed water are not available forthe’adsorption of the incoming iodine
molecules. It is worth mentioning that the water quantity adsetbed by the material is a function of both
tenperature and the relative humidity. In this respect, the test temperature shall be specifigd.

s network
I wants to

The material present in the iodine trap, even before being put in place, stores in its poro
residues from its manufacture, volatile organic comipounds (VOC), etc. If the installatiol
con

itis
Con
and
The

NO'
4 h
flow

4.4

The
maft
rete
test

Ac

pare the tendency of the efficiency of their filters-during years, or between each ventilati

sequently, an initial conditioning is then performed. This conditioning aims to reach a h
thermal equilibrium between the testéd material and the air flow composition used f
conditioning time of the iodine trap:shall be specified and be at least 16 h.

E It is worth noting that investigations about the effect of conditioning have showed that g

p to 5 h seems to be sufficient to reach the equilibrium between the tested activated carbons
containing water vapor (90.%:at 20 °C).

2 Initial tracer gasconcentration and composition

concentration ofstracer gas plays an important role in the retention of iodine withi
erial. It is one‘ofithe parameters that govern adsorption at the pore level. Articles show

an iodin€trap with similar concentration of iodine.

bmpromise should be obtained when fixing the initial amount of radioactive iodine

amy

nsystems,

therefore necessary to test them in the same'state of cleanliness and saturation with water vapour.

ygrometric
br the test.

duration of
and the air

h a porous
that iodine

ntion is lowet at very low concentrations than at higher concentrations. It is therefore important to

The ideal

DunDL of tracer gas should be levels that are easﬂy measured (far enough from the dete

Ction limit)
= operator's

knowledge about the 10d1ne trap and its supposed eff1c1ency The specific protocol for trapping the
iodine requires the accurate specification of the activity and isotopic ratio of the tracer gas. The activity

and

4.4.

isotopic ratio of the tracer gas shall be specified.

3 Effect of relative humidity (hygrometry)

Relative humidity plays a critical role in the effectiveness of a trap and the decontamination factor. It
conditions the final decontamination factor of the filter. The relative humidity shall be measured to
ensure that the quantity of water on the trap and in the air are approximately in equilibrium.
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The measured decontamination factor corresponds to a given relative humidity, the mean value of
which during the test shall be specified.

NOTE An extrapolation carried out from the curves giving the decontamination factor of an adsorbent
as a function of the relative humidity can only be very approximated. In addition, an in situ measurement of
the decontamination factor takes into account all the leaks which most of the time makes this extrapolation
hazardous except when the leak rate is low.

4.4.4 Influence of contact time between air and the sorbent (air velocity)

The adsorption is not an instantaneous phenomenon. It is then necessary to ensure a sufficient contact
time (versyis frontal speed) between the adsorbent and the air to be purified. The minimum cenfact
time of thq air to be purified shall be specified and quantified, obtained by knowing the nomifalyiser
flow rate and the thickness of the iodine trap. The thickness of the activated carbon iodinedraps shall
be known [in order to determine the contact time of the fluid on the filter. It should be ensured that
the ventilation flow rate in the duct during the test corresponds to the nominal conditions of use of
the ventilation circuit with regards to air velocity (see ISO 10780). As this parameéter is sensitivg, it
shall be defermined with its uncertainties and the values be mentioned in the test performance report
including its uncertainties.

4.4.5 Ageing of the iodine traps

Activated ¢harcoals can be modified over time due to ageing effects, which induce the decrease of their
effectivendss. Two types of ageing are to be considered:

— static pgeing of carbon which could be due to oxidation*Static ageing can be slowed dowr by
appropriate storage conditions (sealed envelope);

— dynanlic ageing affecting iodine traps in service onaicontinuous or intermittent basis. Poisonitﬁ of
charcdal resulting from the adsorption of inhibitors’present in the air (solvent vapours, oil vapoprs,
SO,, NO,...):

— pdinting work or change of insulation@re operations to be monitored more particularly;

— prplonged contact of activated carbon with humid air can contribute to the degradation of its
effectiveness.

For installations with impregnateld catalytic supports and continuous generation of iodine (examples
of fuel reprocessing installations),‘ageing can be identified by the increase in the iodine load on these
supports.

4.4.6 Influence of graii size and density

Range of granulatedy/crushed grains sizes and bulk density of the sorbent are important parameterg for
gas trapping, thefiner the grain size, the higher the trapping efficiency, but also the higher the presqure
drope of tk1e filters is. ISO 18417 provides elements for quantifying these elements.

5 Main principles of test methods of iodine traps

5.1 Method principle

Test methods for iodine traps are usually based on the injection of a gaseous tracer in ventilation ducts
upstream of the iodine trap, then measuring (collecting or direct measure) the concentration of the
tracer upstream and downstream of the iodine trap (see Figure 2) from sampling in ventilation ducts.
The decontamination factor for this gas tracer is calculated and compared to preset criteria.
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The decontamination factor f} is expressed using the formula:

szCup/Cdown

where €, and Cy,,, are the concentration upstream and downstream.

: ’
7 <

Key]
1 [iodine trap to be tested
2 |ventilation duct
3 |air flow
4 |generation of gaseous tracer
5 |injection of gaseous tracer
6 |upstream direct measure of tracer in duct or sampling-of tracer for collection on a test trap (direct or post

measure)
7 |downstream direct measure of tracer in duct or@ampling of tracer for collection on a test trap (djrect or post

measure)

Figure 2 — Géneral principle for the test methods

The sampling lines shall be designed to capture the gas tracers compatible to the expected efficiency of
theflfilter to be tested.
Thetest method shall bedmplementable in situ (adapted and adaptable to the tested ventilatipn system).
Thif document do€s not define a minimum expected decontamination factor, this| minimum
decpntamination €actor shall be defined by nuclear operator, in relation with the selected method
am¢ng the methods defined in the other methods of the series.
HERA filterssare usually implemented upstream of iodine filters, and sometimes downstream of iodine
filtgrs. The-iodine filters test methods shall be such as the location of the HEPA filters has np influence
on thé-need for representative and qualitative sampling upstream/downstream of the ioding filter.

The capacity range (e.g. efficiency or leakages) of each method should be written in every standard of

the

5.2

series.

Main considerations

In order to perform adequately the test methods, the following shall be considered for ensuring the
homogeneity of the airstream at injection and sampling locations, in consistency with ISO 2889:2021,
Clauses 6 and 7:

— the injection point of the tracer gas shall be selected such as to allow a representative sampling or

©IS

direct measure in duct upstream the iodine trap filter;

02022 - All rights reserved


https://standardsiso.com/api/?name=95388e12a9df9ec5300cb303c9c2da82

ISO 16659-1:2022(E)

— thelocation of the direct measure in the duct or the sampling lines upstream and downstream of the
filter shall be selected in order to ensure an adequate homogeneity of the air stream;

— the sampling system shall be designed to reduce losses of tracer gas such as to quantify the

uncert

ainties induced by these losses.

— the assessment of the uncertainties introduced by the methods (see ISO/IEC Guide 98-3), the
sampling points locations, the sampling system itself, and the equipment used for the test shall be
performed according to the relevant part of ISO 16659 series.

NOTE I

n the application of [SO 2889, the requirements related to aerosol particles do not apply here.

Specific adliitional criteria can be added in the ISO 16659 series standards depending on the influg

that the md

Moreover,
of the publ
ISO 16659

5.3 Chot

The metho
the efficiern

tthods may have on the results.

nce

the safety of workers (performing the tests or the other workers of the facility), memlbers

ic and the environment shall be considered via adequate provisions, detailed;in each paf
Series.

ce of the tracer gas, choice of the method

d shall be selected with regards to the objective of the efficiency test itself (e.g. measu

t of

[ing

cy in order to compare it with the safety case, or to compare the results with other resiits,

or to demg@nstrate the results according to a user criterion). In order to compare several tests,

reproducih

The tracer

ility of the method has to be acquired.

informatio

the

gas (radioactive or non-radioactive gas) shall be Selected in order to provide adeqyate

for the methods in terms of efficiency resultsyas well as the constraints imposed by

the

layout of the facility or the security of the personnel. The tracer selection shall be made accordipgly
with the tfapping phenomena that are important for.the specific test methods and with the diffe

national r

A stable co
be establis

The tracer
where the
the efficien

The losses

6 Gene

6.1 Gen

ulations.

relation between the tracer gas and‘the radioactive iodine forms of the nuclear facility s
hed in order to demonstrate the iodine filter efficiency.

shall be measurable and quantifiable above the background concentration level in the r

cy of the trap is requested:

of the selected gasd€racer during the test shall be assessed.

ral requirements for the iodine trap to be tested

bral

om
test is performed or in oneof the sampled ducts for the situations and conditions for wTﬂch

fent

hall

lodine trap

s‘egvered by this document are made with solid sorbent (e.g. charcoal, carbon fibres, zeoljte),

which has usually been processed using specific methods regarding impregnation with compounds
(e.g.KI, TEDA...).

This sorbent is packed in a casing connected to the ducts of the ventilation system.

The performances of the iodine trap under the facility conditions should be estimated:

the trapping phenomena and the influencing factors;

safety

10

in-vitro qualified efficiency, or previous results performances;

or user criterion to be achieved.

main characteristics of the iodine filter (e.g. impregnated charcoal or zeolite or carbon fibers) versus

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=95388e12a9df9ec5300cb303c9c2da82

ISO 16659-1:2022(E)

Beside this, the technical data listed in the corresponding ventilation system and iodine
sheets shall be considered, using, when available, the datasheets of the filters’ vendors.

6.2 Characteristics of iodine trapping medium

filter data

The trapping medium of the on-site iodine traps shall be representative (contact time, apparent
density) of the active carbon samples already tested in the laboratory, for which the conditions shall be

representative of those of the installed iodine trap on site. The quality of media sample is pr
according to ISO 18417.

e-qualified

elaases of the

The

implementation of the media inside the iodine trap shall be such that any bypass-or |

affdct the global media filtration efficiency.

Imp
imp

regnates such as KI (for isotopic exchange) and TEDA (for chemical sorption) are usual
roving the performances of the iodine traps.

Thd
ove

mechanical behaviour of the media such as charcoal is generally seleeted such as it does 1
I time with regards to aerodynamic (delta P) and efficiency performances.

Iodine traps made with zeolite are characterized in terms of chémical content, and porous si

6.3| Characteristics of the iodine trap housing

The

byp
hou|

implementation of the iodine trap housing insidé’the ventilation network shall be su
ass or leak cannot affect the global iodine trap.filtration efficiency, in particular with
sing leaktightness and charcoal tamping.

7 |General requirements for the facility in which the iodine trap is tested|
7.1 General
Ventilation systems of nucleat~facilities are equipped with iodine traps having specific

reproducible tests. Tests shall be performed in conditions that are the most representative o

bak cannot

ly used for

otdegrade

ZES.

h that any
regards to

functional
operation
baters) can

mented to

Fhe facility,

Pr to allow

faccidental

conditions. The influencing parameters important for the planned test method shall be controlled.

Examples of general layout of the iodine filtration systems is indicated in Annex B.

7.2 Preliminary requirements

Before any injection, check that the ventilation circuit is in a test configuration such that no risk is
induced by the test and that the activity involved is compatible with authorized discharge limits.
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7.3 Conditioning of the ventilation system

As the efficiency of the iodine trap is greatly due to the relative humidity of the air, the conditioning of
the ventilation system to achieve hygrometric equilibrium of the trap is important. Nevertheless, if the
aim of the test is simply a leak test, the achievement of hygrometric equilibrium is not necessary. On
the other hand, for a test to characterize efficiency, it is possible to perform the test even if hygrometric
equilibrium is not reached, but comparison between periodic tests loses its pertinence. Finally,
depending on the aim and depending on the method, the conditioning of the ventilation system can
vary.

The relative humidity of the air in the ventilation system can be either controlled (generally by a thermal
contributign making it possible to bring the relative humidity below a given threshold) or uncontrolled.
In both casfes, it is recommended that the circuit under test be put into service (in particular for-heatgrs)
under nomfinal operating conditions for a sufficient period before injecting the tracer gas. Inthis wqy:

— in an |nstallation with controlled relative humidity, the adsorbent of the trap, isyin a statg of
equilihrium with respect to the humidity of the incident air, corresponding to@.value below|the
fixed threshold;

— inaninstallation with uncontrolled relative humidity and if the relative humidity does not undg¢rgo
signififant variations during the conditioning period, the sorbent of the\trap is in the equilibrjum
state cprresponding to the relative humidity of the air going through the sorbent.

The compdrison of the dew temperature measurements (or of the témperatures making it possible to
know then), upstream and downstream of the trap, gives the indication of the hygrometric equilibrijum.

In practice| there are three main modes of use for iodine traps,in nuclear facilities:

— the tr]p is used continuously at nominal flow rate with*heaters in continuous operation;

— the trap is not used in normal operation but a reduiced air flow, which may be heated, goes through
it; the trap is connected to the functioning ventilation in accidental situations;

— thetrapisisolated in normal operation (itisimplemented in a parallel bypassed line) and conneg¢ted
to the functioning ventilation in accidental situations.

If for the flrst mode the duration of cenditioning can be short, the duration of conditioning is longer
in the secgnd and even longer for-the third one. For iodine trap bypassed in normal operation,|the
conditionimg time has to be analysed regarding the aim and the method of test. The conditioning time
can be sigrlificant (up to severgalhours).

7.4 Relative humidity

The measulrement of the relative humidity of the air upstream of the trap in the ventilation duct shall be
carried ouf as close*as possible to the trap to be controlled (after the heating system if it exists and at
the hygrometric\equilibrium [difference between relative humidity upstream and downstream]).

Any measuremremt processw tthafracett acy ofatteast=5 Ot quucytqblc (ao afrtdieattonfot speedas in
the duct greater than or equal to 2 m/s, the psychrometric measurement is perfectly suited). Precision
could be adapted regarding the aim of the test (leak test for example).

The measurement of the dry temperature and the wet temperature makes it possible to calculate the
relative humidity of the air and therefore to determine the dew temperature.

The objective is to put the trap in conditions such as to be as close as possible to a hygrometric
equilibrium satisfactory with respect to humidity of the incident air, e.g. by checking that the air dew
temperatures, upstream and downstream of the trap, do not differ by more than 1 °C.

It is checked that the trap is in a state of hygrometric equilibrium satisfactory with respect to humidity
of the incident air, e.g. by checking that the air dew temperatures, upstream and downstream of the
trap, do not differ by more than 1 °C.
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7.5 Air flow rate

The efficiency of the iodine trap is partly due to the residence time of the air on the sorbent and the
speed of passage. These parameters are directly related to the ventilation air flow.

Air flow rates measured at upstream and downstream of the sampling shall be known and documented
at the time of the test. Measurements are performed by a method adapted to the speed of the air in
the duct. Taking into account the different corrections specific to each method, the relative error on
these measurements shall not exceed 20 %. Regardless, uncertainties shall be quantified on the
decontamination factor, regarding the aim of the test and the method.

7.6/ Pressure drop of the trap

The value of the pressure drop (read on a suitable differential pressure gauge) allows,an approximate
ver]fication of the flow rate passing through the trap by comparison with the manufacturerf(s technical
dath and gives a guaranty about the good configuration of the ventilation systemr:(important in case of
iodine trap normally by-passed).

NOTE A filling method can help to stabilize the pressure drop (for re-fillable, filters).

7.7| Representativity of sampling

In donsistency with the principles mentioned in 5.2, the sampling lines upstream and dowpstream of
the|filter shall be selected in order to ensure a homogeneity of the air stream at the samplinlg locations
in dccordance with the specific of ISO 2889:2021, Clauses'6 and 7. Homogeneity is a prergquisite for
obtaining reliable and reproducible measurements.

8 [General requirements for the safety of workers and members of the public

8.1 Main workers safety provisions

Theg workers (staff and contractors)may be exposed to risks coming from the facility itself ¢r from the
methods used to perform the tests.

Sperial provisions shall be implemented to protect the workers performing the tests from the risks
intrjinsic to the facility itself, e.g. if the rooms hosting the iodine filters are in controlled areals. In such a
caseg, the general operational provisions used for the protection of the workers apply. The safety of the
wortkers present inside’the facility and who may be exposed to the tracer gas should be optimized by
spefific provisions-that will be detailed in the other parts of ISO 16659 series.

For|the methodsbringing additional specific risks (e.g. radioactive iodine, chemical risks, fir¢ risks), the
spefific progisions shall be detailed in the dedicated clauses of the said methods.

Evefy method eventually used for testing the iodine filters shall be considered such as to mjnimize the
rislstfor the workers present in the facility. Visual inspection of the housing leaktightness| as well as
of the ductwork at positive pressure is a pre-requisite for workers protection when injecting gaseous
substances. In particular, the housing shall be inspected such as to check that there are identified leaks
from the housing to the room.

Special attention should be paid for supply air systems hosting an iodine filter to be tested, such as the
ones equipping the control rooms ventilation systems.

8.2 Main provisions for ensuring safety of members of the public and the environment

The members of the public and the environment may be exposed to risks coming from the facility itself
during the tests or from the methods used to perform the tests.
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Special provisions shall be implemented to limit the consequences of iodine traps tests on members of
the public and the environment during the tests. Therefore, assessments shall be performed in order to
implement the provisions limiting the disturbance of the safety functions of the facility (e.g. avoiding
the loss of the dynamic confinement function during the tests or putting the facility in a safe state).

For the methods bringing additional specific risks (e.g. radioactive iodine or toxic/carcinogenic products
releases), the specific provisions shall be detailed in the dedicated chapters of the said methods.

9 Quality assurance and quality control

According
facilities, t

A report ig
brought to

The report

In addition
understan

The safety
toxic relea

fo the Importance of removal efficiency of lodine traps in the salety demonstration of nuc
ne required quality level could be adapted to the safety, environment, or security issues:

entifying the tested plant, the test equipment used, the test conditions, the modificat
the layout in order to perform the tests (e.g. via a procedure), all the measurements
calculations,
be addressgd using ISO GUM methodslZl.

is subject to the verification and quality assurance checks.

ing and reporting the results related to the iodine filter efficiency.

ear

ons
and
and the uncertainties assessment shall be issued for every method. The uficertainties shall

every method shall detail and record the specific parameters important for definling,

related information relevant to the method should be notéd’in the report (e.g. radioactive or
bes due to the tests).

The differ¢nt methods shall identify the need for reporting’sthe main points to control in ordef to

improve the validity of results, particularly in terms of do¢umentation, calibration, maintenance of]
of the test, and the specificities in terms of quality to reach this objective.

equipment

Examples

f
specific inx)rmative annexes in each part of ISO 16659 series.

Annex A prjovides the table of content of the/other standards of the series in order to provide a consis
approach df the methods.

the

information to be noted in a procedure dependent to each method should be reportef in

fent

Annex C provides a typical example)of the information important to be written in test reportf of

each meth

bd; nevertheless, any method should complete the test report with its intrinsic impor
informatiop.

ant

14

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=95388e12a9df9ec5300cb303c9c2da82

ISO 16659-1:2022(E)
Annex A
(informative)

Generic table of contents for subsequent parts of ISO 16659

Foreword

Intfoduction

1 Scope

2 Normative reference
3 Terms and definitions
4 Method

4.1 Scope of the method

4.2 Principle of the method

4.3 Parameter affecting the achievements
4.4 Other specificities of the method

5 Test equipment

51 Injection device

5.2 Sampling device

5.3 Measurement device

5.4 Easiness of implementation

5.5 Specificities

6 Safety of workers, members of the public and the environment
6.1 Facility afrangements

7 Mode-of performing the test

7.1 Test preparation

7.2 Test execution

7.3 Other specificities

8 Establishing the result

8.1 Expressing the result

8.2 Accuracy of the result

8.3 Evaluation and test report

ANNEX 1 OF THE GENERIC TEMPLATE : (informative) Schematic layout of the method of test
ANNEX 2 OF THE GENERIC TEMPLATE : (informative) Example text for test report
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Annex B
(informative)

Examples of facility layout for iodine filters

1) MmN

F_-

I D

7

ATy

Key

A HEPA

B iodine frap

C nucleai|building
D glove bpx

Figure B.1 — Exampleofa nuclear facility with iodine traps under negative pressure on thie
exhaust ventilation system

This type of configtiration layout (see Figure B.1) allows any type of tests, with or without radioacfive
tracer gasgs, Since the injected product is under negative pressure and released to the environnjent
after monitoring. n[
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