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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 prdcedures used to develop this document and those intended for its further maintenance ar
describg¢d in the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor th
differenft types of ISO documents should be noted. This document was drafted in accordance'with th
editoriall rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

W W

-

Attentidn is drawn to the possibility that some of the elements of this document may'\be the subject d
patent rjights. ISO shall not be held responsible for identifying any or all such patent rights. Details @
any patént rights identified during the development of the document will be in thejintroduction and/ofr
on the I$0 list of patent declarations received (see www.iso.org/patents).

-

Any tragle name used in this document is information given for the convenience of users and does nqgt
constityte an endorsement.

For an pxplanation on the voluntary nature of standards, the<neaning of ISO specific terms an
expressjons related to conformity assessment, as well as inforfation about ISO's adherence to th
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the followin
URL: wivw.iso.org/iso/foreword.html.

Uy D =

This dogument was prepared by Technical Committee [SO/TC 85, Nuclear energy, nuclear technologie
and radiological protection, Subcommittee SC 2, Radiological protection.

7]

Alist of pll parts in the ISO 11665 series can be found on the ISO website.
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Introduction

Radon isotopes 222, 219 and 220 are radioactive gases produced by the disintegration of radium
isotopes 226, 223 and 224, which are decay products of uranium-238, uranium-235 and thorium-232,
respectively, and are all found in the earth's crust. Solid elements, also radioactive, followed by stable
lead are produced by radon disintegrationl2].

When disintegrating, radon emits alpha particles and generates solid decay products, which are also
radioactive (polonium, bismuth, lead, etc.). The potential effects on human health of radon lie in its solid
decay products rather than the gas itself. Whether or not they are attached to atmospheri¢ gerosols,
radon decay products can be inhaled and deposited in the bronchopulmonary tree to varying depths
dccording to their size.

Radon is today considered to be the main source of human exposure to natural radiation. UNSCEARIZ]
qJuggests that, at the worldwide level, radon accounts for around 52 % of global.average expgpsure to
jatural radiation. The radiological impact of isotope 222 (48 %) is far more significant than isofope 220
4 %), while isotope 219 is considered negligible. For this reason, referencesto radon in this dgcument
rlefer only to radon-222.

Radon activity concentration can vary from one to more orders of magnitude over time and space.
HExposure to radon and its decay products varies tremendously from/one area to another, as it flepends
dn the amount of radon emitted by the soil, weather conditions, aird on the degree of containmept in the
dreas where individuals are exposed.

\s radon tends to concentrate in enclosed spaces like houses, the main part of the population ekposure
5 due to indoor radon. Soil gas is recognized as the mostimportant source of residential radon through
hfiltration pathways. Other sources are described jn other parts of ISO 11665 and ISO 13164 skries for
vater[2].

i e N

2adon enters into buildings via diffusion me¢hanism caused by the all-time existing difference ietween
adon activity concentrations in the underlying soil and inside the building, and via copvection
hechanism inconstantly generated by a'difference in pressure between the air in the buildingjand the
ir contained in the underlying soil:\lndoor radon activity concentration depends on radon|activity
oncentration in the underlying-'seil, the building structure, the equipment (chimney, ventilation
ystems, among others), the environmental parameters of the building (temperature, pressyre, etc.)
nd the occupants’ lifestyle.

Q) (A O Q) = = e

To limit the risk to individirals, a national reference level of 100 Bq-m-3 is recommended by the World
Health Organization[8:Wherever this is not possible, this reference level should not exceed 300{Bg-m-3.
This recommendatien was endorsed by the European Community Member States that shall gstablish
njational referenc¢e’levels for indoor radon activity concentrations. The reference levels for th¢ annual
dverage activity.€oncentration in air shall not be higher than 300 Bq-m-3[2].

To reduce the risk to the overall population, building codes should be implemented that requite radon
fArevention measures in buildings under construction and radon mitigating measures in |existing
Quildings. Radon measurements are needed because building codes alone cannot guarantee that radon
doncentrations are below the reference level.

When a building requires protection against radon from the soil, radon-proof insulation (based on
membranes, coatings or paints) placed between the soil and the indoors may be used as a stand-alone
radon prevention/remediation strategy or in combination with other techniques such as passive or
active soil depressurization. Radon-proof insulation functions at the same time as the waterproof
insulation.

Radon diffusion coefficient is a parameter that determines the barrier properties of waterproof
materials against the diffusive transport of radon. Applicability of the radon diffusion coefficient for
radon-proof insulation can be prescribed by national building standards and codes. Requirements for
radon-proof insulation as regards the durability, mechanical and physical properties and the maximum
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design value of the radon diffusion coefficient can also be prescribed by national building standards
and codes.

As no reference standards and reference materials are currently available for these types of materials
and related values of radon diffusion coefficient, the metrological requirement regarding the
determination of the performance of the different methods described in ISO/TS 11665-12 and this
document, as required by ISO/IEC 17025(3], cannot be directly met.

NOTE The origin of radon-222 and its short-lived decay products in the atmospheric environment and the
measurement methods are described in ISO 11665-1.
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| Scope

'his document specifies the different methods intended for assessing the,radon diffusion co
h waterproofing materials such as bitumen or polymeric membrane§, coatings or paints, ag
ssumptions and boundary conditions that shall be met during the test!

'his document is not applicable for porous materials, where raden diffusion depends on poro
hoisture content.

' Normative references

'he following documents are referred to in the text in such a way that some or all of their

ndated references, the latest edition of the réferenced document (including any amendments)

50 11665-1, Measurement of radioactivitysin the environment — Air: radon-222 — Part 1: Origins
nd its short-lived decay products and-associated measurement methods

SO 11665-5, Measurement of radigactivity in the environment — Air: radon-222 — Part 5: Co
heasurement method of the activity concentration

SO0 11665-6, Measurement) of radioactivity in the environment — Air: radon-222 — Part
heasurement method of the activity concentration

onfidence interval) for measurements of ionizing radiation — Fundamentals and application
S0 80000-10,\Quantities and units — Part 10: Atomic and nuclear physics

SO/IEG-Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncer
heasurement (GUM:1995)

!

pfficient
well as

ity and

content

onstitutes requirements of this document. Faor dated references, only the edition cited applies. For

applies.

of radon

htinuous

6: Spot

SO 11929, Determination of the characteristic limits (decision threshold, detection limit and limits of the

ainty in

3 Terms, definitions and symbols

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 11665-1 and ISO 80000-10
and the following apply.

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

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

— [SO Online browsing platform: available at https://www.iso.org/obp
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3.11

material

product

3.1.2
sample

according to a certain technical specifications which is the object of the test

(of material)

certain amount of material chosen from the production batch for determination of the radon diffusion
coefficient

3.1.3

radon d
D

radon a
thickne

3.14

iffusion coefficient

'tivity permeating due to molecular diffusion through unit area of a monolayer materidl ofunJic
s per unit time at unit radon activity concentration gradient on the boundaries of this'materi

Deqv
radon
coefficig
radon p

3.1.5
radon d
l
distancg

Note 1 td
Note 2 td

1=

where

l
D

A

3.1.6
diffusiv
E

value of

Note 1 td
account.

equivadlrnt radon diffusion coefficient

iffusion coefficient of the multilayer material that numerically equals t0)the radon diffusio
nt of a homogeneous material of the same thickness as the layered \material through whic
bnetrates in the same amount as through the layered material

-

iffusion length

“«_n

crossed by radon due to diffusion in which activity is.xreduced by “e” times because of decay

«_n

entry: Numeric “e” is the natural logarithm, equal to about 2,72.

entry: Radon diffusion length is expressed by the relationship given in the following formula:

D/)1/2 (1

is the radon diffusion length, in.metres;
is the radon diffusion ceefficient of the sample, in square metres per second;

is the radon decay constant, in per second.

e radon surface exhalation rate

the activity concentration of radon atoms that leave a material per unit surface per unit time

entry: For the purpose of this document, only the diffusion transport through the sample is taken intp
The diffusive radon exhalation rate is given by the following formula (Fick's law):

E(x)

_ 19C(x)
=-D= = (2)
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where

E(x) is the distribution function along the axis "x" of the radon exhalation rate in the sample, in

Becquerel per square metre per second;

C(x) is the distribution function along the axis "x" of the radon activity concentration in the sam-

ple, in Becquerel per cubic metre;

D  isthe radon diffusion coefficient of the sample, in square metre per second;

x  isthe coordinate on axis "x" (the axis is directed along radon transport and perpendic
the sample surface), in metre.

3.1.7
non-stationary radon diffusion

dample is changing (in dependence on time, distance from the surface exposed‘to radon and t}
dctivity concentration in the source container) and the radon surface exhalation rate from thg
ipto the receiver container is also changing

Note 1 to entry: One-dimensional non-stationary radon diffusion is described.by the partial differential ¢

2
D. d C()Z(,t) _A-C(at) = dC(xt)
ox ot
Where
D is the radon diffusion coefficient of the sample, in square metre per second;

C(x,t) is the function changing in time alorig the axis "x" of radon activity concentration in
sample, in Becquerel per cubic metre;

X is the coordinate on axis "x'| (the axis is directed along radon transport and perpend
to the sample surface), in thetre;

A is the radon decay constant, in per second.

Note 2 to entry: Non-stationary radon diffusion occurs during the time when radon activity concentrati
Jource container is not steady and in the time interval that immediately follows the moment when th
doncentration in the sodrge container is established.

3.1.8

gtationary radon diffusion

time-independent radon diffusion through the sample; stationary radon diffusion is characte
4 stable (ime-independent) radon distribution within the sample and consequently by a stab
qurfacetexhalation rate from the sample into the receiver container (long term test methods)

Note,T to entry: One-dimensional stationary radon diffusion is described by the differential equation:

ular to

time-dependent radon diffusion through the sample when the radon activity coteentration within the

e radon
sample

quation:

3

he

cular

on in the
e steady

rized by
e radon

2
D~aC—(ZX)—/'L~C(x)=O
ox
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where
D
C)

X

is the radon diffusion coefficient of the sample, in square metre per second;

is the distribution function along the axis "x" of the radon activity concentration in the sam-
ple, in Becquerel per cubic metre;

is the coordinate on axis "x" (the axis is directed along radon transport and perpendicular to
the sample surface), in metre;

A

3.19

decisiv
measur
used for

Note 1 td

3.1.10
decisiv
vV
volume

3.1.11
decisiv
Ss
materia

3.1.12

minimu
period d
and rece
the radda

3.1.13

minimu
period d
and rec¢
radon d

3.1.14
minimy
concent

d/I rati¢ ensures values of radon activity concentration in the receiver container measurable wit

uncerta

3.1.15

is the radon decay constant, in per second.

e measurement of radon activity concentrations
ement of the time courses of radon activity concentrations in the source and receiyer containerf
calculating the radon diffusion coefficient

entry: The duration of the decisive measurement can be shorter or the same as the. duration of the test.

b volume of the container

bf the container used to calculate the radon diffusion coefficient

e sample area

sample area used to calculate the radon diffusion coefficient

m duration of the decisive measurementfor non-stationary radon diffusion
f time in the frame of the decisive measurement of radon activity concentrations in the sourcg
biver containers taken during the phase(of non-stationary diffusion ensuring the uncertainty d
n diffusion coefficient assessment Igwer than +20 %

-

m duration of the decisiveimeasurement for stationary radon diffusion

f time in the frame of the/decisive measurement of radon activity concentrations in the sourc
piver containers taken during the phase of stationary diffusion ensuring the uncertainty of th
ffusion coefficient agSessment lower than +20 %

>

m radon activity concentration in the source container
Fation of radon in the source container which for the particular sample characterized by th

D

—

nty lower than 10 %

radon t

£, ££3 a3 i
dIISITT CUTIIIVITIIU

radon transport in thin boundary layer of air near the surface of the sample

Note 1 to entry: In this boundary, layer radon activity concentration on the surface of the sample equalizes with
radon activity concentration in the surrounding air.

Note 2 to entry: For waterproof materials, the default value of the radon transfer coefficient is 0,1 m-s-1

3.1.16

standard uncertainty of a variable

X

standard deviation of a variable X

© ISO 2017 - All rights reserved
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3.1.17
relative uncertainty of a variable X
u(X) = k's(X)/EX
where
EX isthe expected value of a variable X;
k  is the shrinkage factor (k = 1,96 by default for 95 % confidence interval).
3.2 Symbols
Hor the purposes of this document, the symbols given in [SO 11665-1 and the following apply.
y radon decay constant, in per second
Av radon leakage rate characterizing the ventilation of the receiver contdiner, in per seconfl
¢ radon activity concentration in the sample, in Becquerel per cubic metre
(N radon activity concentration in a particular container of théémeasuring device, in Becqerel per
cubic metre
ds radon activity concentration on the surface of the saniple, in Becquerel per cubic metre
Grc radon activity concentration in the receiver contaiher, in Becquerel per cubic metre
(sc radon activity concentration in the source gontainer, in Becquerel per cubic metre
i) radon diffusion coefficient of the monolayer sample, in square metre per second
Deqv  equivalent radon diffusion coefficient of the multilayer sample, in square metre per secpnd
q thickness of the sample, in metre
K diffusive radon surface exhalation rate, in Becquerel per square metre per second
i diffusive radon surface exhalation rate from the sample to the receiver container, in B¢cquerel
per square metré per second
A radon transfer coefficient, in metre per second
1 radon.diffusion length, in metre
Ss decisive area of the sample, in square metre
i time, in second
t duration of the considered time step. between time Lt and L second
|4 decisive volume of the receiver container, in cubic metre
X distance within the tested sample measured from the surface of the sample exposed to radon,
in metre
u(X) relative uncertainty of a variable X, in relative units
s(X) standard uncertainty of a variable X, in same units as variable X

© IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=a2cc72bc6db5fb217bfe86fb56b08298

ISO/TS 11665-13:2017(E)

4 Principle of the test method

The sample of the tested material is placed between the air-tight source and the receiver containers,
and the joint is carefully sealed.

Radon activity concentration in both containers shall be measured using continuous or spot
measurement methods as specified in ISO 11665-5 and ISO 11665-6.

By means of the radon source with stable radon production rate, the radon activity concentration in
the source container is kept on a high level (usually within the range 1 MBg-m-3 to 100 MBg-m-3). The

radon that diffuses through the sample is monitored using calibrated radon monitor in the receivejr

containgr.

Using ajp appropriate mathematical process (either analytical or numerical), the radonndiffusion

coefficignt is afterwards calculated from the time-dependent courses of the radon activity

concentfations measured in the source and receiver containers, and the area and thickness of thg
tested spmple. In case of multilayer samples, the above described principle results in ‘determination df
the equivalent radon diffusion coefficient Degy.

5 Mepsuring system

5.1 Co¢mponents of the measuring system

The medsuring system for determining the radon diffusion coefficient in the waterproof materials shall

compride the following components:

a) at least two air-tight containers (source and receiyer), each with a minimum air volume df
0,5 £ 10-3 m3 or when the spot measurement method.for radon activity concentration is going to bg
usefl, the minimum air volume should be at least 10:times larger than the total volume of spot samplep
take¢n from each of the containers during the tést’performance, and made from metal materials (for
example, aluminium, stainless steel, etc.) of a.thickness atleast 5 x 10-4 m that effectively eliminatep
radpn transport between the air inside and'eutside the containers; each container shall be equippeg
with a test area of at least 5 x 10-3 mZ surrounded by flanges for fixing the tested material; thp
minfimum width of the flanges shall be)0,01 m and their arrangement shall eliminate the transport df
radpn from the source container,to the receiver container; each container shall be further equippefl
with an appropriate number of.wvalves intended for ventilating the containers, for measuring thg
pregsure differences between'the containers, for extracting air samples for control measurements df
radpn activity concentration-and for connecting to the radon source;

b) a mpasuring instrument capable of determining the thickness of the tested sample with accuracy
10,01 mm (maximumrstandard relative uncertainty of measurement 5 %);

c) a spurce of radon with stable radon production rate capable of creating a radon activity
confentrationin the source container within the range 1 MBq-m-3 to 100 MBq-m-3;

d) an dir-tight flow pump with the range of air flow rates 6 x 10-3 m3/h to 30 x 10-3 m3/h that is usefl
in spme measurement methods in a closed circuit with a radon source and a source container;

e) a calibrated measuring device for monitoring the radon activity concentration in the receiver
container with standard relative uncertainty 10 % and a dynamic measuring range from
500 Bg'm-3to 1,0 MBg-m-3;

f) a calibrated measuring device for monitoring the radon activity concentration in the source
container with standard relative uncertainty 10 % and a dynamic measuring range from
10 kBg'm-3 to 100,0 MBq-m-3;

g) ameasuring instrument for determining the relative pressure difference between the air volume in
the source container and the air volume in the receiver container with standard relative uncertainty
of 10 % and a dynamic measuring range from 1 Pa to 150 Pa;

6 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=a2cc72bc6db5fb217bfe86fb56b08298

ISO/TS 11665-13:2017(E)

h) suitable sensors and a data storage system capable of continuously monitoring the temperature
and relative humidity of air, atmospheric pressure and radon activity concentration in the place
where the measuring device is positioned.

5.2 Configuration of the measuring system

In the simplest case, the measuring system can comprise one source container, one receiver container
and a radon source connected to the source container (see Figure 1). If more than one sample is to be
measured under equal conditions, it is convenient to use a measuring system comprising more than one
EcelVer container assembpled on ONe SOUTCe CoNtalner (See FIgUre 2), or a Set of pair containery (source
4 receiver) connected to the radon source in a parallel circuit (see Figure 3) or connected te.eafch other
nd to the radon source through the source containers in a serial circuit.

Q)

1
2
/—3
2
%6
=

Key

=

receiver container

radon detector

D

LA

tested sample

4 source container
pump

4 radon source

[@x]

Figure 1 — Measuring system comprising one receiver container and one source container

© IS0 2017 - All rights reserved 7
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(=N
4 5
Key
1 recefiver container
2 raddn detector
3 test¢d sample
4 souice container
5 punip
6  radqn source

Figune 2 — Measuring system comprising two receiver containers assembled on one source
container

1 /—1

Key

1 recefiver container
2  raddn detector

3  test¢d.sample

4  souree<€ontairer
5 pump

6 radon source

Figure 3 — Measuring system comprising two pair containers (source + receiver) connected to
the radon source in a parallel circuit

The radon source shall be connected to the source container and the source containers shall be
interconnected by flexible pipes that are as radon-tight as possible.

8 © IS0 2017 - All rights reserved
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Radon can be transported from the radon source to the source container only by diffusion or with the
help of a flow pump. If a flow pump is used, the radon source, the source container and the flow pump
shall be in a single, closed circuit. A flow pump shall not be applied if the radon diffusion through the

tested sample is influenced by the pressure difference between the source and receiver contain

ers (this

can be seen as rapid drop or rise of radon activity concentration in the receiver container after applying

the pump).

If the measuring system is made up of a set of pair containers, the maximum number of pairs that can be

If the measuring system is made up of more than one receiver container assembled on a singl
dontainer, only samples of one material shall be tested in this system at the same time.

adon source can also be placed inside the source container. This arrangement ‘is conver
easuring systems comprising several receiver containers assembled on one sourceé container.

If the source and/or receiver containers serve as radon detectors as well, then the sensitivity
detectors to the gamma radiation should be taken into account in the drrangement of the s
adon inside the source container.

Test methods

6.1 General information

A suitable test method is selected from the following options in dependence on the measuring
dampling method and properties of the tested material (especially its thickness and the 3
radon diffusion coefficient value). Methods Asand B are convenient for continuous monit
jadon activity concentrations and method C for spot measurements. Method A shall be used W
dtationary radon diffusion is not established”due to the characteristics of the tested materia
the measuring device, lack of time, etc.-Method B is usually preceded by method A. Method
the highest radon exhalation rates and therefore it should be applied every time when very lo
diffusion coefficient is expected. Radon diffusion coefficient determined by methods A, Band C

numerical solution as described(iryZ.4. The linear part of build-up curve obtained at the begi
the decisive measurement as, described in methods B and C permits the use of analytical so
donditions described in Z.5,-fouirth paragraph and 7.6, third paragraph are satisfied.

6.2 Method A — Determining the radon diffusion coefficient during the phase of
qtationary radon'diffusion

After placing the’sample between the source and receiver containers, both containers are clg

in both céntainers begins at this moment (see Figure 4).

connected to one radon source in a single closed circuit is four. A flow pump shall be an indispensable

e.

e source

ient for

of these
burce of

system,
ssumed
bring of
rhen the
and/or
C gives
v radon
‘equires
ning of
lution if

nomn-

sed and

jadon is admitted into the source container. The decisive measurement of radon activity concentrations
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6.3 ethod B — Determining the radon diffusion coefficient during the phase of

stationary radon diffusion

After placing the sample between the source~and receiver containers, both containers are close
and radon is admitted into the source container. The time-dependent increase in radon activit
concentfations in both containers is monitéved. After establishing stationary radon diffusion throug
the sampple (time needed for establishing stationary radon diffusion can be taken from Figure 7), th
receiver| container is flushed with radon-poor ambient air. Flushing is stopped when the radon activit
concentfation in the receiver container decreases below the operational threshold (at least beloy
1 kBqnm-3). The decisive measurement of radon activity concentrations in both containers begins at

this moment (see Figure 5).

decifkive measurement under non-steady-state conditions

Figure 4 — Test procedure accordingto method A

SR ¢ P B R SR =

~
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© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=a2cc72bc6db5fb217bfe86fb56b08298

ISO/TS 11665-13:2017(E)

Key

time (without scale)

radon concentration (without scale)

source container

receiver container

decisive measurement under steady-state conditions

NS G W NG T S W . V]

flushing

Figure 5 — Test proceduréaccording to method B

6.4 Method C — Determining the radon'diffusion coefficient during the phase of
qtationary radon diffusion established during ventilation of the receiver container

After placing the sample between the sotirce and receiver containers, radon is admitted into the source
dontainer and the time-dependent:iricrease in the radon activity concentrations in both coptainers
ip monitored. The radon activity._doncentration in the receiver container is held at values bglow the
dperational threshold (at least below 1 kBq:m=3) by means of continuous ventilation of the feceiver
dontainer. After establishing the stationary radon diffusion through the sample (time negded for
gstablishing stationary fadon diffusion can be taken from Figure 7), the ventilation of the feceiver
dontainer is stopped(The decisive measurement of radon activity concentrations in both coptainers
hegins at this momént (see Figure 6).
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Y |
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Key
X  timdg (without scale)
Y raddn concentration (without scale)
1  soufce container
2 recejiver container
3 decipive measurement under steady-state conditions
4 flushing

Figure 6 — Test procedure according to method C

7 General application procedures

7.1 Preparation of samples

The diameter or the side of a rectanguldr sample shall be at least five times greater than the thicknesp
of the sgmple. The minimum effective area of the sample (the area exposed to radon) shall be 0,005 m
at least.

oo

W

The sanjples are cut out from the-prefabricated membranes at a minimum distance of 100 mm from th
edges of the membrane. At least three samples are required for testing.

In the cpse of coatings;<paints, sealants or other waterproof materials prepared on site, at least fou
sampleq are requiredfot testing. Samples can be produced by applying a coating, paint or sealant on
non-absprbing flexible underlay material (for example, wax-paper, cellophane foil, etc.) that is remove
from the sampleafter the drying process is completed. The underlay shall not react with the applie
coatingg, paings-or sealants. Approximately uniform thickness of the samples can be achieved with th
help of guide ‘gibs (paint, coating or sealant is poured or pasted between the gibs of uniform heig
and the i ial | i i
not be tested until the drying and hardening processes are completed. The time between the sample
preparation and the start of the measurement as well as the storing conditions shall correspond to the
recommendation of the producer.

4P = = es pa e §

The thickness of each sample is measured with accuracy of 0,01 mm at four points per 0,05 m2 placed
uniformly along the surface of the sample. The resulting thickness of each sample is the arithmetic
mean of all measurements on the sample. If a radon-permeable surface coating is a part of the tested
material, its thickness is not included in the thickness of the tested sample. This type of surface coating
can be removed from the sample before performing the test.
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Radon diffusion coefficient of monolayer materials produced in several thicknesses shall be determined
for one selected thickness only and this value applies for all thicknesses. Radon diffusion coefficient of
multilayer materials produced in several thicknesses shall be determined separately for each thickness.

If the aim of the test is to verify the radon-tightness of the joint between membranes, the effective
dimension of the sample in the direction that is perpendicular to the longitudinal axis of the joint shall
exceed the width of the overlap by at least 20 mm on each side of the overlap. The thickness of samples
with a joint corresponds to the thickness of a membrane. If membranes with radon-permeable surface
coatings are jointed and the application rules do not require removal of the surface coating at the place

f the ,ininfing, the rndnn-pnrmnnh]p surface rnnfing shall not be removed from the camp]:\ before

performing the test.

7.2 Fixing the samples in the measuring device

Yamples of multilayer materials shall be placed in the measuring device in such @position that radon
diffuses through the sample in the direction corresponding to real conditions. Ifi-this position p radon-
permeable surface coating is exposed to the receiver container, the surface ceating shall be jemoved
firom the sample to avoid radon loss through this coating.

The sample is placed between the flanges of both containers on which a permanently elastid sealant
for example, on the acrylic, silicone, bee wax basis, etc.) has been@pplied. Over the whole dugation of
he test, the sealant shall not be subjected to physical or chemical changes and shall not cause physical
r chemical damage to the sample. In horizontal positions, samples that are not self-supporting (for
xample, thin layers of paints, thick and heavy layers of unreinforced bitumen coatings that] tend to
eflect due to their high weight) shall be placed on the sélf-supporting wire screen fixed by thq sealant
o the flanges of the source container. The wire screen-stipports the sample over the whole dufation of
he test. The wire screen should be of such a construction that its influence on the decisive ar¢a of the
ample can be neglected.

LN ot =+ o D O ot

7.3 Test of radon-tightness, assessment of the radon leakage rate of the receiver
¢ontainer

The radon leakage rate of the receiver container shall be determined after installing the sample between
the source and the receiver container to check the radon-tightness of the joint between thg sample
gnd the container. A high radon activity concentration is injected through the valve into the feceiver
dontainer, and then the valve\is closed. The decrease in radon activity concentration in the feceiver
dontainer is monitored. The' intensity of the ventilation (the radon leakage rate) shall be detgrmined
from deviations from the-decay law (the radon transport through the sample shall be incorpordted into
the total radon losses)/If the fixing of the sample in the measuring system is radon-tight, tHe radon
lpakage rate shallheTower than 0,003 78 h-1 (half of the radon decay constant).

The sealing ability of different sealants and the radon-tightness of the receiver container can be|verified
in a similax yianner. In this case, the sample of insulating material is replaced by a metal sheet.

7.4< Determining the radon diffusion coefficient according to method A

“re—dectstvemeasurement—of radomr—activity —concentrations—performed—simuttameousty—in both
containers begins after placing the sample in the measuring device and not later than 1 h after
admitting radon into the source container. Time interval between successive records of concentrations
shall not exceed 6 h during the first 5 d of the decisive measurement and 12 h during the following days.
The duration of the decisive measurement shall be longer than the minimum duration of the decisive
measurement for non-stationary diffusion, according to Figure 7 (see 7.7).

For at least two thirds of the duration of the decisive measurement, the radon activity concentration
in the source container shall be higher than the minimum radon activity concentration, according to

Figure 8 (see 7.7).

The radon diffusion coefficient is determined by an iterative procedure based on repeated numerical
solutions of Formula (3). During this calculation, the value of radon diffusion coefficient as the variable
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in the numerical solution gradually grows from the assumed lower limit to the assumed upper limit.
The final radon diffusion coefficient is the value that results in the numerical solution of Formula (3) for
which the differences between the calculated and measured concentrations in the receiver container
are minimal.

In the numerical solution of Formula (3), the time-dependent boundary conditions on both surfaces of
the tested sample shall be respected according to Formula (5):

aC
~D—~=h-(C;~C,) (5)

The radon activity concentration, C,, means either the radon activity concentration in the squrc
containgr, Cs¢, or the radon activity concentration in the receiver container, Crc. In the calculatio
process| the radon activity concentration in the source container, Csc, is always taken in @ccordanc
with the¢ measured values. The initial radon activity concentration in the receiver container, Cyc,o, dt
the beginning of the calculation at time ¢ = 0 is considered as the concentration measured at that timg.
In the fgllowing time steps of the numerical solution, the radon activity concentratien’in the receivelr
containgr is calculated according to Formula (6):

A=)

~(A+2, At Epci1-Ss (1— ety Aty @

Crod=Croia- .
rei1 V(A+A,)

rc,j

No solutflion of Formula (4) describing stationary radon diffusion canvbe-used for determining the rado
diffusioh coefficient according to method A.

=}

7.5 Determining the radon diffusion coefficient aceording to method B

After plpcing the sample in the measuring device and admitting radon into the source container, the
radon aftivity concentrations in the source and receiver containers are simultaneously recorded T
time inJervals not longer than 12 h. Flushing of tlé receiver container with radon-poor ambient ai
starts dfter establishing stationary radon diffusion through the sample. Flushing is brought to an
end when the radon activity concentration in*the receiver container decreases below the operationdl
threshold (at least below 1 kBq-m-3) that takes into consideration variable measurement conditiong,
differenft measurement methods and detection principles and corresponding minimal detection limitg.
Ventilatjon of the receiver container shallnot influence the steady concentration in the source containef.
After bringing the ventilation to_an‘end and closing the receiver container, decisive measurement
begins ¢f the radon activity concentrations, performed simultaneously in both containers. The rado
activity|concentrations shall be'réad for the first time not later than 10 min after closure of the receive
containg¢r. The time interval.between successive records of concentrations and the duration of th
decisivg measurement depend on the mathematical procedure applied for the determination of th
radon d|ffusion coeffieient.

W W = =2

If the grocedure.stated for method A is used, the time interval between successive records df
concentfations shall not exceed 6 h and the duration of the decisive measurement shall be longer than
72 h. THe numerical solution shall take into account that the process of saturation of the sample with
radon was finished before flushing the receiver container, and therefore, it cannot be restricted to the
time intervalin which the decisive measurement was pannrmnH Before cfnrfing the iterative proces
for the time interval of the decisive measurement, the theoretical distribution of the radon activity
concentration within the sample shall correspond to the radon activity concentrations in the source
and receiver containers measured before flushing. Only then can the surface of the sample exposed to
the receiver container be subjected to the boundary condition with Cr¢ o corresponding to the radon
activity concentration measured in the receiver container after flushing.

Decisive measurement is in case of method B performed during stationary radon diffusion, which
enables to shorten its duration to at least 72 h in comparison with method A.

If after flushing, the increase in radon activity concentration in the receiver container is linear, the
radon diffusion coefficient can also be determined by an analytical solution of Formula (4) under
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boundary conditions taking into account the real situation. This approach can be used only under the
following conditions, which shall be fulfilled at the same time:

a) the radon activity concentration in the receiver container is recorded at time intervals not longer
than 1 h and at least four records are required;

b) the value of the correlation coefficient, R, of the measured radon activity concentration in the
receiver container is at least 0,9 and the measured slope is significantly >0.

Finding an analytical solution is not possible without assuming constant boundary conditions. To
ninimize the errors and uncertainties caused by this simplifying assumption, the duratlo‘[ of the

1
decisive measurement shall be as short as possible. Thus the decisive measurement for analytical
Jolution shall not be longer than approximately 6 h. This limits the time interval between sugcessive
lecords of radon activity concentration measurements to 1 h in maximum. On the otherhand, dccuracy
df a numerical solution with time-dependent boundary conditions [see Formula (5)] increages with
increasing duration of the decisive measurement. Since the minimum required dutation of the |decisive
theasurement is 72 h, intervals between successive records can be prolonged up'to 6 h.

Throughout the duration of the decisive measurement, the radon activitg-concentration in the source
dontainer shall be in the steady state (the coefficient of variation for data.recorded during the Jast 24 h
ghall be lower than 10 %), and at the same time it shall be higher. than the minimum radon]activity
doncentration, according to Figure 8 (see 7.7).

7.6 Determining the radon diffusion coefficient aceording to method C

After placing the sample in the measuring device and.admitting radon into the source contajner, the
radon activity concentrations in the source and reégiver containers are simultaneously rec¢rded at
time intervals not longer than 12 h. The radon acti¥ity concentration in the receiver containef is held
gt values as low as achievable for particular measurement conditions, different measurement mmethods
dnd detection principles and corresponding detection limits (at least below 1 kBq-m-3) by contjnuously
ventilating the receiver container. After establishing stationary radon diffusion through the[sample,
y
t
i
Q

entilation of the receiver container is brought to an end and the container is closed. At this moment,
he decisive measurement of radon activity concentrations begins, and is performed simultangously in
oth containers. The radon activity.concentrations shall be read for the first time not later tha'} 10 min

rations
for the

fter closure of the receiver container. The time interval between successive records of conce
nd the duration of the decisive:-measurement depend on the mathematical procedure applie
etermination of the radon-diffusion coefficient.

If the procedure stated~for Method A is used, the time interval between successive re¢ords of
doncentrations shall:net exceed 6 h and the duration of the decisive measurement shall be longer than
2 h. The numericalsolution shall take into account that the process of saturation of the sample with
radon was finiShed during ventilation of the receiver container, and it therefore cannot be rgstricted
to the time interval in which the decisive measurement was performed. Before starting the Jterative
frocess forythe time interval of the decisive measurement, the theoretical distribution of the radon
dctivityzeoncentration within the sample shall correspond to the radon activity concentratiors in the
Jourcedand receiver containers measured before closure of the receiver container.

Sinax 1 4 firzitay nea

[Esfter—elosingthereeetvercontatnerstheinereaseinradonactivityconcentrationinthe-eentainer is
g y

linear, the radon diffusion coefficient can also be determined by an analytical solution of Formula (4), in

accordance with the conditions stated for method B.

Throughout the duration of the decisive measurement, the radon activity concentration in the source
container shall be in a steady state (the coefficient of variation for data recorded during the last 24 h
shall be lower than 10 %), and at the same time it shall be higher than the minimum radon activity
concentration, according to Figure 8 (see 7.7).

NOTE For a specific device and initial and boundary conditions, the solution of Formula (4) is described in
AnnexA.
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7.7 General requirements for performing the tests

Measurements according to any method should be performed under stable laboratory conditions
characterized by the temperature of the surrounding air in the place where the measuring system is
installed 24 °C £ 5 °C and the relative humidity of the surrounding air in range between 20 % and 70 %.

The relative pressure difference between the source and receiver containers should not differ from 0 of

more th

an 5 Pa.

The minimum duration of the decisive measurement for non-stationary radon diffusion (method A

shall b

radon djffusion length value) and the rate of the radon activity concentration increase in the sgurc

contain
measur
the min
measur

non-stationary diffusion does not differ more than of 10 % from the value determinéd for stationar

radon d

For the
diffusio

The cur
contain
admitte]

source qontainer (the steady state in the source container is reached at the time ¢ = 200 h after rado

has bee
the stea

General

— the

medsurement interval of 800 h;

— the

— Ss/Vratio is around 0,07 cm-1.

The miffimum duration of the de¢isive measurement for stationary radon diffusion (methods B and (|

shall be|
radon d

16

assessed in dependence on the d/I ratio (thickness of the sample divided by the assume

Vi (D =

1, according to Figure 7. The diffusion length is assumed with respect to the results of pheviou
bments of samples of similar chemical composition[10]. If the chemical composition is rfét known,
imum duration of the decisive measurement shall be at least 400 h. Duration of the decisivg
ement defined according to Figure 7 ensures that the radon diffusion coefficient{@etermined fofr

y

ffusion.

purpose of methods B and (, it is assumed that time needed for establishing stationary rado
h can be also taken from Figure 7.

=}

ve S in Figure 7 shall be applied for slow increase of radon activity concentration in the sourc
b1 (the steady state in the source container is reached at the{ime ¢t = 700 h after radon has bee
d into the source container), the curve F for fast increase.of radon activity concentration in th

O = (U = (D

n admitted into the source container) and the curve/K'shall be used if the sample is exposed t
dy state radon activity concentration in the source-container.

conditions applied for the construction of Figure“7 are the following:

radon activity concentration in the receivér container should exceed 1 000 Bq-m-3 during th

D

radon leakage rate of the receivericontainer is lower than the decay constant of radon;

—

9%

assessed in dependence-on the mathematical procedure applied for the determination of th
ffusion coefficient,Details are presented in 7.5 and 7.6.
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Figure 7 — Minimum duration of the decisivemieasurement for non-stationary radon diffusion
The minimum radon activity concentrationifnf the source container shall be determined in depgndence
dn the thickness of the sample and the assumed radon diffusion coefficient value, according to Figure 8.
The radon diffusion coefficient is assumed with respect to the results of previous measurements of
damples of similar chemical compasition[8]. General conditions applied for the construction of Figure 8
dre identical to those for Figure 7%
1E-16 I I : I I : I : W 100 000 kBq/m®
| | | | | I | | 50 000 kBq/m?
A5 Newb
1E-15 | | I I I I —lf I 25 000 kBq/m?
| I | | | 4'_ _} | 1 10 000 kBq/m®
194 | _4___r___f—__:___ I I___Jf___ W 1000 kBg/m?
= ' | | I | | 500 kBq/m?
g 1E-13 i } | 300 kBg/m?
Q - I
1E-12 F
1E-11 F
1E_10 é N | L | L | L | L | L | L | L | L | L | L | L
005 025 05 10 20 30 40 50 60 70 80 90 100
d (mm)
Figure 8 — Minimum radon activity concentration in the source container
© IS0 2017 - All rights reserved 17


https://standardsiso.com/api/?name=a2cc72bc6db5fb217bfe86fb56b08298

ISO/TS 11665-13:2017(E)

If the assessed value of the radon diffusion coefficient of the sample is lower than expected when the
minimum duration of the decisive measurement is assessed according to Figure 7 and the minimum
radon activity concentration in the source container assessed according to Figure 8, and consequently
values of these parameters are underestimated of more than 30 %, the measurement should be
repeated, adjusting the duration and the radon activity concentration in the source container to the
ascertained radon diffusion coefficient.

8 Influence quantities

The maipn factor influencing the test results is radon leakage from the receiver container. Therefore,th

radon le
Extra at
the
the
the
the

the
are
rad
and

all d

It is re
influend

9

9.1 R
The unc

For suc
simula
relation
Accordi
data obf
repeata
of expef
recomni

Expression of results

tlllon. There exists na_explicit solution to the second Fick's law of diffusion and the functiong

akage rate, Ay, of the receiver container shall be derived for any tested material accordingt0'7.3.
tention should be also paid to the following quantities:

relative pressure difference between the source and receiver container;

temperature of the surrounding air where the measuring system is installed;

relative humidity of the surrounding air where the measuring system is installed;
atmospheric pressure of the surrounding air where the measuringsystem is installed;

occurrence of @, f and/or y sources in the place where the measuring system is installed, whic
not a subject of measurement during the whole period of‘decisive measurement (a, f and
ation may influence the response of some detectors and therefore their rate should be measure
the response corrected);

="

ther quantities which may influence the accuracy ef devices used for measurement.

rommended to provide measurement conditions such that none of the above-mentione
ing factors induces variability in the result liigher than +25 %.

plative uncertainty

ertainties of all input parameters shall be derived in accordance with ISO/IEC Guide 98-3.

o

a complex system ds'the diffusion of radon through material, the best option is Monte Carl

—

ship between allthe input quantities, input errors, etc. and the measurement is very compley.
hg to JCGM 100:2008l5], a feasible way to evaluate the uncertainty (Type A evaluation) is from
ained expérimentally (experimentally obtained values of diffusion coefficient of radon) undejr
pility conrditions or from data obtained via the simulation methods. To obtain sufficient amounjt
imengal data is not feasible within reasonable time period, hence, the simulation methods ar
ended. All of the sources of uncertainty should be considered in such simulation. The majo

sources

concentration in

the sour rvals, the uncertainty of

of the time int

ce and receiver contain

measurement of thickness of the tested sample, and the uncertainty of radon leakage rate.

Detailed description should be prepared by particular laboratories and should reflect uncertainties of
the measurement technique and arrangements applied in the particular laboratory. Based on several
tests and measurements, the laboratory should obtain a range of input values for the above mentioned
uncertainties. These data then serve as input for Monte Carlo simulation to obtain the standard
uncertainty of radon diffusion coefficient.
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Based on experimental data, the following basic formula for calculation of relative uncert

017(E)

ainty of

calculated radon diffusion coefficient may be used as first approach for laboratories before establishing

their own model:

u(D)=§J37 [u(C)/k]? +34[u(C)/k1* +31[u(d)/k]?

where

1 |

(7)

L . 41 1 L | £ 4= L L aVad £ T L ra¥ =il VA Ll . 1
n IS LT SHT IR gT TdULUL A ="1,70 Uy UtTlidult 1Ul1 70 770 CUILITUTIILTITILTT vV dl J,
u(D) is the relative uncertainty of D, relative units;

u(d) isthe relative uncertainty of measured thickness, d, relative units;

u(D) isthe relative uncertainty of calculated radon diffusion coefficient calculated via Mo
Carlo simulation or from Formula (7) for k = 1.

9.2 Decision threshold and detection limit

The characteristic limits of radon activity concentration measurement shall be assessed for ea
detection methods in accordance with ISO 11929.

9.3 Limits of the confidence interval

dalculated using Formulae (9}and (10):

D!=D - k's(D)
Du =D + k-s(D)
Where
D 1s the calculated radon diffusion coefficient;

s(D) isthe standard uncertainty of calculated radon diffusion coefficient;

Ytandard uncertainty of calculated radon diffusion coefficient, D, can be calculated as Formula
s(D) = u(D)-D
where

u(C) isthe relative uncertainty of radon activity concentration measuremeut;C, relative ynits.

(8):
(8)

nte

th of the

The lower and upper limits, DI and DY, of 1 - a confidence interval for radon diffusion coefflicient is

(9)

(10)

k is the shrinkage factor equal to 1 - @/2 quantile of standard normal distribution.
k=1,96 to obtain a 95 % confidence interval.
10 Quality management and calibration of the test device

The metrological traceability of the measuring system shall be ensured by the calibration ass
of the radon activity concentration in the reference atmosphere with the known level of radon

Usually

essment
activity

concentration, and shall be carried out at an authorized metrological centre or laboratory. The test

device may be subject of comparison measurement on the national and/or international level.
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11 Testreport

The test report shall contain the following entries:

a) are

ference to this document, i.e. ISO/TS 11665-13;

b) identification of the testing laboratory;

c) identification of tested material (name, producer, composition);

d) ider
e) det
whd

f) dur
g) ave
the

h) infg
i) res
rad
j) datg
The foll
a) detd
ider]
pre
b) test]
c) dev
d) infq
e) mayj
con

hurIidity, pressure difference between the source and receiver container;

dondos b il de. 4= 4] J LA £
LIt ativmr vr e test iictou (A, b vl uj,

ils about samples: thickness, decisive area, whether the sample contains joints, informatio
ther the sample was prepared by the testing laboratory or by the client;

—

htion of the test (decisive measurement);

=

fage and the standard deviation of radon activity concentration in the source_container afte]
steady state in the source container is reached;

W

rmation about the experimental conditions during the test: air teémperature and relativ

It of determining the radon diffusion coefficient, D = D * k-s(D) with the associated k value, angl
bn diffusion length of the material;

 of test performance.
pwing information shall be archived by the laboratory-to be submitted when needed:

ils about sample preparation (surface, thickness),'description of joints (type of joint, joint width]
tification of the time between the sample preparation and the start of the test (not applicable fo
abricated membranes), storing conditions;radon diffusion coefficient of each sample;

<

—

arrangement,;
jations from standard practice which may influence the test result;

rmation about the measuring.device;

W

fimum, minimum, average-and standard deviation radon activity concentration in the sourc
Fainer after the steady-state in the source container is reached.
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(informative)

Determining the radon diffusion coefficient during the phas
stationary radon diffusion according to method C

017(E)

e of

A.1 General

This annex deals only with the determination of the radon diffusion coefficient, during the |
dtationary radon diffusion using a grab sampling method for the recordingcof’the radon
doncentration in the useful volumes of the receiver and source containers.

I
dctivity concentration in a given time, in the source and receiver comtainers with known ge
C

haracteristics and with one open face applied to the surface of the samiple under investigation

Ik is assumed that back diffusion, radon leakage rate of the receiver container and radon d¢
negligible in the time interval of the decisive measurement.

Radon leakage rate can be neglected only, if the test of radon-tightness performed accordin
donfirms that it is below 0,003 78 h-1 and the durationef the decisive measurement is no lon
6 h. Radon decay can be neglected, if the duration of‘the decisive measurement is also not lon
@
1
1

egression straight line expressing the increasevof radon concentration in the receiver cont
egligible.
A.2 Additional terms and definitions

Hor the purpose of this annex, the following symbols and the symbols given in Clause 3 apply.

N number of counts per-counting time Tc
Yo scintillation celltbackground counts per the counting time Tc

e number of alpha emitters present in the lucas cell per Becquerel of radon after time t ela
tween filing and counting the cell (ny = 3 att= 3 h for 1 Bq of radon)

i slope bf the linear regression straight line, in Becquerel per cubic metre and per second

Ry calibration factor under the conditions of secular equilibrium between the radon and its sh
decay products, in counts per Becquerel

bhase of
activity

etermining the radon diffusion coefficient of a tested sample involves measuring changes in the radon

ometric

pCay are

gto 73
per than
per than

h. The above-stated conditions ensure that the inflitence of both parameters on the slope of the linear

ainer is

bsed be-

brt lived

T  counting time, in per second

Ve sensitive volume of the scintillation cell, in cubic metre

A.3 Equipment

The measuring system comprises two air-tight containers (see Figure A.1), each of them equipped with
three valves intended for ventilating the containers, for extracting air samples for measurement of

radon activity concentrations and for connecting to a certified radon source.
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re A.1 — Measuring system for determining the radon diffusion coefficient using grab
sampling method

easurement procedure

isurement is performed as follows:

baring the sample of the waterproofing material;

suring the sample thickness;

ing the sample between the source and receiver containers;
iring air-tightness betwegénythe containers and the sample;

hecting the certifiedradon source to the source container and admitting radon into the sourc
fainer;

[ilating the receiver container continuously with radon-free air;

— rec¢rding raden activity concentrations simultaneously in the source and receiver containers at th

tim

e intervals'not longer than 12 h by extracting air samples from the containers and introducin

them intosthe scintillation cells placed under vacuum in advance;

— med

w

Uyt

Qnring the radon qr‘fivify concentration in the scintillation cells;

— recording the date and time of sampling;

— waiting for establishing stationary radon diffusion through the sample;

— stopping the ventilation of the receiver container;

— performing the accumulation of radon in the receiver container and starting the decisive
measurement of the radon activity concentrations in both containers by extracting air samples from
the containers and introducing them into the scintillation cells placed under vacuum in advance.
Radon activity concentrations shall be read for the first time not later than 10 min after closure of

22
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the receiver container. Successive records of radon activity concentration in the receiver container
shall be made at time intervals not longer than 1 h and at least four records are required;

— measuring the radon activity concentration in the scintillation cells;
— recording the date and time of sampling;

— calculating the radon diffusion coefficient.

A | i B H £ 14
) LAPITOSIUVII UL ITTOSUIL

A.5.1 Radon activity concentration measurement using scintillation cells
The spot radon activity concentration, C, at the time of counting is given by Formula (A:1):

_ N-N; _N-N,
Te-Reng Vi o

(A1)

with @=T¢ R, -ny, V¢

Reference [10] gives indications on the potential corrections needeéto assess the counting unc¢rtainty:.

A.5.2 Radon diffusion coefficient

The radon activity concentration in the receiver container increases over time depending on the
rladon exhalation rate from the sample to the receiver‘container, area of the sample and volunpe of the
receiver container. Under steady state conditions and considering the reduction in the radon|activity
doncentration in the receiver container due to its'radioactive decay, back diffusion and ventilation as
negligible, the linear increase of radon activityiconcentration in the receiver container is descfibed by
i

ormula (A.2):

C

E-S
:Crc,i—l + % > At (A.2)

re,i

nd the diffusive radon exhalationrate by Formula (A.3):

V(Cri =Crei1) OV (A.3)
S At S,

Q)

where

p isthéslope of the linear regression straight line expressed in Becquerel per cubic metre and
per\second.

Assuming constant radon activity concentration in the source container and negligible radon|activity
dofieentration in the receiver container at the beginning of the decisive measurement, the diffusive

1 h P I + £ +1 1. 11 +1 A 1
I'dUUIT CAIIdIAdUUIT T AT ITULIT ULICE SAITTPIT IS TXPIESSTU DY UIT TTIAdUUIISIIID.

2-Cye-1-A

E=——sc =
o/l _ =d/l

(A4)

The radon diffusion length is subsequently calculated from Formulae (A.3) and (A.4) by means of an
iterative process.

The radon diffusion coefficient is derived from:

D=A? (A.5)
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A.6 Example: Determination of the radon diffusion coefficient of the HDPE
membrane with the thickness 0,47 mm

The variations in the radon activity concentrations in the source and receiver containers are presented
in Table A.1 and Figure A.2.

Table A.1 — Radon activity concentrations measured in the source and receiver containers

Time (s) Radon activity concentrations in the
Source container Relative Receiver container Relative
(Bg'm-3) uncertainty (Bq:m-3) uncertainty
u u

(Bg:m-3) (Bg'm-3)
300 22 141 050 1107 053 990 50
3600 22029 050 1101 453 3820 191
7 200 21881 690 1094 085 6900 345
10 800 21805 060 1090 253 9980 499
14 400 21796 220 1089 811 13 070 654
18 000 21887 580 1094 379 17 370 869
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Figure A.2 — Linear extrapolation of concentrations measured in the receiver contaj

The slope of the linear regression calculated fromi‘\the measured activity concentrations is:

p=0,943 Bg-m-3-s-1,

=

Vhich is significantly greater than 0.
The correlation coefficient, R, of theé measured radon activity concentrations in the receiver cont

R=0,9937,

=

Vhich is greater than 0,9.

The average radon, Activity concentration in the source container throughout the duratio
Iheasurement was:

Csc=21923.442 + 123 649 Bq-m-3,

which meahs that the coefficient of variation is lower than 10 %, and that Csc is higher than the m
radon_dctivity concentration, according to Figure 8.

Based on the geometric characteristics of the receiver container:

ner

ainer is:

h of the

inimum

useful volume: V=2 319,0 cm3 and

area of the tested sample: Ss = 152,0 cm?2,

the diffusive radon exhalation rate, E, from the sample into the receiver container obtained from

Formula (A.3) is:
E=0,1439 Bqgqm-2:s-1

The radon diffusion length calculated from Formulae (A.3) and (A.4) by means of an iterative pr

[=1,25%x10-3m

© IS0 2017 - All rights reserved

ocess is:

25


https://standardsiso.com/api/?name=a2cc72bc6db5fb217bfe86fb56b08298

ISO/TS

11665-13:2017(E)

The radon diffusion coefficient derived from Formula (A.5) is:

D=

3,1 x 10-12 m2.s-1

The laboratory has to provide the uncertainty of the values obtained for the purpose of the diffusion
coefficient assessment, considering all the sources of uncertainty related to the experimental
arrangement and the mathematical methods chosen.

In general, the standard errors propagation model cannot be applied due to the fact that the radon
diffusion length is calculated from Formula (A.3) and Formula (A.4) by means of an iterative process.

The stal
the set

(the sa
thickne
measur

NOTE

specific measurement do not exist as a part of common traceability measurement.

Express
measur

D=
Using F¢
D=

ndard uncertainty estimate of D has been calculated using the numerical model applicationjon
bf data obtained during the internal quality control testing under the repeatability conditionp
he measurement apparatus and the same operator). The relative uncertainty of measure(l
su(d)was assessed to be u(d) = 0,01 and the relative uncertainty of radon activity concentratioh
ement u(C) was obtained by repeated measurement and is equal to u(C) = 0,05.

The systematic error assessment cannot be done due to the fact that the traceable(standards for this

)

ion of the result of radon diffusion coefficient assessment with the standard uncertainty d
Pment:

D+1,965(D)

rmula (7):
3,1 +0,186 x 10-12 m2.5-1
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(informative)
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Determining the radon diffusion coefficient during the phase of

non-stationary radon diffusion

.1 General

his annex deals only with the determination of the radon diffusion coefficient according to m
hen the decisive measurement is performed during the phase of non-stationary.tadon diffusi
continuous method for the recording of the radon activity concentration in the useful volum
eceiver and source containers. Application of the mathematical procedure/for methods B and
e decisive measurement is performed during the phase of stationary radon diffusion is also p

ethod A
bn using
bs of the
C when
ossible.

etermining the radon diffusion coefficient of a tested sample_involves measuring variations in

e radon activity concentration as a function of time, in the squrce and receiver containg
nown geometric characteristics and with one open face applied to the surface of the samp
ipvestigation.

ack diffusion, ventilation of the receiver container and radon decay are not excluded f
athematical processing of the measured data.

.2 Additional terms and definitions

Hor the purpose of this annex, the following\symbols and the symbols given in Clause 3 apply.

rs with
e under

fom the

(1 vector of activity concentrations in nodes of the finite element mesh, in Becquerels per culjic metre

(ssc activity concentration.on the surface of the sample exposed to the source containet, in Bec-
querels per cubic metre

(src activity congentration on the surface of the sample exposed to the receiver conthiner, in
Becquerelsper cubic metre

de lengthrof one-dimensional finite element, in metres

D derivative in the direction of external normal to the boundary
on

Bm mean energy released by the radiation in the air of the chamber for a temperature T(K) and
pressure p (hPa), in joules

I calibration factor, In BEeCqUerels per cubiC Metre per ampere

Fr correction factor for temperature, dimensionless

Fp correction factor for atmospheric pressure, dimensionless

I ionization current, in Amperes

Ilo background ionization current, in Amperes

K. capacity matrix
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conductance matrix

boundary conditions matrix

boundary conditions matrix of the finite element exposed to the source container
boundary conditions matrix of the finite element exposed to the receiver container

radioactive decay matrix

Wair
ec
P
Pe
qh
Gh,s
Gh,r
T
Te

Veh

B3 E

The me:
as ioniz
intende
activity
ensurin
interval

radon leakage rate of the receiver container, in per second

vector of interpolation functions

mean energy expended for the production of an ion pair in the air of the champerin joules
unit electron charge in coulomb (e = 1,602 x 10-19 Coulomb)

atmospheric pressure when operating the chamber, in hectoPascal

atmospheric pressure when calibrating the chamber, in hectoPascal

boundary conditions vector

boundary conditions vector of the finite element exposedito the source container
boundary conditions vector of the finite element exposed to the receiver container
temperature of the ambient air when operatingthe chamber, in Kelvin
temperature of the ambient air when calibrating the chamber, in Kelvin

volume of air present in the chamber, in cubic metres

quipment

isuring system comprises twig dir-tight containers (see Figure B.1) that serve at the same timpg
ation chambers operatinginh current mode. Both containers are equipped with three valvep
| for ventilating the cofitainers, for extracting air samples for control measurement of radop
concentrations and forjconnecting to a certified radon source. A fully automatic measuring unit
b continuous monitaring of radon activity concentrations in both containers at very short timp
5 is a part of themeasuring system.
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ionization chamber in the form of the receiver container
valve

tested sample

ionization chamber in the form of the source container
pump

radon source

measuring unit

collecting electrode

steel case

Figure B.1 — Measuring system for determining the radon diffusion coefficient usi
continuous method for monitoringradon activity concentrations

B.4 Measurement procedure

h case of method A, the measurement is‘performed as follows:

preparing the sample of the waterproofing material;
measuring the sample thickness;

placing the sample Between the source and receiver containers;
ensuring air-tightness between the containers and the sample;

connecting the certified radon source to the source container and admitting radon into th
containery

performing the accumulation of radon in the receiver container and monitoring the radon
concentrations in both containers by continuous measuring device for a period longer t
minimum duration of the decisive measurement for non-stationary radon diffusion, acco

e source

activity
han the
rding to

A 7 Tlhao .04 oo P £rloo oo fiszit ot Loll L rriad £ + 1
IO 7, T i St rcatTg UT e TatuUIT actrv Ity COTICCITt atroTrS—STral o Carricaoatc ot ra

1 h after radon is admitted into the source container. Time interval between successive

er than
records

of concentrations shall not exceed 6 h during the first 5 d of measurement and 12 h during the

following days;

reading the data (radon activity concentrations and time) recorded during the accumulation

process,

calculating the radon diffusion coefficient.
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