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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 proceglures 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 neededfor
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).
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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 (see Annex A of ISO 11665-1:2019 for further
information). Solid elements, also radioactive, followed by stable lead are produced by radon
disintegrationl2l.

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
decpy products rather than the gas itself. Whether or not they are attached to atmospher]c aerosols,
radpn decay products can be inhaled and deposited in the bronchopulmonary tree to.varyjing depths
accprding to their sizel2l[31[41[5],

Rad
sug
nat
(49
refe

on is today considered to be the main source of human exposure to natural ¢adiation. UNSCEARI®]
bests that, at the worldwide level, radon accounts for around 52 % of glebal average ekposure to
iral radiation. The radiological impact of isotope 222 (48 %) is far more,significant than isotope 220
0), while isotope 219 is considered negligible (see Annex A of ISO 11665-1:2019). For this reason,
rences to radon in this document refer only to radon-222.
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on activity concentration can vary from one to more orderscof magnitude over time

rhe amount of radon emitted by the soil and building materials, weather conditions,
ree of containment in the areas where individuals are exposed.

adon tends to concentrate in enclosed spaces like houses, the main part of the populatio
1e to indoor radon. Soil gas is recognized as the most important source of residential rad
tration pathways. Other sources are describedhin other parts of ISO 11665 and ISO 1316

watler(Zl.
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To limit the risk to indi¥iduals, a national reference level of 100 Bq-m-3 is recommended by
Ith Organizatioit3l. Wherever this is not possible, this reference level should not exceed ]
5 recommengdation was endorsed by the European Community Member States that should establish

He3
Thi
nat
ave

To 1
pre

on enters into buildings via diffusion meehanism caused by the all-time existing differen
bn activity concentrations in the Ainderlying soil and inside the building, and via

hanism inconstantly generated bya difference in pressure between the air in the build
contained in the underlying soil’Indoor radon activity concentration depends on rad
rentration in the underlying. soil, the building structure, the equipment (chimney,

ems, among others), the(environmental parameters of the building (temperature, pre
the occupants’ lifestyle.

onal referénce levels for indoor radon activity concentrations. The reference levels for
Fage activity concentration in air should not be higher than 300 Bq-m-3[5],

vention measures in buildings under construction and radon mitigating measures

osure to radon and its decay products varies tremendouslyfrom one area to another, as|

educe the risk to the overall population, building codes should be implemented that reg

and space.
it depends
hnd on the
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bn through
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Ksure, etc.)

the World
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the annual

uire radon
n existing

bui

dings. Radon measurements are needed because building codes alone cannot guarantee

concentrations are below the reference level.

that radon

The assessment of the radon activity concentration of the atmosphere in a building is based on a step-by-
step procedure with two measuring stages: the initial investigation, to estimate the annual average
value of the radon activity concentration in the building, and, when needed, additional investigations.

When it is decided that the radon activity concentration in a building has to be reduced, mitigation
techniques are adapted to each individual casel81[2][10]- The impact of the mitigation is assessed using
new radon measurements in the building.

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

5 document specifies requirements for the determination of the activity Concentration
ypes of buildings. The buildings can be single family houses, public buildings, industria
erground buildings, etc.

5 document describes the measurement methods used to assess;during the initial in
se, the average annual activity concentration of radon in buildings. It also deals with inv]
ded to identify the source, entry routes and transfer pathways.of the radon in the building
stigations).

lly, this document outlines the applicable requireéments for the immediate post
ing of the implemented mitigation techniques, mahitoring of their effectiveness and tef
fainability of the building's behaviour towards radon.

5 document does not address the technical bidlding diagnostic or the prescription of mitig

Normative references

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

6707-1, Building and civil engineering — Vocabulary — Part 1: General terms

11665-1, Measurement of radioactivity in the environment — Air: radon-222 — Part 1: Orig
its short-liveddecay products and associated measurement methods

11665-4;~Measurement of radioactivity in the environment — Air: Radon 222 — Part 4:
surement'methods for determining average activity concentration using passive sampling d
[ysis

bf radon in
buildings,

vestigation
pstigations
(additional
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ting of the

htion work.

pir content

pplies. For
[s) applies.
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nd delayed
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1 166':-7, Measurement nfrnﬂinnfﬁwil’y inthe environment — Air:- radon-222 — Part 7- Ad

umulation

method for estimating surface exhalation rate

3

3.1

Terms, definitions and symbols

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 11665-1 and ISO 6707-1 and

the

following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:
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— IEC Electropedia: available at http://www.electropedia.org/

3.1.1

additional investigations

stage of actions, including measurements, when identifying the sources of radon and its entry routes
and transfer pathways in a building

3.1.2

building
anything that is constructed or results from construction operations, usually partially or totally
enclosed and designed to stand permanently in one place, and whose main purpose is to provide shelter
for its occypants and contents

Note 1 to gntry: In this document, a building is considered as underground if its roof is partly orentirely
underground (see Figure A.1).

Note 2 to eptry: The buried levels of a building are those with their ceiling entirely belowthe ground level
(see Figure A.2).

3.1.3
building mapping
spatial presentation of measurement results showing the distribution of fadon activity concentrafion
data in the|different spaces of the building in order to identify those where-radon activity concentragion
is the highgst

Note 1 to eptry: The measurements carried out for the building mapping are representative of the prevafling
conditions gt the time of sampling and thus cannot be used to establishithe annual average activity concentrations.

3.1.4
homogendous zone
zone inclufling one or more adjacent volumes inside-the building that share identical or very close
characterigtics (type of walls, floors, basement, foundations, building level, water supply, water udage
patterns, ventilation, openings, temperature, etg.) with a homogeneous activity concentration of raglon

Note 1 to enftry: A homogeneous zone is defined based on the following main criteria:

— same type of soil-building interface;

— same ventilation conditions (no ventilation system, natural ventilation, mechanical ventilation, etc.);
— same t¢mperature level.

Note 2 to enftry: In cases where-water can be a potential source of radon, the following additional criteria apgly:
— same njode of watersupply (direct, indirect, continuous, recycled);

— same type of water usage patterns (washing, showering, therapeutic care).
3.1.5
initial investigation

first stage of actions, including measurements, when determining the annual average activity
concentration of radon in a building

3.1.6
mitigation techniques
technical means implemented in an existing building in order to reduce the activity concentration of radon

3.1.7

occupied volume

volume regularly occupied with a residence time justifying an interest with regard to the radon
exposure risk

EXAMPLE Living-room, workshop, office, classroom, etc.
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8
on entry routes

passages and vectors (air or water) that permit radon to penetrate the building

Note 1 to entry: Radon does not enter uniformly across the entire envelope of the building. The preferred entry
routes are cracks in the soil-building interface, piping runs, etc.

3.1.

rad
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origin of radon present in the building
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Not

ttoentry The mmaimsource of Tadom i buidings s usuatly theumdertying soit i some tay
prials, the outdoor air, water (inflow water, supply water, thermal water, etc.) and even city gas-x
ces that can increase the radon activity concentration.

10

cages and vectors (air or water) that permit radon to move from one volume.inthe building

e 1 to entry: Radon transfer pathways commonly include piping runs, stairgases, doorways, etc.

11
-building interface
Lact surface between the soil and the building

e 1 to entry: The soil-building interface can, for example, be formed by:
a beaten-earth floor;

an earthen floor;

a slab or floor on a crawl space, technical space,basement or cellar;
buried or semi-buried walls in contact with-the ground;

etc.

12
hnical building diagnostic

ing the initial investigation, and to provide the data and information needed to choose
r-lasting mitigatiof-techniques

13

he of interest

fixed value‘of the annual average radon activity concentration, from which actions shall
Ice the:anhual average activity concentration in a building11]

e Ltoentry: The values of interest, also referred to as reference levels, are fixed by regulations is

es, building
e additional

to another

bstigation operations cofiducted to identify the causes of the presence of radon detected iJ a building

ppropriate

be taken to

sued by the

Cco

hatant adminictrativa national anthaority or agvraod contractually hutha nartioc inualuad
petent HHSHaH e oo Ra—aat e Ey-eFat + AHFctHay-By-thRe-paFt HIO e a-

3.1.

14

volume
closed space in a building

EXAMPLE Room, corridor, box room, workshop, office, classroom, crawl space, cellar, etc.

3.2

Symbols

For the purposes of this document, the symbols given in ISO 11665-1 and the following apply.
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C

Ci

average annual radon activity concentration, in becquerels per cubic metre

value of interest of the radon activity concentration, in becquerels per cubic metre

4 Organization of the measuring stages

The assessment of the radon activity concentration of the atmosphere in a building is based on a step-
by-step procedure with different measuring stages:

NOTE 4

5

5.1 Objgctive

measu
comp

Iftheir
of inte
with t

Fion
fain
rement data with which to assess the annual average activity concentration of radon that is
red to the value of interest.

nitial investigation demonstrates thatthe radon activity concentrationislowerthananyvajues
rest, the sustainability of the building's behaviour towards radon is monitéred in accorddnce
he requirements set out in Clause 9. If changes in the building can alter*its sustainabillity,

the iniftial investigation shall be performed again in accordance with the fequirements set oyt in

Clause

If the
any va
preser

5.

initial investigation demonstrates that the radon activity ¢oncentration is higher than
lues of interest, investigations shall be performed in order to identify the causes of|the
ce of radon at this level in the building (technical building diagnostic, etc.). Depending on

the type of building involved, and particularly for large-footprint buildings with complex structure

config
(soil, b
These
in Clay

If miti
implen

irations, additional investigations may be carried out'to help identify the sources of radon
uilding materials and water) and its entry routes’and transfer pathways in the building.
additional investigations shall be carried out invaccordance with the requirements set|out
se 6.

pation techniques (simple actions suchas power on ventilation, building works, etc.)|are
hented, immediate post-mitigation.teSting may be performed using short-term radon

effecti
with t

measuﬁements that are not representative of the annual average value (see Clause 7). [The

eness and the sustainability of thése mitigation techniques shall be monitored in accordgnce
e requirements set out in Clauses 8 and 9.

\n example of the organizatien of the different stages is given in Annex B.

Initial investigations

The aim off the initial investigation is to determine whether a building or part of a building show$ an

annual avefrage vialue of radon activity concentration above any values of interest.

5.2 Methodology followed during the initial investigation

The initial investigation shall be performed following the time sequence described below:

selecti

on of measuring devices;

location of the measuring points in the building;

installation and removal of measuring devices;

processing of measuring devices;

data analysis of measurement results obtained for each homogeneous zone;
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— initial investigation report drafting.

5.3 Selection of measuring devices

The measurement method used to approximate the annual average activity concentration shall be the
long-term integrated measurement method in accordance with ISO 11665-4.

Several types of measuring device complying with the requirements of ISO 11665-4 may be used
during the initial investigation. However, to facilitate the data analysis and the interpretation of the
measurement results, the same type of measuring device shall be used per building.

For|a specific atmosphere with a high variable equilibrium factor (dusty atmosphere, hig]]l humidity,
highly ventilated, etc.), a passive measuring device in so-called “closed configuration” shall he used.

5.4 Location of the measuring points

5.4{1 General

The installation of the measuring devices follows a three-stage protocel\which determines:
— |the homogeneous zones in the building under investigation;

— |the number of devices per homogeneous zone required totake the representative measyrements;

— |the locations of the measuring points in the homogeneous zones.

5.42 Determination and selection of the homogeneous zones

Horhogeneous zones are determined from the lowest floor upwards in order to progressively select a total
surface of occupied homogeneous zone that is-at'least equal to the ground level area of the buflding. This
appfoach is expected to select the homogenéous zones with the highest activity concentration|of radon.

Thip approach is performed following two steps:
— |the determination of homogeneous zones is based on:
— the following main ckiteria:

— same type.of soil-building interface;

— same_ ventilation conditions (no ventilation system, natural ventilation, mechanical
ventilation, etc.);

— <{same temperature level;

— « the following additional criteria when water can be a potential source of radon:

samamada afwatar cunnly (diract indiract continuance rocucladl).
Sorrre-roer E-Or—vvorte St ppry e e e o e e ot oo e ey e

— same type of water usage patterns (washing, showering, therapeutic care);
— the selection of homogeneous zones shall comprise at least one occupied room.

In specific cases where specific sources other than soil (water and/or building materials) have been
identified, this approach is performed for each building floor concerned.

For buried levels of a building, this approach is performed for each floor that is below ground-level, and
each homogeneous zone that is occupied is selected.

For underground buildings, this approach is performed for each building floor.

© IS0 2019 - All rights reserved 5
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In the case of large buildings or buildings with a complex structure, the determination of the
homogeneous zones requires a visit to these premises.

In the case of single family houses, the determination of the homogeneous zones is usually simple as
each floor constitutes a homogeneous zone.

5.4.3 Number of measuring devices to be installed

At least one measuring device shall be installed in each selected homogeneous zone, with a minimum of
two devices per building.

In the case|of large homogeneous zones, one device is installed for every 200 m2,

5.4.4 Installation of measuring devices

The measyring device(s) shall be installed in an occupied volume of the building fer_each sele¢ted
homogenegus zone. Areas not representative of the exposure conditions shall be ayaided, particulprly
entrances, [cellars, garages, pathways and attics.

The use of the premises shall dictate the choice of location. Normal conditions-of'use and occupatiopn of
the premisgs shall not be altered during the measurement.

The measuring device shall be placed on a free surface between 1 m,and 2 m above the ground, unjder
the followihg conditions:

— the chpsen position is selected with a free space consistent with the detection volume of|the
measufring device to ensure a measurement representatiye of the atmosphere of the homogendous
zone; iﬁj the walls are made of building materials withxa.high content of thorium, a free space ¢f at
least 20 cm shall be left around the sensor to avoid the influence of the thoron's exhalation from|the
walls(gl;

— the mdasuring device shall be placed away from:
— adource of heat (radiator, chimney,-¢lectrical equipment, television, direct sunlight, etc.);
— awater supply outlet (risk of splashing) or a condensation point-source;

— adource of fat projection;

— the ch¢sen position is such-that the installation conditions should not be modified during measuring
for whiatever reason (beoks falling, engineers working, curiosity, etc.) and thus recommendatjons
shall be made to occupants to prevent damaging the exposure conditions of the measuring deyice.
The measuring device shall be made secure during its exposure.

5.5 Installation*and removal of the measuring devices

To approadh(the annual average value of the radon activity concentration in a building and in order{not
to underestimate the average value of the radon activity concentration:

— atleast half of the measurement period has to be in the winter or during the heating season;

— the measuring devices shall operate for at least two months. The measurements shall be performed
during a period when the number of consecutive days during which the premises are unoccupied
does not exceed 20 % of the adopted period. Premises that are not occupied for extended periods
are excluded as the radon can accumulate due to the lack of air renewal.

The device shall be configured to “measure” when it is installed (see recommendations from measuring
device manufacturers) and shall be configured to “stop” when it is removed.

The times (date and hour) of the installation and removal phases shall be recorded.

6 © IS0 2019 - All rights reserved
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In all circumstances, the measuring conditions shall be documented correctly in the test report (see
Annex C).

It is important for the occupants to carry on with their normal daily routine during the measuring
process.

In the event of seasonally related inoccupancy, the measurement period shall be adjusted to the period
of o

5.6

ccupancy.

Processing of the measuring devices

Ref
the
per
equl

The
and
occ
cha

Thd

5.7
The
Thd

Wh
tha
exp|
ho

Wh

higher than'the uncertainties, a root cause analysis of the distribution range shall be led:

b1 to the recommendations of ISO 11665-4 and the manufacturer's recommendations on
measuring devices. The value of the average radon activity concentration is expressedin
cubic metre (Bq:m~3) and is accompanied by its expanded uncertainty with an ekpansi
al to 2.

expression of the average radon activity concentration is inseparable frgni-the sampliy
the period of year at which the measurement is performed. It is alse undissociabl
ipant's lifestyle, measuring point levels (basement, ground floop~upper floors) or

Facteristics (normal building ventilation kept stable).

results can be expressed in a similar format to that shown in Annhex C.

Data analysis
measurement results are analysed for each of the homogeneous zones selected in the by
data analysis shall take into account the following criteria:
the influence quantities described in ISO 11665-4;

modifications of the building leading té:a‘modification of the criteria used to define the ho
zone during measuring/sampling (work, ventilation, etc.);

[processing
becquerels
n factor, k,

g duration
b from the
ventilation

ilding.

nogeneous

changes in occupation of the premises during measuring (removals, change of use, abseice, etc.);

the sampling duration.

bn the measurementresults obtained within the same homogeneous zone show a disp
h the uncertainties,~the average radon activity concentration is calculated. This ave
essed in becquerels per cubic metre, without the associated uncertainty, is attriby
ogeneous zone [See Annex D). This value is compared with the values of interest.

bn the distribution of the measurement results obtained within the same homogeneq

ifthe'cause is due to measuring devices, then integrated measurements shall be repeate

hrity lower
fage value,
ted to the

us zone is

1 under the

Vit 54

— if the cause is due to methodology factors, then integrated measurements shall be repeated under

NOTE

the conditions set out in 5.4, or the highest value recorded, ignoring its measurement u

ncertainty,

is selected and attributed to the homogeneous zone (see Annex D). This value is compared with the

values of interest.

For a given homogeneous zone, if the set of measurements includes results that are below the limit

of detection, then the value attributed to this homogeneous zone is determined based solely on the significant
results.
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5.8

Initial investigation report

The initial investigation report ensures the traceability of the measurements and checks their
conformity:.

The initial investigation report shall contain the following information:

a)

6

reference to this document and, if appropriate, to the regulatory texts governing the situation;
date of the report;

sampli

sampling locations;
measurement method (integrated);

identiffication of the type of sensor;

identification of the person requesting the initial investigation;
references of the author(s) of the report;
referefces of the persons who were in charge«of the initial investigation;

report|reference code, written on every-page of the report, with page numbering featuring the t
numbdr of pages; when a new version of-the initial investigation report needs to be issued, it sha
given 4§ new reference code or a newiversion index, and shall include a statement naming the orig
report|it replaces;

description of the methodology followed;
justifigation of the determination and the selection of the homogeneous zones;
justifigation of thehunber of measuring devices installed;

a schematic drawing of the building, marking locations and references of the measuring deyv|
installpd;

fion

one

ptal
Ibe
inal

ices

description of the measurement conditions.

Additional investigations

6.1 General

Additional investigations are only performed in buildings in which an initial investigation has already
been performed following the procedure described in Clause 5. These investigations can be performed
throughout the year and can be used to assist in the technical diagnostic.

Additional investigations are used to identify:

the sources of the radon;
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the radon entry routes in the building;

the radon transfer pathways in the building.

The additional investigations require information such as:

results of the initial investigation or previous ones and the conclusions of the associated reports;

characteristics of the building itself and the site where it is built;

occupant’s lifestyle;

Add
nec

6.2

6.2
At f]

if necessary, the information collected during the technical diagnostic.

itional investigations require the implementation of several measurement metheds in
bssary, outside the building.

Methodology for additional investigations

1 General

rst the site shall be visited. After the site tour has been completéd, the additional investi

laumpched following the steps below:

building mapping;
identification of the radon source(s) and the entry route(s);
identification of the radon transfer pathways;

drafting of the report of additional investigations.

Sonpe of these steps may be carried out simultaneously.

6.2
Thd
The

2 Building mapping
mapping provides a snapshat of the radon activity concentrations in the building at a giy

mapping of the building is based on the results of activity concentration measurements

cide and, if

bations are

ren time.

rarried out

throughout all building ¥olumes (including cellars, box rooms, etc.) or in parts of the building, on the

bas

s of the initial investigation results as well as the building characteristics.

Spot measurement methods (see I1SO 11665-6)121 or continuous measurement

(seq

ISO 1166555)[13] are recommended. Measurements are performed starting a few houf

windows arid doors are closed. Due to the great variability of the radon activity concentr

tim
few]

b, these.measurements shall be performed simultaneously or within a short time inten
hotrs) in all volumes of the building.

methods
s after the
htions over
val (over a

The measurement results can help 1dentily the volumes where radon activity concentrations are
the highest. They are used to help identify the part(s) of the building that can be prioritized for the
operations aimed at pinpointing the radon sources, entry routes and transfer pathways.

6.2.

6.2.

3 Identification of radon sources and entry routes

3.1 General

Based on the information gathered in 6.1, several potential radon sources and entry routes can be
tackled. They can be characterized by deploying one or more of the measurement techniques set out
below. Choice of measurement technique(s) and number of measurements scheduled depends on the
situation encountered.
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6.2.3.2 Radiometric measurement

Other radiometric measurements can be performed to supplement radon activity concentration, such
as dose rate measurement. This latest measurement, expressed as equivalent dose rate (uSv-h™1) or
photon count [number of counts per second (c's71)], can quantify ambient gamma radiation and/or
gamma radiation in contact with the soil and/or building materials.

These measurements are used to identify zones presenting the higher dose rates or photon counts
characteristic of a significant presence of gamma-emitting radionuclides, especially radium-226 and its
decay products.

In the evelt of significant divergence irom background radiation, It might become necessary to_jake
samples to| perform a more precise measurement for a more fine-grained laboratory analysis s0<als to
identify and quantify the radionuclides present.

6.2.3.3 Measurement in the air of the soil, in cracks and in piping runs

The methdd most frequently used to measure the radon activity concentration in the air of a soil, in
apparent dracks or in piping runs, is spot measurement (see 1SO 11665-6)[12]~Continuous measufing
instruments may be used in certain circumstances (see ISO 11665-5)[13],

Various te¢hniques are used to collect air samples at the source of radon afid before its exit and dilufion
in ambient]air. A special sampling system is frequently required (syringe fitted with a filter, capillary
tube, samp|ling probe) as the measuring point cannot normally be accessed directly.

6.2.3.4 Radon surface exhalation rate estimate

The surfade exhalation rate allows the quantification of\radon emitted from a given surface 4rea
per unit off time. The surface under investigation may.be: outdoor ground, the soil-building interface
(beaten eafth floor, floor slab, buried wall, etc.), building materials, etc. The measurement is perforined
in accordance with the requirements of ISO 11665¢7%

6.2.3.5 Neasurement in water

The water] supplying the building under investigation or used for various in-building purpg¢ses
may be njeasured for radon actiyity concentration using an appropriate measurement method
(see ISO 1316417]),

6.2.3.6 (Qutdoor measurement

Outside airmay sometinesprove a significant radon source. To measure the radon activity concentration
outdoors, it is advisable'to use a measuring device that operates continuously over several hourg (at
least four Hours) (séelSO 11665-5)[13],

6.2.4 Idéntification of transfer pathways

6.2.4.1 General

Several potential radon transfer pathways can be suspected. They can be characterized by deploying
one or more of the measurement techniques set out below. The choice of the measurement technique(s)
and the number of measurements depends on the situation encountered.

6.2.4.2 Continuous measurement

Continuous radon measurement (see ISO 11665-5)[13] provides an understanding of the time variations
of the radon activity concentration in the volume under study in relation to changes in parameters such
as occupancy patterns, heating, ventilation, etc. The implementation of continuous measurements in
adjacent volumes enables the identification of radon transfer pathways between these volumes. These
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measurements are performed over a day-night cycle, generally covering at least one day and one night

of o

NOTE 1

ccupancy.

It is extremely useful to determine radon activity concentration during real routine occupation of

a building volume. It can prove the determinant factor dictating the degree of urgency to implement remedial
actions.

NOTE 2

It is extremely useful to determine the influence of a ventilation system on the radon activity

concentration in a building volume. These measurements make it possible to test (cut-off, start-up, settings) the
ventilation system.

6.2

Spo
bet
the

megsurement, the indoor radon activity concentration shall be measured in thé@olumes con

6.2

Thd
wh
det

equfilibrium factor is an indicator of the ventilation conditiorofthe volume concerned.

6.3

Thd
con

a)

b)
‘)
d)
e)
f)

g)
h)

4.5 Spotmeasurement

 radon measurement (see 1SO 11665-6)[12] allows the characterization of transfer]
veen two volumes within the building. This measurement is performed at the-intérfact
two volumes (wall lining, floor), in piping runs, shafts, stairs, etc. Simultaneously to

4.4 Short-lived radon decay product measurement

measurement of the potential alpha energy concentration of the'short-lived radon deca
bn conducted simultaneously with a radon gas measurement €nables the equilibrium f
prmined between the radon and its short-lived decay produets (see ISO 11665-3)[14], The y

Report of additional investigations

formity. The report of additional investigatiefis shall contain the following information:

reference to this document and, if appropriate, to the national regulatory texts gov
situation;

context of the request for additional investigations;
date of the report of additienal investigations;
sampling times: start dnd end time (date and hour);
sampling locations;

description of .the methodology followed and justification of the measurements perfor
time of the.additional investigations;

description of the measurement methods performed;

building mapping results and their interpretation;

pathways
s between
faking this
cerned.

y products
hctor to be
ralue of the

report of additional investigations ensures_traceability of the measurements and clecks their

erning the

med at the

i)

j)
k)

results and interpretation of the measurements performed for identifying the sourc
entry routes;

es and the

results and interpretation of the measurement performed for identifying the transfer pathways;

conclusion with a summary of the interpretation of the measurement results and the identification

of the radon sources, the entry routes and the transfer pathways.

Complementary information can be provided, such as the following:

identification of the person requesting the additional investigations;

references of the authors of the report;

© IS0 2019 - All rights reserved
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references of the persons who were in charge of the additional investigations;

report reference code, written on every page of the report, with page numbering featuring the total

number of pages; when a new version of the additional investigations report needs to be issued, it
shall be given a new reference code or a new version index, and shall include a statement naming the
original report it replaces;

results of the initial investigation or previous ones, information linked to the building);

a schematic drawing of the building, marking locations of the measuring points;

synthesis of the information collected in advance (information linked to the technical diagnostic,

descrij

7

Immediate
radon mea
were impld
activity co

Continuou
implement
basement,

btion of the measurement conditions (sampling, environmental conditions).

Immediate post-mitigation testing of the technical solutions applied

post-mitigation testing of the technical solutions applied may be performe@sing short-t
surements. This phase is carried out in the building parts where the mitigation technig
mented as well as in the adjacent volumes, using a continuous measufement method of ral
ncentration (see ISO 11665-5)131,

radon measurement results can be used to characterize the effectiveness of
htion of any active mitigation technique (mechanical ventilation of the building or
hctive sub-slab depressurization). The results of any shofftérm test are not to be considg

as representative of the average annual radon activity concentration.

These med
mitigation

surements can be performed at any time durifig and after the implementation of
solutions.

8 Control of the effectiveness of the technical solutions applied

The effecti

veness shall be assessed following the'procedure of the initial investigation phase with a

brm
ues
don

the
the
red

the

1ew

definition ¢f the homogeneous zones. Meastrements shall be performed under the conditions described

in 5.4. Thij
the volumdq

NOTE1 4
activity con

NOTE 2
over time.

\

new initial investigation shall be carried out throughout the entire building rather tha
s and/or zones where the radon activity concentrations were highest.

Any change to the building.is liable to impact its radon transfer and thus trigger an increase in ra
centrations in a previously non-impacted part of the structure.

9 Control of the sustainability

The sustai

nability of the building's behaviour towards radon shall be regularly assessed. The contr

h in

don

Vhen a mitigatiofn-technique is implemented, it can be necessary to monitor its correct operation

I of

the sustai

Il o £, N 3 AN | fiizad 4 43 £l 1 rlo o2
AaUTITCYy 15 pPpCTTOTINCO Oy TIICAaSUT Ty cHC TatoOTT aCtrv ity COTICCTICT atTUTT T O U g ot e crrc—ooTT

following the initial investigation conditions described in Clause 5.

12
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Annex A
(informative)

Examples of underground buildings and buried levels

PO 1 P

SN N
Key]
1 |soil
Figure A.1 — Schematic drawings.of\underground buildings
N
2 <
3 <
N

Key
1 soil

2 levels above ground
3 buried level

Figure A.2 — Schematic drawing of a building with one buried level
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Annex B
(informative)

Organization of radon measuring phases in a building

CsC
Initial investigation > <
A
E > Cl
C>C
P ' Sustainability
N control
A 4
Actions designed to reduce > L.
ghec o’ Additional 4
the radon activity . ..
. investigations
concentration <
Immediate “\........ »
post-mlt_lgatlon — Not dealt with in
testing this document
A
= .
¢ g G Effectiveness ¢ - G
) W !

Key
Q long-terh measurements performed under the conditions described in Clause 5
|:| measurements performed under the conditions described in Clause 6
O short-term measurements performed under the conditions described in Clause 7

............. > non-systematic action

— > systematic action

Figure B.1 — Organization of radon measuring phases in a building
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