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Indoor radon sources

1 Geological bedrock
2 Building materials
3 Water for domestic use

Higher indoor temperatures, when
compared to outdoor conditions, can
create a pressure gradient that draws
radon-rich soil gases into the building
through the foundation and other
pathways.
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THE PROPERTIES OF AIRTIGHT MEMBRANES

» Radon diffusion coefficients, D (m? s™1)
» Radon diffusion length, 1 (m)
» Radon resistance, R (s m™!)

R, =d/D if the radon distribution in the
membrane is linear -2 with d/1 <
0.8

R, = sinh d/ 1 if the radon distribution in the
membrane

Al is not linear -2 with d4d/1 > 0.8
where:
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Esperiments

1 The samples are circle-shaped with a diameter of 7 cm

d The samples thickness is measured with an analog caliper
and the final value is the average of at least four

determinations, according to the ISO standard (4 points per
0.05 m?).

d Each test spans around two weeks
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Configurations

Configuration Volume of the left circuit (L) Volume
of the right circuit (L)

1 2.951 2.840
2 2.951 1.394
3 1.499 1.394

with a progressive reduction in volumes and thus a _

gradual increase in radon concentration and mlnlmum_‘ké

detectable value of D e o
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Radon concentration in the source and receiver che

140000 5000
 Non stationary radon diffusion

|E12OOOO
- Rn source 40008*
m 100000 e Modified version of Method A ~
. o
4 80000 of ISO/DIS 11665-13 using 3000 @
§ 'Explicit  Finite  Difference P
60000
a o Method (EFDM) 2000 @ ~
2
f:) 40000 Rn receiver f:)
I g I
g m ‘ 1000 G
20000 vy
. m 'w‘”""‘u’lvlvmx‘.LJ,uMMAuJ B
G “ -
I 0 0 g
Q 0 50 100 150 200 250 300 350 Q ;

Time (hours)

17° GARRM - Prague, September 16 - 18, 2025



Indoor ! ! Conclusion
radon Membranes D, 1 and R Testmat Validation <

Radon diffusion in @ medium in which it is not produced

is described by the following differential equation:

dC(x,t) 0%C(x,t)
Fya D P AC(x,t)

where C (x, t) is the radon concentration in the pore space of the medium (Bq m3)
that depends on location x and time t

D is the radon diffusion coefficient (m? s1)
A is the radon decay constant (s1).

17° GARRM - Prague, September 16 - 18, 2025
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The solution of the diffusion equation through the
membrane 1s provided using the explicit finite
difference (EFDM) method:

CP=C2e™™*+ DS At / VP

Ax

C,i_ — C
C%):= DS d—Ax,0 d,0 AAII/I/D
Ax

CP = radon concentration in the receiver chamber;
| and | = the discrete positions and times determined by step lengths Dx and Dt;
S = surface of the sample;
VP= volume of the receiver chamber;
D = radon diffusion coefficient
T = radon average life

Gradient of radon concentration in the membrane at time j and zero.
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CHECKING THE MODELING THROUGH CURVE

OVERLAYING Iterative procedure
based on the wvalue of D

which minimizes the
squared sum of the
differences between the

__Modeling with EFtWo dataset
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_ Interpolated experimental data
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CHECKING THE MODELING THROUGH CURVE OVERLAYING
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0 ENDORSE for Radon Diffusion Coefficient Evaluation by INGV and Roma Tre University

File Edit Action Help

T(s) 1202400 Nyr [rooooo AT(s)= 1.2024E+01
d (m) 0,0013 - Ngjee 20 == Ad(m)= 6.5E-5

Material |Sample 2

D(m%s) [1,976-11 =

I(m)= 3.063E-03

ﬂ Report

I~ Save EFDM ReportFile  N. profiles to save |1U 3:

Selectthe test starting date I20f05f'2024

=l

— O X

™ Montecarlo Simulation

— Montecarlo

uqd [ru]

Ugource (Bq/m” ]

U Receiver Ba/m)

Scenario number |5 =
Current scenario

Convergence (Courant condition) :  1,122E-01 EFDM Mode & Accurate " Approximate (Taylor series of EXP Function)
Radon concentration in source, receiver chambers & from EFDM Radon concentration profile in Sample 2 material

120.000 - - — Rn Source 8.000 - - - m

110.000 §%-z--=/f ::::;::: :--::::::;::::-300? — Rn Receiver E -
A1gg-ggg- SRS A e b o G P — Rn EFDM 5.400- ;
& . T N e e e AN e e e )
£ 80.0004---X-------r---o-----2 s =
) Y} e g g 4.800
= e N e e e e N 200 0a 5
8 60.000F--FF -\~ e m g
5 SALLLE poripcccoatoobcnoopooccodbocos o c 3.200
o N e i o e e e e e
D 40.000f-F-----225 SR T 150z x
€ 300004 f----------rOg-mmmomere-e- o

S b e e, S e R 1 1.600

10.0004f - ----------F---oooo-TTR =

— ; ----------- ;-‘--50 0'r ] T T AT T R T TS T
0 500.000 1.000.000 0 000026 0,00052 0,00078 000104 0,0013
Time (8) Slice position (m)

Sum of (YY) square lterative D evaluation Convergence if subsequent elaborations within I1 3: %o
Overthe testtime span  2,758E+07 & QOverthe testtime span V¥ FastMode I~ Find best solution
After one week 1,177E+07 O After one week

Time step 100001 out of 100001

Plot Mesh |

Iteration |

18, 2025

SOFTWARE
FOR RADON
DIFFUSION
COEFFICIENT

& ENDORSE

MONTE CARLO
SIMULATION IS
APPLIED TO
EVALUATE

ERRORS BASED ON .
A SINGLE TEszﬂﬁi

.’ g :“ ,V

£

\I-al"'ill'-!lﬂ
P

ENA

e e et 0

ENNNEEARNENNEEARENNNEARNNNNNAAENNNNNAANNNNNNARRNNNNNAnnnnnnnnn t MOdlf ied after Portaro et al
17° GARRM - Prague, September 16

(2025)



Indoor i i Conclusion
radon Membranes D, 1 and R Testmat Validation Analyses .

Preliminary tests to calculate:

1l.Leakage rate: 1.42 1077 s!, only 7 $ of
radon decay constant

2 .Environmental background: 44 Bq m3, stable
during the test

3.Choice of the best sample holder to avoid
radon transfer into the receiver chamber

4 Minimum radon diffusion coefficients for
experimental

configrugzin Q¥ ague, September 16 — 18, 2025
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Minimum radon diffusion coefficient measurable with co
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Minimum radon diffusion coefficient measurable with co
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Minimum radon diffusion coefficient measurable with co
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Intercomparison of radon diffusion coefficients of the three
membranes

« Sample 1: a synthetic high-density polyethylene (HDPE) sheet
with an adhesive side covered with a pressure-sensitive
protective coating

« Sample 2: a polyolefin (FPO) membrane, laminated with non-
woven polypropylene fabric

* Sample 3: a sheet of HDPE tightly coupled to a
layer of non-woven fabric

Rabago et al.,

2024
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Rabago et al., 2024 CHECK
REPUBLIC POLAND SPAIN ITALY
Volume of the source 0,005 -
chamber (m3) 0,015 0,011 0,0244 0,00292
Volume of the receiver
chamber (m3) 00,0027 0,006 0,0244 0,00281
Surface of the material to
test (m2) 0,029 0,048 0,048 0,003
Surface / Volume (m™1) 10,9 8,1 2,0 1,0
Material the chambers are stainless ITnox
made steel steel Steel PVC
Equilibrium/highest
. . 1,4 -
activity in the source 3 - 4.3 1= 1 0,1

chamber (MBg/m’)

Equilibrium/highest

Aa~t+ax7r9+xr 1 +Fhe varrAad T 1 &




Indoor | ! Conclusion
radon Membranes D, 1 and R Testmat Validation Analyses <
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Final remarks

Jd A new methodology to determine radon diffusion
coefficient (D) of anti-radon membrane, based on

ISO/TS 11665-13 (2017) technical specification
was developed.

d The PolyVinyl Chloride (PVC), the material the
TESTMAT 1s made of, proved to guarantee a good

gas tightness (about 7 % of the radon decay
constant) .

J We demonstrated that a weak, not-stationary radggjﬁ

éajxj-l—'“? 7 /'

source (with radon activity concentration in tf%ém‘

order of pPP-ERAM kBehght  )septembeP 26 SUGCeBgsfully used
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Final remarks

d Through the use of the ENDORSE software, we also
showed the Explicit Finite Difference Method
(EFDM) can be applied to solve the diffusion
equation describing the flow of radon through
regularly shaped materials.

J The Montecarlo method, also implemented 1in
ENDORSE, confirmed to be the Dbest resource to
calculate the uncertainty of D (considering all
the sources of uncertainties, such as radon ,
concentration 1n the two chambers, the membra;g“
thickness and the leakage rate of the TESTMATS i
based on A&7°s6ARBM -~ Rrague, September 16 — 18, 2025
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