21-22 April 2026, Workshop, Madrid, "Climate Change, Ventilation and
M Resilience"

——

: ) = e Instituto de Ciencias
¥ CSIC e
¢ b DEESPANA E5
73 Y UNIVERSIDADES e Toll:ll'anrjao
B0 (CONSEJO SUPERIOR DE INVESTIGACIONES CIENTIFCAS

OVERVIEW




CONTEXT. Radon contamination

RADON: Radioactive Element. Isotope (Rn-222)

URANIO 238

4500 millones
de afios

* Naturally occurring gas whose primary source is the ground (Earth’s crust) —— |

* Decay chain of U-238: (Uranium - Radium = Radon)

RADON: Chemical Element

* Inert gas: chemically stable
* Density: 9.73 kg/m3 (at 0 °C and 1 atmosphere) heavier than air

* Colourless, odourle

ss, tasteless

* Soluble in water and other liquids

HEALTH: When inhaled, radon brings radiation closer to sensitive tissues

* Classified as a Group 1 carcinogen (WHO)
* Second leading cause of lung cancer, after tobacco smoking
* 15% of lung cancer cases worldwide are caused by radon

* Comparable to deaths fro

m road traffic accidents

26,8 minutos.

164
microseg.

138 4 dias

ESTABLE

Tipos de Radiacién

Borja Frutos. Instituto de Ciencias de la Construccion Eduardo Torroja (CSIC) .. C s lc

RADON IN BUILDINGS. Sources, transport physics and accumulation

Accumulation: increasing RISK > 300 Bg/m3

{_g‘/

Transport physics

e 1
¢-226/&/ "

@
2O
—®
@

Radon generation
IN SOIL

European Atlas Natural Radiation

Diffusion: (Cs,;>C;,) Advection : (Pg > P,)

De: Diffusion coefficient K: Permeability

(Through material/SLOW)  (Through cracks, joints/FAST)

b
9BC _ BDevC 4 Kpepp + eG - aeC
at U
DIFUSION ADVECCION GENERACIONY
DESINTEGRACION
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@ =Surface exhalation rate

RA DO N SO U RC ES (Bq/m2.h) Reference

NATURALES SOILS
. . Soils in France 3.6-360 1SO 11665-7:2016: Measurement of
% Emanatlon and eXhaIat|On prOCGSS radioactivity in the environment — Air:
. . . . Mean in planet soils 72 radon-222 —Part 7: Accumulation method
- Uranium concentration in soil P for estimating surface exhalation rate.
- Soil permeability Zhuo et al. 2006. Modeling Radon Flux
Z ROCK Content Natural soil 38.9-102.6 Density from the Earth’s Surface. Journal of
=] URANIO U238 CHUEI S T . Nuclear Science and Technology, 43(4),
=
— pp.479-482.
3 Qf«j;j;; Basalts 1,0 (ppm) Neznal et al. 2000. Comparison of
X Granite 5,0 (ppm) calculated and measured soil-gas radon
Nerarl ssfil 57.6 concentration and radon exhalation rate.
Clays 3,7 (ppm) el sl . International workshop on the geological
aspects of radon risk mapping. Prague
Sand 0,5 (ppm) (Czech Republic), pp. 16-26.
Raddn, un gas radiactivo de origen CONSTRUCTION MATERIALS

natural”. CSN'y Universidad de Cantabria Misdagq et al. 2000. “A new method for

studying the transport of radon and thoron
in various building materials using CR-39

Radium — 226 content

CONSTRU CTION MATERIAL Granite 23 and LR-115 solid state nuclear track
Const_ruction [Ba/kg] detectors. Radioactivity Measurements. 32,
Exhalation rate: material 30042
Bricks 45.2 - 143 Granite from E. 35
le — R-E- Aﬂ Ltanh(d/L) Concrete 211-192 Torroja Institute ’
_ Eduardo Torroja Institute
R: Radio content; Mortars 19.8-82 Brick wall 25
E: Emanation fraction; Ceramic Tiles 63.0-117
A; Decay; p: Density; Sand 13.3-41 l
L: Diffusion Length; Clay 40.9-199
d: Thickness Coment 36588 Soil >> Materials (2 orders of magnitude)
Gypsum 12.1-86

(The National Rad. Prot. Inst. (Rep. Checa)
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Special case of HISTORIC BUILDINGS Torre de Hercules.

Coruna

High from the Mean

Level ground Concentration PROBLEM DETECTED
(m) (Bq/m?3) . .. .
L]

Excavation 5 178 H.Ig|’.\ Ie\{el of radon activity concentration
Ground Storey 3.7 666 e Similar in all floors
15t Storey 13.2 1196
2" Storey 22.9 1429
3rd Storey 37.2 1200 i

Planta s

Mean concentration (CR-39 detectors; 101 days.
Gal RaD lab. U. Santiago de Compostela)

Planta 4

Planta3

Planta 2

Pa—

Planta 1

Planta Baja

| Planta Excavacién

"\ Escalera de comunicacién
entre excavacién y a torre

PLANTA SECCION

Indoor radon concentration (truncated at 1500 Bqjm3)
*

g
| T m—— o ¢

[—om =
HL—owo
[—= o

Wedian: 99.Ba/m3 Lrl

Cotor (21)  Grounatioor  Firet o Third floor (188)  Fourth loor
(850) el R

Floor of the dwelling where radon was measured

i

Fitn floor (228)

8 {0 oooe

M Lorenzo-Gonzdlez et al (2017). Residential radon in Galicia: A cross-sectional study in

don- ! | of Radiological Protection. . . . . L. .
a radon-prone area. Journal of Radiological Protection Borja Frutos. Instituto de Ciencias de la Construccion Eduardo Torroja (CSIC) gSlc




Internal spaces in the Tower

Basement. archaeological excavation

Borja Frutos. Instituto de Ciencias de la Construccion Eduardo Torroja (CSIC) ...

RADON SOURCES IDENTIFICATION

Vault
Tower STRUCTURE. Different Roman systems — >
N ~ o
Internal walls T
1.4 m thick ‘
\wf\ I Granite

=3 m

/|
Facade walls )

2.3 m thick

Plan and section

Opus vittatum

Opus caementicium

Ashlar

Borja Frutos. Instituto de Ciencias de la Construccion Eduardo Torroja (CSIC) ...

OPUS CAEMENTICIUM

Cascotes 6z morrllos amalgamados con mortero de cal
E - L

OPUS VITTATUM

en paramentos

Mamposterta cuadrangular y de igual aftura en hiladas horizontales.
Estos paramentos encieman un relleno interior de opus caementicium.

OPUS QUADRATUM

los vanos

Blogues paraelepipedos colocados en hiadas horzontales: sillera de gran calicad y

perfectamente escuadrada. Tambien se empled en la cimentacion,

en el amanque del

muro exterior a la ampa y para realizar las cuatro esquinas del cuerpo central de la torre.

R an o an )

)
mit




Measuring the contribution of radon
from building systems

Fagade walls
2.3m Oppus Vittatum (with joint)

Granite rock.
Oppus Quadratum

Internal wall. 1.4m Opus Vittatum
And floors over vault;

Concentracién Rn/Tiempo

Concentracion Rn (Ba/m3)

Tiempo (horas:minutos)

ISO 11665-7:2016: Measurement of radioactivity in the environment — Air:
radon-222. Part 7: Accumulation method for estimating surface exhalation rate.

© =Surface exhalation rate
Remarks on seals

Constructive element (Bq/m2.h)

Internal Wall. 1.4m thick. cns g
Opus Vittatum 120.0 With joint
Facade Wall. 2.3m thick. .
Opus Vittatum 180.6 With joint
Granite ashlar . 1
O @ 13.0 Without joint
Granite floor over soil 117.0 With joint
Granite floor over vault 538.8 With joint

Borja Frutos. Instituto de Ciencias de la Construccion Eduardo Torroja (CSIC) .. C s lc

PAVEMENTS

Epoxi coating

0.2 Bg/m2.h

WALLS

0,63 Bg/m2.h (without joints)

Brick + cement mortar

2,51 Bg/mZh

Concrete block Brick

3,01 Bg/mZh

7.00 Bg/m?h

Comparison with
common materials
and building systems

Floor tiles, with and without joints, on ground

17,28 Bg/m2.h (Joint)

2

Granite Ashlar

9.18 Bg/m?2.h

Reinforced concrete
8.05 Bg/m?h
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EXPLAINING ACUMULATION

HIPOTHESIS :
Relevant radon flows from walls and vaults could explain the high and homogeneous concentrations

Opus vittatum Opus caementicium

. <=
Soil + walls Though joints. .
150 Bq/mz.h through joints <"
Estimated concentration c ® - N
. Rn . ————— - L
is compared to measured OratAaci)xV Only Ashlar (without joint)  aper ~_ |
13 Bq/mzh througl as<ars
Total Vol. ACH Radon  FEstimated radon Measured radon pa2sm
exhalation (ventilation + infiltration) decay  concentration  concentration Inner wall filler must be responsible of the elevated
#ite Fite Cra est) Cga (meas.) exhalation rates through joints between ashlars
O (Bgfs)  (m) Aucu(b) Aga (07) (Bg/m’) (Bq/m’)
Towerof 281 2800 0.38 0.00756 ' 956.9 11338

Hercules

High concentration can only be explained if relevant sources are presented in the whole tower, not only the soil
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MORE EXAMPLES. Santiago de Compostela. University, church, and administrative buildings

1. WALL. Gneis Rock 2. WALL. Gneis Rock + mortar
128,19 Bg/m?h 25,54 Bg/m?h

3. WALL. Granite Rock 3. WALL. Granite Rock + mortar
90,81 Bg/m?h 79,64 Bg/m2h
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AGENCIA
ESTATAL DE
INVESTIGACION

RADIANT PROJECT. Radon contamination in heritage buildings gt FEEgmoncon
Radon Assessment and monitoring using robotics, Digitization, and Atrtificial Intelligence techNologies in

heriTage buildings E iiﬂ;;rdn L@I’:

Torroja

Studies:

* Non-destructive techniques for analyzing internal filler

r_'l’oulouse

o Bilbao‘
» Characterization of radioactive isotopes in building material :

5
e

* Radon concentration and exhalation monitoring

» Climatic monitoring and correlation with exhalation

« Al Data processing il
* 3D Visualization LABORATORY WALL = DEMONSTRATOR
*  Madrid e Madrid
* Modeling behavior +  Santiago de Compostela

* Final application: Mitigation techniques in protected buildings

Borja Frutos. Instituto de Ciencias de la Construccion Eduardo Torroja (CSIC) _. C s lc

Some possible demonstrators

Monastery of Santa Maria de Valdeiglesias
Pelayos de la Presa

La Cartuja
Talamanca del Jarama

S - University of His?ory and Geography.
Monastery of El Escorial Santiago de Compostela

Borja Frutos. Instituto de Ciencias de la Construccion Eduardo Torroja (CSIC) ....5




FIRST STEPS: Characterization of radioactive isotopes in building material

Gamma radiation from isotopes in the uranium decay chain can be used as an indirect indicator

- . iany

Ref

M7
M10

M2
M9
M8

M6

M14
M3

M16

M17
M1
M15

M4
M5
M12
M11

M13

Material
Exterior air cavity
Gypsum board
Cement rubble

Porous cement paving block
Bamboo

Standard paving block type 1

Insulating glass 4/12/4

Vermiculite
Coated ceramic tile

Standard paving block type 2

Perlite
Rammed earth
Slate

Grey clinker paving block

Ceramic tile

Unpolished granite countertop

Polished granite countertop

Natural granite paving block

Counts
3456
743

782

786
803
811

869

989
1018

1042

1149
4621
1175

1189
1190
1353
1363

1402

Time
60
15
15

15
15
15

15

15
15

15

15
60
15

15
15
15
15

15

Counts/h
3456
2972
3128

3144
3212
3244

3476

3956
4072

4168

4596
4621
4700

4756
4760
5412
5452

5608
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FIRST STEPS: Characterization of radioactive isotopes in building material

Spectrometry. Studies to determine radioactive isotopes Pb214; Bi214 (Radium progeny)

Isotopes Energy (keV) Canal
Ra-226 * 186.2 77
Pb-214 295 122
Pb-214 352 146
Bi-214 609 247
Bi-214 1120 434
Bi-214 1764 595

Espectros Suprpuestos (0-1000 canaies)

Peaks with energy patterns
compatible with isotopes of the
226Ra decay chain (Pb214; Bi214)

H

ek

Ra:

Graficos

— RadiaCode v. 1.65.03/ 4.14
# Ra
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FIRST STEPS: ' Laboratory-scale reproduction of a wall (2 x 1.5 m?. 1 m thickness)

Will be used to:

* Studying radon dynamics exhalation ( correlated with
atmospheric factors)

* Calibrate a simulation model aimed at studying radon
exhalation behavior and mitigation techniques.

PARAMETERS Granite Opus Caementicium

Density [kg/m?] 2650 2400

Permeability [m?] 5.98697E-17 5E-8

Porosity 0.00685 0.4 /0.2 (juntas) l/\

Diffusion Coefficient [m¥s] 5.6307E-10 2.4E-6 30cm I \‘

Radon Generation 0.072616 0.06804 A

[Bg/(m?:s)] 30 cm N %
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FIRST APPROACHES: A CFD MODEL (Comsol Multiphysics) s
ux
. . 10%
Sudying radon fluxes through Ashlar and Joints vs. indoor pressure »
107
Application of positive pressure in enclosed environments to lower radon levels o 104
0.1 10
0
— 107
cz -0.1 -
"E(\E - _— jomt. 167
E E 03 = Granite
ai = 0.4 CONTRIBUTION
-0.5 Granite Ashlar | Joints
0 5 10 15 20 z
Indoor pressure difference (Pa) Ba/m*h | 17.68 169.8
Influence of pressure in flux
il D = El : = 10
[ L I sl H Ul Bl :
BE | a il [ “
E Q i =1 = =i :
E | . B ne=| = :
R == L H L E u "
Sl n | 5 =1l sl : %
-10 Pa -5 Pa -2 Pa 0Pa 2Pa 5Pa 10 Pa
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CFD MODEL. DIFFERENTS EXHALATION RATE FROM MATERIALS

NTT—

Contenido Ra 90 Bg/m3 95 Bg/m3
Permeabilidad 6E-17 m? 1E-11 m?
Porosidad 0.015 0.35
Densidad 2650 Kg/m3 1500 Kg/m3

Exhalacion granito Exhalacion Riolita

Flujo total [Bg/(m? h)]

p——— —10cm |
——30cm | —30cm
—50cm | | —50cm |
1 11 e T RTTL
z
£
T
=
B
s
=]
=
T
7{ L 1 1 1 | 1
0 20 40 60 80 40 60 80
Tiempo [h] Tiempo [h]
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CFD MODEL.

RADON MITIGATION APPROACHES

- Sealing joints.

- Applying radon barrier coating
Compatible with heritage protection

Radon-resistant coating applied over joints o
160
140!} | — Joint with coating
i 120} | — Granite (free)
od
2 E 100
© 5 80
= 60
40
20
107 104 10+ 107
De barrier coating (m?/s)
(5]

Radon-resistant coating applied over the entire wall surface (including joints and

ashlar blocks)

- 30} | = (Joint + Ashlar) with coating
ST
od
3 2
o
£3 10
w
0
10" 1072 107 107

De barrier coating (m?/s)
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