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 In the event of an incident or accident involving radioactive 

materials, IRSN provides guidance to public authorities on the 

technical, public health and medical measures to be taken to 

protect the population and the environment.

 The monitoring network Téléray in France: 432 gamma dose rate 

monitoring stations recording data each ten minutes all year round.

 Several times a year, alarms of this emergency monitoring network 

are triggered due to gamma dose rate peaks occurring during rainfall 

events because radon progenies concentrate in rain drops and fall 

down to ground (Barbosa et al., 2017, Bossew et al., 2017)

 Although these peaks do not present any risks to the population or 

environment, it is necessary to discriminate whether it comes from 

the natural radioactivity or if an accidental release of radioactive 

materials occurred.

 A daily forecast of the gamma dose rate is operated since May 2019 

(Quérel et al, 2019).

Gamma dose rate monitoring network Téléray
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Which lessons can be learned from the gamma dose rate peaks ?

 Gamma dose rate peaks > 50 nSv/h :
from 0 to 15 events 

 Gamma dose rate peaks > 10 nSv/h :
more than 1000 events 

Database to validate and to 

improve:

Radon exhalation map

Atmospheric transport 

modelling

Monitoring station 

representativeness

Each month

Focus on the radon exhalation map.

Gamma dose rate observed and modelled

Four peaks 

greater than 

10 nSv/h on 

this example
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dose rate peaks.  Precipitation
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Exhalation of radon

Meteorological data

Physical properties 

(decay chain, phys. 

form, …)

Atmospheric 

transport 

modelling 
(ldX, part of C3X, 

Groëll et al., 2014)

Dose rate 

modelling

Outputs

Time series

Observations

Maps

Mails

Atmospheric transport of radon

Modelling
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Model/measure comparisons

 Peaks could be well modelled

 Could be false negative

= A non-modelled peak

 Could be false positive

= A non-observed peakSeringes

Melun

Bastia

The numbers of peaks well and poorly 

modelled are used to estimate the quality of 

the simulation, including the exhalation map.
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In summer, underestimation of the exhalation flux in the already “active” areas.

The summer-time number of false negative peaks is 

correlated to location with the highest radon exhalation flux.

Summer particularity

Limoges
A false negative 

peak every day, 

due to the night-

time radon 

accumulation in 

stable 

atmosphere.

Bordeaux

Number of false negative peaks in August 2019

Exhalation map

No false 

negative in weak 

exhalation area

potentiel_max_quotidien_dd_gamma.pbix
potentiel_max_quotidien_dd_gamma.pbix
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Large impact of the exhalation flux map

Reference exhalation map :

IRSN over France (internal 

report + Ielsch et al.), Karsten

2015 over the rest of Europe

Szegvary (2007) 

exhalation map

Uniform (50 mBq.m-2.s-1) 

exhalation map
Ref emission x0.33, an 

attempt to reduce the false number

Best compromise : medium 

number of well simulated 

peaks (638) and medium 

number of false (1882)

Large number of false 

(2811) despite 807 

well simulated peaks

Small number of well 

simulated peaks (312) 

despite only 1637 false

Small number of well 

simulated peaks (374) 

despite only 1663 false

Example of August 2019 simulation. False is the sum of false positive and false negative peaks.

The best exhalation map is a compromise between 

the well and poorly modelled gamma dose rate peaks.
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Conclusion

 The radon exhalation map can have a strong influence 

on the forecast of the gamma dose rate peaks.

 Gamma dose rate peaks modelling is a valuable tool to 

analyse exhalation map on a continental scale.
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… Outlook

 Only 40 % of the gamma dose peaks are forecast within a factor 2. 
Must be improved. Remain a challenge for the community:

 Geology (radon emission)

 Meteorology (precipitation accuracy)

 Atmospheric physics (wet deposition)

 How to improve the radon exhalation map ?

 Function of meteorological data (atmospheric pressure, soil humidity, …)

 Complete the radon emitter inventory (eg, to add punctual sources)

 Benefit of using more detailed exhalation model (eg, T2RN - Saâdi et al., 2014)
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 The observed dose rate of 

the « radon peaks » is mainly 

due to the Bi-214 

disintegration

Radium-226, ½ life of 1602 years

Radon-222, ½ life of 3,8 days

Bismuth-214, ½ life 20 min,

strong gamma emitter

Short life elements

Appendix A
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Exhalation 

of Rn-222

Met 

data

Plume transport

Dry deposition

Plume diffusion

Wet deposition
In-cloud scavenging
Below-cloud scavenging
Cloud diagnosis

Radioactive decay

Decay chain

 Eulerian model

 Long range transport model of the operational 

response platform C3X

 Operated on several cases : Chernobyl, 

Fukushima, CTBTO, …

Atmospheric transport model

ldX

For each radionuclides 

at each time step :

Air concentration 

(3D)

Deposit (2D)
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For each radionuclide at 

each time step :

Air concentration (3D)

Deposit (2D)

Dose rate 

computation

For each time step :

Dose rate at 

ground level (2D)

PARTICLE GAS

Deposit

Radiation emitted by the radioactive deposit

Radiation emitted by  
radioactive particles

Radiation emitted by  
radioactive gases

Dose rate 

measured near 

the ground

Appendix C
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Clermont-Ferrand

Aiguille –du-Midi

Appendix D

Téléray : the French monitoring 

network of gamma dose rate
 432 monitoring stations

 Frequency : 10 min
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Radar observations are 
used to improve the past 
events simulation

Rain data used for the 

august 2019 simulation

False positive and 

negative

Well-modelled peaks 

number

radar 1882 638

model 2603 269

Example of false positive 

obtained with simulated rain

Corrected by using radar 

data

Bourbourg Bourbourg

Appendix E
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Golfech 21st April 2020

 Strong radon 
concentration 
+ rainfall in 
the south-
west of 
France

 The monitoring 
network of gamma 
dose rate trigged 
the alarm.

Air mass <1000 m 

are locals

Air mass >1000 m 

are distant

75 % of the 

gamma dose rate

25 % of the 

gamma dose rate

A gamma dose rate peak can 
be a combination of local 
and distant radon origin.

Appendix F


