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Abstract 
In the past few years, several unusual detections events of radionuclides in the atmosphere have been 
reported in Europe (131I in 2017 and 2018,137Cs in 2013 and 2015, 106Ru in 2017) while the origin was 
unknown. These situations usually involved small amounts of radionuclides released in the 
environment and the concentrations levels measured were too low to have any impact on human 
health and environment. For such situations, the Institute for Radiological Protection and Nuclear 
Safety (IRSN) uses modeling techniques to analyze the event in more detail. The aim is, in particular, 
to locate the origin, to assess the duration and the magnitude of the releases.  
Inverse modeling methods which combine field measurements with atmospheric dispersion 
modeling have proven to be appropriate for source identification. Deterministic (variational) methods 
are suitable in operational use since they are able to quickly provide an optimal solution (Saunier et 
al. 2019). However, the quantification of the uncertainties associated to the reconstructed source is 
usually not easily accessible. Bayesian methods are more powerful since they are developed in order 
to efficiently sample the distributions of the parameters of the source, allowing to get a complete 
characterization of its parameters. Very popular Bayesian techniques are random search algorithms 
such as Markov Chain Monte Carlo (MCMC) methods. However, the control of the convergence speed 
of MCMC methods remains a key issue and their use in real–time can result in prohibitive 
computational costs. Deterministic and Bayesian approaches are therefore complementary. In May 
2019, an incident at the SCK-CEN facility in Mol, Belgium led to the release of selenium 75 (75Se) in the 
atmosphere. It was detected at very low concentrations by several air monitoring stations of France. 
In this presentation, we consider that the origin of 75Se detections is unknown in order to measure the 
ability of our inverse modeling tools to identify the source location using field observations. 
Deterministic and advanced Bayesian MCMC methods (Dumont et al. 2019) were applied to identify 
the source location and total quantity of 75Se released into the environment. The results obtained 
using the two approaches are compared and discussed. Finally, the relevance of results is assessed by 
comparing the model results with the observations (Figure 1). 
 

 
 
Figure 1: Dispersion of the selenium plume using reconstructed source term by inverse modeling 
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