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The awareness of the international community and the 
convergence of scientific data regarding global warming call 
for an urgent worldwide deployment of technologies 
promoting the reduction of greenhouse gas emissions. The 
capture and geological storage of CO2 is one of the appropriate 
solutions for this problem. The monitoring of CO2 storage sites 
is of paramount importance for site safety and for the industrial 
deployment of CCS technologies. 

Here, we present numerical simulations and in-situ 
monitoring studies of CO2 leakage experiments that were 
performed at the vadose scale by creating an underground CO2 
source and observing its migration towards the atmosphere 
across a natural limestone formation. The numerical model 
considered only CO2 molecular diffusion in the gas phase and 
CO2 dissolution in the irreducible water, following the 
description of a natural site on which fieldwork was 
performed. A gas geochemistry baseline was performed in key 
locations that were determined from the numerical predictions 
of the CO2 plume extension. Multiple gas compounds, stable 
isotopic composition of CO2-carbone, surface CO2-flux and co-
injected noble gases were tracked by a system of semi-
continuous gas sampling and online analysis, together with 
point-to-point mobile and laboratory analyses. In the light of 
the numerical experiments and of the potential composition of 
industrial CO2 sources, we show how the different soil gas 
parameters measured are potentially useful for the detection of 
diffuse CO2 leaks at the soil level. In addition, a geo-electrical 
monitoring was performed, which allowed tracking the 
evolution of the CO2 migration as a result of the soil resistivity 
changes due to CO2 solubility in the pore water of the vadose 
zone. 

We finally provide some recommendations for the 
monitoring of CO2 storage sites at the soil level. 
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