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Karstic aquifers are an essential resource for drinking water supply, but remain a challenge for managers and 

hydrogeologists because of their complex features and their potential sensitivity to flooding and contamination. The 

characterization of a karstic aquifer is generally based on monitoring the hydrochemical and hydrodynamic 

characteristics of the outlets which are supposed to integrate the behavior of the entire aquifer watershed. This 

methodology is not well suited for hydrogeological sub-basins, located at the head of the watershed. The 

construction of a deep geological repository for radioactive waste (Cigeo project) including surface facilities located 

within a karstic hydrogeological system at the head of the Barrois Limestones Formation watershed required the 

development of an original and dedicated multidisciplinary methodology to understand precisely the local flow 

dynamics. 

 

On the site of approximately 50 km
2
, more than 100 boreholes were drilled to establish a numerical geological 

model. Several methods were used including optical imaging, core description, downhole logging interpretation 

(natural gamma-ray and imaging with optical borehole imager), piezometric monitoring and statistical analysis and 

hydrogeophysic surveys (Magnetic Resonance Sounding or MRS). Combining these methods provided critical 

information for modeling different geological units with emphasis on fractured and karstified zones and for 

developing a site hydrodynamic conceptual model.  

 

This multidisciplinary analysis allowed to define the main characteristics of the local hydrodynamics and develop a 

conceptual hydrogeological model of the Barrois Limestones aquifer for the Cigeo site. The site hydrosystem is best 

described as a karstic hydrological system presenting transmissive drains developed between calcareous beds. These 

drains consist of a network of mostly vertical fractures developed during previous periglacial environments. On the 

other hand, the limestone beds matrix permeability is low. 

 

This structure drives the hydrodynamic behavior of the system in this manner: the piezometric responses to rain 

events are generally rapid because the transmissivity of the fracture network is high; and the thresholds effects 

observed on piezometric data is probably related to the fractured drainage network combined with the presence of 

semi-permeable levels stratifying the aquifer The low MRS water content also supports the demonstration that this 

aquifer has a low water-bearing capacity. 

 


