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A two phase flow method for the modelling of hydraulic tests into a deep fractured rock 
mass with a natural brine as formation fluid. 
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This research forms part of a European program devoted to the production of energy from 
deep hot fractured rocks. The technology is still in development and reached a demonstration 
stage at the Soultz sous Forêts site (Rhine graben, France) under the 4th and 5th PCRD. It 
requires the creation of a reservoir in a fractured basement with enhanced hydraulic properties 
at depths of 4 to 5 km, so that the temperature in the rock mass adjacent to fractures is about 
200°C. This reservoir is then circulated using a system made of an injection well and multiple 
production wells. The techniques used so far to develop the reservoir are based on high-
pressure, high rate fluid injections inducing some irreversible mechanical perturbations 
accompanied with changes in fracture apertures and a significant increase in the overall 
permeability. However the natural formation fluids at such depths is a brine with a density of 
about 1.07, and the hydraulic tests, involving up to tens of thousands of cubic meters, are 
done either with fresh water or artificially saturated brines, to better control the 3D 
distribution of effective stresses governing the hydro-mechanical interactions.  
 
Standard methods for well tests analysis were found poorly appropriated to such 
environments, because of the fractured nature of the reservoir, and because of the contrast in 
between the in situ fluids and the injected fluids. To overcome these difficulties, it was 
decided to derive a new version of a pre-existing discrete fracture network model (DFN 
approach) to account for the potential density driven mechanical interactions that may 
develop during a test or in between the successive phases of a longer experiment. The main 
assumption is that two immiscible fluids exist at any place in the fracture network, with their 
own specific properties. The fracture network is represented by a 3D assemblage of disks, and 
no flow occurs through the rock matrix. Continuity equations are written for both fluids at ach 
fracture centre. Different upstream weighting schemes are discussed to calculate the relative 
permeabilities within the IMPIMS approach used to solve the set of pressure-saturation 
equations. Code verifications are performed using simple dipping structures and the upward 
migration of less dense fluid is simulated in a 3D network of randomly distributed fractures to 
demonstrate the present day capabilities of the new code, and to point out a number of 
uncertainties related to the network complexity. 


