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Hydrothermal simulation in a fault zone:
Impact and efficiency of different stimulation methods

Introduction
The H2020-DEEPEGS project aims to demonstrate the feasibility of the
Enhanced/Engineered Geothermal System Technology (EGS) to produce electricity
and/or heat. One of the main technological challenges is to optimise the well
architecture and stimulation methods to get economically viable flow rate in deep
hot reservoir initially little productive. Then the main idea of this numerical work
was to provide an overview of the impact of different stimulation methods
considered to enhance the reservoir injectivity of the targeted reservoir of an EGS
demonstrator (Vendenheim). This poster describes the approach (and the specific
procedures developed in order to obtain a qualitative characterization of the
respective and successive impacts of different technologies of stimulation: Well
architecture, hydraulic and thermal stimulations.
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Conceptual to 3D geometry: Faulted geothermal reservoir
Scarce data at targeted depth => Extrapolation of fault network from well evidences + global tectonic history
+ generic concept of fracturing (Riedel)

3D hydrothermal numerical model

Multilateral well configuration
The impact of a multilateral well
configuration on the injectivity is investigated
through the setting of a secondary branch
(so-called “Two-legs”)

Hydraulic stimulation
The hydraulic stimulation is performed through the
use of a hydromechanical model (HM) (using the same
geometry as the hydrothermal model):

To assess the impact of thermal stimulation a two-step approach is
employed:

Injectivity gains: A few scenarios

Fracture network (DFN):
3 Sets of fractures (p10):
R, R2, Y

Matrix: 4 domains
- Surrounding matrix (impermeable)
- DZ (Damage zone: fractures +/- permeable )
- FC1 (Fault core 1: fractures sealed)
- FC2 (Fault core 2: porous & permeable)

Primary
well

Seconday
branch

Numerical model 
based on a hybrid 
dimensional 
approach thanks 
to the ComPASS 
Platform: 

Distribution of hydraulic & thermal properties for all elements

Initial injectivity index
P & T differentials

Injection test
40m3/h for 12h

The HM simulates the effect of 
fault reactivation (soft-
stimulation) and modifies the 
initial permeability distribution 
among the fault network.

In order to assess the 
injectivity gain 
by hydroshearing, the 
new of permeability is 
imported into the 
hydrothermal model
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New map of permeability

1- Investigation of the potential of thermal fracturing at grain
scale using a Discrete Element Method using the code PFC2D

Range of permeability variations as function of temperature differential
=> Around a fracture and the well

2- Simulation of thermal stimulation at the reservoir scale
(injection of cold fluid)

Thermal impact 
⇒ crack zones in fractures

CHARMS research project
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Reference: ΔPmax ~ 4.7E6 Pa

Two-legs: ΔPmax ~ 3.3E6

TM: ΔPmax ~ 4.1E6 Pa

HM: ΔPmax ~ 3.2E6

Results: Differentials of pressure (ΔP) 

Injection test

Injectivity gains: Each method

Conclusion
The impact of each technology is clearly different
(distribution of pressure and temperature), zones
impacted & efficiency…
The developed approach and the specific procedures allow
to assess the injectivity index and then obtain a qualitative
characterization of the respective different stimulation
technologies.
The import of constraints provided by other numerical
codes into this unique hydrothermal model offers a way
to test different scenarios of stimulation in order to
identify the most appropriate solution.

Thermal stimulation

HM ≥ 2legs > TM

HM + 2legs : Highly beneficial

New permeability
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