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Numerical simulation of hydraulic stimulation on
geothermal reservoirs: injection optimization to
manage induced seismicity and thermal decline
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Geothermal energy is a renewable resource that may help to provide a green energy supply, although the low
rock permeability at the required depth prevents an energy-efficient use of this resource. Enhanced Geother-
mal Systems (EGS) allow to increase permeability by means of the hydraulic stimulation of the fractures of
underground formations. However, it implies risks as, for instance, induced seismicity or an early thermal
exhaustion of the reservoir.

We perform numerical simulations to delve into the thermo-hydro-mechanical and frictional phenomena that
control that risks in EGS projects. Our computational model solves the fully coupled equations of thermo-
poro-elasticity, together with rate-and-state friction at faults. The methodology allows us to simulate both
fluid-injection induced earthquakes and long-term behavior of geothermal reservoirs.

In the short them, we explore the optimization of the injection protocols to avoid or delay fault reactivation.
Our results arise that the injection protocols with an early increase of flow rate could delay fault reactivation
depending on the frictional properties of the contact. In the long term, we observe that the permeability
stimulation can induce an early thermal decline of the reservoir. This may affect to energy production over
years, depending on the increase of permeability achieved with hydraulic stimulation.

The methodology proposed in this work may help to improve the competitiveness of geothermal energy, as it
can be a useful tool to manage the seismic risk and the long-term operation of geothermal reservoirs.
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