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Introduction

In the Netherlands, geothermal energy is considered an important future
heat source, the aim is to accelerate and upscale its development by
development of hundreds of geothermal doublet systems by 2050 for
sustainable heating in the built environment (Stichting Platform
Geothermie et al., 2018, Van Wees et al., 2020). For safe and effective
application of geothermal energy, assessment of the effects of long-term
cooling on reactivation and seismicity potential of faults near a
geothermal doublet are required. Geomechanical models allow for
understanding and evaluation of the influence and sensitivity to key
subsurface processes, geological properties and operational settings
affecting fault reactivation and seismic hazard.

This work presents the preliminary results of a detailed analysis of
the sensitivity for fault reactivation and induced seismicity in a three-
dimensional framework, taking into account both the spatial and
temporal evolution of the cold-water front in the vicinity of the
geothermal doublet.

Model

Two three-dimensional model scenarios for a geothermal doublet are considered with a fault in between the injector and producer well, Model 1 without fault offset, the Model 2 with a
normal offset of half the reservoir thickness, and their results are compared. The 3D stress and seismicity potential analysis is performed based on an uniaxial stress solution compared to
MACRIS (Mechanical Analysis of Complex Reservoir for Induced Seismicity). MACRIS is a TNO-proprietary tool that allows for poro- and thermo-elastic stress evolution in complex reservoir
models (van Wees et al., 2019). In both approaches the stress changes are calculated based on finite volume changes AV, related to pressure and temperature changes in the reservoir:
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In the uniaxial stress solution, the effective stress changes follows directly from the change in pressure and temperature as (Fjaer et al., 2008; van Wees et al., 2014):
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In both models in-situ stress, thermo-mechanical, and frictional parameters are varied to study the sensitivity of induced stresses. Potential magnitudes are determined from the induced
stresses. Preliminary results show the potential for fault reactivation to be predominantly affected by the thermo-elastic reservoir parameters. In addition, the intersection area of the cold-
water volume in direct contact with the fault plane is shown to be the main driver for fault reactivation.
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Model 1: No fault offset — stress and strain

In the case the reservoir is not offset by the fault, the subsurface stress response can be
approximated using an analytical approach based on uniaxial reservoir compaction.
Assuming no horizontal strain and constant vertical stress results in any stress arching effects
being neglected.

150 m
2300 m | 1 100 m

150 m

Uniaxial solution deviates less than 1% from absolute Coulomb stress peaks.
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| Comparison of both model scenarios illustrates the additional complexity in stress response
,’ when normal fault offset is introduced. It was shown that the analytical uniaxial solution
| serves as a good approximation for Coulomb stress and seismic hazard prediction for the cases
considered. This implies that the effect of variations in mechanical parameters can be
effectively determined from the equations presented above, and their effect is found to be in
.‘ line with results presented in Buijze et al. (2022).

5|gn|f|cant uncertainty, in view of the uncertainty in the chosen model parameters including

in-situ stress, mechanical and frictional properties.
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Model 2: Normal fault offset — stress and strain

In the case the reservoir is offset by the fault, the structural complexity of the subsurface
model increases and the uniaxial solution presented above is likely inadequate in the
approximation of the subsurface stress response.
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Uniaxial solution deviates less than 15% from absolute Coulomb stress peaks. Note the
difference in shear stress; arching effect (Wassing et al., 2021)
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Significant deviation of uniaxial solution in terms of reactivated pillars (i.e. CFF > 0).
Including the effects of stress arching yields reactivation on outer pillars even though they
show less thermal cooling. Estimated largest magnitude deviates 17% in the absence of
stress arching effects.
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Buijze et al. (2022) report wide magnitude ranges considering a comprehensive range of V8
uncertainties, and the magnitudes obtained in this work are in close agreement with the
reported range in Buijze et al. (2022).

Results show MACRIS to be an effective tool in seismic hazard assessment as its solution can |
handle structurally complex reservoir and is in good accordance with analytical and industry k
proven solutions. In conclusion, the extent to which the cold-water front intersects the fault |
plane within a given initial stress field is shown to be the main driver for fault reactivation and '
subsequent seismic potential.
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