<]
TUDelft

Delft University of Technology

Thermo-hydro-mechanical modelling of geothermal energy extraction in deep mines in
spatially heterogeneous settings

Zhang, Le; Daniilidis, Alexandros; Dieudonné, Anne-Catherine; Hermans, Thomas

DOI
10.59490/seg.2023.554

Publication date
2023

Document Version
Final published version

Published in
Symposium on Energy Geotechnics Accelerating the energy transition 3-5 October 2023, Delft, the
Netherlands

Citation (APA)

Zhang, L., Daniilidis, A., Dieudonné, A.-C., & Hermans, T. (2023). Thermo-hydro-mechanical modelling of
geothermal energy extraction in deep mines in spatially heterogeneous settings. In Symposium on Energy
Geotechnics Accelerating the energy transition 3-5 October 2023, Delft, the Netherlands Article 163
(Symposium on Energy Geotechnics Proceedings). TU Delft OPEN Publishing.
https://doi.org/10.59490/seg.2023.554

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright
Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without the consent
of the author(s) and/or copyright holder(s), unless the work is under an open content license such as Creative Commons.

Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.


https://doi.org/10.59490/seg.2023.554
https://doi.org/10.59490/seg.2023.554

_ YMPOSIUM ON %57 Symposium on Energy Geotechnics
= [EJEOTECHNICS Accelerating the energy transition
° D_[,U Delft OPEN 3-5 October 2023, Delft, the Netherlands

Peer-reviewed Conference Contribution

Thermo-hydro-mechanical modelling of geothermal energy extraction
In deep mines in spatially heterogeneous settings

Le Zhang?, Alexandros Daniilidis?, Anne-Catherine Dieudonné? and Thomas Hermans® *

! Ghent University, Ghent, Belgium
2 Delft University of Technology, Delft, The Netherlands
* Corresponding author: Thomas.Hermans@UGent.be

With the increasing demand for mineral and alternative energy resources, as well as the gradual depletion of shallow resources,
the exploitation and utilization of mineral resources and geothermal energy in deep strata is an effective way to solve the problem
of resource shortage [1]. In recent years, as a new type of resource mining mode, the co-mining of deep mineral and geothermal
energy has developed rapidly [2, 3]. This method can make use of the original equipment of the mine for geothermal exploitation.
However, the deep co-mining system faces two significant challenges: the first is the significant uncertainty inherent in subsurface
properties, while the second is the high levels of geostress and temperature associated with deep mining. These challenges are adding
some constraints on the practicality of exploiting such systems and limit the feasibility of deep resource co-mining, so that modelling
efforts are needed for actual risk assessment.

Consequently, we developed a Thermo-Hydro-Mechanical (THM) coupling framework for geothermal energy exploitation in
deep mines using COMSOL to quantitatively characterize the temperature field of the geothermal system and predict the stress field
of the mining system, considering the joint effects of large uncertainties and THM coupling. Through SGeMS, the uncertainty and
spatial heterogeneity distribution of porosity are first generated. Then, the uncertainty of the hydraulic parameter [4] (permeability),
mechanical parameter [5] (elastic modulus), and thermal parameter [6] (heat capacity and heat conductivity) was derived from the
porosity. 500 samples were generated within a given uncertainty range, by means of Monte Carlo simulations. The spatial and
temporal distributions of the temperature field of the geothermal system, and the stress field of the mining system were simulated,
for each sample with COMSOL. Using the distance-based global sensitivity analysis [6], the most sensitive parameters for deep
mining are identified, the heat storage capacity of the system and evolution of the maximum stress ratio are evaluated, including
uncertainty.
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