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Analysis of THM Coupling Process in Fracture Networks
During Heat Extraction from Hot Dry Rock Using SC-CO,

QIAO Mingheng,JING Zefeng,ZHOU Yujuan, WANG Lichao,ZHENG Long
(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049,
China)

Abstract: This paper addresses the unclear issues regarding the evolution law of the properties of
fractured reservoirs under the coupling effect of multiple physical fields and the impact of fracture
network connectivity on heat extraction performance when supercritical carbon dioxide (SC-CO,) is
used to develop deep geothermal energy in hot dry rocks (HDR). This paper adopts the numerical
simulation method to investigate the thermal-hydraulic-mechanical (THM) coupling effect of fractured
reservoir networks and simulates the heat extraction process of fracture networks under different
fracturing conditions. This study compares the heat extraction effects of SC-CO, and water as working

fluids, explores the evolution law of reservoir properties, and analyzes the influence of fracture network
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connectivity on various physical fields and reservoir properties. The results show that SC-CO, has a
higher production temperature, a slower temperature decline trend, and a smaller impact on reservoir
displacement compared with water, making it more suitable for long-term extraction. The production
temperature of the multi-hydraulic fracture network is approximately 24 K higher than that of the single-
hydraulic fracture network. In the single hydraulic fracture network, an increase in the disconnection
distance delays the temperature drop but increases pressure loss; while in the multi-hydraulic fracture
network, disconnection reduces the heat exchange area and total heat exchange, but does not affect the
thermal breakthrough time. Reservoir porosity, permeability, and fracture aperture are significantly
affected by THM coupling. The fracture aperture near the wellbore changes drastically due to the strong
fluid pressure gradient. This study provides a theoretical basis for the optimization of fracture networks
and efficient heat extraction in EGS.

Keywords: geothermal energy; hot dry rock; fractured reservoir; supercritical carbon dioxide; multi-

physics field
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