BARERMIKFES S VORI L 2025 HEESSE, 7, 2025
IR BRF DRI E HEEICHIFTI

A A AFEER Bedretto #t FHAZERTIZE 175 EGS BT D F-HD
DFN Z#R U -KEBETIL & Edh H 2T

BAF 52"« /N s B - PR KA
Caludio Madonna™ - Alba S. Zappone™ - Alexis Shakas™

DFN-based Hydraulic Modeling and Heat Extraction Assessment
for Fundamental EGS Research at the Bedretto Underground
Laboratory, Southern Switzerland

Go Ado* Katsuaki Koike®, Taiki Kubo*
Claudio Madonna™, Alba S. Zappone™ and Alexis Shakas™

* AR FERZEE TR R it T % 5% Department of Urban Management,
Graduate School of Engineering, Kyoto University
E-mail: ado.go.84z@st.kyoto-u.ac.jp

*% Department of Earth and Planetary Sciences, ETH Zurich

MXEE
AW T, AA AFMEBOLE A HIINLET S Bedretto i FHFZEAT A %Gt & LT, ¥A K
EA OKIE M2 B L7~ DFN (Discrete Fracture Network: B & Ziry NU—7) E
TEREE L. £79, #HERFFHFERTEDO GEOFRAC ZHWWC, Blll&h-aRs—%
\ZHD X, MRS DEN 24&k L2, 2k, NE-SW EmoaEf 8t v
k& BEICHET 5 DEN 3557, &kIiZ, Pl —F =L Tl eSS EEAZD
FLEICHEAST D E 9 DFEN 2560 L, oI AREE B AR MM E2E 0 YTz, E#
FARMT ORGSR, B O REVEMEITE R T 5 B K FEE O ZLCF AR IE AL 5 77 E5,
B L OVERAT & O AEAER 72 & OBME7ECF B N U S e, FRlo, BRNE
BT DR CIIEBEEN MR S, ZO/RRE L CREOBEIN RFTICHIRS D Z
EEALMNZTE ., AR EIL, EGS (Enhanced Geothermal Systems: 58/l HiZh
AT ) YD BT JE 028 2 TRl 5 1T, DFN RS  EREST Y 7 e — T
AN THHZ EEBRLTND.

English Abstract

This study develops a DFN (Discrete Fracture Network) model incorporating site-specific
hydraulic properties for the Bedretto Underground Laboratory in the southern Swiss
granitic basement. Initially, a stochastic DFN was generated using GEOFRAC, a
geostatistical method that reproduce the dominant NE-SW striking, steeply dipping
fracture set. The model was subsequently conditioned to align with observed fractures
identified by a Ground Penetrating Radar survey, and incorporating heterogeneous
aperture distributions. Coupled Thermo-Hydro-Mechanical simulations (using PorePy)
successfully captured complex behaviors, including permeability evolution due to
aperture heterogeneity and injection-induced pressure buildup, and rock mass
deformation. Notably, the analysis revealed that in zones of overlapping fractures, rock
deformation is constrained, thereby locally restricting fluid flow. These findings
demonstrate the efficacy of geophysically-conditioned DFN-based coupled analysis in
characterizing the behavior of geothermal reservoirs under operation of EGS (Enhanced
Geothermal Systems).



