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1. Introduction 4. Basic Physics and Parametrization

oT
Efficient geothermal reservoirs require high  Coupled TH processes: (¢(pc)s + (1= @)(pc)s) 5, = V- (AVT — (pc)pvpT) + S Darey Law: vp = -K%, K=K i o6 cumpols:

permeability, elevated geOthermal gradients) Table 1: Overview of thermo-petrophysical properties of each modeled geological unit for the TH simulation. Summarized by .
Santoso (2025) based on several projects: GeORG, Hessen 3D 1.0 & 2.0, DGE-ROLLOUT, IMAGE, AMPEDEK. I': temperature [k]

and active fluid flow to ensure sufficient

A: thermal conductivity [W m~! K]

VT: temperature gradient [K m!]

. . vp: Darcy velocity [m s!]
wellhead temperature and productiviey. The | A R RS e i oy o

UPPer Rhine Graben (URG) PrOVideS favourable Young Cenozoic Marl, sandstone, sand 17.2 3.26 - 101> 2250
C()nditi()ns Wlth p()sitive temperature anomalies 2 Niederroedern Marl, limestone 18.2 1.02 - 1014 2300 978
and permeable fault 70NEeS dl'iVil'lg hydrothermal Froidefontaine Marl, limestone 13.7 1.48 - 1015 2300

convection [1]. Coupled Thermo-Hydraulic (TH)
simulations using the open-source software

dh/0x;: hydraulic gradient [-]

2.30 Kk: intrinsic permeability [m?2]
2.25 1.0 g: gravitational acceleration [m s2]
9 95 p: density [kg m=]

@: effective porosity [-]
S: radiogenic heat production [uW m~]
t: time [s]

u: dynamic viscosity [Pa s]
-———————— c: specific heat capacity [J kg K-1

OpenGeoSys (OGS) [2] can help predict these -———————— s: solid rock material

convection cells. The 3D geological model is 8-10 Fault Zones RN BE 1000
based on the Artemis [3], GeORG [4], Hessen
3D 1.0 & 2.0 [5][6], and DGE-ROLLOUT [7]

5. Workflow

f: fluid material

projects. " Creating3p Materildata =y | e e - Run TH simulation
geological model XML-based OGS Project Description File as .prj (OGS)
2. G’O als N (Petrel) Y IG, BC, ST <OpenGeoSys Project> steady state = transient
* <meshes>...</meshes> *
. . . <geometries>...</geometries>
° Creatmg a workflow for integrating 3D Meshing <processes>...</processes> Output files as .vtu
| : Bulk mesh as .vtu 1 e d ovd
logical model from Petrel into OGS (0GSTools & PyVista) =meciaz.. =/medie Py
geological o <time loop>...</time loop>
* Performing coupled 3D TH simulations of v <parameters>...</parameters> ¥
Geometry model <process_variables>...</process variables>
the Northern URG Extracting boundary boundaries <nonlinear solvers>...</nonlinear solvers> Post-processing and
» Predicting and analyzing the development of domains as .gml or .vtu e Do Vere visualization (ParaView)

hydrothermal convection cells

6. Results and Discussion

Figure 2: Simplified workflow for integrating 3D geological model from Petrel into OGS (IC: Initial Condition, BC: Boundary Condition, ST: Source Term).
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Figure 3: Results of the transient 3D TH simulation after 75,000 years of e Simulation with different mesh types

. B Total simulated time: simulated time: (A) material IDs of the modeled geological units, (B) Darcy velocity . . .
]SB’Odttofn. NeumannCBC (Qﬂ— 80 mW/m?) 105,000 years in mm/a, (C) fluid flow direction with a W-E cross-section of the temperature + Fill data &ap and more accurate parametrization
1des: Neumann BC (no-low) ’ distribution in°C, (D) temperature isoplanes in °C. (lab measurements, borehole data)
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