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Topic Overview

Seismic Interpretation / Subsurface Mapping

Numerical Reservoir Modelling

Reservoir Geomechanics

New deep geothermal drilling technologies

Structural Geology



Seismic Stratigraphy in the Anzing Area, Bavarian Molasse Basin

Geothermal Technologies | TU München 3

Motivation
The Anzing 3D seismic survey provides a focused case study for understanding the

Rupelian sandstone interval within the Bavarian Molasse Basin. The target reservoir

occurs at approximately 2300 m depth (~1.6 s TWT) and is linked to the depleted Anzing

gas reservoir and potential underground gas-storage context. A seismic-stratigraphic

reassessment can clarify sandstone distribution, clinoform architecture, key bounding

surfaces, and their implications for reservoir architecture and geological storage potential.

Tasks and requirements
o Review the Oligocene–Rupelian stratigraphy and gas-reservoir context of the Anzing 

area

o Correlate available well tops/logs with seismic horizons such as B_UMo, I_UMo and B_T

o Interpret the sandstone interval on the Anzing 3D seismic volume

o Map key bounding surfaces, clinoform geometries and major unconformities

o Discuss depositional setting, reservoir architecture

Requirements: interest in seismic interpretation, stratigraphy, Petrel and well-log 

correlation.

Work type: Office only (GTT offices, RiWa 3, Munich)

Context: Linked to GeoChaNce subsurface mapping and reservoir characterization

Supervisor(s)
Michael Drews (michael.c.drews@tum.de) 

Nabil khalifa (Nabil khalifa@tum.de) 

Regional seismic-stratigraphic framework of the Rupelian interval (GeoChaNce)

mailto:michael.c.drews@tum.de
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AI-Assisted Fault Interpretation of the Malm Carbonate Reservoir

Geothermal Technologies | TU München 4

Motivation
The Bavarian Foreland Molasse Basin is Germany's most important deep geothermal play, where

production is mainly linked to the Upper Jurassic carbonate “Malm” aquifer. Reservoir performance in these

carbonates is strongly influenced by fault and fracture networks, structural compartmentalization and local

reservoir heterogeneity. GeoChaNce is testing Artificial Intelligence and computer-vision tools for fault

interpretation, basement segmentation and RGT-based interpretation, creating an opportunity to evaluate

AI-assisted structural mapping for Malm reservoir characterization.

Tasks and requirements

o Review Malm carbonate reservoirs, fault/fracture-controlled permeability and AI-assisted seismic 

interpretation workflows

o Select a limited 3D seismic study area with clear faults and relevant well/seismic control

o Map key reference horizons, especially Top Jurassic / Malm-related surfaces, where data quality allows

o Apply AI- or computer-vision-assisted fault extraction using seismic attributes, RGT surfaces and/or 

PaleoScan workflows

o Compare automated results with manual fault interpretation and assess structural consistency

o Evaluate how interpreted faults may influence Malm carbonate reservoir connectivity and 

compartmentalization

o Deliver fault maps, interpreted sections, attribute/fault-likelihood displays and a geological uncertainty 

summary

Requirements: interest in seismic interpretation, structural geology, carbonate reservoirs and 

Petrel/PaleoScan; Python/ML interest is helpful but not mandatory

Work type: Office-based work at GTT offices, RiWa 3, Munich

Context: Linked to GeoChaNce subsurface mapping and reservoir characterization

Supervisor(s)
Michael Drews (michael.c.drews@tum.de) 

Nabil khalifa (Nabil khalifa@tum.de) 

AI-assisted fault extraction and horizon topography example from GeoChaNce

Sources: TUM.GTT topic slides; GeoChaNce 2025 report, Fig. y10.
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mailto:Kai.Zosseder@tum.de


Geothermal Technologies | TU München 5

Motivation
The Upper Jurassic Malm carbonate aquifer is the principal deep geothermal reservoir in the Bavarian Foreland Molasse Basin. Its reservoir quality is controlled by

structural position, carbonate architecture, faulting, fracturing and possible karstification. A focused seismic interpretation study can provide a first reservoir-scale

framework by mapping the Top Jurassic/Malm surface, identifying major structural elements and integrating available well markers. This topic builds on carbonate-

reservoir mapping concepts and adapts them to the Malm geothermal system in Southern Germany.

Tasks and requirements

o Review Upper Jurassic/Malm carbonate reservoirs, geothermal relevance and seismic expression in the

Bavarian Molasse Basin

o Compile available wells, well tops and geophysical logs related to Top Jurassic / Base Malm markers

o Select a limited 2D/3D seismic study area with interpretable carbonate horizons and well control

o Interpret key horizons, especially Top Jurassic / Top Malm and, where possible, Base Malm or basement

reference surfaces

o Map the main structural framework and identify faults affecting the carbonate reservoir interval

o Integrate seismic and well observations to discuss reservoir geometry, structural highs/lows and potential

compartmentalization

o Prepare interpreted sections, time-structure maps, well-seismic correlation panels and a conceptual

carbonate reservoir model

Requirements: interest in seismic interpretation, carbonate reservoirs and Petrel/PaleoScan; previous

carbonate mapping experience is beneficial

Work type: Office-based work at GTT offices, RiWa 3, Munich

Context: Linked to GeoChaNce regional seismic interpretation and basin-model development

Supervisor(s)
Michael Drews (michael.c.drews@tum.de) 

Nabil khalifa (Nabil khalifa@tum.de) 

Seismic Mapping of the Upper Jurassic Malm Carbonate Reservoir

mailto:michael.c.drews@tum.de
mailto:Kai.Zosseder@tum.de


THM modeling of Ostwald ripening impact on H2 storage

Preliminary results: Ostwald Ripening in H₂–Natural Gas Storage. (a) Pore-scale 

mechanism: small H₂ ganglia coalesce during shut-in. (b) kr–Pc constitutive curves with 

and without Ostwald ripening trapping, demonstrating the constitutive shift that static 

models ignore (Adebimpe et al., 2024). (c) Recovery efficiency over three injection–

withdrawal cycles at permeabilities of 10 mD

Supervisor(s)
Saeed Mahmoodpour (saeed.mahmoodpour@tum.de)

Motivation
A critical yet underexplored phenomenon in underground hydrogen storage in porous media

is Ostwald ripening, a mass-transfer process in which smaller trapped gas bubbles dissolve

and reprecipitate onto larger ones, altering capillary pressure and relative permeability

relationships in ways that can significantly affect the gas recovery factor. Although the

importance of this process has been recognized at the pore scale, its reservoir-scale

implications remain poorly characterized. Moreover, the wide variability in geological and

operational conditions across candidate storage sites means that findings from a single

scenario cannot be reliably generalized. This thesis therefore investigates the reservoir-scale

impact of Ostwald ripening through coupled THM simulations, combined with a broad

sensitivity analysis across geological and operational parameters, with the goal of

establishing when and to what degree this process must be incorporated into reservoir

models for accurate storage performance prediction.

Tasks & Requirements
o Modifying the currently developed model from H2-natural gas to pure H2

o Running sensitivity analysis for different geological and operational conditions

o Requirements: Interest in numerical simulation and data analysis

o Work type: Hybrid (work place is numerical lab, Landwirtschaftsbau 504, Munich)

Geothermal Technologies | TU München
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Impact of impurities on CO2 based geothermal systems (THM simulation)

Supervisor(s)
Saeed Mahmoodpour (saeed.mahmoodpour@tum.de)

Motivation
Using supercritical CO₂ as a working fluid for geothermal heat extraction has gained

considerable attention as a dual-benefit approach that simultaneously enables clean energy

production and permanent carbon sequestration. However, CO₂ captured from large

industrial combustion sources — such as power plants, cement factories, and steel mills — is

rarely pure, containing impurities such as NO₂, SO₂, H₂S, O₂, and Ar whose composition

varies with the emission source and capture technology. These impurities alter key

thermodynamic and transport properties of the CO₂ stream — including density, viscosity,

and phase behavior — which directly affect reservoir injectivity and heat extraction efficiency.

Yet the large majority of existing studies assume pure CO₂, leaving the reservoir-scale

thermo-hydraulic consequences of impure streams poorly understood. This thesis therefore

aims to systematically quantify the impact of CO₂ impurities on the thermo-hydraulic

performance of CO₂-based geothermal systems, providing a more realistic foundation for the

design and assessment of combined heat extraction and carbon storage operations.

Tasks & Requirements
o Modifying the currently developed model to consider impurities

o Running sensitivity analysis for different geological and operational conditions

o Requirements: Interest in numerical simulation; thermodynamics; data analysis

o Work type: Hybrid (work place is numerical lab, Landwirtschaftsbau 504, Munich)

Geothermal Technologies | TU München

Source: Singh et al., 2025
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Using CO2 for hydraulic fracturing fluid in EGS

Supervisor(s)
Saeed Mahmoodpour (saeed.mahmoodpour@tum.de)

Motivation
Hydraulic stimulation of deep naturally fractured rocks is a cornerstone of enhanced

geothermal system (EGS) development, where the injection fluid plays a decisive role in

governing fracture initiation, propagation, and network connectivity evolution. Supercritical

CO₂ has emerged as a promising alternative fracturing fluid to water, offering the dual benefit

of reservoir stimulation and permanent carbon sequestration, while its lower viscosity and

higher compressibility may also distinctly influence the coupled hydro-mechanical processes

— including shear slip reactivation, damage propagation, and stress-dependent permeability

evolution — that control stimulation outcomes. However, the impact of CO₂'s unique physical

properties on these fracturing mechanisms in naturally fractured rocks, particularly in relation

to fracture network connectivity and induced seismicity, remains poorly understood. This

thesis therefore aims to investigate the thermo-hydro-mechanical behavior of naturally

fractured rocks under high-pressure CO₂ injection, with focus on how CO₂ as a fracturing

fluid influences damage development and network connectivity compared to conventional

water-based stimulation.

Tasks & Requirements
o Modifying the currently developed model to consider damage effects

o Running sensitivity analysis for different geological and operational conditions

o Requirements: Interest in numerical simulation; geomechanics; data analysis

o Work type: Hybrid (work place is numerical lab, Landwirtschaftsbau 504, Munich)

Geothermal Technologies | TU München
Source: Singh et al., 2023
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A Surrogate-assisted Multi-objective Optimization 

Framework for CO2-water Driven Production in 

Fractured Geothermal Reservoirs

Surrogate-Assisted Multi-Objective Optimisation Framework. (a) Four-step workflow: LHS sampling → THM 

simulation → TPE-optimised tree-based surrogate construction → NSGA-II multi-objective optimisation (b) SHAP 

feature importance analysis. (c) Pareto front (flow impedance vs. production temperature). (d) The surrogate–NSGA-

II system resolves the full trade-off surface in seconds versus days of full THM simulation and find the optimal values 

to maximize the production temperature & minimize the flow impedance (Madani et al., under review)

Motivation
Optimizing enhanced geothermal systems (EGS) requires extensive thermo-hydraulic-

mechanical (THM) simulations across a wide range of engineering parameters, a process

that carries prohibitive computational costs when performed through conventional

numerical modeling alone, making surrogate model-based optimization an attractive and

necessary alternative. While existing surrogate modeling and multi-objective optimization

frameworks have been developed for single-phase geothermal working fluids, the use of a

CO₂-water two-phase system as the circulating fluid introduces additional complexity

through phase interactions, interfacial dynamics, and coupled heat and mass transfer

processes that are not captured by current models. This two-phase approach is

nevertheless of significant practical interest, as it combines the heat extraction efficiency

of water with the carbon sequestration potential of CO₂, while potentially enhancing

reservoir stimulation and flow dynamics. This thesis therefore aims to develop and apply

surrogate models for the optimization of EGS heat extraction performance using a CO₂-

water two-phase working fluid, providing a computationally efficient framework that

accounts for the unique thermo-hydraulic behavior of two-phase flow in fractured

geothermal reservoirs.

Tasks & Requirements
o Modifying the currently developed model to two-phase

o Work type: Hybrid (work place is numerical lab, Landwirtschaftsbau 504, Munich)

Supervisor(s)
Saeed Mahmoodpour (saeed.mahmoodpour@tum.de)

Geothermal Technologies | TU München
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Temperature-sensitive proppant impacts on EGS

Source: Zhang, et al. 2026

Supervisor(s)
Saeed Mahmoodpour (saeed.mahmoodpour@tum.de)

Motivation
Enhanced geothermal systems (EGS) rely on hydraulic fracturing to create permeable flow pathways

between injection and production wells, yet conventional single-cluster perforation approaches with uniform

proppant placement offer limited control over fracture conductivity distribution, often resulting in preferential

flow channeling and premature thermal breakthrough that significantly reduces reservoir lifespan. Multistage

hydraulic fracturing — involving stimulation across both injection and production wells through plug-and-

perforation techniques with variable cluster spacing and number — provides a more flexible stimulation

strategy, but the optimization of fracture conductivity across the resulting complex network remains a

fundamental challenge, particularly in the presence of natural fractures and faults that introduce additional

heterogeneity, uncontrolled water loss, and induced seismicity risks. Temperature-sensitive proppants offer

a novel mechanism to address these challenges by dynamically adjusting fracture conductivity in response

to local thermal gradients, thereby promoting more uniform flow distribution, suppressing early thermal

breakthrough, and reducing water loss without sacrificing stimulation effectiveness. This thesis therefore

aims to investigate the application of temperature-sensitive proppants within a multistage hydraulic fracturing

framework for EGS operations, evaluating their influence on fracture conductivity control, thermal

breakthrough time, and overall heat extraction performance through coupled thermo-hydraulic-mechanical

modeling.

Tasks & Requirements

o Running sensitivity analysis on the developed model

o Requirements: Interest in numerical simulation; data analysis

o Work type: Hybrid (work place is numerical lab, Landwirtschaftsbau 504, Munich)

Geothermal Technologies | TU München
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Assessment of pore pressure data quality ranking in the Bavarian North Alpine 

Foreland Basin

11Geothermal Technologies | TU München

Motivation

Reliable pore pressure data are essential for determining the subsurface stress state and 

supporting applications such as geothermal energy, subsurface storage and reservoir 

management. Within the framework of the World Pressure Map (WPM) initiative, a 

standardised quality ranking scheme has recently been developed for various pore 

pressure data types. This Master's thesis will apply and test the ranking scheme using a 

comprehensive dataset from the Bavarian North Alpine Foreland Basin. The main objective 

is to develop a structured questionnaire based on transparent criteria that enables future 

automated assignment of pore pressure data quality classes, improving the consistency 

and efficiency of data integration within the WPM database.

Tasks and requirements
o Literature review on different pore pressure acquisition methods

o Apply a newly developed quality ranking scheme to a large pore pressure dataset

o Develop a questionnaire-based framework for future automated pore pressure data

quality ranking

o Requirements: Interest in subsurface pore pressure, well data and data-driven analysis

o Work type: Primarily office-based research and data analysis

o Context: This work is part of the World Pressure Map (WPM) project of TUM.GTT

Supervisor(s)
Indira Shatyrbayeva (indira.shatyrbayeva@tum.de)

Michael Drews (michael.c.drews@tum.de)

Quality

D
a
ta

 t
y
p

e

mailto:indira.shatyrbayeva@tum.de
mailto:vorname.nachname@tum.de


Overpressure modelling in sedimentary basins

12Geothermal Technologies | TU München

Motivation
Overpressure is the excess pressure above normal hydrostatic pressure.

Quantification of overpressure is important for reservoir characterization,

production, seismic processing, well planning and safe drilling, but also for

understanding the structural evolution of sedimentary basins.

Possible sedimentary basins of interest: Upper Rhine Graben, Po-Basin, Vienna

Basin, Sichuan Basin, …

Tasks and requirements
o Literature review on basin stratigraphy, structural evolution and geomechanical

(pressure, stress) and petrophysical (porosity, permeability) properties

o Build dynamic 1D and 3D basin models

o Investigate different petrophysical configurations for overpressure generation

o Requirements: Interest in geology, modelling and deep geothermal energy

o Work type: Mainly office (modelling), but optional field and lab work

o Context: This work is part of the World Pressure Map (WPM) project of

TUM.GTT

Supervisor(s)
Michael Drews (michael.c.drews@tum.de)

Florian Duschl (florian.duschl@tum.de)

mailto:vorname.nachname@tum.de
mailto:vorname.nachname@tum.de


Geological Controls on Thermal-induced Rock Damage in Thermal-Assisted 

Geothermal Drilling

Motivation
Wider deployment of deep geothermal energy is limited by the cost and risk of drilling deep, hot, and hard rock formations. In ultra-deep geothermal reservoirs,

conventional mechanical drilling faces severe challenges such as slow penetration rates, rapid bit wear, high torque, and frequent tool replacement. Emerging

thermal-assisted technologies, including plasma pulse, laser or millimetre-wave drilling, and hybrid mechanical–thermal systems, offer a promising route to weaken

or fragment crystalline rocks more efficiently and reduce drilling costs. However, the performance of thermal-assisted drilling cannot be evaluated only under ideal

laboratory conditions. Real geothermal reservoirs are governed by coupled subsurface conditions, including in-situ stress, pore pressure, rock heterogeneity, pre-

existing fractures, and elevated temperature. These factors may strongly influence heat transfer, thermal cracking, fracture propagation, and ultimately drilling

performance. Therefore, understanding how realistic geological conditions control thermal-induced rock damage is essential for assessing whether thermal-assisted

drilling can become a reliable technology for deep geothermal engineering.

Tasks and requirements

○ Literature review of thermal-assisted drilling technologies and thermal

cracking mechanisms

○ Identification of key geological and geomechanical factors controlling

thermal-induced rock damage

○ Development of simplified thermo-mechanical models under realistic

geothermal conditions

○ Assessment of the influence of subsurface conditions on thermal

cracking and drilling performance

○ Requirements: Interest in geothermal energy, geology, rock

mechanics, and numerical modelling

○ Work type: Mainly office work, optional laboratory activities

Supervisor(s)

Fei Wang (fei.m.wang@tum.de)

Michael Drews (michael.c.drews@tum.de)



Physical properties of Subalpine shale detachments

Geothermal Technologies | TU München 14

Motivation
The Subalpine Molasse is the transition zone between the Northern Alps and the 

North Alpine Foreland Basin with complex structural geology and several shale 

detachments. The physical properties of these detachments are of fundamental 

scientific interest to understand the evolution of the Subalpine wedge, natural 

seismicity and the stress field in the North Alpine Foreland Basin.

Several wells have been drilled through and cored these detachments, but have 

never been analysed for their petrophysical properties. In this topic you would 

measure basic properties such as density and porosity to understand the 

compaction state of shales from the Subalpine wedge, the detachment and 

stratigraphical counterparts from the foreland basin part.

Tasks and requirements
o Detailed structural sample description and correlation with geophysical well logs

and pre-interpreted (seismic) cross-sections

o Measuring of density and porosity

o Interpretation of results in the subregional geological context using MS-Excel

and ArcGIS

Supervisor(s)
Michael Drews (michael.c.drews@tum.de)

Florian Duschl (florian.duschl@tum.de)
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