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Coupled phenomena in geosciences 
Geodynamics & Tectonics
• Temporal and special evolution of large-scale structures 
• Geodynamic of Earth Interior 

Multi scale modelling of mass transport phenomena
• Visualisation of rock Microstructure
• Fluid transport in porous and fractural media
• Molecular scale processes at fluid solid interfaces

Exploration of natural resources:
• Geothermal energy
• Metal and hydrocarbon deposits 
• Sequestration of greenhouse gasses 
• Deep geological disposal of radioactive waste

Geological Education
• Virtual laboratories
• Virtual excursions



Geological Disposal of Radioactive waste

Thermal pulse
De‐/re‐saturation
Backfill degradation
Canister corrosion
Radionuclides release

Waste degradation
Cement‐clay interaction 
Release of Gas & 
Radionuclides
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THMC coupled processes modelling



Underground research laboratory Mont Terri

https://www.youtube.com/watch?v=VH9I1iaeAiM
Mont Terry Consortium / OpenGeoSys (O. Kolditz (UFZ))



FE-experiment at Mont Terri
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Müller et al.(2017) Swiss J Geosci 110:287–306

Chemical processes:
Dissolution/precipitation

Mechanical processes



Digital twin of Full emplacement FE experiment
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ML assisted evolution of 
the thermal conductivity 
of granulated bentonite 2D cross section temperature evolution 3D temperature evolution 

Simulation domain with 
>2 million  finite elements

Mesh with different 
material properties

Local mesh near the heater

Hu et al.(2022) in press



Interaction of repository barriers

Huang,  Shao, Wieland, Kolditz, Kosakowski (2021)  www.nature.com/npjmatdeg 5, N4.



Multiscale Boiling Phenomena (LES-LSM)
PSI‐BOIL Sato & Niceno (LSM/NES)

Molecular Dynamics of vapor nucleation (LES):                          
www.nature.com/articles/s41598-021-99229-5

Lattice Boltzmann(LES): 



Visualization needs

Digital twins:
• BIM of laboratory / field experiments and disposal systems
• Visualization of process simulations data (multi‐field analysis)
• Virtual laboratories / Lab on a chip experiments

https://www.ufz.de/index.php?en=46896



Wir schaffen Wissen – heute für morgen

Thank you for your 
attention!
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