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Generic Workflows

“A workflow consists of
an orchestrated and
repeatable pattern of
activity, enabled by the
systematic organization
of resources into
processes that
transform materials,
provide services, or
process information.”
(Wikipedia)

Reference: Ch. Lehmann [LT22], [Kol+19]
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Generic Workflows

Exchangeable
modules >>
Pipelines
Platform-
independent
Script-based
environments
(Jupyter,
web-browser
applications)
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Specific Workflows

Geothermal Systems Geotechnical Systems

existing interfaces (OGS DataExplorer), level of automation is low ...
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Specific Workflows

Geothermal Systems Geotechnical Systems

existing interfaces (OGS DataExplorer), level of automation is low ...
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Generic Workflow for the Siting Process #1
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Specific Workflow for the Siting Process #2
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Specific Workflow for the Siting and Repository Concepts #3



8UFZ

Process Selection: Complexity and Scales
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OpenGeoSys (OGS)
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OpenGeoSys - THMC/RTP Simulator (www.opengeosys.org)

Books & Tutorials (OGS5)

www.opengeosys.org
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OpenGeoSys - THMC/RTP Simulator (www.opengeosys.org)

History

www.opengeosys.org
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OpenGeoSys - Benchmarking Gallery (JupyterLab)

OGS-TH2M Model Class

References: [Gru+22], [Pit+23b]
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Simulation of Coupled Multiphysics Processes: OpenGeoSys-6 TH2M

References: [Gru+22], [Pit+23b]
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OGS participation in DECOVALEX

References:
[Mol+23]
[Rad+23a]
[Rad+23b]
[Pit+23a] (BenVaSim)
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Simulation of Coupled Multiphysics Processes (>> Norbert)

OpenGeoSys-6 TH2M
Compositional two-phase flow
Geomechanics (inelastic solids)
Consistent thermodynamics
Phase transitions
Hierarchic benchmarking
...

Capable to verify the concept of P. Marschall
[MHG05] for various clay types (OPA, COx,
Boom)

References: [Gru+22], [Pit+23b]
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OpenGeoSys - Applications
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OpenGeoSys - Applications

Shallow geothermal systems (Leipzig) and ATES
(Aquifer Thermal Energy Storage in Kiel)
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Workflows (cont.)
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Specific Workflow for the Siting and Repository Concepts #3a
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Scale – Lab (EPFL-Experiment, EURAD GAS)

• Aim: Identification of Opalinus Clay properties
• Water Retention behaviour
• Stress-strain relations in recation to gas

invasion processes
• Gas transport properties
• Strain dependent permeability model

References/Credits: BGR (Michael Pitz [Pit+23b]), EPFL (Alessio Ferrari, Qazim Llabjani)
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Specific Workflow for the Siting and Repository Concepts #3b
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Scale – URL (Mont Terri)

References/Credits: BGR (CD-A, Modeler [Zie+22]), TUBAF (FS, Modeler), UFZ (FE, Wenqing Wang), VIS (Nico
Graebling/Karsten Rink) [Gra+22] / GeomInt and iCROSS projects
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Specific Workflow for the Siting and Repository Concepts #3c
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Scale – up to Repository Scale

References/Credits: [Wan+21b], [Wan+21a], [Cha+19] / DECOVALEX 2019 project
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Specific Workflow for the Siting and Repository Concepts #3d
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Scale – Far Field Aspects (Glaciation)

simulation of several
glaciation periods
clay and salt

References/Credits: Florian Zill [Zil+21], AREHS Team
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Digital Twins

“A digital twin is a virtual
representation that

serves as the real-time
digital counterpart of a

physical object or
process.”

(Wikipedia)

https://commons.wikimedia.org/wiki/File:Oil_rig_Jan_23.jpg
c© CC-BY-SA 4.0 SumitAwinash

describes all relevant properties of that
object/process
shows all relevant behaviours of that object/process
provides all necessary data via a uniform interface
...

https://commons.wikimedia.org/wiki/File:Oil_rig_Jan_23.jpg
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Digital Twin as Workflow Application

Specifications:
URL Information
System (Mont Terri)
Repository
construction (BIM)
Model validation
(DT2)
...

Software Engineering
(DT1)

References: [Kol+19]
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Software Distribution – Container Technology

Container

Workflow steps

OpenGeoSys

MFront

PHREEQC

MPI

Python

Matplotlib

Numpy

PyVista

VTK

Technical frameworks for DTs
container = lightweight VM
I VM = app + 2nd OS files + 2nd OS processes
I container = app + 2nd OS files

distribute software along with all dependencies
unified runtime environment
executable in many different environments
facilitates reuse of workflow steps
simplifies adoption by new users

References: [Bil+19]
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Digital Twin for Model Validation (Upscaling)

Model validation:
Model generation
Benchmarking
(data integration,
code comparison,
...)
Model scaling
...
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From Workflow Application Towards Digital Twins

WF Flexibility >> DT Specification
on-the-fly model parameter update
monitoring of the repository
continuous model validation
distributed: multi-agent
implementation
versions
composability: build more complex
twins from a common core
workflow integration
need for a robust basis
. . .
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Digital Twin VR Application – URL (Mont Terri)

see VISLAB applications and OGS YouTube Channel

https://www.ufz.de/index.php?en=46896
https://www.youtube.com/@OpenGeoSys
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Thank you for your attention.
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