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Generic Workflows

Data
“A workflow consists of Observation Integration
Monitoring
Model
Generation

an orchestrated and
repeatable pattern of

activity, enabled by the .
systematic organization Knowledge System Analysis
of resources into Tearstas Work Flow
processes that
r — »4 Process
_Optimization =

ata

transform materials,
provide services, or
process information.”
(Wikipedia)

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

® Exchangeable

Data Data
Integration Analytics

Observation modules >>
Monitoring — - Pipelines
= Model System ®m Platform-
DSE Generation Optimization independent
Analytics Process Knowledge = Script-based
Simulation Transfer environments
In-situ (Jupyter,
Visualization web-browser

applications)
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Specific Workflows

Geothermal Systems

Observation / Monitoring

o

Shallow
Geothermal
Syste

Data Analytics
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Specific Workflows

Geothermal Systems

Maodel Generation

Shallow
Geothermal

; Syste

S ] I

SEEEREEAE

Geotechnical Systems

Tharmodynamics

Q M::'::in
[ siogeochemssry |

THM/CB Processes

Open —_—
WorkFlow )™ g g"|
S

OGS g

Process Simulation

References: swisstopo (Mont Terri project), Bilke et al. (2019) TiPM,
Rink et al. (2019, 2020) UDE, Kolditz et al. (2019) ENG, Raith et al. (2019,
2020) IEEE, Wang et al. (2021) URMMS, Buchwald et al. (2020) IRMMS

m existing interfaces (OGS DataExplorer), level of automation is low ...
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Generic Workflow for the Siting Process #1

/\ Proof-of-Concept Geotechnical S\{stem
(full complexity)

—

/\_’

A

Geosystem (intermediate \/

(full complexity) complexity)
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Specific Workflow for the Siting Process #2

GOCAD model [BGE)

Proof-of-Concept (MS-2023):

(1) Simplifying regional models (based on GOCAD data) :m::;""l Combined repository
(2) Integrating repository structuresinto the regional model [:==5 e Sbudalii)

(3) THMC simulations at various scales and complexity levels (near/far field processes)




Specific Workflow for the Siting and Repository Concepts #3

Far-field processes

e open-source
Synthesis Platform OpenWorkFlow

Lt (Digital Twins) (/

h Lab:
" @u Near-field processes Underground Research Labs

Pzetal 203 G
(SCK-CEN difusion) _(phase

—_ e

Radeisen et al 2022, 24
(02023 Task A, LASGIT)

OpenGeoSys (OGS®)
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Process Selection: Complexity and Scales

Complexity

Sc

REP Workflows

UFZ




OpenGeoSys (OGS)




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

OpenGeoSys
OpenGeoSys Books & Tutorials (OGS5)
OPEN-SOURCE MULTI-PHYSICS B E E OpenGeoSys
Announcements & Discussions
0GS Community Meeting 2023 - Safe OpenGeoSys 6.4.4 released! Elrst ogstools release! Chemica v
the data; 21:22.11.2023 In Leipzig Q Q iNFractl g —
' 3 (USRI OpenGeodys Tutorial
Gl T (omputational
Hydrology IIl:
1D Heat Conduction problem AttributeError: module 'ogs’ has no Error: ModuleNotFoundError: No UGS #IPhreeqc
. e C ryCondition” module named ‘OpenGeasys”

(oupled Reactive

0 Transport Modeling

Features
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www.opengeosys.org

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

Openceosys History

OpenGeoSys 1986

CPEN-SOURTE MULTIPHYSICS

FOR
FEFLOW

1989 RF2 = Dynamic data
structures
1991 c = OOP
= Open source
Announcements & Discussions 2001 || GeoSys e . e

Software

OGS Community Meeting 2023 -Safe  OpenGeoSys 6.4.4 released! First ogstools release! 2008 ———I C++ engineering
Py W s [ Rt [ 7 Jidis ! = Cross-platform
2015 || C++14 = Workflows
! = Virtual Reality
m'm‘nfym“‘m mm‘gmr_m:ymuuzngm hmr_mmu]:kelhuuﬂuyn:_&n 2017 : C++17 " (Exascale
5 Trbuind Qo v readiness)
= Python
Features [ ]
i ‘ ) 2023 ogstools framework

= ... Digital Twins
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www.opengeosys.org

OpenGeoSys - Benchmarking Gallery (JupyterLab)

Featured Processes

> Aol OGS-TH2M Model Class
o *

Openeaty

TH2M

Bemchemark huerarchy

e B
“-"’"W-

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

TH*M

« non-isothermal, poro-elastic, multiphase flow
« phase change & transition (evaporation&dissolution)

THM

= Point heat source consolidation
Booker | Chaudry exact solution

TH?

« Heat pipe problem
Udell | Doughty benchmark

H'M

« Poro-elastic soil consolidation
Liakopoulos benchmark

TH

« Isentropic compression
+ Advection/ diffusionn

Ogata | Banks benchmark

™

« Thermo-elastic plate/cube

HM

« Poro-elastic column
consolidation

HZ

« Two-phase flow:
McWhorter benchmark

« Linear/ radial heat con-

duction

HG

« Compressible fluid flow

HL

« Incompressible fluid flow

M

« Linear elastic defor-
mation

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

Lab scale
GREAT Cell Experiments

t

STIMTEC experiment at
URL Reiche Zeche
(Germany)

SAFENET-2

Task
SAFENET-2

Methodology: .3

= THM fracture mechanics U@ 2&5

= Interactive benchmarking -
(web-based Jupyter notebooks) STIMTEC

= Machine learning for building

surrogate models

References:

[Mol+23]

[Rad+23a]

[Rad+23b]

[Pit+23a] (BenVaSim)
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Simulation of Coupled Multiphysics Processes (>> Norbert)

in nm:m barrl‘ers UT:}\1
m‘:::;fj:ledm, ./ OpenGeosys_S TH2M

® Compositional two-phase flow
Geomechanics (inelastic solids)
Consistent thermodynamics
Phase transitions

Hierarchic benchmarking

Capabile to verify the concept of P. Marschall
[MHGO5] for various clay types (OPA, COx,
Boom)

References: [Gru+22], [Pit+23b]

UFZ
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OpenGeoSys - Applications

Thermo-Hydro-

Data

Observation
Monitoring

Knowledge \
Transfer __
Data
Analytics

Integration

Model
| Generation

e Process
Simulation

UFZ
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OpenGeoSys - Applications

Shallow geothermal systems (Leipzig) and ATES
(Aquifer Thermal Energy Storage in Kiel)

Abbildung 7.6 Visuslisierurg der Ergehainse der geboppelion Simsblation von
X Drphvih sind dit Trmperutaeenrichugen, 1
i e, ¢ roplicyen hcag, Vicieionde, e e Siskiodat:
m:umuwumxmm‘..—-mm rd Temperatur
Unergrund via OpenGeosys a0 derh sungewiblion Togen. e Trumleebiaition det
ik

und aegeatellien. Kiegumernen. Die sue Ulusiration der Temperaturverinderung.
visualiskerien botemperaturflichen begen bei 11.4°C, 11L5°C und I e such
A, a} ki




Workflows (cont.)




Specific Workflow for the Siting and Repository Concepts #3a

fime: 14530a
L]

) Far-field processes sz

Repositories
open-source

BGR

= Synthesis Platform =
v, c e .
(Digital Twins)
G ot ol 37 (THIM bt |
S mﬂm' wm‘ & Neor-fieki processes Underground Research Labs

S =
A, [E\'“ B
H—/

deisen et al. 2022, 2023
(02023 Task A, LASGIT)

OpenGeoSys (0GS®)

/ UFzZ
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Scale — Lab (EPFL-Experiment, EURAD GAS)

Dwmatrzam sde

e Aim: Identification of Opalinus Clay properties
e Water Retention behaviour

e Stress-strain relations in recation to gas
invasion processes

e Gas transport properties
e Strain dependent permeability model

Ferrart & Uabiar, MSS8

Saturation over time Gas pressure over time Displacements over time

saturation /

pare gas pressure / Pa
Yedisplacement

¥-coordinate / m Y-coordinate / m Y-coordinate / m

References/Credits: BGR (Michael Pitz [Pit+23b]), EPFL (Alessio Ferrari, Qazim Llabjanp/ 18
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Specific Workflow for the Siting and Repository Concepts #3b

) Underground Research Labs
Near-field processes

OpenGeoSys (0GS°®)

UFZ
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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
UFz
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Specific Workflow for the Siting and Repository Concepts #3c

Repositories

-

UFZ
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Scale — up to Repository Scale

DECOVALEX-2019 Task E

Step 1: THM validation

URL Bure

Step 4:
Hypothetical layout

- S Step 2: TED experiment
Step 3: ALC experiment

References/Credits: [\Wan+21b], [Wan+21a], [Cha+19] / DECOVALEX 2019 project UEz
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Specific Workflow for the Siting and Repository Concepts #3d

Time: 14536.0a
n

Far-field processes

open-source
Synthesis Platform ( OpenWorkFlow
(Digital Twins)

T
A

UFZ
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Scale - Far Field Aspects (Glaciation)

displocemant Magnitude
o 20 30 J.oe+01

® simulation of several
glaciation periods

alocily Mognitude
] Clay and Salt 28020 lets lel7 leds lels leld 1ais 1812 lell leld le? les le7 63006

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




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:0il_rig_Jan_23.jpg
© 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
.
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Digital Twin as Workflow Application

Observation
Monitoring

Knowledge
Transfer

System

Optimization

References: [Kol+19]

Digital Twin

Specification

Data
Analytics

Data
Integration
Model
Generation

Process
Simulation

Specifications:

® URL Information
System (Mont Terri)

B Repository
construction (BIM)

® Model validation
(DT2)

"

Software Engineering
(DT1)

UFZ 26



Software Distribution — Container Technology

Cworkﬂow steps] Technical frameworks for DTs

® container = lightweight VM
> VM = app + 2nd OS files + 2nd OS processes

» container = app + 2nd OS files
m distribute software along with all dependencies
B unified runtime environment
® executable in many different environments

Matplotib ® facilitates reuse of workflow steps
® simplifies adoption by new users

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

siegration Model validation:

Monitoring

.. - Model ® Model generation

Digital Twin Generation B Benchmarking

Knowledge Model (data integration,

Transfer code comparison,
System

Optimization

Validation

)
Process .
[ ]
Model scaling
Data u
Analytics

UFZ 28




From Workflow Application Towards Digital Twins

WF Flexibility >> DT Specification

Model [ |
Generation

Process
Simulation
Data
Analytics [ |

Observation

Monitoring

Knowledge
Transfer

Digital Twin

Specification

on-the-fly model parameter update
monitoring of the repository
continuous model validation

distributed: multi-agent
implementation

B versions
® composability: build more complex

twins from a common core
workflow integration
need for a robust basis

UFZ 29




Digital Twin VR Application — URL (Mont Terri)

see VISLAB applications and OGS YouTube Channel

UFZ
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https://www.ufz.de/index.php?en=46896
https://www.youtube.com/@OpenGeoSys
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