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Subsurface gas storage

Root-soil interaction

Fracture flowRiver engineering

Coupled free- and porous-medium flow
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DuMux as an external Dune module

4



5

1p, 1p2c

Richards

2p, 2p1c, 2p2c, 

2pdfm, 2pminc, 

2pnc, 2pncmin, 

co2

3p, 3p3c, 

3pwateroil

mpnc

Available Models

Porous Medium Flow

Fully Implicit

1p + tracer

2p + tracer

Sequential

stokes

navierstokes

rans (0-Eq, 2-Eq)

Free Flow

Fully Implicit

el1p2c

el2p

elastic

Geomechanics

Fully Implicit

Boundary: Darcy-

Darcy, Stokes-

Darcy

Facet: Darcy-

Darcy 1/2d-2/3d

Embedded: 

Darcy-Darcy 1/2d-

3d

Multidomain

Fully Implicit

+ non-isothermal
+ compositional

+ non-isothermal
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Discretization:

• Box method

• Cell-centered FV 

with TPFA or 

MPFA

Grid Adaptivity 

Parallel 

Further Capabilities and Characteristics

Porous Medium Flow

Fully Implicit

Discretization:

• Box method

• Cell-centered FV 

with TPFA or 

MPFA

Grid Adaptivity 

Parallel 

Sequential

Discretization:

• Staggered grid 

(MAC) method

Free Flow

Fully Implicit

Discretization:

• Cell-centered 

method for flow

• Box for 

displacement

Parallel 

Geomechanics

Fully Implicit

Discretization:

• Stokes-Darcy: 

cell-centered for 

PM flow, 

staggered for 

free flow

• …

Multidomain

Fully Implicit



Status quo

• Main user base at the LH2, but there are considerably many external users

• Almost all of the development is done at the LH2, occasional external contributions

• Almost all developers have an engineering background with little experience in SD

• > 70 contributors so far

• 2961 version-controlled files

• 566 tests, the majority being regression tests by means of small simulations

• Documentation:

• Website

• Doxygen

• Handbook

• Course material
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Git workflow

Development process

All features are merged into master

Once a release branch is created, relevant features 

are merged into both master and release

Release branches are maintained after release, 

bugfixes are backported

Rebase required before merging is possible

(not depicted in the image above)
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DuMux Days

Development process

Once a month, the core 

developers meet and open 

issues are distributed (see here)
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https://git.iws.uni-stuttgart.de/dumux-repositories/dumux/-/issues/1082


Releases

Development process

A release manager is assigned 

for each release

The release manager tasks are 

listed in a GitLab Issue 

template (see e.g. here)
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https://git.iws.uni-stuttgart.de/dumux-repositories/dumux/-/issues/1138
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Merge requests: guidelines shown in default template

Quality assurance
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Test pipelines

Quality assurance

Hard dependency

Optional dependency
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Test pipelines

Quality assurance

• What do we test?

Hard dependency

Optional dependency

Core functionality in absence 

of optional dependencies
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Test pipelines

Quality assurance

• What do we test?

Hard dependency

Optional dependency

Features requiring optional 

dependencies
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Test pipelines

Quality assurance

• What do we test?

Hard dependency

Optional dependency

Downstream modules
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Test pipelines

Quality assurance

• What do we test?

Hard dependency

Optional dependency

+ linting

+ different compilers & versions

+ install scripts
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Test pipelines

Quality assurance

• What do we test?

Hard dependency

Optional dependency

+ linting

+ different compilers & versions

+ install scripts

git.iws.uni-stuttgart.de/dumux-repositories/dumux/-/pipelines/21181
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https://git.iws.uni-stuttgart.de/dumux-repositories/dumux/-/pipelines/21181


• “Problem”: very many tests that take several hours to compile (on a single core)

• Solution strategy:

• Run only the tests that are affected by changes since the last successful run

• Only schedules run the entire test suite

• An example: git.iws.uni-stuttgart.de/dumux-repositories/dumux/-/pipelines/20820

Test pipelines: saving CPU time

Quality assurance
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https://git.iws.uni-stuttgart.de/dumux-repositories/dumux/-/pipelines/20820
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Unit tests Integration tests Regression tests

Test characteristics

Quality assurance
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Unit tests Integration tests Regression tests

• Regression tests in Dumux:

• Short simulations with a specific model

• Comparison of the simulation results against

reference solutions that were obtained earlier

• Deviation in the results causes the test to fail

• After bugfixes, reference results may be updated

Developers notice when a change in 

the code changes the physics

The test says nothing about the 

“physical correctness” of the model

gitlab.com/dglaeser/fieldcompare

Testing simulations

Quality assurance
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• Validation

• Invitation-only, multi-stage blind/open process

• 9 groups, 9 models

• Data from 6 experimental runs

• SRQs:

• Saturation and concentration fields at selected time steps

• Integrated phase composition … over time

• Mean and std dev for various quantities

• Metrics: Wasserstein distance, …

• Other reported characteristics: Model assumptions, implementation details, … 

J. Nordbotten, M. Fernø, B. Flemisch, R. Juanes (eds.) (2023): “FluidFlower: modeling, simulation, and prediction of complex 

multiphase flow systems“, TiPM Special Issue (planned).

Selected Benchmark Study

FluidFlower International Benchmark Study (2023)
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FluidFlower International Benchmark Study (2023)

Experimental Rig



26

FluidFlower International Benchmark Study (2023)

Intended Geometry
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FluidFlower International Benchmark Study (2023)

Implemented Geometry
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FluidFlower International Benchmark Study (2023)

Snapshot after 240 Minutes = 4 Hours
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FluidFlower International Benchmark Study (2023)

Snapshot after 4320 Minutes = 72 Hours
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FluidFlower International Benchmark Study (2023)

SRQs, Measures and Metrics
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FluidFlower International Benchmark Study (2023)

Infrastructure for Comparison and Reproduction
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Verification & Validation

Other Benchmark Studies

Upcoming: 11th SPE 

Comparative Solution 

Project
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Surrogate modeling

• Uncertainty propagation

• Speed-up of the inference step

• A cheap-to-evaluate model

Outlook

A Bayesian Validation Framework

Bayesian calibration

• Bayesian inference

• Comparison with observation data

• Update prior knowledge to obtain posterior

Bayesian validation

• Uncertainty propagation using posterior

• Comparison with new data

• Computation of validation metric

Prior knowledge

• Input parameters

• Expert knowledge

• Computational Model(s)

Valid or not?

• Qualitative (visual) comparison

• Quantitative comparison

• Hypothesis testing

F. Mohammadi, S. Oladyshkin, E. Eggenweiler, B. Flemisch, I. Rybak, M. Schneider, K. Weishaupt (2023): “A Surrogate-Assisted 

Uncertainty-Aware Bayesian Validation Framework and its Application to Coupling Free Flow and Porous-Medium Flow“, in review.
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Reproducibility

Ingredients for Reproducing/Reusing Computations

• FAIR research software

• Automation and Containerization

• Interactive reuse by browser-based-access

• Multi-modal software data repository
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Reproducibility

Improved accessibility, reusability, and archival of research software

T. Koch, D. Gläser, A. Seeland, S. Roy, K. Gönner, K. Weishaupt, D. Boehringer, S. Hermann, B. Flemisch (2023): “A sustainable 

infrastructure concept for improved accessibility, reusability, and archival of research software“, in preparation.
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DEDUCTION OF REQUIREMENTS FOR

• REPRODUCIBLE

• REUSABLE

• EXTENSIBLE

• COMPOSABLE

• EFFICIENT

• …

• FAIR

WORKFLOWS

Reproducibility

Digital Workflows
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github.com/BAMresearch/NFDI4IngScientificWorkflowRequirements

Reproducibility

Workflow Tools: Implementations
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Reproducibility

Workflow Tools: Manuscript
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Reproducibility

Workflow Tools: Simple Use Case



• Development

• Standardized Git workflow enforced by GitLab policies or instructed

• Release process is “standardized” via issue template

• Quality Assurance

• Automated test pipelines for various setups

• Mainly regression testing of small simulations

• Verification & Validation

• Benchmarking allows model evaluation and comparison

• Uncertainties in models and experiment should be quantified

• Reproducibility

• Key ingredients are automation and containerization

• Possibly facilitated by workflow tools

Summary



• Large variety of available models.

• Flexible monolithic coupling framework.

• Focus on model development rather than applications (or numerics).

• Not a “classical” reservoir simulator.

• “Easy” to customize/add balance equations and constitutive relations.

• Adding new discretization methods is challenging.

• C++ skills are required to do something substantially new.

• Python bindings are working, but not fully exploited yet.

• Friendly and welcoming user/developer community.

• Find out at this year’s DuMux course 3.-5.4.2023 in Stuttgart:

Is DuMux right for you?
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