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2/27



OPM Flow selected contributions
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The FAIR principles 

Wilkinson, M., et al., 2016. The FAIR Guiding Principles for scientific data management and stewardship. Sci Data 3, 160018. https://doi.org/10.1038/sdata.2016.18 

Findable
• Data and metadata have unique identifiers and are easy to discover.

Accessible
• Data can be reliably accessed using standard, open protocols (with clear access conditions).

Interoperable
• Data use shared formats, vocabularies, and standards so they work with other data and tools.

Reusable
• Data are well described, with clear licenses and provenance, enabling reuse over time.

Liu, N., et al. 2025. Trends in porous media laboratory imaging and open science practices. Adv. Colloid Interface Sci. 352, 103831. https://doi.org/10.1016/j.cis.2026.103831

Data availability
Data are available from 
the corresponding 
authors on reasonable 
request.



https://github.com/cssr-tools

• CSSR started in July 2022 (until 2029)

• cssr-tools launched in February 2024

• 15 people (NORCE and UiB)

• 12 hosted repositories

• 4 forked repositories
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https://github.com/cssr-tools
https://github.com/cssr-tools
https://github.com/cssr-tools


https://github.com/orgs/cssr-tools/repositories

6/27Presented in the OPM summit 2025, presentation available at https://opm-project.org/ (All OPM news -> The OPM news archive)* Successfully tested with Apple M5
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Example of usage of pycopm: submodel extraction given an 
irregular polygon, where the pore volume from the outside 
region is added to the cell boundaries (other options for 
extraction are cells around a given well, as well as defined 
properties such as OPERNUM, FIPNUM, etc).

pycopm -i NORNE_ATW2013.DATA  -p 1 -v 'xypolygon [457302,7322519] [456941,7321991] 
[457331,7321213] [457798,7321745] [457661,7321959] [458077,7322403] [457779.86,7322696] 
[457457,7322299] [457302,7322519]'

Or defining the region using OPERNUM: 
pycopm -i NORNE_ATW2013.DATA  -m all -p 1 -v 'opernum 1'

See the online documentation (https://cssr-tools.github.io/pycopm/) 
and preprint (https://arxiv.org/abs/2602.11777) for details.

https://github.com/orgs/cssr-tools/repositories
https://github.com/orgs/cssr-tools/repositories
https://github.com/orgs/cssr-tools/repositories
https://opm-project.org/
https://opm-project.org/
https://opm-project.org/
https://cssr-tools.github.io/pycopm/
https://cssr-tools.github.io/pycopm/
https://cssr-tools.github.io/pycopm/
https://arxiv.org/abs/2602.11777


User- and developer-friendly features
“Python” as programming language

“GitHub” as hosting service

“Black” for code formatter/beautifier

“Pylint” for code analysis

“Pytest” for code testing

“Read the Docs” for documentation

“TOML” for configuration files

“Ruff” for linter and code formatter (from 2026)
7/27



pofff: An open-source image-based history-
matching framework for the FluidFlower 

benchmark study using OPM Flow

Experiment Simulation

Experiment Simulation Segmentation

18/49Landa-Marbán, D. et al. 2026. Performance of an Open-Source Image-Based History Matching Framework for CO2 Storage. Transp Porous Med 153, 21. https://doi.org/10.1007/s11242-025-02275-0

*Nice movie, here a snapshot (Movie available at https://cssr-tools.github.io/pofff/introduction.html) 

https://cssr-tools.github.io/pofff/introduction.html
https://cssr-tools.github.io/pofff/introduction.html
https://cssr-tools.github.io/pofff/introduction.html
https://cssr-tools.github.io/pofff/introduction.html
https://cssr-tools.github.io/pofff/introduction.html


https://github.com/cssr-tools/pofff
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CI.yml helps users 

to know if something 

is broken and 

additional details on 

the installation

https://github.com/cssr-tools/poff
https://github.com/cssr-tools/poff
https://github.com/cssr-tools/poff
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Example of TOML configuration file
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Installation is simple as:

pip install git+https://github.com/cssr-

tools/pofff.git
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Having a simple Hello world in 

repositories help for quick testing of the 

installation.



Flemish, B., et al., 2024. The FluidFlower Validation Benchmark Study for the Storage of CO2 . Transp. Porous Media. https:// doi. org/ 10.1007/ s11242- 023- 01977-78 13/27

Observations

Goal: finding model parameters that results in the OPM simulations to be the closest to the experimental 
data with respect to CSIRO and M1 results.

Saló.-Salgado, L., et al., 2024. Direct Comparison of Numerical Simulations and Experiments of CO2 Injection and Migration in Geologic Media: Value of Local Data and Forecasting Capability. Transp. Porous Media. https:// doi.org/ 10.1007/ s11242- 023- 01972-y

M1
OPM

Five different 
experimental runs

Difficult to 
quantify the CO2 
mass from the 
images, only  
distinguished gas 
and dissolved CO2
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Spatial characterization

• It is key to have a grid following the main horizons

• The grid has a size of 2cm x 2cm(ish)

• Using eight CPUs for OPM Flow in a Mac, the simulation time is LESS THAN TWO MINUTES!!!! (good since 

HM requires running many simulations).

Landa-Marbán, D. et al. 2026. Performance of an Open-Source Image-Based History Matching Framework for CO2 Storage. Transp 
Porous Med 153, 21. https://doi.org/10.1007/s11242-025-02275-0

Fernø, M.A. et al. Room-Scale CO2 Injections in a Physical Reservoir Model with Faults. Transp. Porous Media 151(5), 
913–937 (2024). https://doi.org/10.1007/s11242-023-02013-4



15/27

Thickness map Saló-Salgado et al. 2024. Direct Comparison of Numerical Simulations and Experiments of CO2 
Injection and Migration in Geologic Media: Value of Local Data and Forecasting Capability

Initial thickness map (after filling the sands)

Final thickness map (at the end of all experiment)

• Large uncertainty in the thickness map, i.e., 

pore volume.

Landa-Marbán, D. et al. 2026. Performance of an Open-Source Image-Based History Matching 
Framework for CO2 Storage. Transp Porous Med 153, 21. https://doi.org/10.1007/s11242-025-02275-0

Nordbotten, J. M., Fernø, M., Flemisch, B., Juanes, R., & Jørgensen, M. (2022). Final Benchmark Description: 
FluidFlower International Benchmark Study. Zenodo. https://doi.org/10.5281/zenodo.6807102
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History matching tools https://everest.readthedocs.io/en/latest/theory.html

https://docs.scipy.org/doc/scipy/reference/generated/
scipy.optimize.differential_evolution.html

• More about EVEREST in the coming presentation of Eduardo Barros.

Results depending 

on the initial guess 

and random seed, 

i.e., luck is a factor.
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Results

• Results depend on the selected threshold to segment the simulations (1 kg/m3 used in the benchmark).
• Ongoing research focus on generating "continuous" maps of CO2 mass directly from experimental images, to enable more robust 

comparison with simulation results.
• You could give it a try to find better parameters to get closer results to the experiments using pofff.

OPM

M1 OPM
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Flemish, B., et al., 2024. The FluidFlower Validation Benchmark Study for the Storage of CO2 . Transp. Porous Media. https:// doi. org/ 10.1007/ s11242- 023- 01977-78
Saló.-Salgado, L., et al., 2024. Direct Comparison of Numerical Simulations and Experiments of CO2 Injection and Migration in Geologic Media: Value of Local Data and Forecasting Capability. Transp. Porous Media. https:// doi.org/ 10.1007/ s11242- 023- 01972-y
Landa-Marbán, D. et al., 2026. Performance of an Open-Source Image-Based History Matching Framework for CO2 Storage. Transp Porous Med 153, 21. https://doi.org/10.1007/s11242-025-02275-0
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The OPM team submitted four results for SPE11A, four for SPE11B, and four for SPE11C, 

with all required reporting data i.e., including performance-spatial maps (the only missing 

column is the a posteori error estimate).

All submitted data can be generated using pyopmspe11 (a FAIR submission).

Nordbotten, J.M. et al. 2025. Benchmarking CO Storage Simulations: Results from the 11th Society of Petroleum Engineers Comparative Solution Project. Int. J. Greenh. Gas Control 148, 104519. https://doi.org/10.1016/j.ijggc.2025.104519



19/27https://joss.theoj.org/papers/10.21105/joss.07357
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21/27Landa-Marbán et al. 2026. Exploring Convergence and Its Limits in Case B of the 11th SPE Comparative Solution Project. SPE J. 31. https://doi.org/10.2118/231853-PA

Convergence study

Full domain Localized domain

* New flag in pyopmspe11 to generate this lower part "-n lower" 
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Improvements since the benchmark
• Decreasing the number and size of generating files,
by using '*' for repeated values and EQUALREG

• Option to generate all files in the output folder using the
"-f 0" flag, i.e., no deck/flow/data/figures subfolders.

• Using alive_progress for the terminal status.

• Assisted by Copilot, improving the code in 
visualization.py and data.py (maximum score 5)

• In general, the code performance to generate the deck and postprocess the results has been significantly improved. 
For example, for the SPE11B case with the reporting data resolution: 

• Remove OPM Flow dependency to only generate the deck files. 

Before Now

Data
Deck 1m21s 0m28s

24m22s 9m34s

How much score your code?



Gallery
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*Nice GIF, here a snapshot (GIF available at https://cssr-tools.github.io/pofff/examples.html#visualization) 

https://cssr-tools.github.io/pofff/examples.html
https://cssr-tools.github.io/pofff/examples.html
https://cssr-tools.github.io/pofff/examples.html
https://cssr-tools.github.io/pofff/examples.html


Gallery (behind the scenes, towards FAIR)
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curl -O https://github.com/cssr-tools/pofff/blob/main/examples/input.toml

pofff -i input.toml -o figure3 -f none

plopm -i figure3/FIGURE3 -c '101;64;147 81;124;66 181;73;57 193;127;97 127;148;191 
193;147;56' -cticks '[G, F, E, D, C, ESF]' -v 'pvtnum - 1 - satnum' -grid 'black,1e-2' -remove 1,1,0,1 
-d 20,15 -o figure3 -save figure3a -f 20 -clabel 'Sand'

curl -O https://raw.githubusercontent.com/OPM/pyopmspe11/refs/heads/main/benchmark/spe11a/r3_cp_1cmish_capmax2500Pa.txt
curl -O https://raw.githubusercontent.com/OPM/pyopmspe11/refs/heads/main/benchmark/spe11a/r3_cp_1cmish_capmax2500Pa.txt
curl -O https://raw.githubusercontent.com/OPM/pyopmspe11/refs/heads/main/benchmark/spe11a/r4_Cart_1mm_capmax2500Pa.txt
curl -O https://raw.githubusercontent.com/OPM/pyopmspe11/refs/heads/main/benchmark/spe11a/r5_Cart_1mm_capmax2500Pa_strictol.txt

pyopmspe11 -i r2_Cart_1cm_capmax2500Pa.txt -o r2_Cart_1cm_capmax2500Pa -t 1 -r 280,1,120 -w 0.16
pyopmspe11 -i r3_cp_1cmish_capmax2500Pa.txt -o r3_cp_1cmish_capmax2500Pa -t 1 -r 280,1,120 -w 0.16
pyopmspe11 -i r4_Cart_1mm_capmax2500Pa.txt -o r4_Cart_1mm_capmax2500Pa -t 1 -r 280,1,120 -w 0.16
pyopmspe11 -i r5_Cart_1mm_capmax2500Pa_strictol.txt -o r5_Cart_1mm_capmax2500Pa_strictol -t 1 -r 280,1,120 -w 0.16

plopm -v xco2l -r 53 -mask satnum -maskthr 7e-5 -i 'r2_Cart_1cm_capmax2500Pa/flow/R2_CART_1CM_CAPMAX2500PA 
r3_cp_1cmish_capmax2500Pa/flow/R3_CP_1CMISH_CAPMAX2500PA r4_Cart_1mm_capmax2500Pa/flow/R4_CART_1MM_CAPMAX2500PA 
r5_Cart_1mm_capmax2500Pa_strictol/flow/R5_CART_1MM_CAPMAX2500PA_STRICTOL' -cnum 3 -xlnum 8 -clabel 'OPM results for SPE11A: CO$_2$ 
mass fraction (liquid phase) after 2 days' -d 16,6.5 -t "(a) Cartesian grid 1cm (b) Corner-point grid 1cmish (c) Cartesian grid 1mm (d) Cartesian grid 
1mm stricter tolerances" -yunits cm -xunits cm -yformat .0f -xformat .0f -f 16 -save figure4 -cformat .2e -suptitle 0 -subfigs 2,2 -cbsfax 
0.35,0.97,0.3,0.02 -delax 1 -c '#9ca245 #9da347 #9fa44a #a0a64d #a2a750 #a3a953 #a5aa56 #a6ac59 #a8ad5c #a9af5f #abb062 #adb164 #aeb367 
#b0b46a #b1b66d #b3b770 #b4b973 #b6ba76 #b7bc79 #b9bd7c #babf7f #bcc082 #bec184 #bfc387 #c1c48a #c2c68d #c4c790 #c5c993 #c7ca96 
#c8cc99 #cacd9c #cbcf9f #cdd0a2 #cfd1a4 #d0d3a7 #d2d4aa #d3d6ad #d5d7b0 #d6d9b3 #d8dab6 #d9dcb9 #dbddbc #dcdfbf #dee0c1 #e0e1c4 
#e1e3c7 #e3e4ca #e4e6cd #e6e7d0 #e7e9d3 #e9ead6 #eaecd9 #eceddc #edefdf #eff0e1 #f1f1e4 #f2f3e7 #f4f4ea #f5f6ed #f7f7f0 #f8f9f3 #fafaf6 
#fbfcf9 #fdfdfc #ffffff #fefbfb #fdf7f7 #fcf3f3 #fbefef #faebeb #f9e7e7 #f8e3e3 #f7e0e0 #f6dcdc #f5d8d8 #f4d4d4 #f3d0d0 #f2cccc #f1c8c8 #f0c5c5 
#efc1c1 #eebdbd #edb9b9 #ecb5b5 #ebb1b1 #eaadad #e9aaaa #e8a6a6 #e7a2a2 #e69e9e #e59a9a #e49696 #e39292 #e28f8f #e18b8b #e08787 
#df8383 #de7f7f #dd7b7b #dc7777 #db7474 #da7070 #d96c6c #d86868 #d76464 #d66060 #d55c5c #d45959 #d35555 #d25151 #d14d4d #d04949 
#cf4545 #ce4141 #cd3e3e #cc3a3a #cb3636 #ca3232 #c92e2e #c82a2a #c72626 #c62323 #c51f1f #c41b1b #c31717 #c21313 #c10f0f #c00b0b'

curl -O https://github.com/cssr-tools/pofff/blob/main/publication/appendixb.toml

sed -i.bak "s|8100, 8100|8100, 300|g" appendixb.toml
sed -i.bak "s|\[10200, 10200, 3E-7, 3E-7\]|[10200, 300, 3E-7, 3E-7],\n[3300, 300, 0, 0]|g" 
appendixb.toml
sed -i.bak "s|68100, 68100|64800, 3600|g" appendixb.toml
sed -i.bak "s|86400|21600|g" appendixb.toml

pofff -i appendixb.toml -o gif -m single -c '5e-2' -f none

plopm -v xco2l -i 'pofff+plopm/POFFF+PLOPM' -d 16,5 -mask satnum -m gif -dpi 1000 -f 20 -loop 
1 -cformat .1e -cbsfax 0.30,0.01,0.4,0.02 -interval 437.5 -maskthr 1e-5 -tunits h -cnum 5 -clabel 
'CO$_2$ mass fraction in liquid [-]' -t 'FluidFlower simulation (GitHub/cssr-tools/pofff),'

curl -L -O https://raw.githubusercontent.com/OPM/pyopmspe11/refs/heads/main/benchmark/spe11b/r2_cp_10mish.toml
curl -L -O https://darus.uni-stuttgart.de/api/access/datafile/375739
curl -L -O https://darus.uni-stuttgart.de/api/access/datafile/375754
curl -L -O https://darus.uni-stuttgart.de/api/access/datafile/375723

pyopmspe11 -i r2_cp_10mish.toml -o r2_cp_10mish -m all -g all -r 840,1,120 -t 5 -w 0.1

plopm -i "spe11b/opengosim1/spe11b_spatial_map_500y spe11b/opm3/spe11b_spatial_map_500y 
spe11b/sintef3/spe11b_spatial_map_500y PR/spe11b_spatial_map_500y" -csv "1,2,9" -subfigs 2,2 -delax 1 -suptitle 0 -z 0 -
cbsfax 0.35,0.97,0.3,0.02 -yunits km -xunits km -yformat .1f -f 20 -xformat .1f -cnum 4 -xlnum 8 -cformat .2e -d 14,10 -t 
"OPENGOSIM1 OPM3 SINTEF3 My simulation" -clabel 'total CO$_2$ mass [kg] at 500 years' -c cet_CET_CBTL1_r -b '[0,5e3]'



Summary and future work

ü github/cssr-tools hosts Python-based user-friendly software solutions (e.g.,                               , 

pofff , plopm), aiming to follow the FAIR data principles.

ü Continuously updating the installation dependencies, documentation, and working 

examples  is key for “keeping alive” open-source repositories.

Ø Assisted by Copilot, keep modernizing/improving the code in pyopmspe11 (deck generation), 

as well as other repositories in github/cssr-tools.

Ø Issues and contributions are more than welcome 🙂.
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How FAIR are your published results?
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plopmpycopm

pymm expreccspyopmspe11pyopmnearwell

https://github.com/cssr-tools
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pofff

https://github.com/cssr-tools
https://github.com/cssr-tools
https://github.com/cssr-tools

