
CO2 simulations in OPM Flow 
An overview
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What is OPM Flow?

Below: simulation of the 
OLYMPUS benchmark

An open-source reservoir simulator

Collaborative 
development

Industrial
relevance

Extensible
and flexible



CO2 simulations in Flow

CO2STORE

• PVT and solubility computed internally and 
dynamically as function of temperature, 
pressure, composition and salinity. 

• DISGASW: Dissolved CO2 in Brine 

• VAPWAT: Vaporized water   

• THERMAL: Dynamic temperature

• DIFFUSE: Diffusion

• DRSDTCON*: Upscaled convective 
dissolution rate control

• Combined with BRINE and PRECSALT

6

* Sandve, T. H., Gasda, S. E., Rasmussen, A., & Rustad, A. B. (2021). Convective Dissolution in Field Scale Co2 Storage 

Simulations Using the OPM Flow Simulator. In TCCS–11. CO2 Capture, Transport and Storage. Trondheim 22nd–23rd June 

2021 Short Papers from the 11th International Trondheim CCS Conference. SINTEF Academic Press.



CO2STORE examples
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https://github.com/OPM/opm-tests/blob/master/co2store/

https://github.com/OPM/opm-tests/blob/master/co2store/


CO2 properties using Span-Wagner

Span, Roland, and Wolfgang Wagner. "A new equation of state for carbon dioxide covering the fluid region from the 
triple‐point temperature to 1100 K at pressures up to 800 MPa." Journal of physical and chemical reference data 25.6 
(1996): 1509-1596.
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CO2 dissolution

• Phase partitioning 
• Modified Redlich-Kwong equation 

(SRK) *

• Modification salt **

• Density of Brine with CO2 ***
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* Spycher, Nicolas, Karsten Pruess, and Jonathan 

Ennis-King. "CO2-H2O mixtures in the geological 

sequestration of CO2. I. Assessment and calculation of 

mutual solubilities from 12 to 100 C and up to 600 

bar." Geochimica et cosmochimica acta 67.16 (2003): 

3015-3031.

*** Garcia, Julio E. Density of aqueous solutions of CO2. No. LBNL-49023. Lawrence Berkeley National Lab.(LBNL), 

Berkeley, CA (United States), 2001.

** Duan, Zhenhao, and Rui Sun. "An improved model calculating CO2 solubility in pure water and aqueous NaCl 

solutions from 273 to 533 K and from 0 to 2000 bar." Chemical geology 193.3-4 (2003): 257-271.

Increasing Rs

Temperature 50 [C]
Salinity 0.4 [10-3 kg-M/kg]



CO2 dissolution
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The FluidFlower
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Flemisch, Bernd, et al. "The FluidFlower international benchmark study: Process, modeling 

results, and comparison to experimental data." arXiv preprint arXiv:2302.10986 (2023).



SPE 11
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https://daavid00.github.io/py
opmcsp11/introduction.html

https://github.com/daavid00/pyopmcsp11

https://daavid00.github.io/pyopmcsp11/introduction.html
https://daavid00.github.io/pyopmcsp11/introduction.html
https://github.com/daavid00/pyopmcsp11


SPE 11 
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Upscaled dissolution 
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Mykkeltvedt, T., Sandve, T. H. and Gasda, S. E. 

"Upscaling convective mixing in reservoir 
simulation", 2023, In preparation

Rs

100 days:

1000 days:

2000 days:

Rs

Study the effect of a fine-scale process 
on a coarse field-scale model 



Upscaled dissolution
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Upscaling
convective
mixing:

No
upscaling

@ end of 
injection:

[years] [years]

max case base case min case unresolved
convect ive mixing

[years] [years]

max case base case min case unresolved
convect ive mixing

[years]

CO2 in the brine phase

Smeaheia



The Sleipner model

CO2DataShare
https://co2datashare.org/

Thermal properties
Williams, Gareth A., and R. Andrew Chadwick. 
"An improved history-match for layer spreading 
within the Sleipner plume including thermal 
propagation effects." Energy Procedia 114 
(2017): 2856-2870.

Chimney properties 
Williams, G. A., and R. A. Chadwick. "Influence of 
reservoir-scale heterogeneities on the growth, 
evolution and migration of a CO2 plume at the 
Sleipner Field, Norwegian North 
Sea." International Journal of Greenhouse Gas 
Control 106 (2021): 103260.
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The Sleipner model
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The Sleipner model
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The Sleipner model
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The Sleipner model
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