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CO2 simulations in OPM Flow



What is OPM Flow?
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An open-source reservoir simulator

Extensible Collaborative Industrial

and flexible development relevance

Below: simulation of the
OLYMPUS benchmark



CO2 simulations in Flow ""OPM

"l OPEN POROUS MEDIA

CO2STORE

- : CO2STORE: CO2-Brine properties
« PVT and solubility computed internally and Prop

dynamICa”y aS fUﬂCthﬂ Of temperatu re’ Density  Brine :\;’:ei;y ::ézjl.‘;‘DMuing,{i;::;,z(f.(,l&;;:;;‘:u,I.M.(2007),Wagner, W., & Prul3, A. (2002).
pressure, composition and salinity. Dissolved CO2 Garcia, J. . (2001).
* DISGASW: Dissolved CO2 in Brine T et . g, 2 (1
* VAPWAT: Vaporized water e e e o
 THERMAL: Dynamic temperature Duan, Z, & Sun, R. (2003)
Enthalpy Brine Water Wagner, W., & Kruse, A. (2013).

d DI FFUSE DiﬁUSion Salinity Daubert, T. E., Daubert, T. E., & Danner, R. P. (1989)

Dissolved CO2 Duan, Z., & Sun, R. (2003)

« DRSDTCON*: Upscaled convective o2 Span, R. & Wagner, W, {1696).

dissolution rate control
. . Diffusivity Water McLachlan, C. N. S., & Danckwerts, P. V. (1972).
e Combined with BRINE and PRECSALT Salinity Ratcliff, G. A., & Holdcroft, ). G. (1963)

Tortuosity  Millington, R. J., & Quirk, J. P. (1961).

* 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. 6
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CO2STORE examples OPM

"l OPEN POl
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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 = OPM
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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.



CO2 dissolution ""OPM

* Phase partitioning \
- Modified Redlich-Kwong equatior
(SRK) *
* Modification salt **

* Density of Brine with CO2 ***

1.03 4

1.02 4

B rm3/sm3

Increasing Rs —~

1.01 +

* Spycher, Nicolas, Karsten Pruess, and Jonathan
Ennis-King. "CO2-H20 mixtures in the geological 100 { Temperature 50 [C]
sequestration of CO2. I. Assessment and calculation of

mutual solubilities from 12 to 100 C and up to 600 Sallnlty 0.4 [10-3 kg M/kel | | |
bar." Geochimica et cosmochimica acta 67.16 (2003): 0 100 200 300 400 500
3015-3031. Pressure, Bars

** 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.

*** Garcia, Julio E. Density of aqueous solutions of CO2. No. LBNL-49023. Lawrence Berkeley National Lab. (LBNL)
Berkeley, CA (United States), 2001.



CO2 dissolution
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The FluidFlower = OPM
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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).
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SPE 11 =OPM

"l OPEN POROUS MEDIA

The 11th Society of Petroleum Engineers

Comparative Solution Project

Call For Participation TIMELINE
29 March 2023

18-18 October 2023
Speaxs t SPEATCE

1 Dacamber 2023
Open call for pardcpation penod ends

1 March 2024

Deadline for suber

san aof early resuts

31 March 2024

First mtercamparison workshop (virtuad

1 September 2024

30 Ssptsmber 2024

Fina niercomparsan warkshop (hybnd

ol https://daavid00.github.io/py
opmcspll/introduction.html

csP

February 2025

{ on the results of e CSP fnalized and

https://github.com/daavid00/pyopmcspl1

waiable finld

of vfidatio

through comarehensve benchmarking efforts
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https://daavid00.github.io/pyopmcsp11/introduction.html
https://daavid00.github.io/pyopmcsp11/introduction.html
https://github.com/daavid00/pyopmcsp11

SPE 11 *OPM

"l OPEN POROUS MEDIA

Cell Results: Time Step: 0/241 01 .Jan 2025
Kg_m3
80.00 - SPE118B --
7000 | O 2000 4000 6000 Cell count. Total: 2 521 200 Active: 2 328 445
1 I 1 1 Main Grid 1), K: 4202, 1, 600 Z-Scale: 1

=

Resinsight v2023.01.0
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Upscaled dissolution *"OPM

"l OPEN POROUS MEDIA

~

U]_U]
‘( 1.0 1.0
\ 11.01.2019

— Study the effect of a fine-scale process
e . . \ on a coarse field-scale model

Mykkeltvedt, T., Sandve, T. H. and Gasda, S. E.
"Upscaling convective mixing in reservoir
simulation”, 2023, In preparation
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Upscaled dissolution

01.01.2172

No
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The Sleipner model *“OPM

CO2DataShare |
https://co2datashare.org/ } cot o o e g3
Thermal properties e

Williams, Gareth A., and R. Andrew Chadwick. | Moble Volume Weighted Men: 16757 |

"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, SeR
evolution and migration of a CO2 plume at the e
Sleipner Field, Norwegian North
Sea." International Journal of Greenhouse Gas

Control 106 (2021): 103260.
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Resinsight v2023.01.0
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The Sleipner model

-5 6472000

LA TN

Time Step: 20/20 01, Jan 2011

\ -- SLEIPNER _COZSTORE_THERMAL --

Cell count, Total: 1 986 176 Active: 1 945 151
Main Grid I,J,K: 64, 118, 263 Z-Scale: 5

Cell Property: TEMP

Statistics: Current Time Step and Visible Cells

Sample Count: 30 873
i Fo0 Mean  F10

Ml S

30,0041 31.0724 36.3593 40,9168 4580963 1.12254e+06
Mobile Yolume Weighted Mean: 36.7653

Cell Results:
TEMP

50.63

—r 47.50
— 45.00
—r 42.50
— 40.00
— 37.50
| = 35.00

l 32.50 ) =
30.00

M#im

Reslnsight v2022.06.1

75 6472000
Cell Results:
SGAS

. 0.9473
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=OPM

Wl OPEN POROUS MEDIA

LA TN

Time Step; 20/20 01, Jan 2011
-- SLEIPNER_CO2STORE_THERMAL --

Cell count. Total: 1986 176 Active: 1 945 151
Main Grid I,J,K: 64, 118, 263 Z-Scale: 5
Cell Property: 5GAS

Statistics: Current Time Step and Visible Cells
Sample Count: 30 873

Min P90 Mean P10 Max Sum
0 0 003247510 0847272 10026
Mobile Yolume Weighted Mean: 8.00043e-05

3

Reslnsight v2022.06.1



ner model

The Sleip

Time Step: 20/20 01.Jan 2011
== SLEIPNER_CO25TORE --

Cell count. Total: 1 986 176 Active: 1 945 151
Main Grid 1,),K: 64, 118, 263 Z-5cale: 5
Cell Property: SGAS

Statistics: Current Time Step and Visible Cells
Sample Count: 30 873

Min P80 Mean P10 Max Sum

0 0 00324448 0 0.943224 1001.67
Mebile Velume Weighted Mean: 8.19012e-05

‘ |

Cell Results:
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02000
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Resinsight v2023.01.0
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Wl OPEN POROUS MEDIA

Time Step: 20/20 01.Jan 2011
== SLEIPNER_CO2STORE_THERMAL --

Cell count. Total: 1 986 176 Active: 1 945 151
Main Grid 1,),K: 64, 118, 263 Z-5cale: 5
Cell Property: SGAS

Statistics: Current Time 5tep and Visible Cells
Sample Count: 30 873

Min P50 Mean P10 Max Surm

0 0 003247510 0.947272 1002.6
Mobile Volume Weighted Mean: 3.00043e-05

Cell Results:
SGAS

0.9473
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0,7000
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0.5000
04000
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0.2000 =
0.1000

0.0000 Resinsight v2023.01.0



The Sleipner model

Cell Results:
SGAS

0.9432
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Time Step: 20/20 01 .Jan 2011

-- SLEIPNER_CO25TORE --

Cell count. Total: 1 956 176 Active: 1 945 151
Main Grid 1), K: 64, 118, 263 Z-Scale: 5
Cell Property: S5GAS

Statistics: Current Time Step and Visible Cells
Sample Count: 7 552

Min PS0 Mean P10 Max Sum

0 0 0.00846153 0 0.870144 63.9015
Mobile Volume Weighted Mean: 7.06504e-06

Resinsight w2023.01.0

Cell Results:
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Wl OPEN POROUS MEDIA

Time Step: 20020 01.Jan 2011

== SLEIPNER_CO25TORE_THERMAL --

Cell count. Total: 1 986 176 Active: 1 945 151
Main Grid 1,),K: &4, 118, 263 Z-5cale: 5
Cell Property: SGAS

Statistics: Current Time Step and Visible Cells
Sample Count: 7 552

Min PS0 Mean P10 Max surm

0 0 00204429 0 0.888084 154.385
Mebile Velume Weighted Mean: 1.74043e-05

Reslnsight w2023.01.0
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The Sleipner mode ‘'"OPM

"l OPEN POROUS MEDIA
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