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Simulation of CO, injection - THMC modelling system
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Codes
OpenGeosSys (OGS)
= Scientific open-source code development for coupled Thermo-Hydro-

Mechanical-Chemical (THMC) systems in the environment

Schlumberger °cECLIPSE

—> Object-oriented programming

- Using Finite-Element-Method * widely used multiphase
simulator

* Finite-Difference-Method
» CO,Store option

Benefits of the OpenGeoSys-ECLIPSE coupling:

* benefit from the fast computation time of ECLIPSE

 Extend the capabilites of the ECLIPSE simulator for modelling CO, injection
regarding Geochemistry and Geomechanics

» Using already existing fluid flow models build in ECLIPSE
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Implementation of the coupled code
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Benchmark 1:

Benchmarking

2D Tracer Transport in a 1Phase radial flow field (after Moench and Ogata,1981)

-- Analytical solution — Geosys = — Eclipse Eclipse-Geosys 300
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Good agreement of the coupled ECLIPSE-GeoSys code with the analytical

solution.

Differences between the tracer fronts result from different mathematical

methods which are used within the codes.
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Benchmark 2: Benchmarklng

Advective-dominated two phase flow in a homogeneous system (after
Buckley and Leverett, 1942)
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Benchmarking
Benchmark 3:

3D multiphase flow field with CO, injection
CO, injection

» Radial settings
(injection left, boundary condition right)

» Adequate for model development

and testing
Breakthrough
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Field site application
Geological Model:

Extend: 29 x 28 km
Entire thickness ~ 5000 m

Possible Storage Formations:
1) Rhat Sandstone
2) middle Bunter Sandstone
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Simulation model

Entire thickness ~ 1500 m
Discretization: 65 x 111 x 23 cells
Szenario:

* CO, injection into the lower storage formation
over a period of 20 years (1 Mio tons per year)
70 years post-injective simulation
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. . Field site application
Geochemical modelling:

Characterisation of the storage rock and formation water

Mineral composition
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Simulation results of the coupled code: Field site application

1) Pressure build up and phase propagation

Phase propagation after:

a) Injection start b) Injection stop
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Simulation results of the coupled code: Field site application

2) Geochemical modelling
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Field site application

Simulation results of the coupled code:
2) Geochemical modelling after 90 years

Quartz
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Porosity

—| 0.15049
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| 0.15017
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0.14993
0.14985

ClAlU
_@ 6th Trondheim CCS Conference 14.-16.6.2011 13

Christian-Albrechts-Universitat zu Kiel



Further Work

Next steps
sIncreasing computation efficiency el s S
- Multiphase flow 0GS-FEM
) OpenGeoSys Interface
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