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Modeling CO2 dynamics in the 
subsurface

P. Audigane (BRGM) et L. Trenty (IFP)
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Economic and  Environmental issues 

Role for CO2 geological storage modelling

 Select site,

 Optimise CO2 injection 

and storage plume,

 Control storage complex,

 Help the surveillance,

 Educate public and 

authorities
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Geometry of geology

Pore scale

Different trapping mechanisms
Different characteristics time

Solubility trapping

Liquid

Mineral trapping

Solid

Residual trapping

Gas
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Technical challenges:
multi-physic approach

Modelling

CO2 Supercritical injection

updating petrophysical properties

Water dissolution 
Pressure 

increase

Geomechanical effectGeochemical reaction

Brine Free CO2Issues
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Technical challenges:
multi-scale approach

Storage Complex scale

Basin scale

Storage scale

Near wellbore scale
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Technical challenges:
Integrated modelling

Characteristics hydrogeologic analysis

Migration mechanism analysis 
during injection

Local scale

Basin scale

Site scale

Fluid rock interactions 
analysis

Each scale brings a part of 

necessary information
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Application at local scale:
upscaling petrophysical data

 Use of a PNM experimentally 

calibrated  to:

 various flow rates (Pe)

 various reaction intensity 

(PeDa)

low PeDa  &    low Pe

low PeDa  &    high Pe

high PeDa  &    high Pe
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L. Algive and S. Bekri (IFP - 2009)
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Application at site scale:
control over pressure

maximum increase of pressure 

due to injection : 23.5 bar

N. Maurand (IFP - 2009) - Dynamis

maximum increase of pressure 

due to injection : 18.4 bar

maximum increase of pressure 

due to injection : 13.2 bar
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Application at basin scale:
check the integrity of the storage

Y. Le Gallo and L. Trenty (GEOGREEN/IFP)
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PHREEQC USGS _                   free       no          yes           _             no               

COORES IFP _             not free       yes         yes          yes          no 

ECLIPSE SLB _             not free        yes        no           yes           ?               

SIMED TNO _            not free        yes         no           yes            no

Listing of numerical codes

Study performed by Geogreen
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2D model

Radial geometry

The Sleipner CO2 storage project
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Concentration of supercritical CO2

in the reservoir
Note the accumulations under the

Shale layers

Amount of dissolved CO2 in the 

water (mass fraction)
- Above the injection point maximum

saturation is reached

- At the edges we see lower saturation

ranges

Injection point

Injection point

Residual trapping

Structural trapping

Solubility trapping

CO2 migration after 25 years of injection

Audigane et al., 2007, Am. J. Sc.
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pH change of the water due to 

CO2 dissolution.
However pH doesn’t decrease below 

5.13, due to buffering by calcite 

dissolution.

Calcite dissolution (mol/kg3) in 

the acid water.
The dissolution of calcite is less 

pronounced in the shales than in the 

sands. However some calcite 

precipitates below each shale layer at 

the interface between the CO2 saturated 

brine and the initial brine, due to mixing 

of different waters in these regions.

Injection point

Injection point

The negative sign corresponds 

to mineral dissolution

Effects of CO2 dissolution after 25 years 
of injection
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Brine enriched with dissolved CO2 is heavier than the original brine inducing convection and 

improving dissolution

Dissolution of CO2 increases the acidity of the brine, but is buffered by carbonate dissolution 

Maximum decrease of pH is 5.13

Convective mixing

Towards a stabilization of the system…
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Mineral Trapping

Precipitation of calcite in the shales : consequence 

of sand-shale cross-flow

calcite

chlorite

albite

muscovite

Second CO2 trapping reaction : alteration of albite, 

leading to the formation of dawsonite and chalcedony

Alteration of chlorite consuming calcite and resulting 

in the trapping of CO2 into siderite and dolomite

Muscovite dissolution favors albite and 

chlorite dissolution
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Amount of CO2 stored
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Total amounts of carbon dioxide present as a free (supercritical) 

gas phase, dissolved in the aqueous phase, and trapped in carbonated 

minerals (dawsonite mainly).

Dissolution trapping plays a major role in the long term, while mineral trapping 

is minor at Sleipner.
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Conclusion 1/2

 Numerical modeling is a simplification of very complex 

systems: Interpretations of such modeling have to be 

supported by on site measurements for calibration

 The main limitations are the CPU time and memory and 

data

 Some predictions are provided to assess: 

 Storage efficiency (injectivity and large scale CO2 migration)

 Storage security (long term fluid rock interaction, over pressure)

 Trapping efficiency (structural, residual, solubility, mineral)

 Coupling some processes (geochemical, geomechanical)
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Conclusion 2/2

 New physico-chemical processes to focus on:

 Near well effect (dry out zone, salt precipitation, cement 

alteration)

 Impact of storage to other aquifers 

 Leakage through abandoned well 

 Geochemical kinetic rates of mineral solubility

 Presence of other gaz (SOx, NOx)
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Actual limitations

 Compromise

 Detailed multiphase fluid flow description (3D reservoir grid 

models) incorporating geometry and heterogeneity of the 

geology

 Long term simulation

 Scaling effect of all physical and geochemical processes

 Today solution

 Use of a combination of different softwares to perform 

separate simulations for one specific purpose rather than 

coupling every processes

 Tomorrow solution

 Platform

 Parallelism of coupling between geochemistry and 

hydrodynamics 


