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Introduction

Ø Possible options for CO2 storage:

v Depleted oil and gas reservoirs
v Deep saline aquifers
v Gas hydrate reservoirs 
v Salt dome cavities and etc. 

The available storage capacity in deep saline 
aquifers is estimated to be roughly two orders of 
magnitude greater than the capacity in depleted 
oil and gas reservoirs.

(Courtesy of IPCC)

Literature suggests CCS  will probably be needed at very 
large scales (approximately 10 Gt CO2/year globally by 
mid-century and 20 Gt CO2/year globally by 2100) 
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Introduction

CO2 is usually injected in 
the super-critical (SC) state. 
Far from injection, CO2 
overrides the brine, due to 
buoyancy. 

CO2 trapping mechanisms:
• Structural trapping 
• Residual trapping 
• Solubility trapping 
• Mineralization

(Szulczewski, Michael L., et al. (2012), PNAS)
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Theoretical Background: Governing Equations

a) Flow and Continuity equation for incompressible flow

b) Reactive solute transport of chemical species

c) Density change due to species concentration Dimensionless Equations
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Theoretical Background: Geochemistry

ü We implemented fluid-fluid and rock-fluid interactions relevant to carbonate aquifers by coupling 
PhreeqcRM with multicomponent convection-dispersion mixing simulator. 

ü The implemented reactions were 
considered in equilibrium. 

ü Carbonate reactions are fast compared to 
the convective mixing so the Da>>1. 

ü Rock primary minerals:
§ Calcite, dolomite, gypsum
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Dynamics of the process

Diffusion
Linear growth

Convection onset 
Flux growth 

Maximum Flux
Merging

Constant Flux
Convection Shutdown

Dynamics of the convection 
flux
ü Non dispersive and Non-reactive simulations
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Dynamics of the process

Dynamics of the convection flux
Concentration profiles and finger dynamics

R=6000R=1500 R=24000
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Effects of hydrodynamic dispersion

q Hydrodynamic dispersion (instead of only diffusion) results in earlier onset time and higher flux.
q In the diffusive regime, the dissolution flux is independent of longitudinal dispersivity. 
q Fewer plumes, thicker fingers and thicker diffuse layer on top of the domain. 
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Effects of geochemistry in carbonate aquifers

Ø pH decreases in the swept area. 
Ø The acidic water will dissolve calcite and dolomite from the aquifer rock, which increases the concentration 

of calcium and carbon in the swept area.
Ø The geochemical interactions promote enhanced convective mixing and result in earlier onset and higher 

flux in the convection dominated regime.
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Effects of geochemistry in carbonate aquifers
Details of geochemical interactions

Ø Calcite and dolomite dissolution from the rock into the aquifer fluid and gypsum precipitation.
Ø Calcite and dolomite dissolution result in porosity increase which is moderated by gypsum precipitation 

due to higher specific volume of the gypsum. Overall the porosity was increased in the swept area.  

The porosity change is negligible and 
does not change the hydrodynamics. 
The maximum porosity increase was in 
the order of 10-2. 
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On the role of change of permeability 
Lattice Boltzmann modelling of geochemical reaction in CO2 injection
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Summary and Conclusions

v multicomponent reactive density-driven CO2 flow in deep saline aquifers coupled with
hydrodynamic dispersion and a set of carbonate geochemical reactions were simulated.

v The presence of hydrodynamic dispersion was shown to increase the amount of dissolved carbon
in all mixing regimes. Such a phenomenon destabilizes the diffusive front and results in earlier
dominance of convection in the process.

v The rock dissolution was shown to be the dominant mechanism in reactive CO2 convection in
carbonate aquifers. While such a mechanism decreased the amount of stored carbon in the
diffusion dominant regime, it stimulated the convection onset and the amount of the total flux
after the onset time.


