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Introduction

Literature suggests CCS will probably be needed at very

> Possible options for CO, storage: large scales (approximately 10 Gt CO2/year globally by
mid-century and 20 Gt CO2/year globally by 2100)

* Depleted oil and gas reservoirs
% Deep saline aquifers

% Gas hydrate reservoirs

< Salt dome cavities and etc.
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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.
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Introduction

CO, is usually injected in
the super-critical (SC) state.
Far from injection, CO2
overrides the brine, due to I |
buoyancy. < y o :
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CO, trapping mechanisms: egon ml ——

mobile COz
groundwater

* Structural trapping
* Residual trapping |
* Solubility trapping Ao B'; e
 Mineralization - ]
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Theoretical Background: Governing Equations

CO2 Gas Phase, cpg, = 1
a) Flow and Continuity equation for incompressible flow B Drine Surted A
omogenons permeability (K and porosity |
K = i
u=-—(WVp+pgn,) V.-u=0 ;;
M H| &
b) Reactive solute transport of chemical species n.Ve =0 nVe =0
dc; ] ] Wil
oo +u-Vei =gV ((DiVe)+ St |D=[p,|=or ulléy+ (@ - ar)gt + DI " L
Reactions nVe =10
c) Density change due to species concentration B - Ap gKoH Dimensionless Equations
¢Du
P = po I+ ;ﬁ, (o!. — (_*n‘,')} sz/;; - P (% ﬁ:éf‘l (;‘,;Cg .
= AC. Oy et .
= LUV = V(D] + S,
Hps A e e
V2¢’>~s - @ Zp ﬁi AC‘ acl Reactions
g =1 AC(, dx*
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Theoretical Background: Geochemistry

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

N = B

. . i ot log{k %1%

v" The implemented reactions were e Rexction :
considered in equilibrium. Solid phae Calcite Ca(C0,),, + H' = HCO; + Ca™ 184
v' Carbonate reactions are fast compared to Dolomite CaME(CO, Jy + 2H® = JHCO: + Ca®* 4+ Mg?® 353
the convective mixing so the Da>>1. G eSO SRt et o s
. . Agquents phase reactions H:0= H" + OH — 14, [H}
v Rock primary minerals: : ,
. . 005 + H = HOO; .32

= Calcite, dolomite, gypsum ;

CO; +2H = C0, + H.O 16,65
507 +H' = H50, 1.9%
Ca’* +C0y” + H' = CaHCO; 1143
Ca™* + H80, = CaH50; L.o=
Mgt + H.0 = MgOH* + H _11.44
Mg™* +CO0Y + H' = MgHCO; 11.39
Ma' + COF &= NaCO; 1.27
L85
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Dynamics of the process

Dynamics of the convection

flux A

A dt
v Non dispersive and Non-reactive simulations

F(t)

Diffusion | : i
Linear growth VAN
Convection onset ~/ Sy
Flux growth 2
Maximum Flux 10
Merging £ T3
Constant Flux L AR
Convection Shutdown | Diffuse -
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Dynamics of the process

Dynamics of the convection flux
Concentration profiles and finger dynamics

R=1500 R=6000 R=24000
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Effects of hydrodynamm dlspersmn

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

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

> pH decreases in the swept area.

» The acidic water will dissolve calcite and dolomite from the aquifer rock, which increases the concentration
of calcium and carbon in the swept area.

> 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

» Calcite and dolomite dissolution from the rock into the aquifer fluid and gypsum precipitation.
> 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.

S lert - | e

The porosity change is negligible and

does not change the hydrodynamics.
The maximum porosity increase was in Zpos
the order of 102
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" On ' the role of'change 6f permeabifity * *

Lattice Boltzmann modelling of geochemical reaction in CO, injection
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Summary and Conclusions

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

*» 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.

% The rock dissolution was shown to be the dominant mechanism in reactive CO, 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.
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