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Background § Scenarto

buoyaney drives gaseous CO,

Motivation

CO, capture ana storage is only environmentally sound,
L Leakage of CO, tnto the atmosphere Ls Limited. Positive
back to the surface along

faults or old wells.
Dlssolution of CO, into
the brine Liniits the time

avatlable for Lleakage,
because dissolved CO,

has negative buoyancy.
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Convection vs. Diffusion
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Gravity Driven Convection

Dissolved CO, Lncrenses the
density of the brine. An un-
stoble density gradient develops
L the diffusive boundary layer
below the CO.,.
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To lnvestigate the time scale for complete dissolution of
the injected CO,, we consider a stmplified scenario, of CO,

— convection
— diffusion
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Important Ruestions we are aooressing:

1) Does convectlon oceur tn aguifers?

1) How long does Lt take to get started?

2) what s the convective dissolution rate?

2) Ccan we stmulate comvective tra nSport aowea‘cLM?
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Onset of Convection

Linear Stabitltg /—\Mttgsis
At early times the governing equations can be linearized, and the growth rate
of a disturbance with wavelength A evolves with time (¢) as:
1 4zn° 2V«
o(t;A)=———— | IF(t;ﬂ); F(t;4) >0
t A -Ra A

nitially (r — 0) the growth rates are negative for all A and the system is stable.

increasing t and large Ra destabilize the system. At the critical thme (f,) the first
A starts to grow and the system becomes unstable. This first growing A is the
critical wavelength (4.) and gives the tnitial length scale of the instability. The
f. is a Lower bound own the onset of convective mass transter. The analysis gives

us t, ano A, bn terms of average reservolr parameters:

1 46¢,le D 27uD K = permeability, ¢ =porosity
[ = 3 /IC = D = dispersion coefficient
(KApg ) O-O7KA,08 U = viscosity, Ap = density diff.

The permeability K has the largest variability so that we can think of 1, and A, as
functions of K only (t.o<I/K? and A <I/K).

Cross-Validation 0{ Tl/leorg and Numerieal Stmulation
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Comparison of our analytic results of oNS (7
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(PNS) , shows very 0000 agreement

wavenumber
growth rate
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at en rLg times where the Linearizatlon

Ls valtd. This compar’usow shows

1) The Lineayr tlxxeora Ls valld at earLM tHLmes. t

2) BDNS can resolve the very small tnitial length seales, and is therefore sulted to
Lnvestigate the non-Linear evolution.

Implications for CO, Storage tn Saline Aquifers

1) (n aguifers with high permeabiti‘cg (Sletpner, ~3 Darag) the critical time Ls
very short t, ~ I yr. Conveetlon will lnerease the dissolution of CO, from the
beginning, reducing the chance of leakaoge over Long tines.

2) The initial length scales of convection in high permenability aquiters will

be very small A.~1 m. Resolving these small length seales is important
to stmulate the convective transport, and presents a numerical challenge.

3) n aguifers with Low permeabuﬁtg (100 mbarcg) have Longer onset times
t,~100Yyrs and Larger wavelength Le~100m. (n these settings other processes
have to immobilize the CO, in the short term (<1005 rs).
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Convection Lin an Semtil- m{u/wte Domatn (H<S<<W SW=1, Ra = 4000)
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The onset time t, .. SEparates
I the tnitial duﬁusu\/e r@@ume

1l

from the “infinite acting”

401 A

convection regime. (n the
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diffusive reglme the dissolution
20
1DI rate decays as t1/2, while it s

constant during infinite acting

t=73 t=141 =226 =290 convective mass transter.
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In high permenbility aquiters the convective mass transter will dissolve CO,
very effictently, hence reducing the thme available for Leakage.

Convection Ln a Closed Domain (H=1 § W=4, Ra = 1000)
t=7
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Mass transter bn a closed aguifer can be

—y divided Lnto 3 dynamic regumes.

m 1) Lnitial dﬁ{-fusl\/e V@@'LWL@
dissolution vate deca Ys as /=

— 60 Y ’ ’ ’
= 2) twﬁwu’ce acting convection
‘ l ' ‘ ) ‘ i dissolution rate Ls constant
t =120 3) Flnlite acting convection
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dissolution rate decreases faster than t1/2
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The dynamic regumes are separaten
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The thme of effective convective mass transter Ls ¢
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Convective dissolution s less efficlent bn finite aguifers, because once the fingers
nit the bottom convection slows down and the dissolution rate decreases rap’wng. y
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