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Problem 1: COZIeakage risk f}‘*”{fﬂ.}
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Figure Leakage scenario

CO, s injected into the deeper aquifer, spreads within the deeper aquifer
and upon reaching the leaky well, rises up to the shallower aquifer.




Problem 1: Governing equatiors S TEZS

Simulated by commercial software FLUENT 6.3 code,
Multi-phase model: Eulerian Model .
Continuity equation:
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where ¢ is the porosity; S; is the saturation of phase i; p; is the density of phase i; v, is
the velocity vector of phase i .

Momentum equation:
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Where P is pressure, | is the unit tensor, x; is the viscosity of phase, ¢ is the gravity
vector, k,;Is relative permeability, and K is the absolute permeability tensor.
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Problem 1: model parameters (& vk % £ %
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Dimensions of the model domain 1000 m x1000m x 160m
Aquifer depth 2840 - 3000 m
Aquifer thickness 30m
Aquitard thickness 100 m
Porosity 0.15
Radius of leaky and injection wells 0.15m
Distance between wells 100 m
Aquifer permeability 2x10-14 m2
Leaky well permeability 1x10-12 m2
Relative permeability linear
Initial brine saturation 100%
Initial pressure distribution Hydrostatic, gradient of 10251.145 Pa/m
CO, density (k,,,- = S,-) 479 kg/m3
Brine density 1045 kg/ms3
CO, viscosity 3.950 %105 Pas
Brine viscosity 2.535 x10-4 Pas
CO, injection rate 8.87 kgls
Simulation time 1000 days

»Lateral boundary conditions: kept constant identical to the initial conditions;
»Boundaries at the top and bottom of the two aquifers no-flow boundaries;
» All processes are isothermal;

——=none-of-the-boundary-changes-over-time.
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Problem 1: Results (1)
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Figure Distribution CO, saturation on the vertical middle slice

Injected CO, spreads in the radial direction from the injection location, comes in
contact with the leaky well and rises to the shallower aquifer.
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Problem 1: Results (2)

1EZ¥

Fable Comparlson of some Interesting values
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! ' ' ' ' computed by different codes
L X Code Max. leakage (%0) IZ;T;QT(?:)Z) Leaggsg 223000 Arrival time (days)
s o20r . FLUENT 6.3 0.221 42 0.113 10
o ELSA (Semi-
el analytical solution)
p - (Uni 0.231 63 0.109 14
S 015 _ = Bergen/Princeton
g i — ] Uni)
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Figure Comparison of predicted CO, leakage ratio (BOR) 02 & 02 -
values over time obtained by different codes T e 0.226 03 0.110 4
1 TOUGH2/ECO2N
leakage ratio refned i) 0212 t© 0115 10
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»Maximum CO, leakage ratio; A 0227 a 0120 7
»Maximum leakage ratio time;
» Leakage ratio after 1000 days of injection;
»CO, arrival time at the leaky well (leakage ratio is larger than 5.0 x 10-3 %).
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Problem 1: results(3)

Non-linear relative permeability:
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k,, =(0-5.F -(-57)

S, 1s effective saturation;
S,z 1 the residual brine saturation;
S, 1S the residual gas saturation.

Non-linear relative permeability:
»1ncreases overall resistance;

»enhances the influence of viscous force;

»Wweakens the buoyancy driven force;
these make the CO, front shape more
cylindrical than linear rela.perm. case.
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Eigure Distribution CO, saturation on the vertical middle slice
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Problem 1: results(4) s”"r{ %42
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Non-linear relative permeability:

linear rela. perm.
non-liear rela. perm.

kwr :Se4 S _S R
, , 2 & Se — w w,
k,, =(1-5,Y-(1-5?) 1-S,, -5, ,

leakage rate / injection rate (%)

S, 1s effective saturation;
S,z 1 the residual brine saturation; I

S, 1S the residual gas saturation. tme (62ys)
' Figure Predicted CO, leakage ratio values over time
with linear relative permeability-saturation or non-
linear relative permeability-saturation
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Table Computed esults with different relative permeability relations

Time at
c Max. max. th(e)%léage at Arrival . . .
8¢ Jeakage (%)  leakage % )ays time (daysy Non-linear relative :

—— (days) > decelerates CO, arrival time;
pererac:;\l;?Iit 0221 e S . »lowers the maximum leakage rate;
y-saturation »lowers leakage rate in the early period,;
Non-linear : . -

lative »improves leakage rate in the late period.
permeabilit 0.142 307 0.123 52

y-saturation
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