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= |n Salah, an industrial-scale CCS project in Algeria has been in
operation since 2004.
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set-up
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Overburden Caprock Injection zone Initial porosity
Density 2260 2260 2260 2260 kg/m3
Young modulus 1.5 20 6 20 GPa
Poisson’s ratio 0.2 0.15 0.2 0.15
Initial porosity 0.1 0.01 0.17 0.01
Intrinsic 1.0x10"7 1.0x1071° 1.3x10-14 1.0x1071° m?2
permeability 1.0x1021
Biot's Coefficient 1.0 1.0 1.0 1.0
Van Genuchten, 19.9 19.9 19.9 19.9 kPa
Van Gerljl;)chten, b 1.8416 1.8416 1.8416 1.8416 m
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Sierra Mechanics
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Coupled,
Arpeggio

Solid mechanics,
Adagio

(Displacement)

Fluid Mechanics,
Aria
(Pore pressure)

/

Loose coupling

v
. Transfer

Aria: Galerkin FE program for coupled-physics problems described by systems of
coupled PDEs

Adagio: 3-D, implicit, nonlinear Quasi-Statics; dynamics code

Arpeggio: Couples the Adagio, Aria Sierra Mechanics modules.

5




Surface uplift-KB501 and KB503 (&=
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Change in the pore pressure though s,
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Change in the vertical displacement
though the depth at year 3
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Coupling formulation ) .

Coupling @ \)
An/ Kayenta (Geo-

material model)
Keﬁ - KR + EKJ « Joint opening
J=1
n, =sinasinf Adagio (Solid
n, =sinacos ”LeCha”'CS)
AN
n, =Cos
Joint opening[ 5 T Aria (Fluid
l-n, -nn, -nmn, mechanics)
3
- K
K,=—/| -nn, 1-n -n,n, ;
12s , ,, .
-nn, -n,n, 1-n; Effective
permeability

Joint spacing * Kest




Kayenta material model-Reservoir
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Mesh refinement
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0.035
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Why sensitivity analysis? ) ..
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Lack of certainty in:
= Mechanical properties

= Young’s modulus
Fluid prope.rtles o of CCS process.
= Permeability of injection zone Maximizes the probability of
" |sotropic permeability some good thing happening,

= Permeability of caprock R

= |sotropic permeability
= Anisotropic Permeability

= Coupling properties
= Bjot’s coefficient
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Permeability-Reservoir and Caprock @
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kzz cap 1.0E-19
kzz res 1.0E-13
o_cap 1.0
o._res 1.0
Biot’s coefficient 1.0
Residual 1.00E-04
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Case2

Parameter Casel
kzz_cap 1.0E-17 1.0E-17
kzz res 1.0E-14 1.0E-14

Biot’s coefficient 1.0 1.0
Residual 7.17E-05 3.55E-05
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Biot’s coefficient

Sandia
| Netional
Laboratories

@ CFSES ’

Parameter Casel Case2
kzz_cap 1.0E-17 1.0E-18
kzz_res 1.0E-14 1.0E-15
a._cap 1.9 1.2
o._res 243 14.0
Residual 4.64E-05 6.49E-05
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Young’'s modulus-Reservoir

Parameter Case1l Case2
kzz_cap 1.0E-22 1.0E-19
kzz res 1.0E-15 1.0E-15

a_cap 1.9 1.2
a_res 24.3 14.0
Biot's coefficient 0.8 0.7
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Optimization KB503
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Parameter Case1 Case2
kzz_cap 1.0E-17 1.0E-17
kzz res 1.0E-14 1.0E-14
alpha_cap 0.5 0.2
alpha_res 17.5 50
Biot’s coefficient 1.0 1.0
Residual 7.17E-05 3.55E-05
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