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Hydrome
hani
al modeling of CO2 sequestration
◮ Tough2 - FLAC3D → Rutqvist et al.
◮ ToughRea
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Model Dis
retization Numeri
al ResultsGeohydrologi
al system
◮ Two-phase γ (liquid, gaz) and two-
omponent χ (water, CO2) �ow
◮ Mass 
onservation of χ with a sour
e term Sχ

∂t(ϕ
∑

γ

ργsγωχ,γ

)

+ ∇ ·
(

∑

γ

ωχ,γFγ

)

= Sχ

ϕ porosity, ργ density, sγ saturation, ωχ,γ mass fra
tion of χ in γ

◮ Dar
y's law Fγ = −ργ

kikr,γ
µγ

(∇pγ − ργgez)ki porous media intrinse
 permeability, kr,γ relative permeability
µγ dynami
 vis
osity, pγ pressure

◮ Hydrauli
 relations → Van-Genu
hten80, Mualem76Thermodynami
 equilibrium → Spy
her&Pruess05Pierre So
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al ResultsMe
hani
al equations
◮ Conservation of momentum

∇ · σ + ρgez = 0
σ total stress tensor, ρ average density

◮ E�e
tive stress 
on
ept
σ = σ′ − bpI

σ′ e�e
tive stress tensor, b Biot's 
oe�
ient, p pore pressure
◮ Linear elasti
ity

σ′ =
E1 + ν

(

∇u + t∇u +
ν1− 2ν (∇ · u)I)E Young's modulus, ν Poisson's ratio, u displa
ementPierre So
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Model Dis
retization Numeri
al ResultsCoupling 
onditions
◮ pore pressure equal to the mean-value of the two-phase systemp =

∑

γ

sγpγ

◮ permeability-porosity relation → David05ki = k0i (

ϕ

ϕ0 )mm empiri
al parameter
◮ Biot's law → Biot41dϕ = bd(div(u)) +

1MdpM Biot's modulusPierre So
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Model Dis
retization Numeri
al ResultsTough2 and Code_Aster dis
retizationTough2 → Lawren
e Berkeley National Laboratory
◮ Multi-phase �uid and heat �ow in porous and fra
tured media
◮ Finite volume with �nite di�eren
e evaluation of the �ux termIntegrated Finite Di�eren
e Method → Narasimham76
◮ Euler impli
it s
heme
◮ Newton Raphson AlgorithmCode_Aster → EDF (Fren
h Ele
tri
ity Compagny)
◮ Non-linear models of me
hani
al phenomena
◮ Finite elementPierre So
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step 2 - linear interpolation
• xi

�

�

�

�A2A3 A4A1xi ,1
xi ,4

xi ,2
xi ,3

pFE(xi ) =
4

∑k=1 AkA pFV(xi ,k )Pierre So
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Model Dis
retization Numeri
al ResultsTransfer operator TFE→FV for porosity �eldMean-value of ϕ on K estimated by MC
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1N N
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Model Dis
retization Numeri
al ResultsTime 
ouplingConventional Parralel Staggered algorithm → Piperno et al 95
• • • •

pn−1
γ

pn
γ pn+1

γ Tough2
• • • •

ϕn−2 ϕn−1 ϕn Code_Astern − 1 n n + 1 n + 2
1 1′ 2

2′ 3 3′ 1, 3 : TFV→FE(p)

1′, 3′ : TFE→FV(ϕ)
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Model Dis
retization Numeri
al ResultsTest 
ase presentation
◮ CO2 inje
tion by horizontal well in deep aquifer
◮ 2D geometry Ω = [−50km, 50km]× [0,−2km] and T = 5years
◮ SCO2 = 500t/m/year
◮ impa
t of a sealing fault near the inje
tion zoneUpperCapro
kAquiferBase

z = 0z = −1400mz = −1450mz = −1550mz = −2000mx = 0x = −50km x = 50km• CO2 inje
tionPierre So
hala - BRGM 11/16
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Model Dis
retization Numeri
al ResultsOverpressure in the aquifer (Pa)Initial 
ase Perturbated 
ase
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al ResultsHorizontal e�e
tive stress 
hange due to inje
tion (Pa)Initial 
ase Perturbated 
ase
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Model Dis
retization Numeri
al ResultsCO2 plume Initial 
ase Perturbated 
ase
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Model Dis
retization Numeri
al ResultsCon
lusion
◮ robust method to transfer �elds between di�erent meshes
◮ e�
ient parallel time 
oupling algorithm
◮ signi�
ant in
rease of the overpressure due to the impermeable faultFurther work
◮ tensile and shear stress failure 
riteria → sustainable pressure
◮ non-linear 
onstitutive law of the geologi
al formation
◮ more realisti
 geometry
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