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Motivation

Fracture

Interface

Strong heterogeneous

Illation

Stress osc

Marble CT

enriched Galerkin, discontinuous Galerkin

Typical method

Additional computation costs



Phase field model

Phase field variable: d 0 - 1 Intact - Broken

l Degradation function g(d) = (1 — d)?

Material stiffness

1D diffuse crack profile  d(x) = e Wk 00,

Crack surface density function P 5o o
v(d,Vd) = zilocﬂ + %O Vd|*

Crack surface energy W — L G.dS = L Gydv Discrete

Continue



Phase field model

Francfort-Marigo variational principle

Total energy = strain energy + crack surface energy

v

Phase field governing equation

OpenGeoSys has implemented phase field model.



Spatial stabilisation term
Phase field

HMPhasefield ><

Hydromechanics Monolithic scheme

Pressure field residual introduces a new term
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2d model (Coarse-grained Marble)

 Random polycrystalline topology generation (Neper)

Grain diameter: lognormal(4mm, 0.2)

Grain circularity: 0.95

Polycrystalline topology

* Geometric clipping (python scripting)

 Mesh generation (Gmsh) Mesh size: 0.05 mm

Half ring



Interface

* The interface width is 6-8 element




Boundary conditions

e Quter: confined pressure 30 MPa; no-flow

* |nner: initial pressure =10 MPa, then fluid inject; ux and uy=0

 Bottom: uy=0 Outer

Confining pressure : 30 MPa
Temp. : 50°C
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Material parameters

* Akigawa coarse-grained marble

Grain Interface
Porosity 0.2%
Permeability (m?) 1E-19 2.8E-16
Biot coefficient 0.2 0.8
Tensile strength (MPa) 3.6
Young’s modulus (GPa) 46
Poisson’s ratio 0.11
Critical energy release rate (N/m) 30 6




Material parameters

» Condition: 50°C, 10MPa

Water sCO2
Compressibility (Pa-1) 4.4E-10 3.1E-04
Viscosity (Pa-s) 1.0E-3 2.8E-05
Density (kg/m3) 1.0E3 3.8E2




Water Injection

* Fractures initiate at the borehole and propagate along the interface.

Phase field
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sCO2 injection

e |nitiate at the borehole and remote

* Propagate along the interface

Phase field
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Pressure (MPa)

sCO2 injection
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Future work

 Change the crystalline topology. No interface intersects with the borehole.
* Consider the random distribution of interface property.

 Adopt more proper parameters.



