Simulating Fluid-Induced Discrete-Fracture Propagation using Randomly
Close-Packed Polyhedral Finite-Element Meshes

Scientific Achievement
Developed a new method for modeling fluid-induced discrete fracture propagation using
randomly close-packed polyhedral finite-element meshes

Significance and Impact
Models can be used to assess geologic fracture initiation and propagation, or reactivation
of existing fracture networks, in various lithologies and lithostatic stress-states.

Research Details

A Fractures are allowed to propagate only along inter-element edges (2D) and
faces (3D) of a finite-element mesh.

Huid-induced fracture
propagation from a

horizontal borehole at
a depth of 1 km

A Mesh topologies are modified as fractures nucleate and propagate.
Cohesive models are used at the crack tip to model dissipated fracture
energy.

A To remove/reduce mesh-induced bias, an isotropic random Voronoi mesh is
adopted.

A The Voronoi mesh is seeded using Maximal Poisson Sampling (random
close-packing). Mesh grading is easily incorporated.

A Numerical results are inherently stochastic and must be presented as a
distribution. Random fields are used for the material properties.

A Convergence with mesh refinement is understood in a distributional sense. . o
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Fracture Propagation Examples

Quasi-static fracture growth Dynamic fragmentation due to
due to fluid injection internal pressurization

3D Development
Polyhedral Finite-Element Formulation

A finite-element Voronoi polyhedral mesh
shape function used in a verification
example

Ongoing and Future Work

A Lots of testing (verification, validation, uncertainty quantification)

A CFSES collaboration with UT to identify fracture cohesive-zone material
models for caprock materials

A Verification of convergence with mesh refinement

Resulting stress field

A Extension to 3D, parallel solver
A Coupling with multiphase flow solver
A Incorporation of subcritical fracture-growth physics (chemistry)
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