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Motivation

* |Induced seismicity

* The role of pore pressure in
faulting
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Geological faults have complex structures
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Fault stability criterion
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Micromechanical modeling

Discrete Element Model €= Pore network flow
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A block-and-gouge model

Pmax
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Fault failure by mechanical loading

Ball displacement z

Balls (7878)
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Individual particle velocity and trajectory
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Micromechanical response of the gouge layer
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Comparing different pressurization scenarios

Four scenarios:
p=0-p,.,, until t,

p=0->p,, untilt, but only
on the negative side

p=0->0.5* until t,

pmax Prmax

p=0("dry’)
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Slip weakening behavior of the gouge layer
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Macroscale onset of failure
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1. Higher pressure = earlier onset of slip
2. When pressure is larger on one side than the other, neither the maximum
nor the arithmetic average pressure is suitable for evaluation of the Coulomb
failure criterion
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Conclusions and future work

» A coupled DEM and pore-network flow model
developed

» Gouge layer slip failure characterized by local-
scale stick-slip dynamics

» Pressure imhomogeneity: the CFC cannot be
simply evaluated using the max. or the average
pressure for the boundary scenario considered

» Future work — additional boundary scenarios;
extension to two-phase flow and fracturing
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Failure criterion for a sealing fault
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A micromechanics model for hydro-geomechanic coupling

Grains Pore network

Two interacting, overlapping networks
for the grains and pores

Discrete Element Method
(DEM)
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Pore-Network Darcy Flow
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P = % _ 5Vp _ E qjét Explicit scheme for
i y pore pressure
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q, = Cj ; / ) Darcy’s Law
J

Two-way coupling between the
deformation of the solid matrix and
the fluid pressure
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Some faults are sealing

Juxtaposition : , O B Fossen 2010

@) self-juxtaposed

Cataclasis

Cementation/diagenetic
effects

Clay and shale smearing

Fagereng et al. 2011



Time scales

* Pore pressure diffusion up-= Dih=k/u
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A block-and-gouge model

Four scenarios:
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Ball displacement_z
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Horizontal stress evolution
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Stress calculation

* microstress G° = szc’k Qf "
VO'

* Averaging over the gouge layer

g, =ALJL,

Verticle strain
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