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Overview of this talk
S

0 Discussion of different modeling approaches

1 Opportunities and challenges

1 My work with CFRAC

O Coupling fluid flow with rate /state friction earthquake
simulation

O Post-injection seismicity and a strategy for minimization

1 Other investigators using and extending CFRAC



Forward simulations of earthquake

rupture
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Heuristics for predicting earthquake

occurrence

Coulomb stress versus time
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Rate and state friction in
earthquake modeling
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Example of rate/state earthquake

simulation
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Treatments of friction in earthquake

modeling
N

Static/dynamic Displacement weakening

0 O D

Displacement Displacement

*Constant stress drop can be imposed instead of a drop in
friction.



Static/dynamic (Baisch et al., 2010)
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Role of heterogeneity
N

1 Heterogeneity exists in:
O Fault shape /geometry
O Elastic properties

O Frictional properties

1 Numerical models include less heterogeneity than
reality

11 Stochastic realizations can help handle uncertainty
and heterogeneity



Opportunities and challenges
B

1 Generic simulations for sensitivity analysis
O Develop physical insight
O Impact of variables and uncertainties
O Prompt further investigation

O Investigate processes

0 Site-specific for hazard analysis

O Site specific modeling will always be fraught with uncertainty from
physics and from uncertain model inputs

O For example: how can we relate calculated stress changes to
observed seismicity?

O Integrate physics and heterogeneity and uncertainty in a
balanced way



CFRAC (Complex Fracturing
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Injection into a single fault
Similar to some EGS projects
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Injection into a single fault
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Example of rate /state rupture

simulation
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Shear
Displacement (m)
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Cooper Basin example of episodic

"crack-like" shear stimulation
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Post-injection seismicity
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Injection rate (kg/s)
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Gradually tapering injection

pressure
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Gradually tapering injection

pressure
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3D simulations with CFRAC
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Jack Norbeck and Roland Horne
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Valentin Gischig
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Conclusions
S

0 Simulations with more realistic physics are very useful
for generic investigation of processes

0 For site specific assessment, we need to move towards
integrating physical models and statistical
approaches in a balanced way

1 CFRAC simulations investigated post-injection
seismicity, 'crack-like shear stimulation," and
mitigation strategies

11 Research with CFRAC is ongoing (including other
researchers), and it continues to gain capability over
time
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