within the Groningen gas field

= Geological faults are vulnerable to frictional failure,
and induced seismicity under rising stress loads

2005

2010

due to hydrocarbon recovery or CO, storage.
» Risks to containment of subsurface fluids and to
the integrity of the built environment critically
depends on earthquake magnitudes.
= Statistical geomechanics motivates modifying the
standard power-law magnitude distribution to
Include a stress-dependent exponential taper.
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Statistical mechanics-based forecasting
of induced seismicity magnitudes
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Summary Induced Stresses & Earthquake Occurrences

Earthquake Initiation Increases
Exponentially with Induced Stress
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Statistical mechanics of disordered fault re-activation

Unresolved Fault Heterogeneities Act as Stochastic Disorder

lncreasing model abstraction

(d) Some possible failure scenarios

rrrrrrrrrrr

Fuses

Equal -load

sharing

M any britt E'fa‘lu'&:- brittle r:lur:’:s
thEOrieS Random Random

Statistical Damage Mechanics

Statistical Mechanics

erturbation limit

Damage Mechanics
Evolution of a Evolution of a

damage network

Network Models
Network failures

Percolation
Model

damage boundary

Interface Models
Interface failures
B ioysiie One
I
e result
Block-Springs
f;i;s:&;
Fiber
Bundles
sharing
Ising Crack
Model Depinning

Failure sizes distributed as & universal power-law

with a stress-dependent exponential taper

Forecast performance favours stress-dependent £ models

Observed Seismicity Bayesian Inference
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Outcomes

Improved models

Out-of-sample Posterior Predictive Analysis
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Two Competing Theories
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Power-Law Size Distribution with an Exponential Taper
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