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Understanding the Mechanics of Induced Seismicity

Abstract: Since the pioneering study at Rangely, Colorado, induced seismicity due
to fluid injection has been understood to result from a decrease in effective normal
stress acting on faults due to increase in pore-fluid pressure. Much attention has
thus been given to the spatiotemporal distribution of pore-pressure resulting from
injection. Yet, there are well documented cases in which oil and gas production,
with dramatic decreases in reservoir pressure have triggered earthquakes. This is
opposite to expectation based on the effective stress concept, but can be well
understood with Biot’s theory of poroelasticity. In this talk I will explore whether
poroelastic effects are important in injection induced seismicity. Several surprising
results follow from simple models, including that abrupt shut-in (cessation of
injection) can lead to locally sharp increases in seismicity rate. In addition,
poroelastic stressing can destabilize faults that are hydraulically isolated from
injection horizons. Finally, the maximum magnitude of induced events has been
observed to occur post-injection, which presents a clear problem for so-called ‘stop
light’ mitigation systems. Dynamic rupture simulations on rough faults are being
used to explore the size distribution of triggered earthquakes as a function of the
background stress state. I suggest that under low ambient shear stresses rupture
extents are limited by the time varying volume of perturbed crust.  This leads to time
dependence in the frequency magnitude distribution of earthquake sizes, as has been
observed in Basel, Switzerland. In this limit, larger events post shut-in are not
unexpected.
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