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Questions to be addressed

* What do high-resolution local-scale studies
reveal about induced earthquakes?

 How do hazard estimates use regional and
local network information in areas of
induced earthquakes?

 What are the key missing data needed to
effectively estimate short-term hazard?

* What are the key missing data needed to
effectively design mitigation strategies?
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Increased seismicity rates since 2009 & a history of induced earthquakes
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What do local and near-regional studies reveal about induced
earthquakes relative to regional networks?
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Local seismic data resolves faults and fault behavior
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Quinones et al., (in prep)

Regulations are triggered based on magnitude and distance
from well, so accurate catalogs are required

« Earthquakes occur on
individual faults

« Earthquakes are shallow,
requiring finer station
spacing to resolve depth

« Catalog requires knowledge
of subsurface velocity and
attenuation

* Improved spatio-temporal
history allows comparison to
other subsurface processes
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Texas funded a state-wide seismic network in 2015 (TexNet)
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How do hazard estimates use regional and local network
information in areas of induced earthquakes?

« Telemetered seismic data meeting
\ noise standards can be used by
NEIC for earthquake location

* Long-term national hazard maps
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Comparlson'emc Damage Probabilities

Damage defined as forecasted ground motions of MMI VI or greater (= 0.12g)

Based on results from the 2014
National Seismic Hazard Model
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Still need to improve the

short-term hazard estimates
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Key Data: Ground motion, near-
surface velocity & moments
* Vg4, for Texas, Oklahoma & Kansas

« Attenuation with distance
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What are the key missing data needed to effectively design
mitigation strategies and inform regulation?

- Example: 2-5 MPa changes in pore fluid * Do these values hold for the Permian Basin?
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Key Data: Subsurface geology and velocity
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Key Data: Fault locations, areas, and deformation histories

« 3D seismic data is by far the most Cl Timeslice @2.076 s (TWTT) g

(top of basement)

effective dataset but is largely missing
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Key Data: Injection and production data
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Key Data: Regional and in situ stress state
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Thank You!
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