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Play Fairway Analysis Area
Potential users of low-temperature geothermal resource found widely
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Why Seismic Hazards Here?

For most geothermal exploration, finding faults is a good thing
Because it tends to locate either slip or dilation-induced permeability
tendency, or to identify structural controls on flow systems

In our region, we felt a strong issue would be a potentially
detrimental effect on geothermal projects’ “social license to
operate”
Seismicity has adversely affected geothermal projects in at
least:

Basel, Switzerland

The Geysers, California

Landau, Germany
And those are only off the top of my head from the last decade or so...

So we set out to identify potential locations at risk of induced
seismicity to caution users of our “Geothermal Play Fairways”



Pre-existing “Fault”™ Maps

Do not share the GPFA-AB boundaries or scale.
Leads to problems of uneven coverage,

varying interpretation of faults vs. lineaments,
and different mapping scales.




Poisson Wavelet Multi-Scale Edge Analysis of
Potential Fields (""Worms”) in One Slide

Physical Interpretation of the Worms (Induced Inversion)
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Gravity Worms for the Region
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Magnetic Worms for the Reg
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e
Earthquakes
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Two Techniques for Identifying Risky

Structures

1. Worms near recorded events
2. Worm orientation in regional stress field



All Worms Within 20 km of EQs
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-
World Stress Map
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-
CZrientation iIn Stress Field

Assume worms are representing

<— Byerlee’s (1978) Law vertically dipping structures and o,
m is horizontal.
= Orientation in o, direction and
W slip tendency is a function of
azimuth only

< Griffith-Coulomb Failure
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SHEAR STRESS , T (BARS)

Brief Aside: Byerlee's Law
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Worm Segments Oriented for Slip Relative

WSM

Stress Based Seismic Risk
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Some Slip Orientation Classification Statistics

Histogram of Categories of Closest Gravity Worm Points to EQs
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Averaging Pro

PFM: Average of Earth
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EQ-Worm Proximity Histogram

From a sister USGS funded project over a different

(Adirondack) footprint with Cindy Ebinger and Korin
Carpenter (U. Rochester)

- Histogram of Distances from Worm Points to EQs
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Worm Segments Oriented for Dilation Relative
to WSM 3

Dilational Tendency
* High
© Moderately High

These identify locations a2~ Moderate
where one might find * Moderately Low
(mode |) fracture
permeability for
geothermal developments
— a good thing!




Conclusions

Some lateral discontinuities detected by worms are active faults
Even in intra-plate settings

Worms nearby to EQs are candidate active faults

Orientation-in-principal-stress-directions, while a necessary
condition for induced seismicity under a Byerlee’s Law model,
doesn'’t actually appear to work very well for natural seismicity
Possibly due to a lack of stress magnitude information
Possibly due to that being an incorrect model for active faulting/
induced seismicity
We've found locations where direct use geothermal prospects
appear to be at higher risk of induced seismicity than for other
locations
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Thanks!

- Questions?

- frank.horowitz@cornell.edu



