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Abstract

Southern Texas has a history of active oil and gas production, hydraulic fracturing (HF), wastewater disposal, and seismicity, with some areas
of pervasive faulting. Previous studies of this region have attributed cases of seismicity to increases in production of oil/water and a few cases
to wastewater disposal. With the advancements in horizontal drilling and HF, the Upper Cretaceous Eagle Ford Shale has become a focus of
shale-gas development since 2008, and we sought to investigate how HF may have contributed to a recent seismicity rate that is 75 times higher
than background levels. We used times and locations of HF from the FracFocus catalog and enhanced the TexNet catalog of earthquakes from
January 2017 to December 2018 by employing single-station template matching back to March 2014 when continuous recording began. We
identified over 2000 earthquakes (84%) that were closely related in time and space to 200 HF wells mostly in Karnes, Atascosa, and Gonzales
counties, representing the first documented cases of HF-induced seismicity in Texas. Much of the HF-induced seismicity occurred ina 15 x 15
km area just north of Karnes City where 33% of the HF wells correlated with seismicity. We found that "zipper" wells stimulating
synchronously with another nearby lateral were more than twice as likely to produce seismicity than asynchronous wells. The magnitude of
HF-induced seismicity and low b-value support the idea that these events represent slip on pre-existing faults and not the process of fracturing
the target formation. Furthermore, TexNet fault plane solutions for HF-induced earthquakes are in agreement with the orientation of SHmax and
previously mapped faults. A Mw 4.0 earthquake on May 1, 2018 would be the largest reported HF-induced earthquake in the US, occurring ~10
km from a Mw 4.8 earthquake in 2011 attributed to fluid extraction. This represents the most critical findings in our study: faults in this area are
capable of producing felt and potentially damaging earthquakes due to ongoing operational activities.
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HFE-Seismicity: Examples

Introductlon
Increased occurence of earthquakes (M, > 3) in
Central and Eastern U.S. has mostly been
attributed to wastewater disposal (WD)
Hydraulic-fracture (HF)-induced seismicity has

-1 ! Eagle Ford
& Shale Play

become more common

The largest magnitude HF-induced events have
increased to include aM,, 5.3 in China,
approaching the largest (M,, 5.8) WD-induced
earthquake in OK

Seismicity rate of M > 3.0 earthquakes in the
Eagle Ford shale play grew to 33 times the
background rate in 2018

This study investigates seismicity since 2014 by
examining how HF and WD may have contributed
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Methods
- Waveform cross-correlation using nearest seismic station
(N4 735B) and TexNet catalog for earthquake templates to detect
more seismicity and estimate magnitudes of smaller events
FracFocus times and locations of HF wells
Seismicity divided into 8 regions ~20km wide for comparison with
operations
HF correlations: Seismicity <10 km and 7 days of HF wells with > 5
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No correlation found between temporal distribution
of seismicity over whole study region and HF or WD

- Enhanced catalog shows short-lived, spatio-
temporally clustered events

- Seismicity rate increased over time, with a few
M, > 3.0 earthquakes per year in 2018
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rate and HF injected volume
50% to 100% of earthquakes correlated with HF in our

with HF with with
Seismicity Seismicity

M2 15 291 (68%) 178 (61%) 70 (60%)

§ig

M=20 94 (76%) 128 (69%) 54 (63%)

558888

M2>25 29 (83%) 69 (77%) 30(73%)

n
Cumulative # Earthquakes

M=3.0 10 (90%)

Matched Earthquakes

focus regions

- Similar in Appalachian Basin and Oklahoma
Higher percentages of HF wells with seismicity in
Regions 5 (13%) and 4 (32%)

~10% of HF wells in 8 focus regions targeted Austin
Chalk Formation compared to 90% Eagle Ford

3
Cumulative Volume (10° bbl)

12 (92%) 8 (88%)

Numbevoleav(hquakes HF wells,

2015

6 2017 2018
Time (yr)

8
H

- Higher percentage of AC wells correlating with
seismicity (19.2% vs 7.1%)

Mz3.5 1(100%) 5 (100%) 2 (100%)

i time forall

above 17°My

for HF

Comparison &

Number of d d HF well laterals and well pads since March 2014 for di o

light protocol

January 1980. gion 4 only.

M2 3.0 from the Advanced National

‘ - Related to greater proximity to susceptible faults

. Simultaneous ©) .

Hydraulic Fracture Injection Strategy In uences the Probability of Earthquakes in the Eagle Ford Shale Play of South Texas
Shannon Fasola (fasolasl@miamioh.edu)? Michael R. Brudzinski (brudzimr@miamioh.edu)?, Robert J. Skoumal (rskoumal@usgs.gov)®,

Teresa Langenkamp (langentr@miamioh.edu)?, Brian S. Currie (curriebs@miamioh.edu)?, Kevin J. Smart (ksmart@swri.edu)¢
2 Dept. of Geology and Environmental Earth Science, Miami University; ® Earthquake Science Center, U.S. Geological Survey, Menlo Park, CA; <Earth Science Section, Southwest Research Institute

- Largest HF-induced earthquake

- M,,4.0, 1 May 2018 (LEFT)

Occurred during simultaneous

stimulation of multiple HF well

laterals

Occurred ~10 km east of largest

earthquake recorded in EF

- M, 4.8, Oct. 2011 attributed
to uid extraction

Proximity of Sept. 2018

sequence to M 4.8 in Oct. 2011

is concerning (BOTTOM RIGHT)
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Simulation Strategies and Probability
of Seismicity
- Formal odds ratio calculated for

relative probabilities of binary factors
and p-value test for signi cance
Simultaneous laterals 3.2x more
likely to produce seismicity than
laterals Isolated in time (p = 0.0002)
Simultaneous laterals 1.8x more
likely to produce seismicity than
Sequential laterals (p = 0.005)
Sequential laterals were 1.8x more
likely to produce seismicity than
Isolated laterals (p = 0.06)
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Conclusions and Implicationson
Operations

- Hydraulic fracturing induced ~90 earthquakes larger
than magnitude 2.0 in the Eagle Ford shale play of
south Texas from 2014-2018
One of the largest earthquakes induced by hydraulic
fracturing in the US occurred near the largest
recorded earthquake in south Texas
Hydraulic fracturing of multiple well laterals
simultaneously increases the probability of
earthquakes relative to wells in isolation
Faults in this area are capable of producing felt and
potentially damaging earthquakes due to ongoing
operational activities.
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- Precise locations will help
interpretation
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