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Seismic Monitoring Neiwork and Earthquakes in Oklahoma
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OCC makes UIC data publicly available in a few formats:
Monthly resolution, Annual Fluid Injection Reports (1012A)

Daily resolution, Daily Fluid Injection Reports (1012D)

EPA (Osage County) data must be obtained by a FOIA request

‘ -
Wichita.F alls

. . -
h quality UIC

database by validating OCC records,
and correcting errors and gaps.
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http://imaging.occeweb.com/imaging/UIC1012_1075.aspx
http://www.occeweb.com/og/ogdatafiles2.htm

Studies of Seismicity versus Fluid Injection

Potentially induced earthquakes in Oklahoma, USA: Links between || msrenrs i rersrrcrves

wastewater injection and the 2011 M_ 5.7 earthquake sequence
2013 Coping with earthquakes
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'ConocoPhillips School of Geology and Geophysics, University of Oklahoma, 100 E. Boyd Street, Norman, Oklahoma 73069, USA
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Hydrogeologic Controls on Induced Seismicity
in Crystalline Basement Rocks Due to Fluid
Injection into Basal Reservoirs
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induced by fluid injection
Hazard may be reduced by managing injection activities
are so many disposal wells that this contrib-

utes significantly to the total seismic haz-
ard, at least in the mid-continent (I, 2, ).

James Evans’, Karl Bandilla®, Peter Mozley', Thomas Dewers®, and Thomas Elliot*

2014

Sharp increase in central Oklahoma
seismicity since 2008 induced by
massive wastewater injection

K. M. Keranen,"”* M. Weingarten,” G. A. Abers,’t B. A. Bekins,* S.
Ge?
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SEISMOLOGY 2015
Oklahoma’s recent earthquakes and =
saltwater disposal
F. Rall Walsh 1lI* and Mark D. Zoback
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INDUCED SEISMICITY

_, 'with the increase in U.S.
mid-continent seismicity

High-rate injection is associated

M. Weingarten,'* S. Ge,' J. W. Godt,? B. A. Bekins,”? J. L. Rubinstein®

2015
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What stresses could be correlated to strain/seismic activity?

Hydraulic Fracturing Fluid Injection Rates
Oil Production Rates

* Gas Production Rates

Saltwater Disposal (SWD) Rates

Enhanced Oil Recovery Injection (EORI) Rates
« Water (Salt, brackish, or fresh) injection \

« CO, gas injection
-/
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Dependent variable (y)

Correlation of y as a function of x and R2?

N S

r = Pearson product moment
correlation coefficient

Where:
N = number of pairs of scores
>xy = sum of the products of paired scores
3x = sum of x scores
2y = sumofy scores
3x? = sum of squared x scores
>y? = sum of squared y scores
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Independent variable (x)
@

r from -1 to 1

Excel formula computes:
R2 or RSQ = Square of r

SO

R2 from 0 to 1




Correlation of EQ rate (y) as a function of injection rate (x) and R%2 ?

Dependent variable, Earthquakes (y)
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Dependent Variable, EQ (y):

* 10 years or 120 months of data
for correlation to:

Independent Variables (x):

* Hydraulic Fracturing Injection
Rates by Fluid

* Saltwater Disposal (SWD) Rates
by Zone

* Enhanced Qil Recovery Injection
(EORI) Rates by Zone
* BWPD
. MCFCO.PD
* QOil Production by Zone

* Gas Production by Zone
I



Geological Provinces and Plays or Study Areas
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Seismicity Rates in OK
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18.8 EQ/day Jun 2015
18.2 EQ/day Mar 2015
Highest Pearson CCs, CO, in OK
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Dependent Variable: EQ rate or # M=2.3 per day in the AOI
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Dependent Variable: EQ rate or # M22.3 per day in the STACK
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Monthly Fluid Injection for Hydraulic Fracturing in the STACK
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Monthly SWD Injection in the STACK
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Monthly EOR BWPD Injection in the STACK
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Dependent Variable: EQ rate or # M=2.3 per day in the SCOOP
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Monthly Fluid Injection for Hydraulic Fracturing in the SCOOP

Fluid Injection Rate, millions BPD
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Monthly SWD Injection in the SCOOP
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Monthly EOR Injection in the SCOOP
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R2 of 0.1688 for Virgilian SWD
R2 of 0.1505 for Arbuckle SWD

Highest Pearson CCs for South
Cherokee Platform
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Summary and Conclusions

*AOl  Many human activities that correlate
4 R2 of 0.7877 for Arbuckle SWD to seismicity are cross-correlated
R® of 0.7372 for Basement SWD  Additional analyses and modeling
STACK studies are required to understand
R2 of 0.4670 for Permian SWD the mechanisms that have the
R2 of 0.4646 for Miss Oil Production greatest effect on subsurface
SCOOP stresses
R2 of 0.3632 for Flud Frac  New project Funded by OWRB: —
R2 of 0.3425 for Miss. Gas Database Compilation and GeoSpatial
*South Cherokee Platform ,(4\)117{7;%2/; ;)f Produced Water Quality in
R2 of 0.1688 for Virgilian SWD —
R2 of 0.1505 for Arbuckle SWD /

*haven’t done R? for other injection or production

Statewide EQ versus CO,
R? of 0.1625 for Other or Unspecified Zone



Upcoming Special Issues and Publications

' - _ Bé resources & 2

an Open Access Journal by MDPI

Water Management in the Energy Industry

Special Issue Editor

Guest Editor
Dr. Kyle E. Murray

Dr. Kyle E. Murray E-Mail Website

(Guest Editar
University of Oklahoma, Morman, United States
Interests: groundwater; hydrogeoclogy; wastewater reuse; water-energy nexus; subsurface geoscience

Deadline
20 October 2020

md pi.com/si/36133

Geological Society of America Memoir

Midcontinent Earthquakes:
The Scientific and Regulatory Response to Induced Seismicity

Volume Editors:
Michael Young — TX Bureau of Economic Geology
Rex Buchanan — KS Geological Survey
Kyle Murray — OK Geological Survey



	Hindsight in 2020: A Decade of Seismicity versus HF, SWD, EORI, and CO2 Injection in Oklahoma
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25

