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SWD in Oklahoma, 2009-2015 w/ map of Arbuckle SWD, 2009-2014
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Earthquakes of Magnitude =3.0 from 1/1/2009 to 5/7/2017
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Arbuckle SWD History in Noble, Pawnee, and Payne Counties

Arbuckle SWDin Noble, Pawnee, and Payne Counties by 2015 Operator
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Arbuckle Pressure Monitoring, Wellhead Configuration and Deployment




Arbuckle Pressure Monitoring, instrumented wells are labeled
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Anadarko Shelf wells w/o injection effects (Alfalfa 03, Alfalfa 04, Grant 06)
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Cherokee Platform wells w/o injection effects (Logan 12, Noble 13, Noble 14)
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Solid Earth Tide Analysis with Tsoft (Van Camp and Vauterin, 2005)

Motions of the moon and
the sun create stresses
that result in strains in the
Earth’s crust

Schematic diagram of the gravitational effects of

the Sun and the Moon in the Earth’s crust.
M, c .
0.0121 e 959% of the solid earth tidal
00101 strain is the result of five main Table 2
Major Harmonic Components of the Tidal
tidal components Potential (Munk and MacDonald 1960)
0.0087
K, I Tidal
0.0087 * Some Of the ‘|'IC|CI| Components component Period (d) Frequency (cpd) Description
Sz . .
0.004] o, are influenced by atmospheric | o, 1.0758 0.9295 Principal lunar
. K, 1.3721 1.0029 Lunar-solar
N, and earth tide stresses; M, 0.5175 1.9324 Principal lunar
0.0027 L. , S, 0.5000 2.0000 Principal solar
however, it is more reliableto | n, 0.5275 1.8957 Lunar elliptic
-0.0007 - . i ] ]
05 70 s 20 25 use componentsO, > , | -
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Preliminary Results (Arbuckle ROCK PROPERTIES) from Solid Earth Tide Analysis

Unit Unit Matrix Hydraulic

Property | Amplitude |Thickness|Thickness| Storativity | Permeability | Compressibility | Diffusivity
Units m feet m dimensionless mD psi m’/s
Alfalfa 03 01 0.0054 2467 752 1.1E-03 2.9E+01 6.2E-07 3.9E+00
Alfalfa 03 M2 0.0128 2467 752 4.6E-04 1.6E+01 2.5E-07 4.9E+00
Alfalfa 04 01 0.0028 1008 307 8.2E-04 2.2E+01 4.9E-07 5.0E-02
Alfalfa 04 M2 0.0037 1008 307 6.1E-04 1.2E+01 3.7E-07 4.0E-02
Grant 06 01 0.0027 2622 799 1.1E-03 1.5E+03 2.2E-07 4.2E+00
Grant 06 M2 0.0037 2622 799 5.7E-04 7.9E+02 1.2E-07 4.0E+00
Payne 07 01 0.0042 901 275 2.1E-05 6.2E+01 5.3E-07 5.2E+00
Payne 07 M2 0.0130 901 275 2.8E-06 3.6E+01 1.7E-07 9.4E+00
Payne 08 01 0.0038 755 230 3.0E-05 7.8E+01 5.6E-07 3.9E+00
Payne 08 M2 0.0100 35 230 1.1E-05 5.0E+01 2.1E-07 6.6E+00
Payne 09 01 0.0035 638 194 1.8E-05 3.2E+01 8.0E-08 2.3E+00
Payne 09 M2 0.0230 638 194 2.7E-06 2.0E+01 1.2E-08 9.2E+00
Lincoln 10 01 0.0032 1578 481 2.6E-03 2.9E+01 5.0E-07 8.0E-02
Lincoln 10 M2 0.0053 1578 481 1.0E-03 2.1E+01 2.0E-07 1.5E-01
Pawnee 11 01 0.0055 550 168 2.1E-04 1.6E+02 3.5E-07 7.8E-01
Pawnee 11 M2 0.0140 550 168 5.7E-05 8.8E+01 9.3E-08 1.7E+00
Logan 12 01 0.0039 1226 374 6.7E-04 7.1E+01 5.8E-07 2.5E-01
Logan 12 M2 0.0110 1226 374 1.6E-04 4.0E+01 1.4E-07 5.9E-01
Noble 13 01 0.0250 1291 s 4.6E-05 1.9E+02 5.4E-08 1.0E+01
Noble 13 M2 0.0200 1291 393 5.7E-05 1.0E+02 6.8E-08 4.6E+00
Noble 14 01 0.0037 1017 310 2.8E-04 3.5E+01 6.0E-07 2.5E-01
Noble 14 M2 0.0127 1017 310 8.2E-05 2.3E+01 1.7E-07

5.7E-01




Arbuckle ROCK PROPERTIES from Solid Earth Tide Analysis vs Other Studies
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Cherokee Platform wells w/ poroelastic effects (Payne 07&08)
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Seismic event (Stress) vs. Fluid level fluctuations (Strain)

Motivation:
Derive poroelastic properties of the Arbuckle from
co-seismic fluid level responses
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A Figure 1. Seismicity and volumetric strain change map associated with the 3 September 2016 M,, 5.8 Pawnee and 7 November 2016
M,, 5.0 Cushing, Oklahoma, earthquakes, computed for a receiver depth of 1.5 km. {a) Seismicity during the three months before {open
circles) and after {green circles) the Pawnee earthguake, scaled by magnitude. Focal mechanisms for the three largest events provided by
the National Earthguake Infermation Center (NEIC, see Data and Resources) catalog. {b) Seismicity during the month befere and month after
the Cushing earthquake. Background color in both figures is the static volumetric strain change computed with the Coulomb v.3.3 software,
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A Figure 2. Residual fluid level response (black, left axes scale) of the Arbuckle Group after removing barometric and solid Earth tide
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Which conditions best explain response in wells?

@® @ Zhang & Huang, 2011 |:i:|
[ ] = Kroll et al., (in prep) |
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Saltwater Disposal (SWD) in Permian Basin, Oklahoma, Eagle Ford, & Bakken
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Produced H,O and SWD in Permian Basin, Oklahoma, Eagle Ford, & Bakken

N’
Bakken
Permian Basin Oklahoma Eagle Ford Bakken
Average TDS (ppm) 99,000 130,000 54,000 253,000
Bacteria medium medium medium low
private inj 2067 2008 459 362
Comm inj 532 271 232 54
Flow back % 0.35 0.30 0.07 0.25
LA Fayetteville
SCOOP
Permian Barnett
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Closing Remarks

* Thoughtful water management can provide a variety of benefits:
— * Increase value and assets
* Reduce drilling, exploration, and sourcing costs
* Minimize waste handling costs

* Avoid liabilities such as induced seismicity or environmental contamination

* Successful produced water treatment depends on:
* Inexpensive source of energy to drive treatment process

* Reasonable plan for managing concentrated brine and other wastes
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Kyle.Murray@OU.edu  https:/ /twitter.com /KyleMurrayH20O

http:/ /kylemurray.oucreate.com/
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