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Seismic Monitoring Network and Earthquakes in Oklahoma



Murray, K.E., and Holland, A.A., 2014, Inventory 
of Class II Underground Injection Control Volumes 
in the Midcontinent: Shale Shaker, v. 65, no. 2, p. 
98-106.

OGS’ First Crack at Putting Together 2011 UIC Data



OGS’ First Crack at Putting Together 2011 UIC Data



KS UIC data from KGS (2013) Well Database
KS Arbuckle Structure from Merriam and Smith (1961)

OK UIC data from OCC (2012) UIC Database
OK Arbuckle Structure from Evans et al (2012)

Top of the Arbuckle, Subsurface Faults & Largest Volume UIC wells



Wells that Started Producing from 
2009–2015
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Earthquakes Down Here, avg of 5.5 km depth

Predominant Disposal Zone, avg of 2 km depth

Producing Zones

Zones for Production, Injection, & Disposal

(Murray, et al., 2018 in preparation)



UIC Saltwater Disposal (SWD) or 2D volumes in Oklahoma

OCC makes UIC data publicly available in a few formats:
• Monthly resolution, Annual Fluid Injection Reports (1012A)
http://imaging.occeweb.com/imaging/UIC1012_1075.aspx
• Daily resolution, Daily Fluid Injection Reports (1012D)
http://www.occeweb.com/og/ogdatafiles2.htm
EPA (Osage County) data must be obtained by a FOIA request

OGS builds a research quality UIC 
database by validating OCC records, 
and correcting errors and gaps.

http://imaging.occeweb.com/imaging/UIC1012_1075.aspx
http://www.occeweb.com/og/ogdatafiles2.htm


Statewide Earthquakes vs. SWD, 2009–2018

(Murray, et al., 2018 in preparation)

Increase in Dev to Mid Ord
Or Wilcox SWD In 2016
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12) Western Region Area

5) Medford
10 Mile Buffer

8) Crescent
10 Mile Buffer

3) Logan Trend

9) Byron/Cherokee/Medford
10 & 15 Mile Buffer (2)

11)Fairview/Cherokee
8 Mile Defined Area

6) Fairview
10 & 15 Mile Buffer

14) New AOI Area

17) Pawnee
Reduction Buffer

16) Pawnee
10 Mile Buffer

1) 1 of 8 original AOIs

10) Edmond
10  & 15 Mile Buffer

7) Cherokee-Carmen
10  & 15 Mile Buffer

13) Central OK Area

2) Super AOI
15) Luther-Wellston

10  Mile Buffer

SCOOP/STACK
HF Focus Area

SCOOP-STACK HF FOCUS AREA DECEMBER 2016

• PROACTIVE GUIDELINES FOR ALL HF OPERATIONS IN THIS AREA 
WITH THREE ACTION LEVELS IF EVENTS OCCUR WITHIN 2 KM:

• M2.5—OCC CONTACTS THE OPERATOR AND DISCUSSES 
MITIGATION PLAN

• M3.0—REQUIRED 6-HOUR PAUSE AND TECHNICAL CALL 
REGARDING MITIGATIONS

• M3.5—REQUIRED OPS SUSPENSION AND TECHNICAL MEETING 
IN OKC

• CLEAR DISTINCTION MADE BETWEEN HF GUIDELINES AND 
ARBUCKLE SWD DIRECTIVES

Arbuckle SWD AOIs 2015
1) Original 8 AOIs - Mar.2015
2) Super AOI – Jul. 2015
3) Logan trend – Aug. 2015
4) Cushing Buffer – Oct. 2015
5) Medford Buffer – Nov. 2015
6) Fairview Buffer – Nov. 2015
7) Cherokee-Carmen Buffer – Nov. 2015
8) Crescent Buffer – Nov. 2015
9) Byron/Cherokee/Medford – Dec. 
2015

Arbuckle SWD AOIs 2016
10) Edmond Buffer – Jan. 2016
11) Fairview/Cherokee Area – Jan. 2016
12) Western Region Area – Feb. 2016
13) Central OK Area – Mar. 2016
14) New AOI Area – Mar. 2016
15) Luther-Wellston Buffer – Aug. 2016
16) Pawnee Buffer – Sept. 2016
17) Pawnee Reduction. Area – Sept. 
2016
18) Cushing Area Revision – Nov. 2016

4) Cushing
10 Mile Buffer

18) Cushing Area Revision
10 & 15 Mile Buffer

19) Preemptive reductions

20) Water management plans

Arbuckle SWD AOIs 2017
19) Preemptive reductions – Feb 2017
20) Water management plan* – Mar 
2017

* Still trying to clarify this requirement

Oklahoma Corporation Commission’s Regulatory Directives and Operational Rules, Mar 2017

Mitigating Induced Seismicity in 
Oklahoma:
The Oklahoma Corporation 
Commission (OCC) took direct 
action to mitigate induced seismicity 
in Oklahoma in early 2016. The 
OCC issued the following directives 
related to PW management to 
reduce seismicity in the Area of 
Interest (AOI) where intense 
earthquakes were recorded in 
central/north-central Oklahoma.
1. Reduction in maximum PW 

injection (SWD disposal) rate at 
the well level to ≤10,000 to 
15,000 bbl/day per well 

2. Reduction in regional-scale 
injection by 40% from the 2014 
total injection

3. OCC (2014–present) requested 
that operators plug back SWD 
wells completed in the 
basement.

Scanlon et al., accepted



How is saltwater disposal related to seismicity in the mid-Continent?

Oklahoma/S. Kansas

Cumulative injection
Monthly wellhead pressure
Depth
Proximity to basement
High-rate >300,000 BPM

2015



Managing Basin-Scale 
Fluid Budgets to 
Reduce Injection-

Induced Seismicity 
from the Recent U.S. 
Shale Oil Revolution

Seismological Research 
Letters-Accepted

By:
B.R. Scanlon

M.B. Weingarten
K.E. Murray
R.C. Reedy

Statistical Post-Audit: How 
is wastewater injection 
related to seismicity in 

Oklahoma?

Maximum injection 
rate (bbl/day)

associated with
≥M 3.0+ EQ

<3000 bbl/day 40–60%

>10,000 bbl/day 80–95%

Cumulative volume
from 2009 to 2016

associated with 
≥M3.0+ EQ

2–3 MMbbl 65%

30–60 MMbbl 90%

Proximity to 
Basement

associated with 
≥M3.0+ EQ

>0.5 km 55%

0.5 to –0.5 km 90%



Spatial Distribution of Scanlon et al. Results, # of Associated Factors



Spatial Distribution of Scanlon et al. Results, >=2 Associated Factors



Wells that were “Mathematically” in Basement (Crain vs. Murray)



Plug-back Program, ~250 SWD wells
(Murray, et al., 2018 in preparation)



Virgin Pressure (Elevation Head) of the Arbuckle Group

Puckette, J. O. (1996), Evaluation of Underpressured
Reservoirs as Potential Repositories for Liquid Waste, 273 
pp, Oklahoma State University, Stillwater, OK.



Configuration & Deployment of Pressure Monitoring Network

(Murray, et al., 2018 in preparation)



Alfalfa 03 with radius of 10 km

Fluid Elevation in Inactive SWD Monitoring Well

SWD into Active wells w/in 10 km of Monitoring Well

Earthquakes w/in 10 km of Monitoring Well
Frac Notices w/in 10 km of Monitoring Well

(Murray, et al., 2018 in preparation)



Payne 09 with radius of 10 km

Fluid Elevation in Inactive SWD Monitoring Well

SWD into Active wells w/in 10 km of Monitoring Well

Earthquakes w/in 10 km of Monitoring Well
Frac Notices w/in 10 km of Monitoring Well

(Murray, et al., 2018 in preparation)



Logan 12 with radius of 10 km

Fluid Elevation in Inactive SWD Monitoring Well

SWD into Active wells w/in 10 km of Monitoring Well

Earthquakes w/in 10 km of Monitoring Well
Frac Notices w/in 10 km of Monitoring Well

Kroll, K. A., E. S. Cochran, and K. E. Murray (2017), Poroelastic Properties of the Arbuckle Group in Oklahoma Derived from Well Fluid Level Response to the 3 
September 2016 Mw 5.8 Pawnee and 7 November 2016 Mw 5.0 Cushing Earthquakes, Seismological Research Letters, 88(4), 963-970.

Perilla-Castillo, P. J. (2017), Rock properties derived from analysis of solid earth tide strain observed in continuous pressure monitoring of the Arbuckle 
Group of Oklahoma, 65 pp, University of Oklahoma, Norman, OK.

Williams, J. A. (2017), Geologic, permeability, and fracture characterization of the Arbuckle Group in the Cherokee Platform, Oklahoma 62 pp, Emporia State 
University, Emporia, KS.



Garfield 15 with radius of 10 km

Fluid Elevation in Inactive SWD Monitoring Well

SWD into Active wells w/in 10 km of Monitoring Well

Earthquakes w/in 10 km of Monitoring Well
Frac Notices w/in 10 km of Monitoring Well

(Murray, et al., 2018 in preparation)



Seismic event (Stress) vs. Fluid level fluctuations (Strain)



Alfalfa 02 with radius of 10 km

Fluid Elevation in Inactive SWD Monitoring Well

SWD into Active wells w/in 10 km of Monitoring Well

Earthquakes w/in 10 km of Monitoring Well
Frac Notices w/in 10 km of Monitoring Well

(Murray, et al., 2018 in preparation)



Observed Head at Alfalfa 02 w/ Injection Effects from nearby well

(Murray, et al., 2018 in preparation)

• Repeat well-scale analysis for parameters (K, n, S) 
at multiple wells

• Constrain, calibrate, and validate transient model
• Use model for scenario analysis



Modified Theis Solution for Estimating Hydraulic Properties



Calibrated Model of Stress (Injection) & Strain (Observed Head)

(McConville & Murray, 2018 in preparation)



Transient Model Results – Feb 2009 vs. Apr 2018



• Conduct injection tests with high-res monitoring
• Define Hydraulic Properties
• Relate Microseismicity to Injection Scenarios

• Improve Top Arbuckle and Top Basement Maps
• Refine Arbuckle “Initial Conditions” (Puckette, 1996)
• Instrument Basement Wells (DISCO)

• Define Hydraulic Properties
• Establish Pressure Regime/Trends

• Construct Integrated Hydrogeologic/Geomechanical/Seismological Model
• Provide Up-To-Date Decision Support Tool for Operators & Regulators

Future Research RE: Subsurface Pressure in Seismogenic Areas (OK)


	subsurface pressure in Seismogenic areas
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