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Abstract 

 

In 2012 the National Research Council published a study “Induced Seismicity Potential in Energy Technologies”1 which reviewed the 

occurrence of earthquakes with various energy operations, including oil and gas waste water disposal and hydraulic fracturing. The report 

found only two documented examples of felt earthquakes related to hydraulic fracturing. Since the report was published, the rate of suspected 

induced earthquakes related to oil and gas operations has continued to rise. Hydraulic fracturing earthquakes in multiple areas of British 

Columbia, reported after the release of the NRC report, suggest in special cases that hydraulic fracturing is capable of producing earthquakes 

that can be felt on the surface. Additional reports and analysis of suspected induced earthquakes from both waste water injection wells and 

hydraulic fracturing operations have been reported in many states in the USA, including Kansas, Colorado, Texas, Ohio and in particular, 

Oklahoma, which has experienced a continued and dramatic rise in suspected induced earthquakes. This presentation will discuss recent 

occurrences of induced seismicity related to oil and gas operations and the seismic monitoring techniques used to understand the issue, along 

with new and proposed regulations suggested by authorities in the affected areas to ensure continued safe operations. 
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Why the fuss? 
 

Rate of earthquakes have 
increased in central and 

eastern US 

USGS Website 

Courtesy  Amberlee Darold, OGS 



The size of an earthquake depends the area of the break, amount 
of slip and the properties of the rock.  
 
Dimensions:  
Length: Microscopic  -  hundreds-to-thousands of kilometers long  
Depth: microscopic  to  tens of kilometers.  
Displacement: millimeters to meters. 

 
We have the ability to measure earthquakes from lab studies on core to very large 
earthquakes. 

Weatherford Website PHYS.ORG website 

Hydraulic Fracturing Magnitude -1 

Chile 2011 Magnitude 8.8 



Courtesy of M. Zoback,  
based on Stein and Wysession, 2003  

1 MPa = 145 PSI 

Typical frac  
monitoring 
event 
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PRAUGE, OK 



Courtesy  Amberlee Darold, OGS 

Oklahoma Geological Survey 
Statement on Oklahoma Seismicity: April 21, 2015  

 
“…the rates and trends in seismicity are very unlikely 
to represent a naturally occurring process”. 
 
“…it very likely that the majority of recent 
earthquakes, particularly those in central and 
north‐central Oklahoma, are triggered by the 
injection of produced water in disposal wells” 
 
“The seismicity rate is now about 600 times greater 
than the background seismicity rate” 
 
“…reactivation of deeper basement faults from water 
injection/disposal at shallower depths is often 
observed in cases of triggered seismicity”. 
 
 



• Majority of faults are oriented favorably for slip.  

• The faults cut through Arbuckle Group and extend into 
basement rocks.  

McNamara, D. E., H. M. Benz, R. B. Herrmann, E. A. Bergman, P. Earle, A. Holland, R. 
Baldwin, and A. Gassner (2015),  Geophys. Res. Lett., 42. 

Toppled chimney from Prague EQ 



• March 2015 Letters to operators 
within 6 km of seismic activity in OCC 
“AREAS OF INTEREST” 

http://stateimpact.npr.org/oklahoma/2015/03/25/regulators-issue-
tougher-disposal-well-directives-as-oklahomas-quake-risk-rises/ 



https://apps.occeweb.com/RBDMSWeb_OK/OCCOGOnline.aspx 



GREELY  
3.2 EQ 

May 31, 2014 (MDT) Magnitude 3.4  
260 felt reports Felt 60 miles from epicenter 
 
Seismic monitoring initiated by CU Boulder (Anne 
Sheehan and others).  
 
Located near SWD C4A well in Lyon and Fountain 
formation, 500 ft above basement rock.  
 
C4A Injection started April 2013, increased in August 
2013.  
 
SWD shut in on June 23, 2014  and cemented back 458 
feet. Injection restarted July 2014.  
 
COGCC used a Seismic monitoring protocol: 
No M 2.5 within 2.5 miles of well.  
 

NEW  
injection well 
Triton #2 
Slotted liner 
8669-10443 ft 
Seismic monitoring  
required via COA 

 

Ellsworth, S., Eisinger, C., Morgan, M., Sheehan, A., 2015. Case study on Induced Seismicity - Greely, CO. Ground 
Water Protection Council, Document on Induced Seismicity, draft document. 
 
https://cogcc.state.co.us/Staff_Reports/2014/201407_StaffReport.pdf 
 

C4A BHL 
Initial injection depth ~10818 

Earthquakes June 8- Dec 1, 2014 

COGCC requiring seismic 
monitoring for any injection 
well over 10,000 BPD 



hydraulic fracturing 

Friberg et al, SRL, 2014 

Hydraulic Fracturing Events                                         Date                                      Magnitude          Felt (Y/N)             
Harrison County, Ohio                                                   October 2, 2013                                2.0            N                              
Poland Township, Mahoning County, Ohio           March 10, 2014                                 3.0            Y                          

Table courtesy Steven Dade, ONDR 

Earthquake activity occurred 
on pre-existing fault in the 
basement rocks below the 
fracturing interval.  

Harrison County, Ohio 



http://oilandgas.ohiodnr.gov/portals/oilgas/pdf/seismicity/RECENT_EARTHQUAKE_EPICENTERS_IN_OHIO.pdf 

ODNR Map of buffer 
zones for hydraulic 
fracturing operations 



1.0

all well completion operations will be suspended. 

Ohio Oil and Gas Association (OOGA) established an Induced Seismicity 
Workgroup to recommend possible alternative permit conditions based 
on ground motion similar to Ohio mining regulations.  

Industry Response 



2014 USGS Seismic 
Hazard Map 
 
5 Hz spectral acceleration map 
 
2% probability of exceedance in 
50 years 

http://earthquake.usgs.gov/hazards/products/conterminous/2014/HazardMap2014_lg.jpg 



Potentially induced 
earthquakes 
removed from the 
USGS earthquake 
catalog before 
hazard assessment. 

“Potentially induced seismicity greatly increases 
the seismic hazard in Oklahoma and in the other 
induced seismicity zones compared to seismic 
hazard assessed for the 2014 update of the 
National Seismic Hazard Model” 

Petersen and others, U.S. Geological Survey Open-File Report 2015–1070 
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