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Increasing Seismic Risk 

• Prior to 2008, one to three M3.0 earthquakes per 
year on average

• Since 2009, increase by a factor of about 900

• Increase highly correlated with oil and gas activities

• Pressurized fluids induce earthquakes in 
underground faults within the Arbuckle formation 



Increasing Seismic Risk 

• Geology of the area is porous limestone with high 
angle faults

• Mobilized by active fluid injection wells.  

• Seismic activity may be delayed by as much as 20 
years following initiation of injection or 5 years after 
a substantial increase in wellhead pressure.  



USGS Damage Forecast (USGS 
2018)



USGS Ground Shaking Intensity 
(USGS 2018)



Pawnee Earthquake September 
1, 2016

• North central Oklahoma, magnitude (Mw) 5.8 

• About 7 am on a Saturday morning

• Inspection by Norb Delatte and Phil Lewis (now at Texas A&M)

• Residence 1 was a wood frame house that had stone cladding 
mortared onto it.  The stone was relatively loosely attached 
with brick ties. 

• Residence 2 was much closer to the epicenter, and the 
homeowner claimed that the epicenter was visible within a 
few miles to the north.  This residence was a relatively 
recently completed insulated concrete form house, which 
had a tornado shelter built into a walk in basement. 



Damage to residence 1 near 
Pawnee, Oklahoma













Damage to residence 2 near 
Pawnee, Oklahoma







Parapet damage in Pawnee, 
Oklahoma



Cushing Earthquake November 
7, 2016

• The Cushing earthquake, at magnitude M5.0, was 
somewhat weaker than the magnitude 5.8 Pawnee 
earthquake.  

• Sunday night at 7:44 pm

• Investigated by a team from the Earthquake 
Engineering Research Institute (EERI), which included 
the second author. 

• Cushing is a major hub of the U.S. oil and gas pipeline 
transportation system, known as the “pipeline 
crossroads of the world.” 



Cushing 



Ground Acceleration 



EERI Team Observations 

• Water main breaks at three locations, including a 4-
inch ductile iron pipe

• Damage to unreinforced masonry (URM) buildings in 
the Central Business District, mostly constructed 
between about 1910 and 1940.  

• Typical damage to URM buildings included mortar joint 
cracking, particularly near window and door openings, 
out of plane bulging or bowing of walls, and fallen 
brick units, particularly from parapets.   Some walls 
collapsed into the street. 



EERI Team Observations 

• The Cimarron Tower, a seven story reinforced concrete 
building, had cracking to roof and parapet masonry.  
Damage was reported to interior plumbing, and terra 
cotta façade materials were being removed during the 
site visit, so the EERI team did not enter. 

• The steel frame of the Cushing Municipal Power Plant 
had only minor structural damage, mostly cracked 
masonry infill walls. 

• Light frame residents had little damage beyond 
nonstructural cracking of partition walls. 



EERI Damage Observations
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EERI Damage Observations



Discussion 

• Existing construction was not designed for 
earthquakes

• Tornadoes were, and remain, the most 
dangerous natural hazard in Oklahoma

• Citizens, elected officials, engineers not 
knowledgeable about seismic threat

• Unreinforced masonry buildings, particularly 
historic structures, are highly vulnerable 



Discussion

• Oil and gas activity in Oklahoma is regulated 
by the Oklahoma Corporation Commission

• Actions can be either shutting down existing 
wells or preventing startup of new wells.  

• They first took action in September 2013, and 
have issued approximately 26 actions as of 
August 9, 2017, which have covered about 700 
disposal wells in the Arbuckle formation. 



Summary and Conclusions 

• A new reality of earthquake activity in 
Oklahoma presents significant engineering, 
insurance, risk management, and public policy 
challenges. 

• Most practicing engineers in the area have 
little experience with earthquake resistant 
design.  

• Building codes do not yet reflect earthquake 
risk. 

• Existing building stock at risk. 



Summary and Conclusions 

• Public agencies also lack background in 
earthquakes

• Shortage of inspectors and procedures to evaluate 
buildings and other structures after earthquakes.

• Need to develop education campaigns for 
residents, structural and nonstructural measures 
to build into mitigation plans, response plans to 
guide activities after an earthquake, and systems 
to communicate risks to the public. 



Summary and Conclusions 

• Earthquakes are induced, rather than natural

• Earthquakes could be stopped by ceasing wastewater 
injection, but that would be devastating to the 
Oklahoma economy

• Need to understand the variables that make the 
injection process riskier, so that the risks can be 
managed. 

• Also important to understand how the etiology of the 
earthquakes affects social response to the risk



Questions?


