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Keys to successful regional implementation of geostorage

• Site planning to identify faults and good storage zones

• Expect that seismicity will occur

• Invest in monitoring earthquakes and pressure – hardware, software, 
and workforces

• Mitigate seismicity when it occurs



~200 earthquakes 1980-2009

~68 in 
2022



• November 2011 – Magnitude 5.7 near Prague, OK
• September 2016 – Magnitude 5.8 near Pawnee, OK
• November 2016 – Magnitude 5.0 near Cushing, OK



Rubinstein and Mahani, 2015

Arbuckle Group in Oklahoma

Unconventional production





Weingarten et al., 2015

Meta-analysis suggests that high volume injection 
tends to produce earthquakes
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Goebel et al., 2017



Rubinstein and Mahani, 2015

Arbuckle Group in Oklahoma



Oklahoma Corporation Commission Protocol for earthquakes associated with 
well completions (issued Dec 20, 2016, since updated, with more updates likely)
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HF-associated activity (red DYFI events)



HF-associated activity through time
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Lessons from mitigating induced seismicity
High volume disposal more likely seismicity (Weingarten et 
al., 2015; Walsh and Zoback, 2016)

Proximity to faults (Darold and Holland, 2015; Alt and Zoback, 
2017) and basement (Hincks et al., 2018)

Rapid shut-in reduces aftershock activity by plausibly 
reducing poroelastic stress (Goebel et al., 2019)

Long-term regional reduction in wastewater disposal (since 
2015) in Arbuckle driven by market and regulatory factors

Traffic light effective in disincentivizing well completions 
producing felt seismicity

Rubinstein and Mahani, 2015



Production increases 
significantly, during 
the window of 
heightened regulatory 
scrutiny/rules, without 
larger damaging 
earthquakes





ogs.ou.edu for products, rtserve.ou.edu for real-time seedlink buffer

~15-20 earthquakes/day



Ross et al., 2018; Kong et al., 2019

Machine learning + Large-N sensors 

+ In-situ measurements

Osage Well

Anadarko 
Shelf

Central 
Cherokee 
Shelf



Walter et al., 2021



a) b)

Machine-learning/AI to find smaller earthquakes

Walter et al., 2021



https://github.com/jakewalter/easyQuake

Email me: jwalter@ou.edu

Walter, J. I., P. Ogwari, A. Thiel, F. Ferrer, and I. 
Woelfel (2021), easyQuake: Putting machine 
learning to work for your regional seismic network 
or local earthquake study, Seismological Research 
Letters, https://doi.org/10.1785/0220200226.

Future: near real-time and expanding modularity (new pickers, direct hypoDD
or HASH functionality rather than just producing outputs, plotting, statistics)







Add the picks from nodes as though 
they are part of the network

Paul Ogwari



Combining ML-assisted event detection 
and node deployment for close-up view
• M3.7 in 2019 led to brief shut-in of disposal 

well During node deployment we detected 
500+ earthquakes, while real-time network 
detected 89



~14,000 Class II wells within the Oklahoma Corporation Commission 
Underground Injection Control program  

Long-term carbon storage needs to be broadly distributed with a regional 
approach to risk



Thought experiment supercritical CO2 is 700 kg/m3

~ 5 GtCO2/yr USA emissions





Change in fluid elevation

Osage Well

Anadarko Shelf

Central Cherokee 
ShelfCushing M5 Earthquake 

required adjacent shut-ins

Comparison of regional well 
responses



Lessons from for mitigating wastewater disposal 
seismicity hydraulic-fracture triggered
seismicity from long-term carbon storage/EOR 
or hydrogen storage
Volume – long-term operation and large volumes

Geology and faults – planning operations to avoid large faults that are 
oriented for slip; FSP is not effective for planning purposes during permitting

Rapid mitigation – traffic light pauses or disposal shut-in may be effective on 
hours to days timescales

Clear industry/public agency communication channels and proactive 
planning can keep the social license to operate intact. When events 
happen, a clear understanding of the “reaction” (mitigation)

Clear need for comprehensive borehole and surface monitoring by trusted 
(public) agencies

Emerging technology and techniques

Additional thoughts? – jwalter@ou.edu

Rubinstein and Mahani, 2015


