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Mechanical integrity 
means the absence of 

significant leakage within 
the injection tubing, 

casing, or packer (internal 
mechanical integrity), or 

outside of the casing 
(external mechanical 

integrity). 



Class VI Sequestration 

vs. 

Class II Sequestration 

Mechanical Integrity Challenges 
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Class II 

• Fixed ¼-mile radius or 
Zone of Endangering 
Influence 

• No required review or 
update 

• No requirement to 
predict or track CO2 
movement 

• Casing diagrams for all 
idle, P&A, or deeper-zone 
producing wells and 
evidence that P&A wells 
will not have an adverse 
effect 

Class VI 

• AoR & Corrective Action 
Plan 

• Update at least every 5 
years 

• Computational modeling 
to determine extent of 
CO2 plume and identify 
potential migration 
pathways 

• Identify and assess all 
penetrations of the 
confining zone 

Area of Review and Corrective Action 



• 2011 audit of CA’s UIC program found that “the quarter-mile fixed 

radius AOR standard has been applied historically with very few 

exceptions.” 

• 2004 EPA UIC National Technical Workgroup Report found that a 

fixed radius AOR may not be adequate to protect USDWs 

•  The NTW recommend that AoRof all authorized injection 

projects nationwide be re-evaluated, stating “The majority of 

EPA UIC National Technical Workgroup members understands 

the magnitude of the suggested action and consider this 

proposal as a long-term solution to a long-standing 

inadequate permitting practice.”  
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Area of Review and Corrective Action 



• Discovered in 1880; First well drilled in 1899; First well targeting the Wall Creek 

member drilled in 1906 

• 1899-1926: Primary Production; 1926-1961: Gas-Injection; 1961-present: 

Waterflooding; 2004-present: CO2 flooding of Wall Creek II 

• Stacked reservoir with 11 productive horizons, two under CO2 flood, WC2 ~1800’ 

• Field contains more than More than 4000 wells, with approximately 70% having been 

drilled prior to 1930 

• At time of conversion to CO2-EOR, contained more than 3,000 plugged and inactive 

wells with questionable cement integrity and plugging quality; incomplete well data 

and numerous unknown wells 
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Sources: Woodruff, E. G., & Wegemann, C. H. (1911). The lander and salt creek oil fields Wyoming. Washington: Government 

Printing Office.; Wegemann, C. H. (1918). The Salt Creek oil field. Wyoming: US Geological Survey Bulletin, 452, 37-82.; U.S. 

Bureau of Land Management, Casper Field Office. (2006). Salt Creek Phases III/IV Environmental Assessment #WYO60-EA06-

18. Wyoming: U.S. Department of the Interior.; Hendricks, K. (2009). Experiences in the Salt Creek Field CO2 Flood. Calgary: 5th 

Annual Wellbore Integrity Network 

Case Study: Salt Creek CO2-EOR Field, WY 



• After onset of CO2 injection in 2004, CO2 seeped to the surface 

over an approximately one-quarter square mile area  

• Estimated rate of leakage averaged 12 thousand cubic feet per day 

but estimate very uncertain  

• ~150 million cubic feet per day of CO2 was being injected into 

the field at the time 

• Operator determined that some leaks were the result of improperly 

constructed or maintained wells 

• Remediation of these wells failed to completely eliminate the seeps  
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Sources: Bureau of Land Management, Casper Field Office. (2006). Salt Creek Phases III/IV Environmental 

Assessment #WYO60-EA06-18. Wyoming: U.S. Department of the Interior.; Cameron-Cole. (2005). Air Dispersion 

Modeling in Support of Risk Analysis, Howell Petroleum Corporation, Salt Creek Field 

Case Study: Salt Creek CO2-EOR Field, WY 



• Operator developed containment plan to collect CO2, restrict 

access to seep sites, and communicate with regulators and 

the public 

• Operator also developed a series of steps to identify 

abandoned wells throughout the field and perform corrective 

action in advance of CO2 injection into a new phase 

• Aeromagnetic survey, records review, field inspection, 

workovers, remedial cementing, mechanical integrity 

testing 
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Sources: Bureau of Land Management, Casper Field Office. (2007). Decision Record and Finding of No Significant Impact, 

Howell Petroleum Corporation, Salt Creek Fieldwide Expansion of the CO2 Enhanced Oil Recovery Project EA # WY-060-EA7-

067 Natrona County, Wyoming. Wyoming: U.S. Department of the Interior.; Hammack, R. W., Veloski, G. A., and Hodges, G. 

(2006). Helicopter Surveys for Locating Wells and Oilfield Infrastructure. 13th Annual International Petroleum Environmental 

Conference: San Antonio, TX October 17-20, 2006.; Meyer, J.P. (2007). Summary of Carbon Dioxide Enhanced Oil Recovery 

(CO2EOR) Injection Well Technology. Prepared for the American Petroleum Institute.  

Case Study: Salt Creek CO2-EOR Field, WY 
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Case Study: Salt Creek CO2-EOR Field, WY 



• Detailed site characterization to determine geologic suitability 

• Site-specific AoR and Corrective Action plans that take into account field data 

and operating history 

• Robust methods for identifying existing wells, including 

1. Historical Record Review 

2. Site Reconnaissance 

3. Aerial and Satellite Imagery Review, and;  

4. Geophysical and Air Emissions Surveys 

• Ensuring MI of existing wells, including  

1. Well Record Review 

2. Field Inspection and Testing, and; 

3. Corrective Action 

• Best practices for new well construction and conversion of existing wells 

• Robust leak inspection, detection, reporting, and repair standards 

• Comprehensive Mechanical Integrity Testing Plan, including post-closure 
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High Level Solutions 





• Determining the precise number mechanical integrity incidents and the consequences of 

those incidents is not possible with existing data but research indicates cause for concern, 

see, e.g.  

• U.S. General Accounting Office, 1989;  

• Smith, J. B., & Browning, L. A.,1993;  

• Koplos et al., 2006;  

• Browning, L.A. and J.B. Smith,1993;  

• U.S. Government Accountability Office, 2016 

• Watson, T., & Bachu, S., 2009; 

• Dusseault, M., Gray, M. & Nawrocki, P., 2000; 

• Dusseault, M.B., Jackson, R.E., & MacDonald, D., 2014.  

• Duguid et. al, 2010 ; 
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Historical MI Performance of UIC Wells 




