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ft Feet 
lb Pound 
LLC Limited Liability Company 
MASP Maximum Allowable Surface Pressure 
MIT Mechanical Integrity Testing 
MMSCF Million Metric Standard Cubic Feet 
Mol% Molecular Percentage of Total Moles in a Mixture made up by One Constituent 
MMt Million Metric Tonnes 
MMt/y Million Metric Tonnes per Year 
N2 Nitrogen 
O2 Oxygen 
ppmv Parts per Million, Volume 
ppmw Parts per Million, Weight 
psi Pounds per Square Inch 
psig Pounds per Square Inch, Gauge 
UIC Underground Injection Control 
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1. Introduction 

Buckeye III CCS, LLC seeks to safely inject carbon dioxide (CO2) at a maximum rate of 0.5 
MMt/y into injection well Bellflower 1 at Buckeye III CCS in Coshocton County, Ohio (the 
“project”) while maintaining well integrity and remaining below 90% of the fracture pressure in 
the Basal Sandstone Injection Complex (BIC). The operational details provided in this document 
satisfy 40 CFR 146.82(a)(7) and (10). The operational design described in this document has been 
developed to adhere to requirements set forth in 40 CFR 146.88.  

2. Operational Procedures [40 CFR 146.82(a)(10)] 

2.1.  Injection Rates 

Bellflower 1 will be constructed as outlined in the Construction Details, drilled for CO2 injection 
into the Cambrian Basal Sandstone (CBS) in the BIC. Injection is planned for 30 years. Once the 
total planned injection is achieved, the tubing and completion will be retrieved, and the Basal 
Sandstone will be plugged off with CO2 resistant cement. 

Table 1 summarizes the proposed operational parameters for the injection well. These parameters 
are expected to remain constant throughout the injection period. However, some variability in 
operational parameters may stem from variations in volume from the CO2 sources, which may 
impact injection volumes during limited periods of time. The injection pressure values detailed in 
Table 1 were modeled using Petroleum Experts’ PROSPER software, and results can be found in 
subsection 2.1 of the Construction Details.  

Using the maximum CO2 injection rate as summarized in Table 1, the injection tubing string size 
was selected to meet the project requirements. Maximum injection (wellhead) pressure was 
calculated based on the hydraulic fracture gradient and 90% of hydraulic fracture pressure. The 
maximum injection pressure was modeled at the depth of the shallowest perforation in the Basal 
Sand Sandstone (7,204ft), assuming a constant injection rate of 0.5 MMt/y, which is considered 
the maximum allowable surface pressure (MASP) for Bellflower 1.  

Based on expected operating ranges, Buckeye III CCS, LLC proposes to maintain a 100-psi 
positive pressure differential in the annular space directly above the packer compared to the 
adjacent tubing during injection, per 40 CFR 146.88(c). Maximum annulus pressures at the 
wellhead are also summarized inTable 1. No injection will take place between the long string 
casing and surface casing to protect the USDW, per 40 CFR 146.88(b). 

Final design criteria to operate Bellflower 1 will be developed following data collection from the 
Pre-Operational Testing Program. 
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at the depth of the injection interval using a maximum injection rate of 0.5 MMt/y. The maximum 
surface injection pressure, as reported in Table 1 is equal to the MASP. 
 
As an example, the MASP calculated for Bellflower 1 based on a downhole pressure of 4,538 psig 
and maximum injection rate of 0.5 MMt/y is approximately 1,938 psig, as shown in Figure 1. The 
downhole pressure of 4,538 psig corresponds to 90% of fracture pressure at a depth of 7,204 ft 
TVD determined using a frac gradient of 0.7 psi/ft as discussed in subsection 1.7 of the Area of 
Review and Corrective Action Plan.  
 
Figure 1 highlights multiple maximum injection pressure cases for Bellflower 1. At injection 
pressures below the MASP, the downhole pressure at the top of the BIC stays below 90% of the 
fracture pressure. At injection pressures higher than the MASP, the downhole pressure at the top 
perforation exceeds the 90% fracture pressure limit. This indicates that at or below the MASP, the 
injection operations will not fracture the rock, as required by 40 CFR 146.88(a).  
 
 

 
Figure 1: Pressure Profiles to Calculate Maximum Injection Pressure at 90% of Fracture Pressure 
at the Injection Interval (7,204 ft) for Bellflower. 

2.4. Injection Well Operational Monitoring 

Bellflower 1 will be monitored to ensure safe operations, in compliance with 40 CFR 146.88(e)(2). 
Operational safety monitoring includes continuous monitoring of the injection pressure at the 
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wellhead and downhole, continuous monitoring of flow rate, volume and/or mass, and temperature 
of CO2 stream, continuous monitoring of the pressurized annulus, continuous fiber optic 
temperature monitoring along the well, and corrosion coupon monitoring to identify and monitor 
corrosion of materials used in construction of compression equipment, pipeline, and wells which 
encounter CO2. Each of these monitoring systems is fully described in Sections 3.0, 4.0 and 5.0 of 
the Testing and Monitoring Plan. 
  
In adherence to 40 CFR 146.88(e), Bellflower 1 will have a wellhead pressure gauge (tubing and 
annular pressure) and flow computer, both tied into the injection control system and set to trigger 
an alarm at the project control room and shut down injection in the well if: (1) the MASP is 
reached; (2) the CO2 injection rate exceeds maximum permitted rate; or (3) the annulus fluid 
pressure drops below the injection pressure at the packer. Injection parameters, including pressure, 
rate, volume and/or mass flowrate, and temperature of the CO2 stream, will be continuously 
measured and recorded. The pressure and fluid volume changes of the annulus between the tubing 
and casing will also be continuously recorded.  
 
In adherence to 40 CFR 146.88(f), all automatic shutdowns will be investigated prior to bringing 
injection back online to ensure that no integrity issues were the cause of the shutdown. If an un-
remedied shutdown is triggered or a loss of mechanical integrity is discovered, Buckeye CCS, 
LLC will immediately investigate and identify, as expeditiously as possible, the cause of the 
shutdown. Response actions to be taken in the event that mechanical integrity is lost are outlined 
in Appendix A of the Emergency and Remedial Response Plan. 
 
The annular space between the tubing and long string casing of Bellflower 1 will be pressurized 
with brine containing appropriate corrosion inhibiting additives and monitored for changes in 
pressure and volume as required by 40 CFR 146.88(c). The fiber optic cable cemented onto the 
outside of the long-string casing will be used to continuously monitor temperature along the length 
of the casing through the confining zone (Maryville Silt). Rapid temperature changes or other 
deviations from a normal operating temperature profile will be investigated to ensure that there 
has been no breach of wellbore integrity.   

3. Workover and Maintenance 

In adherence to 40 CFR 146.88(d), Buckeye III CCS, LLC will monitor and maintain the 
mechanical integrity of Bellflower 1 at all times. Well maintenance and workovers will be part of 
normal operations to keep Bellflower 1 in a safe operating condition. Procedures for well 
maintenance will vary depending on the nature of the procedure. All maintenance and workover 
operations will be monitored to ensure there is not a loss of mechanical integrity. As outlined in 
subsection 2.5 of the Testing and Monitoring Plan, and in adherence to 40 CFR 146.91(d),  
Buckeye III CCS, LLC will notify the UIC Program Director of any planned workover or injection 
well test at least 30 days in advance, and the results of any mechanical integrity test, workover, or 
injection well test will be provided within 30 days after the test or maintenance is completed (40 
CFR 146.91(b)). 

4. Routine Shutdown Procedure 






