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1. Introduction 

This plan describes the construction details for the Bellflower 1 injection well and the well 
schematics and cementing program for the observation wells (B3-IOB-1, B3-AOB-1, B3-UOB-1) 
at Buckeye III CCS in Coshocton County, Ohio (the “project”). 
 
2. Construction Details for Bellflower 1 

Bellflower 1 has been designed to accommodate the anticipated mass of carbon dioxide (CO2) and 
the subsurface characteristics of the CO2 injection intervals that affect the well design. The 
following reviews the analysis performed to comply with Class VI Underground Injection Control 
(UIC) well standards at 40 CFR 146.86(a) regarding the design of the casing, cement, and 
wellhead. Additionally, Tri-State CCS, LLC is working with the Ohio Department of Natural 
Resources (ODNR) to determine what state requirements will apply to constructing Bellflower 1. 

2.1. Wellhead Injection Pressure 

Petroleum Experts’ PROSPER® software was used to perform nodal analysis on multiple tubing 
diameters for injection of supercritical CO2 into the subsurface. Injection is planned into the Basal 
Sandstone Injection Complex (BIC). For the BIC, nodal analysis was performed with a long- string 
of 7-inch 26 lb/ft casing set to a depth of 7,309 ft TVD. The long-string casing was designed in 
two sections: the first one is L80 grade steel (L80) from surface to 7,000 ft TVD; the second section 
(covering the injection complex) is 22Cr-110 grade duplex stainless steel (22Cr-110) from 7,000 
ft TVD to 7,309 ft TVD. The well is planned to be perforated, as discussed in subsection 2.7.3 of 
this plan, in the Basal Sand Formation injection interval from the depth of 7,204 ft to 7,307 ft TVD. 
Feasibility of CO2 injection was determined with a 3.5-inch outer diameter (OD) 9.2 lb/ft, 22Cr-
110 tubing set at 7,204 ft TVD, at the top of the BIC. 
 
For injection into the BIC, the maximum allowable surface pressure (MASP), 1,938 psig, is 
identified based on 90% of the fracture gradient at the depth of the shallowest perforation (7,204 
ft), assuming a constant injection rate of 0.5 MMt/y (see subsection 2.3 of the Summary of 
Requirements – Class VI Operating and Reporting Conditions). Maximum surface injection 
pressures were derived from the reservoir model indicating the maximum downhole pressure limit 
of 3,821 psig in the BIC (Figure 1).  
 
Initial reservoir modeling indicated that the Area of Review (AoR) was determined by the CO₂ 
plume rather than the pressure differential. Consequently, a series of reservoir simulations was 
conducted to ensure that the CO₂ plume remained within the preferred AoR, allowing for the 
determination of an optimal injection rate. In the well construction design, only this preferred rate 
of 0.5 MMt/y was applied. For this design, several tubing sizes from 2.875-inch through 4.5-inch 
OD were compared for CO2 injection at the constant injection rate and maximum downhole 
pressure (3,821 psig) as shown in Figure 1. Nodal analysis at constant injection rate of 0.5 MMt/y, 
and maximum downhole pressure limit of 3,821 psig showed all tubing sizes larger than 2.875-
inch OD allow for safe CO2 injection. The 2.875-inch case shows the highest injection pressure of 
2,915 psig at the wellhead which is well above the maximum allowable delivery pressure (2,220 
psig). For tubing sizes larger than 3.5-inch OD, there is minimal reduction in the modeled injection 
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2.5. Demonstration of Well Material Compatibility 

Lithology of the storage reservoir’s injection and confining zones is discussed in subsection 2.4 of 
the Application Narrative. Reservoir fluid characteristics are shown in Table 2 above and discussed 
in subsection 2.8.1 of the Application Narrative. The anticipated composition of the CO2 stream is 
shown in Table 1 above, and anticipated temperature of the CO2 stream is shown in Table 2 above, 
Anticipated CO2 stream composition and temperature are consistent with that of the U.S. CO2 
enhanced oil recovery industry, where mild steel is used. Constructing the wells with 22Cr or better 
components or coatings should exceed the protection requirements and be consistent with Guoqing 
Xiao’s data (2020). 

In areas where the risk of CO2 corrosion is not a concern, H-40, J-55, or L-80 mild steel will be 
utilized. 

22Cr or better material is planned for wetted sections that are exposed to CO2, where the mixing 
of CO2 and formation brine pose a higher corrosion risk. The 22Cr alloy specification will be 
manufactured to ASTM/ASME standard A240 UNS S32205/S31803 and is suitable for the 
injectate stream and anticipated high chloride formation brine composition (Neel, 2024). 

Interior coatings for injection pipe and/or tubing, such as Tuboscope TK-99 (or equivalent) are 
designed for CO2 and related injection fluids and present an alternative to the use of high-grade 
chromium alloys. The TK-99 coating has been laboratory and field tested and has shown viable 
corrosion resistance in CO2, water, and hydrocarbon environments (Tuboscope TK-99 
Specification Sheet, 2019). Actual installation of 22Cr or coated injection tubing will depend on 
availability.  

2.6. Analysis of Casing Stress & Loading 

Casing stresses and loadings were modeled using Blade Energy Partners’ StrinGnosis® software. 
To ensure sufficient structural strength and mechanical integrity throughout the life of the project, 
stresses were analyzed based on worst-case scenarios, and tubular specifications were selected 
accordingly. Minimum design factors and casing load scenarios are summarized below in Table 3, 
Table 4, Table 5, and Table 6. The burst, collapse, and tensile loads were calculated according to 
the scenarios defined below and were dependent on fracture gradients, depths, and minimum safety 
factors. Casing test pressures were defined to satisfy 70% of API Maximum Internal Yield Pressure 
(MIYP). The casing and tubing materials proposed were selected to be compatible with the fluids 
encountered and the stresses induced throughout the sequestration project. If the recommended 
casing is not available for well construction, alternate tubulars will meet or exceed suitability 
criteria presented herein. 
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2.7.2. Surface Casing 

The surface casing is 9.625-inch diameter 36-lb/ft J-55 carbon steel (J-55) pipe with STCs. Surface 
casing will be cemented to surface, extending from surface to 1,200 ft TVD below the base of the 
lowermost USDW, isolating the USDWs through which the string extends. Following the cement 
setting, a bond log will be run to ensure a sufficient seal to prevent the migration of fluid into 
USDWs. Figure 3 shows the surface casing stress analysis for anticipated operating scenarios.  

2.7.3. Long-String Casing 

The long-string casing will be 7-inch diameter pipe composed of two sections. The long-string 
casing is required to extend from surface to injection zone (40 CFR 146.86(b)(3)). The uppermost 
section will be L-80 grade steel (L-80), and the lower section will be 22Cr-110 or better, both with 
gas tight premium connections. The transition will be targeted at approximately 7,000 ft TVD 
(Maryville Silt Formation). A DTS fiber optic cable will be run outside the casing from surface 
into the confining unit (Maryville Silt Formation) and cemented in place with the casing. 
Following the cement setting, a bond log will be run, and casing will be hydrostatically tested to 
verify casing integrity. Test pressure will never exceed the rated burst or collapse pressure as 
summarized in Table 8.   
Figure 4 and Figure 5 show the long-string casing stress analysis for anticipated operating 
scenarios. 

 
Figure 2: 16-inch Conductor casing (H-40) axial force design envelope. 
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Figure 3: 9.625-inch surface casing (J-55) axial force design envelope. 
 

 

Figure 4: 7-inch long-string casing (L-80) axial force design envelope. 
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Figure 5: 7-inch long-string casing (22Cr-110) axial force design envelope.  
 

2.7.4. Tubing 

The tubing connects the Basal Sand injection interval to the wellhead and provides a pathway for 
storing CO2 into the injection zone. This design utilizes 3.5-inch 9.2 lb/ft 22Cr-110 or better tubing, 
or lined carbon steel tubing, to approximately 7,204 ft TVD. At a depth of approximately 7,000 ft, 
a packer will be set within the Marysville Silt confining zone to isolate the BIC injection zone 
from the tubing-casing annulus. At the end of the tubing string, a no-go profile nipple and wireline 
re-entry guide will be installed. This will allow flow control equipment to be installed for flow 
regulation or pressure isolation.  

Downhole gauges will include high resolution tubing and annulus pressure gauges. Considering 
the anticipated formation pressure, temperature, and stress, the grade of tubing was selected to 
preserve the integrity of the injected fluid, the injection zone, and USDWs. Modeled load scenarios 
are summarized in Table 9. Figure 6 shows the tubing stress analysis for anticipated operating 
scenarios. The annulus between the tubing and long-string casing will be filled with noncorrosive 
fluid in accordance with 40 CFR 146.88(c) (see subsection 2.7.1 below). 

Potential CO2 sources and specifications are discussed in subsection 2.2 of the Summary of 
Requirements – Class VI Operating and Reporting Conditions. The injection tubing string in the 
well will use corrosion resistant duplex alloy (i.e., 22Cr-110 or better with premium connections 
or higher alloy for CO2 + H2O wetted sections) or an appropriately lined (i.e., glass reinforced 
epoxy) carbon steel string. Alloy selection at procurement will be finalized based on the most 
current applicable materials testing results from API, AMPP, or other standard bodies currently 
focused on carbon sequestration.  

The remainder of this page intentionally left blank. 
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2.9. Cementing Program 

Conductor casing will be driven if geotechnical conditions permit. If conductor hole is drilled or 
cementing is required, the conductor pipe will be cemented to surface. The surface and long-string 
casings will be cemented to the surface in accordance with requirements at 40 CFR 146.86(b)(3). 
The proposed cement types and quantities for each casing string are summarized in Table 11. 
Casing centralizers will be used to provide standoff from the borehole and allow cement placement 
outside the full outer diameter of the casing along the entire length of pipe. Logging and fluid data 
collected from the well will be incorporated into the cementing model to optimize centralizer 
placement. Except for the conductor casing, a guide or float shoe will be run on the bottom of the 
casing string, and a float collar will be run a minimum of one joint above the shoe. A stage tool 
will be utilized if needed for multistage cementing operations and will be either nickel plated or of 
compatible metallurgy with casing. 

The 7-inch long-string casing set 100 ft below the bottom of the BIC, within the Precambrian 
Basement, will be cemented using CO2 resistant tail cement until the top of the Marysville Silt 
confining zone. Cement and cement additives will be compatible with CO2 stream and formation 
fluids, and of sufficient quality and quantity to maintain integrity over the design life of the project. 
Following the cement setting, a bond log will be run and analyzed for all cemented casing strings 
to protect USDWs from fluid migration outside the wellbore.  

The actual job design including cement volume, displacement rates, and technique (i.e., single vs 
two-stage) will be refined using data from drilling operations (i.e., caliper logs, fracture logs, mud 
losses, etc.). A spacer will be pumped ahead of all cement jobs to assist in mud removal.  
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Figure 7: Proposed wellhead and Christmas tree schematic for Bellflower 1. Numbered components 
are listed in Figure 8. 
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2.10. Injection Well Construction Diagram 

The proposed well schematic for injection into the Basal Sandstone Injection interval in the BIC 
is shown in Figure 9. 

 
Figure 9: Proposed well schematic for Bellflower 1 for injection into the BIC. 
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Note: All depths are preliminary and will be adjusted based on additional characterization data 
obtained from the Pre-Operational Testing Program associated with the injection well. At 
minimum, the surface casing and long-string casing will be cemented to surface. 

3. Construction Information for Observation Wells 

Proposed well schematics and the cementing program for the in-zone observation well (B3-IOB-
1), above-zone observation well (B3-AOB-1), and lowermost USDW observation well (B3-UOB-
1) are provided in Appendix A to this plan. These wells along with an existing shallow 
groundwater well are proposed to monitor the project prior to, during, and post injection. Buckeye 
III CCS, LLC plans to obtain a permit to drill from the ODNR for each observation well and, 
subsequently, will construct these observation wells in compliance with state requirements at ORC 
1509 and OAC 1501:9. 
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Figure A-1: Proposed well schematic for in-zone observation well B3-IOB-1. 
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Figure A-2: Proposed well schematic for above-zone observation well B3-AOB-1. 
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Figure A-3: Proposed well schematic for the lowermost USDW observation well B3-UOB-1. 
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Table A-1: Cementing Program1 for the in-zone observation well B3-IOB-1. 

 

 

Table A-2: Cementing Program1 for the above-zone observation well B3-AOB-1. 

 

 

Table A-3: Cementing Program1 for the lowermost USDW observation well B3-UOB-1. 

 
 

1: Specific additives will be determined based on formation conditions and CO2 compatibility for cement that may be 
exposed to CO2. Additives may include 2% CaCl2, 0.25 lb/sack cell flake (or similar), and/or 2% gel. Buckeye 
III CCS, LLC will request prior approval for any changes to the additives. 


