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INJECTION WELL Construction 
40 CFR 146.82(a)(9), (11), and (12) 

Hoosier #1 Project 

Facility Information 
Project Name:  Hoosier #1 

Facility Name:  Cardinal Ethanol 

Facility Contact: Jeremey Herlyn, Project Manager 
Cardinal Ethanol 

Well Location: 1554 N. 600 E. 
Union City, IN 47390 
CO2 Injection Well Location for Cardinal CCS1 
Latitude  40.186587° 
Longitude -84.864284° 

Operator Name:  One Carbon Partnership, LP 
1554 N. 600 E. 
Union City, IN 47390 

For assistance with 508 Accessibility, 
please reach out to Janette Hansen 

Email: Hansen.Janette@epa.gov 
Phone: 312-886-0241
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Well Construction Plan Change Log 
Item 

Changed Date Version Initials Description 

Page 5 02/11/2022 1.0 MLC Added information about the downhole 
pressure and temperature sensors 

schematic 28/10/2022 1.0 RAE 
Added pressure and temperature gauges, 
densitometer, and flowmeter to the wellhead 
schematic 
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1 Injection Well Construction  
This section summarizes the methods and materials to be used for the construction of  
the Cardinal proposed Injection Well (CCS1). Schematics of the well that illustrates the 
construction, are provided within the contents of this document. Please note that these 
schematics are not meant to portray final products and are subject to change pending availability 
of materials listed and the completion of well installation. The work will be performed in 
accordance with guidance documents, approved work plans, and reporting timelines as approved 
by the US EPA. CCS1 will be constructed with multiple casing strings, each string smaller in 
diameter than the previous and cemented to surface to provide multiple layers of protection for 
Underground Sources of Drinking Water (USDWs). 
The injection well proposed in this document will be constructed as a new well.  The injection 
well will be drilled into the Precambrian Granite Basement (basement) with enough hole present 
such that the basement rock can be properly characterized. It is noted that, while CCS1 is 
currently planned to be the well that penetrates basement, the deep observation well (OBS1) will 
potentially serve to collect the basement characterization data. Should OBS1 be used to 
characterize the basement, CCS1 will not penetrate the basement.  
Once the basement characterization data has been collected, whether in CCS1 or OBS1, the open 
basement section will be plugged back to the injection zone such that the CO2 will not be directly 
injected into the basement. This will be done prior to running and cementing the long string 
casing in place.  
Figure 1 displays a schematic of the proposed well construction for CCS1. Figure 2 displays a 
schematic of the proposed wellhead for CCS1.  
Downhole pressure and temperature gauges will be installed  

The downhole pressure gauge will be used to help ensure that the 
maximum allowable bottomhole pressure (BHP) does not exceed 90% of the fracture pressure 
(40 CFR 146.88 [a]). The downhole temperature gauge will used to calculate the bottomhole 
density and volume of the injected fluid. The BHP gauges will be programed to take data at the 
intervals outlined in the testing and monitoring program section of this application (Attachment 
7: Testing And Monitoring, 2022). The data collected from these measurement systems will be 
collected continuously and sent to a surface SCADA system. More information about these 
sensors is provided in the Well Operations and Testing and Monitoring Plans (Attachment 6: 
Well Operations, 2022; Attachment 7: Testing And Monitoring, 2022). 
The Mt. Simon Sandstone, the targeted storage formation for the project, is a thick sandstone. 
The Eau Claire Shale is approximately 500 ft thick and serves as the primary confining layer for 
the project. The contact of the Eau Claire Siltstone with the Mt. Simon Sandstone is transitional 
with the base of the Eau Claire Formation being a glauconitic siltstone and very fine-grained 
sandstone known as the Eau Claire Siltstone. The Eau Claire Siltstone could serve as a secondary 
storage as CO2 migrates upwards due to density effects; however, there is no plan to inject 
directly into the Eau Claire Siltstone.  
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Figure 1. Proposed Injection Well Construction Schematic 
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Figure 2. Proposed Injection Wellhead Schematic for CCS1 
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j. Work string 
24. Once the packer has been set, the work string will be stung off the packer and run out of 

hole.  
25. The  injection tubing will be run in the hole as follows: 

k. On/Off tool 
l. Crossover 
m.  tubing to surface 
n. Crossover 
o. Landing joint 

26. Once the injection tubing has been latched onto the packer, the BOPs will be closed, and 
a preliminary annulus pressure test (APT) will be performed. 

p. The APT will be run as detailed in (Attachment 5: Pre-Op Testing Program, 
2022).  

27. After the APT has been successfully completed, the  tubing will be stung off the 
packer and the annulus will be displaced with the treated annulus fluid. 

q. This treated annulus fluid will be comprised of one, or more, of the following: 
i. Fresh water 

ii. Packer fluid 
iii. Inhibiters 
iv. Biocide 
v. Scale reducer 

28. Once this annulus fluid has been pumped, the  tubing will be stung onto the 
packer, and the tubing will be landed in the tubing hanger.  

29. After the tubing hanger is landed, a final APT will be run.  
30. The BOPs will be nippled down, and the wellhead will be installed.  
31. Following the installation of the wellhead. 
32. The workover rig will be rigged down, and the well installation will be considered 

complete.  
1.2.4 Testing Procedure 
The testing portion of the well installation is detailed below. Note that these procedures are 
subject to change as based on field conditions or the availability of equipment or materials.  A 
detailed procedure will be provided prior to the installation of the well. These procedures are 
consistent with those provided in Section 4. Testing will use the permanent downhole pressure 
gauges. 

1. Rig up pump truck and the associated auxiliary equipment. Ensure proper fluid is on 
location for injection testing. 

2. Pressure test pump truck equipment.  
3. Blow out the burst disk. 
4. Run step-rate test as detailed in (Attachment 5: Pre-Op Testing Program, 2022).  
5. Run FOT test as detailed in (Attachment 5: Pre-Op Testing Program, 2022).  
6. Rig-down pump truck. 
7. Secure the well.  
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The packer is sufficiently designed such that the worst-case scenario occurs at a pressure that is 
2.5% of the rated pressure differential.  

During operations, this worst-case scenario of an evacuated portion of the well is extremely 
improbable.  

1.3.3 Formation Pressure Considerations (During initial completions) 

The injection tubing is sufficiently designed such that the worst-case scenario during the initial 
completion is 29.3% of the derated collapse rating of the pipe. 
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1.3.4 Tensile Loading Considerations 

1.3.5 Cyclic Loading Considerations 

1.3.6 Corrosion Considerations 
All components selected for construction will use corrosion resistant materials. Verification of 
the suitability for these components is provided with this document and referenced in previous 
sections and subsections.  
Refer to the corrosion monitoring in testing and monitoring plan for corrosion monitoring of the 
materials of construction (Attachment 7: Testing And Monitoring, 2022). In addition, regular 
sampling and monitoring of the CO2 stream will be performed, as detailed in the testing and 
monitoring plan.  
Details and specifications of the corrosivity of the CO2 and projected chemical content, 
temperature and density have been provided within the well operations and testing and 
monitoring sections of this permit application.   
1.3.7 Operational Considerations 
Emergency shut-down equipment will be used for this project. Details on this equipment are 
provided in the well operation section as well as the testing and monitoring section (Attachment 
6: Well Operations, 2022), (Attachment 7: Testing And Monitoring, 2022).  
Surface monitoring equipment, as detailed in the testing and monitoring section, will be 
connected to the surface SCADA system. 
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Figure 3. Proposed Contingency Well Construction Schematic  
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Figure 4. Proposed Contingency Wellhead Schematic 
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2 Proposed Stimulation Program [40 CFR 146.82(a)(9)] 
Based on analysis and results of the Class I, AK Steel and BP Lima wells in Ohio, it is unlikely 
that any well stimulation, such as hydraulic fracturing, will be required upon initial completion 
of the injection well. If there appears to be significant reduction in actual permeability and 
porosity compared to the analyzed core data and information gathered during the fluid injection 
test, then a stimulation program may be considered.  
Routine well or formation remediation might be necessary to reduce lost injectivity due to 
routine injection operations. Lost injection capacity may be due to geochemical reactions, scale 
build-up, or pore throat plugging amongst other things.  
Should injection capacity be diminished enough to impact the effectiveness of the well, chemical 
or mechanical remediation may be required. Such remediation may occur using one, or more of 
the following methods: 

• Bullhead acid stimulation – an acid such as hydrochloric (HCl) acid will be used in a 
dilute concentration (i.e., 7.5%-15%) with other potential additives (citric acid, scale 
reducer, defoamer, etc.).  

o Acid will be pumped down the injection string and be allowed to soak in the near 
wellbore area before being pushed into formation or flushed back up to surface.  

• Bullhead acid stimulation with mud acid – HCl and hydrofluoric (HF) acid mix will be 
used with potential additives. 

• Coil tubing acid stimulation – HCl will be used with potential additives.  
o Coil tubing will be used to nitrify and place the acid over specific intervals. Acid 

will be allowed to soak and will be pushed into the formation or flushed back up 
to surface. 

• Coil tubing acid stimulation with mud acid – HCl and HF acid mix will be used with 
potential additives.  

• Coil tubing chemical treatment – should certain precipitates require treatment using fluids 
other than acid, targeted chemical remediation will be performed.  

• Coil tubing clean out – mechanical cleaning of scale and buildup from the cased hole 
interval 

o Samples of this scale/buildup may be taken to design effective treatment 
strategies 

• Reperforating 
Note that this list is not intended to be an exhaustive list of potential treatment methods, 
chemical treatments, or chemical additives.  
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If it is determined that stimulation is needed to increase permeability of the injection zone, then  
a proposed stimulation procedure will be submitted in writing to the Director at least 30 days in 
advance.  This proposal will have a description of the treatment, chemicals to be used, and 
procedures to be followed. A safety data sheet will be provided for all chemicals used during 
stimulation activities.  
All chemical treatments will be performed at working pressures less than the determined fracture 
pressure of the formation unless otherwise specified. The safe working pressure will be 
determined using hydrostatic pressure calculations, equipment ratings, materials of construction, 
and other pertinent details. Details on such calculations will be provided in the notification of 
stimulation activities.  
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