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4.1 Introduction 

The construction details for TCCSP_INJ-1 and TCCSP_INJ-2 of the Tulare County Carbon 

Storage Project (TCCSP) are described in this attachment. The injection wells have been designed 

to accommodate the maximum instantaneous mass rate of  per well of CO2 that could 

be delivered to site in the case that one injection well is shut-in for workover operations. Target 

average injection rates for each well are listed in Table 4-1. Key characteristics of the  

, which are the 

storage reservoirs, were considered in the design of these wells. This attachment illustrates the 

comprehensive analysis performed to meet U.S. EPA UIC Class VI well design requirements for 

casing, cement, and wellhead under 40 CFR 146.86(a). 

TCCSP_INJ-1 is proposed to be drilled to a total drilled depth (TD) of  from surface and 

will be completed in the   with injection taking place for the . 

TCCSP_INJ-2 is proposed to be drilled to  TD. TCCSP_INJ-2 will be first completed in 

the  for  of injection and subsequently plugged and recompleted 

into the  for the remaining  of injection. This well construction 

plan has been designed around this completion strategy to utilize the  

 while managing the lateral extent of the free phase CO2 and elevated 

pressure plume. 

4.2 Wellhead Injection Pressure 

 software was used to conduct a nodal analysis to determine the feasibility of 

injection of the target rate for TCCSP_INJ-1 and TCCSP_INJ-2 through . The 

analysis assumed an estimated wellhead pressure of approximately . The nodal analysis 

was designed with a long-string of  premium thread long-string set 

through the injection zone. See Table 4-4 for long-string casing depths. The injection tubing 

strings in both injection wells used are planned to be  

. The composition of the CO2 stream used in the modeling is 

available in section 6.3 Specifications of CO2 Stream of the Injection Well Operations Plan. 

Modeling results are shown for the two injection wells TCCSP_INJ-1 and TCCSP_INJ-2. Design 

parameters from the geologic model and target injection rates are shown in Table 4-1. The 

schematics for the tubular design used in nodal analysis are shown in Figure 4-1. 
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Figure 4-1. Nodal Analysis Schematics.
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Figure 4-2.  Tubing Nodal Analysis Results. 

The nodal analysis results in Figure 4-2. indicate that at the estimated wellhead pressure of  

 tubing will be able to deliver the average flowrates listed in Table 4-1 to the 

reservoir. All injection wells were modeled to achieve injection rates above the maximum expected 

instantaneous rate of  without violating the  fracture pressure constraint. A 

 tubing pipe in each injection well was determined to be adequate to support injection at 

TCCSP.  

 was also used to determine normal operating ranges for the wellhead pressures for 

injection wells at modeled injection rates.  

Table 4-2 summarizes the expected operating wellhead pressures at the average respective rates 

and maximum expected instantaneous rates. The maximum instantaneous injection rate was 

determined based on the possibility of one of the injection wells going offline for maintenance or 

workovers, therefore routing all the CO2 to a single injection well. For all modeled cases, the 

wellhead pressures were found to remain below the maximum allowable wellhead pressure as 

noted in section 4.3 of this plan. 
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Figure 4-3. Pressure Profile at Average Injection Rates.  
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Figure 4-5. Pressure Profile for Maximum Allowable Wellhead Pressure. 
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4.5 Casing Summary 

Injection well tubulars were designed and analyzed for the TCCSP_INJ-1 location given the 

geologic formations and target depths at this location were  compared to TCCSP_INJ-2 

albeit the differences being minor since the two wells are  However, 

TCCSP_INJ-1 is estimated to experience  bottomhole stresses compared to TCCSP_INJ-2. 

The hydro-static pressure determined from the regional data indicated a pressure gradient of  

 as outlined in section 1.2.6 of the Project Narrative. This yielded a maximum down hole 

pressure of . Similar design principles from TCCSP_INJ-1 will be adopted 

in TCCSP_INJ-2. The wells will consist of:  

 

 

 

 

 

 

  

 

 All casing strings will be cemented to the surface using staged cement jobs as 

needed. The borehole diameters are considered conventional sizes for the sizes of casing that will 

be used and should allow ample clearance between the outside of the casing and the borehole wall. 

This will ensure that a continuous cement seal can be emplaced along the entire length of the casing 

string. Table 4-4 summarizes the casing program for the injection well. Table 4-5 summarizes the 

properties of each casing material. Each section of the well is discussed in a separate section below. 

Strength calculations for the selected casing strings are provided in section 4.6. 

  

 
2 The  references the  including the Domengine,  
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4.5.1 Conductor Casing 

The conductor casing consists of  and provides the stable base required 

for drilling activities in unconsolidated sediment. The conductor will be drilled and cemented into 

place. A final determination of depth will be made after site preparation. This section of casing is 

also cemented in place. 

4.5.2 Surface Casing 

The surface casing is a  with buttress thread couplings 

(BTCs). The metallurgy of this casing string is carbon steel. Surface casing is to be cemented to 

surface, isolating the shallow drinking water and the lowermost USDWs. Following the cement 

setting, a  will be run to verify cement bond. 

4.5.3 Intermediate Casing 

The intermediate casing is  with buttress thread couplings 

(BTCs). The metallurgy of this casing string is carbon steel. The intermediate will be cemented to 

surface in one or more stages to isolate  and other drilling hazards. It will be set into 

the first competent zone identified within the . Following the cement setting, a 

 will be run to ensure cement bond. 

4.5.4 Long-String Casing 

The long-string casing will be a  . The long-

string casing is designed to extend from the surface to the injection zone per 40 CFR 146.86(b)(3). 

The uppermost section will be  or similar with buttress thread couplings 

(BTCs); the lower section will be a corrosion-resistant alloy (  or a higher 

grade) having strength properties equivalent to or better than  with premium 

connections. The transition will be targeted for approximately  above the confining zone 

targeted caprock. A  will be run outside the casing from surface into 

the confining unit and cemented in place with the casing.  

4.5.5 Tubing 

The tubing connects the injection zone to the wellhead and provides a pathway for injecting CO2. 

This design utilizes . A packer will be set to the depths 

listed in Table 4-13 to isolate injection zones from the tubing-casing annulus and will be set at 

approximately  above the first perforation interval.  At the end 

of the tubing string, a landing nipple, or “no-go” tool will be run. This will allow a plug to be set 

inside the tubing at this depth and the packer to be released in order to remove the tubing string if 

needed.  or equivalent will be hung 

in the tubing string immediately above the top packer and ported to the tubing. More information 

on the selected wellbore monitoring technologies is available in section 7.2 of the Testing and 

Monitoring Plan. Considering the anticipated formation pressure, temperature, and stress, the 

grade of tubing was selected with the API specifications outlined in Table 4-6, which includes the 

calculated safety factors. These safety factors represent sufficient quality standards to preserve the 

integrity of the injected fluid, the injection zone, and USDWs. The annulus between the tubing 
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Any casing or liner that creates an annular space with the production tubing was treated as a 

production casing or liner. The casing installed in any well was designed to withstand tensile 

loading based on the following assumptions: 

1. The weight of casing is its weight in air; and 

2. The tensile strength of the casing is the yield strength of the casing wall or of the joint, 

whichever is lesser. 

The following additional assumptions were made during the design process for the injection well: 

1. A  casing wear due to bottomhole assembly (BHA) rotation is assumed on all casing 

design segments with consecutive hole sections. 

2. Wall tolerance of  is assumed as per API standard TR 5C3 [2]. 

3. Temperature deration is considered on the design of the  casing string; and 

4. The  casing is being proposed and engineered to comply with a casing 

designed to pass a two-thirds evacuation loading on collapse. 

If the casing as designed is not available, final casing selection would be based on available 

technical options that are in stock at the time of construction provided they satisfy or exceed the 

design criteria discussed here.
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4.8 Cementing Program 

This section discusses the types and quantities of cement that will be used for each string of casing. 

Cement selection (composition and volume) and cementing procedure discussed here is anticipated 

to be applied to both injection wells. The conductor, surface casing, intermediate, and long-string 

casing will be cemented to 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 4-14 and 

Table 4-15. The final blends and quantities will be determined through discussions with cement 

vendors. The final volumes will be determined through caliper logs. These will be provided to the 

UIC Program Director promptly upon finalizing and well prior to injection well construction. 

Casing centralizers will be used on all casing strings to centralize the casing in the hole and ensure 

that cement completely surrounds the casing along the entire length of pipe. The casing string will 

be centralized to attempt a minimum of  standoff. The actual hole trajectory as drilled 

will be input into the cementing service company’s mud removal software to optimize centralizer 

placement. Centralizers will be placed either over the connections or at mid-joint using stop-rings 

as appropriate. It is estimated that approximately  centralizers will be used depending 

upon the hole trajectory. Additionally, collar guards will be run on every-other collar and blast 

protectors near target perforation intervals on the long-string to protect the  during 

installation and perforation. Except for the conductor casing, a guide shoe or float shoe is to be run 

on the bottom joint of casing, and a float collar will be run on the top of the bottom joint of casing. 

The  long-string casing will be cemented to the surface using a lead and a tail. The tail 

used will be CO2 resistant cement such as  or any other comparable and proven cement 

blend. Bartlet-Gouédard et al. [5] showed through lab testing that  provided significant 

resistance to degradation in the presence of CO2 at reservoir conditions , as 

compared to common  cement. These testing conditions provide a comparable 

environment in comparison to the TCCSP injection well’s bottom hole condition (  

 and indicate that the application of  should provide adequate 

CO2 protection. Final selection of the type of CO2 resistant cement will be dependent on market 

availability and technical properties of the selected cement. The selected cement will at a minimum 

meet or exceed the resistance of . The second stage consists of . The 

transition will be targeted at an approximate depth of  above the caprock.  

 will be run and analyzed for each casing string.  

 

During the recompletion of TCCSP_INJ-2 the perforations will be squeezed with cement via a 

cement retainer. The plugging procedure is described in the Injection Well Plugging Plan. 
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and Monitoring Plan for a full description of the injection well annulus monitoring system). This 

surface pressure, added to the hydrostatic pressure of the fluid column, will ensure that the annular 

pressure downhole will be greater than injection pressure. 

The annular fluid will be fresh water treated with additives and inhibitors including a corrosion 

inhibitor, biocide (to prevent growth of harmful bacteria), and an oxygen scavenger. The fluid will 

either be mixed onsite using freshwater and liquid and dry additives, or it will be acquired pre-

mixed. The fluid will also be filtered to ensure that solids do not interfere with the packer or other 

components of the annular protection system.  The final choice of the type of fluid will depend on 

availability. 

Example additives and inhibitors are listed below along with approximate mix rates: 

•  

 

  

 

 

  

  

These products were recommended and provided by  

The actual products will be similar but may vary from those described above. 

4.10 Wellhead 

The wellhead will consist of the following or similar components, from bottom to top: 

•  casing head 

•  casing head 

•  port/access 

•  tubing head 

•  port/access 

•  full-open master control gate valve 

•  automated tubing flow control valve 

•  cross with one (1)  blind flange 

•  automated tubing flow control valve 

•  automated safety shut down valve. 

•  top flange and pressure gauge. 
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Figure 4-6. Working Wellhead Design Diagram for Injection Wells. 

4.11 Perforations 

The long-string casing will be perforated across the  with deep-penetrating 

shaped charges. Due to the installation of , oriented perforations will be used to avoid 

damaging the . The exact perforation interval will be determined after the well is 

drilled and characterized with geophysical logging, core analyses, and hydrogeologic testing. 

The planned perforation intervals will be  shots per foot. Proposed perforation interval depths 

are found below in Table 4-18. TCCSP_INJ-1 is designed to inject into the perforations in the 

 for the entirety of the injection period. TCCSP_INJ-2 is designed to inject into 

the first set of perforations ( ) for the first  years of injection and subsequently 

recompleted into the second set of perforations ( ) for  years of 
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4.14 Schematic of the Subsurface Construction Details of the Wells 

A schematic of the design for the injection wells is shown in Figure 4-7, Figure 4-8, and Figure 

4-9. The injection wells will include the following casing strings: a  diameter conductor 

string; a  diameter surface string;  diameter intermediate string and a  

diameter long-string. All depths are preliminary and will be adjusted based on additional 

characterization data obtained while drilling the CO2 injection wells. All casing strings will be 

cemented to surface.  
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Figure 4-7. Schematic of TCCSP_INJ-1. 
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Figure 4-8. Schematic of TCCSP_INJ-2 ( ). 
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Figure 4-9. Schematic of TCCSP_INJ-2 (Recompleted to the ). 





Proposed Injection Wells TCCSP_INJ-1 and TCCSP_INJ-2 

Injection Well Construction Plan for Tulare County Carbon Storage Project 

Revision 2, September 2025  Page 37 of 41 

 

Figure 4-10. TCCSP_OBS-1 As Drilled Well Schematic.
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Figure 4-11.  Well Design.
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Figure 4-12.  Well Design. 
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Figure 4-13.  Well Design. 
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