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A. Introduction 

The injection wells have been designed to accommodate the mass of CO2 that will 

be delivered to the storage site, considering key characteristics of the CO2 storage 

reservoir that affect the well design. This section illustrates the comprehensive analysis 

performed to comply with and exceed the EPA Class VI UIC well standards regarding the 

design of the casing, cement, and wellhead [40 CFR 146.86(a)]. 

A.1  Wellhead Injection Pressure 

SLB’s PIPESIM software was used to conduct a nodal analysis to determine the 

feasibility of CO2 injection through 6.625-inch tubing for the CO2 injection wells. The 

analysis assumes an expected wellhead (injection) pressure of about 1,500 psia (Section 
A.3.1 of the Injection Well Operations Plan). The nodal analysis for Injection Wells LL #2, 

LL #3, and LL #4 used was designed for a surface casing string with a 9.625-inch 53 lb/ft 

LTC thread casing set at approximately 11,400 feet, with a 6.625-inch 28lb/ft long 

injection tubing string set at 10,210 feet.   

The nodal analysis for Injection Well LL #1 was designed with the same casing 

construction, however the 6.625-inch tubing will be run from surface to a depth of 10,950 

feet.  The tubing is then converted to 5.5-inch 20 lb/ft tubing with two sliding sleeves 

installed to isolate access to the Upper and Lower Paluxy, respectively.  Additionally, 

when both sleeves are fully open, the flow profile is equivalent to the Nodal analysis case 

with no sliding sleeves (i.e., full access to all of the injection perforations).  The injection 

tubing strings in all four injection wells use L-80 grade steel and 13% chrome type (13Cr-

L80). Design parameters from the geologic model are shown in Table 1 below.  The 

schematics for the casing nodal analysis of both designs are shown in Figure 1. 
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At an injection rate of 1.25 MT/y, the resulting wellhead pressure (no sliding 

sleeves) is expected to be 1,491 psia, which conforms to the expected delivery pressure 

(Figure 2).  If the injection rate momentarily spikes, an injection rate of 1.50 MT/y results 

in a wellhead pressure of 1,534 psia (Figure 3). 

Figure 2. Wellhead Pressure at 1.25 MT/y (No sliding sleeves) 
 

Figure 3. Wellhead Pressure at 1.50 MT/y (No sliding sleeves) 
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If the sleeve accessing the Lower Paluxy is closed, and only the Upper Paluxy is 

open to injection, the tubing is still able to support an injection rate of 1.25 MT/y, with a 

wellhead pressure of 1,500 psia (Figure 4). However, if the Upper Paluxy sleeve is 

closed, and only the Lower Paluxy sleeve is open to injection, an injection rate of 0.25 

MT/y results in a wellhead pressure of 1,465 psia (Figure 5). Maximum injection wellhead 

pressure is set forth in Section A.5 of the Injection Well Operations Plan. 

Figure 4. Upper Paluxy Only, Wellhead Pressure at 1.25MT/y 
 

Figure 5.  Lower Paluxy Only, Wellhead Pressure at 0.25 MT/y 
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A.2 Casing Program  

Nodal analysis aided in the development of an injection well design to 

accommodate a 6.625-inch outer diameter (OD) tubing. Additionally, the injection wells 

have been designed to accommodate the concentric casing sizes required to isolate the 

injection reservoir from USDWs. Material for the casing was selected to be appropriate 

for the fluids and stresses encountered within the well [40 CFR 146.86(b)(1)]. For 

instance, casing strings that will be exposed to injected CO2 will be 13Cr-L80 steel, which 

is resistant to corrosion from CO2.  

Lab results have shown the corrosion rate of 13Cr steel in the high-temperature 

steam environment was less than 0.04 mm/a (Guoqing Xiao, 2020), which is sufficient to 

retard metallurgical corrosion should moisture or formation fluid come into contact with 

the CO2. The entire injection tubing string will be comprised of 13Cr-L80 steel.  Similarly, 

the 9.625-inch-long string casing will be constructed of 13Cr-L80 steel through the 

injection zone to above the confining zone. In areas where the risk of CO2 corrosion is 

not a concern, J-55 mild steel will be utilized. Lithology of the storage reservoir’s injection 

and confining zones are discussed in Section B.4 of the Application Narrative and 

reservoir fluid characteristics are discussed in Section B.9 of the Application Narrative.  

The anticipated composition and temperature of the CO2 stream, discussed in Section 
A.2 and Table 1 of the Injection Well Operations Plan, is consistent with that of the U.S. 

CO2-EOR industry, where mild steel is used. Constructing the wells with 13Cr steel 

components should exceed the protection requirements and be consistent with Guoqing 

Xiao (2020). The planned injection quantity is 1.25 Mt/y of CO2 per well. 

Stresses were analyzed and calculated according to worst-case scenarios, and 

casing specifications were selected accordingly. Table 2 below summarizes the results 

of this analysis. The burst, collapse, and tensile strength of the casing were calculated 

according to the scenarios defined below and were dependent on fracture gradients, mud 

weight, depths, and minimum safety factors.  

As demonstrated, the safety factors are sufficient in the worst-case scenarios to 

prevent migration of fluids into or out of USDWs or unauthorized zones (Table 3). The 

casing and tubing materials are designed to be compatible with the fluids encountered 









Proposed Injection Wells LL#1, LL#2, LL#3, and LL#4 
Injection Well Construction Designs for Longleaf CCS Hub, Mobile County, Alabama 
 

REV 2 April 17, 2024   Page 12 of 25 

A.3.1 Conductor Casing 
The conductor casing consists of 20-inch diameter mild steel and provides the 

stable base required for drilling activities in unconsolidated sediment. Depending on 

wellsite conditions, this can be drilled and installed or driven directly. This section of 

casing is also cemented in place. 

A.3.2 Surface Casing 
The surface casing is 13.325-inch diameter 54.5-lb/ft J-55 pipe with short thread 

couplings (STCs). The metallurgy of this casing string is carbon steel. Surface casing is 

to be cemented to surface, isolating the USDWs through which the string extends. 

Following the cement setting, a bond log is run to ensure a sufficient seal to prevent the 

migration of fluid into USDWs. 

A.3.3 Long-String Casing 
The long-string casing will be 9.625-inch diameter pipe composed of two sections. 

The long-string casing is required to extend from the surface to the injection zone [40 

CFR 146.86(b)(3)]. The uppermost section (approximately 7,250 feet) will be L-80 53.5-

lb/ft carbon steel pipe with long thread couplings (LTCs); the lower section (7,250 to 

11,400 feet) will be a corrosion-resistant alloy (e.g., 13Cr-L80 steel) having strength 

properties equivalent to or better than L-80 53.5-lb/ft pipe with LTCs.  A DTS/DAS fiber 

optic cable will be run outside the casing from surface through the Tuscaloosa Marine 

Shale and cemented in place with the casing.  The DTS/DAS cable will continuously 

monitor pressure and temperature as part of the mechanical integrity testing (MIT) 

program outlined in the Testing and Monitoring Plan.  Changes in these conditions may 

indicate unwanted migration of fluids between stratigraphic zones. 

A.4  Tubing 

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

storing CO2. This design utilizes 6.625-inch 28 lb/ft 13Cr-L80 steel for LL#2, LL#3, and 

LL#4, which resists corrosion from the injected fluid. The same tubing will be used for 

LL#1, down to approximately 10,950 feet, above the bottom packer, where a 6.625-inch 

28 lb/ft by 5.5-inch 20 lb/ft Crossover Connector will be run in the string to taper down the 

wellbore diameter to 5.5-inch 20 lb/ft 13Cr-L80 tubing.  Across the injection zones in LL#1, 
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fluid column, this 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 be mixed onsite from good quality (clean) 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: 

 TETRAHib Plus (corrosion inhibitor for carbon steel tubulars [i.e., casings, tubing]) – 10 
gal per 100 bbl of packer fluid 

 CORSAF™ SF (corrosion inhibitor for use with 13Cr stainless steel tubulars or a 
combination of stainless steel and carbon steel tubulars) – 20 gal per 100 bbl of packer 
fluid 

 Spec-cide 50 (biocide) – 1 gal per 100 bbl of packer fluid 

 Oxban-HB (non-sulfite oxygen scavenger) – 10 gal per 100 bbl of packer fluid. 

These products were recommended and provided by Tetra Technologies, Inc., of 

Houston, Texas.  Actual products may vary from those described above. 

A.5.2 Wellhead 
The wellhead will consist of the following components, from bottom to top: 

 20.75-inch x 13.375-inch, 3,000-psia casing head 

 13.625-inch fiber optic line port/access 

 13.625-inch x 9.625-inch, 5,000-psia casing head 

 11-inch x 7.0625-inch, 5,000-psia tubing head 

 7.0625-inch 5,000-psia full-open master control gate valve 

 7.0625-inch 5,000-psia automated tubing flow control valve 

 7.0625-inch 5,000-psia cross with one (1) 7.0625-inch, 5,000-psia blind flange 

 7.0625-inch 5,000-psia automated tubing flow control valve 

 7.0625-inch x 2.875-inch, 5,000-psia top flange and pressure gauge. 
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Figure 6.  Illustration of the Wellhead and Christmas Tree 
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Figure 7.  LL#1 Injection Well Schematic  
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Figure 8.  LL#1 Injection Well Schematic (Zoomed 10,000-11,400 ft.) 
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Figure 9. LL #2, #3, and #4 Injection Well Schematic (No Sleeves) 
 

  



Proposed Injection Wells LL#1, LL#2, LL#3, and LL#4 
Injection Well Construction Designs for Longleaf CCS Hub, Mobile County, Alabama 
 

REV 2 April 17, 2024   Page 24 of 25 

A.6 Drilling Operations and Safety 

A blow out preventer (BOP) of a design and construction to easily handle 

pressures that can be present down to a depth of 10,000’ or total depth (TD) will be placed 

on the well following the setting and completion of each casing string. The BOP will be in 

place during all drilling, testing, and logging operations, until the final wellhead is installed.  

Upon each installation, the BOP will be tested before drilling operations continue.  

Pressure testing will be conducted to 80% of the maximum pressure rating, and above 

expected drilling pressures. 

To further control well pressure during drilling operations, a water-based mud 

system will be used.  The basic mud mixture will consist of approximately 9.2-9.5 pounds 

per gallon drilling mud, comprised mainly of water combined with a gelling additive and 

barite.  Mud weight will vary to balance formation pressures encountered.  Total volume 

will be dependent on actual field depths.  If field observations, such as formation water, 

formation locations, etc., show that a heavier mud density is needed to prevent fluid 

migration between formations, the necessary amendments and additions will be made to 

the mud mixture. 

It is not expected that the drilling will encounter any H2S gas; however, as a 

precaution, a H2S detector ("gas sniffer") will be on location and continuously monitor for  

H2S gas during the drilling procedure. A pre-project evacuation plan will be developed 

and enacted should any H2S be detected.  The onsite geologists (mud loggers) will 

operate the H2S detector and immediately notify the driller if H2S gas is detected. The 

driller has the ability to shut down the drilling rig, shut-in the wellbore with the BOP 

(blowout preventer), and evacuate the location, until the seriousness of the problem can 

be properly and comprehensively evaluated.  The gas monitoring equipment is generally 

calibrated by the mud logger every day. 

A true vertical wellbore is necessary to mitigate risk of sticking logging tools and to 

maximize efficient cement coverage between casing and the wellbore.  Certain drilling 

and stratigraphic conditions can cause unexpected tortuosity in the wellbore during drilling 

operations. To monitor wellbore verticality, the driller will conduct wellbore surveys 

regularly.  If the wellbore strays too far from vertical, adjustments will be made to the 
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drilling bit, drilling rate, etc. as needed to return to true vertical.  If verticality cannot be 

maintained with such adjustments, directional drilling tools will be used to ensure minimal 

tortuosity. 

 

 

 

 


