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1.0 FACILITY INFORMATION 

Facility Name:  Orion Storage Facility 

Facility Location: 30.786402, -87.684030 (NAD27)  
  

Mailing Address:  5851 Legacy Circle, Suite 1200  

Plano, Texas 75024  

 

Well Location(s) Baldwin County, Alabama 

Orion #1: 30.786402, -87.684030 (NAD27)  
Orion #2: 30.800269, -87.683269 (NAD27)  

Orion #3: 30.800072, -87.660169 (NAD27) 
Chastang #1: 30.763484, -87.685995 (NAD27)  

 

The construction details for the Project Orion injection well s are described in this attachment. 

2.0 WELL DESIGN 

This document defines the design basis, assumptions, and construction details for Project Orion. Denbury 

Carbon Solutions, LLC plans to construct three CO2 injection wells in Baldwin County, Alabama. The wells are 

to be constructed in compliance with Class VI UIC injection well construction requirements.  All three wells, 

Orion #1, Orion #2, and Orion #3 will target the Paluxy Formation as the primary injection zone target. The 

Paluxy formation is a heterolithic sandstone that spans across the southern states including Alabama. Multiple 

confining zones have been identified, including the Ferry Lake Anhydrite, the Mooringsport formation, the shale 

interval (flooding surface) of the Paluxy, the shale interval (flooding surface) at the base of the Lower Tuscaloosa 

formation, and the Tuscaloosa Marine Shale. These formations are mainly mudstones, creating multiple 

confining zones. Denbury will also drill a stratigraphic well (the Chastang #1) that will be converted to a 

monitoring well. The three injection wells all have a total depth of 11,600 feet. Each well will inject 666,667 

tonnes of CO2 per year over a 20-year period, equating to a total of 40 million metric to nnes of CO2 injected. 

Denbury plans to perforate and inject into three (3) separate intervals within the Paluxy Formation at different 

times during the project. As Denbury operates the Orion #1, #2, and #3 wells, Denbury will isolate the previous 

injection interval and perforate the next, shallower zone. The assumed bottom-hole temperature is 210°F. The 

injection wells will be designed to accommodate a stream that is ≥97% CO2. Further carbon dioxide stream 

details concerning the constituents, corrosiveness, and temperature will be provided when they become 

available.  

The following sections describe the injection well  design, including information about wellhead injection 

pressure, casing and tubing, cementing, packer, annular fluid, the wellhead, perforations, and schematics.  
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casing will be cemented to the surface and set at 1,475 feet in order to protect the lowermost USDW. The 

lowermost USDW is at a depth of 1,300 feet.  The borehole diameter is 17-1/2 inches. 

 

 

Burst Scenario and Assumptions 

 
and  

 
where,  

Pshoe  = Maximum anticipated shoe pressure, psi  

Psurf   = Maximum anticipated surface pressure, psi  
Pint   = Internal shoe pressure, psi  
FG    = Estimated fracture pressure at shoe, lb/gal  

SF   = Burst loading safety factor  
Dcsg   = Casing setting depth, feet  
MW   = Mud Weight of drilling fluid, lb/gal  
0.052 = Conversion factor, psi-gal/ft-lb  

Gg   = Gas gradient, (0.115 psi/ft)  
 
Collapse Scenario and Assumptions  

 

 
and  

 
where,  

Pshoe     = Maximum anticipated external shoe pressure, psi  
Ptt     = Maximum anticipated external pressure at top of tail cement, psi  
MWlead = Mud Weight of lead cement, lb/gal  

Dlead     = Depth of Lead Cement, feet  
Htail     = Height of tail slurry, feet  
0.052   = Conversion factor, psi-gal/ft-lb  

 
Tension Scenario and Assumptions 
 

 
where,  

Wmax   = Maximum tensile weight at worst case, lbs  
Wcsg   = Unit casing weight, lb/ft  

Dcsg   = Casing setting depth, feet  
MW   = Mud Weight of drilling fluid, lb/gal  
Acsg   = Cross-sectional area of casing (15.51 sq. in.)  
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where,  
Pmax    =  Maximum internal pressure, psi  

Pmax inj  =  Maximum injection pressure, psi  
SGinjfl   =  Maximum specific gravity of injection fluid  
D          =  Depth of tubing, feet  
0.433  =  Pressure gradient, psi/ft  

SGafl        =  Specific gravity of annular fluid  
Pmax         =  2,000+ (0.433 x 0.673 x 10,200) – (0.433 x1.01 x 10,200)  
Pmax         =  511 psig.  

  
The burst pressure rating of the 5-1/2” O.D., 17lb/ft, L-80 premium connection tubing is 7,740 psig, which 
results in a design safety factor of 15.15 (7,740/511) and 4-1/2” O.D., 12.6 lb/ft, L-80 premium connection 
tubing is 8,430 psig, resulting a safety design factor of 16.50 (8,430/511) respectively. 

Collapse Scenario and Assumptions 

𝑃𝑚𝑎𝑥 = 𝑃𝑚𝑎𝑥𝑎𝑛 + (0.433 × 𝑆𝐺𝑎𝑓𝑙 × 𝐷) − (0.433 × 𝑆𝐺𝑖𝑛𝑗𝑓𝑙 × 𝐷) 

where,  
Pmax    = Maximum external pressure, psi  
Pmaxan  = Maximum annular pressure, psi  
SGinjfl     = Minimum specific gravity of injection fluid  

D    = Depth of tubing, feet  
0.433  = Pressure gradient, psi/ft  
SGafl        = Specific gravity of annular fluid  

Pmax         =      2,000 + (0.433 x 1.01 x 10,200) – (0.433 x 0.673 x 10,200)  
Pmax         =       3,489 psig  

  
The collapse pressure rating of the 5-1/2” O.D., 17lb/ft, L-80 premium connection tubing is 6,390 psig, which 

results in a design safety factor of 1.83     (6,390/3,489) and 4-1/2” O.D., 12.6 lb/ft, L-80 premium connection 
tubing is 7500 psig, resulting a safety design factor of 2.15 (7,500/3,489) respectively  
 

Tension Scenario and Assumptions 

    
where,  
Wmax   =          Maximum tensile weight at worst case, lbs  

Wta       =          Unit weight of injection tubing, lb/ft  
D            =          Depth of tubing, feet  
Wmax   =         (17 x 6,000) + (12.6 x 4,200) 
 Wmax  =         154,920 lbs  

  
The tensile strength rating of the 5-1/2” O.D., 17lb/ft, L-80 premium connection tubing is 356,000 lbs, which 
results in a design safety factor of 2.30 (356,000/154,920) and 4-1/2” O.D., 12.6 lb/ft, L-80 premium connection 

tubing is 288,000 lbs, which results in a design safety factor of 1.90 (288,000/154,920) respectively 
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1. Wire Line Access: Companion Flange 4-1/16” 5M API. Tapped Bull Plug supports local and remote 

injection tubing pressure functions with a pressure gauge. 

2. Valve, Gate, 5-1/8” 5M 

3. Adapter, Studded top and flanged bottom, 5-1/8” 5M X 4-1/16” 5M. 

4. Pneumatic Actuated Valve: 5-1/8” 5M Valve Assembly 

5. Valve, Gate, 5-1/8” 5M. 

6. Adapter, Tubing Head, studded top and flanged bottom , 11” 5M X 5-1/8” 5M. 

7. Tubing Hanger; 5-1/2” Tubing Hanger Assembly 

8. Casing Spool Assembly: 13-5/8” 5M bottom flange X 11” 5M, w/two 2-1/16” 5M, Flanged outlets, tie-

down screw packing. 

9. Casing Head Assembly: 13-5/8” 5M X 9-5/8” SOW w/two, 2” NPT-Line Pipe Outlets 

10. Surface Casing, 13-3/8”, 54.5-ppf, J-55, ST&C 

11. Intermediate Casing, 9-5/8”, 47-ppf, L-80, LT&C 

Wellhead Material Specifications 

• Tubing Hanger – CC Trim – 17-4 Stainless Steel 

• Tubing Head Adapter – FF Trim – 410 Stainless Steel 

• Gate Valves – FF-0.5 Trim – 410 Stainless Steel Body and 17-4 Stainless Steel Gates and Seats. 

• TEE, Instrument Flange, and Tree Cap – FF Trim – 410 Stainless Steel 

• Ring Gaskets – 316 Stainless Steel
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Figure 1: Injection Well Wellhead Schematic and Details
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9.0 SCHEMATICS OF THE SUBSURFACE CONSTRUCTION DETAILS 

The casing set depths and cement plan will protect the lowest USDW (deepest 1,300 ft). Formation tops will be confirmed at the time of drilling. 

Denbury will install electronic temperature, pressure, and flowmeters transmitters to continuously monitor the CO 2 stream and annulus pressure.  A 

quartz type permanent downhole gauge (PDHG) will be set above the packer. In addition to these continuous recording devices, alarms and 

automatic shut-off systems will be installed pursuant to 40 CFR 146.88(e). For the injection wells, 15 centralizers will be used for the surface casing, 42 

centralizers will be used for the intermediate casing, and 39 centralizers for the protective liner. The stratigraphic well will use 15 centralizers for the 

surface casing, 42 centralizers for the intermediate casing, and 78 centralizers for the protective casing. Exact locations of the centralizers are 

described in Figures 2 through 10. 

 

Figure 2: Orion #1 Injection Well Schematic (Perforated Interval 1) 
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Figure 3: Orion #1 Injection Well Schematic (Perforated Interval 2) 
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Figure 4: Orion #1 Injection Well Schematic (Perforated Interval 3) 
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Figure 5: Orion #2 Injection Well Schematic (Perforated Interval 1) 

 



 CONFIDENTIAL 

 

 23     Well Construction Details for Orion Storage Facility 

 Permit Number: TBD 
 

 

Figure 6: Orion #2 Injection Well Schematic (Perforated Interval 2) 
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Figure 7: Orion #3 Injection Well Schematic (Perforated Interval 1) 
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Figure 8: Orion #3 Injection Well Schematic (Perforated Interval 2) 
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Figure 9: Orion #3 Injection Well Schematic (Perforated Interval 3) 
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Figure 10: Chastang #1 Stratigraphic Well Schematic 
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