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4.1 Introduction 

This section describes the engineering design details and operational strategies employed during 
the planning of BKVerde, LLC’s (BKVerde) proposed Luz Solar No. 1 injection well and associated 
monitoring wells.  The engineering design details meet the requirements of Title 16, Texas 
Administrative Code (TAC) §5.203(e) [Title 40, US Code of Federal Regulations (40 CFR) §146.86].  
Class VI regulations include specific requirements for the design and operation of a carbon 
capture and sequestration (CCS) well.  This section addresses each of those requirements in 
detail. 
 
4.2 Injection Well 

4.2.1 Engineering Design 
 
The Luz Solar No. 1 design is optimized to permanently sequester supercritical CO2 fluid, prevent 
its movement into Underground Sources of Drinking Water (USDW), and account for various 
operational factors, such as injection volume, pressure, temperature, rate, chemical 
composition, and physical properties of the injectate fluid, as well as the corrosive nature of the 
injectate fluid and its impact on well components.  The operation of the well will be managed to 
ensure efficient use of pore space in the injection interval and contain the CO2 within the 
authorized injection zones for the duration of the project. 
 
The design of this well considered several key components, including volume, pressure, 
temperature and rate of injection, chemical composition, physical properties of the injectate 
fluid, corrosion concerns, metallurgical evaluations, and operational details necessary to 
maintain proper reservoir management. 
 
Class VI wells are designed similarly to Class I injection wells, including specialized metallurgy to 
handle potentially corrosive fluids.  While CO2 alone is not corrosive, it can create carbonic acid 
with a pH as low as 3 when combined with water and other chemical compounds, such as 
hydrogen sulfide (H2S).  The injection and monitoring wells are designed to withstand the 
corrosiveness of the injectate.  Special metallurgies are considered for the casing, tubing, 
wellhead equipment, and downhole tools.   
 
The drilling program includes deviation checks and inclination surveys performed every 100 feet 
(ft) during drilling.  The cement design and products used to cement the well create good bonding 
between the casing and formations while withstanding the corrosive injectate.  The cementing 
of the casings is designed with a sufficient cement sheath to protect the well from developing 
any channeling out of the injection interval and sequester the CO2 below the upper confining 
zone (UCZ).  
 
The Miocene and Frio sands will be used as the storage reservoir for this project and are 
composed of stacked layers of laterally continuous sand and shale sequences in normal pressure 
environments.  The Miocene and Frio sands in the project area are generally located from  
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Figure 4-2 – Bottomhole Injection Pressure Plot vs. Gas Mass Rate 
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Figure 4-3 – Injected Fluid Temperature vs. Pressure at Constant Enthalpy 
 
The critical point of CO2 is , above which CO2 exists in a supercritical fluid state.  
Given the pressures and temperatures calculated for Luz Solar No. 1, the injected fluid will remain 
in the liquid or dense phase (i.e., supercritical) from the time it enters the BKVerde site, through its 
path and into the subsurface injection interval.  At the surface, fluid temperature will be maintained 
above the critical temperature.  Temperature and pressure will increase as the supercritical CO2 
travels down the tubing and into the injection zone in the supercritical phase.  Figure 4-4 shows a 
phase diagram for CO2, highlighting its supercritical state within the formation. 
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Figure 4-4 – CO2 Flow Conditions.  The magenta dot shows the anticipated bottom hole conditions for the 

injectate.  The black dot is the critical point for CO2. 
 
In support of the tubing size, the following casing and hole sizes were chosen to provide sufficient 
annular spacing to obtain a good cement sheath that will promote adequate cement bonding, and 
to provide sufficient protection for the casing. 
 

• 
  
  
 

 
Conductor Casing 
 
Conductor casing will be required to maintain the integrity of the hole during the initial drilling of 
the well.  A  conductor casing will be used for this purpose.  The pipe will be driven using a 
hydraulic ram either to refusal or to approximately 100 ft below ground level (BGL).  After the 
conductor casing is in place, the inside of the pipe will be flushed and drilling can commence. 
 
The selection of the conductor casing is based on the desired bit size for drilling the surface casing 
borehole.  With the conductor casing having an ID of  
can be used to clean out the conductor casing and drill the next section of the well to a depth of 
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Centralizers 
 
Centralizer selection and installation for the referenced well have two separate functions.  The bow-
spring centralizer design for the  surface casing will be planned to protect any shallow aquifer 
zones according to state regulations.  The specific placement ensures that a continuous, uniform 
column of cement is present throughout the  annular void.  The 
recommended locations will be as follows: 
 

•  
 
 
  

 
Total Centralizers –  

 
The bow-spring centralizer design for the  intermediate casing will be planned to protect 
any shallow aquifer zones according to state regulations.  The specific placement ensures that a 
continuous, uniform column of cement is present throughout the  
annular void.  The recommended locations will be as follows: 
 

•  

 
  

 
Total Centralizers –  

 
The selection and installation of centralizers for the  long-string casing ensures that a 
continuous, uniform column of cement is present throughout the  
annular void.  The recommended locations will be as follows: 
 

•  
 
 
  

 
Total Centralizers –  

 
Injection Tubing 
 
The injection tubing size was selected based on the injection rates, injectate composition, exposure 
time, and ability to remove and replace the tubing.  The injectate composition and potential for a 
corrosive environment were considered when determining the tubing metallurgy.  Although the 
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The tubing and long-string casing annulus will be filled with a noncorrosive fluid as approved by 
the UIC Director, before setting the packer.  Pressure will be maintained and monitored on the 
annulus at a pressure that exceeds the operating injection pressure of the well.  
 
Pressure Gauge Array  
 
Pressure and temperature gauges will be installed across the active injection zone to provide 
continuous data in real time for reservoir monitoring purposes.  A TEC cable will be installed on the 
exterior of the tubing completion to power the gauges and provide communication to the surface. 
 
Automatic Surface Shutoff System and Safety Alarm 
 
In accordance with 16 TAC §5.203(d)(2)(F)(i) [40 CFR §146.88(e)(2)], an automatic surface shutoff 
system, safety alarms, and Supervisory Control and Data Acquisition (SCADA) system will be installed 
to shut in the well—and alert BKVerde when operating parameters such as annulus pressure, 
injection rate, etc., diverge from permitted ranges or gradients.  
 
Wellhead Discussion 
 
The wellhead is designed to accommodate anticipated working pressures and eliminate corrosion 
complications.  The equipment will be manufactured from a combination of stainless-steel 
components across the hanger and casing spool.  Inconel or equivalent lining will be placed across 
trims, stems, gates, valves, etc.  The final pressure rating will be confirmed before the manufacturing 
begins.  The wellhead will be configured as displayed in Figure 4-6 (page 23).  The wellhead design 
and manufacturer shown may change based on well and commercial factors before drilling this well. 
In accordance with 16 TAC §5.203(e)(1)(C)(ii), the wellhead for the injection well will be equipped 
with pressure observation on the tubing and each annulus of the well. 
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Figure 4-7 – Typical CO2 Plume Profile in High Permeability Formations 
 
In unconsolidated, high permeability formations, like the Miocene and Frio, the completion strategy 
is critical.  At the end of each injection zone, the well will be recompleted into a new zone.  A plug 
will be set to isolate the previous zone, and  long-string will be perforated to access the 
next zone for injection, as shown in Figure 4-8. 

 
Figure 4-8 – Completion Strategy Illustration 

 

























Class VI Permit Application, Section 4 – Luz Solar No. 1 Page 41 of 56 

4.3.3 Testing and Logging of Rayo Luna No. 1 During Drilling and Completion Operations 
 
Coring Plan 
 
Core samples will be collected during drilling of the Rayo Luna No. 1 well in the UCZ, transition, 
Anahuac shale, gross injection zones, and LCZ.  
 
Sections of whole core cut in 30-ft increments and rotary sidewall cores will be collected from the 
Burkeville formation (i.e., UCZ) and the Lower Miocene formation (i.e., injection interval), as listed 
in Table 4-34.  Whole core will follow low-invasion acquisition protocol using high-performance, oil-
based drilling fluid.  Four-inch diameter whole cores will be drilled in the  section below the 
intermediate casing.  Because of anticipated poor consolidation and lack of cohesion in these 
siliciclastic rocks, special vented-aluminum, disposable-core inner barrels and full-closure core 
catchers will be used.  Wellsite core handling, stabilization, and preservation will follow strict 
guidelines to ensure that the confining and injection zone cores remain representative of in situ rock 
properties.  Sidewall cores will be acquired to fill gaps between whole core depths. 
 
Detailed analytical programs will be conducted for confining and injection zone characterization to 
include the following: 
 

1. Geoscience evaluation for core sedimentological descriptions; petrology and mineralogy to 
include thin-section petrography, X-ray diffraction, and scanning electron microscopy; 
fracture characterization (if warranted), and geochemistry. 

2. Routine core analysis computed tomography (C/T) and GR scanning, photography, and 
determination of porosity, permeability, and grain-size distribution.  Pilot and fast track 
studies will be conducted to optimize analytical protocol and expedite results. 

3. Rock mechanics will include Mohr-Coulomb failure analysis, quantification of mechanical 
impact on rock strength because of CO2 injection and temperature effects (i.e., confining and 
injection zones), uniaxial strain bulk rock and pore volume compressibility, thick-wall 
cylinder stability evaluation, and P/S-wave data acquisition.  

4. Special core analysis (petrophysics) for electrical characterization, mercury injection to 
determine pore throat radii distribution and confining capacity, and other petrophysical 
measurements for wireline log calibration. 

5. Special core analysis (reservoir engineering) to determine supercritical CO2-brine multiphase 
flow (i.e., relative permeability) under steady-state conditions for drainage and imbibition 
(hysteresis effects), critical gas, trapped gas, threshold entry pressures, interfacial tension 
(IFT) and contact angles, and capillary pressure measured using multiple methods. 

6. Formation damage testing will include rock-CO2-brine compatibility studies (static and 
dynamic) with mineralogical characterization before and after CO2 contact, fines 
migration/critical velocity of solids evaluation, and flow analyses to investigate acidity, 
thermal, and CO2 fluid throughput effects. 
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4.5 Conclusion 

Luz Solar No. 1 and its associated monitoring wells are designed to meet the requirements of Title 
16, TAC §5.203(e) [40 CFR §146.86].  This design—with a robust monitoring, verification, and 
reporting (MRV) plan, as well as six barriers of construction to protect the USDWs—will allow for 
the safe injection and sequestration of CO2. 
 

Appendix D - Construction: 

• Appendix D-1  Luz Solar No. 1 Proposed Well Schematic  
• Appendix D-2  Luz Solar No. 1 Well Drilling and Completion Prognosis  
• Appendix D-3  Rayo Luna No. 1 Proposed Well Schematic 
• Appendix D-4  Rayo Luna No. 1 Well Drilling and Completion Prognosis 
• Appendix D-5   Proposed Well Schematic 
• Appendix D-6   Prognosis 
• Appendix D-7  Well Schematic 
• Appendix D-8   Prognosis 
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