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6.0 PRE-OPERATIONAL TESTING PROGRAM 
 

VANGUARD CCS HUB 

INSTRUCTIONS 

This template provides a suggested outline and recommendations for the pre-operational testing program 
for a Class VI well. Permit applicants are not required to use this template. This document does not 
substitute for promulgated provisions or regulations, nor is it a regulation itself, and it does not impose 
legally-binding requirements on the U.S. Environmental Protection Agency (EPA), states, or the 
regulated community.  

Note that references to EPA’s Class VI Rule in the code of federal regulations (CFR) are provided in 
this template. States with Class VI primacy have requirements that are at least as stringent as EPA’s. If 
your Class VI well is in a primacy state, consult your permitting authority about any additional 
requirements for what must be included in the plan.  

In this template, instructions or suggestions appear in blue text. These are provided to assist with site- 
and project-specific plan development. These are recommendations and are not required elements of the 
federal Class VI Rule.  

Please delete the blue text and replace the yellow highlighted text before submitting your document. 
Similarly, please adjust the example text and tables throughout as necessary (e.g., by adding or removing 
rows or columns). Appropriate figures, references, etc. should also be included to support the text of the 
plan.  

For more information, see EPA’s Class VI guidance documents at https://www.epa.gov/uic/class-vi-
guidance-documents. It is the responsibility of the owner or operator to maintain records of previous 
revisions to this plan. 

Facility Information 
Facility name: Vanguard CCS Hub 

Vanguard I-1 
Vanguard I-2  
Vanguard I-3 
Vanguard I-4 
Vanguard I-5 
Vanguard I-6 
Vanguard I-8 
Vanguard I-9 
Vanguard I-10 
Vanguard I-12 
 

Facility contact:  Marc Thomas, President & COO 
600 Rockmead Drive, Suite 112  
Kingwood, TX 77339 
(346) 576-8215 
marcthomas@nexgencarbonsolutions.com 
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Well locations:  Osage County, Oklahoma 

 
Vanguard I-1: Lat 36.633288°N, Lon -96.571029°W (NAD 83) 
Vanguard I-2: Lat 36.660083°N, Lon -96.534652°W (NAD 83) 
Vanguard I-3: Lat 36.664329°N, Lon -96.586951°W (NAD 83) 
Vanguard I-4: Lat 36.710244°N, Lon -96.542370°W (NAD 83) 
Vanguard I-5: Lat 36.744047°N, Lon -96.533843°W (NAD 83) 
Vanguard I-6: Lat 36.724157°N, Lon -96.489526°W (NAD 83) 
Vanguard I-8: Lat 36.823356°N, Lon -96.620496°W (NAD 83) 
Vanguard I-9: Lat 36.849167°N, Lon -96.592912°W (NAD 83) 
Vanguard I-10: Lat 36.893849°N, Lon -96.578026°W (NAD 83) 
Vanguard I-12: Lat 36.785641°N, Lon -96.594085°W (NAD 83) 
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EOS equation-of-state 
EPA U.S. Environmental Protection Agency 
F  
ft feet/foot 
°F/ft Fahrenheit per foot 
G  
GR gamma ray 
GSDT Geologic Sequestration Data Tool 
L  
lbm/ft3 pound mass per cubic foot 
M  
mD millidarcy 
MDT Modular Formation Dynamics Tester 
mg/L milligrams per liter 
MEM mechanical earth model  
MICP mercury injection capillary pressure 
MIT mechanical integrities 
MMSFC million standard cubic feet 
MMSFD/D million standard cubic feet per day 
N  
NMR nuclear magnetic resonance 
O  
  
P  
PEF photoelectric factor 
psi pounds per square inch 
psi/ft pounds per square foot 
R  
RCA routine core analyses 
S  
SCAL special core analysis 
SHmin minimum horizontal stress 
SP spontaneous potential 
T  
TCS triaxial compressive strength 
TD total depth 
TVD true vertical depth 
TVDSS true vertical depth sub sea 
U  
UIC Underground Injection Control 
USDW underground source of drinking water 
USIT ultra sonic imager tool 

  



Plan revision number: 0 
Plan revision date: 6/24/2025 

   

 

Pre-Operational Testing Program Details for Vanguard CCS Hub   Page 6 of 22 
NexGen Carbon Oklahoma, LLC – Project Vanguard  

6.0 PRE-OPERATIONAL TESTING PROGRAM 

6.1 Introduction 

This document outlines the pre-injection testing activities for the proposed stratigraphic test well, 
as well as the injection and monitoring wells planned for the Vanguard CCS Hub. Testing and 
monitoring operations during the injection and post-injection phases are detailed separately in the 
Testing and Monitoring Plan section (Section 8). This includes non-well-related baseline 
activities, such as geochemical analysis. 

Additional site-specific data will be collected during the drilling and installation of ten (10) 
injection wells (Vanguard I-1, Vanguard I-2, Vanguard I-3, Vanguard I-4, Vanguard I-5, 
Vanguard I-6, Vanguard I-8, Vanguard I-9, Vanguard I-10, Vanguard I-12). The project also 
includes ten (10) above-zone injection wells (Vanguard AZM-1, Vanguard AZM-2, Vanguard 
AZM-3, Vanguard AZM-4, Vanguard AZM-5, Vanguard AZM-6, Vanguard AZM-8, Vanguard 
AZM-9, Vanguard AZM-10, Vanguard AZM-12) to be drilled and completed above the upper 
confining zone and seven (7) in-zone monitoring (Vanguard IZM-1 through Vanguard IZM-7) 
wells targeting the single injection zone within the upper Arbuckle. This plan is designed to 
comply with the standards outlined in 40 CFR 146.87(a)-(d).  

Coring operations described in this program will be adjusted based on spatial variability, core 
quality, and recovery during the drilling process. All wells will undergo mechanical integrity 
testing prior to injection approval. The data collected will be used to update the Area of Review 
and Corrective Action Plan section (Section 3), refine the site characterization, revise the Testing 
and Monitoring Plan section (Section 8), and define the final operational limits and procedures. 

6.2 Pre-Injection Testing Plan—Injection Well  

 
To comply with the requirements of 40 CFR 146.87(a)-(d), the following testing and logging 
activities will be carried out during drilling, casing installation, and post-casing installation phases. 
These procedures are further outlined in the in Section 5.0 (Proposed Injection Well Construction 
Information) of the permit application. 
 
A detailed schedule of testing operations will be submitted to the UIC Director at least 30 days 
before the planned start date. The UIC Director will have the opportunity to observe all testing 
operations associated with the injection wells, as specified under 40 CFR 146.87(f). 
 

6.2.1 Deviation Checks 
At the Vanguard CCS Hub, ten (10) injection wells will be drilled and completed, with each well 
situated on a separate pad. All wells are designed as vertical completions. Deviation measurements 
will be recorded at regular intervals during drilling to ensure the creation of accurate and 
comprehensive deviation surveys. 
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4. Evaluating the interaction between formation fluids and injection materials. 

Formation fluid samples will also serve as baseline references for the injection interval, providing 
critical initial data for monitoring changes in reservoir conditions during injection operations and 
throughout the post-injection site closure phase. 

Formation pressures collected at this stage may not fully reflect static reservoir conditions due to 
the influence of drilling activities. These discrepancies will be addressed through interval-specific 
formation testing conducted after the completion of each injection well. Initial downhole formation 
pressures will represent the static reservoir conditions, forming a baseline for monitoring pressure 
changes during injection and post-injection operations. 

6.2.2.11 Reporting 

Following the collection and analysis of formation fluid samples, a comprehensive report will be 
compiled in accordance with 40 CFR 146.87(b). The report will include the following details: 

• Sampling Equipment and Procedures: Description of the equipment utilized for sample 
collection and the field procedures employed. 

• Pumped Samples: If a pump was used, the report will specify the flow rate, type of pump, 
its location, and geochemical modeling results indicating the anticipated geochemical 
composition of fluids under downhole conditions. 

• Field Data: Measurements for parameters such as pH, conductivity, temperature, and 
pressure obtained during field sampling. 

• Laboratory Results: Results of the laboratory analyses, including data from quality 
assurance samples. 

• Anomalies: Observations or notes addressing any unusual or unexpected data encountered 
during analysis. 

The finalized report will be submitted to the authorized regulatory UIC Director. 

6.2.3 Fracture Pressure Analysis 

In accordance with 40 CFR 146.87(d)(1), the fracture pressures of the injection and confining 
zones will be calculated or determined. These values, along with the injection zone’s pore 
pressures, will help establish suitable injection pressures for the wells. NexGen plans to analyze 
vertical stress (Sv) by utilizing density logs recorded in each injection well. Additionally, image 
logs, such as fracture identification logs, will be used to detect any fractures or borehole breakouts. 

Fracture and reservoir pressures will also be assessed through the evaluation of core samples and 
log data. The outcomes of these analyses will ensure that injection rates and pressures remain 
within limits defined by the fracture pressure of the injection zone(s). With a fracture pressure 
gradient of 0.706 psi/ft and a depth of approximately 3,000 feet, the calculated fracture pressure at 
the upper boundary of the Arbuckle Formation is estimated to be approximately 2,118 psi. 
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6.2.5.1 Ambient Pressure Fall-off Testing 

To evaluate reservoir permeability, assess injection capacity, and examine wellbore efficiency—
specifically for completion-related factors, such as skin damage, a short-term injection and fall-
off test will be performed for each well after construction but prior to initiating CO2 injection per 
40 CFR 146.87(e)(1). This testing will establish baseline data for each well, which will serve as a 
reference to monitor the effects of CO2 injection in the near-wellbore area. 

The test procedure involves an extended injection phase followed by a shut-in period. During the 
test, pressure data will be recorded before, during, and after injection as pressures gradually 
return to static equilibrium. The testing methodology will align with the “USEPA Region 6 UIC 
Pressure Fall-Off Testing Guidance (Third Revision – August 8, 2002).” Before initiating the 
test, the well will remain idle to ensure static pressure conditions, with no ongoing injection 
operations. Two pressure gauges will be placed at designated depths within the injection 
intervals to capture accurate initial static bottomhole pressure measurements. 

Following the collection of static pressure data, injection will begin at a consistent, predefined 
rate and will continue for a duration sufficient to generate pressure transients. These transients 
will provide critical data for fall-off test analysis. Downhole DAS fiber optic cable will 
continuously monitor flowing bottomhole pressures throughout the injection period. The well 
will then be closed at the surface to minimize the influence of wellbore storage, allowing 
pressure to decline naturally. This decline will be tracked until the reservoir reaches radial flow 
conditions, and final bottomhole pressure measurements are recorded. During this time, no 
injections will occur in nearby wells to ensure pressure responses remain isolated to the specific 
well and interval under testing. 

Analysis of the fall-off test will involve preparing comprehensive calculations and data plots to 
verify the test, define flow regimes, and evaluate well completion and reservoir characteristics. 
Parameters such as transmissivity and skin factor will be analyzed to identify changes over time. 
The impact of drilling or completion activities, such as perforation-related damage, will also be 
assessed, along with determining whether future well cleanouts may be required. In CO2-specific 
scenarios, pressure variations might indicate the presence of multiple fluid phases. The test 
design will account for such conditions to ensure accurate analysis. 

All findings and supporting documentation will be compiled into a detailed report, which will be 
submitted to the EPA within 30 days of completing the test (40 CFR 146.91(e) and 
146.91(b)(3)). 

6.2.5.2 Step-Rate Test 

A step-rate test will be conducted to determine the Maximum Allowable Surface Injection Pressure 
(MASP), which must remain below 90% of the measured fracture closure pressure for the injection 
interval. Each well will have a custom-designed step-rate test specific to its injection interval and 
completion parameters. The test will encompass a range of injection rates, starting from minimum 
pressures and gradually increasing toward the estimated fracture pressure. 
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The step-rate test involves incremental fluid injection, during which injection pressure is plotted 
against injection rate. For unconsolidated formations, a tubing/packer setup may be required. Each 
step will maintain a consistent injection rate and duration, with at least five steps involving 20% 
rate increases. However, step design may vary for each well to optimize data collection, potentially 
including more steps or smaller rate increases over time. 

Both downhole and surface rates and pressures will be recorded throughout the test. At the 
conclusion of each step, data will be analyzed by plotting injection pressure against rate. A 
consistent slope indicates elastic formation behavior, while a reduced slope suggests fracture 
initiation and pressure dissipation. The general procedure includes the following steps: 

1. Pre-Test Stabilization: Shut the well in long enough to allow bottomhole pressure to 
stabilize. 

2. Incremental Injection: Inject fluid at progressively higher rates, maintaining a constant 
duration for each step. Record the corresponding pressure at the wellhead using a calibrated 
pressure gauge, with adjustments made for friction losses. 

3. Flow Rate Control: Use a pre-tested constant flow regulator to ensure consistent injection 
rates. 

4. Flow Rate Measurement: Measure injection rates using a calibrated turbine flow meter 
and document the readings. 

5. Pressure Measurement: Measure bottomhole pressure with a downhole pressure bomb. 

6. Graphical Analysis: Plot stabilized injection pressures against flow rates. Identify the 
formation's fracture pressure as the point where the slope decreases, indicating a loss of 
pressure retention. 

7. Post-Test Stabilization: Cease injection, allowing pressure to dissipate into the formation. 
Record the instantaneous shut-in pressure (ISIP), representing the minimum pressure 
needed to keep a fracture open. 

8. Formation Behavior Assessment: If the maximum test injection pressure fails to reach 
fracture pressure, results may suggest that the formation can accommodate fluid without 
fracturing. 

All findings and associated documentation will be submitted to the EPA within 30 days of 
completing the test (40 CFR 146.91(e) and 146.91(b)(3)). 

6.3 Pre-Injection Testing Plan—Monitoring Wells 

NexGen plans to drill ten (10) above-zone monitoring wells (Vanguard AZM-1, Vanguard AZM-2, 
Vanguard AZM-3, Vanguard AZM-4, Vanguard AZM-5, Vanguard AZM-6, Vanguard AZM-8, Vanguard 
AZM-9, Vanguard AZM-10 and Vanguard AZM-12) and seven (7) in-zone monitoring wells 
(Vanguard IZM-1 through Vanguard IZM-7) equipped to track temperature and pressure above 
and within the injection zone. These wells will also provide critical data to validate site 
characterization parameters for both the confining and injection zones. 
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Although the EPA does not impose the same testing requirements for monitoring wells as it does 
for injection wells, NexGen has developed a testing plan to mitigate uncertainties, fill any data 
gaps, and establish robust baseline conditions. The following subsections detail the logging and 
testing procedures designed specifically for the in-zone monitoring well. 

This above-zone and in-zone monitoring wells will be constructed to allow for testing operations, 
including the deployment of downhole tools and workover equipment, while also enabling 
assessments of the well's mechanical integrity. Testing and logging activities will be conducted in 
stages, addressing both open-hole and cased-hole phases, based on the finalized well design. 

 

6.3.1 Deviation Checks 

The ten (10) above-zone monitoring wells are planned for vertical drilling and completion and will 
be located approximately 250 ft east of the proposed injection wells. The seven (s) in-zone 
monitoring wells will be located along the periphery of the AoR and within the NexGen-controlled 
land position. Deviation from the vertical trajectories are expected to be minimal or negligible. 
Deviation measurements will be taken at regular and adequate intervals during each phase of the 
drilling process to ensure precise well placement. 

Similarly, the in-zone monitoring wells, situated approximately 2 miles east of the injection site, 
is also designed as a vertical completion. This well will undergo regular deviation monitoring at 
consistent intervals throughout the drilling phases to confirm alignment with the planned 
trajectory. Both sets of monitoring wells are engineered to maintain accuracy and integrity in their 
vertical configurations. 

6.3.2 Tests and Logs 

The logging program has been tailored to enhance site characterization for both the confining and 
injection zones. It follows a methodology similar to the logging operations described for the 
injection wells. This program will include a range of logging runs, as outlined below. Please note, 
the table provides examples of potential logs NexGen may utilize, subject to the specific 
requirements of the project and permitting process for injection well construction. 
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The test will be classified as a "PASS" if the pressure remains stable throughout the test duration. If the 
pressure drops and fails to remain stable for the required timeframe, the test will be deemed a "FAIL," 
indicating potential well integrity issues. Continuous annular pressure monitoring will be employed to 
detect anomalies, identify potential leaks, and support the evaluation of any issues affecting the annulus. 

 

6.4 Annulus Pressure Test Procedures for Injection Wells 

Annular pressure testing will be conducted after well completion and before injection begins for 
all ten (1) injection wells, and following any workover involving tubing and packer removal. If 
tubing remains in place, testing will be performed at five-year intervals. The annular pressure 
will be held at least 100 psi above the tubing injection pressure and continuously monitored at 
the wellhead to detect anomalies indicative of leakage. The procedure is as follows: 

1. Operate the well at a stable injection rate for 72 hours to allow thermal equilibrium along 
the wellbore, confirmed by stable readings from surface and downhole temperature 
gauges. 

2. Close the annular valves to isolate the annulus, and monitor annular pressure and 
temperature (surface and downhole) for at least 30 minutes. A valid test shows no more 
than a 10% pressure loss. 

3. Submit test results to the UIC program administrator within 30 days of test completion. 

6.5 Annulus Pressure Test Procedures for Monitoring Wells 

Mechanical integrity will be verified through periodic pressure testing before injection 
operations begin and every five years thereafter. The test involves pressurizing the casing to 500 
psi and monitoring the pressure using a calibrated digital gauge. The procedure is as follows: 

1. Apply 500 psi to the casing and record pressure data using a digital monitoring device. 
2. Maintain pressure for at least 30 minutes; a valid test shows no more than a 10% decline. 
3. Report test outcomes to the UIC administrator within 30 days, or within 24 hours if the 

well fails to demonstrate mechanical integrity. 

6.6 Pressure Fall-Off Test Procedures: 

NexGen will perform a baseline pressure fall-off test before the start of injection and repeat the 
test every five years during the injection period to evaluate injectivity and monitor changes in the 
near-wellbore environment. The procedure is as follows: 

1. Conduct a pressure fall-off test prior to initial CO₂ injection to establish baseline 
injectivity and skin conditions near the wellbore. 

2. Repeat fall-off testing on a five-year interval to assess changes in reservoir pressure and 
near-wellbore flow efficiency. 
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3. Use test results to quantify any increase in formation damage or skin effect that could 
impair injection performance over time. 

6.7 Quality Assurance and Surveillance Plan  

The Quality Assurance and Surveillance Plan is provided in the standalone document 
8.11_QASP_NexGen_Vanguard.pdf. 

 


