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8.9 QUALITY ASSURANCE AND SURVEILLANCE PLAN 

40 CFR 146.90(k) 

 
VANGUARD CCS HUB 

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 

 
 
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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ACRONYMS AND ABBREVIATIONS 

2D two-dimensional 
°C degrees Celsius 
μS/cm microseconds per centimeter  
A  
AoR area of review 
ASTM American Society for Testing and Materials 
C  
CBL cement bond log 
CG gas chromatography 
CO2 carbon dioxide 
D  
DAS distributed acoustic sensing 
DTS distributed temperature survey 
DO dissolved oxygen 
E  
EPA U.S. Environmental Protection Agency 
M  
MFL 
meq 

Magnetic flux leakage casing inspection tool 
milliequivalents 

MIT mechanical integrity testing 
MVA monitoring, verification, and accounting 
N  
NACE National Associated of Corrosion Engineers 
P  
PISC post-injection site care and closure 
Project Vanguard CCS Hub 
PNL pulsed neutron logging 
Q  
QA quality assurance 
QASP quality assurance and surveillance plan 
QA/QC quality assurance/quality control 
QC quality control 
S  
SCADA supervisory control and data acquisition 
SOP standard operating procedures 
T  
TBD to be determined 
TDS total dissolved solids 
U  
UIC Underground Injection Control 
USDW underground sources of drinking water 
USIT ultra sonic imager tool 
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TITLE AND APPROVAL SHEET  

The Quality Assurance and Surveillance Plan will be finalized once the facility design is complete, 
encompassing all surface and subsurface systems, instrumentation specifications, sampling and laboratory 
methods, organizational roles, and document control procedures. 
This QASP applies to all Vanguard CCS Hub wells: Vanguard I-1, I-2, I-3, I-4, I-5, I-6, I-8, I-9, I-10, and 
I-12. 
By signing below, each party confirms their understanding of—and commitment to—adhering to the 
procedures detailed herein. 

 

Signature  
Marc Thomas 
President and Chief Operating Officer 
 
 
 
 

Date 

Signature 
 
 
 
 
 

Date 
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DISTRIBUTION LIST 

The Vanguard CCS Hub (the “Project”) participants, acting as key project managers (listed below), will 
receive the completed QASP and all future updates for the duration of the Project. 

Marc Thomas | President and COO  
NexGen Carbon Oklahoma, LLC 
600 Rockmead Drive, Suite 112 
Kingwood, TX 77339 
marcthomas@nexgencarbonsolutions.com 
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8 TESTING AND MONITORING PLAN (CONT.) 

8.11 Quality Assurance and Surveillance Plan 

A. PROJECT MANAGEMENT 

A.1 Project/Task Organization  

A.1.a Key Individuals and Responsibilities 
NexGen Project oversight for testing and monitoring will be the responsibility of NexGen Carbon 
Oklahoma, LLC’s Project Managers, with execution carried out by the broader NexGen team. Monitoring 
activities are organized into five key areas: 

•  
• Groundwater well logging 
• Annual mechanical integrity verification 
• Continuous pressure and temperature surveillance 
• Routine CO₂ stream composition analysis 
• Time-lapse geophysical surveys 

 

A.1.b Independence from Project Quality Assurance Manager and Data Gathering 
The Testing and Monitoring Plan data is analyzed, processed, or witnessed by independent third parties 
outside the Project management structure. 

A.1.c Quality Assurance Project Plan Responsibility 
NexGen is responsible for maintaining and periodically distributing an official, approved Quality 
Assurance (QA) Project Plan. NexGen will periodically review this QASP and will consult with the U.S. 
Environmental Protection Agency (EPA) if changes to the plan are warranted.  

A.1.d Organizational Chart for Key Project Personnel 
The Project organizational structure is provided in Figure 8.11.1. NexGen will provide the Program 
Director a contact list of individuals fulfilling these roles. 
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Figure 8.11.1—Project organization structure. 

A.2 Project Definition/Background 

A.2.a Rationale and Reasoning 
NexGen proposes drilling and completing ten (10) carbon sequestration 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 and Vanguard I-12), 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) for the safe sequestration of carbon dioxide at the Vanguard 
CCS Hub in Osage County, OK. The monitoring, verification, and accounting  (MVA) program at the 
Vanguard CCS Hub is structured into three pillars: operational surveillance, verification activities, and 
environmental monitoring. Operational surveillance focuses on safe injection practices, real-time 
surveillance of reservoir behavior, and tracking the CO₂ plume’s migration. The primary parameters to be 
monitored are: 

• Anulus pressures in all ten (10) injection wells and all ten (10) in-zone monitoring wells. Tubing 
pressures in the injection wells will also be monitored.  

• Injection zone pressure monitoring within all ten (10) injection wells 
• Integrity of the confining zone 
• Monitoring of the lowermost underground source of drinking water (USDW) 

 
Additional monitoring parameters include injection rate, total volume injected, injection well temperature 
profiles and two-dimensional (2D) time-lapse seismic. The verification and environmental components 
inform NexGen if CO2 leaks through the caprock and is released into the shallow subsurface or biosphere. 
At the wellbore, Pulsed Neutron Logging (PNL) as well as pressure and temperature monitoring are 
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utilized across protected groundwater intervals and the confining zone. Two dimensional (2D) seismic 
will also be utilized to determine whether large amounts of CO2 leakage is occurring, although this method 
has a time delay. 

A.2.b Reasons for Initiating the Project 
The Project’s objective is long-term, industrial-scale CO₂ storage in the Arbuckle Group to help lower 
atmospheric CO₂ levels. To confirm containment, a comprehensive MVA Plan has been designed. Under 
the Class VI Rule, operators must employ multiple monitoring techniques over the Project’s lifespan to 
verify that: 

• The injection well retains full mechanical integrity 
• Fluid movement and pressure propagation remain inside the permit-defined boundaries 
• There is no impact on underground sources of drinking water 

Our monitoring suite includes annual mechanical integrity tests (MITs), routine injection‐well 
performance evaluations, groundwater surveillance, and continuous mapping of the CO₂ plume and 
pressure front. This plan describes each measurement, the frequency and methodology for data collection, 
and the quality-assurance procedures that guarantee all results are reliable for decision-making throughout 
the Project. 

A.3 Project/Task Description 

A.3.a Summary of Work to be Performed 
Table 8.11.1 provides a summary of the testing and monitoring tasks for the Project. 

Table 8.11.2 provides details of the equipment that will be installed and used for monitoring.  

Table 8.11.3 shows the geophysical monitoring tools and timelines. 

Figure 8.11.2 depicts the Project area and the location of the ten (10) Vanguard injection wells their 
associated monitoring wells. The location and design of monitoring infrastructure is in progress and will 
iteratively be added to the map. 
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A.3.b Resource and Time Constraints 
NexGen does not anticipate any additional resource or time constraints for the Testing and Monitoring 
Plan beyond Project funding levels and the proposed timeline outlined in Figure 8.11.3. 

  
Figure 8.11.3—Anticipated timeframe for NexGen’ proposed CO2 sequestration project as part of the Vanguard 
CCS Hub. 

A.4 Quality Objectives and Criteria 

A.4.a Performance/Measurement Criteria 
This QASP provides confidence that the underground storage project is operating as planned and 
permitted; thus, the Project is not altering USDWs. Near-surface groundwater monitoring will be 
conducted during the pre-injection, injection, and post-injection phases of the Project in aquifer(s) 
identified as being the primary utilized aquifer(s) in the Project AoR. Minimum fluid analytical and field 
monitoring parameters for the near-surface aquifer are listed in Table 8.11.4. Analytical parameters for 
CO2 stream monitoring, corrosion coupon assessment, and gauge specifications are shown in Table 8.11.5 
through Table 8.11.8.  

Continuous CO2 stream monitoring using a gas chromatograph will be monitoring for the following 
components: 

• Carbon Dioxide 
• Nitrogen 
• Oxygen 
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A.4.b Precision 
Fluid sample data precision will be assessed by the collection and analysis of field blanks to test sampling 
procedures and matrix spikes to test lab procedures. Field blanks will be taken no less than once per 
sampling event to spot-check for sample bottle contamination. Laboratory assessment of analytical 
precision will be the responsibility of the individual laboratories per their standard operating procedures.  

A.4.c Bias 
Laboratory assessment of analytical bias will be the responsibility of the individual laboratories per their 
standard operating procedures and analytical methodologies. For direct pressure or logging measurements, 
there is no bias. 

A.4.d Representativeness 
For fluid sampling, data representativeness expresses the degree to which data accurately and precisely 
represents a characteristic of a population, parameter variations at a sampling point, a process condition, 
or an environmental condition. A sampling network was designed to provide data representative of site 
conditions. For analytical results of individual groundwater samples, representativeness will be estimated 
by ion and mass balances. Ion balances with ±10% error or less will be considered valid. Mass balance 
assessment will be used in cases where the ion balance is greater than ±10% to help determine the source 
of error. For a sample and its duplicate, if the relative percent difference is greater than 10%, the sample 
may be considered non-representative. 

A.4.e Completeness 
For fluid sampling, data completeness is a measure of the amount of valid data obtained from a 
measurement system compared to the amount that was expected to be obtained under normal conditions. 
It is anticipated that data completeness of 90% for fluid sampling will be acceptable to meet monitoring 
goals. For direct pressure and temperature measurements, it is expected that data will be recorded no less 
than 90% of the time. 

A.4.f Comparability 
Data comparability expresses the confidence with which one data set can be compared to another. The 
data sets to be generated by this Project will be very comparable to future data sets because of the use of 
standard methods and the level of quality assurance/quality control (QA/QC) effort. Direct pressure, 
temperature, and logging measurements will be directly comparable to previously obtained data. 

A.4.g Method Sensitivity  
Table 8.11.9 through Table 8.11.15 provide additional details on gauge and surveillance logging 
specifications and sensitivities. 







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

Quality Assurance and Surveillance Plan for Vanguard CCS Hub  
NexGen Carbon Oklahoma, LLC – Project Vanguard  Page 27 of 68 

A.6.d Quality Assurance and Surveillance Plan Distribution Responsibility 
The NexGen Director of CO2 Storage operations will be responsible for ensuring that all those on the 
distribution list will receive the most current copy of the approved QASP. 

B. DATA GENERATION AND ACQUISITION 
This section focuses on fluid sampling and does not address monitoring methods that do not gather 
physical samples (e.g., logging, seismic monitoring, and pressure/temperature monitoring).  
During the pre-injection and injection phases, fluid sampling in the primary utilized near-surface USDW 
is planned to include an extensive set of chemical parameters to establish aqueous geochemical reference 
data. Parameters will include selected constituents that:  

• Are the most responsive to interaction with CO2 or brine 
• Are needed for QC 
• May be needed for geochemical modeling  

The minimum set of parameters is provided in Table 8.11.4. After a sufficient baseline is established, the 
monitoring scope may shift to a subset of indicator parameters that are: 

• The most responsive to interaction with CO2 or brine 
• Are needed for QC 

Implementation of a reduced set of parameters would be performed in consultation with the EPA. All 
samples will be analyzed by a third-party laboratory. Dissolved CO2 will be analyzed by methods 
consistent with Test Method B of ASTM D 513-06, Standard Test Methods for Total and Dissolved Carbon 
Dioxide in Water or equivalent. 

B.1 SAMPLING PROCESS DESIGN 

B.1.a  Design Strategy 

B.1.a.i. CO2 Stream Monitoring Strategy 
The CO2 injection stream will be analyzed with sufficient frequency to yield data representative of its 
chemical and physical characteristics. The objective of this analysis is to evaluate the potential interactions 
of CO2 and other constituents of the injectate with formation solids, fluids, or any components of the 
injection system. Testing will be conducted using gas chromatography analysis. This analysis will also 
test for constituents that include sulfur dioxide, hydrogen sulfide, nitrogen oxides, hydrocarbons, carbon 
monoxide, methane, water vapor, nitrogen, oxygen, mercury, and arsenic. The gas chromatography 
equipment will meet American Society for Testing and Materials (ASTM) testing standards. 

B.1.a.ii.  Corrosion Monitoring Strategy 
A corrosion coupon system will be installed, and the coupons will be deployed upstream of the wellhead 
through which the injection stream passes. This monitoring method will detect any possible metal loss due 
to the chemical or electrochemical reactions that may result in loss of mass or thickness or pitting of 
injection well components. The coupons will be prepared, analyzed, installed, and QA/QC protocols will 
be implemented using the National Association of Corrosion Engineers (NACE) Standard Recommended 
Practice (RP)-0775 and ASTM Standards G1 and G4. 
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B.1.a.iii.  Groundwater Monitoring Strategy 
NexGen will use pulsed neutron (PNL) and temperature logging at Vanguard I-1 to Vanguard I-12 and 
temperature (fiber optic DTS) monitoring at Vanguard M-1 to Vanguard M-7 for early leakage detection 
in the USDWs above the Lower Mississippian Lime and Woodford Formation confining zones. Baseline 
pulsed neutron and temperature logs will be run to accurately characterize baseline or pre-injection 
conditions of the injection zone, confining zones, and all permeable zones above the confining zone in 
subsequent surveillance logging. With the planned monitoring frequencies, it is expected that baseline 
conditions can be documented, natural variability in conditions can be characterized, unintended brine or 
CO2 leakage could be detected should it occur, and sufficient data will be collected to demonstrate that 
the effects of CO2 injections are limited to the intended storage reservoir. Groundwater sampling and 
analysis from near-surface ground water monitoring well(s) will take place during baseline, injection and 
post-injection on an annual basis. To augment PNL and temperature logs, 2D seismic will provide 
indication of extent of plume(s) over the AoR.  

B.1.a.iv.  Soil Sampling Strategy 
NexGen does not have plans to monitor the soil within the area of review (AoR). If deemed necessary in 
the future by the UIC Program Director, NexGen will develop a Soil Monitoring Plan that will include 
sampling plans and station locations.  

B.1.b Type and Number of Samples/Test Runs 
Sampling activities are detailed in Table 8.11.1.  
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B.2.d Sample Homogenization, Composition, Filtration 
To obtain a representative sample, each well will be purged at a flow rate between 10 and 50 gallons per 
minute (gpm). Samples will be collected within 24 hours of the well being purged. If a monitoring well 
does not supply adequate water for sampling, the condition of the well will be investigated, and it may be 
considered for replacement. 

To ensure the collection of a representative sample, a series of water quality indicator measurements will 
be collected using a water quality meter prior to collecting an aliquot(s) for the analytical laboratory 
sample. Purging will continue until three successive measurements of the indicator parameters meet the 
stabilization criteria per Table 8.9.17. 

Following indicator parameter stabilization, fluid samples collected for laboratory analysis will be 
obtained via direct capture of liquid from the sample port into clean, unused laboratory analytical method-
specific containers. 

B.2.e Sample Containers and Volumes 
Sample collection devices for groundwater fluids will be carefully chosen to minimize the potential for 
altering the quality of the sample. Teflon and stainless steel are preferred materials, although polyvinyl 
chloride (PVC), high-density polyethylene (HDPE), and other similar materials are considered sufficient 
in some cases 
Stream monitoring samples for CO2 will be collected in a clean sample container rated for the appropriate 
collection pressure (i.e., mini cylinders or polybags provided by Airborne Labs International Inc. or a 
similar lab). 

Assay for CO2 Quarterly Gas Analysis: 
• CO2 Purity (v/v, [GC]) 
• Oxygen (O2, ppm, v/v) 
• Nitrogen (N2, ppm, v/v) 
• Carbon Monoxide (CO, ppm, v/v) 
• Oxides of Nitrogen (NOx, ppm, v/v) 
• Total Hydrocarbons (THC, ppm, v/v as CH4) 
• Methane (CH4, ppm, v/v) 
• Acetaldehyde (AA, ppm, v/v) 
• Sulfur Dioxide (SO2, ppm, v/v) 
• Hydrogen Sulfide (H2S ppm, v/v) 
• Ethanol (ppm, v/v) 

 
For fluid samples, all sample bottles will be new. Sample bottles and bags for analytes will be used as 
received (i.e. ready for use) from the vendor or contract analytical laboratory for the analyte of interest. A 
summary of sample containers is presented in Table 8.11.18. 
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Sampling tubing, connectors and valves required to sample the CO2 gas stream. These will be supplied by 
the analytical lab providing the sampling containers. Sampling will occur within the existing CO2 
compression building. 
Similarly, corrosion coupons will be removed from the CO2 injection line within the existing CO2 
compression building. 
Field gauges will be removed from the injection and monitoring wells utilizing existing standard industry 
tools and equipment. Deployment and retrieval of well gauges will be performed using procedures and 
equipment recommended by the vendor, subcontractor, or is standard per industry practice. 

B.2.i Corrective Action, Personnel, and Documentation 
The sampling and analysis service providers will be responsible for testing instruments and equipment 
and preforming corrective action on defective equipment. Corrective action taken on equipment will be 
documented. 

B.3  Sample Handling and Custody 
Sample holding times (Table 8.11.18 and Table 8.11.19) are consistent with those described in US EPA 
(1974), American Public Health Association (APHA, 2005), Wood (1976), and ASTM Method D6517-
00 (2005). After collection, samples will be placed in ice chests in the field and maintained thereafter at 
approximately 4 degrees Celsius (°C) until analysis. The samples will be maintained at their preservation 
temperature and sent to the designated laboratory within 24 hours. Analysis of the samples will be 
completed within the holding time listed in (Table 8.11.18 and Table 8.11.19). As appropriate, alternative 
sample containers and preservation techniques approved by the Program Director will be used to meet 
analytical requirements. 

B.3.a Maximum Hold Time/Time Before Retrieval 
Refer to Table 8.11.18 and Table 8.11.19 for sample holding times. 

B.3.b Sample Transportation 
The samples will be maintained at their preservation temperature and sent to the designated laboratory 
within 24 hours. During transportation, precautions will be implemented to ensure that sample integrity is 
not affected by extreme temperatures and/or excessive vibration. 

Upon arrival at the service provider, the samples will be reviewed to ensure the following: 

⦁ The sample arrived intact without container leakage or breakage. 
⦁ Chain of custody documentation and sample labels agree 
⦁ Confirmation that the sample was preserved correctly. 

B.3.c  Sample Documentation 
Field notes will be recorded on all Lyons fluid sample collections. These notes will be retained and 
archived as reference. The sample documentation is the responsibility of fluid sampling personnel. 
An analysis authorization form shall be provided with each CO2 gas stream sample provided for analysis 
as shown by the example in Figure 8.11.4. 
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Figure 8.11.4—Example of CO2 gas stream analysis authorization form.1 

B.3.d Sample Identification 
Samples will be identified with the sampling location, date, sample identification, sampler, and sample 
type. 

B.3.e Sample Chain-of-Custody 
An analysis authorization form for CO2 stream analyses will accompany the samples to the lab at which 
point a chain-of-custody accompanies the sample through their processes. 
NexGen will provide the program administrator with a sample chain-of-custody once the third-party 
contractor is selected. An example chain-of-custody form is provided in Figure 8.11.5. Copies of the form 
will be provided to the person/lab receiving the samples as well as the person/lab transferring the samples. 
These forms will be retained and archived to allow simplified tracking of sample status. The chain-of-
custody form and record keeping is the responsibility of fluid sampling personnel. 

 
1 www.airbornelabs.com/images/editor/files/co2-analysis-authorization-form.pdf 
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Figure 8.11.5—Example chain of custody form.2 

 
2 https://www3.epa.gov/ttnamti1/files/ambient/pm25/qa/vol2sec08.pdf  
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B.4 Analytical Methods 

B.4.a Analytical Standard Operational Procedures (SOP) 
See Table 8.11.4 and Table 8.11.5 for details on Analytical SOPs. The selected laboratory will use 
standard EPA laboratory analytical methods to quantify the concentration of anions, cations, dissolved 
CO2, total dissolved solids (TDS), water density, alkalinity, pH, specific conductive, and temperature. 
Laboratory QC procedures are inherent to the analysis methodology. The laboratory is responsible for 
documenting and maintaining compliance with these measures in accordance with industry standards and 
state licensing. If other water quality objectives are required, NexGen will coordinate with the designated 
analytical laboratory prior to the sample event to evaluate the appropriate laboratory procedures and 
sample equipment necessary to fulfill the Project objectives. 

B.4.b Equipment/Instrumentation Needed 
Equipment and instrumentation is specified in the individual analytical methods referenced in Table 
8.11.4 and Table 8.11.5. 

B.4.c Method Performance Criteria 
Non-standard method performance criteria are not anticipated for this Project. 

B.4.d Analytical Failure 
Each laboratory conducting analyses in Table 8.11.4 and Table 8.11.5 will be responsible for 
appropriately addressing analytical failure according to their individual SOPs. 

B.4.e Sample Disposal 
Each laboratory conducting analyses will be responsible for appropriate sample disposal according to their 
individual SOPs. 

B.4.f Laboratory Turnaround 
NexGen will request analytics turn-around times to meet all permitted reporting requirements with the 
understanding that laboratory turnaround will vary by laboratory, but generally turnaround of verified 
analytical results within 1 month will be suitable for Project needs. 

B.4.g Method Validation for Non-Standard Methods 
Non-standard methods are not anticipated for this Project. Should non-standard methods be required or 
proposed in the future, the injection program administrator will be consulted on additional appropriate 
actions to be taken.  

B.5 Quality Control 

B.5.a Quality Control Activities  

B.5.a.i. Field Blanks 
For fluid sampling, a field blank will be collected and analyzed for the inorganic analytes in Table 8.11.4 
and Table 8.11.5. 
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 at a frequency of 10% or greater. Field blanks will be exposed to the same field and transport conditions 
as the groundwater samples. The field blanks will be utilized for deep groundwater sampling and analyzed 
for the inorganic analytes at a frequency of 10% or greater in Table 8.11.4 and Table 8.11.5. Field blanks 
will be used to detect contamination resulting from the collection and transportation process. 

B.5.a.ii. Duplicates 
Duplicate fluid samples will be collected in separate containers from the primary samples and processed 
separately. Duplicate samples will be used to assess sample heterogeneity and analytical precision. 
Duplicate samples will be collected at a frequency of one duplicate per 20 sample sets per sampling event. 

B.5.b Exceeding Control Limits 
If the sample analytical results exceed control limits (i.e., ion balances > ±10%), further examination of 
the analytical results will be achieved by evaluating the ratio of the measured TDS to the calculated TDS 
(i.e., mass balance) per APHA. The method indicates which ion analyses should be considered suspect 
based on the mass balance ratio. Suspect ion analyses will be reviewed in the context of historical data 
and interlaboratory results, if available. Suspect ion analyses will be brought to the attention of the 
analytical laboratory for confirmation and/or reanalysis. The ion balance will be recalculated, and if the 
error is still not resolved, suspect data are identified and may be given less importance in data 
interpretation. 

B.5.c Calculating Applicable Quality Control Statistics 

B.5.c.i. Charge Balance 
The analytical results will be evaluated to determine correctness of analyses based on anion-cation charge 
balance calculation. Because all potable waters are electrically neutral, the chemical analyses should yield 
equally negative and positive ionic activity. The anion-cation charge balance will be calculated using the 
formula in Equation 8.11.1: 

Equation 8.11.1—Formula for anion-cation charge balance. 
 

% difference =  100 ×  
Σcations  −  Σanions
Σcations +  Σanions

 

 
Where the sums of the ions are represented in milliequivalents (meq) per liter and the criteria for acceptable 
charge balance is ±10%.  

B.5.c.ii. Mass Balance 
The ratio of the measured TDS to the calculated TDS will be calculated in instances where the charge 
balance acceptance criteria are exceeded using the formula shown in Equation 8.11.2. 
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Equation 8.11.2—Ratio of measured vs. calculated TDS. 
 

1.0 <  
measured TDS
calculated TDS

< 1.2 

 
     where the anticipated values are between 1.0 and 1.2. 

B.5.c.iii. Outliers 
It is essential to determine statistical outliers prior to the statistical evaluation of fluid samples. NexGen 
will use the EPA’s Unified Guidance (March 2009) as a basis for the selection of recommended statistical 
methods to identify outliers in fluid chemistry data sets as appropriate. These techniques include 
Probability Plots, Box Plots, Dixon’s test, and Rosner’s test. The EPA-1989 outlier test may also be used 
as another screening tool to identify potential outliers.  

B.6 Instrument/Equipment Testing, Inspection, and Maintenance 
Logging tool equipment will be maintained as per wireline industry best practices (see APPENDIX B—
Schlumberger Wireline Log Quality Control Reference Manual). For fluid sampling, field equipment 
will be maintained, factory serviced, and factory calibrated per the manufacturer’s recommendations. 
Spare parts that may be needed during sampling will be included in supplies on-hand during field 
sampling. For all laboratory equipment, testing, inspection, and maintenance will be the responsibility of 
the analytical laboratory per standard practice, method-specific protocol, or NELAP requirements. 

B.7 Instrument/Equipment Calibration and Frequency 

B.7.a Calibration and Frequency of Calibration 
Pressure/temperature gauge calibration information is located in Table 8.11.9 through Table 8.11.15.  

Logging tool calibration will be at the discretion of the service company providing the equipment, 
following standard industry practices noted in APPENDIX B. Calibration frequency will be determined 
by standard industry practices. 
For fluid sampling, sondes used to determine field parameters (e.g., pH, temperature, specific 
conductance, dissolved oxygen) are calibrated according to manufacturer recommendations and 
equipment manuals (Hach, 2006) each day before sample collection begins. Recalibration is performed if 
any components yield atypical values or fail to stabilize during sampling. 

B.7.b Calibration Methodology 
Logging tool calibration methodology will follow standard industry practices in Appendix B.  
For fluid sampling, standards used for calibration are typically 7 and 10 for pH, a potassium chloride 
solution yielding a value of 1,413 microseimens per centimeter (μS/cm) at 25°C for specific conductance, 
and a 100% dissolved oxygen (DO) solution for DO. Calibration is performed for the pH meters per 
manufacturer’s specifications using a 2-point calibration bounding the range of the sample. For 
coulometry, sodium carbonate standards (typically yielding a concentration of 4,000 mg CO2/L) are 
routinely analyzed to evaluate instruments. 



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

Quality Assurance and Surveillance Plan for Vanguard CCS Hub  
NexGen Carbon Oklahoma, LLC – Project Vanguard  Page 39 of 68 

B.7.c Calibration Resolution and Documentation 
Logging tool calibration resolution and documentation will follow standard industry practices in 
APPENDIX B. 

B.8 Inspection/Acceptance for Supplies and Consumables 

B.8.a Supplies, Consumables, and Responsibilities 
Supplies and consumables for field and laboratory operations will be procured, inspected, and accepted as 
required from vendors approved by NexGen or the respective subcontractor responsible for the data 
collection activity. Acquisition of supplies and consumables related to groundwater analyses will be the 
responsibility of the laboratory per established standard methodology or operating procedures. 

B.9 Non-Direct Measurements 

B.9.a Data Sources 
Pulsed neutron logging for CO2 saturation monitoring of the Arbuckle Group injection zone, Woodford 
Formation confining zone, and the Sundance Formation, the first permeable interval above the upper 
confining zone, and all other relevant zones. 
The in-zone pressure gauges in Vanguard I-1 to Vanguard I-12 will be used to gather pressure data for in-
zone pressure monitoring. 

B.9.b Relevance to Project 
PNL will be run to detect CO2 leaking from the injection zone. 
In-zone pressure monitoring, data will be used in numerical modeling to predict plume and pressure front 
behavior as well as confirm the plume stage within the AoR. 

B.9.c Acceptance Criteria 
Following standard industry practices will ensure that the gathered pulsed neutron log data will be used 
for accurate monitoring. 

B.9.d Resources/Facilities Needed 
Under review by selected third-party contractor and laboratory within ASTM recommended guidelines. 

B.9.e Validity Limits and Operating Conditions 
Under review by selected third-party contractor and laboratory within ASTM recommended guidelines. 

B.10 Data Management 

B.10.a Data Management Scheme 
NexGen will maintain the required Project data as provided elsewhere in the permit. Data will be backed 
up on hard drive media or held on secure servers. 
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B.10.b Record-Keeping and Tracking Practices 
All records and gathered data will be securely held and properly labeled for auditing purposes.  

B.10.c Data Handling Equipment/Procedures 
All infrastructure used to store data will be properly maintained and operated according to proper industry 
standard techniques. The NexGen SCADA-like system and vendor data acquisition systems will interface; 
therefore, all subsequent data will be stored on a secure server.  

B.10.d Responsibility 
The primary Project managers will be responsible for ensuring proper data management is maintained.  

B.10.e Data Archival and Retrieval 
Under review—all data will be held by NexGen.  

B.10.f Hardware and Software Configurations 
All NexGen and vendor hardware and software configurations will be appropriately interfaced. 

B.10.g Checklists and Forms 
Checklists and forms will be procured and generated as necessary. 

C. ASSESSMENT AND OVERSIGHT 

C.1 Assessments and Response Actions 

C.1.a Activities to be Conducted 
Please refer to Table 8.11.1 for a work summary and schedule and frequency of fluid sample collections. 
After completion of sample analysis, results will be reviewed for QC criteria. If the data quality fails to 
meet the criteria set samples will be reanalyzed, if still within holding time criteria. If the holding time has 
passed, additional samples may be collected, or sample results may be excluded from data evaluations and 
interpretations. Evaluation for data consistency will be performed according to procedures described in 
the USEPA 2009 Unified Guidance (USEPA, 2009). 

C.1.b Responsibility for Conducting Assessments 
Companies collecting data are in charge of conducting their own internal reviews. 

C.1.c Assessment Reporting 
All assessment information should be reported to the individual organization’s project manager outlined 
in Section A.1.a—Key Individuals and Responsibilities. 

C.1.d Corrective Action 
Corrective action that only affects an individual organization’s data collection duty will be addressed, 
verified, and documented within the organization and communicated to other stakeholders as necessary.  
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Corrective actions that involve multiple organizations will be addressed by all stakeholders involved and 
communicated to other members on the distribution list for the QASP. NexGen will coordinate all 
corrective actions and assessments that involve multiple organizations. 

C.2 Reports to Management 

C.2.a QA Status Reports 
NexGen does not plan to send QA status reports. 

D. DATA VALIDATION AND USABILITY 

D.1 Data Review, Verification, and Validation 

D.1.a Criteria for Accepting, Rejecting, or Qualifying Data 
Data validation will include a review of the sample collection process, sample units, sample holding times, 
and a comparison and review of the appropriate duplicate, or blank QC/QA results. Results will be 
catalogued and periodically reviewed and compared to previous data. Analytical results will be reported 
on a frequency based on the approved UIC permit conditions. Data in these reports will be presented in a 
variety of formats as appropriate to characterize water quality and identify any changes with time. 

D.2 Verification and Validation Methods 

D.2.a Data Verification and Validation Processes 
See Sections D.1.a and B.5 for information related to NexGen data verification and validation process. 

D.2.b Data Verification and Validation Responsibility 
NexGen or a contractor approved by NexGen will verify and validate data. 

D.2.c Issue Resolution Process and Responsibility 
NexGen or a project manager approved by NexGen will oversee the data review process and take the 
appropriate actions to resolve any issues that may arise. 

D.2.d Checklist, Forms, and Calculations 
NexGen will generate checklists, forms and calculations designed to meet all permit requirements. 

D.3 Reconciliation with User Requirements 

D.3.a Evaluation of Data Uncertainty 
Software will be employed to determine data consistency.  

D.3.b Data Limitations Reporting 
NexGen or project managers approved by NexGen will be responsible for making sure that all reported 
data is presented with the appropriate data-use limitations. 
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APPENDIX A—DTS, DOWN-HOLE PRESSURE GAUGE INFORMATION AND SCHLUMBERGER PULSED 
NEUTRON, CEMENT BOND, MAGNETIC FLUX LEAKAGE LOGGING TOOLS.  

8.12 Digital Pulsed Neutron Logging (PNL) Tool 
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8.13 Cement Bond Logging Tools 
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8.14 Magnetic Flux Leakage Tool 
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8.15 Downhole Pressure Gauge System 
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APPENDIX B—SCHLUMBERGER WIRELINE LOG QUALITY CONTROL REFERENCE MANUAL 
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