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1. Project Management 

1.1. Project/Task Organization 

1.1.1. Key Individuals and Responsibilities 

The Live Oak CCS Hub in Iberville and West Baton Rouge parishes, Louisiana (project) is owned 
and operated by Live Oak CCS, LLC, who will serve as the lead on all project tasks while 
supervising the performance of subcontractors when required for individual tasks. The Project 
Manager will be responsible for implementation of this Quality Assurance and Surveillance Plan 
(QASP) during pre-operational testing, and the Operations Manager will be responsible for 
implementation of this QASP during injection and post-injection. The Testing and Monitoring 
Plan is broken into seven subcategories: 

1. Shallow Groundwater Sampling 

2. Formation Water and Deep Groundwater Sampling 

3. Well Logging 

4. Mechanical Integrity Testing (MIT) 

5. Pressure/Temperature Monitoring 

6. CO2 Stream Analysis 

7. Geophysical Monitoring 

1.1.2. Independence from Project QA Manager and Data Gathering 

Most physical samples collected and the data gathered as part of the testing and monitoring 
program are analyzed, processed, or witnessed by third parties independent of the project 
management structure. Live Oak CCS, LLC will provide the Louisiana Department of Energy and 
Natural Resources’ Office of Conservation (OC) with the name and credentials of any vendors, 
subcontractors, or testing laboratories used for testing and monitoring protocols during each 
quarterly reporting period. 

1.1.3. QA Project Plan Responsibility 

Live Oak CCS, LLC will be responsible for maintaining and distributing the official, approved 
QASP. Live Oak CCS, LLC will periodically review this QASP and consult with the OC if/when 
changes to the QASP are required. 

1.2. Problem Definition/Background 

1.2.1. Reasoning 

This QASP was developed to ensure the quality and standards of the Testing and Monitoring 
Plan, in accordance with LAC 43:XVII.3625(A)(11) for the project’s Class VI permits.  
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The objectives of the Testing and Monitoring Plan include: 

• Protecting Underground Sources of Drinking Water (USDW); 

• Meeting the regulatory requirements of LAC 43:XVII.3625; 

• Ensuring that the injection wells are operating as designed; 

• Providing data to validate and calibrate the geological and dynamic models used to 
predict the distribution of Carbon Dioxide (CO2) within the injection zone; and 

• Support Area of Review (AoR) re-evaluations during the course of the project. 

1.2.2. Reasons for Initiating the Project 

The objective of the project is to develop a safe and commercially viable CO2 storage site available 
to CO2 emitters in the region while ensuring protection of groundwater resources, environmental 
and public health. 

1.2.3. Regulatory Information, Applicable Criteria, Action Limits 

Regulations at LAC 43:XVII.36 require owners or operators of Class VI wells to perform several 
types of activities during the lifetime of the project in order to ensure that the injection well 
maintains its mechanical integrity, that fluid migration and the extent of pressure elevation are 
within the limits described in the permit application, and that USDWs are not endangered. These 
monitoring activities include MITs, injection well testing during operation, monitoring of 
groundwater quality in several zones, and tracking of the CO2 plume and associated pressure front 
(full details of monitoring activities are provided in the Testing and Monitoring Plan). This QASP 
details both the measurements that will be taken, as well as the steps to ensure that the quality of 
all the data so it can be used with confidence in making decisions during the life of the project. 

1.3. Project/Task Description 

1.3.1. Summary of Work to be Performed 

Table 1 outlines the plan for the injection and monitoring wells, Table 2 describes the testing and 
monitoring activities, location, and purpose, and Table 3 summarizes the instrumentation. 

 
 

The remainder of this page intentionally left blank.  













Revision: 0 
Date: October 2024 
 

Appendix A: Quality Assurance and Surveillance Plan for Live Oak CCS Hub Page 17 of 47 
Permit Number: LA-00040, TBD  

1.3.2. Geographic and Stratigraphic Locations 

Surface locations within the AoR of all injection and observation wells, identified containment 
loss risks, and the CO2 plume extents throughout the project are shown in Figure 1 and Figure 2. 
Project stratigraphy and expected elevations are shown in Figure 3. Table 1 outlines the well type, 
well names, objective monitoring zones, and approximate depths of zones. 
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Figure 1. Map of Injection and Monitoring well locations for the project with the AoR (red line), 
Miocene 30-year plume (purple line), oil and gas wells, and water wells (blue dots). 

Claimed as PBI
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Figure 2. Map of Injection and Monitoring well locations for the project with the AoR (red line), 
Frio 30-year plume (purple line), oil and gas wells, and water wells (blue dots). 

Claimed as PBI
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Figure 3. Generalized stratigraphic column identifying the (1) LMIC and (2) OFIC storage 
complexes with corresponding storage reservoirs and confining zones at the project injection wells. 
Lowermost USDW is also identified for reference. (*Depth is to the top of the Stratigraphic Unit 
(SU). 
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1.3.3. Resource and Time Constraints 

Live Oak CCS, LLC will coordinate deployment and uses of the monitoring and testing equipment 
described in the Testing and Monitoring Plan and in this QASP appropriate for field operations, 
service company availability (where necessary), other field-level logistics and operations, CO2 
source and pipeline operations, and community input.  

1.4. Quality Objectives and Criteria 

1.4.1. Performance/Measurement Criteria 

Groundwater analytical and field monitoring parameters for each interval are listed in Table 4. 
Table 5, Table 6, and Table 7 show analytical parameters for CO2 stream gas monitoring, corrosion 
coupon assessment, and gauge specifications.  Table 8 shows the monitoring outputs. The list of 
analytes may be reassessed periodically and adjusted to include or exclude analytes based on their 
effectiveness to the overall monitoring program goals. 
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1.6. Documentation and Records 

1.6.1. Report Format and Package Information 

A quarterly report from Live Oak CCS, LLC to the OC and EPA will contain all required project 
data, including testing and monitoring information in accordance with LAC 
43:XVII.3629(A)(1)(a). Data will be provided in electronic or other formats as required by the 
OC. Further reporting and recordkeeping details can be found in subsection 1.5 of the Testing 
and Monitoring Plan. 

1.6.2. Other Project Documents, Records, and Electronic Files 

Other documents, records, and electronic files such as well logs, test results, or other data will be 
provided as required by the OC and maintained for 10 years post site closure. 

1.6.3. Data Storage and Duration 

Pursuant to LAC 43:XVII.3629(A)(4), any monitoring data collected through implementation of 
the Testing and Monitoring Plan will be retained for at least ten years after it is collected. All site 
characterization data, data on the nature and composition of all injected fluids, well plugging 
reports, post-injection site care data, and the site closure report will be retained for at least ten 
years following site closure. Pursuant to 43:XVII.3625(B)(2)(a), calibration and maintenance 
records and all original strip chart recordings for continuous monitoring instrumentation shall be 
retained for at least three years from the date of the sample or measurement. Live Oak CCS, LLC 
or a designated contractor will maintain the required project data as provided elsewhere in the 
permit. 

1.6.4. QASP Distribution Responsibility 

The Live Oak CCS, LLC Project Manager will be responsible for creating a distribution list prior 
to the start of construction, maintaining it through the pre-operational testing period, and 
distributing the current approved QASP to those on the distribution list during the pre-operational 
testing period. The Operations manager will be responsible for creating a distribution list prior 
to the start of injection, maintaining it through the injection and post-injection periods, and 
distributing the current approved QASP to those on the distribution list during the injection and 
post-injection periods. 

2. Data Generation and Acquisition 

2.1. Sampling Process Design 

This section describes the monitoring network that will be used to support collection of the various 
characterization and monitoring measurements needed to ensure safe and nominal CO2 injection 
operations, track the development of the CO2 plume and elevated pressure front, and 
identify/quantify any potential leakage of CO2. Based on the current conceptual understanding of 
project geology, this strategy was developed to ensure safe, long-term containment of CO2 within 
the injection interval and non-endangerment of USDWs. 
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2.1.1. Design Strategy  

2.1.1.1.  CO2 Stream Monitoring Strategy 

The objective of routinely analyzing the CO2 stream is to evaluate the potential interactions of CO2 
and/or other constituents of the injectate with formation solids and fluids. This analysis can also 
identify (or rule out) potential interactions with well materials. Establishing the chemical 
composition of the injectate also supports regulatory determinations under the Resource 
Conservation and Recovery Act (RCRA, 1976) and the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA, 1980). Additionally, monitoring the chemical and 
physical characteristics of the CO2 may help distinguish the injectate from the native fluids and 
gases if unintended leakage from the storage reservoir occurred.  

Live Oak CCS, LLC expects multiple sources of CO2 from the region, with additional sources to 
be added throughout the life of the project. Each source will have a different gas stream 
composition, and the composition of the final injected gas stream will change slightly depending 
on which sources are operational. To detect any significant changes in the physical or chemical 
properties of the CO2 stream that may result in a deviation from the permitted specifications, Live 
Oak CCS, LLC will analyze the CO2 stream continuously (every 24 hours) with a gas 
chromatograph located downstream of all CO2 sources or at the wellhead points prior to the storage 
complex pipeline manifold at the injection wells. Physical samples will also be taken through a 
sampling port near the gas chromatograph at injection wells. 

2.1.1.2.  Corrosion Monitoring Strategy 

To meet the requirements of LAC 43:XVII.3625(A)(3)(a), Live Oak CCS, LLC will monitor well 
materials during the operation period for loss of mass, thickness, cracking, pitting, and other signs 
of corrosion to ensure that the well components meet the minimum standards for material strength 
and performance using the corrosion coupon method. Coupons shall be sent out quarterly for 
analysis, which will be conducted in accordance with the NACE RP0775-2018 (NACE, 2018) 
standard to determine and document corrosion wear rates based on mass loss. 

2.1.1.3.  Shallow Groundwater Monitoring Strategy 

Shallow groundwater monitoring will be performed on a quarterly basis during the year-long pre-
injection period, to capture seasonal variations in the groundwater geochemistry of the Chicot 
Aquifer System. The monitoring program will meet the requirements of LAC 43:XVII.3625(A)(4) 
and will include baseline groundwater samples to characterize variations in water quality within 
the AoR prior to the start of CO2 injection. This well will not be sampled and analyzed during the 
injection phase but may be used to provide additional evidence for groundwater protection should 
the operator or OC deem it necessary.  

2.1.1.4 Formation Water and Deep Groundwater Monitoring Strategy 

Three above-zone observation wells: AOB-01, AOB-04, AOB-06 will be completed in the Lower 
Miocene Sands and Frio Formation and three deep USDW observation wells: UOB-01, UOB-04, 
UOB-06 will be completed in the lowermost USDW (Jasper Equivalent Aquifer System). The 
above-zone observation wells will serve to detect any early leakage above the confining zone, and 
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the deep USDW observation wells will monitor the formation fluid geochemistry of the lowermost 
USDW. In addition to baseline sample collection and analysis prior to the start of injection, 
pressurized fluid samples will be collected from these observation wells during the injection phase. 
MIT and downhole temperature monitoring at the injection wells will also provide data to ensure 
the mechanical integrity of the well is maintained. With the planned sampling and monitoring 
frequencies, baseline conditions will be documented, natural variability in conditions will be 
characterized, unintended brine or CO2 leakage will be detected, and sufficient data will be 
collected to demonstrate that the effects of CO2 injection are limited to the intended Lower 
Miocene Sands and Frio Formation storage reservoirs. 

Parameters will include selected constituents that: (1) have primary and secondary EPA drinking 
water maximum contaminant levels, (2) are the most responsive to interaction with CO2 or brine, 
(3) are needed for quality control, and (4) may be needed for geochemical modelling. After a 
sufficient baseline is established, monitoring scope may shift to a subset of indicator parameters 
that are (1) the most responsive to interaction with CO2 or brine and (2) are needed for quality 
control to accurately test for and monitor the presence (or lack thereof) of CO2 migration. 
Implementation of a reduced set of parameters would be done in consultation with the OC. During 
any period where a reduced set of analytes is used, if statistically significant trends are observed 
that are the result of unintended CO2 or brine migration, the analytical list would be expanded to 
the full set of monitoring parameters. All groundwater and formation fluid samples will be 
analyzed using a laboratory meeting the requirements under the EPA Environmental Laboratory 
Accreditation Program or Louisiana Environmental Laboratory Accreditation Program. The full 
list of analytical parameters and selected methods is provided in Table 4. 

2.1.1.4. Direct CO2 Plume and Pressure Front Monitoring Strategy  

Downhole pressure gauges will be used in all deep monitoring and injection wells to directly 
monitor the formation pressure of the injection reservoirs (Lower Miocene Sand and Frio 
Formation) and above-zone interval. Downhole and surface pressure gauges will continuously 
monitor for any changes in injection pressure or in-zone and above-zone pressure.  

2.1.1.5. Indirect CO2 Plume and Pressure Front Monitoring Strategy  

Several technologies will be deployed within the injection, above-zone, in-zone, and deep 
observation wells to indirectly monitor the presence/absence of the CO2 plume and elevated 
pressure front. At the injection wells, a fiberoptic line with DTS capabilities will be run along 
the outside of the cemented long-string casing through the Middle Miocene Confining Zone 
(primary confining zone) to continuously record temperature variations. For the in-zone 
observation wells, the fiber optic DTS line will run through the two injection intervals. External 
mechanical integrity at injection and in-zone wells will be monitored continuously using DTS. 
For LO-01F, LO-04 F-M, and LO-06 F wells with tapered casing design, the temperature log 
will be run annually along the uncemented sections to verify external mechanical integrity. PNC 
logging techniques will be utilized to verify external MIT for each injection and in-zone well by 
detecting the presence or absence of CO2 in critical formations. PNC logging will also serve to 
track the CO2 plume progression in the in-zone observation wells. For the above-zone and deep 
observation wells, PNC logging may occur in wells if a CO2 breakthrough is detected. 
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2.1.2. Type and Number of Samples/Test Runs  

The types and frequencies of sampling and testing activities are shown in Table 2. 

2.1.3. Site/Sampling Locations  

The site and sampling locations are shown in Table 2. 

2.1.4. Sampling Site Contingency 

The shallow and deep groundwater monitoring wells will be sited at or near their projected 
locations in such a way to allow regular access to perform testing activities. 

No problems of site inaccessibility are anticipated for CO2 gas or corrosion coupon sampling. If 
inclement weather makes site access difficult, sampling schedules will be revised, and alternative 
dates may be selected that would still meet permit-related conditions.  

2.1.5. Activity Schedule  

Please refer to the Testing and Monitoring Plan for a schedule of sampling and test runs.  

2.1.6. Critical/Informational Data 

During sampling and analysis activities, detailed field and laboratory documentation will be 
collected in standard forms or notebooks. Critical information will include the time, date, and 
location of the activity; personnel involved; analytical equipment used; and a record of the 
analytical parameters, calibrations, and standards. For laboratory analyses, many critical data are 
generated during the analysis process and provided to end users in digital and printed formats. 
Noncritical data may include appearance and odor of the sample, issues with well or sampling 
equipment, and weather conditions. 

2.1.7. Sources of Variability 

Potential sources of variability related to monitoring activities include: (1) natural variation in fluid 
quality, formation pressure, temperature and seismic activity; (2) variation in fluid quality, 
formation pressure,  temperature, and the possibility of seismic activity due to project operations; 
(3) changes in recharge due to rainfall, drought, and snowfall; (4) changes in instrument calibration 
during sampling or analytical activity; (5) different staff collecting and/or analyzing samples; (6) 
differences in environmental conditions during field sampling activities; (7) changes in analytical 
data quality during life of project; and (8) data entry errors related to maintaining project database.  

Activities to eliminate, reduce, or reconcile variability related to monitoring activities include: (1) 
collecting long-term baseline data to observe and document natural variation in monitoring 
parameters, (2) evaluating data in timely manner after collection to observe anomalies in data that 
can be addressed by resampling and/or reanalyzing, (3) conducting statistical analysis of 
monitoring data to determine whether variability in a data set is the result of project activities or 
natural variation, (4) maintaining weather-related data using on-site weather monitoring data or 
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2.2.3. Continuous Monitoring  

2.2.3.1 Injection Process Monitoring 

Data related to the operational process (injection rate and volume and annular pressure and 
volume) will be continuously monitored with pressure gauges, flow meters, and the annulus 
monitoring system, all of which will be linked to the surface control system controlled by Live 
Oak CCS, LLC. This operational data will ensure that injection is operating safely, efficiently, and 
not posing a risk to any USDWs. Additionally, continuously monitored operational parameters 
will feed into reservoir and computational models to validate that the CO2 plume and pressure 
front are behaving as expected. 

2.2.3.2 DTS 

DTS technology will continuously collect temperature data along a fiberoptic line installed along 
the outside of the long-string casing. The DTS line will collect temperature data along the long-
string casing at set intervals of time which will be used when running external mechanical integrity 
tests to verify mechanical integrity and monitor the presence or absence of the CO2 plume. 

2.2.3.3 Pressure Gauges 

Downhole pressure gauges will be deployed within all deep wells to continuously measure 
pressure variations within the injection interval and the above-zone monitoring interval. Downhole 
pressure gauges will directly monitor the presence or absence of the elevated pressure front.  

2.2.4. Sample Homogenization, Composition, Filtration  

Please see subsection 2.2.1. 

2.2.5. Sample Containers and Volumes 

All samples will be collected in new containers using industry-accepted standards and practices. 
Container type and size for each sample type are listed in Table 15 and Table 16. 
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2.2.8. Support Facilities 

The following tools may be needed to sample groundwater: generator, vacuum pump, compressor, 
multi-electrode water quality sonde, and various meters to take analytical measurements such as 
pH and electrical conductance. Analytical field activities may take place in field vehicles and/or 
portable onsite trailers. Well gauges used for verification will be handled using industry standard 
best practices and procedures recommended from the vendor. 

Coupons consisting of material that will directly contact the CO2 stream will be placed within a 
flowline. Each sample will be attached to an individual holder and inserted in a flowthrough pipe 
arrangement, exposing the samples to the CO2 stream, and allowing access for removal and testing. 
The flowthrough pipe arrangement will be located at the well location downstream of all process 
compression, dehydration, and pumping equipment. A parallel stream of high-pressure CO2 will 
be routed from the flowline through the corrosion monitoring system. This loop will operate while 
injection is occurring, providing representative exposure of the samples to the CO2 composition, 
temperature, and pressures that will be seen at the wellhead and injection tubing. Injection will be 
able to continue while samples are removed for testing. 

2.2.9. Corrective Action, Personnel, and Documentation 

Field staff will be responsible for properly testing equipment and performing corrective actions on 
broken or malfunctioning field equipment. If corrective action cannot be taken in the field, then 
equipment will be returned to the manufacturer for repair or replaced. Significant corrective 
actions affecting analytical results will be documented in field notes. If defective equipment causes 
disruptions to the sampling schedule, Live Oak CCS, LLC will contact the OC. 

2.3. Sample Handling and Custody 

Sample handling and hold times will be congruent with US EPA (US EPA, 1974), APHA (APHA, 
2005), Wood (Wood, 1976), and ASTM Method D6517-00 (ASTM, 2005) standards. Samples 
will be kept at their preservation temperature and sent to the selected laboratory within 24 hours 
of collection. Analysis of the samples will be completed within the holding time specified in Table 
15. If alternative sampling methods become necessary, these methods will be discussed with the 
OC prior to sampling. 

2.3.1. Maximum Hold Time/Time Before Retrieval  

Please refer to Table 15 and Table 16. 

2.3.2. Sample Transportation 

Samples will be transported in coolers with ice maintained to approximately 4 degrees Celsius and 
sent to approved laboratory within 24 hours of sampling. 

2.3.3. Sampling Documentation  

Sampling personnel will compile field documentation for all groundwater samples collected. Field 
notes will be archived.  
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2.3.4. Sample Identification 

Each groundwater sample container will have a label with the following information: project 
name/number, sample date and location, sample ID number, fresh or brine water, volume taken, 
analyte, filtration used (if applicable), and preservative used (if any). 

2.3.5. Sample Chain-of-Custody  

A standardized form will be used to document groundwater sample chain-of-custody. Copies of 
this form will be provided to laboratory personnel upon delivery of groundwater samples for 
analysis. These forms will be archived for future reference. 

2.4. Analytical Methods 

2.4.1. Analytical SOPs 

Analytical standard operating procedures are referenced in Table 4 through Table 8. Other 
laboratory specific standard operating procedures utilized by the laboratory will be determined 
after a contract laboratory has been selected. Upon request, Live Oak CCS, LLC will provide the 
OC with all laboratories’ standard operating procedures developed for the specific parameter using 
the appropriate standard method. Each laboratory technician conducting the analysis on the 
samples will be trained on the standard operating procedure developed for each standard method. 

2.4.2. Equipment/Instrumentation Needed 

Equipment and instrumentation are specified in the individual analytical methods referenced in 
Table 4 through Table 8.  

2.4.3. Method Performance Criteria 

Nonstandard method performance criteria are not anticipated for this project. 

2.4.4. Analytical Failure 

Each laboratory conducting the analyses in Table 4 through Table 8 will be responsible for 
appropriately addressing analytical failure according to their individual standard operating 
procedures. 

2.4.5. Sample Disposal 

Each laboratory conducting the analyses in Table 4 through Table 8 will be responsible for 
appropriate sample disposal according to their individual standard operating procedures. 

2.4.6. Laboratory Turnaround 

Laboratory turnaround will vary by laboratory, but turnaround of verified analytical results within 
two months will be suitable for project needs. 
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2.4.7. Method Validation for Nonstandard Methods 

Nonstandard methods are not anticipated for this project. If nonstandard methods are needed or 
proposed in the future, the OC will be consulted on appropriate actions to be taken. 

2.5. Quality Control 

2.5.1. QC activities 

2.5.1.1  Blanks 

Field blanks will be utilized for both shallow and deep groundwater sampling to identify potential 
contamination due to the collection and transportation processes. Field blanks will be collected 
and analyzed for the inorganic analytes listed in Table 4 at a frequency of 10% or more. The field 
and transportation conditions for field blanks will be the same as those of the groundwater samples. 

2.5.1.2  Duplicates 

During each round of shallow groundwater sampling, a second groundwater sample is collected 
from one well, selected based on a rotating schedule. These duplicate samples are collected from 
the same source and at the same time as the original sample in a different, yet identical, sample 
container. Duplicate samples are processed with all other samples and are used to determine 
sample heterogeneity and analytical precision.  

2.5.2. Exceeding Control Limits 

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

2.5.3. Calculating Applicable QC Statistics 

2.5.3.1 Charge Balance 

The groundwater sample analytical results are evaluated to determine correctness of analyses 
based on anion-cation charge balance calculation. All potable waters are electrically neutral; thus, 
the chemical analyses should produce equally negative and positive ionic activity. The anion-
cation charge balance will be calculated using the formula shown in equation 1: 

% 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 =  100 ∗ ∑𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐−∑ 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
∑ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐+∑ 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

   .....................................................................  Eq 1 
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where the sums of the ions are represented in milliequivalents (meq) per liter, and the criteria for 
acceptable charge balance is ±10%. 

2.5.3.2 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 2: 

1.0 < ∗ 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑇𝑇𝑇𝑇𝑇𝑇
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑇𝑇𝑇𝑇𝑇𝑇

< 1.2   .............................................................................................  Eq 2 
 

with anticipated values between 1.0 and 1.2. 

2.5.3.3 Outliers 

The determination of one or more statistical outliers is essential prior to the statistical evaluation 
of groundwater. This project will use the EPA’s Unified Guidance (U.S. EPA, 2009) as a basis for 
selection of recommended statistical methods to identify outliers in groundwater chemistry data 
sets as appropriate. These techniques include Probability Plots, Box Plots, Dixon’s test, and 
Rosner’s test. The EPA-1989 (U.S. EPA, 2009) outlier test may also be used as another screening 
tool to identify potential outliers. 

2.6. Instrument/Equipment Testing, Inspection, and Maintenance 

Logging tool equipment will be maintained as per wireline industry best practices. Pressure gauges 
will be maintained to manufacturer standards. For groundwater sampling, field equipment will be 
maintained, factory serviced, and factory calibrated per manufacturer’s recommendations. Spare 
parts that may be needed during sampling will be included in supplies on-hand during field 
sampling. For laboratory equipment, all testing, inspection, and maintenance will be the 
responsibility of the analytical laboratory per standard practice or method-specific protocol. 

2.7. Instrument/Equipment Calibration and Frequency 

2.7.1. Calibration and Frequency of Calibration 

Pressure gauge calibration information is in Table 11 and Table 12. All field and downhole gauges 
will be calibrated prior to use by the equipment supplier. Gauges will be recalibrated as needed 
based on results of inspection, or after any repairs or maintenance. Logging tool calibration will 
be at the discretion of the service company providing the equipment, following standard industry 
practices. Calibration frequency will be determined by standard industry practices. CO2 flow 
meters will be calibrated using industry standards and at a frequency recommended by the 
manufacturer.  

For groundwater sampling, portable field meters or multiprobe sondes used to determine field 
parameters (e.g., pH, temperature, specific conductance, dissolved oxygen) will be calibrated 
according to manufacturer recommendations and equipment manuals (Hach, 2006) before sample 
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collection begins. Recalibration is performed if any components yield atypical values or fail to 
stabilize during sampling. 

For CO2 stream sampling, the gas chromatograph will be calibrated based on the manufacturer’s 
guidance. 

2.7.2. Calibration Methodology 

Calibration of the orifice flow meters will be carried out using the carrier gas to validate the 
characteristics of the approved CO2 composition using methods described in Table 8 (API MPMS, 
2016). Logging tool and all field and downhole gauge calibration methodology will follow 
standard industry practices recommended by the respective manufacturers. 

For groundwater sampling, standards used for calibration typically require a pH of 7 and 10, a 
potassium chloride solution with 1,413 microseimens per centimeter (µS/cm) at 25°C for specific 
conductance, and a 100% dissolved oxygen solution. Calibration of pH meters will be performed 
per manufacturer’s specifications using a 2-point calibration bounding the range of the sample. 
For coulometry, sodium carbonate standards (typically with a concentration of 4,000 mg CO2/L) 
will be routinely analyzed to evaluate instruments. 

2.7.3. Calibration Resolution and Documentation 

Logging tool calibration resolution and documentation will follow standard industry practices. 
Groundwater sampling equipment calibration occurs regularly, and values are recorded in 
sampling records, with any errors in calibration noted. For parameters where calibration is not 
acceptable, redundant equipment may be used so loss of data is minimized.  

2.8. Inspection/Acceptance for Supplies and Consumables 

2.8.1. Supplies, Consumables, and Responsibilities 

Individual vendors and subcontractors selected and approved by Live Oak CCS, LLC will be 
responsible for ensuring that all supplies and consumables for field and laboratory operations are 
inspected and acceptable for data collection activities. Procurement of supplies and consumables 
related to groundwater analyses will be the responsibility of the laboratory conducting water 
analyses in accordance with the established standard methodologies and operating procedures. 

2.9. Non-Direct Measurements 

2.9.1. Data Sources 

Plume development will also be monitored via DTS and PNC logs. PNC logs detect CO2 
concentration surrounding the wellbore and repeat logging runs will be compared to the baseline 
conducted before injection operations begin. DTS monitors variations in temperature along the 
wellbore at a high resolution, measured every 10 minutes. 
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2.9.2. Relevance to Project 

Scheduled PNC logging will be used to track CO2 plume movement. After initial baseline testing 
is conducted prior to injection, processing and comparison of subsequent surveys will allow Live 
Oak CCS, LLC to monitor the extent of the plume, ensuring that the plume is contained and 
behaving as expected. Numerical modeling will be updated with new seismic, pressure, and 
saturation data throughout the project to best characterize the CO2 plume growth and movement 
over time. 

2.9.3. Acceptance Criteria 

Gauges and other logging equipment used to collect non-direct measurements will be checked 
periodically and maintained according to manufacturer recommendations for equipment care and 
operation, to ensure the accuracy of readings as they are incorporated into the model. 

2.9.4. Resources/Facilities Needed 

Live Oak CCS, LLC will subcontract all necessary resources and facilities for logging, in-zone 
pressure monitoring, and groundwater sampling. 

2.9.5. Validity Limits and Operating Conditions 

Intraorganizational verification by trained and experienced personnel will ensure that any required 
numerical modeling is conducted according to industry standards. 

2.10. Data Management 

2.10.1. Data Management Scheme 

Live Oak CCS, LLC or a designated contractor will maintain the required project data provided 
for in the permit. Data will be backed up on secure servers. 

2.10.2. Recordkeeping and Tracking Practices 

All records of gathered data will be securely held and properly labeled for auditing purposes. 

2.10.3. Data Handling Equipment/Procedures 

All equipment used to store data will be properly maintained and operated according to proper 
industry techniques. Live Oak CCS, LLC will ensure that all necessary supervisory control and 
data acquisition (SCADA) systems and vendor data acquisition systems will interface with one 
another, and that all subsequent data will be held on a secure server. Meter data will be captured 
via the flow computer. 

2.10.4. Responsibility 

Live Oak CCS, LLC Project Manager will be responsible for ensuring proper data management is 
maintained during pre-operational testing and the Operations Manager for the injection and post-
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injection periods. 

2.10.5. Data Archival and Retrieval 

All data will be held and maintained by Live Oak CCS, LLC. Data will be backed up on secure 
servers to be accessed by project personnel as required. 

2.10.6. Hardware and Software Configurations 

All Live Oak CCS, LLC and vendor hardware and software configurations will interface 
appropriately. 

2.10.7. Checklists and Forms 

Checklists and forms will be generated and completed as necessary based on project needs. 

3. Assessment and Oversight 

3.1. Assessments and Response Actions 

3.1.1. Activities to be Conducted 

Refer to Table 2 and Table 3 for a summary of work to be performed and proposed work schedule. 
After completion of groundwater sample analysis, the results will be reviewed for quality control 
criteria as noted in subsection 2.5. If the data fails to meet the established quality criteria, samples 
will be reanalyzed if still within the holding time criteria. If outside of holding time criteria, 
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 EPA 2009 Unified Guidance. 

3.1.2. Responsibility for Conducting Assessments 

Each organization gathering data will be responsible for conducting their own internal 
assessments. All stop work orders will be handled internally within each individual organization. 

3.1.3. Assessment Reporting 

All assessment information will be reported to the Live Oak CCS, LLC Project Manager during 
pre-operational testing or Operations Manager during injection and post-injection. 

3.1.4. Corrective Action 

All corrective actions which may affect a single organization’s data collection responsibility shall 
be addressed, verified, and documented by the individual project managers, and communicated to 
others, as necessary. Corrective actions affecting multiple organizations should be addressed by 
all members of the project leadership and communicated to other members on the QASP 
distribution list maintained by the Project Manager during pre-operational testing or Operations 
Manager during injection and post-injection. Integration of information from multiple monitoring 
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sources (operational, in-zone monitoring, above-zone monitoring) may be required to determine 
whether data and/or measurement method corrections are required, as well as the most effective 
and cost-efficient action to implement. Live Oak CCS, LLC will coordinate multiorganization 
assessments and corrective actions as needed. 

3.2. Reports to Management 

3.2.1. QA status Reports 

QA status reports are not required unless there are significant adjustments to the methods and 
procedures listed above. If any testing or monitoring techniques are changed, this QASP will be 
reviewed and updated appropriately after consultation with the OC. The revised QASP will be 
distributed by Live Oak CCS, LLC to the full distribution list maintained by the Project Manager 
during pre-operational testing or Operations Manager during injection and post-injection. 

4. Data Validation and Usability 

4.1. Data Review, Verification, and Validation 

4.1.1. Criteria for Accepting, Rejecting, or Qualifying Data 

Validation of data will include a review of concentration units, sample holding times, and the 
review of duplicate, blank, and other appropriate QA/QC results. Live Oak CCS, LLC will 
maintain copies of all the laboratory’s analytical test results and/or reports. Analytical results will 
be reported as described in the Testing and Monitoring Plan (subsection 1.5). In the periodic 
reports, groundwater analysis data will be presented in graphical and tabular formats as appropriate 
to characterize general groundwater quality and identify intra-well variability with time. After 
sufficient data have been collected, additional methods, such as those described in the EPA 2009 
Unified Guidance will be used to evaluate intra-well variations for groundwater constituents, to 
determine if significant changes have occurred that could be the result of CO2 or brine seepage 
beyond the intended storage reservoir. 

4.2. Verification and Validation Methods 

4.2.1. Data Verification and Validation Processes 

See subsections 2.5 and 4.1. Appropriate statistical software will be utilized to determine data 
consistency. 

4.2.2. Data Verification and Validation Responsibility 

Live Oak CCS, LLC or its designated subcontractor will verify and validate groundwater sampling 
data. 

4.2.3. Issue Resolution Process and Responsibility 

The Live Oak CCS, LLC Project Manager during pre-operations testing or the Operations Manager 
during injection and post-injection will oversee the groundwater data handling, management, and 
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