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1. Introduction 

Live Oak CCS, LLC plans to drill eight injection wells (i.e., LO-01 M, LO-01 F, LO-02 M, LO-
03 M, LO-04 F-M, LO-05 M, LO-06 M, and LO-06 F), targeting two injection intervals (Oligocene 
Frio Injection Complex or F (OFIC) and Lower Miocene Injection Complex or M (LMIC)), at 
Live Oak CCS Hub in Iberville and West Baton Rouge parishes, Louisiana (the “project”; Figure 
1). This Pre-Operational Testing Program will be implemented to obtain the chemical and physical 
characteristics of the injection and confining zones and to meet the testing requirements specified 
under LAC 43:XVII.3617.B. This program will include a combination of logging, coring, 
formation hydrogeologic testing (e.g., a pump test and/or injectivity tests), and other activities 
during the drilling and construction phases of the project’s proposed observation and CO2 injection 
wells listed in Table 1 and shown in Figure 1.  
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intervals (Lower Miocene Sand and Frio Formation) to meet the requirements under LAC 
43:XVII.3617(B). In addition, formation fluid characteristics will be obtained from both the Lower 
Miocene Sands and the Frio Formation to establish baseline data against which future 
measurements may be compared after the start of injection operations. A total of 21 injection and 
observation wells will be drilled (Table 1). The first in-zone monitoring well drilled (IOB-01) will 
be used in a phased manner for site characterization including an extensive coring program. Apart 
from the initial data collection well, as the seven other injection wells are drilled, they will be used 
to obtain injection zone characterization data through injectivity testing. In addition, an extensive 
well logging program will be implemented in the injection and in-zone observation wells as per 
LAC 43:XVII.3617(B)(1)(b) and (c). The results of the testing activities, including interpretation 
work, will be documented in separate reports for all eight injection wells. These reports will be 
submitted to the Louisiana Department of Energy and Natural Resources’ (LDENR) Office of 
Conservation (OC). Per LDENR guidance, Live Oak CCS, LLC will provide at least 72-hour 
notification to the OC prior to conducting any wireline tests, wells tests, or reservoir tests as per 
43:XVII.3617(B)(6). In addition, as per the requirements specified under LAC 43:XVII.3619, Live 
Oak CCS, LLC will submit a completion and site reassessment report for the OC’s approval to 
request authorization to inject. 
 
As per the requirements specified under 43:XVII.3617(B)(2), Live Oak CCS, LLC will take 
sidewall core and acquire logs from the eight injection wells. Apart from IOB-01, Live Oak CCS, 
LLC will bypass taking whole-core from the other planned injection and in-zone observation wells 
due to anticipated larger wellbore sizes and associated coring challenges. We anticipate required 
whole core analysis based on core collections from the first in-zone observation well (IOB-01) 
drilled at the site (see subsection 2.3).  
 
Similarly, pressure fall-off and injectivity testing would be conducted in the eight injection wells. 
These tests are useful in determining reservoir and confining unit fracture gradients as well as 
zonal injectivity. Detailed geomechanical information gained from core and log analysis will be 
input into a 1-dimensional Mechanical Earth Model (1-D MEM) to provide understanding of 
formation mechanical properties and fracture gradients of the formations within the Lower 
Miocene Sand and Frio Formation, as well as their corresponding confining units. 
 
Live Oak CCS, LLC plans to drill and install a water well to source drilling water at the hub site 
for various planned injection and monitoring wells. Once all the wells have been drilled, this well 
will be repurposed as a shallow groundwater monitoring well and can be a part of the routine 
groundwater monitoring program. A final decision regarding the repurposing of this well, or 
alternatively, drilling a new ground water monitoring well at an alternate location, as well as any 
other updates to the monitoring program, will be in consultation with and approval of the OC.    
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Figure 1: Locations of proposed injection and observation wells at Live Oak CCS Hub. 
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• Acoustic Log (i.e., Dipole Sonic) – This acoustic log measures elastic properties axially, 
radially, and azimuthally to support geomechanical, geophysical, fractures, and 
petrophysical modeling. Furthermore, sonic logs, like compressional sonic (DT), can be 
used along with density logs for preparing synthetic seismic logs. 

• High Resolution Resistivity Imager – Provides micro-resistivity formation images when 
using water-based mud. Borehole images can reveal bedding planes and associated 
contacts, fractures (open, healed, and induced), and reservoir textures (sedimentary 
structures). A multi-arm caliper run with this tool provides information on hole shape and 
is used for subsurface stress analysis. The tool also provides borehole inclination and 
azimuthal information which complement the deviation check surveys taken while drilling 
the well. 

• Nuclear Magnetic Resonance – This log provides nuclear magnetic resonance (NMR) 
measurements of the buildup and decay of the polarization of hydrogen nuclei (protons) in 
the liquids contained in the pore space of rock formations. One key measurement provided 
by this log is the total formation porosity. Permeability and effective porosity can be 
estimated from the free-fluid to bound-fluid ratio and the pore-size distribution. NMR 
measurement can also be used for fluid identification because this log also provides a 
hydrogen index measurement.   

• Pulsed Neutron Spectroscopy – This logging tool is used for measurements and 
definitions of mineralogy and matrix properties of injection and confining zones. The data 
from spectroscopy logging can be used to estimate mineral-based permeability, determine 
well-to-well correlations from geochemical stratigraphy, and determine sigma matrix for 
case hole and open hole sigma saturation analysis, among others. Elemental analysis or 
similar processing of these logs yields the volumetric proportions of mineral composition 
and pore fluids. For example, these logs can reveal the relative proportions of clay minerals, 
quartz, calcite, and fluid volume in the formation. 

• Wireline Formation Testing – This wireline tool suite has the capacity to collect reservoir 
pressure measurements, static fluid levels, and fluid samples that can be kept at formation 
pressures representative of downhole conditions. The tool can also be run to conduct a 
mini-frac test. These tests provide fracture pressure estimates and far field stress directions 
(in conjunction with the formation micro imager). Wireline test data can be used as 
calibration for other stress measurements (sonic logs). 

• Caliper Log – This tool provides a continuous measurement of the size and shape of a 
borehole along its depth. The measurements that are recorded can be an important indicator 
of washouts, cave-ins, or shale swelling in the borehole, which are instrumental in 
processing and interpreting the results of other well logs. 

• Spontaneous Potential Log – Spontaneous potential (SP) logs are useful for 
characterizing formation rock properties. Specifically, they provide indications of 
permeable formations and their boundaries as well as formation water resistivity.  

• Isotope Log – This tool allows identification of reservoir connectivity and 
compartmentalization as well as efficiency and sealing characteristics of caprocks and 
faults. It involves routine isotope analysis and reporting during drilling operations by 
sampling and analysis of mud gas samples. 
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coring program as planned is spread out between two phases. Phase 1 will utilize an in-zone 
observation well (IOB-01) to run planned Measurement While Drilling (MWD) as well as obtain 
necessary whole cores along the caprocks, injection intervals, and other formations of interest. 
Additionally, the plan is to run a full suite of wireline logs (Table 2) to better characterize both the 
OFIC and LMIC for the AoR. The data from Phase 1 will be used to identify the zones for acquiring 
additional core, particularly sidewall cores under Phase 2 in the injection well closest to the first 
observation well (LO-01 M). This approach allows optimization of the coring program as any 
specific coring points within the formations which may have been missed during the cutting of the 
whole cores in the observation well can be targeted during drilling of the injection well. In addition, 
sidewall cores will be acquired in all the other injection wells to better characterize the targeted 
injection complexes (LMIC and OFIC) in each injection well. 

IOB-01 will be used to collect whole cores in the upper confining zones for both the OFIC and 
LMIC, i.e., the Middle Miocene Confining Zone and Anahuac Formation, respectively. Decisions 
on necessity and exact location of whole cores will be based on the MWD observations and a 
thorough evaluation of available characterization at the site. These may include whole cores in 
either one or both injection zones (i.e., Lower Miocene Sands, Frio Formation), depending on the 
need for additional characterization. In addition to whole cores, a robust sidewall coring program 
is planned over the full injection complex including the confining, injection, and base seal zones. 
Additional sidewall cores may be collected from other injection and in-zone observation wells 
depending on the need for additional characterization. This whole core and rotary sidewall core 
analysis of samples will be used to evaluate the project’s proposed injection and confining 
intervals. The whole cores will go through extensive testing and, due to their location within the 
AoR, will be representative of the project. 

The exact number of cores and coring depths will be identified before Phase 1 of the coring 
program and finalized during the drilling of the first observation well. These whole and sidewall 
cores will be preserved on-site and shipped to a commercial core testing/analysis laboratory for 
analysis. Properties analyzed will include routine core analysis (porosity, permeability, grain 
density, and residual fluid saturation), where said properties are critical in understanding the exact 
nature of the rocks. Specialized core analysis, including X-ray diffraction (XRD) for mineralogical 
analysis and capillary pressure, will be conducted on selected whole core samples as well. If the 
wireline formation tests fail to determine injection and confining zone mechanical properties, core 
plug mechanical property tests (e.g., triaxial tests) may be conducted to determine these properties 
and to estimate fracture pressure. The wireline and core mechanical property results will be used 
to calibrate wireline logs. 

2.4. CO2 Stream Analysis 

CO2 stream analysis will provide the chemical profiles, for which the injectate is monitored, in the 
observation wells. Live Oak CCS, LLC will analyze the contents of the CO2 stream prior to 
injection, at a sufficient frequency, to yield representative chemical and physical profile data. This 
information will be used to conduct relevant testing and modeling, particularly with respect to the 
compatibility of the stream with fluids in the injection zone(s), minerals in the injection and 
confining zone(s), as well as the materials used in the construction of the wells. Any required 
updates will be communicated to the OC for approval prior to injection pursuant to 
LAC:43:XVII.3619(A)(3).  
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2.5. Baseline Monitoring 

Once they have been drilled and completed, baseline pressure monitoring will occur in the 
injection, in-zone, above-zone, and deep (lowermost USDW) wells. Monitoring will occur 
continuously using both downhole and wellhead pressure gauges (tubing and annular pressure 
monitoring). Direct baseline pressure monitoring in injection and in-zone wells will help reveal 
natural variations in subsurface pressure. This data will help complete the baseline monitoring and 
reporting requirements under LAC 43:XVII.3617(B)(3). This reservoir zone pressure data will 
help calibrate model predictions of pressure front propagation and allow for adequate baseline data 
to help decrease the frequency of false positive and negative loss of containment detection events 
when compared to injection phase monitoring data. Direct pressure monitoring in the above-zone 
and deep observation wells will allow for a comparison to injection phase monitoring pressure data 
for early detection of containment loss due to increased pressures from potential out-of-zone 
reservoir brine and/or CO2. 
 
Indirect CO2 plume baseline monitoring will occur at the project to support monitoring activities 
later during the injection phase as per LAC 43:XVII.3625(A)(7)(b). Live Oak CCS, LLC plans to 
implement indirect CO2 plume monitoring using DTS, and pulsed neutron capture (PNC) logging. 
Baseline data will be acquired prior to injection for comparison to injection phase monitoring data. 
In addition, some of the injection and in-zone observation wells may include permanently installed 
distributed acoustic sensing (DAS) fiber in addition to DTS. These can be used for repeat seismic 
surveys such as VSP or for passive seismic monitoring if required. However, a decision to utilize 
these monitoring methods will be contingent on the plume and pressure front progression with 
time based on other independent direct and indirect observations. Fiber optic deployment in 
multiple wells will also provide significant redundancy in case of any DTS/ DAS fiber optic cable 
failures during the life of the project. 
 
PNC logging tools can detect elevated oxygen around the wellbore in the rock formation and 
therefore the presence of CO2. PNC log uses induced gamma ray spectroscopy with a pulsed 
neutron generator where the tool measures the gamma rays that are emitted back after the neutrons 
are sent into the rock. PNC logging will be conducted once, prior to injection in all injection, in-
zone, above-zone, and deep observation wells. This baseline logging data will allow for 
comparison to injection phase monitoring data to determine the vertical location of CO2 within the 
injection and in-zone wells, and for early detection of containment loss for above-zone and deep 
observation wells. During injection, PNC logging will only be run in the injection wells, any wells 
with CO2 breakthrough, and in any wells where monitoring data indicates loss of containment. For 
the zones above the caprock, PNC logging will be mainly used as a verification technique to help 
prove the absence of CO2. Groundwater sampling and analysis will also be used to verify elevated 
levels of CO2 and determine if the elevated CO2 is project related. 
 
DTS data will be used to indirectly monitor the location of the CO2 saturation plume. All injection 
wells will include DTS in the cemented long string casing intervals. For LO-01 F, LO-04 F-M, 
and LO-06 F, the liner intervals within the Frio Sand will not include DTS due to tapered casing 
strings. The in-zone observation wells will also include DTS in the cemented long string casing 
and record continuous temperature measurements after well construction and prior to injection. In 
the injection wells, the deployed DTS fiber optic cables, in combination with temperature logging 
for LO-01 F, LO-04 F-M and LO-06 F wells, can be used for MIT. Additionally, it will be used 
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for verifying CO2 breakthrough and vertical extent in the other in-zone wells in conjunction with 
direct monitoring using pressure and temperature gauges. Reservoir zone intervals taking CO2, as 
verified using PNC logging, will then be used to calibrate reservoir models for better prediction of 
CO2 saturation plume behavior through time. 
 
As deemed necessary, DAS data can be used to indirectly monitor the location of the CO2 
saturation plume using geophysical imaging techniques such as vertical or cross-well seismic 
profiling. The monitored saturation profiles during the injection phase can be compared to plume 
front models to verify containment and conformance. Furthermore, the same fiber optic cable can 
be repurposed and used to monitor passive seismicity at the injection site if required. DAS allows 
for high resolution data due to higher density of sensing and should provide accurate identification 
and classification of large seismic events at the site. 
 
Additional details regarding the location and frequency of the baseline monitoring can be found in 
Table 2. 

2.6. Fluid Sampling 

The analysis of reservoir fluid samples will be used to satisfy the requirement of LAC 
43:XVII.3607(C)(2)(e) and ensure that baseline geochemical properties are established for the 
OFIC and LMIC within the AoR. Groundwater sampling procedures will be formulated using 
permanent downhole and wellhead pressure gauges. These gauges will continuously record and 
transmit pressure data about the groundwater in the intervals mentioned above and allow for an 
estimate of the water to be purged prior to sample collection. This is particularly important for post 
drilling sampling operations. For the first sampling operation, any fluids introduced into the 
formation during drilling, borehole conditioning, cementing, perforation acid treatment, and/or 
formation (injection) testing would first need to be removed before representative formation fluid 
samples can be collected. Consequently, Live Oak CCS, LLC will attempt to collect the first fluid 
samples during the active drilling phase using a Wireline Formation Testing tool rather than collect 
samples after well completion. The in-zone fluid samples from injection wells will be collected 
using a formation testing tool while the hole is open. If fluid samples cannot be taken via the 
formation testing tool, fluid samples can be collected after well completion by swabbing fluid or 
pumping through tubing with a packer set just above the perforated interval. After an appropriate 
volume of fluid is swabbed from the well, samples can be taken via a slickline deployed tool, such 
as a Kuster Flow Through Sampler (FTS) or equivalent. Both fluid sampling methods will sample 
reservoir pressure and static fluid levels. 
 
Groundwater chemistry will be baselined through fluid sampling and analysis in the injection 
interval of the Lower Miocene Sands and Frio Sand at the injection wells, the first permeable unit 
above the caprock in the Middle Miocene Sands (AOB-01, AOB-04, and AOB-06), the lowermost 
USDW, in the Jasper Aquifer System (UOB-01, UOB-04, and UOB-06), and potentially, the 
shallow Chicot Aquifer System (GW-01). 
 
 
The analytic and field parameters for fluid sampling are presented in Table 4. These parameters 
are consistent with the fluid sampling analysis and processes that are detailed in the Testing and 
Monitoring Plan and the Quality Assurance Surveillance Plan associated with this permit. Analytes 
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During the injection period, internal mechanical integrity will be continuously monitored by the 
well annular pressure maintenance and monitoring system, as discussed in more detail in the 
Testing and Monitoring Plan.  
 
Live Oak CCS, LLC will also employ various methods to demonstrate external mechanical 
integrity upon the completion of all injection wells and prior to the start of injection operations. 
Live Oak CCS, LLC will run temperature logs on all injection wells to demonstrate external 
mechanical integrity to provide confidence that there are no pathways for potential CO2 or brine 
migration through the wellbore, casing, or cement prior to injection operations, satisfying the 
requirement of LAC 43:XVII.3617(B)(1)(d). Additionally, external mechanical integrity will be 
demonstrated in all in-zone observation wells once prior to injection, using a distributed 
temperature sensing (DTS) fiber optic cable mechanical integrity test (MIT). Live Oak CCS, LLC 
plans to use DTS for external MIT in injection wells and additionally, temperature logs will be 
used in wells LO-01 F and LO-06 F since these two wells will only include DTS in the cemented 
casing section. 

2.7.1. Annulus Pressure Test Procedures for Injection and Observation Wells 

The general procedure for the annular pressure test is summarized as follows:  
 

1. The tubing/casing annulus (annulus) will be filled with fluid (see subsection 2.7.1 of 
the Construction Details for each injection well for details on the annular fluid). 
Temperature stabilization of the well and annulus liquid is necessary prior to 
conducting the test. For the injection wells, this will be achieved by filling the annulus 
with liquid and either ceasing injection or maintaining stabilized injection using water 
(i.e., continuous injection at a constant rate and constant injection fluid temperature) 
before and for the duration of the test. For the observation wells, the annulus will be 
filled with liquid but no changes will be made to the fluid inside the tubing prior to the 
actual test. 

2. No unapproved substances will be added to the annulus liquid.  
3. After stabilization, the annulus will be pressurized to a surface test pressure of no less 

than 500 psig. The exact pressure limit will depend on the casing string being tested. A 
positive pressure differential between the pressure in the annular space and the injection 
tubing pressure of at least 100 psi will be maintained throughout the entire annulus 
(from the top of the packer to the surface). Specific gravity differences between liquids 
in the annulus and the tubing should be accounted for when determining the appropriate 
test pressure.  

4. Following pressurization, the annular system will be isolated from the source of 
pressure. The annulus system will remain isolated for a period of no less than 60 
minutes.  

5. After the SAPT test period has been completed, the valve to the annulus will be opened 
and liquid returns from the annulus observed and measured. 

2.8. Fracture Pressure of Injection and Confining Zone 

To satisfy the requirements of LAC 43:XVII.3607(C)(2)(g), once open hole logs have been 
gathered, at selected depths, formation testing will be used to better characterize the fracture 
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b. Offset wells should be shut-in prior to and during the test. If shut-in is not feasible, 
a constant injection rate should be recorded and maintained during the test and then 
accounted for in the analysis. 

c. Do not shut-in two wells simultaneously or change the rate in an offset well during 
the test.  

3. The test well should be shut-in at the wellhead to minimize wellbore storage and afterflow. 
This is because the location of the shut-in valve can impact the duration of the wellbore 
storage period. Report the exact location of the shut-in valve and its relative distance from 
the wellhead in the final test report to the OC. 

4. Maintain accurate rate records for the test well and any offset wells completed in the same 
injection interval. 

5. Measure and record the viscosity of the injectate periodically during the injectivity portion 
of the test to confirm the consistency of the test fluid. 

 
The PFO data will be measured using a downhole gauge, sampling at a minimum of 5-second 
intervals. If required, a gauge can be conveyed via wireline for recording downhole pressures. The 
shut-in period of the PFO test will be adequate to assure that enough pressure transient data are 
collected to calculate the average pressure. Quantitative analysis of the measured data will be used 
to estimate formation characteristics, including transmissivity, permeability, and a skin factor 
using appropriate diagnostic plots. The measured parameters will be compared to those used in 
site computational modeling and AoR delineation. A final Falloff test report will be provided to 
the OC. 
 
The baseline PFO test will be conducted as part of the post-completion injectivity testing.  

2.10. Notification 

Pursuant to LAC 43:XVII.3617(B)(6), Live Oak CCS, LLC will notify the OC at least 72 hours in 
advance of conducting wireline logging, well tests, or reservoir tests. 

2.11. Reporting 

Pursuant to LAC 43:XVII.3609(L), 3617(B), and 3619, Live Oak CCS, LLC will provide the OC 
with a Completion Report and Site Reassessment for each injection well after completion and 
testing of that well that includes the following: 
 

• A descriptive report prepared by a knowledgeable log analyst that includes: 
o Interpretation of the results of logs and tests described in this Pre-Operational 

Testing Program; 
o Well log analyses; 
o Core analyses; and 
o Formation fluid sample information; 

• Final AoR based on modeling, using data obtained during logging and testing of the 
subsurface formations; 

• Any relevant updates to information presented in the Application Narrative on the geologic 
structure and hydrogeologic properties of the proposed storage site and overlying 
formations; 
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• Final injection well construction procedures,  
• Information on the compatibility of the CO2 stream: (1) with fluids in the injection zone, 

(2) with minerals in both the injection and confining zones, and (3) with the materials used 
to construct the injection well; 

• Results of the Pre-Operational Testing Program; 
• Status of corrective action on wells in the AoR; 
• Demonstration of mechanical integrity as described in subsection 2.5 above; 
• Updates to the following that are necessary to address new information collected during 

the Pre-Operational Testing Program:  
o Area of Review and Corrective Action Plan; 
o Testing and Monitoring Plan; 
o Injection Well Plugging Plan for each injection well; 
o Post-Injection Site Care and Site Closure Plan; and 
o Emergency and Remedial Response Plan. 
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