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1.0 Project Background and Contact Information

Facility name: Brown Pelican CO2 Sequestration Project
BRP CCS1, CCS2 and CCS3 Wells

Facility contact:

Well location: Penwell, Texas

BRP CCS1 | 31.76479314 | -102.7289311
BRP CCS2 | 31.76993805 | -102.7332448
BRP CCS3 | 31.76031163 | -102.7101566

The Brown Pelican CO. Sequestration Project (BRP Project or Project) is part of the Oxy Low
Carbon Ventures, LLC (OLCV), whose objective is to demonstrate technical feasibility of Carbon
Capture and Storage (CCS) utilizing CO. from Direct Air Capture (DAC). The advancement of
CCS technology is critically important in addressing CO> emissions and global climate change
concerns. The BRP Project is designed to demonstrate utility-scale integration of transport and
permanent storage of captured CO- into a deep geologic formation (i.e., geologic sequestration).
A commercial-scale CCS system is currently being constructed and will be operated to provide
safe, long-duration subsurface storage of COx.

The BRP Project will demonstrate that the geologic sequestration process can be done safely,
ensuring that the injected CO> will be retained within the intended storage reservoir. By using safe
and proven pipeline technology, the CO2 will be transported to a storage site located near Penwell,
Texas. The pipeline will be designed and installed according to all applicable standards and codes
and will adhere to strict mechanical integrity testing schedules to ensure long-term reliability. The
CO2 will be injected into the Lower San Andres Formation at a proposed rate of 0.385 Million
Metric Tons per Annum (MMTPA) for approximately two years followed by CO> injection at a
rate of 0.77 MMTPA for an additional 10 years. A total of 8.5 Million Metric Tons (MMT) is
estimated to be stored during the injection period.

The proposed Area of Review (AoR) has no known cultural sites or sites of archaeological
significance. There is one known place of worship and one known cemetery within a 1-mile buffer
zone surrounding the AoR. There are no known schools, hospitals, or nursing homes within the
AOR or buffer zone surrounding the AoR.
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GSDT Submission — Project Background and Contact Information

GSDT Module: Project Information Tracking
Tab(s): General Information tab; Facility Information and Owner/Operator Information tab

Please use the checkbox(es) to verify the following information was submitted to the GSDT:
X Required project and facility details [40 CFR §146.82(a)(1)]

2.0 Site Characterization [40 CFR §146.82(c)(2)]

A detailed geologic evaluation was conducted both regionally and locally for the area pertaining
to the BRP Project site using geologic, geophysical, and petrophysical data obtained from public
literature and Oxy-licensed data. A detailed discussion of the geologic features, geochemistry,
geomechanics, seismic history, Injection and Confining Zone details, and Area of Review (AoR)
site suitability is described in the Area of Review and Corrective Action document of this
application. Below are some highlights summarized from the detailed discussion.

2.1 Stratigraphic Framework [40 CFR 8146.82(a)(3)(iii), §146.83]

Two stratigraphic test wells, Shoe Bar 1 and Shoe Bar 1AZ, were drilled in 2023 to provide site-
specific data. A suite of ~10 wireline logs, and more than 700 ft of whole core, and fluid samples
from three depths were acquired in each of the two wells. The Shoe Bar 1 is located in an area
observed to have a different seismic facies characterization than the Shoe Bar 1AZ. Between these
two wells, it is possible to provide a robust geologic and petrophysical characterization of the
Injection Zone, Upper and Lower Confining Zones, and Upper Confining System. Step rate tests
and injectivity tests were conducted in these wells to constrain dynamic simulation modeling
parameters. In addition to the data from Shoe Bar 1 and Shoe Bar 1AZ, the stratigraphic framework
is defined by 359 well logs and 624 well tops.

The CO, Storage Complex in the proposed Project consists of four main elements shown in Figure
1:

Injection Zone (Lower San Andres Formation);

Upper Confining Zone (Upper San Andres and Grayburg Formations)

Regional Seal / Upper Confining System (Queen through Rustler Formations); and
Lower Confining Zone (Upper Glorieta Formation) (Figure 1).

APwnh e
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Figure 1— Stratigraphic column covering the Injection Zone, Upper Confining Zone, and Upper Confining
System. UWI = Unique Well Identifier; SSTVD = True vertical depth subsea; MD = Measured depth; XGR =
Gamma Ray log QCd by Oxy or OLCV petrophysicist; XPOR = porosity log QCd by Oxy or OLCV
petrophysicist; K = Permeability

The Lower San Andres Formation is divided into three sub-zones that comprise the proposed
Injection Zone. The G4 sub-subzone has average porosity = 9.7 % and average permeability = 1.2
mD. The G1 sub-zone has average porosity = 11.2 % and average permeability = 12 mD. The
Holt sub-zone has average porosity = 9.4 % and average permeability = 18.8 mD. Core facies
encountered in Shoe Bar 1 and Shoe Bar 1AZ in sub-zones G4 and G1 are dominated by stacked
grain-dominated and mud-dominated dolo-packstones. Core facies encountered in the Holt sub-
zone of Shoe Bar 1 are dominated by extensively leached and burrowed dolo-wackestones,
whereas core facies in the Holt sub-zone of Shoe Bar 1AZ comprise a 70 ft thick tight calcite
interval overlying grain-dominated dolo-packstones to dolo-wackestones. Data from the Shoe Bar
1 and Shoe Bar 1AZ wells are sufficient to adequately characterize the AoR because the rock and
fluid properties from these wells were calibrated to seismic facies and extrapolated beyond the
wellbores.
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OLCV confirmed the Upper San Andres Formation and the Grayburg formations as the Upper
Confining Zone with log and core data from Shoe Bar 1 and Shoe Bar 1AZ. The Upper San Andres
has average porosity of 6.1 % and average permeability of < 0.1 mD. The Grayburg formation has
average porosity of 4.1 % and average permeability of < 0.1 mD.

The Queen through Rustler Formations form the Regional Seal / Upper Confining System and
consist of regionally extensive, lateral continuous evaporites (anhydrite, halite), shale, and tight
silt. These units form the Permian regional seal complex that is ~2,500 ft thick (Figure 1) and is
demonstrated to trap hydrocarbon accumulations throughout the Permian Basin. These deposits
are some of the most extensively studied evaporite systems in the world (Beauheim and Roberts
2002; Anderson et al. 1972; Espinoza and Santamarina 2017; Kendall and Harwood 1989; Dean
et al. 2000). Evaporite formations are interbedded with clay and siltstone marker beds that are
traceable across much of the western Permian Basin (Anderson et al. 1972).

The Upper Glorieta Formation is confirmed to be the Lower Confining Zone with log and core
data from the Shoe Bar 1 and Shoe Bar 1AZ stratigraphic wells. The Upper Glorieta Formation
exhibits a porosity of <1% and <0.1 mD of permeability.

2.2 Structural Framework [40 CFR 8§146.82(a)(3)(ii), §146.82(a)(3)(v), §146.82(a)(3)(vi)]

OLCYV acquired a high-density, 20.5 mi? 3D seismic survey over the Project site in late 2022. Two
orthogonal 2D lines totaling 10 line-miles were acquired in addition to the 3D survey. These data
were used in conjunction with seismic data licensed from vendors and data from the BEG to
construct the structural framework.

The subsurface geologic structure of the Lower Confining Zone through the Upper Confining Zone
dips gently towards the West at 0.7° (170 ft vertically over 12,500 ft laterally) across the Project
area. Based on recently acquired site-specific 3D seismic data, the Injection Zone, the Upper
Confining and Lower Confining Zones are not faulted. Devonian and older strata are faulted. The
Devonian strata are separated ~1800 ft from the Permian-age Lower San Andres Injection Zone.

The proposed Project site is situated in an area of West Texas that has historically exhibited low
seismic activity, based on catalogs from both USGS! (up to and including December 2016, Figure
2) and TexNet? (January 2017 to present). The risk to the Project from seismic events is considered
minimal because the proposed Injection Zone is vertically separated from deeper faulted strata by
approximately 1,800 ft, as observed on 2D and 3D seismic images, providing sufficient vertical
separation to prevent any interaction between injection pressures and the faults. Additionally,
OLCV proposes to manage pressure by producing brine from the Injection Zone, further reducing

! https://earthquake.usgs.gov/earthquakes/search/
2 https://www.beg.utexas.edu/texnet-cisr/texnet

Class VI Permit Application Narrative for Brown Pelican CO, Sequestration Project
Permit Number: R06-TX-0005 Page 6 of 35
Contains Confidential Business Information



Plan revision number: 3
Plan revision date: 07/30/2024

the risk of seismicity from the proposed Project. The USGS predicts this site to have low future
seismic hazard. Because of these factors, the site low risk of induced seismicity due to Project
operations.

Figure 2— Seismic activity map showing a 50-mile radius around the Shoe Bar Ranch (shaded outline). The
closest seismic event observed was 5 miles east of the proposed site in 2001. The seismic cluster 25 miles NE
of the proposed Project site is currently attributed to SWD operations in deeper strata close to critically-
stressed faults.

2.3 Underground Sources of Drinking Water [40 CFR §146.82(a)(3)(vi), §146.82(a)(5)]

Southeast Ector County has two sources of groundwater in the extent of the Project that meet the
formal definition of a Underground Source of Drinking Water (USDW) by EPA Class VI standard
(40 CFR 8144.3): the Pecos Valley major aquifer (surface to ~250 ft below ground level); and the
Dockum minor aquifer / Santa Rosa Formation (~600 to 1,150 ft below ground level) (Bradley and
Kalaswad, 2001; Mace et al., 2006; George et al., 2011).

Drainage of the Pecos Valley and Dockum aquifers from the study area is directed southeast
toward the Pecos River, following the Monument Draw Trough (Boghici, 1999). The Dewey Lake
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Formation separates the base USDW from the Regional Seal and consists of red siltstone and shale
(Meyer et al., 2012; and Figure 1).

2.4. Geochemistry [40 CFR 8146.82(a)(6)]

The main reactive transport phenomenon of interest in carbonate reservoir CO- storage projects is
mineral dissolution by weak carbonic. The dissolution of the mineral can alter the porosity and the
permeability of the reservoir rock, affecting sequestration storage capacity, well injectivity, and
integrity of confining zones. For the BRP Project, dolomite is the dominant mineral in the Injection
Zone and anhydrite is the dominate mineral in the Upper Confining Zones. Oxy’s operational
experience in San Andres reservoirs has shown that the effect of reactive transport on reservoir
performance is insignificant.

Geochemical and reactive transport modeling were conducted to evaluate the impact of the
proposed CO: injectate stream on the Injection Zone and the Upper Confining Zone. The Upper
Confining Zone shows negligible reactivity as anhydrite does not dissolve and it is chemically
compatible with CO; at reservoir pressure and temperature.

Overall, the porosity change in the Injection Zone at the BRP Project is modeled to be insignificant.
Considering the total pore volume estimated to be in contact with CO, (2.98 billion ft%) and the
maximum volume change in the reservoir due to mineral dissolution/precipitation (1.36 million ft3
in 2087), the change in pore volume is about 0.046%. Thus, the results support that the changes in
reservoir storage volume due to injection is negligible. The differences in injection are negligible
because the permeability change is directly related to porosity alteration. Thus, wells injectivity is
considered unchanged due mineral dissolution and precipitation.

2.5 Geocellular and Dynamic Model Construction

The static geocellular framework was constructed by first modeling large-scale stratigraphic and
structural features, and then modeling the petrophysical properties of these geologic features. Four
zones in the geocellular model were created from stratigraphic surfaces based on well log
correlations of formation tops: the Grayburg with mean average thickness of 237 ft, the Upper San
Andres with 355 ft, the Lower San Andres with 652 ft, and the Glorieta with 341 ft. Proportional
layering was applied to each model zone, and the number of layers within each model zone division
was based on the upscaled thickness of each interpreted zone.

Core-measured porosity data were used to guide and calibrate the porosity model for deriving log-
based porosity estimates as an input to the geocellular model. In addition, core-measured
permeability data were used to construct a permeability model of Lucia Rock Fabric Number
(RFN) for the Injection Zone.
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The BRP Project dynamic reservoir simulation followed a method developed by Ghomian (2008),
who had successfully matched the results of a 2004 Frio pilot injection test, described in detail by
Sakurai et al. (2006). OLCV adopted these established processes for petrophysical evaluations,
geocellular model construction, and equation-of-state (EOS) modeling for CO> properties and
solubility. Further, all simulation runs were executed using the GEM simulator, as used by
Ghomian (2008).

The grid properties of porosity and horizontal permeability (kn) were imported directly from the
static geocellular model. The base vertical permeability (kv) for each grid cell was calculated using
amultiplier of 0.1 to the horizontal permeability, based on Oxy’s 30 years of experience in building
simulation models for more than 20 San Andres reservoirs in the Permian Basin. The initial
conditions of the model are based on data from Shoe Bar 1 and Shoe Bar 1AZ.

The Project is modeled to include three CO: injection wells. The BRP CCS1 and BRP CCS2
commence injection in January 2025. The third injector, BRP CCS3 commences injection in
January 2027. The BRP CCS1 and BRP CCS3 are slanted injectors that are completed in the G4
and G1 sub-zones. The BRP CCS2 is a horizontal well completed in the Holt sub-zone. To manage
pressure in the Injection Zone and restrict the size of the pressure plume, the Project drilled four
brine producer wells that are expected to commence production in the summer of 2024. The
produced brine will primarily be used in Oxy’s Enhanced Oil Recovery Operations and may be
injected into future UIC Class 1 wells. Brine produced from the Project will not be injected into
Class Il Saltwater Disposal Wells.

Geomechanical modeling of the AoR using Mohr-Coulomb analysis was conducted using the
hydrostatic pore pressure in the Lower San Andres Formation. The stress model is constrained by
the geological interpretation that the area is in a normal faulting/strike-slip transitional failure
mode that is consistent with the larger Permian Basin. Estimated operating pressures during CO>
injection are expected to be less than 90% of the 1,100 psi required to initiate tensile failure.
Therefore, risk of containment failure during CO- injection operations is low.

2.6 Site Storage Capacity

An initial estimation of the site storage capacity was performed using the CO2 Screen tool by the
U.S. DOE authored by Sanguinito et al. (2020) for estimating storage in saline formations,
described by Equation 1:

Geo, = Athg¢totpCOZEsaline ------------------------------------------------------------------------------ Equation 1

where G, is the CO: storage capacity, A, is the total area being assessed for CO: storage, hy is

the average gross thickness of the formation, ¢;,; is the average total porosity of the formation,
and Egqine 1S the CO> storage efficiency factor that reflects a fraction of the total pore volume
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filled by CO>. The efficiency factors for area, volumetric, and microscopic displacement were
assigned default values using the CO Screen tool based on lithology and depositional
environment. The rest of the inputs were obtained from the geocellular model. The storage capacity
was evaluated on a per-square-mile basis. Table 1 below describes the inputs used to estimate the
storage capacity in million metric tons (MMT) per square mile.

Table 1—Inputs Used to Estimate Storage Capacity

Gco,, (MMT]/s
. TVD Pressure LS Total €0z (- f
Formation (ft) (psi) Thickness Porosity mile)
(ft) P10 | P50 | P90

Lower San Andres,
Injection Zone

Notes:
pcoz2 =50.40 Ib/ft3
Esaiine = (0.09, 0.13, 0.18)

4,755 2378 400 0.09 214 | 3.13 | 432

Using a conservative estimate of the total available pore-space acreage at 6,400 acres (10 sq miles),
the total storage capacity of the BRP Project site in the Lower San Andres interval is between 21.4
and 43.2 MMT CO». The DOE methodology provides a wide variation in the storage capacity
estimate and is considered a high-level estimate to assess the site’s potential. Even considering a
conservative P10 case, the storage amounts to 21 MMT, which is more than twice the volume of
CO: planned to be injected. The main limitation of this methodology is the lack of dynamic
information in the analysis, such as the impact on storage caused by a lack of good permeability
pathways or the impact of exceeding the fracture gradient.

The dynamic simulation model is a more advanced method for determining storage capacity.
Details of the construction and physics of the base case dynamic model are described in detail in
the Area of Review and Corrective Action Plan. The base case model includes structural and
stratigraphic (supercritical), dissolved in the aqueous phase, and residual trapped CO. There is no
trapping due to mineralization because of the overall carbonate dissolution as shown in the
reactive-transport simulations. Figure 3 shows the change in storage capacity and CO2 plume area
over time from the dynamic simulation, forecast to run for 100 years after injection ends. The
maximum CO; plume area is 4.8 mi? at the end of the injection period with a storage capacity of
1.77 MMT/mi?. The plume shrinks after the injection stops from Year 12 to Year 50 and stabilizes
in the following years. The plume area is based on CO> global mole fraction with a 0.1% cutoff.
The change in plume size is negligible 50 years after injection, which is the proposed site closure
time.
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Figure 3—Dynamically simulated CO:2 plume area (blue dots), CO: injected mass (orange dots), and storage
capacity (gray dots) from start of injection to 100 years post-injection. Plume area is based on the saturation
extent of CO: in the reservoir.

3.0 AoR and Corrective Action [40 CFR §146.82]

OLCV determined the critical pressure, i.e., threshold at which the increase in pore pressure is
high enough to overcome the hydraulic head of the fluid in a hypothetical wellbore and enter the
USDW. Then, OLCV calculated the critical pressure front by following the method proposed by
Birkholzer et al. (2011) and Oldenburg et al. (2014) where reservoir simulation (as multiphase
numerical tool) can be used to model the leakage through single well. The Injection Zone is
observed to be overpressured prior to Project operations, therefore method of Birkholzer et al.
(2011) and Oldenburg et al. (2014) is appropriate to use.

In total, 28 hypothetical wells were positioned at different locations (i.e., 28 simulation runs). In
addition, nine Artificial Penetrations (APs) within and adjacent to the AoR were considered as
potential leak points. If left unmitigated, the following APs could potentially leak small volumes
of brine or CO> to the USDW: Eidson E-1 (APl 4213531130) with maximum about 0.00022
bbl/day; Eidson-Scharbauer-1 (APl 4213506139) with maximum about 0.00024 bbl/day, and
Scharbauer Eidson-1 (API 4213510667) with maximum about 0.00023 bbl/day.

Simulation results were used to determine the time at which the pressure and CO. plumes reach
the APs with leak potential. The pressure plume is modeled to intersect the Eidson E-1 after
approximately two years following the commencement of CO- injection operations. The pressure
plume is modeled to intersect the Eidson-Scharbauer-1 and the Scharbauer Eidson-1 within four
to five years following the commencement of injection activities. To conservatively protect the
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USDW, OLCV will perform corrective action on these three wells prior to commencement of CO>
injection operations.

At a fixed frequency specified in the Area of Review and Corrective Action Plan, or more
frequently when monitoring and operational conditions warrant, OLCV will re-evaluate the AoR
and perform any required corrective action in the manner specified in 40 CFR 8146.84. As part of
this reevaluation process, OLCV must also update the Area of Review and Corrective Action Plan
or demonstrate to the UIC Program Director that no update is needed.

Following each Area of Review and Corrective Action Plan re-evaluation or demonstration
showing that no new evaluation is needed, OLCV shall submit the resultant information in an
electronic format to the Program Director for review and approval of the results. Once approved
by the Program Director, the revised Area of Review and Corrective Action Plan will become an
enforceable condition of this permit.

AOR and Corrective Action GSDT Submissions

GSDT Module: AoR and Corrective Action
Tab(s): All applicable tabs

Please use the checkbox(es) to verify the following information was submitted to the GSDT:
X Tabulation of all wells within AoR that penetrate confining zone [40 CFR §146.82(a)(4)]
AoR and Corrective Action Plan [40 CFR §146.82(a)(13) and §146.84(b)]

X Computational modeling details [40 CFR 8146.84(c)]

4.0 Financial Responsibility

OLCYV shall maintain financial responsibility and resources to meet the requirements of 40 CFR
§146.85 and the conditions of this permit. Financial responsibility shall be maintained through all
phases of the project. The approved financial assurance mechanisms are found in the Financial
Assurance Plan document of this permit. The financial instrument(s) must be sufficient to cover
the cost of:

e Corrective action (per 40 CFR §146.84);

e Injection well plugging (meeting the requirements of 40 CFR §146.92);

e Post-injection site care and site closure (meeting the requirements of 40 CFR §146.93);
e Emergency and remedial response (meeting the requirements of 40 CFR §146.94).

During the active life of the geologic sequestration project, OLCV must adjust the cost estimate
for inflation within 60 days prior to the anniversary date of the establishment of the financial
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instrument(s) and provide this adjustment to the Program Director in an electronic format. OLCV
must also provide to the Program Director written updates of adjustments to the cost estimate in
an electronic format within 60 days of any amendments to the project plans that address the cost
items covered in the Financial Assurance Plan.

OLCV shall provide notifications to meet the requirements of 40 CFR §146.85 and the conditions
of this permit and shall take the following actions:

Whenever the current cost estimate increases to an amount greater than the face amount of
a financial instrument currently in use, OLCV, within 60 days after the increase, must either
cause the face amount to be increased to an amount at least equal to the current cost
estimate and submit evidence of such an increase to the Program Director, or obtain other
financial responsibility instruments to cover the increase. Whenever the current cost
estimate decreases, the face amount of the financial assurance instrument may be reduced
to the amount of the current cost estimate only after OLCV has received written approval
from the Program Director.

OLCV must notify the Program Director by certified mail and in an electronic format of
any adverse financial conditions, such as bankruptcy, which may affect the ability to carry
out injection well plugging, post-injection site care and site closure, and any applicable
ongoing actions under the Corrective Action and/or Emergency and Remedial Response
Plan.

o If OLCV or a third-party provider of a financial responsibility instrument is going
through a bankruptcy, OLCV must notify the Program Director by certified mail
and in an electronic format of the commencement of voluntary or involuntary
proceedings under Title 11 US Code (Bankruptcy), which names OLCV as the
debtor, within 10 days after commencement of the proceeding.

0 A guarantor of a corporate guarantee must make such a notification if he or she is
named as debtor, as required under the terms of the guarantee.

o0 A permittee who fulfills the requirements of financial assurance by obtaining a trust
fund, surety bond, letter of credit, escrow account, or insurance policy will be
deemed to be without the required financial assurance in the event of bankruptcy
of the trustee (or issuing institution) or suspension/revocation of the authority of
the trustee institution to act as trustee of the institution issuing the trust fund, surety
bond, letter of credit, escrow account, or insurance policy.
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OLCV must establish other financial assurance or liability coverage, acceptable to the Program
Director, within 60 days of a change to the Area of Review and Corrective Action Plan.

Financial Responsibility GSDT Submissions

GSDT Module: Financial Responsibility Demonstration
Tab(s): Cost Estimate tab and all applicable financial instrument tabs

Please use the checkbox(es) to verify the following information was submitted to the GSDT:
Demonstration of financial responsibility [40 CFR 8146.82(a)(14) and 8146.85]

5.0 Injection Well Construction [40 CFR §146.82(c)(5), §146.82(a)(12)]]

The COz injection wells are designed with the highest standards and best practices for drilling and
well construction (see Figure 4). The operational parameters were designed, and materials were
selected to ensure mechanical integrity in the system and to optimize the operation during the life
of the project.

5.1 Well design and Construction: BRP CCS1

The BRP CCS1 well design includes three main casing sections: 1) surface casing to cover the
USDW and provide integrity while drilling to the Injection Zone, 2) intermediate section, and 3) a
long string section to acquire formation data and isolate the target formation while running the
upper completion equipment. The orientation of this well will be slanted to maximize the length
of the completion in the Injection Zone. This well will be completed in the G4 and G1 sub-zones
of the Lower San Andres formation.

Surface Section

The 20-inch conductor pipe will be pre-set at 120 ft prior starting drilling operations. A 26-inch
hole will be drilled with auger and cemented before drilling rig arrives on location. The 17 % inch
surface section will be drilled vertical to 1,800 ft measured depth (MD)/ true vertical depth (TVD)
below the base of the underground source of drinking water (USDW) while taking deviation
surveys every 200 ft. Once total depth (TD) for the surface section is reached, the well will be
circulated and conditioned to run open hole electric logs according to the testing program. Then,
13 3/8 -inch casing will be run and cemented to the surface with Class C cement slurry. If there
are no cement returns to the surface, the Project Manager will inform the Program Director,
determine the top of cement with a temperature log or equivalent, and complete the annular cement
program with a top job procedure after approval by the Program Director.

After the cement job, Section A of the wellhead and the blowout preventor (BOP) equipment will
be installed. The rig crew will then test the BOP, test the casing, and pick up the drilling assembly.
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Intermediate Section

Make up the 12 ¥4 inch drilling assembly and run in hole (RIH). Drill out shoe track and ten (10)
ft new formation. Perform a formation integrity test (FIT) to a minimum equivalent mud weight
(EMW) of 13 ppg. A 12-1/4-inch hole for the intermediate string will be drilled vertically from
1,800 ft to the kickoff point (KOP) at 3,500 ft MD, and then directionally drilled to 3,800 ft
measured depth MD. At the section total depth (TD), the hole will be circulated, and the mud will
be conditioned to run open hole electric logs according to the testing program. Then, the 9 5/8-
inch casing will be run and cemented to the surface with Class C cement slurry. If there are no
cement returns to the surface, the Project Manager will inform the Program Director, determine
the top of cement with a temperature log or equivalent, and complete the annular cement program
with a top job procedure after approval by the Program Director.

Injection Section

An 8-1/2-inch hole will be drilled vertically from 3,800 ft MD to 4,700 ft MD. The rat hole will
extend to 6,270 ft MD. Once TD is reached, the well will be circulated and conditioned to run
openhole electric logs as per the testing program. A cement bond log (CBL) and variable density
log (VDL) will be acquired. Then, the long string of 5-1/2-inch casing will be deployed with a
DTS/DAS fiber optic cable attached to the exterior of the casing. The 5 1/2-inch casing will be
cemented to the surface with a combination of CO»-resistant class C reduced Portland with
additives (1st stage slurry) and Class C (2nd stage slurry) cement slurries with DV tool.

Completion

During the completion operations, the rig will test the casing to 500 psi, condition the long string
casing with a bit and scraper, run a CBL-VDL-USIT-CCL log to evaluate cement bonding and
casing conditions, perforate the Injection Zone, and run the upper completion equipment. The 2
7/8-inch tubing and packer completion will be run to approximately 4,100 ft, in conjunction with
an electric cable and pressure and temperature gauges. The fluid in the well will be displaced with
packer fluid, and the packer will be set. Once the packer is set, an annular pressure test will be
performed to 500 psi to validate the mechanical seal. A leak-off test followed by a pressure fall-
off test will be performed before starting injection.

Specific details on the proposed casing properties and cementing program are found in Section 5.0
of the Injection Well Construction Plan document of this permit.
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BRP CCS1 - Injector Well (Slant well)

Latitude : 31.76479314/ Longitude : -102.7289311
~GL: 2950 ft, “KB: 20 ft

Pre-set Line Pipe Conductor Section:

Y A Auger drill ~26" hole @ ~120 ft
TVD (ft) Water/Fresh Gel Mud
Depth USDW 841 20" Line pipe APl 5LB X42 0.25" wall thickness, 52.78#

Concrete mix: Cement + Additive, 474 sacks, yield 0.77

i Surface Section: i

Surface Hole 17.5" @ 1800 ft

Surface Casing 13-3/8" 54.5# K55 BTC @ 1800 ft

fresh gel mud MW 8.5 - 9.5 ppg

Lead Slurry: 0-1300 ft, OPC (Ordinary Portland Cement) + Additives
12.5-13.0 ppg,960 sx , yield 1.88

i Tail Slurry: 1300-1800 ft, OPC (Ordinary Portland Cement) + Additives

! 14.5-15.0 ppg, 510 sx, yield 1.36 !

A = A KT 20bls, FIT estimated 13.0 ppg
= Intermediate Section:
KOP 3500 ft MD/TVD »% Intermediate Hole 12.25" @ 3800 ft
BUS DLS 4.5-5.0 °/100ft g Intermediate Csg 9-5/8" 36.0f -55 BTC @ 3800 ft
E Salt gel mud/brine MW 9.5-10.2 ppg
A S ‘ Lead Slurry: 0-3300 ft, OPC (Ordinary Portland Cement) + Additives
11.5-12.5 ppg,1147sx , yield 1.8
Grayburg Tail Slurry: 3300-3800 ft, OPC (Ordinary Portland Cement) + Additives
3874' MD/ 3867' TVD 14.0-15.0 ppg, 244 sx, yield 1.28
KT 20 bls, FIT estimated 13.0 ppg
Production Section:
Drilling:
Main Hole 8.5" @ 6270' MD/ 5277' TVD
Up?er San Anc!res Casing 5-1/2" 17# L80 metal-to-metal @0-3600' MD
4101 MD/ 4074' TVD Casing 5-1/2" 17# SM25CRW 125 Vam 21 @3600-6270' MD
P/T H DV tool set @ 3600' MD
i Fiber optic in annular DTS and DAS
i Lower San Andres ;/T r ;CTB’SI;;E_S d’;;‘;"ge: 'l':)TZ“b'"g i
. | rine .5-10.2 ppg
4674' MD/4479' TVD =T =< 2nd stage slurry: 0-3600 ft, OPC (Ordinary Portland Cement)+ additives,
13.0-13.5 ppg, 553 sx, yield 1.49
EOC 60° inclination pu— 2 ———————  1ststage slurry: 3600-6270 ft, CO2 resistant (reduced portland content) class C +
4700' MD/ 4492' TVD additives (pozzolan, fly ash, silica sand/flour, fluid loss, and latex),
! — ¢ 13.0-14.5 ppg, 492 sx, yield 1.49
Production Section:
Completion:
Injection string for Lower Injection Zone
, \ 27/8" 8.7# L80 TK-805 Coated with gas seal threads at 0-4100 ft MD
G1 4933 MD/ 4609' TVD —_— ———— 5.5"X2.875" fullbore retrievable nickel plated packer 4100' MD
Packer Elastomer HNBR or better
Holt 5667 MD/ 4976' TVD Inhibited Packer Fluid 9.8 ppg
Nipple Profile above the packer
Inconel E-Line cable for two Tubing Deployed P/T Gauges
Ported sub above packer to read bottom hole tubing P/T from annulus
Glorieta
i 6069' MD/ 5177' TVD i
Perf Top=4674' MD
Perf Bottom =5667' MD
TD-6270'MD/ 5277' TVD Perforation length estimated 993 ft MD
‘ k 6 shots/ft, 60° phasing, 0.48" dia

BHT 117 F
Reservoir Pressure : 0.45 psi/ft

Figure 4—BRP CCS1 well proposed schematic

5.2. Well Design and Construction: BRP CCS2

The BRP CCS2 well design includes three main casing sections: 1) surface casing to cover the
USDW and provide integrity while drilling to the Injection Zone, 2) intermediate section, and 3) a
long string section to acquire formation data and isolate the target formation while running the
upper completion equipment. The orientation of this well will be horizontal, completed in the Holt
sub-zone of the Lower San Andres formation.
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Surface Section

The 20-inch conductor pipe will be pre-set at 120 ft prior starting drilling operations. A 26-inch
hole will be drilled with auger and cemented before drilling rig arrives on location. The 17 %2 inch
surface section will be drilled vertical to 1,800 ft measured depth (MD)/ true vertical depth (TVD)
below the base of the underground source of drinking water (USDW) while taking deviation
surveys every 200 ft. At the section total depth (TD), the hole will be circulated, and the mud will
be conditioned to run open hole electric logs according to the testing program. The 13 3/8-inch
surface casing will be cement to the surface with Class C cement slurry and additives. After the
cement job, section A of the wellhead and the blowout preventor (BOP) equipment will be
installed. If there are no cement returns to the surface, the Project Manager will inform the Program
Director, determine the top of cement with a temperature log or equivalent, and complete the
annular cement program with a top job procedure after approval by the Program Director.

Intermediate Section

The 12 Y inch intermediate hole will be drilled vertical from 1,800 ft MD to the section TD at
3,800 ft MD. At the section total depth (TD), the hole will be circulated, and the mud will be
conditioned to run open hole electric logs according to the testing program. The 9 5/8-inch
intermediate casing will be run to section TD. The 9 5/8-inch intermediate casing will be cement
to the surface with Class C cement slurry and additives. If there are no cement returns to the
surface, the Project Manager will inform the Program Director, determine the top of cement with
atemperature log or equivalent, and complete the annular cement program with a top job procedure
after approval by the Program Director.

Injection Section

Make up the 8 %2 inch drilling assembly and RIH. Drill out shoe track and ten (10) ft new formation.
Perform a FIT to a minimum EMW of 13 ppg. The 8 %2 inch production hole will be drilled vertical
from 3,800 ft MD to the kickoff point (KOP) at 3,885 ft MD. Drill directional to landing point
(LP) at 5,835 ft MD. Drill lateral section directional holding inclination to 9,260 ft MD/ 5,083 ft
TVD in Holt formation, 200 ft will be used for casing shoe track and completion perforation guns
rat hole. At the well TD, the hole will be circulated, and the mud will be conditioned to run open
hole electric logs according to the testing program. The long string of 5 %2 inch casing will be
deployed with a DTS/DAS fiber optic cable attached to the exterior of the 5 1/2-inch production
casing and will be run to section TD. The 5 % in casing will be cemented to the surface with a
combination of CO-resistant class C reduced Portland with additives (1st stage slurry) and Class
C (2nd stage slurry) cement slurries with DV tool.

Completion

During the completion operations, the rig will test the casing to 500 psi, condition the long string
casing with a bit and scraper, run a CBL-VDL-USIT-CCL log to evaluate cement bonding and
casing conditions, perforate the Injection Zone, and run the upper completion equipment. The 2
7/8 in. tubing and packer completion will be run to approximately 4,500 ft, in conjunction with an
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electric cable and pressure and temperature gauges. The fluid in the well will be displaced with
packer fluid, and the packer will be set. Once the packer is set, an annular pressure test will be
performed to 500 psi to validate the mechanical seal. A leak-off test followed by a pressure fall-
off test will be performed before starting injection.

The proposed schematics is shown in Figure 5.

BRP CCS2 - Injector Well (Horizontal well)

Latitude : 31.76993805/ Longitude : -102.7332448
~GL: 2950 ft, ~KB: 20 ft

Pre-set Line Pipe Conductor Section:

: A A Auger drill ~26" hole @ ~120 ft :
TVD (ft) Water/Fresh Gel Mud
Depth USDW 842 20" Line pipe API 5LB X42 0.25" wall thickness, 52.78#

Concrete mix: Cement + Additive, 474 sacks, yield 0.77

i Surface Section:
Surface Hole 17.5" @ 1800 ft
Surface Casing 13-3/8" 54.5# K55 BTC @ 1800 ft
Fresh gel mud MW 8.5 - 9.5 ppg
Lead Slurry: 0-1300 ft, OPC (Ordinary Portland Cement) + Additives
12.5-13.0 ppg,960 sx , yield 1.88
Tail Slurry: 1300-1800 ft, OPC (Ordinary Portland Cement) + Additives
! 14.5-15.0 ppg, 510 sx, yield 1.36
A\ KT 20bls, FIT estimated 13.0 ppg
Intermediate Section:
Intermediate Hole 12.25" @ 3800 ft
Intermediate Csg 9-5/8" 36.0# J-55 BTC @ 3800 ft
Salt gel mud/brine MW 9.5-10.2 ppg
‘ Lead Slurry: 0-3300 ft, OPC (Ordinary Portland Cement) + Additives
11.5-12.5 ppg,1147sx , yield 1.8
Grayburg Tail Slurry: 3300-3800 ft, OPC (Ordinary Portland Cement) + Additives
3881' MD/ 3874' TVD 14.0-15.0 ppg, 244 sx, yield 1.28
KT 20 bls, FIT estimated 13.0 ppg
KOP 3885' MD/TVD Production Section:
i BUS DLS 4.65 °/100ft Drilling: 3
Main Hole 8.5" @ 9260' MD/ 5083' TVD
Upper San Andres Casing 5-1/2" 17# L80 metal-to-metal @0-3600' MD
4099' MD/ 4098' TVD Casing 5-1/2" 17# SM25CRW 125 Vam 21 @3600-9260' MD
P/T DV tool set @ 3600' MD
i Fiber optic in annular DTS and DAS
P/T P/T Gauges deployed in Tubing
X WBM/brine MW 9.5-10.2 ppg
=1 = 2nd stage slurry: 0-3600 ft, OPC (Ordinary Portland Cement) + additives,
13.0-13.5 ppg, 553 sx, yield 1.49
1st stage slurry: 3600-9260 ft, CO2 resistant (reduced portland content) class C +
additives (pozzolan, fly ash, silica sand/flour, fluid loss, and latex),
13.0-14.5 ppg, 1043 sx, yield 1.49
Production Section:
X Completion:
G1 Formation Injection string for Holt injection zone
4698' MD/4640' TVD 27/8" 8.7# L80 TK-805 Coated with gas seal threads at 0-4500 ft MD
5.5"X2.875" fullbore retrievable nickel plated packer 4500' MD
Holt _— _— Packer Elastomer HNBR or better
5768 MD/5116' TVD Inhibited Packer Fluid 9.8 ppg
Nipple Profile above the packer
Inconel E-Line cable for two Tubing Deployed P/T Gauges
Ported sub above packer to read bottom hole tubing P/T from annulus

Non corrosive fluid

Lower San Andres
i 4535' MD/4505' TVD

Landing Point 90.63° inclination
5835' MD/ 5117' TVD
Perf Top= 5768' MD
Perf Bottom = 9165' MD
Perforation length estimated 3397 ft MD
6 shots/ft, 60° phasing, 0.48" dia

TD - 9260' MD/ 5083' TVD @90.63° inc.

Qi

A

BHT 117 F
Reservoir Pressure : 0.45 psi/ft

Figure 5—BRP CCS2 well proposed schematic
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5.3. Well Design and Construction: BRP CCS3

The BRP CCS3 well design includes three main casing sections: 1) surface casing to cover the
USDW and provide integrity while drilling to the injection zone, 2) intermediate section, and 3) a
long string section to acquire formation data and isolate the target formation while running the
upper completion equipment. The orientation of this well will be slanted to maximize the length
of the completion in the Injection Zone. This well will be completed in the G4 and G1 sub-zones
of the Lower San Andres formation.

Surface Section

The 20-inch conductor pipe will be pre-set at 120 ft prior starting drilling operations. A 26-inch
hole will be drilled with auger and cemented before drilling rig arrives on location. The 17 % inch
surface section will be drilled vertical to 1,800 ft measured depth (MD)/ true vertical depth (TVD)
below the base of the underground source of drinking water (USDW) while taking deviation
surveys every 200 ft. At the section total depth (TD), the hole will be circulated, and the mud will
be conditioned to run open hole electric logs according to the testing program. The 13 3/8-inch
surface casing will be cement to the surface with Class C cement slurry and additives. After the
cement job, section A of the wellhead and the blowout preventor (BOP) equipment will be
installed. If there are no cement returns to the surface, the Project Manager will inform the Program
Director, determine the top of cement with a temperature log or equivalent, and complete the
annular cement program with a top job procedure after approval by the Program Director.

Intermediate Section

The 12 % inch intermediate hole will be drilled vertical from 1,800 ft MD / TVD and will start to
kickoff (KOP) from the same depth (1,800 ft MD/TVD). Drill directional to 3,800 ft MD. At the
section total depth (TD), the hole will be circulated, and the mud will be conditioned to run open
hole electric logs according to the testing program. The 9 5/8-inch intermediate casing will be run
to section TD. The 9 5/8-inch intermediate casing will be cement to the surface with Class C
cement slurry and additives. If there are no cement returns to the surface, the Project Manager will
inform the Program Director, determine the top of cement with a temperature log or equivalent,
and complete the annular cement program with a top job procedure after approval by the Program
Director.

Injection Section

Make up the 8 %2 inch drilling assembly and RIH. Drill out shoe track and ten (10) ft new formation.
Perform a FIT to a minimum EMW of 13 ppg. The 8 % inch production hole will be drilled
directional from 3,800 ft MD to the end of curve point (EOC) at 4,511 ft MD. Drill tangent section
directional holding inclination to 6,578 ft MD, 200 ft below Glorieta formation for wire line rat
hole, casing shoe track and completion perforation guns rat hole. At the well TD, the hole will be
circulated, and the mud will be conditioned to run open hole electric logs according to the testing
program. The long string of 5 % inch casing will be deployed with a DTS/DAS fiber optic cable
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attached to the exterior of the 5 1/2-inch production casing and will be run to section TD. The 5 %
in casing will be cemented to the surface with a combination of COz-resistant class C reduced
Portland with additives (1st stage slurry) and Class C (2nd stage slurry) cement slurries with DV
tool.

Completion

During the completion operations, the rig will test the casing to 500 psi, condition the long string
casing with a bit and scraper, run a CBL-VDL-USIT-CCL log to evaluate cement bonding and
casing conditions, perforate the Injection Zone, and run the upper completion equipment. The 2
7/8 in. tubing and packer completion will be run to approximately 3,680 ft, in conjunction with an
electric cable and pressure and temperature gauges. The fluid in the well will be displaced with
packer fluid, and the packer will be set. Once the packer is set, an annular pressure test will be
performed to 500 psi to validate the mechanical seal. A leak-off test followed by a pressure fall-
off test will be performed before starting injection.

The proposed schematics is shown in Figure 6.
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BRP CCS3 - Injector Well (Slant well)

Latitude : 31.76031163/ Longitude : -102.7101566
~GL: 2950 ft, “KB: 20 ft

Pre-set Line Pipe Conductor Section:

Y A Auger drill ~26" hole @ ~120 ft
TVD (ft) Water/Fresh Gel Mud
Depth USDW 817 20" Line pipe APl 5LB X42 0.25" wall thickness, 52.78#

Concrete mix: Cement + Additive, 474 sacks, yield 0.77

i Surface Section: i
Surface Hole 17.5" @ 1800 ft
Surface Casing 13-3/8" 54.5# K55 BTC @ 1800 ft
fresh gel mud MW 8.5 - 9.5 ppg
Lead Slurry: 0-1300 ft, OPC (Ordinary Portland Cement) + Additives
12.5-13.0 ppg,960 sx , yield 1.88
i Tail Slurry: 1300-1800 ft, OPC (Ordinary Portland Cement) + Additives
! 14.5-15.0 ppg, 510 sx, yield 1.36 !
k KT 20 bls, FIT estimated 13.0 ppg
Intermediate Section:
Intermediate Hole 12.25" @ 3800 ft
Intermediate Csg 9-5/8" 36.0# J-55 BTC @ 3800 ft
Salt gel mud/brine MW 9.5-10.2 ppg
‘ Lead Slurry: 0-3300 ft, OPC (Ordinary Portland Cement) + Additives
11.5-12.5 ppg,1147sx , yield 1.8
Grayburg Tail Slurry: 3300-3800 ft, OPC (Ordinary Portland Cement) + Additives
4002' MD/ 3816' TVD 14.0-15.0 ppg, 244 sx, yield 1.28
KT 20 bls, FIT estimated 13.0 ppg
Production Section:
Drilling:
Main Hole 8.5" @ 6578' MD/ 5192' TVD
Up?er San And'res Casing 5-1/2" 17# L80 metal-to-metal @0-3600' MD
4282 MD/ 4024' TVD Casing 5-1/2" 17# SM25CRW 125 Vam 21 @3600-6578' MD
P/T DV tool set @ 3600' MD
i Fiber optic in annular DTS and DAS
i EOC 60° inclination P/T H P/T Gauges deployed in Tubing i
4511' MD/ 4158' TVD X WBM/brine MW 9.5-10.2 ppg ! N
=T =< 2nd stage slurry: 0-3600 t, OPC (Ordinary Portland Cement) + additives,
13.0-13.5 ppg, 553 sx, yield 1.49
1st stage slurry: 3600-6578 ft, CO2 resistant (reduced portland content) class C +
Lower San Andres —— — - o )
= —_— additives (pozzolan, fly ash, silica sand/flour, fluid loss, and latex),
! 4959' MD/ 4382' TVD 13.0-14.5 ppg, 598 sx, yield 1.49
Production Section:
Completion:
Injection string for Lower injection zone
G1 5225' MD/ 4515' TVD —_— — 27/8" 8.7# L80 TK-805 Coated with gas seal threads at 0-3680 ft MD
5.5"X2.875" fullbore retrievable nickel plated packer 3680' MD
—— Packer Elastomer HNBR or better
Holt 6006 MD/ 4906' TVD - | Inhibited Packer Fluid 9.8 ppg
Nipple Profile above the packer
Inconel E-Line cable for two Tubing Deployed P/T Gauges
Ported sub above packer to read bottom hole tubing P/T from annulus

KOP 1800 ft MD/TVD
BUS DLS 3.0-5.0 °/100ft

Non corrosive fluid

Glorieta
i 6316' MD/ 5061' TVD i
Perf Top=4959' MD
Perf Bottom = 6006' MD
TD-6578' MD/ 5192' TVD Perforation length estimated 1047 ft MD
‘ k 6 shots/ft, 60° phasing, 0.48" dia

BHT 117 F
Reservoir Pressure : 0.45 psi/ft

Figure 6—BRP CCS3 well proposed schematic

6.0 Pre-Operational Logging and Testing [40 CEFR §146.82(c)(4), (7) and §146.87]

The Shoe Bar 1 and Shoe Bar 1AZ stratigraphic wells were drilled in 2023 to provide site-specific
characterization data for the BRP site. The Shoe Bar 1AZ is located within the proposed AoR,
close to the locations in proposed Injector wells. Core data collected in the Shoe Bar 1AZ is
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representative of the subsurface at the locations of proposed future injectors BRP CCS1 and BRP
CCS2, which will be located less than 2,000 ft from Shoe Bar 1AZ (see additional details in Pre-
Operational Plan Appendix A). Shoe Bar 1 is located in the easternmost extent of the modeled
AOR, approximately 1.5 miles East of Shoe Bar 1AZ.

The Project acquired a comprehensive suite of basic and advanced geophysical logs, whole core
through the injection interval, sidewall cores, reservoir pressure data and fluid samples in the
stratigraphic test wells. After each well was constructed, the BRP team conducted step-rate tests
in the injection and confining intervals.

The BRP Project will construct three new wells for CO- injection. An extensive suite of tests and
logs will be acquired during drilling, casing installation, and post-casing installation in the injector
wells in accordance with the testing required under 40 CFR 8146.87(a), (b), (c), and (d). Because
of close proximity and stratigraphic and structural conformance demonstrated by seismic data of
the BRP CCS1 and BRP CCS2 to the Shoe Bar 1AZ, the Project does not intend to re-collect core
in the BRP CCS1 or BRP CCS2. The BRP CCS3 will be located in close proximity to the Shoe
Bar 1, but additional sidewall core will be collected in the BRP CCS3, because seismic data
indicate that its rock properties may be different than what was encountered in the Shoe Bar 1.

The Project has constructed a well to monitor the lowermost USDW and four wells to withdraw
brine from the Injection Zone for pressure maintenance. In the future, the Project will construct
two additional wells to monitor the Injection Zone. These wells will be logged, and fluid samples
will be collected for characterization and future monitoring efforts.

Specific details on the proposed pre-operational logging and testing program are found in the Pre-
Operational Testing Plan document that is part of this application.

Pre-Operational Logging and Testing GSDT Submissions

GSDT Module: Pre-Operational Testing
Tab(s): Welcome tab

Please use the checkbox(es) to verify the following information was submitted to the GSDT:
X Proposed pre-operational testing program [40 CFR §146.82(a)(8) and §146.87]

7.0 Proposed Stimulation Program [40 CFR §146.82(a)(9)]

OLCV may stimulate the Injection Zone for the BRP Project to enhance the injectivity potential
of COz injection wells and the productivity of water withdrawal wells. Stimulation may involve,
but is not limited to, flowing fluids into or out of the CO: injection wells, increasing or connecting
pore spaces in the injection/production formation, or other activities that are intended to allow CO>
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to move more readily into the Injection Zone and for the brine to be more efficiently produced by
water withdrawal wells.

8.0 Well Operation [40 CFR §146.88]

The COz Injection wells are designed to maximize the rate of injection as well as reduce the surface
pressure and friction alongside the tubing, while maintaining the bottomhole pressure below 90%
of the fracture pressure. The selected design provides enough clearance to deploy the pressure and
temperature gauges on tubing and to ensure continuous surveillance of external integrity and
conformance through the external fiber optic cable. The design allows for other logs to be
periodically run, e.g., temperature logs.

8.1 Operational Procedures [40 CFR §146.82(a)(10)]

The operational procedures summarized below describe how OLCV will initiate injection and
conduct startup-specific monitoring of the CO> injector wells.

The multistage (step-rate) startup procedure and period only apply to the initial start of injection
operations until the well reaches the full injection rate. Monitoring frequencies and methodologies
after the initial startup will follow the Testing and Monitoring Plan document of this permit.

During the startup period, OLCV will submit a daily report summarizing and interpreting the
operational data. At the request of the EPA, OLCV may be required to schedule a daily conference
call to discuss this information. A multistage (step-rate) startup procedure will initially be applied
to the well. At no point during the start-up procedure will the injection pressure be allowed to
exceed the maximum injection pressure of 1,100 psig for BRP CCS 1 and CCS3 and 1,800 for
BRP CCS 2, which is measured at the wellhead. The injection rate will be measured and recorded
using an orifice flowmeter.

A spinner log will be conducted during each change (step) in rate, and the project team will look
for any evidence of anomalous pressure behavior. If during the startup period any anomalous
pressure behavior is observed, the project team may conduct additional logging and modify the
injection rate program to characterize the anomaly better.

Additional operational parameters are detailed in the Summary of Operating Conditions document
of this permit.

Operating conditions are summarized in Table 2 below.
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Table 2—Operating conditions for CO2 Injector wells

Limitation or
Parameter/Condition Permitted Value Units
Daily group maximum injection mass 2,116 Metric tons per day
Daily group average injection mass 1,931 Metric tons per day
Daily maximum injection mass BRP CCS1 600 Metric tons per day
Daily average injection mass BRP CCS1 450 Metric tons per day
Daily maximum injection rate BRP CCS1 8.24 Million standard cubic feet per day
Daily average injection rate BRP CCS1 7.88 Million standard cubic feet per day
Total mass BRP CCS1 1.83 Million metric tons
Maximum surface wellhead injection pressure .
BRP CCS1 1,100 Psig
Maximum bottomhole injection pressure BRP .
ccsil 2,625.3 psig
Average bottomhole injection pressure BRP .
cCs1 2,600.3 psig
Daily maximum injection mass BRP CCS2 1,500 Metric tons per day
Daily average injection mass BRP CCS2 1,112 Metric tons per day
Daily maximum injection rate BRP CCS2 25.0 Million standard cubic feet per day
Daily average injection rate BRP CCS2 21.9 Million standard cubic feet per day
Total mass BRP CCS2 4.87 Million metric tons
Maximum surface wellhead injection pressure .
BRP CCS2 1800 Psig
Maximum bottomhole injection pressure BRP .
cCS? 3,391.8 psig
Average bottomhole injection pressure BRP .
CCS2 3,300 psig
Daily maximum injection mass BRP CCS3 600 Metric tons per day
Daily average injection mass BRP CCS3 450 Metric tons per day
Daily maximum injection rate BRP CCS3 9.02 Million standard cubic feet per day
Daily average injection rate BRP CCS3 8.10 Million standard cubic feet per day
Total mass BRP CCS3 1.77 Million metric tons
Maximum surface wellhead injection pressure .
BRP CCS3 1,100 psig
Maximum bottomhole injection pressure BRP .
cCS3 2,625.3 psig
Average bottomhole injection pressure BRP .
cCS3 2,600.3 psig
Minimum annulus pressure 100 psig
Minimum annulus pressure/tubing differential 100 psig
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Automatic alarms and automatic shutoff systems will be installed and maintained. Successful
function of the alarm system and shutoff system will be demonstrated prior to injection and once
annually thereafter.

At all times, pressure will be maintained on the well to prevent the return of the injection fluid to
the surface. The wellbore must be filled with a high-specific-gravity fluid during workovers to
maintain a positive (downward) gradient and/or a plug shall be installed that can resist the pressure
differential. A blowout preventer must be installed and kept in proper operational condition
whenever the wellhead is removed to work on the well.

e OLVC shall cease injection should it appear that the well is lacking mechanical integrity
or that the injected CO, stream and/or associated pressure front may cause an
endangerment to a USDW.

Permittee will cease injection according to the guidelines provided below:

e OLCV must shut in the well by gradual reduction of the injection pressure as outlined in
the Summary of Operating Conditions document of this permit; or

e OLCV must immediately cease injection and shut in the well as outlined in the Emergency
and Remedial Response Plan document of this permit.

8.2 Proposed Carbon Dioxide Stream [40 CFR §146.82(a)(7)(iii) and (iv)]

The COz stream composition is shown below in Table 3. No injectant other than those identified
in this permit shall be injected into the well except fluids used for stimulation, rework, and well
tests as approved by the Program Director.

Table 3—CO2 Stream Composition

Component Specification
CO; content >95 mol% (>96.5 mass%)
Water <30 Ibm/MMscf
Nitrogen <4 mol%
Sulphur <35 ppm by weight
Oxygen <5 mol%
Glycol <0.3 gal/MMscf
Carbon Monoxide <4,250 ppm by weight
NOXx <6 ppm by weight
SOx <1 ppm by weight
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Component Specification
Particulates (CaCQs) <1 ppm by weight
Argon <1 mol%
Surface pressure >1,600 psig
Surface temperature >65°F and <120°F

8.3 Reporting and Recordkeeping

Electronic reports, submittals, notifications, and records made and maintained by OLCV under
this permit must be in an electronic format approved by EPA. OLCV shall submit all required
reports electronically to the Program Director.

OLCV shall submit semi-annual reports containing:

e Any changes to the physical, chemical, and other relevant characteristics of the CO. stream
from the proposed operating data;

e Monthly average, maximum, and minimum values for injection pressure, flow rate, daily
volume, temperature, and annular pressure;

e A description of any event that exceeds operating parameters for the annulus or injection
pressure specified in the permit;

e A description of any event that triggers the required shutoff systems and the responses
taken;

e The monthly volume and/or mass of the CO; stream injected over the reporting period and
volume and/or mass injected cumulatively over the life of the project;

e Monthly annulus fluid volume added or produced; and
e Results of the continuous monitoring required, including:

o A tabulation of the (1) daily maximum injection pressure, (2) daily minimum
annulus pressure, (3) daily minimum value of the difference between simultaneous
measurements of annulus and injection pressure, (4) daily volume, (5) daily
maximum flow rate, and (6) average annulus tank fluid level.

o0 Graph(s) of the continuous monitoring required or of daily average values of the
above parameters. The injection pressure, injection volume and flow rate, annulus
fluid level, annulus pressure, and temperature shall be submitted as one or more
graphs, using contrasting symbols or colors, or in another manner approved by the
Program Director; and
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Results of any additional monitoring prescribed under 40 CFR §146.90 and implemented
pursuant to the Testing and Monitoring Plan.

Any permit noncompliance shall be reported to the Program Director as described below:

OLCV shall report to the Program Director any permit noncompliance that may endanger
human health or the environment, and/or any events that require implementation of actions
in the Emergency and Remedial Response Plan. Any information shall be provided orally
within 24 hours from the time OLCV becomes aware of the circumstances. Such verbal
reports shall include, but not be limited to, the following information:

0 Any evidence that the injected CO, stream or associated pressure front may cause
an endangerment to a USDW or any monitoring or other information that indicates
that any contaminant may have caused endangerment to a USDW,

o Any noncompliance with a permit condition or malfunction of the injection system
that may cause fluid migration into or between USDWs;

0 Any triggering of the shutoff system;
0 Any failure to maintain mechanical integrity; and

0 Pursuant to compliance with the requirement at 40 CFR 8146.90(h) for surface
air/soil gas monitoring or other monitoring technologies, if required by the Program
Director, any release of CO> to the atmosphere or biosphere.

A written submission shall be provided to the Program Director in an electronic format
within five (5) days of the time OLCV becomes aware of the circumstances. The
submission shall contain a description of the noncompliance and its cause; the period of
noncompliance (including the exact dates and times); and if the noncompliance has not
been corrected, then the anticipated time it is expected to continue, as well as actions taken
to implement appropriate protocols outlined in the Emergency and Remedial Response
Plan document of this permit. This submission should also include the steps taken or
planned to reduce, eliminate, and prevent recurrence of the noncompliance.

Within 30 days, OLCV will report to the Program Director the results of periodic tests of
mechanical integrity; any well workover, including stimulation; any other test of the injection well
conducted by OLCV, if required by the Program Director.

The following items require advance notification from OLCV to the Program Director:

Well Tests. OLCV shall give at least 30 days’ advance written notice to the Program
Director in an electronic format of any planned workover, stimulation, or other well test.

Class VI Permit Application Narrative for Brown Pelican CO, Sequestration Project
Permit Number: R06-TX-0005 Page 27 of 35

Contains Confidential Business Information



Plan revision number: 3
Plan revision date: 07/30/2024

Planned Changes. OLCV shall give written notice to the Program Director in an electronic
format, as soon as possible, of any planned physical alterations or additions to the permitted
injection facility other than minor repair/replacement or maintenance activities.

Anticipated Noncompliance. OLCV shall give the Director advance notice of any planned
changes in the facility or activity that may result in noncompliance with the permit
requirements.

The following include other reporting requirements:

Compliance Schedules. Reports of compliance or noncompliance with, or any progress
reports on, interim and final requirements contained in any compliance schedule of this
permit shall be submitted in an electronic format by OLCV no later than 30 days after each
schedule date.

Transfer of Permits. This permit is not transferable to any person except after notice is
sent to the Program Director in an electronic format at least 30 days before the transfer and
requirements of 40 CFR §144.38(a) have been met. Pursuant to the requirements of 40 CFR
§144.38(a), the Program Director will require modification or revocation and reissuance of
the permit to change the name of OLCV and incorporate such other requirements as may
be necessary under the Safe Drinking Water Act (SDWA).

Other Noncompliance. OLCV shall report in an electronic format all other instances of
noncompliance not otherwise reported with the next monitoring report. The reports shall
contain the information listed in 40 CFR §144.51(1)(6).

Other Information. When OLCV becomes aware of a failure to submit any relevant facts
in the permit application or incorrect information has been submitted in a permit
application or in any report to the Program Director, OLCV shall submit such facts or
corrected information in an electronic format within 10 days in accordance with 40 CFR
§144.51(1)(8).

Report on Permit Review. Within 30 days of receipt of this permit, OLCV shall certify
to the Program Director in an electronic format that he or she has read and is personally
familiar with all terms and conditions of this permit.

The following guidelines are provided for record keeping:

OLCV shall retain records of all monitoring data collected for 10 years after it is collected.
OLCV shall maintain records of all data required to complete the permit application form
for this permit and any supplemental information (e.g., modeling inputs for AoR
delineations and re-evaluations and plan modifications) submitted under 40 CFR §144.27,
§144.31, §8144.39, and §144.41 for a period of at least 10 years after site closure.

Class VI Permit Application Narrative for Brown Pelican CO, Sequestration Project
Permit Number: R06-TX-0005 Page 28 of 35

Contains Confidential Business Information



Plan revision number: 3
Plan revision date: 07/30/2024

e OLCV shall retain records concerning the nature and composition of all injected fluids for
10 years after site closure.

e The retention periods may be extended at any time by a request of the Program Director.
OLCV shall continue to retain records after the specified retention period of this permit, or
any requested extension thereof expires, unless OLCV delivers the records to the Program
Director or obtains written approval from the Program Director to discard the records.

e Records of monitoring information shall include:

0 The date, exact place, and time of sampling or measurements;

The name(s) of the individual(s) who performed the sampling or measurements;
A precise description of both the sampling methodology and handling of samples;
The date(s) analyses were performed,;

The name(s) of the individual(s) who performed the analyses;

The analytical techniques or methods used; and

The results of such analyses.

O O OO0 0O

9.0 Testing and Monitoring [40 CFR §146.82(c)(9) and §146.90]

Testing and monitoring data will be used to demonstrate that the CO- Injection wells are operating
as planned, the CO2 plume and pressure front are behaving as predicted, and that there is no
endangerment to Underground Sources of Drinking Water (USDW). In addition, the testing and
monitoring data will be used to validate and adjust the geocellular and simulation models used to
predict the distribution of the CO> within the Injection Zone to support Area of Review (AoR) re-
evaluations and a non-endangerment demonstration at site closure.

The Testing and Monitoring Plan was designed to monitor and mitigate the key risks identified for
this project that are described in the Emergency and Remedial Response Plan. During the Injection
and Post-injection periods, those risks include the potential for: well integrity failure, leakage to
USDW, natural disasters, induced seismicity or critical surface impacts.

The methodology and frequency of testing and monitoring methods is expected to change
throughout the life of the project. Pre-injection monitoring and testing will focus on establishing
baselines and ensuring that the site is ready to receive injected CO>. Injection phase monitoring
will be focused on collecting data that will be used to calibrate models and ensure containment of
COz. Post-injection phase monitoring and testing is designed to demonstrate CO; plume
stabilization and ensure containment. The testing and monitoring plan will be reviewed at least
once every five years and will be amended, if necessary, to ensure monitoring and storage
performance is achieved and new technologies are appropriately incorporated.
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OLVC plans to install two Single Reservoir-level (SLR) wells in the Injection Zone, and has
already installed a well to monitor the first permeable zone above the confining zone, which is
coincident with the lowermost Underground Source of Drinking Water Aquifer (USDW). Prior to
initial startup of CO> injection operations, OLCV will install the SLR2 well. One additional SLR
well is planned to be constructed. In addition, the Injection Zone will be monitored with data
collected in Water Withdrawal wells (WW). The WW wells will extract brine to manage pressure
in the Injection Zone. The need for additional monitoring wells will be evaluated as needed, and
at least annually during the injection period and until plume stabilization.

In addition to utilizing a well-based network to monitor pressure, temperature, and fluid and
dissolved gas chemistry of the subsurface, OLCV will also utilize surface and near-surface
methods to monitor CO2 containment. Additional details on geophysical monitoring methods are
described in Sections 11 and 12 of the Testing and Monitoring Plan document. Near-surface soil
and soil gas monitoring are described in Section 8.2 of the Testing and Monitor Plan.

Testing and Monitoring GSDT Submissions

GSDT Module: Project Plan Submissions
Tab(s): Testing and Monitoring tab

Please use the checkbox(es) to verify the following information was submitted to the GSDT:
Updated Testing and Monitoring Plan [40 CFR §146.82(c)(9) and §146.90]
(1 NO UPDATES NECESSARY

9.1 Mechanical Integrity

OLCV will conduct tests to verify the internal and external mechanical integrity of the Injector
Wells before and during the injection phase pursuant to 40 CFR §146.89(c), 40 CFR §146.90(e),
40 CFR 8146.87 (a)(2)(ii), and 40 CFR 8146.87 (a)(3)(ii)]. Other than during periods of well
workover or maintenance approved by the Program Director, in which the sealed tubing-casing
annulus is disassembled for maintenance or corrective procedures, the injection well must have
and maintain mechanical integrity consistent with 40 CFR §146.89.

The purpose of internal mechanical integrity testing is to confirm the absence of significant leakage
within the injection tubing, casing, or packers [40 CFR 8146.89(a)(1)]. Continuous monitoring of
injection pressure, injection rate, injected volume and annulus pressure will be used to ensure
internal mechanical integrity. In addition, annulus pressure tests will be periodically conducted to
confirm gauge measurements.

Class VI Permit Application Narrative for Brown Pelican CO, Sequestration Project
Permit Number: R06-TX-0005 Page 30 of 35
Contains Confidential Business Information



Plan revision number: 3
Plan revision date: 07/30/2024

The purpose of external mechanical integrity testing is to confirm the absence of significant
leakage outside of the casing [(40 CFR §146.89(a)(2))]. OLCV proposes to conduct temperature
logging in the Injector wells on an annual basis to demonstrate external mechanical integrity. In
addition, OLCV plans to collect continuous temperature profiles above the Injection Zone in
Injector wells, using DTS fiber.

Additional details regarding demonstrations of mechanical integrity are found in the Construction
Plan, the Testing and Monitoring Plan, and the Injection Well Plugging Plan.

OLCV will observe the following reporting guidelines:

OLCV shall notify the Program Director in an electronic format of his or her intent to
demonstrate mechanical integrity at least 30 days before such demonstration. However, at
the discretion of the Program Director, a shorter time may be allowed.

Reports of mechanical integrity demonstrations that contain logs must include an
interpretation of the results by a knowledgeable log analyst. OLCV shall report in an
electronic format the results of a mechanical integrity demonstration.

OLCV shall calibrate all gauges used in mechanical integrity demonstrations and other
required monitoring to an accuracy of not less than 0.5% of full scale, within one year prior
to each required test. The date of the most recent calibration shall be noted on or near the
gauge or meter. A copy of the calibration certificate shall be submitted to the Program
Director in an electronic format with the report of the test. Pressure gauge resolution shall
be no greater than five (5) psi. Certain mechanical integrity and other testing may require
greater accuracy and shall be identified in the procedure submitted to the Program Director
before the test.

OLCV must adhere to the following guidelines regarding failure to maintain mechanical integrity:

If OLCV or Program Director finds that the well fails to demonstrate mechanical integrity
during a test, is unable to maintain mechanical integrity during operation, or that a loss of
mechanical integrity as defined by 40 CFR §146.89(a)(1) or (2) is suspected during
operation (such as a significant unexpected change in the annulus or injection pressure),
OLCV must:

0 Immediately cease injection;

0 Take all steps reasonably necessary to determine whether there may have been a
release of the injected CO. stream or formation fluids into any unauthorized zone.
If there is evidence of USDW endangerment, OLCV shall implement the
Emergency and Remedial Response Plan included in this permit;
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o Follow the reporting requirements as directed in the Emergency and Remedial
Response Plan;

0 Restore and demonstrate mechanical integrity to the satisfaction of the Program
Director and receive written approval from the Program Director before resuming
injection; and

o0 Notify the Program Director in an electronic format when injection is expected to
resume.

e If a shutdown is triggered, either downhole or at the surface, OLCV must immediately
investigate and identify the cause of the shutdown as expeditiously as possible. If, upon
such investigation, the well appears to be lacking mechanical integrity or if the monitoring
required indicates that the well may be lacking mechanical integrity, OLCV must take the
actions described in the Emergency and Remedial Response Plan.

e [fthe well loses mechanical integrity before the next scheduled test date, then the well must
be either plugged or repaired and retested within 30 days of losing mechanical integrity.
OLCV shall not resume injection until the mechanical integrity is demonstrated and the
Program Director gives written approval to recommence injection in cases where the well
has lost mechanical integrity.

OLCYV shall demonstrate mechanical integrity at any time upon written notice from the Program
Director.

Testing and Monitoring GSDT Submissions

GSDT Module: Project Plan Submissions
Tab(s): Testing and Monitoring tab

Please use the checkbox(es) to verify the following information was submitted to the GSDT:
X Testing and Monitoring Plan [40 CFR 8146.82(a)(15) and §146.90]

10.0 Injection Well Plugging

The CO: Injection wells will be plugged and abandoned (P&A’d) consistent with the requirements
of Environmental Protection Agency (EPA) document 40 CFR Subpart H — Criteria and Standards
Applicable to Class VI Wells. The plugging procedure and materials will be designed to prevent
any unwanted fluid movement, resist the corrosive aspects of carbon dioxide (CO2) with water
mixtures, and protect any underground sources of drinking water (USDWSs).

Detailed plugging procedures and diagrams are presented in the Well Plugging Plan that is
submitted as part of this application.
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Injection Well Plugging GSDT Submissions

GSDT Module: Project Plan Submissions
Tab(s): Injection Well Plugging tab

Please use the checkbox(es) to verify the following information was submitted to the GSDT:
X Injection Well Plugging Plan [40 CFR §146.82(a)(16) and §146.92(b)]

11.0 Post-Injection Site Care and Site Closure Plan

The Post-Injection Site Care and Site Closure (PISC) Plan describes the activities that OLCV will
perform to meet the requirements of 40 CFR §146.93. OLCV will monitor ground water quality
and track the position of the carbon dioxide plume and pressure front for 50 years, or a shorter
period should OLCV make a demonstration under 40 CFR 8§146.93(b)(2) that the geologic
sequestration project no longer poses a risk of endangerment to USDWs. OLCV may not cease
post-injection monitoring until a demonstration of non-endangerment of USDWSs has been
approved by the UIC Program Director pursuant to 40 CFR §146.93(b)(3). Following approval for
site closure, OLCV will plug all monitoring wells, restore the site to its original condition, and
submit a site closure report and associated documentation.

PISC and Site Closure GSDT Submissions

GSDT Module: Project Plan Submissions
Tab(s): PISC and Site Closure tab

Please use the checkbox(es) to verify the following information was submitted to the GSDT:
PISC and Site Closure Plan [40 CFR §146.82(a)(17) and §146.93(a)]

GSDT Module: Alternative PISC Timeframe Demonstration
Tab(s): All tabs (only if an alternative PISC timeframe is requested)

Please use the checkbox(es) to verify the following information was submitted to the GSDT:
L1 Alternative PISC timeframe demonstration [40 CFR 8146.82(a)(18) and §146.93(c)]

12.0 Emergency and Remedial Response

The Emergency and Remedial Response Plan (ERRP) document of this permit describes actions
OLCV shall take to address movement of the injection fluid or formation fluid in a manner that
may endanger an underground source of drinking water (USDW) during the construction,
operation, or post-injection site care periods.
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If OLCV obtains evidence that the injected CO- stream and/or associated pressure front may cause
endangerment to a USDW, OLCV will initiate a shutdown plan for the injection well, take all steps
reasonably necessary to identify and characterize any release, notify the permitting agency (UIC
Program Director) of the emergency event within 24 hours, and implement applicable portions of
the approved ERRP.

Emergency and Remedial Response GSDT Submissions

GSDT Module: Project Plan Submissions
Tab(s): Emergency and Remedial Response tab

Please use the checkbox(es) to verify the following information was submitted to the GSDT:
X Emergency and Remedial Response Plan [40 CFR 8146.82(a)(19) and 8146.94(a)]

13.0 Injection Depth Waiver and Agquifer Exemption Expansion

Injection depth waivers are not requested in this permit application.

Injection Depth Waiver and Aquifer Exemption Expansion GSDT Submissions

GSDT Module: Injection Depth Waivers and Aquifer Exemption Expansions
Tab(s): All applicable tabs

Please use the checkbox(es) to verify the following information was submitted to the GSDT:
LI Injection Depth Waiver supplemental report [40 CFR §146.82(d) and §146.95(a)]
L] Aquifer exemption expansion request and data [40 CFR §146.4(d) and §144.7(d)]
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SUMMARY OF OPERATING CONDITIONS
40 CFR §146.82 (a)(7) and (10) and §146.88 ()

Brown Pelican CO2 Sequestration Project

1.0 Facility INFOrmMAatioN .......ccooiiiiieeee e e
2.0 Injection Well Operating ConditioNS...........ccceiiiieiirnenie e
3.0 RepOrting FIrEQUENCIES .......oiueiiiieiieiie sttt sttt
4.0 Startup Monitoring and Reporting ProCcedures ..........cccoovevveveieenesieseese e

5.0. Operations after STArtUD .......c.cccveiiee e nne s

1.0 Facility Information

Facility name: Brown Pelican CO2 Sequestration Project
BRP CCS1 Well

Facility contact:

Well location: Penwell, Texas
31.76479314, 102.7289311

2.0 Injection Well Operating Conditions

Key injection well operating and project reporting requirements for the Brown Pelican CO>
Sequestration Project (BRP Project or Project) are specified in this document and summarized

below in Table 1.

Summary of Operating Conditions for Brown Pelican CO; Sequestration Project: BRP CCS1
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Table 1—Injection Well Operating Conditions

Parameter/Condition Limitation or Permitted Value Units
Daily group maximum injection mass 2,116 Metric tons per day
Daily group average injection mass 1,931 Metric tons per day
Daily maximum injection mass BRP 600 Metric tons per day
CCs1
Daily average injection mass BRP CCS1 450 Metric tons per day
Daily maximum injection rate BRP 8.24 Million standard
CcCs1 ' cubic feet per day
Daily average injection rate BRP CCS1 7.88 M'!I'On standard

cubic feet per day

Total mass BRP CCS1 1.83 Million metric tons
Group maximum injection rate 773,000 Metric tons per year
Group average injection rate 705,000 Metric tons per year
Average injection rate BRP CCS1 153,000 Metric tons per year
Maximum surface wellhead injection 1100 i
pressure BRP CCS1 ' psig
Maximum bottomhole injection pressure .
BRP CCS1 2,625.3 psig
Average bottomhole injection pressure .
BRP CCS1 2,600.3 psig
Minimum annulus pressure 100 psig
Minimum annulus pressure/tubing .
differential 100 psig

Limitations or permitted values for the maximum surface wellhead injection pressure, maximum
bottomhole injection pressure, minimum annulus pressure, and minimum annulus
pressure/tubing differential limitation are set as follows:

e Maximum Surface Wellhead Injection Pressure: CO2 will be supplied by a dehydration
and compression facility located approximately four miles northeast of the CO> Injector well
location. The pressure at the facility discharge will be 2,500 psig. The CO2 will then be routed
via pipeline to valve stations near the injection well. Here the pressure will be reduced to
1,100 psig prior to reaching the wellhead. Pressure at the well will be controlled via control
valves with shutdown protocols in place to protect the well in the event of a high-pressure
scenario. Wellbore tubing pressure curves representative of the CO. Injector well will be
created and calibrated after well construction.

e Maximum Bottomhole Injection Pressure: To meet EPA requirements in 40 CFR
8146.88(a), the maximum pressure considered for the CO> Injector well is 90% of the
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fracture opening pressure of the Injection Zone, measured using a downhole pressure gauge.
The fracture pressure of the Injection Zone is determined from Step Rate Test data collected
in the Shoe Bar 1AZ well that was drilled for the purposes of this Project. Reservoir modeling
indicates the pore pressure required to move the effective stress state into tensile failure is
near 2933 psi at a depth of 4,609 ft below the ground surface. Maximum downhole injection
pressure is therefore set to be less than 90% of that 2,933 psi threshold, calculated as follows:

0.9 x 2,933 =2,640 psia — 14.7 psi = 2,625.3 psig Equation 1

The maximum bottomhole injection pressure will be re-calculated based on logs and well
information from the CO- Injection well after it is constructed.

e Minimum Annulus Pressure: As necessary to prevent “burst” or “collapse” of the tubing,
the minimum annulus pressure is calculated as follows:

Collapse Pressure = depth x [(pressure gradient of formation)
+ (pressure gradient of cement) — (pressure gradient of water)] Equation 2
Burst Pressure = depth x (pressure gradient of injectant) + surface pressure  Equation 3

e Minimum Annulus Pressure/Tubing Differential: The annulus pressure/tubing
differential is measured directly above and across the injection packer and is set to be a
minimum of 100 psi above the surface wellhead injection pressure.

If the downhole pressure gauge fails to function properly, then the maximum injection
pressure shall immediately be limited by the maximum surface wellhead injection pressure
until the downhole pressure gauge can be repaired or replaced.

3.0 Reporting Frequencies

Oxy Low Carbon Ventures, LLC (OLCV) will maintain the reporting frequencies as summarized
below in Table 2.

Table 2—Class VI Reporting Frequencies

Activity Minimum Reporting Frequency

Change to the CO; stream characterization Semi-annually

Monthly injection pressure, flow rate, volume, pressure on the

. . Semi-annuall
annulus, annulus fluid level, and temperature (Min, Max, and Avg.) y

Corrosion monitoring Semi-annually

Monthly and cumulative volume and mass of the carbon dioxide

- Semi-annuall
stream injected y
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Activity Minimum Reporting Frequency

Monthly annulus fluid volume added Semi-annually

Results and reports for the monitoring systems proposed: plume

. . o - Semi-annually
tracking, above confining zone monitoring, surface monitoring

Description of any event that triggers a shutoff device and the

Semi-annuall
response taken y

Description of any event that exceeds operating parameters for

N e . Semi-annually
annulus pressure or injection pressure specified in the permit

Notification 30 days before and results

Any injectivity test performed in the well within 30 days of completion of test

Notification 30 days before and results

External Mechanical Integrity Test (MIT) and internal MIT* -~ .
xternal Mechanical Integrity Test (MIT) and interna within 30 days of completion of test

Notification 30 days before and results

Pressure falloff testing within 30 days of completion of test

Notification 30 days before and results

Planned workover or well stimulation - .
within 30 days of completion of test

Notification 30 days before and results

Monitoring well MITs within 30 days of completion of test

Financial responsibility updates pursuant to H.2 and H.3(a) of this

permit Within 60 days of update

*Note: The reporting frequency for MIT will comply with TAC Title 16 Chapter 5.206(e)(1): “The operator of an
anthropogenic CO2 injection well must maintain and comply with the approved monitoring, sampling, and testing
plan to verify that the geologic storage facility is operating as permitted and that the injected fluids are confined to
the injection zone.”

All testing and monitoring frequencies as well as methodologies are included in the Testing and
Monitoring Plan document of this permit.

The events that trigger an immediate emergency response should be reported within 24 hours,
according to the 40 CFR 8146.91 reporting requirements.

4.0 Startup Monitoring and Reporting Procedures

The procedures related to the startup of operations, as well as monitoring and reporting during
startup, are specified in this section. The injection rates will be gradually increased to the
planned rate over a period of six (6) days.

The procedures detailed below describe how OLCV will initiate injection and conduct startup-
specific monitoring of the CO> Injector well, pursuant to 40 CFR §146.90.
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The multistage (step-rate) startup procedure and period only apply to the initial start of injection
operations until the well reaches the full injection rate. Monitoring frequencies and
methodologies after the initial startup will follow the Testing and Monitoring Plan document of

this permit.

(1) This procedure will be performed using the existing surface and downhole pressure and
temperature gauges in the CO- Injector well.

(2) During the startup period, the permittee will submit a daily report summarizing and
interpreting the operational data. At the request of the EPA, the permittee may be required
to schedule a daily conference call to discuss this information.

(3) A series of successively higher injection rates will be applied, as shown in Table 3 below in
Step 4. The elapsed time and pressure values will be read and recorded for each rate and
timestep. At no point during the procedure will the injection pressure be allowed to exceed
the maximum injection pressure of 1,100 psig, which is measured at the wellhead.

(4) The planned injection rates are shown in Table 3.

Table 3—Planned Injection Rates During Startup
Rate Duration Percent of Permit Maximum
(tonnes per day) (hours) Injection Pressure (%)
202 24 40
253 24 50
303 24 60
354 24 70
404 24 80
455 24 90

(5) The injection rates will be controlled with variable frequency drive pumps.

(6) The injection rates will be measured and recorded using an orifice flowmeter.

(7) Surface and downhole pressures and temperatures will be measured and recorded.

(8) During the startup period, a plot of injection rates and their corresponding stabilized pressure
values will be graphically represented, and the project team will look for any evidence of
anomalous pressure behavior.

(9) If during the startup period any anomalous pressure behavior is observed, additional logging

and modification of the injection rate program may be conducted to characterize the anomaly
better. The project team will also determine if the observed anomalous pressure behavior
indicates formation fracturing, which will cause the injection to cease and the line valve to
be closed, allowing the pressure to bleed off into the injection zone, as discussed below:

(@) The instantaneous shut-in pressure (ISIP) will be measured.

(b) The permittee will notify the agency within 24 hours of the determination.
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(c) The permittee will consult with the agency before initiating any further injection.

5.0. Operations after startup

Automatic alarms and automatic shutoff systems will be installed and maintained. Successful
function of the alarm system and shutoff system will be demonstrated prior to injection and once
annually thereafter.

At all times, pressure will be maintained on the well to prevent the return of the injection fluid to
the surface. The wellbore must be filled with a high-specific-gravity fluid during workovers to
maintain a positive (downward) gradient and/or a plug shall be installed that can resist the
pressure differential. A blowout preventer must be installed and kept in proper operational
condition whenever the wellhead is removed to work on the well.

e OLVC shall cease injection should it appear that the well is lacking mechanical integrity
or that the injected CO, stream and/or associated pressure front may cause an
endangerment to a USDW.

Permittee will cease injection according to the guidelines provided below:
e OLCV must shut in the well by gradual reduction of the injection pressure as outlined in
the Summary of Operating Conditions document of this permit; or

e OLCV must immediately cease injection and shut in the well as outlined in the Emergency
and Remedial Response Plan document of this permit.
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SUMMARY OF OPERATING CONDITIONS: BRP CCS2
40 CFR §146.82 (a)(7) and (10) and §146.88 ()

Brown Pelican CO2 Sequestration Project

1.0 FACIlity INFOrMALION ...c.veiiiiie et sttt sttt e eeenes 1
2.0 Injection Well Operating CONGITIONS .........c.oiiiiiiiiiierieie e 1
3.0 REPOITING FIEOUEBNCIES ....uveiieiteeitieie sttt sttt sttt et e b e sbesreesbeeneesneenne e 3
4.0 Startup Monitoring and Reporting ProCEAUIES ..........c.ccuviieieereiie e 4
5.0. Operations after STAMTUPD .........oiiveieiieseerie et e et re e ra e e e neesreeeennee e 6

1.0 Facility Information

Facility name: Brown Pelican CO2 Sequestration Project
BRP CCS2 Well

Facility contact:

Well location: Penwell, Texas
31.76993805, -102.7332448

2.0 Injection Well Operating Conditions

Key injection well operating and project reporting requirements for the Brown Pelican CO>
Sequestration Project (BRP Project or Project) are specified in this document and summarized
below in Table 1.
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Table 1—Injection Well Operating Conditions

Parameter/Condition Limitation or Permitted Value Units

Daily group maximum injection mass 2,116 Metric tons per day

Daily group average injection mass 1,931 Metric tons per day

Daily maximum injection mass BRP .

CCS? 1,500 Metric tons per day

Daily average injection mass BRP CCS2 1,112 Metric tons per day

Daily maximum injection rate BRP CCS2 25.0 M|I_I|on standard
cubic feet per day

Daily average injection rate BRP CCS2 21.9 M|I_I|on standard
cubic feet per day

Total mass BRP CCS2 4.87 Million metric tons

Group maximum injection rate 773,000 Metric tons per year

Group average injection rate 705,000 Metric tons per year

Average injection rate BRP CCS2 406,000 Metric tons per year

Maximum surface wellhead injection 1.800 si

pressure BRP CCS2 ' PsIg

Maximum bottomhole injection pressure .

BRP CCS2 3,391.8 psig

Average bottomhole injection pressure .

BRP CCS2 3,300 Psig

Minimum annulus pressure 100 psig

Minimum annulus pressure/tubing 100 psig

differential

Limitations or permitted values for the maximum surface wellhead injection pressure, maximum
bottomhole injection pressure, minimum annulus pressure, and minimum annulus
pressure/tubing differential limitation are set as follows:

e Maximum Surface Wellhead Injection Pressure: CO2 will be supplied by a dehydration
and compression facility located approximately four miles northeast of the CO> Injector well
location. The pressure at the facility discharge will be 2,500 psig. The CO2 will then be routed
via pipeline to valve stations near the injection well. Here the pressure will be reduced to
1,800 psig prior to reaching the wellhead. Pressure at the well will be controlled via control
valves with shutdown protocols in place to protect the well in the event of a high-pressure
scenario. Wellbore tubing pressure curves representative of the CO. Injector well will be
created and calibrated after well construction.

e Maximum Bottomhole Injection Pressure: To meet EPA requirements in 40 CFR
8146.88(a), the maximum pressure considered for the CO> Injector well is 90% of the
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fracture opening pressure of the Injection Zone, measured using a downhole pressure gauge.
The fracture pressure of the Injection Zone is determined from Step Rate Test data collected
in the Shoe Bar 1AZ well that was drilled for the purposes of this Project. Reservoir modeling
indicates the pore pressure required to move the effective stress state into tensile failure is
near 3,785 psi at a depth of 5,115 ft below the ground surface. Maximum downhole injection
pressure is therefore set to be less than 90% of that 3,785 psi threshold, calculated as follows:

0.9 x 3,785 = 3,406.5 psia — 14.7 psi = 3,391.8 psig Equation 1

The maximum bottomhole injection pressure will be re-calculated based on logs and well
information from the CO- Injection well after it is constructed.

e Minimum Annulus Pressure: As necessary to prevent “burst” or “collapse” of the tubing,
the minimum annulus pressure is calculated as follows:

Collapse Pressure = depth x [(pressure gradient of formation)
+ (pressure gradient of cement) — (pressure gradient of water)] Equation 2
Burst Pressure = depth x (pressure gradient of injectant) + surface pressure  Equation 3

e Minimum Annulus Pressure/Tubing Differential: The annulus pressure/tubing
differential is measured directly above and across the injection packer and is set to be a
minimum of 100 psi above the surface wellhead injection pressure.

If the downhole pressure gauge fails to function properly, then the maximum injection
pressure shall immediately be limited by the maximum surface wellhead injection pressure
until the downhole pressure gauge can be repaired or replaced.

3.0 Reporting Frequencies

Oxy Low Carbon Ventures, LLC (OLCV) will maintain the reporting frequencies as summarized
below in Table 2.

Table 2—Class VI Reporting Frequencies

Activity Minimum Reporting Frequency

Change to the CO; stream characterization Semi-annually

Monthly injection pressure, flow rate, volume, pressure on the

. . Semi-annuall
annulus, annulus fluid level, and temperature (Min, Max, and Avg.) y

Corrosion monitoring Semi-annually

Monthly and cumulative volume and mass of the carbon dioxide

- Semi-annuall
stream injected y
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Activity Minimum Reporting Frequency

Monthly annulus fluid volume added Semi-annually

Results and reports for the monitoring systems proposed: plume

. . o - Semi-annually
tracking, above confining zone monitoring, surface monitoring

Description of any event that triggers a shutoff device and the

Semi-annuall
response taken y

Description of any event that exceeds operating parameters for

N e . Semi-annually
annulus pressure or injection pressure specified in the permit

Notification 30 days before and results

Any injectivity test performed in the well within 30 days of completion of test

Notification 30 days before and results

External Mechanical Integrity Test (MIT) and internal MIT* -~ .
xternal Mechanical Integrity Test (MIT) and interna within 30 days of completion of test

Notification 30 days before and results

Pressure falloff testing within 30 days of completion of test

Notification 30 days before and results

Planned workover or well stimulation - .
within 30 days of completion of test

Notification 30 days before and results

Monitoring well MITs within 30 days of completion of test

Financial responsibility updates pursuant to H.2 and H.3(a) of this
permit

*Note: The reporting frequency for MIT will comply with TAC Title 16 Chapter 5.206(e)(1): “The operator
of an anthropogenic CO2 injection well must maintain and comply with the approved monitoring, sampling,
and testing plan to verify that the geologic storage facility is operating as permitted and that the injected
fluids are confined to the injection zone.”

Within 60 days of update

All testing and monitoring frequencies as well as methodologies are included in the Testing and
Monitoring Plan document of this permit.

The events that trigger an immediate emergency response should be reported within 24 hours,
according to the 40 CFR 8146.91 reporting requirements.

4.0 Startup Monitoring and Reporting Procedures

The procedures related to the startup of operations, as well as monitoring and reporting during
startup, are specified in this section. The injection rates will be gradually increased to the
planned rate over a period of six (6) days.

The procedures detailed below describe how OLCV will initiate injection and conduct startup-
specific monitoring of the CO> Injector well, pursuant to 40 CFR §146.90.
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The multistage (step-rate) startup procedure and period only apply to the initial start of injection
operations until the well reaches the full injection rate. Monitoring frequencies and
methodologies after the initial startup will follow the Testing and Monitoring Plan document of
this permit.

1)

(2)

(3)

(4)

()
(6)
(7)
(8)

(9)

This procedure will be performed using the existing surface and downhole pressure and
temperature gauges in the CO- Injector well.

During the startup period, the permittee will submit a daily report summarizing and
interpreting the operational data. At the request of the EPA, the permittee may be required
to schedule a daily conference call to discuss this information.

A series of successively higher injection rates will be applied, as shown in Table 3 below in
Step 4. The elapsed time and pressure values will be read and recorded for each rate and
timestep. At no point during the procedure will the injection pressure be allowed to exceed
the maximum injection pressure of 1,800 psig, which is measured at the wellhead.

The planned injection rates are shown in Table 3.
Table 3—Planned Injection Rates During Startup

Percent of
Rate Duration permit
(tonnes per day) (hours) | Maximum
Injection
Pressure (%)

493 24 40
617 24 50
740 24 60
863 24 70
986 24 80
1,110 24 90

The injection rates will be controlled with variable frequency drive pumps.
The injection rates will be measured and recorded using an orifice flowmeter.
Surface and downhole pressures and temperatures will be measured and recorded.

During the startup period, a plot of injection rates and their corresponding stabilized pressure
values will be graphically represented, and the project team will look for any evidence of
anomalous pressure behavior.

If during the startup period any anomalous pressure behavior is observed, additional logging
and modification of the injection rate program may be conducted to characterize the anomaly
better. The project team will also determine if the observed anomalous pressure behavior
indicates formation fracturing, which will cause the injection to cease and the line valve to
be closed, allowing the pressure to bleed off into the injection zone, as discussed below:
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(@) The instantaneous shut-in pressure (ISIP) will be measured.
(b) The permittee will notify the agency within 24 hours of the determination.

(c) The permittee will consult with the agency before initiating any further injection.

5.0. Operations after startup

Automatic alarms and automatic shutoff systems will be installed and maintained. Successful
function of the alarm system and shutoff system will be demonstrated prior to injection and once
annually thereafter.

At all times, pressure will be maintained on the well to prevent the return of the injection fluid to
the surface. The wellbore must be filled with a high-specific-gravity fluid during workovers to
maintain a positive (downward) gradient and/or a plug shall be installed that can resist the
pressure differential. A blowout preventer must be installed and kept in proper operational
condition whenever the wellhead is removed to work on the well.

e OLVC shall cease injection should it appear that the well is lacking mechanical integrity
or that the injected CO, stream and/or associated pressure front may cause an
endangerment to a USDW.

Permittee will cease injection according to the guidelines provided below:
e OLCV must shut in the well by gradual reduction of the injection pressure as outlined in
the Summary of Operating Conditions document of this permit; or

e OLCV must immediately cease injection and shut in the well as outlined in the Emergency
and Remedial Response Plan document of this permit.
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SUMMARY OF OPERATING CONDITIONS: BRP CCS3
40 CFR §146.82 (a)(7) and (10) and §146.88 ()

Brown Pelican CO2 Sequestration Project

1.0 FACIlity INFOrMALION ...c.veiiiiie et sttt sttt e eeenes 1
2.0 Injection Well Operating CONGITIONS .........c.oiiiiiiiiiierieie e 1
3.0 REPOITING FIEOUEBNCIES ....uveiieiteeitieie sttt sttt sttt et e b e sbesreesbeeneesneenne e 3
4.0 Startup Monitoring and Reporting ProCEAUIES ..........c.ccuviieieereiie e 4
5.0. Operations after STAMTUPD .........oiiveieiieseerie et e et re e ra e e e neesreeeennee e 6

1.0 Facility Information

Facility name: Brown Pelican CO2 Sequestration Project
BRP CCS3Well

Facility contact:

Well location: Penwell, Texas
31.76031163, -102.7101566

2.0 Injection Well Operating Conditions

Key injection well operating and project reporting requirements for the Brown Pelican CO>
Sequestration Project (BRP Project or Project) are specified in this document and summarized
below in Table 1.
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Table 1—Injection Well Operating Conditions

Parameter/Condition Limitation or Permitted Value Units
Daily group maximum injection mass 2,116 Metric tons per day
Daily group average injection mass 1,931 Metric tons per day
Daily maximum injection mass BRP 600 Metric tons per day
CCS3
Daily average injection mass BRP CCS3 450 Metric tons per day
Daily maximum injection rate BRP 9.02 Million standard
CCs3 ' cubic feet per day
Daily average injection rate BRP CCS3 8.10 M'!I'On standard
cubic feet per day
Total mass BRP CCS3 1.77 Million metric tons
Group maximum injection rate 773,000 Metric tons per year
Group average injection rate 705,000 Metric tons per year
Average injection rate BRP CCS3 153,000 Metric tons per year
Maximum surface wellhead injection 1100 i
pressure BRP CCS3 ' Psig
Maximum bottomhole injection pressure .
BRP CCS3 26253 psig
Average bottomhole injection pressure .
BRP CCS3 2,600.3 psig
Minimum annulus pressure 100 psig
Minimum annulus pressure/tubing .
differential 100 psig

Limitations or permitted values for the maximum surface wellhead injection pressure, maximum
bottomhole injection pressure, minimum annulus pressure, and minimum annulus
pressure/tubing differential limitation are set as follows:

e Maximum Surface Wellhead Injection Pressure: CO2 will be supplied by a dehydration
and compression facility located approximately four miles northeast of the CO> Injector well
location. The pressure at the facility discharge will be 2,500 psig. The CO2 will then be routed
via pipeline to valve stations near the injection well. Here the pressure will be reduced to
1,100 psig prior to reaching the wellhead. Pressure at the well will be controlled via control
valves with shutdown protocols in place to protect the well in the event of a high-pressure
scenario. Wellbore tubing pressure curves representative of the CO. Injector well will be
created and calibrated after well construction.

e Maximum Bottomhole Injection Pressure: To meet EPA requirements in 40 CFR
8146.88(a), the maximum pressure considered for the CO> Injector well is 90% of the
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fracture opening pressure of the Injection Zone, measured using a downhole pressure gauge.
The fracture pressure of the Injection Zone is determined from Step Rate Test data collected
in the Shoe Bar 1AZ well that was drilled for the purposes of this Project. Reservoir modeling
indicates the pore pressure required to move the effective stress state into tensile failure is
near 2933 psi at a depth of 4,609 ft below the ground surface. Maximum downhole injection
pressure is therefore set to be less than 90% of that 2,933 psi threshold, calculated as follows:

0.9 x 2,933 =2,640 psia — 14.7 psi = 2,625.3 psig Equation 1

The maximum bottomhole injection pressure will be re-calculated based on logs and well
information from the CO- Injection well after it is constructed.

e Minimum Annulus Pressure: As necessary to prevent “burst” or “collapse” of the tubing,
the minimum annulus pressure is calculated as follows:

Collapse Pressure = depth x [(pressure gradient of formation)
+ (pressure gradient of cement) — (pressure gradient of water)] Equation 2
Burst Pressure = depth x (pressure gradient of injectant) + surface pressure  Equation 3

e Minimum Annulus Pressure/Tubing Differential: The annulus pressure/tubing
differential is measured directly above and across the injection packer and is set to be a
minimum of 100 psi above the surface wellhead injection pressure.

If the downhole pressure gauge fails to function properly, then the maximum injection
pressure shall immediately be limited by the maximum surface wellhead injection pressure
until the downhole pressure gauge can be repaired or replaced.

3.0 Reporting Frequencies

Oxy Low Carbon Ventures, LLC (OLCV) will maintain the reporting frequencies as summarized
below in Table 2.

Table 2—Class VI Reporting Frequencies

Activity Minimum Reporting Frequency

Change to the CO; stream characterization Semi-annually

Monthly injection pressure, flow rate, volume, pressure on the

. . Semi-annuall
annulus, annulus fluid level, and temperature (Min, Max, and Avg.) y

Corrosion monitoring Semi-annually

Monthly and cumulative volume and mass of the carbon dioxide

- Semi-annuall
stream injected y
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Activity Minimum Reporting Frequency

Monthly annulus fluid volume added Semi-annually

Results and reports for the monitoring systems proposed: plume

. . o - Semi-annually
tracking, above confining zone monitoring, surface monitoring

Description of any event that triggers a shutoff device and the

Semi-annuall
response taken y

Description of any event that exceeds operating parameters for

N e . Semi-annually
annulus pressure or injection pressure specified in the permit

Notification 30 days before and results

Any injectivity test performed in the well within 30 days of completion of test

Notification 30 days before and results

External Mechanical Integrity Test (MIT) and internal MIT* -~ .
xternal Mechanical Integrity Test (MIT) and interna within 30 days of completion of test

Notification 30 days before and results

Pressure falloff testing within 30 days of completion of test

Notification 30 days before and results

Planned workover or well stimulation - .
within 30 days of completion of test

Notification 30 days before and results

Monitoring well MITs within 30 days of completion of test

Financial responsibility updates pursuant to H.2 and H.3(a) of this
permit

*Note: The reporting frequency for MIT will comply with TAC Title 16 Chapter 5.206(e)(1): “The operator of an
anthropogenic CO2 injection well must maintain and comply with the approved monitoring, sampling, and testing
plan to verify that the geologic storage facility is operating as permitted and that the injected fluids are confined to the
injection zone.”

Within 60 days of update

All testing and monitoring frequencies as well as methodologies are included in the Testing and
Monitoring Plan document of this permit.

The events that trigger an immediate emergency response should be reported within 24 hours,
according to the 40 CFR 8146.91 reporting requirements.

4.0 Startup Monitoring and Reporting Procedures

The procedures related to the startup of operations, as well as monitoring and reporting during
startup, are specified in this section. The injection rates will be gradually increased to the
planned rate over a period of six (6) days.

The procedures detailed below describe how OLCV will initiate injection and conduct startup-
specific monitoring of the CO> Injector well, pursuant to 40 CFR §146.90.
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The multistage (step-rate) startup procedure and period only apply to the initial start of injection
operations until the well reaches the full injection rate. Monitoring frequencies and
methodologies after the initial startup will follow the Testing and Monitoring Plan document of

this permit.

(1) This procedure will be performed using the existing surface and downhole pressure and
temperature gauges in the CO- Injector well.

(2) During the startup period, the permittee will submit a daily report summarizing and
interpreting the operational data. At the request of the EPA, the permittee may be required
to schedule a daily conference call to discuss this information.

(3) A series of successively higher injection rates will be applied, as shown in Table 3 below in
Step 4. The elapsed time and pressure values will be read and recorded for each rate and
timestep. At no point during the procedure will the injection pressure be allowed to exceed
the maximum injection pressure of 1,100 psig, which is measured at the wellhead.

(4) The planned injection rates are shown in Table 3.

Table 3—Planned Injection Rates During Startup
Rate Duration Percent of Permit Maximum
(tonnes per day) (hours) Injection Pressure (%)
202 24 40
253 24 50
303 24 60
354 24 70
404 24 80
455 24 90

(5) The injection rates will be controlled with variable frequency drive pumps.

(6) The injection rates will be measured and recorded using an orifice flowmeter.

(7) Surface and downhole pressures and temperatures will be measured and recorded.

(8) During the startup period, a plot of injection rates and their corresponding stabilized pressure
values will be graphically represented, and the project team will look for any evidence of
anomalous pressure behavior.

(9) If during the startup period any anomalous pressure behavior is observed, additional logging

and modification of the injection rate program may be conducted to characterize the anomaly
better. The project team will also determine if the observed anomalous pressure behavior
indicates formation fracturing, which will cause the injection to cease and the line valve to
be closed, allowing the pressure to bleed off into the injection zone, as discussed below:

(@) The instantaneous shut-in pressure (ISIP) will be measured.

(b) The permittee will notify the agency within 24 hours of the determination.
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(c) The permittee will consult with the agency before initiating any further injection.

5.0. Operations after startup

Automatic alarms and automatic shutoff systems will be installed and maintained. Successful
function of the alarm system and shutoff system will be demonstrated prior to injection and once
annually thereafter.

At all times, pressure will be maintained on the well to prevent the return of the injection fluid to
the surface. The wellbore must be filled with a high-specific-gravity fluid during workovers to
maintain a positive (downward) gradient and/or a plug shall be installed that can resist the
pressure differential. A blowout preventer must be installed and kept in proper operational
condition whenever the wellhead is removed to work on the well.

e OLVC shall cease injection should it appear that the well is lacking mechanical integrity
or that the injected CO, stream and/or associated pressure front may cause an
endangerment to a USDW.

Permittee will cease injection according to the guidelines provided below:
e OLCV must shut in the well by gradual reduction of the injection pressure as outlined in
the Summary of Operating Conditions document of this permit; or

e OLCV must immediately cease injection and shut in the well as outlined in the Emergency
and Remedial Response Plan document of this permit.
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1.0 Facility Information

Facility name: Brown Pelican CO; Sequestration Project
BRP CCS1, CCS2 and CCS3 Wells

Facility contact:

Well location: Penwell, Texas

BRP CCS1 31.76479314 | -102.7289311

BRP CCS2 31.76993805 | -102.7332448

BRP CCS3 31.76031163 | -102.7101566

2.0 Computational Modeling Approach

Pursuant to 40 CFR 8146.86, this plan delineates the Area of Review (AoR) and describes the
corrective action plans for wells that require corrective action. Delineation of the AoR is one of
the key elements of the Class VI Rule to ensure Underground Sources of Drinking Water (USDW)
in the region surrounding the geologic sequestration project may not be endangered by the
injection activity.

The AoR is the region surrounding the geologic sequestration project where USDWs may be
endangered by the injection activity. The AoR is delineated using multiphase CO--brine transport
computational modeling, constructed from a geocellular model that accounts for the site-specific
hydrogeology and the physical and chemical properties of all phases of the injected carbon dioxide
stream and displaced fluids. The AoR delineation is based on available site characterization,
monitoring, and operational data as set forth in §146.84. The methods and approaches for
developing this complex multiphase simulation model and delineating the AoR are provided
below.

2.1 Simulation Model Background
2.1.1 Geocellular Model Introduction

The characterization effort and geocellular modeling workflow undertaken for the Brown Pelican
CO2 Sequestration Project (BRP Project or Project) follows the industry-accepted best practices of
Kerans and Tinker (1997). The geocellular model was constructed using Schlumberger’s Petrel
(v2021) geostatistical modeling software, which is a “reliable technology” for reserve estimation,
as defined by the US Securities and Exchange Commission (Society of Petroleum Engineers
2018). Application of this software has been reliably demonstrated in numerous peer-reviewed
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journals (e.g., Palermo et al. 2010; Rush and Rankey 2017; He et al. 2019) and from Carbon
Capture and Sequestration investigations (e.g., Hosseini et al. 2012; Holubnyak et al. 2014).

2.1.2 Simulation Model Name and Authors

The model was created using the GEM (v2022.10) reservoir simulator with the Greenhouse Gas
(GHG) module, from Computer Modeling Group Ltd. (CMG).

2.1.3 Description of the Simulation Model

GEM is a commercially available, compositional, finite-difference simulator that is commonly
used to model hydrocarbon production, enhanced oil recovery, and other thermodynamic and fluid
flow reservoir processes. GEM has also been used to model carbon capture and storage projects.
The GEM’s Greenhouse Gas (GHG) module accounts for the thermodynamic interactions between
three phases: a H>O-rich phase (liquid), CO2-rich phase (gas), and a solid phase, which may include
several minerals. Physical properties (e.g., density, viscosity, enthalpy) of the H2O and CO phases
and COz solubility in H2O are calculated from a correlation suitable for a wide range of typical
CO:; storage formation conditions, including temperature ranges between 54°F and 300°F and
pressures up to 16,000 psi. Details of this method can be found in Collins et al. (1992), Thomas
and Thurnau (1983), and Nghiem and Li (1989).

The phase interactions throughout the simulations are governed as follows:

e The CO2-rich phase (gas) density is obtained using the Peng-Robinson equation of state.
The model was calibrated and modified as described in Equation 1 (Peng and Robinson
1976).

e The CO2dissolution in brine is calculated from Henry’s Law Constant Correlation using
Harvey’s method (Harvey 1996).

e The brine density is specified at a reference pressure of 2,200 psi. The brine viscosity is
calculated using the Kestin et al. (1981) correlation.

e The CO; gas viscosity is calculated per the methods described by Pedersen et al. (1984).

The Peng-Robinson equation of state, as described above, takes this form:

RT Amix

— Equation 1
V—bpix V?+ 2Vbpi, — b?

p:

Where, v is the molar volume, p is the pressure, T is the temperature in Kelvin, R is the universal
gas constant, and a,,,;, and b,,,;, are the mixture-specific functions of temperature and composition
calculated from the critical properties and acentric factors of the components. The CMG WinProp
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software used with GEM has a built-in library for the properties of CO, and CHa, based on Reid
et al. (1977). No changes were made to the library components.

The transition between liquid and gaseous CO- can lead to rapid density changes in the gas phase.
The simulator uses a narrow transition interval between the liquid and gaseous density to represent
the two-phase CO- region.

The compression facility controls the CO> delivery temperature to the injection well, keeping it
between 70°F and 110°F. Consequently, the temperature of the injectant will be comparable to the
reservoir formation temperature at the injection interval. Therefore, the simulations were based on
isothermal operating conditions with a linear initial reservoir temperature gradient of 0.0072°F/ft
and a surface temperature of 70°F.

With respect to the timestep selection, the software algorithm optimizes the timestep duration
based on the specific convergence criteria designed to minimize numerical artifacts. For these
simulations, the timestep size ranged from 0.001 days to 30 days. In all cases, the maximum
solution change over a timestep is monitored and compared to a specified target. Convergence is
achieved once the model reaches the maximum tolerance where small changes of the temperature
and pressure calculation results occur on successive iterations. Timesteps are chosen so that the
predicted solution change is less than the specified target.

2.2 Site Characteristics
2.2.1 Site Overview

A detailed regional and local geologic evaluation of the area around the BRP Project was
conducted using geological, geophysical, and petrophysical data obtained from public literature,
licensed data, and site-specific data collected for this project. These data are described in the
following sections.

The BRP Project is located approximately 20 miles southwest of Odessa, Texas on the Shoe Bar
Ranch. Part of the surface acreage is owned by OLCV, and the remaining acreage is leased by
OLCV. OLCV conducted a surface assessment of the site to determine its suitability for CO-
sequestration. The surface assessment included a review of high-resolution satellite imagery and
high-resolution drone imagery to determine the presence or absence of surface water, springs,
mines, or quarries. The United States Geological Survey (USGS) maintains a database of
historical, current and prospective mines. The following sources were consulted to identify surface
and near-surface features:
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e USGS Mineral Resources Data System:
e High-resolution satellite imagery (licensed from Maxar)
e High-resolution drone imagery acquired in July 2023 for this Project

Based on review of these data, there are no springs, mines, or quarries in the BRP AoR. Two small
ephemeral ponds are located outside of the AoR, but within the Shoe Bar Ranch.

Environmental Protection Agency (EPA), Texas Commission on Environmental Quality (TCEQ),
and the Texas Railroad Commission (TRRC) databases were consulted to determine if the site
contained groundwater contamination, industrial or hazardous waste facilities, petroleum tanks,
superfund sites or brownfields.

e TCEQ Groundwater Contamination Viewer2

e TCEQ Industrial and Hazardous Waste Facility Viewers
e TCEQ Petroleum Storage Tank Viewer*

e TCEQ Brownfields Viewers

e TCEQ Superfund Sites Viewers

e EPA Superfund Sites Viewer?

e TRRC Data (Including Brownfields) Viewers

Based on a review of these data, there is no groundwater contamination, no industrial or hazardous
waste sites, no petroleum storage tanks, no brownfields, and no superfund sites in the BRP AoR.
Figure 1 shows surface features of the BRP Project site.

! https://mrdata.usgs.gov/mrds/map-commodity.html

2 https://www.tceq.texas.gov/gis/groundwater-contamination-viewer

3 https://www.tceq.texas.gov/gis/ihw-viewer

4 https://www.tceq.texas.gov/gis/petroleum-storage-tanks-pst-viewer

5 https://gis-tceq.opendata.arcgis.com/datasets/brownfields-points/explore?location=31.691297%2C-102.767404%2C9.63
6 https://www.tceq.texas.gov/remediation/superfund/sites/county/ector.html

"https://www.arcgis.com/apps/webappviewer/index.html?id=b3d2408f1fb24a03bb68157c91c446b2&extent=-
21022431.7148%2C1332394.4297%2C-7843465.046%2C8787756.4205%2C102100

8 https://gis.rrc.texas.gov/GISViewer/
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Figure 1—Overview of the BRP Project site AoR

For purposes of this application, the Project site encompasses the areas depicted in Figure 1 and 2
and include: (1) the AoR, (2) the Area of Interest (Aol), which is the area surrounding the AoR in
the western half of the Shoe Bar Ranch (SBR) boundary; (3) the Shoe Bar Ranch (SBR), which is
the surface land on which the Project is located; and (4) the simulation model outline that
encompasses the area of SBR with an approximately one-mile buffer (Figure 2). The Project site
includes the total extent of these four areas. The AoR in Figures 1 and 2 represents the combination
of maximum extent of CO> plume at 50 years post-injection and the pressure plume at the stop of
injection in January 2037.
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Figure 2—Definition of the outlines used in the Area of Review and Corrective Action Plan document.

2.2.2 Physical Geography

Surface geology in and around Shoe Bar Ranch (Figure 3 and Figure 4) primarily consists of
Holocene sand and silt, dunes and dune ridges, caliche, associated alluvium, and other undivided
Quaternary deposits (Eifler 1975). The Cretaceous Antlers Sand [Rock Unit Code: Ka] (sandstone,
mudstone, and siliciclastic conglomerates) and Triassic Dockum Group [Rock Unit Code: TRd]
(shale, sandstone-mudstone, some limestone, and siliciclastic conglomerates) outcrop East of Shoe
Bar Ranch (Lehman 1994; Eifler 1975; mrdata.usgs.gov). Surface elevation in and around SBR is
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approximately 3,000 ft above sea level with a dip of 0.25° towards the southwest based on US
Geological Survey (USGS) topographic maps (services.arcgisonline.com).

Figure 3—1:250,000 scale surface geology map, Pecos Sheet, Geological Atlas of Texas (Eifler 1975). The
Shoe Bar Ranch is outlined in black.
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Figure 4—Detailed screenshot of surface geology in the vicinity of Shoe Bar Ranch (from
https://txpub.usgs.qov).

2.2.2 Regional Geology

The Permian Basin encompasses an area of approximately 250x300 miles and extends across West
Texas and southeastern New Mexico (Figure 5). Three major divergent and convergent tectonic
events shaped the geometry of the Permian Basin:

1. Neoproterozoic-Cambrian age rifting of Rodinia (Mosher et al. 2004, Ewing et al. 2019);

2. Convergence during the Mississippian-Permian age Ancestral Rocky Mountains and
Ouachita-Marathon orogenies (Yang and Dorobek 1995); and

3. The Eocene-Oligocene Laramide orogeny (Henry and Price 1986) (Figure 6).

The Permian Basin was initiated during the Late Mississippian to Early Pennsylvanian as a
structurally segmented foreland basin resulting from north-directed convergence of the South
American (Gondwanan) plate along the southern margin of the North American (Laurentian) plate
(Ross 1986; McBride 1989; Reed and Strickler 1990; Yang and Dorobek 1995). Outcrop-intensive
studies of the Ouachita-Marathon orogeny include King’s (1937) classic study of the Marathon
fold-and-thrust belt, with more recent studies focusing on syntectonic depositional processes and
carbonate platform evolution and provenance of Permian Basin siliciclastic sands (Soto-Kerans et
al. 2020; Janson and Hairabian 2016). Convergence and thrust-loading of the North American
plate peaked in the Late Pennsylvanian to Early Permian and was followed by isostatic adjustment
through fault reactivation and strain-transfer across inherited Proterozoic—Cambrian structures that
produced N-S elongated, fault-bound carbonate platforms, and deep marine (1,000+ ft water depth)
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siliciclastic-rich basins (Yang and Dorobek 1995; Ewing et al. 2019). Major resulting
paleogeographic features include the carbonate-dominated Central Basin Platform, and the
siliciclastic-dominated deepwater Delaware Basin and Midland Basin (Figure 5 and 7).

Only minimal tectonic deformation occurred in the Permian Basin since the late Paleozoic, so the
present structural features are essentially the same as those inherited from Proterozoic—Early
Permian orogenic events (Hills 1984; Ward et al. 1986; Ewing et al. 1993; Yang and Dorobek
1995). The most recent tectonic divergence includes Cenozoic Basin and Range extension and Rio
Grande rifting (Henry and Price 1986). These events have generated a complex and regional
network of Miocene and younger normal faults that predominantly impact the western margin of
the Delaware Basin, where Permian strata have been exhumed along escarpments and westward-
dipping horst and grabens that are incised by canyons (King 1948; Boyd 1958).

Regional cross-sections from Yang and Dorobek (1995) demonstrate that Wolfcampian strata are
the last interval cut by major basement-rooted faults that bound the Central Basin Platform and
further illustrate that upper Pennsylvanian through Wolfcampian strata were deposited across the
Permian Basin area during the most significant phase of deformation, as basement-rooted faults
are largely absent in Leonardian and younger strata. This observation is consistent with seismic
data in the Aol (see Section 2.2.4 Structural Setting).

The Permian Basin of West Texas and New Mexico consists of Wolfcampian to Late Ochoan
cyclic and mixed carbonate-siliciclastic-evaporite strata. Platform top depositional environments
include the following: salty anhydritic salinas, siliciclastic-rich eolian dunes, carbonate-rich tidal
flats, oolitic shorelines and tidal bars, and open-marine shelves (Silver and Todd 1969). The
Delaware and Midland basins consist of sand-filled, slope-incised channels and silt-rich slopes
that pass basinward into deep-marine (500- to 1,800-ft water depths) turbiditic sandstones and
pelagic mudstones (King 1948; Gardner et al. 2003). Formation-scale stratigraphic units provide
a complex record of episodic deposition that was driven by the rise and fall of sea levels (100+ ft)
(Meissner 1972). This record is characterized by periods of sediment starvation within the basins
concurrent with development of basin-fringing carbonate platforms, followed by periods of
platform erosion and sediment bypass to the basin floor. During the Late Permian, the Midland
Basin became the site of a large evaporitic flat, as recorded by the shallow marine deposits of the
Queen Formation. In contrast, the Delaware Basin was infilled by the Late Permian Castile and
Salado evaporites that were ultimately deposited across the entire Permian Basin region, including
the Northwest Shelf and Central Basin Platform (King 1948).
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Figure 5—Map of the Permian Basin with the Delaware Basin, Midland Basin, Central Basin Platform, and
productive oil and gas fields in the San Andres Formation (after Ward et al. 1986).
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Figure 6—Stratigraphic column for the Central Basin Platform with tectonic events.
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Figure 7—E-W cross section through the Permian Basin of West Texas (from Matchus and Jones 1984).
Approximate Aol location on the Central Basin Platform is highlighted with blue arrow and black rectangle.

The San Andres Formation and its basinal equivalents—the Cutoff, uppermost Bone Spring,
Brushy Canyon, and Cherry Canyon Formations—provide a complex record of reciprocal
sedimentation characterized by periods of basin starvation and carbonate platform
aggradation/progradation, followed by periods of platform subaerial exposure and siliciclastic
sediment bypass to the basin floors (Figure 7). San Andres sedimentation in the Permian Basin
took place in a subtropical setting. Plate reconstructions by Scotese and McKerrow (1990) place
the Permian Basin just south of the paleoequator, but paleocurrent studies of approximately time-
equivalent eolian strata of the Colorado Plateau (e.g., Coconino Formation) suggest a position 5°
north of the paleoequator in the northern equatorial trade-wind belt (Fischer and Sarnthein 1988).
This configuration agrees better with earlier work cited by Meissner (1972). Shallow-water
carbonate deposits of the San Andres Formation occupied a 60-mile-wide belt separating
evaporite-dominated inner-shelf sediments from the deeper-water carbonates of the upper Bone
Spring Limestone and the siliciclastic-dominated deposits of the Delaware Mountain Group of the
Delaware Basin and equivalent strata in the Midland Basin (Meissner 1972).
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2.2.3 Stratigraphy

2.2.3.1 Overview

The CO; storage complex in the proposed Project consists of four main elements:

1. Injection Zone (Lower San Andres Formation) with three sub-zones (G4, G1, Holt);
2. Upper Confining Zone (Upper San Andres and Grayburg Formations);

3. Regional Seal / Upper Confining System (Queen through Rustler Formations); and
4. Lower Confining Zone (Upper Glorieta Formation) (Figure 8).

Figure 8—Stratigraphic column covering the Injection Zone, Upper Confining Zone, and Upper Confining
System. UWI = Unique Well Identifier; SSTVD = True vertical depth subsea; MD = Measured depth; XGR =
Gamma Ray log QCd by Oxy or OLCV petrophysicist; XPOR = porosity log QCd by Oxy or OLCV
petrophysicist; K = Permeability

Well log measurements and whole core data from stratigraphic test wells Shoe Bar 1 and Shoe Bar
1AZ (Figure 8 and 9), as well as from the offset Penwell (Upper San Andres) oilfield (gft) were
used for the characterization of the storage complex elements. Core analyses from the stratigraphic
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wells provided data on porosity, permeability, and capillary entry pressure of the Upper Confining
Zone and Upper Confining System in the AoR.

2.2.3.2 Injection Zone

The Lower San Andres Formation exhibits good reservoir quality based on well log and core data
in the Aol for each of the three sub-zones: G4 (average porosity = 9.7 %; average permeability =
1.2 mD), G1 (average porosity = 11.2 %; average permeability = 12 mD), Holt (average porosity
= 9.4 %; average permeability = 18.8 mD). Data from the Shoe Bar 1 and Shoe Bar 1AZ wells are
sufficient to adequately characterize the AoR because the rock and fluid properties from these
wells were calibrated to seismic facies and extrapolated beyond the wellbores.

Seismic facies of the G4 and G1 sub-zones are characterized by medium-amplitude, medium
continuity, sub-parallel, slightly inclined reflections throughout the 3D seismic coverage (Figures
9, 10A, 10B). Corresponding core facies encountered in Shoe Bar 1 and Shoe Bar 1AZ in sub-
zones G4 and G1 are dominated by stacked grain-dominated and mud-dominated dolo-packstones.

Holt sub-zone seismic facies are characterized by high-amplitude, high continuity, sub-parallel,
slightly inclined reflections in the western half of the 3D survey and low to medium-amplitude,
low to medium-continuity, sub-parallel, slightly inclined reflections in the eastern half of the 3D
survey (Figure 9, Figure 10C). Corresponding core facies encountered in the Holt sub-zone of
Shoe Bar 1 are dominated by extensively leached and burrowed dolo-wackestones, which create a
poor seismic impedance contrast. In contrast, core facies in the Holt sub-zone of Shoe Bar 1AZ
comprise a 70’ thick tight calcite interval overlying grain-dominated dolo-packstones to dolo-
wackestones, creating the strong impedance contrast seen in the seismic data.

Seismic facies observed at the Shoe Bar 1AZ are consistent with the seismic facies observed
throughout the majority AoR. Based on calibration of seismic to log data, OLCV interprets that
the rock and fluid properties are also anticipated to be consistent throughout the AoR. The seismic
facies observed at Shoe Bar 1 are representative of seismic facies observed in the East of the AoR.
More details on the seismic survey acquisition and processing are found in section 2.2.5 of this
document.
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Figure 9—Seismic cross section A-A’ with key horizon interpretations and projected well trajectories. Note
the change in seismic facies in the Holt sub-zone between Shoe Bar 1 and Shoe Bar 1AZ.
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Figure 10—Amplitude extractions demonstrating similarity of seismic facies between Shoe Bar 1AZ and
BRP CCS1 and BRP CCS2 in sub-zone G4 (A) and sub-zone G1 (B); amplitude extraction demonstrating
change in seismic facies between Shoe Bar 1 and BRP CCS3 (C).

Area of Review and Corrective Action Plan for Brown Pelican CO; Sequestration Project
Permit Number: R06-TX-0005 Page 18 of 128
Contains Confidential Business Information



Plan revision number: 3
Plan revision date: 07/30/2024

2.2.3.3 Upper Confining Zone

The BRP Aol is positioned in a more landward paleo-depositional environment relative to the
producing Penwell oilfield (Figure 11). Therefore, the Upper San Andres Formation (main
producing interval in Penwell field) exhibits tighter, more anhydritic supratidal facies and acts as
the primary confining layer in the BRP Project. The Upper San Andres Formation was confirmed
as a primary confining layer from well log and core data of the Shoe Bar 1 and Shoe Bar 1AZ
Stratigraphic wells (average porosity = 6.1 %; average permeability = < 0.1 mD) (Figure 8). The
Grayburg formation confining zone properties were also confirmed by porosity logs and MICP-
derived porosity / permeability measurements in Shoe Bar 1 (average porosity = 4.1 %; average
permeability = < 0.1 mD).

2.2.3.4 Regional Seal / Upper Confining System

The Queen through Rustler Formations form the regional seal / upper confining system and consist
of regional, laterally continuous evaporites (anhydrite, halite), shale, and tight silt and form the
2,500-ft Permian regional seal complex for hydrocarbon accumulations in the Permian Basin.
These Permian Basin deposits are one of the most extensively studied evaporite systems in the
world (Beauheim and Roberts 2002; Anderson et al. 1972; Espinoza and Santamarina 2017,
Kendall and Harwood 1989; Dean et al. 2000). These evaporite formations are interbedded with
clay and siltstone marker beds that are traceable across much of the western Permian Basin
(Anderson et al. 1972). Espinoza and Santamarina (2017) summarized the properties of common
lithologies forming confining systems from carbon sequestration projects across the globe,
including CO> breakthrough pressure for typical top seals (confining layer) such as anhydrite,
which form the confining system overlying the Injection Zone. The high capillary entry pressure
and low permeability make these lithologies a suitable cap rock for carbon sequestration projects
(Espinoza and Santamarina, 2017), in addition to their proven track record of trapping and
containing oil and gas in the Permian Basin for 200+ million years (Fairhurst et al., 2021).

2.2.3.5 Lower Confining Zone

Based on petrophysically vetted porosity log measurements in the Aol and NMR-derived
permeability estimates from Shoe Bar 1 and Shoe Bar 1AZ stratigraphic wells, the Upper Glorieta
Formation exhibits a porosity of <1% and <0.1 mD of permeability and will act as the lower
confining layer of the CO; storage complex (Figure 8).
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2.2.3.6 Environment of Deposition

The proposed storage complex is located approximately 5 miles NW of the Penwell (Upper San
Andres) oilfield in a downdip position relative to Penwell (Figure 11). The depositional model for
the San Andres Formation in the Penwell oilfield is a low-angle carbonate ramp with shoaling-
upward cycles of shallow marine to tidal flat facies (Major et al. 1990; Figure 12). The primary
injection and production zone at Penwell is the Upper San Andres (G8-G9).

Figure 11—Structure map of the Top Lower San Andres Formation in the Project site (red polygon) with
the AoR (yellow polygon) and nearby Penwell (Upper San Andres) oilfield (white polygon).
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Figure 12—Depositional model of the San Andres Formation at Penwell field (Major et al. 1990).

The BRP Project Injection Zone comprises the Lower San Andres Formation High Frequency
Sequences (HFSs) L7-G4. The Upper San Andres Formation (G8-G9 HFSs) (Figure 13) serves
as Upper Confining Zone. The Lower San Andres (Permian composite sequence CS10) is divided
into a transgressive and highstand sequence set. Key stratigraphic elements and lithofacies
characteristics of these sequence sets are summarized below from Kerans and Fitchen (1995), who
describe the San Andres Formation as a distally steepened mixed siliciclastic-carbonate ramp.

Key characteristics of the Permian CS10 transgressive sequence set (L7-L8 HFSs):

1.
2.

An aggradational platform margin;

A Dbackstepped, very low angle (<2°) ramp, composed predominantly of skeletal
wackestone and minor packstone;

Scattered skeletal grain-dominated mounds several hundred to thousands of acres in area
that developed on antecedent platform highs within the open shelf; and

Grain types dominated by peloids, crinoids, fusulinids, and brachiopods, with less common
bryozoans, corals, and calcareous sponges.

Key characteristics of the Permian CS10 highstand sequence set (G1- G4 HFSs):
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1. Initially aggradational (G1 HFS) transitioning to progradational (G2-G3 HFSs) and finally,
to strongly progradational (G4 HFS);

2. The ramp to outer ramp profile progressively increasing from 0.5° during the G1 HFS to
as much as 7° to 12° during the G4 HFS;

3. Development of well-defined platform to basin facies tracts that include:
a. Inner ramp evaporites (form the HFS-scale confining layer);
b. Middle ramp restricted mudstones and peritidal facies (form the HFS-scale
confining layer);
c. Ramp crest ooid-peloid grain-rich facies interbedded with mud-dominated subtidal
and peritidal facies (form the HFS-scale Injection Zone);

d. Shallow outer ramp fusulinid-crinoid-peloid grain-dominated to mud-dominated
facies (form the HFS-scale Injection Zone); and

e. Distal outer ramp, deepwater, organic-rich mudstone facies (form the base of the
HFS-scale Injection Zone).

Figure 13—Stratigraphic cross section (from Ruppel and Bebout 1996).
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2.2.3.7 Post-deposition Diagenesis

Key control on the lateral heterogeneity of porosity in the San Andres Formation was the early
diagenetic preservation of pellets in the fusulinid and mollusk grainstone / packstone facies. Pellet
preservation preserved interparticle porosity, whereas pellet compaction destroyed most porosity.
The San Andres Formation has been pervasively dolomitized, but still largely retains its
depositional texture. The dolomitization process converted syndepositional interparticle porosity
to intercrystalline porosity during hypersaline reflux dolomitization (Lucia and Major 1994). This
textural inversion process increased permeability in lower quality (i.e., mud-dominated) reservoir
rocks and slightly decreased permeability in better quality (i.e., grain-dominated) reservoir rocks.
These hypersaline fluids likely precipitated anhydrite and gypsum in the San Andres Formation
(Major et al. 1990), resulting in porosity reduction.

2.2.4 Structural Setting

2.2.4.1 Seismic data acquired for the Project

OLCYV acquired a high-density, 20.5 mi? 3D seismic survey over the Project site in late 2022. The
acquisition parameters for this 3D survey can be found in Table 1. Two orthogonal 2D lines
totaling 10 line-miles were acquired in addition to the 3D survey. The 2D lines were acquired
using the same source and receiver interval as was used to acquire the 3D survey.
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OLCV designed seismic processing workflows to detect and image faults in the BRP Project
AoR. Two processing flows were run in parallel for the BRP 3D survey: one flow focused on
amplitude preservation for reliable quantitative interpretation, and the other focused on providing
the best image for structural interpretation (the latter being used for fault interpretation). Manual
fault interpretations were QCd with fault detection seismic attributes and surface seismic
extractions. Fault detection attributes were extracted on full bandwidth data as well as the low,
medium, and high frequencies to confirm lack of faulting at all frequency ranges.

2.2.4.2 Interpretation of regional and site-specific seismic data

The Texas Bureau of Economic Geology (BEG) has completed an investigation into faults within
the Delaware Basin and Central Basin Platform, including the Shoe Bar Ranch (Figure 14). Horne
et al. (2021) compiled the fault interpretations of publicly available 2D and 3D seismic data
completed by BEG scientists, in addition to fault interpretations supplied to the BEG by TexNet-
CISR1¢ industry participants, covering an area of approximately 23,500 mi? of West Texas.

9 https://www.beg.utexas.edu/texnet-cisr

Area of Review and Corrective Action Plan for Brown Pelican CO, Sequestration Project
Permit Number: R06-TX-0005 Page 24 of 128
Contains Confidential Business Information



Plan revision number: 3
Plan revision date: 07/30/2024

Figure 14—Regional map showing faults published by Horne et al. (2021). Note the deep basement fault
interpreted at the South end of the BRP AoR.

Based on the interpretations compiled by the BEG, there is a basement fault striking approximately
in an E-W direction that is present within the area of the Project site; however, the fault is
interpreted to tip out in strata 1,800 feet below the Lower Confining Zone. Seismic mapping on
the newly acquired 3D and 2D, and attribute analyses are consistent with the interpretation that
movement on basement-related faults ceased before the time of Wolfcamp deposition. No offset
is detectable above the Wolfcamp formation (1,800 feet below base of Lower Confining Zone);
therefore, OLCV interprets that deeper faults do not extend to the Lower Confining Zone and
Injection Zone (Figure 15 and Figure 16).

In addition to seismic data interpretation, pore pressure data from the Shoe Bar 1 shows that the
Glorieta and Clearfork formations are not in pressure communication with the Lower San Andres.
The Glorieta and Clearfork are separated from the Lower San Andres Injection Zone by a Lower
Confining Zone. The Glorieta and Clearfork have a 0.43 psi/ft and 0.44 psi/ft gradient respectively,
whereas the Lower San Andres has a 0.5 psi/ft gradient.

Because no faults are present in either the storage complex or the top or base seals, the risk of
induced seismicity due to CO: sequestration at the BRP Project is low. There is no evidence to
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suggest the deep-seated faults will be reactivated due to the injection of CO2 within the shallower
injection interval by either direct pressure transfer from the reservoir to the basement or poroelastic
strain transfer from the reservoir to the basement.

Figure 15—Map view (bottom right corner) of N-S seismic line through the Project.

Seismic cross section shows faults extend from the basement to the Devonian-age strata; however,
faulting tips out in the Wolfcamp and does not extend into the Injection Zone. Oxy has licensed a
number of 2D seismic lines in the area around the proposed project site. While the Devonian and
older strata are faulted, as indicated by the BEG study, the sequestration zone appears to be
unfaulted, including the top and upper and lower confining zones (Figure 15). Because the faulting
mapped by the BEG and observed on Oxy’s licensed 2D seismic data are not present in either the
sequestration zone or the top or base seals, the risk of induced seismicity due to CO- sequestration
injection into Brown Pelican San Andres reservoir is low.
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Figure 16—Map view (bottom right corner) of seismic line location across Shoe Bar Ranch. Seismic cross
section for that line shows faulting from Devonian to the basement at the site; however, the faulting is
truncated at the Wolfcamp and does not extend into the injection zone or lower confining layer.

The geologic structure of the Glorieta Formation (Lower Confining Zone) through the Grayburg
Formation (Upper Confining Zone) of the BRP Project (Figure 17) dips gently towards the West
at 0.7° (170 ft vertically over 12,500 ft laterally). Due to the low-angle dip, there is minimal
difference between true stratigraphical thickness (TST) and true vertical thickness (TVT). The
thickness maps in this document are isochore maps, representing true vertical thickness.
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Figure 17—W-E cross section showing the zones modeled for the dynamic simulation, indicating a gentle
westward dip.

2.2.5 Historical Seismic Activity

The proposed project site is situated in an area of West Texas that has historically exhibited low
historical seismic activity, based on catalogs from both USGS (up to and including December
2016, Figure 18) and TexNet (January 2017 to November 2023, Figure 19). The seismic networks
operated by the USGS?, TexNet, IRIS,* and other researchers have varied significantly over the
past 50+ years. Appendix C provides the list of the networks, station names, locations, and start
and end times for the stations used by USGS and TexNet to locate seismic events.

The recorded event of local magnitude 2 (ML 2) or greater closest to the project site occurred
approximately 5 miles to the east on 22 November 2001. There have been 444 events of magnitude
2 or larger within a 50-mile radius of the Project site reported in the USGS and TexNet catalogs
in the past 56 years (as listed in Appendix C: Seismic Events Near Project Site). Recent seismicity

10 Incorporated Research Institutions for Seismology (https://www.iris.edu/)
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25 miles North-Northeast of the Project site is attributed to saltwater disposal (SWD) in deeper
formations near the basement rock near critically stressed basement faults according to
communication on the RRC website in 2022, The risk to the Project from these recent seismic
events is considered minimal, because the proposed Injection Zone is vertically separated from
deeper faulted strata by approximately 1,800 ft, as observed on 2D and 3D seismic images,
providing sufficient vertical separation to prevent any interaction between injection pressures and
the faults. Additionally, OLCV proposes to manage pressure by producing brine from the Injection
Zone, further reducing the risk of seismicity from the proposed Project. The USGS predicts this
site to have low future seismic hazard (Figure 20). Because of these factors, the site low risk of
induced seismicity due to Project operations.

1 https://www.rrc.texas.gov/oil-and-gas/applications-and-permits/injection-storage-permits/oil-and-gas-waste-disposal/injection-
disposal-permit-procedures/seismicity-review/seismicity-response/
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Figure 18—Seismic activity map showing a 50-mile radius around the Shoe Bar Ranch (shaded outline). The
closest seismic event observed was 5 miles east of the proposed site in 2001. The seismic cluster 25 miles NE
of the proposed Project site is currently attributed to SWD operations in deeper strata close to critically-
stressed faults.
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Figure 19—Seismic monitoring network and seismicity greater than 2.0 near Ector County used by TexNet
as of 24 November 2023. Seismic monitoring stations are indicated by gray or black boxes (source:
https://www.beg.utexas.edu/texnet-cisr/texnet/earthquake-catalog, ).

Figure 20—Seismic hazard map showing that peak ground accelerations have a 2% probability of being
exceeded in 50 years from USGS 2018 Long-Term National Seismic Hazard Map (USGS 2018). Seismic
hazard potential in the Aol is one of the lowest in the US.
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2.2.6 Geopressure

The formation pressure information is obtained from well data acquired at Shoe Bar 1 and Shoe
Bar 1AZ. The model was initialized at the first date of production using MDT pressure data versus
depth. Based on the simulation model initialization, the reservoir pressure in the proposed Injection
Zone is slightly overpressured relative to hydrostatic conditions.

2.2.7 Fresh Water Aquifers (Surface Geology)

The formal definition of a USDW by EPA Class VI regulation (40 CFR 8§144.3) is used in this
study:

Underground source of drinking water (USDW) means an “aquifer’ or its portion:
a) 1) Which supplies any public water system; or
2) Which contains a sufficient quantity of ground water to supply a public water system;
and:
i) currently supplies drinking water for human consumption; or
il) contains fewer than 10,000 mg/I total dissolved solids; and
b) Which is not an “exempted aquifer.”

Southeast Ector County has two sources of groundwater in the extent of Shoe Bar Ranch that meet
the formal definition of a USDW by EPA Class VI standard (40 CFR 8144.3): the Pecos Valley
major aquifer (surface; Figure 21), and the Dockum minor aquifer (base USDW; Figure 22)
(Bradley and Kalaswad, 2001; Mace et al., 2006; George et al., 2011). Additional data on USDW
depths specifically in and around SBR were acquired from Texas Water Development Board
(TWDB) Groundwater Advisory Unit (GAU) letters:.

12 https://www.twdb.texas.gov/
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Figure 21—Major aquifers in the Aol and adjacent areas. Shoe Bar Ranch (black outline) is located in the
eastern extent of the Pecos Valley aquifer (twdb.texas.gov).

Figure 22—Miinor aquifers in the Aol and adjacent areas. Shoe Bar Ranch (black outline) is located within
the Dockum minor aquifer region. The closest adjacent minor aquifer is the Capitan Reef Complex aquifer,
located 13 miles to the West (twdb.texas.gov).
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The Cenozoic Pecos Valley Alluvium forms the Pecos Valley major aquifer and consists of
unconsolidated to partially consolidated sand, silt, gravel, clay, and caliche (White 1971).
Hydraulic conductivity of the Pecos Valley aquifer in southwest Ector County is ~10 ft/day (Anaya
and Jones 2009). The Pecos Valley aquifer is unconfined (Meyer et al. 2012) and extends from
ground level to a depth of ~250 ft in the Aol.

Based on regional water quality analyses, TDS concentrations in Ector County are <3,000 ppm in
the Pecos Valley major aquifer (Meyer et al. 2012) and <5,000 ppm in the Dockum minor aquifer
(Ewing et al. 2008). Therefore, both aquifers meet the definition of a USDW by EPA Class VI
regulation (40 CFR 8144.3). There are five water withdrawal wells (Figure 23) located within the
Shoe Bar Ranch outline: 45-11-701, 45-11-902, 45-11-903, 45-19-301, and 45-19-302.: Only
water well 45-11-701 is located in the extent of the AoR (Figure 23). The only available water
quality analysis for water withdrawal well 45-11-701 is from 1948, which documents TDS
concentrations of the Dockum Formation of ~7,200 ppm. Water analysis reports for wells 45-11-
701, 45-11-902, 45-11-903, 45-19-301, and 45-19-302 are attached as a separate file package in
the GSDT.

13 These water analysis reports will be submitted to the EPA Geological Sequestration Data Tool (GSDT) in a separate folder.
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Figure 23—Texas Water Development Board (TWDB) water wells in and around the AoR and Shoe Bar
Ranch (from twdb.texas.qov).

2.2.8 Base of the Underground Source of Drinking Water (USDW)

The BRP team employed two means of identifying the USDW in the Shoe Bar Ranch outline: 1)
TWDB GAU letters specify the Dockum minor aquifer of the Santa Rosa Formation (depth range:
600 ft to 1,150 ft below ground level) as the base of protected aquifers in the Aol, which is
consistent with EPA Class VI regulation (40 CFR §144.3) as deepest layer that has waters with a
TDS concentration of less than 10,000 mg/L. 2) Additional means of aquifer identification came
from interpreted gamma ray well log responses of TWDB Brackish Resources Adquifer
Characterization System (BRACS) Well 1258 (API 4249532726; Figure 24) (Meyer et al. 2012).
Data from both TWDB GAU letters and BRACS Well 1258 were used for well log correlation and
structural mapping of the base Dockum minor aquifer in the subsurface across the Aol (Figure 24).
Stratigraphic cross sections in N-S and W-E orientation with correlated Pecos Valley and Dockum
Aquifers, as well as the five water withdrawal wells (45-11-701, 45-11-902, 45-11-903, 45-19-
301, and 45-19-302) within the Shoe Bar Ranch outline are provided as separate attachments in
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the GSDT (W_E Well Log Section_chi and N_S Well Log Section_cbi). Structural maps for the
Pecos Valley and Dockum Aquifers are provided as separate attachments in the GSDT (Base Pecos
Valley Aquifer_cbi; Top Dockum Aquifer_cbi; Base Dockum Aquifer_cbi).

Figure 24—L eft: BRACS1258 surface location in relation to Shoe Bar Ranch. Middle: Shallow geology from
BRACS well 1258 ~2 miles west of the Project area (stratigraphic column from Meyer 2020). Right: BRACS
1258 well log interpretation from Meyer et al. (2012).

The Triassic Dockum group forms the Dockum minor aquifer and comprises four formations (from
oldest to youngest):

1. Santa Rosa Formation consisting of red to red-brown sandstone and conglomerate, which
forms the base of the USDW,;

2. Tecovas Formation consisting of variegated, sometimes sandy mudstones with interbedded
fine- to medium-grained sandstones;

3. Trujillo Formation consisting of gray, brown, greenish-gray, fine- to coarse-grained
sandstone and sandy conglomerates with thin gray and red shale interbeds; and

4. Cooper Canyon Formation consisting of reddish-brown to orange siltstone and mudstone
with lenses of sandstone and conglomerate (Bradley and Kalaswad 2001).

Hydraulic conductivity of the Dockum aquifer in southwest Ector County is in the range of 0 to 5
ft/D (Ewing et al. 2008).

Drainage of the Pecos Valley and Dockum aquifers from Shoe Bar Ranch is directed towards the
Pecos River (30 miles SW), following the Monument Draw Trough (Boghici 1999). This elongated
basin is oriented NW-SE with its main axis located in the vicinity of the intersection of Ector,
Winkler, Ward, and Crane counties (Ashworth and Hopkins 1995).
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The Dewey Lake Formation separates the base USDW from the regional seal and consists of red
siltstone and shale (Meyer et al. 2012). The Dewey Lake Formation is not known to yield water to
wells (Bradley and Kalaswad 2001) and is not listed as an aquifer by the TWDB. Over 2,500 ft of
Rustler through Queen Formation evaporites and regional seal separate the base USDW from the
Lower San Andres Injection Zone.

2.3 Geocellular Model Domain

The static geocellular framework was constructed by first modeling large-scale stratigraphic and
structural features, and then modeling the petrophysical properties of these geologic features. The
first step involved establishing a conceptual structural and depositional model, as well as its
characteristic stratigraphic layering. The structural and stratigraphic architecture provided a first-
order constraint on the spatial continuity, porosity, permeability, and other attributes within each
layer. Next, petrophysical values were distributed for each zone using a cell-based methodology.

The geocellular model comprises the Grayburg and Upper San Andres formations (Upper
Confining Zone), the Lower San Andres Formation (Injection Zone) with three sub-zones (G4,
G1, Holt), and the Glorieta Formation (Lower Confining Zone). The areal extent of the geocellular
model (12x10.8 miles) covers the Shoe Bar Ranch lease plus a 1-mile buffer zone around the lease
that allowed for the evaluation of pore space under the entire acreage, while also including the
northernmost extent of the nearby Penwell San Andres oilfield and the southernmost extent of the
TXL oilfield (Figure 25). Well log data from Penwell Field and TXL Field served as crucial control
points for the initial geomodel to inform reservoir statistics of all potential injection and confining
zones, prior to the acquisition of our two stratigraphic test wells. These offset logs provided
important high-density areal log coverage in the north and southeast, surrounding the sparse data
coverage in the western part of the lease. In addition, historical production data from the Penwell
field permitted model evaluation via simulation-based history matching.
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Figure 25—The Project site encompasses the areal extent of the static geocellular model (solid yellow
outline).

The model consists of five horizons with four zones (Figure 26). The four zones from shallow to
deep are the Grayburg, Upper San Andres, Lower San Andres (with sub-zones G4, G1, Holt), and
Glorieta. The Lower San Andres, which is the proposed Injection Zone, was correlated and defined
based on well log correlations from 359 well logs and 624 well tops within the geocellular model
area.

The final geocellular model is represented by a 277x240x122 grid in a Cartesian system with 277
grid cells in the I-direction, 240 grid cells in the J-direction, and 122 grid cells in the K-direction,
for a total of 8.1 million active grid cells. Grid cell dimensions average 200x200%13 ft.

The dynamic simulations were carried out in 3D using full physics and an equation of state. The
dynamic reservoir simulation was performed using the vertically upscaled grid (200x200x26 ft
cell size) from the static geocellular model (200%x200x13 ft cell size). The areal extent of the
geocellular and simulation model is shown in the yellow outline in Figure 25. The simulation
model is large enough to capture the full extent of the critical pressure front from injection, but
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still retains sufficient detail to simulate the migration and extent of the CO. plume accurately
during the injection and post-injection periods.

Figure 26—W-E cross section of the static geocellular model zones.
Model domain information is summarized in Table 2.

Table 2—Geocellular Model Domain Information

Coordinate system SPCS27_4203 (ft US)

Horizontal datum NAD27

Coordinate system units ft

Zone State Plane of Texas Central

Federal Information Processing 4203

Standard (FIPS) ZONE

Coordinate of X min 1235996.96 Coordinate of X max 1299496.96
Coordinate of Y min 735943.50 Coordinate of Y max 792943.5
Elevation, top of domain --230.32 Elevation, bottom of domain |-3957.11

2.3.1 Model Geologic Structure

The structural framework of the geocellular model was based on well log correlation within the
area, as shown in Figure 27. The structure was mapped based on seismic data and well-based
formation tops in areas where seismic data were unavailable. The available 2D and 3D seismic
data indicate no faults penetrating the Injection Zone at the Project site (see Section 2.2.5 for a
discussion on the acquisition and interpretation of the newly acquired 2D and 3D seismic).
Additionally, stratigraphic mapping shows no indications of repeat sections, missing sections, or
sharp offsets, which would be characteristic of faults. As such, the geocellular model lacks a fault
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property model. Modeled horizons reveal a monoclinal dip to the NW, which is consistent with
published data about the region (Major et al. 1990, Siemers et al. 1996).

North-south trending, basement-rooted faults were identified during regional interpretation and
mapping, but they tip out 1000+ ft below the base of the geocellular model domain. These faults
are deep-seated and do not cut through the CO- storage complex.

Figure 27—Well top data overlying the Upper San Andres structure at the Project site.

2.3.2 Geocellular Model Zones and Layering

Four zones in the geocellular model were created from stratigraphic surfaces based on well log
correlations of formation tops: the Grayburg with mean average thickness of 23 ft, the Upper San
Andres with 355 ft, the Lower San Andres with 652 ft, and the Glorieta with 341 ft. Proportional
layering was applied to each model zone, and the number of layers within each model zone division
was based on the upscaled thickness of each interpreted zone. An index view of the four model
zones is shown in Figure 28.
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Figure 28—3D index view of geocellular model zones from the Grayburg to Glorieta.

The Lower San Andres Injection Zone is composed of high-porosity and high-permeability
(average 8.2 % porosity; 3.4 mD permeability) dolomite layers. The overlying low-permeability
layers (<1 mD permeability) within the Upper San Andres and Grayburg Formations correspond
to the Upper Confining Zone. Underlying the Lower San Andres is the Glorieta Formation, which
represents the Lower Confining Zone (Figure 29).
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Figure 29—Composite type well log interpretation from Shoe Bar 1AZ of the Grayburg, Upper San Andres,
Lower San Andres, and Glorieta from the Aol. Tracks from left to right show the following: depth, zones,
spectral gamma ray and caliper logs, resistivity log, density-neutron-photoelectric factor, lithology, total
porosity, and permeability. Gray shading in the Permeability track indicates tight, low-permeability
packages.

2.4 Porosity and Permeability

A total of 681 horizontal plugs that are 1.5-inches in diameter were cut from ~714 feet of whole
core obtained in the Shoe Bar 1 well. A total of 50 horizontal plugs were cut from ~725 feet of
whole obtained in the Shoe Bar 1AZ. Routine core analysis (RCA) was performed to obtain core
porosity and core permeability measurements on these 731 plugs. The Project also acquired full-
diameter RCA and Mercury Injection Capillary Pressure (MICP) measurements to obtain porosity
and permeability data in whole core sections that were cut to 4-inch (diameter) x 6-inch (length)
sections and horizontal plug end-trims, respectively.

The resulting core-measured porosity data were used to guide and calibrate the porosity model for
deriving log-based porosity estimates as an input to the static geological model. In addition, core-
measured permeability data were used to construct a permeability model of Lucia Rock Fabric
Number (RFN) for the Injection Zone.

Based on petrophysical analysis of wells within and surrounding the AoR, OLCV identified that
the Lower San Andres was the most suitable interval for CO. injection based on porosity,
permeability, and net thickness (Figure 30).
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Figure 30—Depth and gross thickness of the geocellular model zones with averages of porosity and
permeability based on well log and core analysis of both stratigraphic test wells.

A total of 164 neutron-density calibrated porosity curves (XPOR) that were QCd by qualified
OLCV and Oxy petrophysicsts were used for the porosity property in the geocellular model (Figure
31). The Petrel 3D property grids were populated using the following procedure:

1. XPOR curves were upscaled into geocellular model grids at well locations, input
parameters were set based upon data analyses, and then porosity was distributed in 3D
space using Gaussian Random Function Simulation (GRFS).

2. A moving average simulation of the resulting porosity realization was then used to generate
a horizontal trend model. The upscaled XPOR curves were analyzed to create a vertical
porosity trend model. The final porosity property was created using GRFS co-kriged with
the horizontal and vertical porosity trend models.

3. Permeabilities in the geocellular model were calculated at each cell using the model-zone-
specific rock fabric number (RFN) from core-measured porosity and permeability.

Area of Review and Corrective Action Plan for Brown Pelican CO, Sequestration Project
Permit Number: R06-TX-0005 Page 43 of 128
Contains Confidential Business Information



Plan revision number: 3
Plan revision date: 07/30/2024

Figure 31—Map view of the 164 petrophysically QCd, neutron-density calibrated porosity log curve control
points for porosity modeling.

2.4.1 Porosity

The XPOR porosity logs were upscaled into the 3D grid using an arithmetic method. Data analysis
was performed for normal score transform and variogram calculation and fitting. The variogram
parameters of type, nugget, sill, and ranges of vertical, major, and minor directions were
determined during the variogram fitting process (Table 3). The porosity property was simulated
using the GRFS method with fitted variogram parameters, smoothed distribution from upscaled
cells, and seed number (Figure 32).

Table 3 —Porosity property parameters
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Figure 32—3D porosity distribution index view of the base case porosity.

The degree of uncertainty in the porosity property was quantified using 500 porosity modeling
simulation runs. These simulation runs were performed using the same settings and varying seed
numbers. The pore volumes were calculated with the 500 porosity properties and ranked from low
to high using a percentile ranking (Figure 33). The results showed a tight grouping with pore
volume values for P10 and P90 differing from the P50 value by 2.5%, and the P5 and P95 values
differing by 4%. To further test the uncertainty ranges, a 0.005 porosity value was added to the
P95 porosity property and subtracted from the P5 porosity property. The pore volumes from these
two porosity properties are ~10% different from the P50 number. Figure 34 shows cross sections
of the porosity property for the P5-0.005, P50, and P95+0.005 cases.
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Figure 33—Pore volume distribution of 500 porosity simulation runs with varying seed numbers.

Figure 34—Cross section of the P5-0.005 (A = low), P50 (B = mid), and P95+0.005 (C = high) case porosity.
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2.4.2 Permeability
To populate the permeability property in the geocellular model, OLCV:

e Determined horizontal permeability for the Injection Zone based on available core analyses
from stratigraphic test wells Shoe Bar 1 and Shoe Bar 1AZ, and

e Developed a core data-based porosity-permeability transform to estimate permeability data
outside core data coverage using a Lucia rock fabric number (RFN) modeling approach
(Lucia, 1995).

Permeability modeling in dolomite reservoirs presents a challenge due to the varying nature and
presence of vugs (connected/isolated) in the matrix. Core analysis from stratigraphic test wells
Shoe Bar 1 and Shoe Bar 1AZ revealed strong heterogeneity when comparing porosity and
permeability measurements at various scales, i.e., trim ends, plugs, and full-diameter core. OLCV
obtained core measurements for porosity and permeability at different scales in two stratigraphic
wells. OLCV observed porosity-permeability relationship trends for the G4, G1, and Holt sub-
zones in the Injection Zone.

OLCYV follows the Lucia rock-fabric method (Lucia, 1983; Lucia, 1995; Lucia, 2007) for carbonate
reservoir characterization, which is an industry standard for distributing petrophysical properties
(permeability and water saturation) within a lithofacies-constrained, flow-unit scale, reservoir
model framework (Figure 35). The Lucia (1983) classification defines three major Rock Fabric
Numbers (RFNSs), each characterized by distinct petrophysical properties (porosity-permeability,
saturation). These are: grainstones (RFN 1), grain-dominated packstones (RFN 2), and mud-
dominated packstones, wackestones, and mudstones (RFN 3). Because of variance in pore throat
geometry, samples cluster around discrete RFN transforms when porosity and permeability values
are cross-plotted on a log-log scale (Lucia, 2007).
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Figure 35—Lucia petrophysical classification diagram (A) and porosity-permeability relationships (B)
(Lucia, 2007).

The Lucia Global Permeability Function, shown in Equation 2, is used to calculate permeability
from interparticle porosity, using the RFN number.

Perm (Lucia) = 10~ ((A—B) + ((C —D) = LOGlo(ﬂip))) Equation 2
where:
A =9.7982
B = 12.0838*LOG10(RFN)
C=8.6711

D =8.269865*LOG10(RFN)
RFN = Lucia rock fabric number
@ip = Interparticle porosity

The permeability in the upper part of the Injection Zone between the top of the Lower San Andres
and the G1 sub-zone (i.e., the G4 sub-zone) was modeled using a RFN of 2.4, shown in Figure 36
below.
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Figure 36—A cross-plot of core porosity and core permeability at different measurement scales for the
upper part of the Lower San Andres formation.

The permeability from the top of the G1 sub-zone to the top of the Holt sub-zone (i.e., G1 sub-
zone) was modeled using a RFN of 1.8. Figure 37 shows the cross-plot of core porosity and core
permeability at different measurement scales for this sub-zone.
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Figure 37—Cross-plot of core porosity and core permeability at different measurement scales for the G1
sub-zone.

The permeability in the sub-zone between the top of the Holt and the base of the Lower San Andres
formation (i.e., Holt sub-zone) was modeled using a RFN of 1.6. Figure 38 shows the cross-plot
of core porosity and core permeability at different measurement scales for this sub-zone.
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Figure 38—Cross-plot of core porosity and core permeability at different measurement scales for the Holt
sub-zone.

The final log-derived permeability for the Injection Zone was computed using the Lucia RFN
transform and delivered as in input to the static geological model. The log plot (Figure 39) from
Shoe Bar 1AZ shows the match between core measured data (porosity and permeability) and log-
derived porosity and log-derived Lucia RFN based permeability (Figure 39).

The correlation log plot in Figure 39 shows an example of the match between core data (porosity
and permeability) and log-derived porosity and Lucia RFN permeability in stratigraphic test well
Shoe Bar 1AZ (representative of the AOR).
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Figure 39—Composite Type well-log interpretation from Shoe Bar 1AZ of the Grayburg, Upper San
Andres, Lower San Andres (including the G1, G4, and Holt sub-zones), and Glorieta formations from the
AoR. Tracks from left to right show Depth, Stratigraphic Zones, Spectral Gamma Ray and Caliper,
Resistivity, Density-Neutron-Photoelectric Factor, Dipole Sonic, Lithology, Total Porosity, Permeability,
Grain Density, NMR T2 and NMR Bins. The point data (shaded circles and squares) in tracks 8-10
represent core-measured petrophysical data. Footnote description for Track 8: 1(a)-fractured sample, 1(b)-
chipped sample, 1(c)-fractured and chipped sample, 2(a)-sample permeability below measurable range, 22-
laminated sample, 7-vuggy sample.
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Figure 40—Modeled permeability-porosity cloud transform for sub-zones G4, G1, Holt, honoring their core-
derived rock fabric numbers (G4 = RFN 2.4; G1 = RFN 1.8; Holt = RFN 1.6).

Average horizontal permeability in the geocellular model by sub-zone is based on the porosity-
permeability transform shown in Figure 40 with the following sub-zone averages: Grayburg
Formation Confining Zone: 0.19 mD; Upper San Andres Confining Zone: 0.56 mD; Lower San
Andres Injection Zone: 3.4 mD with maximum up to 140 mD; Glorieta Formation Lower
Confining Zone: 1.83 mD. Figure 41 shows a 3D fence diagram of horizontal permeability for all
the zones.
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Figure 41—3D index view of the base case permeability distribution calculated using the Lucia transform.

Three permeability transforms, high (P95+0.005), mid (P50), and low (P5-0.005), were calculated
from the porosity properties to represent the permeability uncertainty ranges in Figure 42.

Figure 42—Plan view of the P5-0.005 (A = low), P50 (B = mid), and P95+0.005 (C = high) case permeability.
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2.5 Constitutive Relationships and Other Rock Properties

The BRP Project dynamic reservoir simulation followed a method developed by Ghomian (2008),
who had successfully matched the results of a 2004 Frio pilot injection test, described in detail by
Sakurai et al. (2006). OLCV adopted these established processes for petrophysical evaluations,
geocellular model construction, and equation-of-state (EOS) modeling for CO> properties and
solubility. Further, all simulation runs were executed using the GEM simulator, as used by
Ghomian (2008).

The grid properties of porosity and horizontal permeability (kn) were imported directly from the
static geocellular model. The base vertical permeability (kv) for each grid cell was calculated using
amultiplier of 0.1 to the horizontal permeability, based on Oxy’s 30 years of experience in building
simulation models for more than 20 San Andres reservoirs in the Permian Basin.

The water-gas capillary pressure curves are based on MICP laboratory data presented in Appendix
A of this plan. Sample 190H is interpreted to be most representative of the Injection Zone and
sample 2-60R is interpreted to be most representative of the Upper Confining Zone. The water-
gas relative permeability curves for the respective samples were taken from the analytical
workflow based on Greene et al. (2021) and Corey (1954) provided in Appendix A of this Plan.
Based on Oxy’s extensive experience in the Permian Basin, the maximum relative permeability to
gas (Krg) value from experimental results of Bennion (2006) and Lun et al. (2023) was slightly
modified to a lower value of 0.4 that represents a conservative scenario. Ranges of relative
permeability Corey parameters were tested as a sensitivity to determine the effect on the injection
rate and reservoir pressure during injection. Figure 43 shows the capillary pressure and relative
permeability curves for Injection and Upper Confining Zone, respectively.
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Figure 43—Relative permeability and capillary pressure for the Injection Zone (A) and Upper Confining
Zone (B). krw and krnw represent the relative permeability for the wetting (water) and non-wetting (gas)
phases, respectively.

The fluid and rock properties (water density, salinity, and composition and rock compressibility)
used in the simulation model are described in Section 2.3 of this document. The water density
variation with depth and pressure were calculated using the linear models reported in GEM,
respectively. The water viscosity was estimated using the correlation from Shargawy et al (2010)
at reservoir conditions (salinity and temperature).

2.6 Penwell Field Calibration

Because there is an active San Andres waterflood development in the Penwell field located only
five miles away from the proposed BRP Project, OLCV performed a field-level calibration
exercise of the Penwell wells that lie within the simulation model’s boundaries (Figure 44). The
motivation for this was to assess the effect of the Penwell field development on the reservoir
pressure in the proposed Injection Zone and to evaluate if the Penwell and the Aol are isolated
from each other. The result was a calibrated simulation model that included three leases of the
Penwell field: North Penwell unit, East Penwell unit, and Penwell unit (Figure 44).
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Figure 44—Areal view of the Project site showing the model, existing wells in the Penwell field, and the
BRP Aol

The historical reservoir pressure information of the North Penwell field was obtained from the
North Penwell unitization agreement (Figure 45). The original reservoir pressure was 1,600 psig,
with the main drive mechanism being solution gas drive because there was no apparent gas cap.
The saturation pressure was listed as 1,226 psig. Information obtained from Major et al. (1990)
suggests that the Upper San Andres is the hydrocarbon-bearing reservoir out of which only the
upper oil-producing zone was predominantly exploited (Siemers et al. 1996). The initial water
saturation in the Upper San Andres or hydrocarbon-bearing zone was populated using the Lucia
correlation (1995). Historical production and injection data from public databases (TRRC) indicate
that the Lower San Andres is a non-oil-bearing zone. These public data were used in the field-level
model calibration exercise.

Area of Review and Corrective Action Plan for Brown Pelican CO, Sequestration Project
Permit Number: R06-TX-0005 Page 57 of 128
Contains Confidential Business Information



Plan revision number: 3
Plan revision date: 07/30/2024

Figure 45—North Penwell Unit information obtained from the unitization agreement (Source: TRRC).
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Figure 46—Historical injection and production of the Penwell field.

Figure 46 shows the historical production and injection data for the Penwell wells inside the model
boundaries. For this exercise, a black-oil model was deemed suitable. Therefore, the black-oil
pressure-volume-temperature (PVT) data were taken from an analog San Andres field operated by
Oxy. Horizontal permeability distribution, the relative permeability endpoints, and the Corey
exponents were tuned to obtain a field-level history match of the model from August 1930 to
May 2021 (Figure 47).
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Figure 47—Predictions from the history-matched Penwell model.

The tuned relative permeability exponents are listed in Table 4, and the calibrated permeability in
the X- and Y-directions are shown in . The permeability distributions are shown as vertically
averaged maps for the Upper San Andres Formation. It can be observed that the predominant

change in permeability happened in the X-direction, consistent with the E-W direction of the
maximum horizontal stress.

Table 4—Tuned Relative Permeability Data for the Penwell History-Match Model
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Figure 48—L eft: Vertically averaged permeability in the X-direction. Right: Vertically averaged
permeability in the Y-direction.

Figure 49 shows the reservoir pressure distribution at the end of the calibration period (May 2021);
it shows that the pressure propagation also follows the direction of permeability modification. To
assess the effect of Penwell field development on the reservoir pressure of the proposed
sequestration Aol, a monitoring well was placed in the history-matched model (Figure 49). shows
the well-block pressures of the monitoring well perforated in the Upper and Lower San Andres,
respectively. The pressure effect on the Aol due to Penwell development is negligible—around 3
psia in Lower San Andres and 1 psia in the Upper San Andres, over the entire 91-year history of
the field.

Pressure gauge measurements obtained in the Lower San Andres from the Shoe Bar 1 well support
the hypothesis that Penwell field is not in communication with the BRP site. A downhole pressure
gauge in the Shoe Bar 1 well between March — November 2023 has shown a consistent pressure
gradient. OLCV will monitor future operation conditions in the North Penwell unit and adjust the
simulation model if needed.
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Figure 49—Reservoir pressure at the end of Penwell field calibration period.

Figure 50—Well-block pressure of the monitoring well in the Aol.
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2.7 Boundary Conditions

No-flow boundary conditions were applied to the upper and lower boundaries of the model, with
the assumption that the Injection Zone and Confining Zones are continuous throughout the region.
This hypothesis is attributed to the large entry pressure observed in the capillary pressure data (i.e.,
Figure 43) retrieved from MICP experiments (Section 3.4 in Appendix A, Results of Stratigraphic
Test Wells). Further discussion regarding geology site specific to justify the no-flow boundary can
be found in Section 2.2.3.3 (Upper Confining Zone) and Section 2.2.3.5 (Lower Confining Zone).

The side boundary conditions were also assumed to be no-flow. However, the side boundary
condition was tested as a sensitivity to determine the effect on the injection rate and reservoir
pressure during injection. As mentioned in Section 2.6, the hydrocarbon development in the
Penwell field was not included in the CO2 injection forecast due to negligible pressure effect of
the ongoing waterflood operation on the proposed Project.

2.8 Initial Conditions

OLCV used MDT data obtained in the Shoe Bar 1 to determine the pre-injection pressure vs.