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ACRONYMS AND ABBREVIATIONS 
Note: All terms are written as used in the text. 

Acronym, 
Abbreviation, 
or Term Definition / Meaning 
°F degrees Fahrenheit 
µD microdarcy 
µg/m3 micrograms per meters cubed 
1D one-dimensional 
2D two-dimensional 
3D three-dimensional 
4D four-dimensional 
AMPP Association for Materials Protection and Performance 
AMSL above mean sea level 
AoR Area of  Review 
API American Petroleum Institute 
ASTM American Society for Testing and Materials 
AZMI above-zone monitoring interval 
bbl barrel(s) 
Bcf  billion cubic feet – standard unit of  measurement for natural gas 
BGL measured depth below ground level 
BHP bottomhole pressure 
bpm barrels per minute 
BMSL below mean sea level 
BTC buttress-thread and coupled 
CBG Census Block Group 
CBL cement bond log 
CCL casing collar locator 
CCS carbon capture and storage 
CEQ U.S. Council on Environmental Quality 
CFR Code of  Federal Regulations 
CIL casing inspection log 
cm centimeter 
CO2 carbon dioxide 

  
DHPT downhole pressure temperature 
DSA double-studded adapter 
DTS distributed temperature sensing 
EEHC Exxon Equity Holding Company 
EJ environmental justice 
EMC Exxon Mobil Corporation 
EPA U.S. Environmental Protection Agency 
ERR emergency or remedial response 
ERRP emergency and remedial response plan 
ExxonMobil ExxonMobil Low Carbon Solutions Onshore Storage LLC 
F/f t Fahrenheit per foot 
f t foot 
g/cm3 gram per cubic centimeter 
GPa gigapascal 
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1.2 Contact Information 
Pursuant to 40 CFR 144.31(e)(4), the name and mailing address for the operator as 
summarized below. 
 
ExxonMobil Low Carbon Solutions Onshore Storage LLC 
22777 Springwoods Village Parkway 
Spring, TX 77389 

Pursuant to 40 CFR 146.82(a)(20), contact information related to the Project is outlined below. 
Table 1-2 summarizes key contact information for local, state, and federal agencies. This 
Project is not located on federal, state, or Indian lands. 

Table 1-2: Local, State, and Federal Contact Information 

Agency Telephone Number 
 

 
 

 
  

  
Texas Division of  Emergency Management (512) 424-2208 
Texas Department of  Public Safety (512) 424-2000 
State of  Texas Spill-Reporting Hotline (800) 832-8224 
Texas Parks and Wildlife Department (512) 389-4800 
EPA Region 6 (800) 887-6063 or 

(214) 665-2760 
Class VI Contact – Brandon Maples (214) 665-7252 
Texas Department of  Natural Resources (512) 389-4800 
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Agency Telephone Number 
  

National Response Center (800) 424-8802 
State of  Texas Spill-Reporting Hotline (800) 832-8224 
EPA National Response Center (24 hours) (800) 424-8802 

ExxonMobil Low Carbon Solutions Onshore Storage LLC is a public entity. Pursuant to 40 CFR 
144.31(e)(3), the Project is operating under Standard Industrial Classification Code 4953 – 
Refuse Systems (nonhazardous waste disposal sites). 

 

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: 

☒ Required project and facility details [40 CFR 146.82(a)(1)]  

1.3 Site Characterization 
Section 2 – Site Characterization provides a detailed narrative, tables, f igures, and other 
relevant material to fulf ill the site characterization requirements listed at 40 CFR 146.82(a)(2), 
(3), (5), and (6). References are cited in the completed Section 2 of the Application for 
completeness purposes. The purpose of this subsection is to provide a cursory review of the 
information provided in Section 2 with particular attention to the site characteristics that 
demonstrate site suitability for CO2 sequestration and protection of underground sources of 
drinking water (USDWs). 

1.3.1 Objectives 

The primary objectives of the site characterization were to gather available information and data 
and assemble the required maps and cross sections of the AoR that show formation depth, 
areal extent, thickness, mineralogy, porosity, permeability, and capillary pressure of the injection 
and confining zone(s) and on lithology and facies changes. Attention was given to faults and 
fractures that may transect the confining zones in the AoR and the potential for impacts on CO2 
containment. The scale of the Project warranted a detailed evaluation of the available 
geomechanical information on fractures, stress, ductility, rock strength, and in-situ fluid 
pressures within the confining zones. The potential for USDW endangerment was evaluated by 
developing the relationship between the injection and confining zones and the relative positions 
of the USDWs. A brief discussion of seismic history and baseline geochemical characteristics 
are provided using available information to assess the potential for either to interfere with 
containment and control of the CO2 plume. 
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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: 

☒ Proposed pre-operational testing program [40 CFR 146.82(a)(8) and 146.87]  

1.8 Operating Conditions 
Section 4 – Well Construction Plan and Operating Conditions provides the plan for continuous 
injection and annulus monitoring systems for each injection well to help control injection 
pressure and trigger automatic shut-off devices and safety valves for CO2 injection, consistent 
with safe operating procedures. The proposed continuous monitoring and recording devices will 
be used to demonstrate internal mechanical integrity. The injection wells will be equipped with 
shutoffs and safety devices that are linked to operating limits specified in the permit for each 
injection well. 

The maximum injection rates for the injection intervals of each well ranges from  
. Both the maximum and 

average injection rates are predicted to result in reservoir pressure rises that are below 90% of 
the fracture pressure for the lifetime of the Project. Both injection rates and pressures are within 
the operating window of the injection wells. The Project will be operated within these parameters 
to reduce the potential migration of f luids from the injection zones to USDWs. 

The CO2 stream is  provided under contract from industrial sources. As 
required in the Testing and Monitoring Plan, the composition of the CO2 will be monitored 
during the operational life of the Project to confirm that the chemical composition and physical 
characteristics of the injectate are consistent with the well design standards and operating 
conditions of the Class VI permits. 

In general, unanticipated interactions among the CO2 injectate and the reservoir f luids are not 
expected that would act to reduce the permeability, porosity, or injectivity of CO2 into the 
injection intervals over the life of Project. Specific mineralogy and fluid testing is being 
performed on core and fluid samples from the stratigraphic well that will be used to confirm 
these conditions prior to issuance of the Class VI permits and changes, if appropriate, will be 
made to further refine the engineering design and operating strategy. As outlined in Section 4, 
the current engineering design basis includes corrosion-resistant well completion materials 
selected to provide a high degree of mechanical integrity under future conditions for the 
formation fluids and CO2 plume. 
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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: 

☒ Injection Well Plugging Plan [40 CFR 146.82(a)(16) and 146.92(b)]  

1.11 Post-Injection Site Care and Site Closure 
Section 7 - Post-Injection Site Care (PISC) and Site Closure Plan describes the activities that 
will occur once injection operations have ceased and the Project moves into maintaining a non-
endangerment condition for USDWs. The Site Closure Plan will be implemented once 
ExxonMobil demonstrates to the UIC Program Director that no additional monitoring is required 
to demonstrate protection of USDW and that the testing and monitoring system can be 
dismantled. The objective of the plan is to demonstrate the pressure differential between the 
pre-injection and predicted CO2 plume and associated pressure front; outline the post-injection 
monitoring program; identify the steps for bringing the site to closure; and outline the 
recordkeeping practices. 

ExxonMobil’s strategy for PISC monitoring is based on the same systems and processes as 
described in Section 5 – Testing and Monitoring Plan of this Application. The major monitoring 
elements include continued measurements of the CO2 plume and pressure-front location, 
monitoring above the UCCZ groundwater as well as USDWs. The data collected from this 
activity will be used to confirm compliance with the water quality objectives for the Project and 
generate information needed to support the final non-endangerment demonstration and 
subsequent site closure. 

ExxonMobil will not cease post-injection monitoring until the non-endangerment demonstration 
pursuant has been approved by the UIC Program Director. The default PISC monitoring 
timeframe is 50 years after cessation of injection. ExxonMobil will monitor groundwater quality 
and track the position of the CO2 plume and pressure front for 50 years after cessation of 
injection unless a lesser period of time is approved by the UIC Program Director. At the time of 
this Application, an alternate timeframe has not been proposed for PISC monitoring. The end of 
the Project comes when the closure activities have been documented and approved by the UIC 
Program Director. 

The CO2 plume is expected to . The number of 
artif icial penetrations for the Project is relatively low, which reduces the complexity of the PISC 
monitoring activities. ExxonMobil will utilize the data gathered throughout the life of the Project 
to update and maintain the PISC and Site Closure Plan with concurrent approval from the UIC 
Program Director. The intent of these updates and maintenance of the plan is to reduce the 
potential for migration of f luids from the injection zone to USDWs or the surface. 
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. For each of these 
hypothetical scenarios, a mitigation plan was developed that aligns the severity of the event with 
a set of mitigation measures to avoid, detect, or respond with corrective action. 

A number of risk reducing factors are or will be in place that will act to reduce the severity of 
potential releases of CO2. Section 2 – Site Characterization describes how the geologic setting 
is consistent with safe CO2 sequestration because of the favorable injection zone and confining 
zone characteristics that exist at the site. Section 3 – Area of Review and Corrective Action Plan 
describes how the CO2 plume and pressure front are predicted to be confined to the injection 
zone and how pressure will be managed below critical pressures to reduce the potential for 
leakage to USDWs. The few artif icial penetrations through the confining zones will be 
recompleted to safeguard USDWs within the AoR. Section 4 – Well Construction Plan and 
Operating Conditions describes how the well design process and operating controls for 
mechanical integrity and pressure control to maintain a high level of risk reduction for the 
Project. Section 6 – Injection Well Plugging Plan demonstrates how ExxonMobil will utilize 
construction materials and practices that will reduce the potential for migration of f luids from the 
injection zone. Lastly, Section 5 - Testing and Monitoring Plan and Section 7 – Post-Injection 
Site Care and Site Closure Plan, provide the data acquisition plan for tracking the CO2 plume 
and brine pressure front to assess compliance with control and containment requirements. 

 

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: 

☒ Emergency and Remedial Response Plan [40 CFR 146.82(a)(19) and 146.94(a)]  

1.13 Injection Depth Waiver and Aquifer Exemption Expansion 
ExxonMobil is not requesting an injection depth waiver [40 CFR 146.82(d) and 146.95(a)] or 
aquifer exemption expansion request [40 CFR 146.4(d) and 144.7(d)]. If required in future 
updates of this Application, ExxonMobil with notify the UIC Program Director for requested 
waivers or exemptions. 
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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: 

☐ Injection Depth Waiver supplemental report [40 CFR 146.82(d) and 146.95(a)] 

☐ Aquifer exemption expansion request and data [40 CFR 146.4(d) and 144.7(d)] 

1.14 Environmental Justice 
Section 10 – Environmental Justice. This Environmental Justice (EJ) Screening Report for the 
Project is an initial desktop assessment of potential EJ-related concerns for the Project location. 
The objective of the assessment is to identify community characteristics useful in guiding 
community and stakeholder engagement throughout the life of the Project. The report includes 
the use of an initial “EJ Study Area” to assess the presence of communities that may be 
associated with potential EJ concerns. The EJ Study Area comprises the area within a 2-mile 
radius around the Project footprint. The EJ Study Area includes 14 Census Block Groups 
(CGCs), which are all located in . 

The EPA EJ guidance (EPA, 2016; EPA, 2022) does not prescribe a method for assessing 
potential EJ impacts. However, it does recommend that an appropriate methodology be adopted 
and applied. ExxonMobil has a corporate socioeconomic standards-driven process that 
assesses environmental, socioeconomic, and health considerations throughout a Project. As 
ExxonMobil’s understanding of the local environment evolves during the Project lifecycle, the EJ 
assessment may be updated if warranted. 

For this report, the EPA’s EJScreen Tool Version 2.2 (EPA, 2023a) was used to assess 
demographic and environmental characteristics in areas crossed by or within the EJ Study Area. 
Use of the EJScreen Tool is intended to be a starting point in the identif ication of communities 
with potential EJ concerns. As discussed further in Section 10.4 of Section 10 – Environmental 
Justice, EJ Indexes at or above the 80th percentile nationally were used as a starting point for 
identifying geographic areas that potentially warrant further consideration, analysis, or 
engagement with respect to potential EJ concerns. 

The following summarizes the socioeconomic characteristics of the Project area: 

• Six of the 14 census block groups in the EJ Study Area have minority populations exceeding 
50 percent (%). 

• Low-income population percentages greater than that of  occur in two 
Census Block Groups (CBGs): CT 113.04 BG 3 and CT 9802 BG 1. Both CBGs also have 
minority populations exceeding 50%. 
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• EJScreen EJ Indexes1 are generally highest in the eastern and central portions of the EJ 
Study Area. Seven CBGs in the EJ Study Area have one or more EJ Indexes at or above 
the 80th percentile nationally. The environmental indicators with EJ Indexes at or above the 
80th percentile nationally include: Air Toxics Cancer Risk (five CBGs), Toxic Releases to Air 
(f ive CBGs), Air Toxics Respiratory Hazard Index (four CBGs), Risk Management Plan 
Facility Proximity (four CBGs), particulate matter 2.5 (PM2.5; three CBGs), Ozone (two 
CBGs), Wastewater Discharge (two CBGs), Diesel Particulate Matter (one CBG), Superfund 
Proximity (one CBG), and Hazardous Waste Proximity (one CBG). 

• Six of the seven CBGs in the EJ Study Area with EJ Indexes at or above the 80th percentile 
nationally (CT 13.03 BG 2, CT 113.04 BG 3, CT 114.02 BG 1, CT 114.02 BG 2, CT 9802 
BG 1, and CT 9803 BG 1) also have a minority population above 50% and/or a low-income 
population greater than that of . 

• The majority of the CBGs in the western portion of the EJ Study Area have EJ Indexes 
below the 80th percentile nationally. 

• Both CT 9802 BG 1 and CT 9803 BG 1 contain correctional facilities, driving differences in 
demographic and socioeconomic conditions as compared to other CBGs in the EJ Study 
Area. 

A Stakeholder Engagement Plan will be developed to manage the socioeconomic dynamics that 
may impact—or be impacted by—the Project. Considerations related to potential communities 
warranting further assessment from an EJ perspective, local economic development, workforce 
development, and grievances will continue to be measured, assessed, and used to inform 
stakeholder engagement and impact mitigation strategies throughout the Project’s lifecycle. 
Consistent with ExxonMobil’s socioeconomic management principles, a stakeholder grievance 
process is also under development that will allow stakeholders to have access to ExxonMobil 
throughout the Project lifecycle. 

ExxonMobil anticipates that activities supporting Project development will be supportive of the 
environmental and socioeconomic needs of the communities in which the Project will operate. 

 
1 For each CBG, each environmental indicator has its own EJ Index, which combines the demographic 
index (which averages low-income and people of color populations) with the respective environmental 
indicator percentile value for the CBG. For example, the EJ index for traffic for a given CBG is calculated 
as (traf fic indicator percentile for the CBG) x (average of  low-income population percentage and the 
people of  color population percentage for CBG).  
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1.15 Permits and Construction Approvals for Rose CCS Project 
In accordance with 40 CFR 143.31(e)(6) and 40 CFR 144.4 and at the time of this Application, 
Table 1-3 summarized the federal, state, and local permits that have been acquired for the 
Project. 
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1.16 Other Additional Project Information 
At the time of this Application and pursuant of 40 CFR 146.82(a)(21), no other information is 
being provided in support of the Project. If additional information is requested by the UIC 
Program Director, ExxonMobil will review the request and provide an adequate response to 
questions via the Project Information Tracking Module in the GSDT. 

Prior to development of the Project, the following federal laws will be assessed for their 
applicability and potential impact. At this time, no impacts are expected. 

• The Wild and Scenic Rivers Act, 16 U.S.C. 1273 et seq. – ExxonMobil will identify any 
national wild and scenic river that may be impacted by the activities associated with the 
Project. 

• The National Historic Preservation Act of 1966, 16 U.S.C. 470 et seq. – In accordance with 
the National Historic Preservation Act, potential properties eligible for the National Register 
of Historic Places will be assessed within the area that may be impacted by the activities of 
the Project. For any historic properties identified, additional historic and/or cultural resource 
surveys will be conducted. The results of the surveys will be provided to the UIC Program 
Director. 

• The Endangered Species Act, 16 U.S.C. 1531 et seq. – ExxonMobil will identify any 
endangered or threatened species that may be affected by the activities associated with the 
Project. If a previous endangered or threatened species survey has been conducted, 
provide the results of the survey. 
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Figure B-49: World Stress Map - Maximum Horizontal Stress Orientations 
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details within the AoR, their positions relative to the injection zone, and the direction of water 
movement (where known) [40 CFR 146.82(a)(5)]; and 

• Summarize the available baseline geochemical data on subsurface formations, including the 
USDWs in the AoR [40 CFR 146.82(a)(6)]. 

2.2 Regional Geology 
The Project is located in , Texas within the Houston Embayment of the Gulf of 
Mexico Basin, as presented on Figure B-1 (Roberts-Ashby et al., 2014). On shore and 
near-shore, the Gulf of Mexico Basin is often referred to as the Gulf Coast region. The 
stratigraphic column of the Houston Embayment is presented on Figure B-2 (Baker Jr., 1995). 
The Gulf of Mexico Basin was formed by crustal extension and seafloor spreading during the 
breakup of Pangea that took place in the Mesozoic Era. A regional unconformity at the base of 
the sedimentary section is marked by the base of an evaporite layer (Galloway, 2008). These 
substantial evaporitic deposits (up to 4 km thick) became a defining characteristic for later 
structural evolution of the Basin. Salt deposition ceased at the end of the Late Jurassic Era, as 
continued rifting produced oceanic crust. 

The outline and morphology of the present-day Gulf of Mexico Basin was sculpted by 
subsidence and rimming carbonate platform formation by the Early Cretaceous Era (Galloway, 
2008). The Cenozoic Era depositional episodes along the northwestern Gulf of Mexico Basin 
are fluvial-deltaic and shore-zone dominated, which reflect major phases of adjacent North 
American structural events (Galloway, 2008). 

There were five major North American tectonic phases that influenced deposition in the Gulf of 
Mexico Basin: (1) Laramide uplift, (2) the mid-Cenozoic thermal phase, (3) Basin and Range 
tectonism, (4) southern Appalachian and Cumberland Plateau uplift and erosion, and (5) Rocky 
Mountain plateau tectonic uplift. Specifically, the southern Appalachian and Cumberland 
Plateau uplift during the Cenozoic Miocene Epoch shifted the center of deposition from the 
northwest basin margin to the east, including present-day eastern Texas (Galloway, 2008). 

Thick sedimentary sequence deposition within the Gulf of Mexico Basin was initiated in the 
Cenozoic Era that included a series of “off-stepping” sediment wedges (Galloway, 2008). These 
sedimentary wedge sequences thicken basin-ward and were largely deformed by early 
Cenozoic-age growth faults that extend through Eocene and Oligocene-aged formations. The 
combination of subsidence and rapid sediment loading upon a thick salt substrate resulted in 
significant gravity tectonics. Some of these gravity tectonic structures include growth faults, 
allochthonous salt bodies, salt welds, listric normal faults, salt diapirs with their related synclines 
and minibasins, and basin-floor compressional fold-belts (Galloway, 2008). Hyper-subsidence 
caused periodic structural down-warp and oceanic transgression, resulting in shale deposition 
atop sand sequences. The Oligocene Epoch off-stepping deposition initiated underlying salt 
movement upward and basin-ward, creating major salt canopies (Galloway, 2008). Salt 
withdrawal facilitated by sedimentation resulted in the movement of salt basin-ward creating 
withdrawal synclines and Gulf Shelf Minibasins, such as that underlying the Project area as 
presented in Figure B-3 (Galloway, 2008). The resulting salt canopies are located offshore. 

As shown in Figure B-3, the Project site is contained within one of the northernmost and few 
land-based Shelf Minibasins, north of the Oligocene – Miocene Detachment. Figure B-4 is a 
regional cross section of the northern Gulf Coast region, constructed approximately 100 miles 
east of the Project and is labeled on Figure B-3 as Fig. 6 (Galloway, 2008). The upper cross 
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“A mudrock unit informally called the Amph B and encompassing the Amphistegina B biochrono 
stratigraphic zone is the thickest and most extensive regional confining zone in the Miocene 
section of the upper Texas coast. The Amph B records a major transgressive event in the 
northwest Gulf of Mexico Basin that marks the end of the early Miocene” (Carr et al., 2017). 

2.3.6 Regional Shale Beds 

The Anahuac and the UCCZ, including the Amph ‘B’ Shale, are among those that are 
considered regional shale marker beds. The Amph ‘B’ Shale can be regionally correlated in logs 
and is thick enough to be identif iable in seismic datasets. Gulf Coast hydrocarbon production 
trends also indicate that the Amph ‘B’ Shale provides a regional f luid-migration barrier (Lu et al., 
2017). The Anahuac Shale is a “world class seal” consisting of a regional shale bed in the 
Houston Embayment that provides a competent confining zone for hydrocarbons (Swanson et 
al., 2013). Based on the ability of the Anahuac Formation to trap hydrocarbons, the Anahuac 
Formation is considered as a confining zone restricting the vertical movement of CO2 and will 
effectively isolate the Upper Frio Formation from the Fleming Formation. 

2.4 Regional Structural Setting 
The Project site is located in the Houston Embayment as shown on Figure B-1. Sedimentary 
units in the region generally dip toward the center of the Gulf of Mexico, roughly perpendicular 
to the coastline, as shown on Figure B-7, which presents the structural elevation of the Frio 
Formation top (Swanson et al., 2013). The Miocene units generally follow this structural trend, 
also dipping toward the center of the Gulf of Mexico. Figure B-8 presents a regional dip-oriented 
cross section showing the formations deepening to the southeast (Baker et al., 1995). As shown 
in Figure B-8, the top of the Anahuac and underlying formations deepen quickly to the southeast 
of the Project site, reflecting the depositional system and the numerous faults in the region. 

Faulting in the area includes syndepositional normal faults, with the downthrown blocks typically 
occurring toward the Gulf of Mexico. These are largely classified as growth faults that are 
common in the Gulf Coast region and were formed by simultaneous subsidence during 
sediment loading (Loucks et al., 1978). For example, the Vicksburg and Frio Formations are 
transected by these types of faults related to rapid sediment loading and subsidence, occurring 
within broad fault zones (i.e., the Frio Fault Zone and the Vicksburg Fault Zone, Figure B-9). 
The Vicksburg Fault Zone occurs southeast of the Project site, as shown on Figure B-9 (Loucks 
et al., 1978). Similarly, major faults occur within deeper portions of the Frio Formation in the Frio 
Fault Zone. (Loucks et al., 1978). Major faults in the region occur most frequently in Oligocene 
units, although some faults may extend to the Miocene and up to ground surface. Many oil and 
gas fields in the Houston Embayment contain Oligocene production, indicating that the faulting 
in the region often facilitates both structural and stratigraphic trapping (Swanson et al., 2013). 

As discussed in more detail below, faults in the Project area are less common than reported for 
the region and are characterized as post-depositional normal faults with the majority having 
minor amounts of offset in the injection and upper confining zone. 

2.5 Site Geology 
2.5.1 Overview 

Regional geologic observations informed the initial local geologic characterization process. 
ExxonMobil took full advantage of available site characterization data to fulf ill the requirements 
listed in 40 CFR 146.82. Data sources used for site characterization within and surrounding the 
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AoR include various regional and local publications, seismic data (two-dimensional [2D] and 
three-dimensional [3D]), existing well logs, along with limited pressure and core data. In 
addition, a stratigraphic well  

 was drilled and testing is underway to provide site-specific well logs, core 
analyses, and injection test data. ExxonMobil anticipates that additional site characterization 
data should not entail major revisions to the site geological characterization. ExxonMobil 
anticipates that only minor adjustments would be needed to incorporate the latest available 
information about the site. 

2.5.2 Summary of Detailed Analyses for Site-Specific Geological Characterization 

The following list presents the topics for detailed analysis in the site-specific geological 
characterization: 

• The location, orientation, and properties of known or suspected faults and fractures that may 
transect the confining zones in the AoR and a determination that they would not interfere 
with containment [40 CFR 146.82(a)(3)(ii)]; 

• Review of the available data on the depth, areal extent, and thickness of the injection and 
confining zones, and facies changes as well as an overview of data collection plans for the 
stratigraphic well; 

• Assess data on the depth, areal extent, thickness, mineralogy, porosity, permeability, and 
capillary pressure of the injection and confining zone(s) including geology/facies changes 
[40 CFR 146.82(a)(3)(iii)]; 

• Evaluation of the available geomechanical information on fractures, stress, ductility, rock 
strength, and in situ fluid pressures within the confining zone(s) [40 CFR 146.82(a)(3)(iv)]; 

• Provide maps and stratigraphic cross sections indicating the USDWs, water wells and 
springs within the AoR, their positions relative to the injection zone, and the direction of 
water movement, where known [40 CFR 146.82(a)(5)]; and characterize the geochemistry of 
the subsurface formations. 

2.5.3 Site-Specific Data Acquisition 

For the purpose of this permit application, the local site characterization is based on data and 
analyses from public and private sources of information. Confirmation of the site 
characterization and of the local geological properties is underway in the completion and 
analysis of data from the stratigraphic well drilled to total depth in . Data being 
obtained from the stratigraphic well are outlined in Table 2-1, Table 2-2, and Table 2-3. Table 
2-1 presents the wireline logging program, Table 2-2 presents the coring depths and Table 2-3 
presents the core analysis program. The data collected from the stratigraphic well will confirm 
and be used to refine the local geologic characterization. 

2.5.4 Site Location and Identif ication of Injection Intervals and Confining Zones 

A site overview map is provided as Figure B-10. This figure presents the regulatorily required 
data as presented in [40 CFR 146.82(a)] and includes the location of the proposed injection 
wells, state or U.S. Environmental Protection Agency-approved subsurface cleanup sites, 
surface bodies of water, springs, mines (subsurface and surface), and quarries. The figure also 
shows, within the AoR, the location and name or number of the injection, producing, 
abandoned, plugged, dry, deep exploration, or water wells that were identif ied in a rigorous 
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2.5.9.2 Interpreted Structural Features – Faults 
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2.5.9.3 Interpreted Structural Features – Fractures 

As previously discussed,  
. This data collection program for the stratigraphic well includes extensive coring, logging, 

and testing to obtain geologic, geomechanical, hydrologic, and other data pertinent to 
confirming injection zone and confining zone suitability.  
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. Evidence of fracture development is being assessed by 
examining imaging logs and core data from the stratigraphic well. Core data are being analyzed 
to identify cemented or uncemented fractures that may be present. Fracture type, lateral and 
vertical extent, and fracture apertures identif ied in the core, if any, will be described and 
documented. Further, core samples that do not show evidence of fracturing will be identif ied. 

The imaging log run in the stratigraphic well is being analyzed to assess if any occurrences of 
partially or fully conductive fractures (open fractures) are present in the system. Due to the 
lithology of the confining zone, it is expected that the log and core samples will confirm that 
there are no fractures in the UCCZ that have any potential to impact the effectiveness of the 
confining zone. 

2.5.9.4 Uncertainties and Limitations in the Available Data 

During the evaluation of the available 2D and 3D seismic data, some uncertainties and 
limitations naturally arose regarding the potential for faults and fractures to be present within the 
AoR that could, potentially, contribute to the vertical transmissivity of CO2 or displaced 
formation fluids to the lowermost USDW. As discussed below, ExxonMobil possesses a high 
degree of confidence in the suitability of the analysis performed and anticipates that additional 
site characterization should not entail major revisions to the site characterization. 
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log, and seismic data to characterize structural configuration, net sand, facies and property 
distribution, and porosity-permeability relationships. 

Log properties were upscaled to model resolution and populated in a 3D grid over an area that 
exceeds the spatial limit of the AoR. The geological model is built with a lateral resolution of 500 
by 500 ft oriented in northwest-southeast direction and a vertical resolution of approximately 5 ft 
and upscaled to 20 ft in geologic model. The total cell count is approximately 19 million cells. 
The geologic model covers approximately 115,322 acres and extends well beyond the predicted 
plume or AoR boundaries to negate any potential for model edge effects. 

The conceptual site model will be updated as more information becomes available from the 
stratigraphic well. In addition, the model will be updated periodically during and following 
injection activities. 

2.8.2 Structural Model 

2.8.3 Net and Non-Net Model 
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2.8.4 Net Facies Model 

2.8.5 Net-to-Gross Model 
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2.8.8 Injection Zone Storage Potential 

Based on the 3D geologic model built for the site integrating the available seismic and well data, 
geologic concepts, and regional rock properties, the estimated storage potential for the 
developable area around the proposed injection well locations is  

2.8.9 Model Uncertainties 

Based on the available data used in the geologic model, these uncertainties are not expected to 
have a significant impact on the model results and delineation of the AoR. The available 
geologic data are sufficient to characterize the depositional system for the purposes of 
characterizing the key geologic features of the Project area. In the future, the geologic 
characterization data collected from  will be used to refine the model and 
reduce these uncertainties. 

2.9 Assessment of Injection Interval and Confining Zone Geochemical Reactions 
The injection interval f luid geochemistry and minerology were evaluated to assess the 
compatibility of the CO2 stream with subsurface conditions. The following discussion describes 
the potential for chemical reactions to occur that could potentially mobilize trace metals that are 
naturally occurring in the injection intervals and potentially endanger USDWs. 
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2.9.5 Summary of Predicted Geochemical Reactions and Potential for USDW Endangerment 

A series of geochemical scenarios were modeled to provide predictions of how compatible the 
injection intervals, the UCCZ, and the Anahuac Shale could be to the injection of CO2. The 
range of model inputs were selected to represent a broad range of TDS expected to be present 
within the AoR. Over three separate scenarios, the model results consistently showed no 
significant alteration of the pore-space volume and no significant mobilization of naturally 
occurring metals that could potentially endanger any USDWs. 
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2.10 Hydrogeology 
The Project site is located in , overlying the Gulf Coast Aquifer. 
The Gulf Coast Aquifer is a major aquifer designated by the Texas Water Development Board 
(TWDB) extending from the eastern border with Louisiana to the United States border with 
Mexico. The maximum total sand thickness of the Gulf Coast Aquifer ranges from approximately 
700 ft in the south to approximately 1,300 ft in the north. According to George et al. (2011), 
freshwater saturated thicknesses average approximately 1,000 ft. The Gulf Coast Aquifer is 
used for municipal, industrial, and irrigation purposes. 

2.10.1 Identif ication of USDW 

2.10.2 Total Dissolved Solids and Groundwater Flow Direction 

Multiple studies of the Gulf Coast Aquifer hydrogeology have been performed and a 
considerable number of studies have been conducted regarding the formation brine salinity 
trends (i.e., TDS) with depth. Baker (1978) published multiple cross sections characterizing 
groundwater salinity with depth in the Gulf Coast Aquifer and identif ied an estimated depth of 
the occurrence of groundwater with TDS concentrations below 3,000 mg/L. Young et al. (2016) 
has produced an extensive evaluation of water quality in the Gulf Coast Aquifer and mapped 
groundwater quality with depth for several TDS intervals. These include what the authors 
describe as “fresh,” “slightly saline,” “moderately saline,” “very saline,” and “brine,” at upper TDS 
values of 1,000, 3,000, 10,000, 35,000 mg/L, and above, respectively. 

 presents a general hydrogeologic cross section in the northern portion of the Gulf 
Coast Aquifer, which generally represents the configuration of these units near the Project area. 
Figure B-71 also presents the maximum depth of freshwater (defined as less than 1,000 mg/L 
TDS) based on groundwater sampling in five-by-five mile grid blocks by Young et al. (2016). 
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2.10.3.2 Water Quality Calculations 

Water quality calculations were conducted to characterize water quality at depth in the Gulf 
Coast Aquifer and delineate USDW depths near the AoR. The data were sourced from 
published literature and studies of the Gulf Coast Aquifer and imaged well logs from the 
Railroad Commission of Texas, as well as the TWDB Brackish Resources Aquifer 
Characterization System. Water quality calculations presented in this section are based on 
available geophysical data (i.e., wireline log data) from oil and gas wells near the AoR. 
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2.10.3.3 Base of Lowermost USDW at the Stratigraphic Well 

2.11 Seismic Risk and Fault-Slip Potential for AoR 
The Project area is reported by USGS to be of very low seismic hazard (low peak acceleration 
[4–6%g] seismic hazard, i.e., a 2% chance in 50 years of peak ground acceleration at 4–6%g, 
acceleration of gravity).  

 In addition, there have been no recorded earthquakes in the vicinity of the 
Project area since 1973, based on a search of the USGS national earthquake database. The 
injection pressures will be limited to values that reduce the potential for the initiation or 
propagation of fractures. No induced seismicity is expected to occur under the proposed permit 
conditions. The following evaluations were conducted to provide a site-specific technical 
evaluation of the seismic risk within the AoR. 

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI

Claimed as PBI

Claimed as PBI



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03
 Page 41 of 66 

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI







Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03
 Page 44 of 66 

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03
 Page 45 of 66 

 
  

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03
 Page 46 of 66 

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03
 Page 47 of 66 

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03
 Page 48 of 66 

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03
 Page 49 of 66 

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03
 Page 50 of 66 

  

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03
 Page 51 of 66 

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03
 Page 52 of 66 

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03
 Page 53 of 66 

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03
 Page 54 of 66 

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03
 Page 55 of 66 

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03
 Page 56 of 66 

 

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03
 Page 57 of 66 

 

 

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03
 Page 58 of 66 

  

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03
 Page 59 of 66 

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03
 Page 60 of 66 

 

  

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03
 Page 61 of 66 

 

  

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03
 Page 62 of 66 

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03
 Page 63 of 66 

 

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03
 Page 64 of 66 

 

  

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03
 Page 65 of 66 

 

 

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03
 Page 66 of 66 

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03 
Page 1 of 68 

 
Underground Injection Control – Class VI Permit Application for Rose CCS Project Injection 
Wells No. 01, No. 02, and No. 03 

 

 

 

 

SECTION 3 – AREA OF REVIEW AND CORRECTIVE ACTION PLAN 

 

 

 

 

Rose Carbon Capture and Storage Project 

 

ExxonMobil Low Carbon Solutions Onshore Storage LLC 

 

 

 

 

 

 

 

 

 

 

 

 

February 2024 

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03 
Page 2 of 68 

SECTION 3 – AREA OF REVIEW AND CORRECTIVE ACTION PLAN 
 

TABLE OF CONTENTS 
3.0 Area of Review and Corrective Action Plan................................................................... 6 

3.1 Objectives ................................................................................................................ 6 

3.2 Facility Information.................................................................................................. 7 

3.3 Derivation of Input Parameter Values for Geologic Properties .............................. 7 

3.3.1 Porosity and Permeability ................................................................................... 8 

3.3.2 Rock Compressibility .......................................................................................... 8 

3.3.3 Relative Permeability ........................................................................................ 10 

3.3.4 Capillary Pressure ............................................................................................ 12 

3.3.5 Fluid Pressure .................................................................................................. 12 

3.3.6 Temperature..................................................................................................... 12 

3.3.7 Formation Compressibility................................................................................. 13 

3.3.8 Water Saturation............................................................................................... 13 

3.3.9 Carbon Dioxide Saturation ................................................................................ 13 

3.4 Derivation of Input Parameter Values for Fluid Properties................................... 13 

3.4.1 Fluid Composition ............................................................................................. 13 

3.4.2 Fluid Density and Viscosity ............................................................................... 13 

3.4.3 Fluid Compressibility......................................................................................... 16 

3.5 Derivation of Input Parameter Values for Chemical Properties ........................... 17 

3.5.1 Aqueous Solubility ............................................................................................ 17 

3.5.2 Solubility in Carbon Dioxide .............................................................................. 18 

3.6 Model Design and Input Parameters ..................................................................... 18 

3.6.1 Model Background............................................................................................ 18 

3.6.2 System Orientation and Simulation Controls for Model ...................................... 19 

....................................................................................... 20 

3.6.4 Fracture Pressure and Fracture Gradient .......................................................... 24 

3.6.5 Boundary Conditions ........................................................................................ 27 

3.7 AoR Delineation Based on Model Results ............................................................ 27 

3.7.1 Extent of CO2 Plume ........................................................................................ 27 

3.7.2 Delineation of the Critical-Pressure Front .......................................................... 31 

3.8 Model Calibration and Validation .......................................................................... 37 

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03 
Page 3 of 68 

3.9 Corrective Action Plan and Schedule ................................................................... 37 

3.9.1 Data Acquisition and Evaluation of Artif icial Penetration Information .................. 38 

3.9.2 Corrective Action Plan for Artif icial Penetrations ................................................ 50 

3.9.3 Corrective Action Sequence Plan ...................................................................... 56 

3.9.4 Site-Specific Review of Corrective Actions ........................................................ 58 

3.9.5 Stratigraphic Well P&A Plans ............................................................................ 61 

3.9.6 Plan for Site Access.......................................................................................... 62 

3.10 AoR Reevaluation Plan and Schedule .................................................................. 63 

3.10.1 Frequency of AoR Reevaluation........................................................................ 63 

3.10.2 Content of the AoR Reevaluation ...................................................................... 64 

3.10.3 Conditions Warranting AoR Reevaluation.......................................................... 64 

 
List of Tables 

. 10 

. 14 

. 20 

. 21 

. 21 

. 22 

. 22 

. 22 

. 23 

. 23 

. 25 

. 26 

. 32 

. 33 

. 39 

. 55 

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03 
Page 4 of 68 

........................ 55 

........................ 59 

........................ 62 

Table 3-20: Triggers for AoR Reevaluation............................................................................. 65 

 

List of Figures 
... 9 

. 11 

. 12 

. 15 

. 16 

. 17 

. 18 

. 20 

. 21 

. 23 

. 24 

. 24 

. 29 

. 31 

. 35 

. 36 

. 41 

. 42 

. 43 

. 44 

. 45 

. 46 

. 48 

. 53 

  

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI

Claimed as PBI



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03 
Page 5 of 68 

  

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI





Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03 
Page 7 of 68 

3.2 Facility Information 
The following facility information is provided to specify the names and locations of the three 
injection wells. 

Geologic Sequestration Project name: ExxonMobil Low Carbon Solutions Onshore 
Storage LLC – Rose Carbon Capture and Storage 
Project 

Injection Well Information: 
Well Name and Number  Rose CCS Project Injection Well No. 01 
County          

Location (RR D, S, A)   

Latitude / Longitude (NAD83)  

 

Well Name and Number  Rose CCS Project Injection Well No. 02 
County         

Location (RR D, S, A)   

Latitude / Longitude (NAD83)  

 

Well Name and Number  Rose CCS Project Injection Well No. 03 
County         

Location (RR D, S, A)   

Latitude / Longitude (NAD83)  

 

3.3 Derivation of Input Parameter Values for Geologic Properties 
ExxonMobil recognizes that parameter values for the prediction of the AoR are to be based on 
site-specific data to the extent possible. A stratigraphic well was completed and is being 
evaluated to obtain the necessary site geologic characterization data. In the meantime, the 
parameter values were estimated from standard values published for similar rock types and 
relationships in the scientif ic literature. As outlined below, ExxonMobil derived initial estimates of 
formation intrinsic permeability, porosity, relative permeability, compressibility, f luid viscosity, 
and fluid density from the available information. Once the geologic testing of the core and 
formation testing are complete, the results will be used to refine and update the AoR model and 
submitted to the UIC Program Director. 

The site-specific characteristics that make the Project site ideal for carbon sequestration are 
described in Section 2.12 of Section 2 – Site Characterization. In summary, the Project area is 
suitable for CO2 injection into the proposed injection intervals of the  

The sands within these formations exhibit high porosity and permeability that are 
ideal for CO2 storage and are “of sufficient areal extent, thickness porosity and permeability to 
receive the total anticipated volume of the carbon dioxide stream” [40 CFR 146.83(a)(1)]. Both 
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3.3.3 Relative Permeability 

Relative-permeability curves were generated based on research of analogous depositional 
environments. Traditional core testing has diff iculty accurately measuring the endpoints of the 
curves, resulting in high irreducible water saturations and low CO2 endpoints (Benson et al., 
2013). In drainage CO2-brine relative-permeability experiments, as water saturation decreases, 
capillary forces become larger [i.e., capillary pressure (Pc)] and increase rapidly in the approach 
to the irreducible water saturation. During the experiment, the increase in capillary forces limits 
further reduction in water saturation (i.e., the viscous force is too small relative to the capillary 
force). This causes the experimental relative-permeability measurements to end at water 
saturations higher than the actual irreducible water saturation. For this reason, it is 
recommended to fit a Corey-Brooks expression to the experimental data and to extrapolate the 
curve to a representative value of irreducible water saturation. 
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3.4.3 Fluid Compressibility 
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3.5 Derivation of Input Parameter Values for Chemical Properties 
3.5.1 Aqueous Solubility 

CO2 can dissolve in water and dissolved CO2 is considered permanently sequestrated in the 
saline aquifer. Therefore, dissolution is an important sequestration mechanism. 
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3.9.1 Data Acquisition and Evaluation of Artif icial Penetration Information 

In accordance with 40 CFR 146.82(a)(4) and 40 CFR 146.84(c)(2), a search was conducted to 
identify and assess the occurrence of artif icial penetrations within and immediately beyond the 
AoR. Artif icial penetrations included oil and gas wells; Class I, II, III, IV, and V UIC wells; water 
wells; mines; quarries; and potential subsurface cleanup sites. The following data sources were 
reviewed to identify potential artif icial penetrations within the AoR: 

• The Railroad Commission of Texas (RRC) GIS Database; 

• The Texas Water Development Board; 

• Texas Commission on Environmental Quality UIC Central File Room database; 

• Brackish Resources Aquifer Characterization System; 

• Database for underground mines and quarries [U.S. Geological Survey (USGS) Mine 
Related Features and USGS Mineral Resources]; 

• State- or EPA-approved subsurface cleanup sites; and 

No subsurface cleanup sites, mines, or quarries were identif ied within the AoR. Based on the 
well locations identif ied in the above databases, additional review was conducted utilizing 
historical records to assess their veracity of each implied well presence, geospatial location, and 
historical completion, along with plugging, casing, and cementing procedures for each artif icial 
penetration. Duplicative well identif ications were merged if appropriate based on the records. 
The following are additional analyses that were conducted for artif icial penetrations: 

• Historical aerial photograph reviews for the identif ied artif icial penetration locations; 

• A physical record request was made to the RRC, and the available documents were 
reviewed; 

Using a combination of the data above, a tabulation of identif ied artificial penetrations within the 
AoR has been created and is summarized in Table 3-15. The identif ied artif icial penetrations 
can be found on Figure 3-16. Available records for the identif ied legacy wells can be found in 
Appendix C. 
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3.9.1.4 Review of Abandoned Well Plugging Records 

ExxonMobil conducted an evaluation of the information available for the artif icial penetrations 
listed in Table 3-15. The list of topics reviewed included: 

• Well depth and completion; 

• Well drilling date; 

• Well abandonment date; 

• Open hole or cased hole identif ication; 

• Location of reported plugs; 

• Casing and cementing records; 

• Records of mechanical integrity tests (MITs) or logs performed; and 

• Well deviations. 
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3.9.1.5 Summary of Artif icial Penetrations Tabulation 

ExxonMobil conducted a thorough assessment of the potential for artif icial penetrations to be 
present within the AoR. Wells and boreholes completed above the UCCZ were determined to 
pose no hypothetical risk to function as a vertical conduit from the injection zone. For those 
artif icial penetrations that were completed below the UCCZ, multiple sources of information 
were reviewed, and the relevant information was analyzed in detail [40 CFR 146.84(c)(2)]. 
Table 3-15 presents a summary of the artif icial penetrations of interest for developing the 
Corrective Action Plan. The following summarizes the findings to date for each well: 
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3.9.3 Corrective Action Sequence Plan 

The following corrective action sequences will be undertaken in accordance with 40 CFR 
146.84(c)(3) for the five artif icial penetrations listed in Table 3-17. The planned actions are 
based on the plug deficiencies potentially present in each well based on the available records 
(Table 3-17). Each artif icial penetration in the CO2 plume will be re-entered, and if sufficient 
barriers are not present, each well will have the appropriate barriers installed during the 
corrective action P&A field operations. The barriers will be established at the UCCZ, the surface 
casing shoe, the base of the lowermost USDW, and wellhead surface. The barrier at the UCCZ 
will be constructed of CO2-compatible material consistent with 40 CFR 146.84(d). 

A general approach for well re-entry and corrective actions is summarized in the sections below. 
A detailed summary of the corrective action sequence for each well is presented in Table 3-18 
and as specific well schematics for each well to be re-entered in Appendix C. 
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A cement that is compatible with CO2 will be used as the UCCZ cement plug. ExxonMobil will 
evaluate potential cement options prior to implementing the cementing operations with 
concurrence of the UIC Program Director. The intent is to select a cement system that is 
designed to provide a long-term cement sheath or plug that can withstand the temperature, 
pressure, and chemical interactions. 
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3.9.4 Site-Specific Review of Corrective Actions 

Table 3-18 provides the corrective action sequences for each of the  

provide the well schematics of each legacy well that will be re-entered 
for evaluation and re-plugging that have been developed based on the historical information and 
based on completion of the associated proposed corrective actions. 
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3.9.5 Stratigraphic Well P&A Plans 

The following section outlines the plan for the P&A of the stratigraphic well referred to as  
. The stratigraphic well was completed in the immediate vicinity of the injection 

wells for the purpose of gathering site-specific physical and chemical information on the 
confining and injection zones as well as to conduct conductivity testing. Once the data gathering 
activities have been completed, the stratigraphic well will be plugged and abandoned to 
maintain the sealing properties of the UCCZ. 

3.9.5.1 Pre-Plugging Activities (Notif ications, Permits, and Inspections) 

ExxonMobil will comply with reporting and notif ication provisions for stratigraphic wells drilled in 
Texas in accordance with RRC. The following notif ications and permits will be submitted: 

• Provide notice of Intention to Plug and Abandon Form W-3A to the RRC at least f ive days 
before plugging operations are scheduled to begin; and 

• Complete Plugging Record Form W-3 to be filed with the RRC District Office 3 within 
30 days after plugging. 

ExxonMobil will also submit these records to the UIC Program Director for completeness 
purposes. 
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3.10 AoR Reevaluation Plan and Schedule 
3.10.1 Frequency of AoR Reevaluation 

ExxonMobil adopts the minimum frequency of f ive years for the AoR and Corrective Action Plan 
reevaluation. Information gathered from implementation of the Section 5 – Testing and 
Monitoring Plan will be used to evaluate whether a more frequent review period is warranted 
based on the observed conditions of CO2 plume and pressure front migration. 

If an alteration of the AoR reevaluation frequency of a minimum of every five years is 
recommended, the change in frequency will be aligned with the data evaluation and findings 
relative to the degree of protectiveness of USDW. ExxonMobil acknowledges that any 
amendments to the AoR and Corrective Action Plan must be approved by the UIC Program 
Director, must be incorporated into the permit, and are subject to the permit modification 
requirements at 40 CFR 144.39 or 144.41, as appropriate. ExxonMobil also acknowledges the 
requirement in 40 CFR 146.84(b)(2)(i) of “The minimum fixed frequency, not to exceed five 
years, at which the owner or operator proposes to reevaluate the area of review.” 
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3.10.2 Content of the AoR Reevaluation 

The requirements for AoR reevaluation are specified in 40 CFR 146.84(e) and include the 
following considerations: 

• Reevaluate the AoR in the same manner specified in 40 CFR 146.84(c)(1); 

• Identify all wells in the reevaluated AoR that require corrective action in the same manner 
specified in 40 CFR 146.84(c); 

• Perform corrective action on wells requiring corrective action in the reevaluated AoR in the 
same manner specified in 40 CFR 146.84(d); and 

• Submit an amended AoR and Corrective Action Plan or demonstrate to the UIC Program 
Director through monitoring data and modeling results that no amendment to the AoR and 
Corrective Action Plan is needed. Any amendments to the AoR and Corrective Action Plan 
must be approved by the UIC Program Director, must be incorporated into the permit, and 
are subject to the permit modification requirements at 40 CFR 144.39 or 144.41, as 
appropriate. 

3.10.3 Conditions Warranting AoR Reevaluation 

The monitoring and operational conditions that would warrant a reevaluation of the AoR prior to 
the next scheduled reevaluation [i.e., the minimum fixed frequency established in 40 CFR 
146.84 (b)(2)(i)] are outlined below. These triggering events are based on a review of the 
hydrogeological site characteristics, the AoR and plume model results, and the pre-operational 
and operational plans for the Project. For each triggering event, Table 3-20 provides a summary 
of how the monitoring and operational data will be used to inform an AoR reevaluation and how 
corrective action will be conducted to reduce the potential for threats to USDW, if any arise. 

As discussed above, certain corrective actions will be performed prior to injection and certain 
corrective actions will be performed on a phased basis. This includes a description of the 
phased basis for corrective action, how corrective action will be adjusted if there are changes in 
the AoR, and how site access will be guaranteed for future corrective action. 

Table 3-20 provides a list of the potential triggers for an AoR reevaluation consistent with the 
requirements of 40 CFR 146.84(b)(2)(ii). 
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Table 3-20: Triggers for AoR Reevaluation 

No. Events that may Trigger an 
Unscheduled AoR 

Reevaluation, with concurrence 
of  the UIC Program Director 

How Will Monitoring and Testing Data Inform the 
AoR Reevaluation? 

How Corrective Action will be Conducted to 
Reduce the Potential for Threats to USDW 

1 Compliance with minimum fixed 
f requency of at least once every 
f ive years [40 CFR 
146.84(b)(2)(i)].  

The AoR may need to be reevaluated more 
f requently than the minimum f ixed f requency 
based on signif icant changes in operations or 
results f rom site monitoring that dif fer f rom 
model predictions. In these cases, the schedule 
for AoR reevaluation may be updated 
appropriately. 

ExxonMobil will notify the UIC Permit Manager 
that a more f requent AoR reevaluation is 
warranted based on signif icantly changed 
conditions. This notification will form the basis of 
a permit modification and updates to the relevant 
portions of  the permit application. 

2 Signif icant changes in 
operations that mandate AoR 
reevaluation under 40 CFR 
146.84(c) as outlined below. 

AoR reevaluation will be informed by both 
planned changes to operations and by testing 
and obtaining monitoring data that signal 
potential unexpected CO2 plume migration 
impacting the extent of  the AoR. Examples 
include installation of an additional injection well 
or identification of new offset well installation by 
third parties. Certain short-term operational 
changes, such as temporary well shut-ins, are 
not expected to warrant AoR reevaluation. 

ExxonMobil will notify the UIC Program Director 
of  the plan for significant changes in operations 
by pre-permitting engagement and the 
necessary modifications to the permit. The UIC 
Program Director may require an AoR 
reevaluation prior to approving such operational 
changes or changes may be allowed to occur 
prior to reevaluation of  the AoR. The AoR 
reevaluation be submitted to the UIC Program 
Director within an agreed-upon timeframe of  
instituting such changes, as described in the 
AoR and Corrective Action Plan. 

2A Plan to signif icantly change 
injectate composition mixture. 

Re-run the reservoir plume model with a new 
composition mixture. If plume extents increase, 
reevaluate the AoR.  

Within one month of composition change, notify 
the UIC Program Director of signif icant change 
and potential need to reevaluate AoR. 

2B New of fset operations are 
established that could affect the 
injection intervals. 

Re-run the reservoir plume model with new 
data. If  plume increases in shape or extents, 
reevaluate the AoR.  

Within one month of  commencement of  new 
operations, notify the UIC Program Director of  
signif icant change and potential need to 
reevaluate AoR. 

2C Measured supercritical gas 
saturation that greatly deviates 
f rom the modeled gas 
saturation. 

Re-run the reservoir plume model with new 
data. If  plume increases in shape or extents, 
reevaluate the AoR.  

ExxonMobil will notify the UIC Program Director 
of  results from the AoR reevaluation based on 
model results. 
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No. Events that may Trigger an 
Unscheduled AoR 

Reevaluation, with concurrence 
of  the UIC Program Director 

How Will Monitoring and Testing Data Inform the 
AoR Reevaluation? 

How Corrective Action will be Conducted to 
Reduce the Potential for Threats to USDW 

2D Anomalous change in surface 
pressure of  more than ±1,000 
psi in injection well for 
sustained period that deviates 
f rom modeled pressure 
response. 

Incorporate new pressure information and re-run 
the reservoir plume model with new data. If  
plume increases in shape or extents, reevaluate 
the AoR.  

ExxonMobil will notify the UIC Program Director 
of  results from the AoR reevaluation based on 
model results.  

2E Change in bottomhole 
temperature by more than 25%. 

Incorporate new temperature information and re-
run the reservoir plume model with new data. If  
plume increases in shape or extents, reevaluate 
the AoR.  

ExxonMobil will notify the UIC Program Director 
of  results from the AoR reevaluation based on 
model results.  

2F Casing or tubing leak detected 
by casing integrity logging. 

Investigate possible tubing leak and trigger 
contingency monitoring to reevaluate the AoR. 

ExxonMobil will notify the UIC Program Director 
of  results from the AoR reevaluation based on 
contingency monitoring results. 

2G Positive pressure loss in tubing 
annulus. 

Investigate possible pressure loss and trigger 
contingency monitoring to reevaluate the AoR. 

ExxonMobil will notify the UIC Program Director 
of  results from the AoR reevaluation based on 
contingency monitoring results. 

3 Results f rom site monitoring 
that dif fer f rom model 
predictions [40 CFR 
146.84(b)(2)(ii)] as outlined 
below. 

An evaluation of monitoring data [required under 
40 CFR 146.90] indicates that CO2 and/or 
pressure f ront migration is significantly dif ferent 
than that predicted by the current AoR 
delineation model and, therefore, warrants an 
AoR reevaluation. The following examples 
provide specif ic criteria for dif ferences in 
monitoring data and model predictions that may 
trigger an AoR reevaluation [40 CFR 
146.84(b)(2)(ii)]. 

Notif ication of  signif icant dif ference to UIC 
Program Director within one month of confirmed 
f indings. 

3A Seismic event greater than 
M3.0 within 1-mile radius of  
injection well.  

Evaluate pressure data relative to operating 
limits and pressures in monitoring wells. 
Evaluate the need to enhance monitoring 
program to conf irm extent of  CO2 plume. 

Provide notice to UIC Program Director within 
one month of  f indings of  assessment of  
operational compliance and adequacy of  
monitoring program to delineate CO2 plume and 
pressure f ront. 
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No. Events that may Trigger an 
Unscheduled AoR 

Reevaluation, with concurrence 
of  the UIC Program Director 

How Will Monitoring and Testing Data Inform the 
AoR Reevaluation? 

How Corrective Action will be Conducted to 
Reduce the Potential for Threats to USDW 

3B Annual plume migration survey 
identif ies the plume migration 
direction that is signif icantly 
dif ferent then the 
modeled direction of migration. 

Re-run the reservoir plume model incorporating 
injection well pressure and temperature data for 
calibration and other available information on 
plume migration and reevaluate the AoR. 

Within one month of detection, ExxonMobil will 
notify the UIC Program Director of  results f rom 
the AoR reevaluation based on calibrated model 
results.  

3C The horizontal CO2 plume 
migration rate is signif icantly 
dif ferent than predicted.  

Re-run the reservoir plume model incorporating 
injectors data for calibration and new information 
on plume migration and reevaluate the AoR. 

ExxonMobil will notify the UIC Program Director 
of  results from the AoR reevaluation based on 
calibrated model results.  

3D Sustained acoustic anomaly, 
which is unrelated to oil and gas 
activity in the area, detected by 
DAS or noise log. 

Investigate DAS data anomaly and decide if  the 
change triggers contingency monitoring to 
reevaluate the AoR.  

ExxonMobil will notify the UIC Program Director 
of  results from the AoR reevaluation based on 
DAS data analysis and or results f rom 
contingency monitoring. 

3E Statistically signif icant 
increases of  indicator 
parameter concentrations 
above baseline for USDW 
samples of TDS, major cations 
and anions, CO2 concentration, 
isotopic values, or pH. 

Resample f luid sample that contained the 
elevated concentrations and compare resample 
results with numerical criteria for trends and/or 
exceedances of  target concentrations.  

ExxonMobil will notify the UIC Program Director 
of  results from the AoR reevaluation based on 
resampling results and data evaluation. 

3F The presence of  separate-
phase CO2 in the sampled 
f luids above the confining zone, 
but below the lowermost USDW 
resulting f rom CO2/f luid 
migration out of  the injection 
zone. 

Investigate possible migration pathways and 
trigger contingency monitoring to reevaluate the 
AoR. 

ExxonMobil will notify the UIC Program Director 
of  results from the AoR reevaluation based on 
contingency monitoring results. 

DAS = distributed acoustic sensing 

CONFIDENTIAL BUSINESS INFORMATION



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03 
Page 68 of 68 

 

-Page Intentionally Left Blank- 

 

CONFIDENTIAL BUSINESS INFORMATION



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03 

1 of 40 

Underground Injection Control – Class VI Permit Application for Rose CCS Project Injection 
Wells No. 01, No. 02, and No. 03 

SECTION 4 – WELL CONSTRUCTION PLAN AND OPERATING CONDITIONS 

Rose Carbon Capture and Storage Project 

 

ExxonMobil Low Carbon Solutions Onshore Storage LLC 

February 2024 

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03 

2 of 40 

SECTION 4 – Well Construction Plan and Operating Conditions 

 

TABLE OF CONTENTS 

4.0 Well Construction Plan and Operating Conditions .................................................. 6 

4.1 Objectives ....................................................................................................................... 7 

4.2 Engineering Design ........................................................................................................ 7 

4.2.1 Overview of Injection Well Perforation Strategy ...................................................... 7 

4.2.2 Production Casing Design and Completion ............................................................. 9 

  ............................................................... 12 

  .................................................. 16 

  ................................................................ 16 

  ................................................... 18 

4.2.7 Safety and Continuous Monitoring Device Design and Completion ...................... 19 

4.2.8 Wellhead Equipment Design and Completion ....................................................... 21 

4.3 Well Drilling and Completion Design ............................................................................ 25 

4.3.1 Drilling and Completion Design for Injection Well No. 01 ...................................... 25 

  ...................................... 26 

  ...................................... 28 

4.3.4 Injection Well Completion Stage and Injection Interval .......................................... 30 

4.4 Pre-Operational Testing Plan ....................................................................................... 32 

4.4.1 Tests During Well Drilling and Construction .......................................................... 32 

4.4.2 Injection and Confining Zone Core Sampling ........................................................ 33 

4.4.3 Injection Zone Characterization ............................................................................. 34 

4.4.4 Fracture Pressure, Fluid Characteristics, and Downhole Conditions ..................... 34 

4.4.5 Injection and Confining Zone Formation Testing ................................................... 35 

4.4.6 Quality Assurance Surveillance Plan ..................................................................... 36 

4.5 Injection Well Operating Strategy ................................................................................. 36 

4.5.1 Injection Rate and Pressure .................................................................................. 36 

4.5.2 CO2 Volume .......................................................................................................... 38 

4.5.3 Annulus Pressure .................................................................................................. 38 

4.5.4 Well Stimulation Procedures .................................................................................. 38 

4.5.5 CO2 Stream Characteristics .................................................................................. 38 

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI

Claimed as PBI

Claimed as PBI

Claimed as PBI

Claimed as PBI

Claimed as PBI



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03 

3 of 40 

4.6 Operational Reporting Plan .......................................................................................... 39 

4.7 Injection Well Construction and Operation Summary ................................................... 39 

 

List of Tables 
..... 8 

..... 8 

..... 8 

..... 9 

... 10 

... 10 

... 11 

... 11 

... 11 

... 11 

... 14 

... 14 

... 14 

... 14 

... 15 

... 15 

... 15 

... 16 

... 17 

... 18 

... 18 

... 31 

... 32 

... 32 

... 33 

... 33 

... 33 

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03 

4 of 40 

. 34 

. 35 

. 36 

. 37 

. 37 

. 38 

. 38 

 
List of Figures 

................ 12 

................ 13 

................ 13 

................ 19 

................ 20 

................ 21 

................ 23 

................ 30 

................ 31 

 

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI

Claimed as PBI

Claimed as PBI



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03 

5 of 40 

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03 

6 of 40 

4.0 Well Construction Plan and Operating Conditions 
The Well Construction Plan and Operating Conditions section for the Rose Carbon Capture and 
Storage (CCS) Project (Project) was prepared to meet the requirements of Title 40, U.S. Code 
of Federal Regulations (40 CFR) 146.82 and 146.86 and Texas Administrative Code, Part 1 
Title 16 Chapter 5. ExxonMobil Low Carbon Solutions Onshore Storage LLC (ExxonMobil) is 
undertaking the Project in  to sequester a total of approximately  

. The purpose of 
this section is to describe how ExxonMobil has designed and will test three CO2 injection wells 
for the Project and ExxonMobil’s operating strategy for sequestering approximately  

 

The three injection wells (Rose CCS Project Injection Wells No. 01, No. 02, and No. 03) are 
designed for the sole purpose of injection and storage of CO2 safely in the Upper Frio and 
Fleming Sand injection intervals at the Project site, and to contain the CO2 within the injection 
intervals to protect underground sources of drinking water (USDWs). The formation properties 
of the injection intervals make the Project site an excellent candidate for injection of CO2,  

 
 Interbedded and overlying shale layers confine the injection 

intervals from USDW. 

The well materials are compatible with all fluids with which they may come into contact and the 
design considered the depth of all porous formations, as identified during site characterization. 
The wells’ design and materials are also appropriate to the proposed operating parameters. The 
planned formation testing at the injection well locations will be sufficient to fill potential gaps in 
available site characterization data and address key uncertainties in the Area of Review (AoR) 
delineation modeling. 

The injection well construction specifications and testing plan is tailored to account for the data 
acquired from the logging, testing plan, and preliminary results for a stratigraphic well  

 

This section provides a narrative document with associated schematics and data summary 
tables that describe how ExxonMobil will construct the injection wells to meet the goals of 
40 CFR 146.86. The engineering design is based on the collection of as much site-specific data 
as possible, particularly from the stratigraphic well, before submitting the initial Class VI Permit 
Application. This level of effort was undertaken to facilitate the permit modification process, 
between conducting the pre-construction activities required at 40 CFR 146.82(a) and the pre-
operation phase activities required at 40 CFR 146.82(c). Through a series of pre-permitting 
engagements with Region 6 of the U.S Environmental Protection Agency and the Railroad 
Commission of Texas, an early proactive planning process helped to align the current and 
potential future conditions at the Project site. This planning process also helped to identify 
potential issues related to Project strategy and information as early and expeditiously as 
possible. 
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4.1 Objectives 

ExxonMobil developed the engineering design, pre-operational testing plan, and operating 
strategy for the injection wells to meet the following applicable objectives: 

• The injection well construction design, material specifications, and construction will be 
compatible with the composition of the CO2 stream over the duration of the Project to 
reduce the potential for endangerment of USDWs [40 CFR 146.82(a)(11),(12); 146.86]. 

• The injection wells will undergo logging and testing prior to operation to assess injection well 
and formation performance and update the operating strategy as necessary before injection 
of CO2 [40 CFR 146.82(a)(8); 146.87]. 

• The injection well operating strategy provides continuous injection and annulus monitoring 
systems for each injection well to control injection pressure and trigger automatic shut-off 
devices and safety valves for CO2 injection, consistent with safe operating procedures 
[40 CFR 146.82(a)(7),(9),(10); 146.88(e)]. 

4.2 Engineering Design 
The engineering design parameters for the three injection wells are based on the planned 
injection rates, injection volumes, fluid properties, and chemical properties of the injectate fluid. 
In addition, the engineering design includes recompletion of each injection well to target specific 
injection intervals to achieve the target CO2 storage amount. 

ExxonMobil plans to inject a maximum volume of  
 

The tubing design, including size, weight, grade, and metallurgy 
is based on the properties of the injectate, rate of injection, and injection pressures determined 
by the detailed reservoir modeling. 

The casing, cement, tubing, packer, continuous monitoring devices, and wellhead equipment 
were selected and designed to withstand the corrosive environment to which the materials and 
equipment will be exposed. Each was selected to have sufficient strength and material 
properties to withstand the pressure, temperature, and corrosive forces to which they will be 
subjected in the subsurface. 

The following discussion presents the engineering design basis for the proposed well materials 
including casing, tubing, and cement. Well design schematics and locations are included in 
Appendix D.1-1 to D.1-9, which illustrate the well materials, design layout, and the locations of 
the packer and perforation intervals as well as the well location at the Project site. 

4.2.1 Overview of Injection Well Perforation Strategy 

 
 

Upon installation of the completion assembly,  
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The perforation depths 

provided in Tables 4-1 to 4-3 are based on the current geologic model and will be updated after 
integration of the stratigraphic well results. 
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4.2.2 Production Casing Design and Completion 

The production casing will use a  
 In 

accordance with the metallurgical analysis provided in Appendix E, this design uses  
 Table 4-4 

presents the standard CO2 conditions used in the modeling and flow calculations. 

This design also allows for continuous monitoring of each casing and tubing annulus for 
wellbore and mechanical integrity parameters. Appendices D.1-1 to D.1-9 provide the proposed 
wellbore designs and initial completion configurations for Injection Wells No. 01, No. 02, and No. 
03, respectively, along with the certified well-location plats. 

The production casing, or long-string casing, is the final, permanently cemented string of casing 
to be installed in each well. The production casing will be run from the surface to TD and 
cemented back to the surface. The key design criteria for the long string includes the use of: 

In addition to the injection wells, CO2-compatible cement will be used for all future in-zone 
monitoring wells as discussed in Section 5.9. 

A detailed metallurgical analysis was performed that considered the chemical composition of the 
injectate and downhole conditions as shown in Appendix E. The injectate stream is projected to 
be made up  

to reduce the potential for 
corrosion and downhole failures, should any fluids enter the wellbore over the short-term from 
the reservoir. 

To reduce the potential for CO2 migration out of the injection interval, CO2-compatible cement 
will be run from , to provide a suitable barrier across the UCCZ. By 
using CO2-compatible material, the cement is protected from carbonic acid, maintaining 
integrity throughout the life of the Project. 

Throughout the life of each well, the Project will have
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The engineering and design parameters for the production casing are summarized in Tables 4-5 
and 4-6. 
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Tables 4-7 to 4-9 provide the production casing cement volume calculations for each injection 
well. 

 

 

 
 

 The proposed placement of 
centralizers through the production casing is shown in Table 4-10. 
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The  injection tubing size and material were selected for use in the Project wells based on 
injection volumes, rates, and injectate composition. Consistent with the design approach used 
for the casing strings, the injectate and the potential for a corrosive environment are important 
considerations when selecting the metallurgy of the tubing. The planned design offers protection 
from the potential corrosive environment of the injectate stream and potential for influx of 
reservoir brine. A complete summary of the metallurgical analysis is included in Appendix E. 

The production tubing will be  
 or its equivalent in all sections where the CO2 will contact the tubulars. 

A tubing design sensitivity analysis was conducted that considered calculated pipe-friction 
losses, exit velocities, compression requirements, and economic evaluations. Bottomhole 
pressures (BHP) were calculated from detailed reservoir-engineering model runs as shown in 
Figures 4-1 through 4-3. The data identify when the maximum BHP occurs during the life of the 
Project; the resulting maximum bottomhole flowing pressure allows for proper design of the 
casing, tubing, and wellhead configurations. 
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For the reservoir model, a conservative value of 100% CO2 was used for the injectate stream. 
The anticipated chemical composition of the most-concentrated constituents delivered via the 
CO2 pipeline is presented in Table 4-11. Trace amounts of other constituents may be present at 
de minimis concentrations. 
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The input injection parameters from the model are shown in Table 4-12. The calculated injection 
parameters are shown in Tables 4-13 through Table 4-15 for Injection Wells No. 01 to No. 03, 
respectively. 

 

 

 

  

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI

Claimed as PBI

Claimed as PBI

Claimed as PBI



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03 

15 of 40 

Taking into consideration the possibility of a  
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The unconsolidated nature of the sediments in the upper subsurface soil requires the installation 
of a conductor pipe to establish and maintain borehole integrity. A cellar will be installed, a 

 

The surface hole will be drilled  
casing will be run 

and cemented with the casing centered in the open hole with centralizers. The generalized 
surface casing centralizer placement for the injection wells is provided in Table 4-18. 

A summary of surface casing design parameters is presented in Tables 4-19 through 4-21. The 
engineering calculations for the three injection wells are based on the wellbore conditions and 
maximum setting depth for the surface casing at Injection Well No. 02. Minor adjustments may 
be needed for actual surface casing installation at each of the injection wells based on site-
specific conditions. 
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. Prior to setting the packer, the tubing annulus will be filled with a non-corrosive fluid. 

Figure 4-4 provides a schematic illustration of a suitable packer design and completion for the 
Project. 
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4.2.7 Safety and Continuous Monitoring Device Design and Completion 

The following safety and continuous monitoring devices were designed for installation in the 
injection wells. 

4.2.7.1 Safety Injection Valve 

 
 In the event that injection is interrupted, the 

injection valve will limit the potential for fluid backflow into the injection tubing string and will 
keep the reservoir pressurized until equilibrium is achieved. When the safety injection valve is 
closed, it will maintain the injected CO2 below the valve in a supercritical state. 

 
 
 

 
 

Figure 4-5 provides a schematic and specifications for the safety injection 
valve. This type of valve or a suitable equivalent will be used depending on availability. 
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4.2.7.2 Downhole Pressure and Temperature Gauge Design and Completion 

 
 

Figure 4-6 provides specifications of the 
downhole pressure and temperature gauge. This type of gauge or a suitable equivalent will be 
used depending on availability. 
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4.2.7.3 Fiber Optic Design and Completion 

 

4.2.8 Wellhead Equipment Design and Completion 

The wellhead is designed to manage working pressures and provide a high degree of 
mechanical integrity for the injection well.

 
 The wellheads will be configured as illustrated in 

Figure 4-7. Suitable equivalents for the specific manufacturers or equipment models indicated in 
the figure may be substituted as appropriate based on vendors used and equipment availability. 
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4.3 Well Drilling and Completion Design 

4.3.1 Drilling and Completion Design for Injection Well No. 01 

The proposed drilling and completion design for Injection Well No. 01 is described below. 
 provides the well design and completion details and the certified well plot map. 

The final completion depths may be modified based on actual formation depths and/or 
conditions encountered during drilling. 
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4.3.4 Injection Well Completion Stage and Injection Interval 
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Each discrete injection interval was selected to maximize the use of the pore space and 
collectively maximize the usage of the acreage position for CO2 sequestration. A summary of 
the planned injection stages and duration by injection zone are listed in Tables 4-22 through 
4-24. These injection zones are based on the current geologic model and will be updated after 
integration of the stratigraphic well results. 
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4.4 Pre-Operational Testing Plan 

The scope of the pre-operational testing plan included geophysical and core data collection in 
the stratigraphic well, fluid sampling at target intervals, and pressure testing to assess the 
injection intervals. Certain verification and logging data may be collected at the injection wells as 
needed for the site characterization, plume model, and AoR determination. The Testing and 
Monitoring Plan (Section 5 – Testing and Monitoring Plan) provides the data collection activities 
for the pre-operational phase and the operational phase of the Project. A summary of that 
discussion is provided below for ease of review, with reference to the complete discussion in 
Section 5 for the pre-operational testing plan. 

4.4.1 Tests During Well Drilling and Construction 

A variety of geophysical well logs were collected during the construction of the stratigraphic well 
to verify and evaluate further the depth, thickness, porosity, permeability, lithology, and 
formation fluid salinity in the relevant geologic formations. Data collected from the stratigraphic 
well will also be used to appropriately construct the injection wells and provide data to verify the 
design for mechanical integrity purposes. 

The drilling procedure in Appendix D.2 discusses the detailed coring procedures for the 
stratigraphic well ( ). The coring depths, formations, and footages for full core 
samples are provided in Table 4-25. The cores taken from the stratigraphic well are near the 
injection wells and represent the properties of the injection and confining zones near the 
injection wells. Data acquisition from the stratigraphic well includes sufficient and representative 
information on the injection and confining zones porosities, permeabilities, petrologies, and 
mineralogies. 
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4.4.2 Injection and Confining Zone Core Sampling 

During the drilling and completion of the injection wells, a subset of the stratigraphic well’s 
logging and coring data collection plan will be used to verify certain key parameters for injection 
well performance and AoR modeling. At this time, the following geophysical logs are planned for 
each injection well. The open-hole logging plan is detailed in Table 4-26. The cased-hole 
logging plan is detailed in Table 4-27. 
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4.4.3 Injection Zone Characterization 

The injection zone is being characterized in detail using the data acquired in the stratigraphic 
well ( ) and outlined in Appendix D.2. The location of the stratigraphic well 
relative to the injection wells is provided on Figure 5-3. ExxonMobil collected characterization 
data for each injection interval of the injection wells including formation fluid temperature, pH, 
and specific conductivity; formation pressure, and static fluid level. This data is currently being 
analyzed and will be provided in a subsequent update to this Application. 

4.4.4 Fracture Pressure, Fluid Characteristics, and Downhole Conditions 

ExxonMobil will characterize the formation fluids in the injection zone using samples collected 
from the stratigraphic well. ExxonMobil will use these data to evaluate the compatibility of the 
injectate with the formation fluids in the injection zone. These groundwater samples that were 
collected during the pre-operation phase of the Project will form the baseline data for 
comparison with water quality data representing the operating and post-operating phases of the 
Project. In general, the baseline data established include pressure, temperature, fluid, and 
physical characteristics present in the injection intervals and above the UCCZ from a single 
sample event at the stratigraphic well and a routine sampling frequency for the USDW 
monitoring wells. 

The sampling and analysis plan for the water sample collected above the UCCZ at the 
stratigraphic well is specified in Table 4-28. The USDW monitoring wells will be drilled and 
monitored to provide a representative baseline of geochemical concentrations and pressure 
conditions in the AoR and surrounding area as described in Section 5 – Testing and Monitoring 
Plan. The analyses of geochemical and water quality parameters for the groundwater samples 
from the USDW monitoring wells are specified in Section 5. Similarly, groundwater 
characterization between the lowest most USDW and the top of the UCCZ will be tested and 
sampled inside the limits of the AoR to establish a representative baseline of geochemical and 
pressure conditions of the monitoring zone in the local Project area. 
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The groundwater samples were analyzed in the field for certain physical parameters including 
temperature, pH, alkalinity, dissolved oxygen, and electrical conductivity. Laboratory-based 
analyses included total dissolved solids, concentrations of cations, anions, CO2, and CH4. 
Samples for cations and anions will be collected in appropriate acid-washed bottles to eliminate 
possible contamination. 

A primary monitoring technique to be implemented at the site for plume tracking involves the 
use of 

will be acquired prior to CO2 injection to establish how 
the technology responds to conditions in the AoR and the initial state of the subsurface fluid 
distribution. 

4.4.5 Injection and Confining Zone Formation Testing 

ExxonMobil collected pre-operational formation tests and data logging from the stratigraphic 
well to provide needed data on the geologic and hydrogeologic properties of subsurface 
formations. A step-rate test and a pressure fall-off test were performed at the stratigraphic well 
using a maximum injection rate above operating injection rate. The recorded steps were above 
and below the fracture calculated fracture pressure. Tables 4-29 and 4-30 provide the step-rate 
injection test and pressure fall-off test parameters. 
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Pressure transient well testing (e.g., a pressure fall-off test) was completed in the stratigraphic 
well and will be conducted in each of the injection wells as a part of completion activities. These 
tests are intended to confirm reservoir and operational parameters used in the permitting 
process and provide needed data on the geologic and hydrogeologic properties of subsurface 
formations. The following injection well fall-off pressure test procedures are proposed: 

• A non-hazardous test fluid will be used during the injection test. 

• Injection Well Fall-Off Pressure Test: 

o The purpose of this test is to evaluate the injectivity index, skin, and permeability-
thickness of the injection intervals. 

o For each injection zone, an injectivity test will be performed. 

o Shut-in well and record pressure fall-off with downhole gauges over sufficient time for 
proper analysis. 

4.4.6 Quality Assurance Surveillance Plan 

ExxonMobil will prepare and submit a Quality Assurance Surveillance Plan (QASP) as a 
supplement to the testing and monitoring requirements of this section as well as Section 5 – 
Testing and Monitoring Plan and Section 7 – Post-Inject Site Care and Site Closure Plan. The 
goal of the QASP is to provide reliable data to verify that the Project is operating as permitted 
without endangerment to USDWs. The QASP will provide a verifiable set of standards and 
controls that include the technologies, methodologies, frequencies, sample quality assurance, 
and procedures to demonstrate the collection data activities will provide accurate and reliable 
information about the Project operations. The QASP will be unique to the Project, informed by 
site-specific details, monitoring technologies selected, and will be updated as the Project 
evolves in concert with the Testing and Monitoring Plan. The QASP will be submitted after 
confirmation from the Underground Injection Control (UIC) Program Director that the proposed 
testing and monitoring elements of the Application are consistent with the requirements. 

4.5 Injection Well Operating Strategy 
4.5.1 Injection Rate and Pressure 

Table 4-31 provides the proposed operations for the injection wells including injection rate and 
pressure by well. The maximum injection rates for the injection intervals of each well ranges 
from MMta. The average injection rate range is from MMta. Both the 
maximum and average injection rates are predicted to result in reservoir pressure rises that are 
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below 90% of the critical fracture pressure, shown in Table 4-31. Both the injection rates and 
pressures are within the operating window of the injection wells. 

The proposed continuous monitoring and recording devices will demonstrate internal 
mechanical integrity [40 CFR 146.88(e)] and that the well is equipped with shutoffs and safety 
devices that are linked to final operating limits specified in the permit for each injection well. The 
anticipated bottomhole injection pressures and interval-specific pressure constraints are shown 
in Tables 4-32 through 4-34. The injection depths are based on the current geologic model and 
will be updated after integration of the stratigraphic well results. The injection rate schedule 
presented in this Application is based on defined rate limitations without the modeled projections 
predicting sufficiently high reservoir pressures that result in maximum BHP constraining 
predicted well operations. 
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4.5.2 CO2 Volume 

ExxonMobil plans to inject approximately MMt of CO2 over the life of the Project. It is 
projected that the CO2 will be injected and will remain in a supercritical state through the life of 
the Project. The Fleming and Upper Frio sands have relatively high porosity and high 
permeability. These reservoir properties and the lateral extent of the injection zone are projected 
to allow the system to store significant volumes of CO2 with limited reservoir pressure rise and 
is projected to result in relatively rapid pressure fall-off upon shut-in. The CO2 volume was 
determined to meet the requirements of managing the threat of endangerment to USDW. 

4.5.3 Annulus Pressure 

The annulus pressure will be adjusted to be at least  
, with a maximum allowable pressure  
 as reported in Section 5 – Testing and Monitoring Plan. 

4.5.4 Well Stimulation Procedures 

ExxonMobil is not proposing a stimulation program for the proposed injection wells. In 
accordance with 40 CFR 146.91(d)(2), if a stimulation program is proposed, ExxonMobil will 
provide an advance notice of the proposed stimulation procedures to the UIC Program Director 
in writing at least 30 days prior to implementation. 

4.5.5 CO2 Stream Characteristics 

The CO2 stream chemical composition is described in Table 4-11
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In general, unanticipated interactions among the CO2 injectate and the reservoir fluids are not 
expected that would act to reduce the permeability, porosity, or injectivity of CO2 into the 
injection intervals over the life of Project. Specific mineralogy and fluid testing is being 
performed on core and fluid samples taken from the stratigraphic well that will be used to 
confirm these conditions prior to issuance of the Class VI permits and changes, if appropriate, 
will be made to further refine the engineering design and operating strategy. This will include an 
assessment of the potential for mineral dissolution or precipitation within the Fleming and Upper 
Frio injection intervals that could potentially endanger USDWs. As outlined in this section, the 
current engineering design basis includes corrosion resistant well completion materials selected 
to provide a high degree of mechanical integrity under future conditions for the formation fluids 
and CO2 plume. See Section 6.2.5 for a summary of the proposed CO2 compatible cement. 

Section 5 – Testing and Monitoring Plan provides a description of the analyses of the CO2 
stream for the Project, including tests for potential impurities that may be present and whether 
such impurities might alter the corrosivity of the injectate downhole. The information provided in 
Section 5 was based on the expected chemical and physical characteristics of the CO2 stream 
and will be used to refine the well operating parameters while maintaining compliance with the 
Class VI permits. 

A sample of the CO2 stream will be collected and analyzed for the suite of parameters listed in 
Table 5-3 prior to commencing injection and throughout injection operations at the proposed 
frequency. The details of the sampling process and frequency are described in Section 5 for 
approval by the UIC Program Director. 

4.6 Operational Reporting Plan 
During the operational phase of the Project, ExxonMobil will report, within 24 hours, a confirmed 
endangerment to USDWs to the UIC Program Director pursuant to the requirement in 40 CFR 
146.88(f)(3); 146.91(c); and 146.94(b)(3)], including: 

• Evidence that the CO2 plume or pressure front may endanger a USDW or USDWs; 

• The non-compliance situation as it relates to a permit condition; 

• Apparent malfunction of the injection system; 

• Triggering of a shut-off system or a loss of mechanical integrity; or 

• A release of CO2 to the atmosphere or biosphere. 

4.7 Injection Well Construction and Operation Summary 
The geologic setting for this Project is ideally situated for carbon sequestration because of the 
geologic properties of the injection and confining zones and the compatibility of the reservoir 
fluids with CO2. The Project brings together the proven engineering practices of ExxonMobil in 
the design of the wells with a state-of-the-art monitoring system and a robust reservoir 
management strategy. The proposed well designs are engineered to address the potential risks 
associated with the installation and operation of Class VI injection wells with a primary objective 
of protecting USDW from the threat of endangerment. The engineering design of the casing 
setting points, materials, and cement meet and exceed the requirements for Class VI injection 
well and for the conditions that have been projected for the Project. ExxonMobil will comply with 
the requirements and regulations required by the UIC Program Director for the well design and 
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completion standards and the continuous monitoring and safety equipment to be installed. In 
addition, the operating strategy is designed to manage the pressure effects of CO2 injection in 
the injection zones, to use the available pore space to the fullest extent, and to mitigate potential 
issues through a robust operational and testing and monitoring strategy. 
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Appendix F – Testing and Monitoring 
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5.0 Testing and Monitoring Plan 
Consistent with the requirements of 40 Code of Federal Regulations (CFR) 146.90, ExxonMobil 
Low Carbon Solutions Onshore Storage LLC (ExxonMobil) developed a comprehensive Testing 
and Monitoring Plan strategy for the Rose Carbon Capture and Storage (CCS) Project (Project) 
using a risk-based approach. The data collection strategy includes injectate monitoring, 
corrosion monitoring of the well tubular, mechanical, and cement components; pressure fall-off 
testing; seismic profiling; well logging; continuous monitoring of injection rate and pressure; 
groundwater quality monitoring; carbon dioxide (CO2) plume and pressure front tracking. The 
data generated from implementation of the Plan provides the basis to verify the confinement of 
the injectate in the permitted injection formations during the active injection phase of the Project. 
The post-injection phase of monitoring is provided in Section 7 – Post-Injection Site Care (PISC) 
and Site Closure Plan consistent with the structure of the Underground Injection Control (UIC) 
Class VI Permit Application for the Project. In conjunction with careful site selection and Area of 
Review (AoR) delineation, this Plan will be a critical component of the successful operation, 
PISC, and eventual closure of the Project. 

A key feature of the Testing and Monitoring Plan is the alignment between the injection 
operation plan and the geological site features that determine CO2 plume and pressure front 
migration. This Plan puts forth a data collection plan to confirm whether the injection is working 
according to the permit requirements. The testing and monitoring strategy also includes a 
phased/triggered approach for the incremental implementation of testing and monitoring 
technology, consistent with U.S. Environmental Protection Agency’s (EPA’s) presentation of 
phased/triggered monitoring in the Underground Injection Control (UIC) Program Class VI Well 
Testing and Monitoring Guidance. Overall, the risk of underground source of drinking water 
(USDW) endangerment is mitigated by balancing the increases in CO2 plume and pressure 
front size with the collection and analysis of data to track migration and assess the potential for 
leaks through the upper composite confining zone (UCCZ). 

ExxonMobil intends for the review process for the Plan and subsequent iterations to continue 
throughout the life of the Project. An adaptive approach will be employed with respect to 
monitoring frequency of select parameters, whereby monitoring may be decreased based on 
positive test results. Monitoring results will be presented in semiannual reports, wherein data will 
be evaluated, and any monitoring frequency modification would be justified. Baseline data will 
be collected and comparisons to the baseline data will be made during the operational period of 
the Project. The adaptive approach will be applied if the data collected during the injection 
period shows results within the expected range. An ongoing dialogue between ExxonMobil and 
the UIC Program Director is envisioned, marked by tying the Plan reviews to the AoR 
reevaluation frequency. Consistent with the discussion of AoR reevaluation in Section 3 – Area 
of Review and Corrective Action Plan, a defined schedule is proposed to address situations 
where there is a change in the AoR or if other circumstances change, while affording an efficient 
review process if the AoR reevaluation confirms that the Plan is appropriate as written. In this 
way, testing and monitoring results that indicate corrective action is required trigger the 
mitigation measures identified in the AoR reevaluation (Section 3), and the Emergency and 
Remedial Response Plan (Section 8), if needed, will be triggered at the appropriate time. 
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5.1 Objectives 
The following objectives were developed for the Testing and Monitoring Plan in alignment with 
40 CFR 146.90: 

• Use site characterization data, the site geologic conceptual model, and the results of 
computational modeling to identify areas or issues of potential concern for the Project; 

• Consider how possible leakage pathways and uncertainties in confining zone and injection 
zone properties could affect the AoR boundaries and include this uncertainty in the testing 
and monitoring strategy; 

• Select testing and monitoring strategies and technologies that are tailored to the site-specific 
risk profile in conformance with the requirements; and 

• Identify Project-specific factors to consider or incorporate in evaluating the data collected 
from the Testing and Monitoring Plan, which may indicate the potential risk to or 
endangerment of USDW, as well as deviations from permitted conditions. 

5.2 Overall Strategy and Approach for Testing and Monitoring Plan 
The Class VI Rule requires various testing and monitoring activities to identify potential risks to, 
and the potential for endangerment of, USDWs during the injection phase of the Project. 
ExxonMobil consulted with the EPA, Region VI UIC Program Director, and the Railroad 
Commission of Texas in pre-application discussions to identify the testing and monitoring 
activities that were best suited for the Project. The site features that affect the degree of risk and 
potential for endangerment of a USDW include: 

Of these features, the key risk factor that is most critical for the design of this Plan is the 
potential for . 
ExxonMobil completed a variety of technical tasks discussed in Section 3 ─ Area of Review and 
Corrective Action Plan to identify and evaluate the potential for  

 
 

Other potential risks associated with the Project were deemed to be of a lower probability and 
consequence. 
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Table 5-1 provides a summary of mature technologies selected for tracking the CO2 plume and 
pressure front. Consistent with the stated interests of the EPA, the Testing and Monitoring Plan 
is intended to be a flexible approach using appropriate technologies and techniques that are 
refined and adapted based on site-specific information over time. ExxonMobil will continue to 
assess the feasibility of emerging technologies and conduct performance evaluations to 
continue to improve the performance of the testing and monitoring system. 

ExxonMobil will communicate with the UIC Program Director on plans and the potential for 
updates to the Testing and Monitoring Plan. Through the combination of proven and emerging 
technology pilot testing, a cost-effective testing and monitoring strategy will be maintained for 
the Project that measures the CO2 plume and pressure front migration paths and serves to 
provide reliable data for reevaluating the AoR model. 
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• Procedures for Acquiring a Temperature Log 

o A temperature log with gamma ray and casing collar locator will be obtained prior to 
injection activities to establish baseline conditions and to identify any potential local 
temperature anomalies that may exist. 

o Shut-in the well for a minimum of 24 hours, targeting 36 hours of shut-in time, if possible, 
based on operational needs. 

o Rig-up wireline company and perform temperature log from surface to total depth. 

o Pull temperature tool out of hole. If anomalies are present, re-log well at least 8 hours 
after initial pass to re-establish sufficient conditions. If none are identified, rig-down 
wireline company. 

Per EPA Geologic Sequestration of Carbon Dioxide: Underground Injection Control (UIC) 
Program Class VI Well Testing and Monitoring Guidance, dated March 2013, any temperature 
logs will be evaluated by comparing the relative differences of the log to a baseline log. If the log 
is comparable to the temperature log on the baseline log, it is considered a successful 
demonstration of mechanical integrity. 

An oxygen activation tool will be used for the purpose of detecting and quantifying the flow of 
water in or around the well using the following procedures. 

• Procedures for Acquiring Oxygen Activation (OA) Log 

o Rig-up wireline company and run logging tool into the injection zone. 

o Conduct a short baseline gamma ray Log and casing collar locator near the top of the 
injection zone prior to taking the stationary readings with the OA tool. Verify calibration of 
the OA tool. 

o All stationary readings will be taken with the well injecting fluid near maximum allowable 
rate, or as the average of recent flow rates allow, with minimal rate and pressure 
fluctuations. 

o Bottomhole cement checks will, at a minimum, include stationary readings to be taken 
near the base of the overlying confining zone and the base of the lowermost USDW. 

o Flow behind casing checks will be conducted near the top of confining zone and 
immediately above the injection zone. 

o If a false positive regarding flow is suspected, move uphole or downhole to rerun the log. 
Per EPA Geologic Sequestration of Carbon Dioxide: Underground Injection Control 
(UIC) Program Class VI Well Testing and Monitoring Guidance dated March 2013, 
another option is to vary injection rate to (25, 50, and/or 75 percent [%] of maximum 
rate) to determine false positive. 

o If significant flow is indicated by the OA Log at a station, move uphole or downhole as 
necessary and take additional stationary readings to determine the area of fluid 
migration. 

o  Pull OA tool out of hole and rig-down wireline equipment. 
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An OA test is considered passing when no upward-flow is detected outside of the injection zone. 
To minimize the potential of false positives, checks near the same depth will be performed on 
any anomalous log response as outlined in the procedure above. Threshold velocities for false 
positives will be determined based on the vendor’s logging equipment. 

5.4.3 Reporting Results of MIT 

Annulus pressure test results will be submitted to the appropriate regulatory permitting authority 
within 30 days of completion. The logs recorded during external MIT will be submitted to the 
appropriate regulatory permitting authority such as the UIC Program Director within 30 days of 
the verification that the logging results are representative and acceptable. 

5.5 Continuous Recording of Operational Parameters During Injection 
ExxonMobil will install and use continuous measurement devices to monitor injection pressure, 
rate, and mass injected; the pressure on the annulus between the tubing and the long-string 
casing; and the temperature of the CO2 stream, as required under [40 CFR 146.88(e)(1), 
146.89(b), and 146.90(b)]. Data will also be collected to document the addition or removal of 
any fluid from the annulus system. Data interfaces will be created for equipment that is not 
linked directly to a data management system or suitable equivalent, and it will be integrated into 
a unique surveillance platform. In the monitoring program, the sensors, transducers, and 
controllers will be connected in a central platform to monitor the operating conditions, set alarms 
for alerting operations of malfunction, and establish safety protocols in case of abnormal 
conditions. Alarms will additionally be set for pressures outside described tolerances (generally 
90% of fracture gradient and prescribed wellhead pressures), and changes in annular pressure 
and fluid. 

Instrument calibration standards, precision, and tolerances will be determined based on 
manufacturer recommendations. The automated control system data will be visually monitored 
for anomalies on a regular basis. Average values will be compared to baseline and predicted 
values to determine if there are any significant deviations relevant to integrity or containment. 

The operating parameters, monitoring values, laboratory results, reports, and surveillance 
documents for the Project will be stored in a database to support AoR reviews, quality 
assurance / quality control review programs, and routine reporting. Table 5-2 provides a 
summary of the typical sampling devices, locations, and data storage frequencies for the 
continuous monitoring program. As may become necessary, paper records may be substituted 
for digital records at the discretion of the operator. Suitable equivalent devices may be used as 
technology availability and maintenance dictate. 
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Table 5-2: Sampling Devices, Locations, and Data Frequencies for Continuous Monitoring 

Parameter  Device(s)  Location  Estimated Min. 
Sampling 
Frequency  

Estimated Min. 
Recording 
Frequency  

Surface Injection 
Pressure  

Wellhead 
Pressure Logger  

Surface, injection well 
piping 

5 seconds  5 minutes  

Downhole 
pressure gauge  

Pressure Gauges  Injection Unit  5 seconds  5 minutes  

Injection rate  Coriolis Meter  Central Pad piping 5 seconds  5 minutes  
Injectate density  Coriolis Meter  Central Pad piping 5 seconds  5 minutes  
Total mass 
injected 

Coriolis Meter  Central Pad piping 5 seconds  5 minutes  

Annular pressure  Pressure Gauge  Well Head  5 seconds  5 minutes  
Annulus fluid 
volume  

Pressure Gauge  Annulus System Tank  5 seconds  5 minutes  

CO2 stream 
temperature  

Coriolis 
Meter/Wellhead 
Pressure Logger  

Well Head, injection 
well flowing  

5 seconds  5 minutes  

Note: The word “continuous” is used to express the frequency of measures collected during monitoring 
equipment operation is defined as the instrument’s normal data collection frequency as defined by the 
manufacturing. The frequency will vary by instrument and application. Measurements that are collected 
“continuously” will be averaged across a reasonable and appropriate time interval for reporting the 
detection monitoring results during the operational phase of the Project. 

5.5.1 Continuous Monitoring of Injection Rate and Volume 

ExxonMobil will collect continuous measurements necessary to calculate and report the 
injection mass flow rate and volume in compliance with 40 CFR 146.90(b). A data management 
system or suitable equivalent will be used to facilitate continuous collection of intake pressure at 
the central pad transfer point, pressure within the distribution system to each injection well, and 
the wellhead of the injection wells. 

A Coriolis flow meter will be used to measure the flow rate at the central pad and compute flow 
rates for each injection well. The Coriolis flow meter directly measures the mass flow rate of the 
injected fluid. Analytical methods will be conducted at a periodic interval to determine the mass 
percentage concentration of CO2 and CO. The mass percentage concentration of CO2 and 
carbon monoxide (CO) are multiplied by the total mass flow reading from the Coriolis flow meter 
to estimate the total mass of captured CO2 and CO for a given period. The meter will be placed 
directly at the point of injection. The meter will be calibrated to manufacturer specifications. 

 

 
 

ExxonMobil will review and interpret the continuously monitored parameters to validate that they 
are within permitted limits. The data review will also include examination of trends to help 
assess the need for equipment maintenance or calibration. Semiannual reports of the 
monitoring data will be submitted to the regulatory permitting authority. 
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5.7.2 Analytical Methods 

Near-wellbore conditions, such as the prevailing flow regimes, well skin, reservoir properties 
and boundary conditions will be assessed through the use of standard pressure transient 
diagnostic plotting and well test simulators, as required. This assessment will be accomplished 
from analysis of observed pressure changes and pressure derivatives on standard diagnostic 
log-log and semi-log plots. Significant changes in the well or reservoir conditions will be 
identified by comparing pressure fall-off tests performed prior to initial injection with later tests. 
These well parameters resulting from fall-off testing will be compared against those used in AoR 
determination and site computational modeling. Notable changes in reservoir properties may 
dictate that an AoR reevaluation is necessary. 

The pressure fall-off test results will be submitted to the UIC Director within 30 days of 
completion of the quality assurance / quality control verification of the pressure data. 

5.7.3 Quality Assurance/Quality Control 

The surface field equipment will undergo inspection and testing prior to operation. The pressure 
gauges will be calibrated prior to installation per manufacturer instructions. Documentation 
certifying proper calibration will also be enclosed with the test results. Further validation of the 
test results will be justified by extended collection of pressure data from the plugged and 
abandoned injection stages. The continuation of pressure monitoring in deeper, inactive stages 
allows for recording of the naturally occurring pressure decay. Pressure communication 
between stages may also be evaluated with this approach. 

5.8 Monitoring of CO2 Stream 
Consistent with 40 CFR 146.90(a), ExxonMobil will install and use measurement devices to 
analyze the chemical composition of the injection stream to assess the potential for interactions 
between CO2 and other injectate components and compatibility with the well completions 
materials. Temperature and pressure will also be measured at the sample collection point. 

5.8.1 Sampling Frequency 

Quarterly sampling of the CO2 stream is proposed for the first two years of operation, after 
which the frequency may be reduced to twice per year if the results of the CO2 stream analyses 
are consistent. If a new source is introduced after transition to semiannual sampling, quarterly 
sampling would be re-initiated from the time the new source is included in the CO2 stream for a 
period of one year. If a consistent stream composition is observed for a period of one year, 
sampling would be reduced to twice per year. 

5.8.2 Sampling Methods 

The quarterly measurements will be obtained by collecting representative samples of CO2 at a 
sample port on the Project’s central pad beyond the last stage of compression in the 
compression build or similar point. Sufficient mixing and residence time in the system will have 
occurred at this sampling point for the sample to be representative of the injected CO2 stream. 
The sampling station will be equipped with the ability to purge and collect a gas sample into a 
sealed container. The central pad is the connection point between the CO2 pipeline and the 
sequestration field’s distribution system. 

Sampling activities will be conducted at the direction of site representatives and in accordance 
with the certified or accredited analytical laboratory procedures and will meet the minimum 
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current standard EPA procedures. A sample will be collected by depressurizing the liquid 
stream and sampling the CO2 as a gas in either a Tedlar® bag, a Summa cannister, or 
laboratory-approved alternate. The grab sample will be sent to an independent contract 
laboratory for analysis. 

Each sample will be accompanied by a facility or contract laboratory Chain-of-Custody (COC) 
form that provides a record of sample handling, starting with sample acquisition, documenting 
the sample transfer process up to laboratory analysis. Samples taken are to be logged in the 
field using the COC form. Sample transfer containers (e.g., coolers) will be sealed and delivered 
to the laboratory with a COC form. The COC form shall provide the following items recorded by 
the sampler: 

1. Sample ID including code or name, in addition to date and time; 

2. Name of sample collector; (include sampling company name if not site personnel); 

3. Sample collection method; 

4. Sample collection date; 

5. Sample collection point; and 

6. Sample presentation technique, as applicable. 

Standard laboratory COC forms that document the times and dates of all personnel handling the 
sample, along with standard labels and container seals sufficient to distinguish between 
samples and prevent tampering, will be acceptable. 

Sample COC will be followed at all times during the sampling and subsequent analysis. COC 
will be used to document the handling and control necessary to identify and trace a sample from 
collection to final analytical results. 

5.8.3 Analytical Plan 

Table 5-3 presents the test parameters, analytical methods, and sample frequency for each test 
parameter. The selected parameters and constituents for analysis are consistent with the 
composition of the CO2 stream described in Section 4 – Well Construction Plan and Operating 
Conditions. 

Table 5-3: Summary of CO2 Sampling and Analysis Plan 

Parameter/Constituents Analytical Method(s)1 Frequency2 
CO2 Purity ISBT 2.0, GC/DID or Method 

3A 
Quarterly 

Water ISBT 3.0, GC/FTIR, Method 
320, EPA Method 4 

Quarterly 

Oxygen ISBT 4.0, GC/DID or Method 
3A 

Quarterly 

Nitrogen ISBT 4.0, GC/DID or by 
difference 

Quarterly 

Sulfur Dioxide ISBT 14.0, GC Quarterly 
Hydrogen Sulfide ISBT 14.0, GC Quarterly 
Oxides of Nitrogen ISBT 7.0 Quarterly 
Total Hydrocarbons ISBT 10.0, GC Quarterly 
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5.10 CO2 Plume Tracking Using Groundwater Monitoring Data 
5.10.1 Phased and Triggered Monitoring 

The phased and/or triggered monitoring strategy was adopted for the installation of in-zone 
monitoring wells, potential additional USDW monitoring wells, soil gas monitoring wells, and air 
monitoring locations. The phased approach was deemed reasonable and appropriate based on 
the schedule of CO2 injection for three injection wells and the degree of protectiveness evident 
based on the geologic site characterization and demonstrated by the plume modeling. This type 
of approach allows the site-specific testing and monitoring strategies to be tailored to changes in 
predicted performance and in response to potential increased risks to USDWs identified or 
detected during the course of injection. 
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Groundwater samples will be collected using dedicated tubing and pumps capable of producing 
representative groundwater samples to the surface with the least pumping effort. The fluid 
sampling parameters and frequencies for the in-zone and USDW monitoring wells are shown in 
Table 5-4. Additional USDW monitoring wells will be added to assess the potential for USDW 
endangerment if necessary. 

A wellbore schematic is provided for USDW Monitoring Wells No. 01 to No. 03 in  
. The USDW monitoring wells will be completed to collect groundwater samples for 

the Chicot Aquifer at depths from approximately  
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Measurements are performed on gases collected from the fluid samples by depressurizing them 
to atmospheric conditions in a controlled laboratory environment. 

5.10.6.1 Analytical Methods 

ExxonMobil will test the fluid samples and maintain results for the parameters listed in Table 
5-4. If results indicate the existence of impurities in the injection stream, the diagnostic power of 
these constituents will be assessed to determine if they should be included in the analysis of the 
water samples. Testing results will be stored in an electronic database. 

Fluid chemistry data will be monitored for deviations from baseline, predicted, and average 
values. If a significant variance occurs, the numerical model will be reevaluated. Potential 
geochemical signs that fluid may be leaking from the injection interval may be detected upon 
observation of the following trends: 

• Change in TDS; 

• Change in signature of major cations and anions; 

• Increase in CO2 concentration; 

• Decrease in pH; 

• Increase in concentration of injectate impurities; and 

• Increase in concentration of leached constituents. 

5.10.6.2 Laboratory to be Used/COC Procedures 

The analysis of the fluid samples will be transported to an accredited and state-approved 
laboratory. ExxonMobil will observe standard COC procedures and maintain records to allow full 
reconstruction of the sampling procedure, storage, and transportation, including any problems 
encountered. 

5.10.6.3 Quality Assurance and Surveillance Measures 

ExxonMobil will collect replicate samples and sample blanks for quality assurance/quality 
control purposes. The samples will be used to validate test results, if needed. 

5.10.6.4 Plan for Guaranteeing Access to All Monitoring Locations 

Placement of the well locations is optimized to be accessible from roads. 
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The semiannual reports will include the data collected during each reporting period and a list of 
notifications triggered during a semiannual period, if any. The following information is proposed 
for the routine performance reporting: 

• Monthly average, maximum, and minimum values of injection pressure, flow rate and 
volume, and annular pressure; 

• Monthly volume and/or mass of the CO2 stream injected over the reporting period, and the 
volume injected cumulatively over the life of the Project; 

• Monthly annulus fluid volume added; 

• Results of CO2 plume and pressure front tracking as described herein; 

• Any significant changes to the physical, chemical, and other relevant characteristics of the 
CO2 stream from the proposed operating data that could impact plume migration or 
protection of USDWs; 

• A description of any event which triggered a shut-off device required to 146.88 (e) and the 
response taken; and 

• A description of any event that exceeded operating parameters for annulus pressure or 
injection pressure specified in the permit. 

The semiannual reports will be submitted 30 days after the completion of the quality control, 
quality review of the data for each reporting period. Table 5-8 describes the non-routine 
reporting triggers, contents, and schedule. 
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Table 5-9: Summary of Triggering Events for Notification and Reporting Schedule 

Triggering Event Reporting Schedule 
Planned well workover, stimulation activities, or 
other planned test of an injection well. 

Notification to the UIC Director, in writing, 30 days 
in advance of planned activity. 

Completion of well workover. 30 days after completion of well workover. 
Any test of the injection well conducted, if required 
by the UIC Director. 

30 days after completion of any testing required 
by UIC Director. 

Evidence of potential non-compliance with a 
permit condition, or malfunction of the injection 
system that may cause fluid migration into or 
between USDWs. 

Verbal Notification – Reported within 24 hours of 
verification of non-compliance or malfunction.  

Primary evidence that the injected CO2 stream or 
associated pressure front may cause an 
endangerment to a USDW. 

Verbal Notification – Reported within 24 hours of 
verification of endangerment 

A failure to maintain mechanical integrity. Verbal Notification – Reported within 24 hours of 
verification of MIT failure 

A statistically significant change to the physical, 
chemical, and other relevant characteristics of the 
CO2 stream from the composition described in the 
proposed operating plan. 

Written Notification – Reported within 72 hours of 
verification of composition change. 

An operational condition that exceeds operating 
parameters for annulus pressure or injection 
pressure as specified in the permit. 

Verbal Notification – Reported within 24 hours of 
verification of non-compliance with permit 
conditions. 
Written Notification – Reported within 72 hours of 
verification of non-compliance with permit 
conditions. 

A shut-off device anywhere in the injection well 
system that is triggered. 

Verbal Notification – Reported within 24 hours of 
event. 
Written Notification – Reported within 72 hours of 
event. 

ExxonMobil will submit all reports, submittals, and notifications to both the EPA and the Railroad 
Commission of Texas and retain records in accordance with 40 CFR 146.91(f) for a 10-year 
period after site closure. Additionally, injected-fluid data, including nature and composition, will 
also be retained for the 10-year period following site closure. Monitoring data will be retained for 
a minimum of 10 years post-collection, while well-plugging reports, PISC data, and the site 
closure report will be retained for 10 years after site closure. 

5.12 Testing Plan Review and Updates 
In accordance with 40 CFR 146.90(j), the Testing and Monitoring Plan will be reviewed and 
revised at a minimum of every five years to: 

• Identify Project-specific factors that may warrant revision to the Plan; 

• Incorporate information and changes necessary to monitor an increase in risk to or 
endangerment of USDWs; and/or 

• Deviations from permitted conditions that require Plan modifications. 
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ExxonMobil will incorporate the collected monitoring data that characterizes the Project-specific 
factors and the changes needed, if any, to monitor increased potential risk to USDW and overall 
Plan compliance with the UIC Director’s requirements. Plan amendments will be submitted 
within one year of an AoR reevaluation, following significant facility changes (such as the 
development of offset monitoring wells or newly permitted injection wells within the AoR), or as 
the UIC Director requires. Table 5-10 summarizes the various measurements discussed in the 
Testing and Monitoring Plan and the frequency of measurements for data collection and 
reporting purposes. 

CONFIDENTIAL BUSINESS INFORMATION



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03
 Page 48 of 50 

Table 5-10: Testing and Monitoring Plan Measurements and Frequency 

Equipment / Measurement Regulation Objective  
Coriolis flow meter 146.90b Measure mass flow rate  
Corrosion coupon 146.90c Measure corrosion levels on the types of metal used in 

the Project 
 

Injection stream sampling 146.90a Provide more detailed analysis via periodic lab analysis 
of injection stream  

 

Central pad temperature 
gauge 

146.90a Measure temperature of the total injection stream at the 
pad before partitioning to injections 

 

Injection wellhead tubing P 
gauge 

146.90a Measure downstream of choke  

Injection wellhead annulus P 
gauge 

146.90b Verify annulus pressure maintained  

Injection annulus pressure test 146.89b Verify absence of leak in annulus  
Injection Well downhole 
pressure and temperature 
gauge for active/open injection 
interval 

146.90b Measure downhole pressure and temperature (injection 
mass to volume conversion, verifying that it is not 
exceeding maximum pressure) 

 

146.90f Measure fall-off of pressure after abandoning injection 
stage and initiating injection in next stage above 

 

146.90g(1) Direct measurement of pressure, sensitive to pressure 
from other injections, especially when injection intervals 
are staggered between wells 

 

Injection well behind-casing 
fiber 

146.90g(2) DAS-VSP: main imaging fiber  
 

 
 

 
 

 
 

 

 
146.87a(3)(ii) DTS for cement long portion of long-string casing 

where fiber is cemented in place 
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Equipment / Measurement Regulation Objective  
146.90e Supplementary fiber for external MIT; does not cross 

the UCCZ, which is important for external MIT, but is 
closer to formation and may therefore have heightened 
sensitivity to potential flow through channels through or 
along cement 

 

Injection well CIL 146.90e Through-tubing log to detect loss of metal mass in 
casing due to corrosion 
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Appendix H – Plugging Schematics and Procedures 
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6.2 Preparation of Well Prior to Plugging 
Prior to plugging, the well will be flushed with a buffer fluid, the bottomhole pressure will be 
measured, well components will be removed as needed, and an external mechanical integrity 
test (MIT) will be performed. The proposed plugging methods and materials used are corrosion 
compatible to the injection interval conditions. 

As needed, ExxonMobil will repair deficiencies identified during the life of the well to mitigate 
potential leaks to USDWs [40 CFR 146.88(f)]. Historical MIT data and prior remedial measures 
will be considered prior to plugging operations. If required, those remedial activities will be 
included in an amendment to this plan. 

6.2.1 Flushing Well with Buffer Fluid 

Pressure control will be accomplished through the use of kill-weight brine that is weighted and 
compatible with the injectate and formation fluids. The kill-weight brine fluids will be circulated 
through the injection well to remove fluids or fine debris that could have a significant impact on 
the integrity of cementing operations. The fluids will be chemically compatible with the formation 
fluids and solids in the downhole environment. The following components that have been in 
contact with injection or annular fluids will be flushed: 

• Any components in the annular space between the injection tubing and the production 
casing; 

• The long-string casing; 

• The perforated injection zone; and 

• The injection packer, if needed. 

. After the well has ceased 
operation, flushing fluid will be circulated through tubing to flush the well of free solids, as 
necessary. 

6.2.2 Removal of Well Components and Obstructions 

The removal of well equipment prior to plugging will be completed to open the well for access. In 
general, uncemented and non-permanent components of the well will be removed. This includes 
downhole monitoring devices and potentially shut-off devices. Tubing will be removed with the 
use of a rig. The tubing will be pulled out of the packer. 

The surface and long-string casings will be cemented to the surface and will remain in place. 
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6.3.1.1 Pre-Zonal Isolation Activities 

ExxonMobil will comply with reporting and notification provisions for the UIC Program Director, 
which require a 60-day advanced written notice before planned recompletion efforts are 
undertaken [40 CFR 146.92(c)]. A similar notice of recompletion will be communicated to the 
Railroad Commission of Texas (RRC). The bottomhole reservoir pressure will be measured 
using the  [40 CFR 146.92(a)]. Schematics of the initial 
completion plans for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03 are 
presented in Appendix D.1 - Well Construction Design and Completion. 

6.3.1.2 Zonal Isolation Activities 

A barrier will be set above the injection zone to be isolated. This is generally completed via a 
bridge plug or a permanent packer with plug in nipple profile completed with approximately 10 ft 
of CO2 compatible cement. The plug integrity will be assessed by conducting a pressure test or 
tagging. The perforations will not be squeezed. 

6.3.2 Final P&A 

After injection operations cease and after post-operational monitoring in a well is completed, the 
injection well will be prepared for final P&A. The general final P&A procedures are described 
below. 

6.3.2.1 Pre-Plugging Activities (Notifications, Permits, and Inspections) 

ExxonMobil will comply with reporting and notification provisions and provide written notification 
to the UIC Program Director 60 days before planned plugging efforts. If changes have been 
made to the original approved Injection Well Plugging Plan, ExxonMobil will provide the 
amended Injection Well Plugging Plan [40 CFR 146.92(c)]. A Notice of Intention to Plug and 
Abandon Form W-3A will be submitted to the RRC at least 5 days before plugging operations 
are planned to commence. In accordance with 40 CFR 146.92(d), a plugging report will be 
submitted to the UIC Program Director and RRC within 60 days after plugging. Plugging Record 
Form W-3 will be filed with RRC District Office 3 within 30 days after plugging. 

The following plugging activities are planned for each injection well: 

• The bottomhole reservoir pressure will be measured using the  
 [40 CFR 146.92(a)]; 

• The external mechanical integrity will be demonstrated through approved testing methods 
discussed above [40 CFR 146.92(a)]; and 

• The injection well will be flushed with a buffer fluid prior to pulling the injection tubing and 
packer [40 CFR 146.92(a)], as described in Table 6-3. 
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6.3.2.2 Plugging Procedure, Injection Well No. 01 

The following sequence of plugging procedures are planned: 
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6.3.2.3 Plug Details, Injection Well No. 01 

Table 6-4 provides the plugging details for Injection Well No. 01; Appendix H shows the final 
plugged schematic. 
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6.3.2.4 Plugging Procedure, Injection Well No. 02 

The following sequence of plugging procedures are planned: 
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6.3.2.5 Plug Details, Injection Well No. 02 

Table 6-5 provides the plugging details for Injection Well No. 02; Appendix H shows the final 
plugged schematic. 

6.3.2.6 Plugging Procedure, Injection Well No. 03 

The following sequence of plugging procedures are planned: 
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6.3.2.7 Plug Details, Injection Well No. 03 

Table 6-6 provides the plugging details for Injection Well No. 03; Appendix H shows the final 
plugged schematic. 
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6.4 Notifications and Record Keeping 
The procedures described above are subject to modification during execution, as necessary, for 
implementation of plugging operations that protect worker safety and the USDW. Significant 
modifications due to unforeseen circumstances will be reported to the UIC Program Director 
within 24 hours of occurrence during field operations and documented in the plugging report. 
Completed plugging forms, records, and lab information will be supplied to the regulatory 
agencies as required by the permit. The plugging report will be certified as accurate by 
ExxonMobil and the plugging contractor and will be submitted to the UIC Program Director 
within 60 days after plugging is completed [40 CFR 146.92(d)]. Well plugging reports, post-
injection site care data (including data and information used to develop the demonstration of the 
alternative post-injection site care timeframe), and the site closure report collected pursuant to 
the requirements in 40 CFR 146.93 (f) and (h), will be retained by ExxonMobil. Site closure and 
reporting is discussed in Section 7 – Post-Injection Site Care and Site Closure Plan. 

The plugging report will provide the following information: 

• Results of tests to determine BHP and mechanical integrity; 

• Type and number of plugs used; 

• Cement type, grade, weight, and quantity of material for plugs; 

• Method of cement plug emplacement; and 

• Top and bottom of each cement plug. 
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6.5 Monitoring Well P&A 
Monitoring wells must be plugged in accordance with 40 CFR 146.93(e) to not allow movement 
of injection or formation fluids that could endanger USDWs. Specific monitoring wells will remain 
in place after injection wells have been plugged and abandoned for use in monitoring activities 
associated with the Post Injection Site Care and Site Closure Plan. ExxonMobil will assess the 
monitoring well plugging procedures prior to P&A in relation to this plan. Documentation of 
appropriate P&A of the monitoring wells will be submitted to the UIC Program Director in 
accordance with 40 CFR 146.93(f)(1). 

6.6 Amendments to the P&A Plan 
The Plugging Plan will be amended to account for changes in conditions that trigger 
modification to the Area of Review. ExxonMobil will inquire with the UIC Program Director to 
confirm whether such changes in condition warrant amendments to the Plugging Plan. 
Revisions to the Injection Well Plugging Plan can be made at any time and submitted when 
notifying the UIC Program Director of the intent to plug the well at least 60 days prior to 
conducting the plugging activity [40 CFR 146.92(c)].  
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SECTION 7 – POST-INJECTION SITE CARE AND SITE CLOSURE PLAN 
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Post-Injection Monitoring Plan 

PISC monitoring is required by 40 CFR 146.93(b) to demonstrate that USDW is not endangered 
during the post-injection phase of the Project. Much like the operational phase, direct and 
indirect forms of monitoring will be used to track the evolution of the CO2 plume and pressure 
front after cessation of CO2 injection. The strategy for the Post-Injection Monitoring Plan is to 
rely on a core set of monitoring locations that were established during the operational phase of 
the Project. The following set of core monitoring locations were assumed to be installed and 
monitored pursuant to the Testing and Monitoring Plan and found sufficient pursuant to the AoR 
reevaluation process: 

Figure 5-4 in Section 5 – Testing and Monitoring Plan illustrates the locations of these USDW 
monitoring wells. In the event that additional monitoring locations are added during the course of 
the injection operations under the direction of the UIC Program Manager, this core set of 
monitoring wells will be updated to reflect the detection monitoring system found sufficient for 
CO2 plume and pressure front migration evaluation at the close of the injection phase of the 
Project. 

In accordance with 40 CFR 146.93(b)(1), monitoring of the pressure front and CO2 plume will 
occur for at least 50 years or an alternate duration approved by the UIC Program Director. 
ExxonMobil is proposing a schedule to submit PISC monitoring results annually and within 30 
days of the anniversary date of injection cessation [40 CFR 146.93(a)(2)(iv)]. 

The following discussion provides details on the elements of the PISC monitoring strategy 
outlined above. 

7.3.1 PISC and Site Closure Plan Reviews and Amendments 
As required by 40 CFR 146.93(a)(3), ExxonMobil will submit an amended PISC and Site 
Closure Plan or demonstrate that no amendment is needed upon cessation of injection. 
Amendments to the plan, or the demonstration that no revisions are necessary, will be based on 
monitoring data collected during injection and the most-recent AoR delineation. The plume 
model will continue to be updated throughout the Project using monitoring information and the 
AoR reevaluation process and reporting requirements. 

During PISC monitoring, ExxonMobil will conduct periodic reviews to incorporate new 
monitoring data, changes to the site computational model that may warrant changes in PISC 
monitoring, and/or changes in the methodology proposed to demonstrate non-endangerment of 
USDW. This approach will also support the use of new technologies that may be available in the 
future that facilitate a higher level of performance than the existing system. Pursuant to 40 CFR 
146.84(e) and as described in Section 4 – Well Construction Plan and Operating Conditions, 
ExxonMobil will reevaluate the AoR periodically by comparing model predictions with monitoring 
results. Following an AoR reevaluation process, if the AoR and Corrective Action Plan are 
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Table 7-4: Direct and Indirect In-Zone Monitoring Program for PISC 

Monitoring Element Strategy 
Time Period Immediately following and for up to 50 years f rom cessation of  injection 

operations. 
Monitored Locations, 
Conditions, and 
Frequency 

Planned Changes in 
Monitoring Techniques 

None. The model-predicted rapid decrease in CO2 plume movement and 
pressure signif icantly reduces the potential for USDW endangerment 
following injection and eliminated need for additional monitoring. 

Triggers Table 3-20 in Section 3 – Area of  Review and Corrective Action Plan 
provides a list of triggers for the AoR reevaluation process. Those triggers 
are applicable to the monitoring program. 

 

 

7.3.4 Submitting PISC Monitoring Results 
In accordance with 40 CFR 146.93(a)(2)(iv), ExxonMobil will submit PISC monitoring data to the 
UIC Program Director in annual reports within 30 days following the anniversary of the date that 
injection ceases. The annual reports will contain information and data generated during the 
reporting period, such as: 

• A list of monitoring events performed during the reporting period and the associated dates; 
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• A brief description of sampling/testing/analytical locations, elevations/depths, equipment, 
and procedures, indicating whether (and why) departures from the procedures specified in 
the PISC and Site Closure Plan occurred; 

• Changes to the monitoring program that took place during the reporting period (e.g., repair 
to monitoring wells, implementation of approved changes in the frequency of monitoring 
activities based on criteria established in the PISC and Site Closure Plan and approval of 
UIC Program Director); 

• Synthesis and interpretation of the results that describe trends in parameter values or lack of 
trends, statistical tests performed, alignment between actual and plume model predictions, 
the appearance of anomalous or unexpected results, and progress toward attaining the U.S. 
Environmental Protection Agency (EPA) and Railroad Commission of Texas (RRC) criteria 
for non-endangerment; 

• Map(s) and cross section(s) showing the AoR, monitoring locations, and the interpreted 
extent of the separate-phase CO2 plume and the pressure front; and 

• Any recommended changes to the PISC and Site Closure Plan to continue protection of 
USDWs. 

7.4 Demonstration of Non-Endangerment of USDW 
Prior to the approval of the site closure authorization and in accordance with 40 CFR 
146.93(b)(2) and 40 CFR 146.93(b)(3), ExxonMobil will provide documentation to assess the 
potential for USDW to be at risk of endangerment from the CO2 plume at the end of the PISC 
phase of the Project. The non-endangerment demonstration will be based on monitoring data 
and a demonstration that the structure of the confining zones, combined with the geochemical 
conditions of the subsurface, have effectively permanently sequestered the stored CO2. This 
information will be used to demonstrate that additional monitoring is not needed to protect 
USDW and the Project has met the compliance obligations to receiving authorization for site 
closure. 

This demonstration will be in the form of a detailed report submitted to the UIC Program Director 
that synthesizes site- and Project-specific information and demonstrates a current 
understanding of system behavior at the time of the non-endangerment demonstration. The 
following subsections outline the type of information to be presented in the non-endangerment 
demonstration report. 

ExxonMobil will engage the UIC Program Director as soon as the available data are aligned with 
the criteria for site closure, which may ultimately be less than the default PISC duration of 
50 years pursuant to 40 CFR 146.93(b)(2) and 40 CFR 146.93(c). 

7.4.1 Introduction and Overview for Non-Endangerment Demonstration 
A summary of relevant background information will be provided in the introduction section, 
including the operational history of the injection Project, the date of the non-endangerment 
demonstration relative to the post-injection period outlined in this PISC and Site Closure Plan, 
and a general overview of how monitoring and modeling results will be used together to support 
a demonstration of USDW non-endangerment. 
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7.4.2 Summary of Existing Monitoring Data 
The monitoring data collected throughout the Project’s lifecycle will be summarized and used to 
describe how the UCCZ functioned as a barrier to mitigate endangerment of USDW and how 
the CO2 is effectively trapped in the injection zones. The non-endangerment demonstration will 
include a summary of previous monitoring data collected at the site, pursuant to the details in 
Section 4 – Well Construction Plan and Operating Conditions, and Section 5 – Testing and 
Monitoring Plan of this Application as well as the PISC and Site Closure Plan. Data submittals 
will be in a format acceptable to the UIC Program Director [40 CFR 146.91(e)] and will include a 
narrative explanation of monitoring activities, including the dates of all monitoring events, 
changes to the monitoring program over time, and an explanation of the monitoring 
infrastructure that has existed at the site. The data will be compared with baseline data collected 
during site characterization, including the use of statistical analyses as warranted [40 CFR 
146.82(a)(6) and 146.87(d)(3)] to assess trends in key parameters that support the proposal for 
site closure. 

7.4.3 Summary of Computational Modeling History 
A series of data sources detailed in Section 5 – Testing and Monitoring Plan of this Application 
will be used to update the computational model at least once every five years, more frequently if 
warranted. The following measured data will be utilized to update the computational model to 
demonstrate non-endangerment: 

• In-zone temperature and pressure data; 

• Injection rate and volume data; 

• CO2 plume location based on indirect geophysical monitoring; and 

• AZMI data regarding the performance of the UCCZ. 

The procedure used to reevaluate the AoR will be based upon the data collected between 
reevaluations and the well conditions at the time of reevaluation. The post-injection data will 
include historical injection rates, pressures, pressure fall-off, and historical operational 
parameters of the three injection wells. ExxonMobil will rely on a process of history matching the 
plume model results with the actual monitoring data. The measured data will be used as a 
calibration point for the plume model and the input parameters adjusted to provide a reasonable 
match between the two data sets. Through this or a similar process, ExxonMobil will provide a 
validation of the model performance for the CO2 plume and pressure front. 

7.4.4 Evaluation of Reservoir Pressure 
The non-endangerment demonstration will include an evaluation of the residual pressure and 
the potential for future endangerment of USDW continued trends in pressure dissipation. 
Information will be provided to describe how the pressure and buoyancy effects on plume and 
pressure migration decayed over time and how the residual levels comply with the requirements 
for non-endangerment. This evaluation will consider the most-recent AoR delineation/modeling 
results and pressure monitoring data. The same model that supported the delineation of the 
AoR or similar approved model by UIC Program Manager will be used for this modeling as it will 
be verif ied (or calibrated) by actual monitoring and operational data via AoR reevaluations. 
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7.4.5 Evaluation of the CO2 Plume 
The evaluation of the CO2 plume will evaluate the characteristics of the gas-phase CO2 plume, 
the aqueous-phase CO2 plume, and the dissolved-phase CO2 plume, as appropriate. The 
evaluation of the potential CO2 plumes will rely on monitoring data including geochemical and 
geophysical analyses and the most-recent AoR modeling results. Direct measurements of 
temperature and pressure of CO2 in the injection zone as well as the results of geophysical 
measurements will be used to confirm plume location and demonstrate plume migration rates. A 
comparison of monitoring data with the most-recent modeling results will also be used to 
corroborate model predictions of the phase-state of CO2 and the degree and processes of CO2 
trapping over time. 

7.4.6 Evaluation of Emergencies or Other Events 
Seven artif icial penetrations of the UCCZ were noted in Section 3 – Area of Review and 
Corrective Action Plan.  and corrosion resistant 
cement plugs will be placed at multiple intervals to restore the integrity of the UCCZ and protect 
USDW from crossflow potential. If any subsequent artif icial penetrations are discovered to have 
a potential to threaten USDW, they will have been remediated using the same procedures such 
that no artif icial penetrations of concern remain at the time of site closure. 

The data and evaluation methods specified pursuant to the requirements of Section 5 – Testing 
and Monitoring Plan as well as the PISC Plan provide the basis for demonstrating that no future 
endangerment of USDW is likely to occur. 

7.5 Site Closure Plan 
ExxonMobil will conduct site closure activities to meet the requirements of 40 CFR 146.93(d) 
through (h) as described below. ExxonMobil will submit a final Site Closure Plan and notify the 
UIC Program Director at least 120 days prior of its intent to close the site. Once the UIC 
Program Director has approved closure of the site, ExxonMobil will plug all injection and 
monitoring wells and submit a site closure report to the EPA and RRC. The activities, as 
described below, represent the planned activities based on information provided to EPA. The 
actual Site Closure Plan may employ different methods and procedures. A final Site Closure 
Plan will be submitted to the UIC Program Director for approval with the notif ication of the intent 
to close the site. 

Additionally, ExxonMobil will record a notation on the deed to the site that the land has been 
used to sequester CO2. Site closure activities will also include removing all surface equipment 
and restoring the site to its prior land surface condition. 

7.5.1 Pre-Closure 
In accordance with 40 CFR 146.93(d), a notice of intent to close the site will be submitted to the 
UIC Director at least 120 days prior to the commencement of closure operations. If any changes 
are made to the original PISC and Site Closure Plan, a revised plan will also be submitted. 
Relevant notif ications and applications, such as plugging requests, will be submitted and 
approved by the appropriate agency prior to commencing such activities. 

The site closure notice submitted to the UIC Program Director will include the following: 

• Facility information, name, and location; 
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Pursuant to 40 CFR 146.93(g), a record of notation in the Project facilities and infrastructure will 
be filed on the property deed to provide notice to landowners of the following: 

• The land use to sequester CO2; 

• The name of the state agency with which the survey plat was filed (RRC) and the EPA 
Regional Office (Region VI) at which it was submitted; and 

• The total volume of CO2 injected, the injection zones into which it was injected, and the 
period over which injection occurred. 

As required by 40 CFR 146.93(h), ExxonMobil will retain all records collected during the PISC 
period for 10 years following site closure. At the end of the retention period, ExxonMobil will 
deliver all records to the UIC Program Director for retention at a location designated by the UIC 
Director for that purpose. 
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Appendix G – FEMA Maps 
Appendix G-1: FEMA Flood Zone Hazards Map for Rose Project CCS Injection Wells No. 01 
and 02 

Appendix G-2: FEMA Flood Zone Hazards Map for Rose Project CCS Injection Well No. 03 
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8.1 Objectives 
The ERRP is a risk-based document that identif ies a set of hypothetical potential risk scenarios 
that could create an endangerment to USDWs and the actions to be taken to mitigate such risk. 
The objectives of the ERRP are aligned with the requirements of 40 CFR 146.94, which include: 

• Identify potential risk scenarios and adverse events that could impact USDW in the AoR. 
The assessment focuses on those events that were found to have a combined probability 
and consequence that makes them more likely to have an impact than other factors. 

• Provide a description of the response actions necessary to reduce the potential 
consequences to USDWs. For each scenario considered to be of material concern, describe 
the anticipated severity of the event, the phase during which the event could occur (i.e., 
construction, injection and/or post-injection phases), the proposed avoidance measures, 
what methods will detect the loss of containment or control, the response actions, 
notif ication requirements, and personnel and equipment that would be employed to mitigate 
the risk; and 

• Provide contact information for response personnel, a communications plan, and a 
description of staff training and exercise procedures. 

8.2 Overview of Risk Management Process 
ExxonMobil took the findings from the site characterization, AoR, and corrective action sections 
of the Application and identif ied hypothetical risk scenarios that could pose a threat to USDWs 
in the rare event of occurrence. ExxonMobil’s risk assessment process was used to estimate 
the probability and consequence of each risk scenario based on the experience and judgment of 
the risk subject matter experts for the Project. The list was sorted from the most probable and 
consequential risk scenario to the least probable and consequential scenarios so that the critical 
scenarios could be identif ied and the response actions to be undertaken. 

As shown in Figure 8-1 below, the maximum anticipated risk level for the Project, including the 
combination of the selected risk scenarios for the ERRP, is within the medium risk category. As 
mentioned above, a number of risk management steps were already taken to address the 
potential for CO2 or brine migration to occur. 

 

CONFIDENTIAL BUSINESS INFORMATION







Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03 

8 of 24 

 

CONFIDENTIAL BUSINESS INFORMATION

Claimed as PBI





Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03 

10 of 24 

 

-Page Intentionally Left Blank- 

CONFIDENTIAL BUSINESS INFORMATION



Class VI Permit Application for Rose CCS Project Injection Wells No. 01, No. 02, and No. 03 

11 of 24 

8.5 Use of Severity to Define Scope of Response Action 
Response actions were developed for each of the nine hypothetical risk scenarios identif ied for 
the ERRP. As listed in Table 8-2, the severity of the risk scenario was fit to a three-tiered 
categorization of emergency conditions. In addition, the response actions envision a stage-gate 
process where the information regarding the degree of severity for the emergency condition is 
evaluated to align the appropriate level of response to bring about mitigation of the emergency 
event. 

Table 8-2: Degrees of Risk for Emergency Events 

Emergency Condition Def inition 
Major emergency Events pose immediate substantial risk to USDWs and indirectly f rom 

USDW endangerment to resources or inf rastructure. Emergency actions 
involving local authorities (evacuation or isolation of  areas) must be 
initiated. 

Serious emergency Event poses potential serious (or signif icant) near term risk to USDW and 
indirectly f rom USDW endangerment to resource or inf rastructure if  
conditions worsen or no response actions taken. 

Minor emergency Event poses no immediate risk to USDW, resources, or inf rastructure. 

In accordance with 40 CFR 146.94(b), for the events below, if the injected CO2 stream and 
associated brine pressure front may cause an endangerment to a USDW, each set of response 
actions start with immediately ceasing injection and notifying the UIC Program Director within 
24 hours of the confirmation of a release event and the intention to implement the appropriate 
response action in the ERRP. 

8.6 Response Plans for Risk Scenarios 
The following response action details are provided to have a pre-approved set of actions in 
place should measurements collected pursuant to the Section 5 – Testing and Monitoring Plan 
indicate a malfunction or deviation from permitted limits. 

8.6.1 Integrity of Injection Well Casing or Cement Seal 

Two hypothetical release mechanisms were identif ied for injection wells that could possibly 
result in a release of CO2 and/or brine to USDWs. CO2 could be detected at an injection well, 
implying that internal or external mechanical integrity of an injection well may have been 
compromised and released CO2 to USDWs. CO2 or brine could also be released to USDW at 
the injection well because of subsurface cement degradation or annular space defects in 
cement completion. 

Hypothetical Release Mechanism: mechanical integrity failure at injection well resulting in release of  
CO2 and/or CO2 and/or brine to USDWs. 

Severity:  

• Minor: A malfunction in the monitoring equipment created a false positive indication of  a release 
when in fact none occurred. Alternatively, detection monitoring equipment at the wellhead facility 
detects the release and the well was shut-in, representing a minor CO2 release. 
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• Serious: A failed MIT identif ied a release mechanism, but detection of  brine or CO2 was not
apparent in the detection monitoring system.

• Major: A detection of CO2 and/or brine to USDW within the AoR prior to conf irming the source of
the injection well release point.

Timing of event: Injection and/or post-injection phase. 

Avoidance measures: 

• Proper wellbore design, including the use of  corrosion resistant cement and CO2 compatible
metallurgy of  the casing and tubing, will be used for construction of  the injection well.

• Routine inspection of  the well casing and cement integrity to identify potential corrosion or
def iciencies.

Detection methods: 

• Def iciency identified during continuous pressure and temperature monitoring, pressure falloff tests,
and annulus pressure tests.

• Wellhead pressure exceeds the maximum pressure specif ied in the permit.

• Annulus pressure indicates a loss of  external or internal integrity/containment.

• CO2 plume and pressure tracking above UCCZ indicates a change in conditions.

• Fluid samples f rom above the UCCZ and USDW indicate a statistically signif icant change in
conditions.

• MIT identif ies a potential issue in the integrity of  the well.

• Well casing and cement bond logs conducted during shut-ins to assess loss decay or corrosion
more than acceptable limits.

Response actions: 

• Notify ExxonMobil Site Manager and site personnel.

o The Site Manager will respond to the event for an initial assessment to determine severity of
event.

• Minor Event:
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• Serious or Major Event: 
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Personnel: Emergency response personnel, geotechnical professionals, and environmental or water-
treatment professionals. 

Equipment: Drill rig, logging equipment for cement or casing materials, MIT equipment, environmental 
media sampling equipment, well plugging equipment. 

8.6.2 Integrity of Injection Well Casing or Cement Seal for Legacy Wells 

Consistent with the potential for CO2 or brine to migrate to USDW at an injection well, artif icial 
penetrations of the UCCZ from legacy oil and gas activities may provide a similar risk scenario. 
Legacy wells were identif ied within the AoR that penetrate the UCCZ. The plugging of  
legacy wells will be recompleted as a corrective action prior to operation.  remaining legacy 
wells are present, of which  are proposed for phased corrective action and  wells were 
found to have sufficient casing and cement plugs to protect USDW. The objective of this risk 
scenario is to provide the response actions in the event that legacy wells are suspected of CO2 
and/or brine leakage to USDWs because of casing or cement integrity issues that are detected 
in the AoR. 

Hypothetical Release Mechanism: CO2 and/or brine migrate to USDW at an artificial penetration as 
detected within the AoR. 

Severity:  

• Minor: direct and indirect CO2 plume and pressure front tracking indicate that the legacy well is in 
the path of migration with the potential to create elevated pressures and a potential for corrosive 
environment to be created at the well location. 

• Serious: direct and indirect CO2 plume and pressure front tracking indicate that the legacy well has 
been impacted with minor increases of  CO2 and/or brine pressures and corrosive f luids. 

• Major: direct and indirect CO2 plume and pressure front tracking indicate that the legacy well has 
been impacted by significantly elevated pressures and a corrosive environment is present that 
could create a crossflow potential between the injection zone and USDW if a conduit were present. 

Timing of event: Injection and/or post-injection phase. 

Avoidance measures: 

• Compliance with CO2 plume and brine tracking systems. 

• Plume model updates to predict pressure f ront arrival times at legacy well locations and adjust 
timing of  phased corrective action. 

Detection methods:  

• CO2 plume and pressure tracking indicates impact is likely. 
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8.6.3 Injection Well Monitoring Equipment Failure 

Loss of mechanical integrity of well pressure equipment may occur during operation of the 
injection wells. A pressure gauge malfunction or other similar equipment could create a shut-off 
valve malfunction and result in an uncontrolled pressure situation and CO2/brine crossflow to 
USDW by fault or fracture activation or well casing and/or cement failure in the vicinity of the 
production casing perforations. 

 

Hypothetical Release Mechanism: Loss of mechanical integrity of  well pressure equipment could 
create a shut-off valve malfunction and result in an uncontrolled pressure situation and CO2/brine 
crossflow to USDW by fault or fracture activation or by well casing and/or cement failure in the vicinity 
of  the production casing perforations. 

Severity: 

• Minor: Failure of monitoring equipment to document compliance with permit operating conditions, 
but subsequent evaluation of available information demonstrates that well integrity has not been 
impacted. 

• Serious/Major: Failure of  monitoring equipment to document permit operating conditions and 
subsequent evaluation of the data documents non-compliance with permitted operating conditions 
and potential for well integrity impacts. 

Timing of event: Injection phase and/or post-injection phase. 

Avoidance measures:  

• Routine equipment inspection and maintenance to identify potential integrity issues that may be a 
result of  equipment failure. 

• Routine inspections and calibration of  monitoring equipment in accordance with manufacturers 
recommended procedures. 

• Consistent fluid sampling throughout the detection monitoring well network to detect a release 
above the UCCZ.  

• Redundant pressure and temperature measurements in the injection zones to confirm compliance 
with permitted operating conditions. 

Detection methods:  

• Anomalies in pressure and rate monitoring, pressure fallof f  tests, and annulus pressure tests. 

Response actions: 

• Notify ExxonMobil Site Manager and site personnel.  
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Personnel: Emergency response personnel, geotechnical professionals, and environmental or water-
treatment professionals. 

Equipment: Drill rig, logging equipment, cement or casing materials, and air and water testing 
equipment. 

8.6.4 Integrity of the UCCZ 

Several potential risk scenarios were considered that involve a hypothetical release through 
naturally occurring faults and fractures or penetration of the UCCZ, creating a migration 
pathway toward USDW. For example, CO2 could hypothetically leak through natural faults or 
fractures in the UCCZ within or beyond the AoR and impact USDWs. CO2 or brine could 
hypothetically migrate horizontally to artif icial penetrations within or beyond the AoR that are not 
sealed at the UCCZ and result in a release to USDWs. Response actions were developed to 
address such scenarios in the rare event that they occur. 

The primary limiting factor for the magnitude of the release for these scenarios was based on 
the site characteristics described in Section 2 – Site Characterization. CO2 and brine leaks 
through shales due to mechanical fracturing were not considered a material concern for the 
Project because of the physical nature of the confining shale materials. Above the UCCZ is 
approximately  feet of saturated shale and sand. Such a release would likely be detected 
by the detection monitoring program for groundwater prior to release to the surface. Therefore, 
ambient air monitoring in the AoR was contingent on the confirmed release of CO2 to USDW at 
sufficient concentrations to migrate to the surface at levels above health-based thresholds. 

The following response actions were developed to mitigate the potential for releases through the 
UCCZ, which were assumed to occur during injection operations and/or post-injection site care. 
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Hypothetical Release Mechanism: release through naturally occurring faults and f ractures or 
penetration of  the UCCZ, creating a migration pathway toward USDWs. 

Severity:  

• Minor: direct and indirect CO2 plume and pressure front tracking indicate that a fault or f racture is 
in the path of migration with the potential to create elevated pressures sufficient to cause crossflow 
above the UCCZ. 

• Serious: direct and indirect CO2 plume and pressure front tracking indicate that a fault or f racture 
has been impacted with minor increases of  pressures. 

• Major: direct and indirect CO2 plume and pressure front tracking indicate that a fault or fracture has 
been impacted by signif icantly elevated pressures that will likely create a crossf low potential 
between the injection zone and USDW. 

Timing of event: Injection and/or post-injection phase. 

Avoidance measures: 

• Compliance with CO2 plume and brine tracking systems. 

• Plume model updates to predict pressure f ront arrival times at fault and f racture locations and 
adjust timing of  phased detection monitoring programs elements. 

Detection methods:  

• CO2 plume and pressure tracking indicates impact is likely. 

• Fluid samples f rom above the UCCZ and USDW indicate a statistically signif icant change in 
conditions. 

• Third-party direct or indirect data confirm impact to fault, fracture, or artificial penetration outside of  
AoR. 

Response actions: 

• In the event that the detection monitoring program outline in the Section 5 – Testing and Monitoring 
Plan or similar third-party monitoring program detects a confirmed release of CO2 or brine through 
the UCCZ to the f irst water-bearing zone above the UCCZ or USDW, notify the UIC Program 
Director within 24 hours of  the emergency event, per 40 CFR 146.91(c). 

• Determine the severity of  the event, based on the information available, within 24 hours of  
notif ication. 

• For all emergencies (Major, Serious, or Minor): 
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Personnel: Emergency response personnel, geotechnical professionals, and environmental or water-
treatment professionals. 

Equipment: Drill rig, logging equipment, cement or casing materials, and air and water testing 
equipment. 

8.6.5 Induced or Natural Seismic Event 

Natural or induced seismic events of sufficient magnitude to create damage were found to be 
highly improbable for the site location and under permitted operating conditions that are below 
the critical fracture pressure. In the very rare chance that such seismic conditions occurred, the 
consequences could be of significance regarding the integrity of the artif icial penetrations of the 
UCCZ and the natural faults and fractures. Therefore, the following response actions were 
developed to gather information regarding the potential for CO2 and brine confinement issues to 
arise under such events. 
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ExxonMobil will rely upon U.S. Geologic Survey seismic monitoring data for the site and 
surrounding area to provide information on a seismic event, should one occur. If a review of the 
data indicates that the event was more likely than not associated with the injection zone in or 
near the AoR, ExxonMobil will notify the UIC Program Director of the intent to install a site-
specific network of seismic stations to provide additional information with the regional seismic 
data. The details of the site-specific seismic monitoring system will be provided to the UIC 
Program Director as a modification of Section 5 – Testing and Monitoring Plan. Table 8-3 
provides the response actions depending on severity of the seismic event. 

 

1 Specif ied magnitudes determined by local or U.S. Geological Survey (USGS) seismic monitoring 
stations or reported by the USGS National Earthquake Information Center (NEIC) using the national 
seismic network. 
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8.7 Response Personnel and Equipment 
Site personnel, Project personnel, and local authorities will be relied upon to implement this 
ERRP and will be dispatched in the case of an emergency. In the event of an emergency, 
appropriate city, county, and state emergency responders and agencies may be notif ied based 
on severity of the risk. Contact information for ExxonMobil Emergency Authorities and state and 
local emergency services are outlined in Table 8-4 and Table 8-5, respectively. 

A site-specific emergency contact list will be developed and maintained during the life of the 
Project. ExxonMobil will provide the current site-specific emergency contact list to the UIC 
Program Director. 

Table 8-4: Contact Information of ExxonMobil Emergency Authorities 

Name Title Telephone Number 
 LCS USGC Venture Executive  

 Emergency Response & 
Preparedness Manager 

 

 Public & Government Af fairs 
Advisor 

 

Table 8-5: Emergency Services 

Agency Telephone Number 
  

  
  

  
Texas Division of  Emergency Management (512) 424-2208 
Texas Department of  Public Safety (512) 424-2000 
State of  Texas Spill-Reporting Hotline 1-800-832-8224 
Texas Parks and Wildlife Department (512) 389-4800 
EPA Region 6 800-887-6063 or 214-665-2760 
EPA Class VI Contact – Brandon Maples 214-665-7252 
Texas Department of  Natural Resources (512) 389-4800 

  
National Response Center 1-800-424-8802 
State of  Texas Spill-Reporting Hotline 1-800-832-8224 
EPA National Response Center (24 hours) (800) 424-8802 
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Necessary equipment for emergency and remedial response may vary depending on the event. 
Generally, no specialized equipment will be required for response actions (such as cessation of 
injection, well shut-in, and evacuation). If specialized equipment (such as a drilling rig or logging 
equipment) is required, ExxonMobil will be responsible for its procurement. 

8.8 Communications Plan and Emergency Notification Procedures 
As appropriate, ExxonMobil will communicate to the relevant public authorities about an event 
that may require emergency response so that the public understands the emergency event and 
if there are any environmental, health, or safety concerns. Based on the emergency event, 
ExxonMobil will determine the appropriate information, timing, and communication method for 
the event. This information may include potential impact of the event on drinking water or the 
severity of the event, actions taken or planned to address the event, and other information 
needed to protect the public during the event. 

If required, ExxonMobil will also communicate with other entities who may need to be informed 
about or act in response to the event. These may include local water purveyors or operators, 
CO2 suppliers, pipeline operators, oil and gas operators, landowners, and other departments or 
authorities as guided by the UIC Program Director. 

8.9 Flood Hazard Risk 
Injection Wells No. 01, No. 02, and No. 03 and the surrounding area are designated as Federal 
Emergency Management Agency flood hazard zone X (unshaded). Flood hazard zone “X” 
(unshaded) corresponds to areas determined to be outside of the 500-year floodplain. This zone 
is an area of minimal flood hazard, which is higher than the elevation of the 0.2-percent-annual-
chance flood. The well locations and Federal Emergency Management Agency flood zones are 
shown in Appendix E. 

8.10 Plan Review 
The UIC Program Director will evaluate this proposed ERRP to verify that ERRP meets the 
requirements of 40 CFR 146.94(a) and that the plan accounts for all site-specific conditions. The 
approved ERRP is enforceable, whether or not it is a condition of the permit, because the plan 
itself and UIC Program Director’s approval are required by the Class VI Rule [40 CFR 
146.93(a)]. 

This ERRP shall be reviewed: 

• At least once every five years following its approval by the permitting agency [40 CFR 
146.94(d)]. 

• Within one year of any AoR reevaluation [40 CFR 146.94(d)(1)]. 

• Following any significant changes to the facility, such as addition of injection or monitoring 
wells, on a schedule determined by the Director [40 CFR 146.94(d)(2)]; or 

• When required by the Director [40 CFR 146.94(d)(3)]. 

If the review indicates that no amendments to the ERRP are necessary, ExxonMobil will provide 
the permitting agency with the documentation supporting the “no amendment necessary” 
determination. If the review indicates that amendments to the ERRP are necessary, 
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amendments shall be made and submitted to the permitting agency within 30 days following an 
event that initiates the ERRP review procedure. 

The amended plan must be approved by the UIC Program Director and would then be 
incorporated into the Class VI Permit. If significant changes to the plan are needed, the UIC 
Program Director may need to modify the permit. A permit modification under 40 CFR 144.39 
would require notif ication of the public and an opportunity for comment. Minor changes to the 
plan, as defined under 40 CFR 144.41, do not require a permit modification or a public process 
under 40 CFR Part 124. 

8.11 Staff Training and Exercise Procedures 
Personnel will be trained in their duties and responsibilities related to these facilities. Emergency 
Response Drills will be conducted annually via simulated onsite or table top scenarios. All plant 
personnel, visitors, and contractors must complete a plant overview orientation before entering 
the facilities. ExxonMobil will coordinate with local mutual aid emergency responders over the 
potential hazards and response scenarios of the site. 
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Table 9-1, EEHC satisfies both Part 1 and Part 2 of the corporate financial test criteria in 
40 CFR 146.85(a)(6)(v). 

Table 9-1: Financial Coverage and Threshold Criteria for EEHC, as Guarantor to ExxonMobil for 
the Rose Site 

Financial Coverage / Threshold Requirement per §146.85(a)(6)(v)4 EEHC 
Financial 
Measure 

Part 1 
1. Tangible net worth of  at least $100 million?5  
2. Net working capital at least six times the sum of the current corrective action, well

plugging, PISC and site closure, and ERR costs?
 

3. Tangible net worth of at least six times the sum of the current corrective action, well
plugging, PISC and site closure, and ERR costs?

 

4. Assets in the United States amounting to at least 90% of  total assets or
Assets in the United States amounting to at least six times the sum of  the current
corrective action, well plugging, PISC and site closure, and ERR cost estimate?

 

Part 2 
5. Total liabilities to net worth ratio less than 2.0?  
6. Current assets to current liabilities ratio greater than 1.5?  
7. Sum of  net income plus depreciation, depletion, and amortization to total liabilities

ratio greater than 0.1?
 

8. Current assets minus current liabilities to total assets ratio greater than minus 0.1?  
9. Net prof it (revenues minus expenses) greater than $0?  

Appendix J-3 is a completed letter from  of 
EEHC, serving as the Chief Financial Officer of EEHC, that demonstrates the company’s ability 
to meet the requisite financial coverage and threshold criteria, per 40 CFR 146.85(a)(6)(v). 
Appendix J-3 is consistent in form to the “Letter from Chief Financial Officer” included in 
Appendix B of the EPA’s July 2011 guidance document.6 

Consistent with the EPA’s July 2011 guidance, ExxonMobil provides this demonstration of f iscal 
responsibility with the understanding that the financial instruments referenced herein will be 
updated and verif ied no less than annually. As each GS activity phase is initiated, ExxonMobil 

4 As stated in Note 3 of EEHC’s independently audited f inancial statements, Deposits receivable from 
Exxon Mobil Corporation and affiliates are current and can be called upon demand. All other assets were 
considered “non-current” for the purposes of  this analysis. In addition, all liabilities were considered 
“current” since the audited financial statements do not dif ferentiate current f rom non-current liabilities. 
5 ExxonMobil recognizes that 40 CFR 146.85(a)(6)(v) requires that its guarantor meet a Tangible Net 
Worth of an amount approved by the UIC Program Director. For purposes of  this f inancial assurance 
demonstration, EEHC af f irms that it maintains a Tangible Net Worth of  at least $100 million, per the 
recommended threshold included in EPA’s July 2011 Class VI f inancial responsibility guidance (p. 15). 
6 op.cit. See B-19 Appendix B: Recommended Financial Responsibility Instrument Language 
(Forms/Templates). 
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will confirm that the coverage limits provided by the respective financial responsibility 
instruments are sufficient to cover the corresponding costs prior to initiating the Project phase. 

9.3 Estimated Coverage Amounts 
The total current cost estimate for the Project’s GS activities necessitating financial assurance 
at the Rose Site is in 2024 dollars. This total cost estimate assumes the hiring of 
independent, third-party contractors to perform the required activities for each Project phase. 
The cost estimate is separated into the following phases7: 

Table 9-2 summarizes the total estimated cost of performing each GS activity, along with the 
timeline for which financial assurance coverage is expected to be needed. The values included 
in this demonstration of f inancial responsibility are based on cost estimates developed as part of 
the permit application process and assume the hiring of third-party contractors to perform the 
services or to procure the goods associated with the performance of each GS activity. These 
values are subject to change during the life of the Project to account for inflation of costs and 
changes to the Project that may affect the cost of covered activities. Per 40 CFR 146.85(c), 
during the active life of the Project, ExxonMobil will adjust the cost estimate for inflation within 
60 days prior to the anniversary date of the establishment of the financial assurance instrument. 
In addition, ExxonMobil will provide to the UIC Program Director written updates of adjustments 
to the cost estimate within 60 days of any amendments to the AoR and Corrective Action Plan 
[40 CFR 146.84], the injection well plugging plan [40 CFR 146.92], the PISC and Site Closure 
Plan [40 CFR 146.93], and the emergency and remedial response plan (ERRP) [40 CFR 
146.94]. 

ExxonMobil will adjust the value of its f inancial assurance instruments in response to any 
changes in cost estimates and will resubmit its revised demonstration of f inancial responsibility 
to the UIC Program Director or their designee for review and approval. ExxonMobil will not 
adjust the established coverage values of any financial assurance instrument without prior 
approval from the UIC Program Director, or their designee. 

7 Assumes receipt of  permit in 2026, start of  injection in 2026, and 16 years of  injection. 
8 Financial responsibility coverages for well plugging reflect the current estimated cost for plugging the 
three injection wells and four monitoring wells related to the Project. 
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9.5 Well Plugging 
9.5.1 Injection Well Plugging 

Plugging and abandonment (P&A) of the injection wells at the Project will meet the requirements 
of 40 CFR 146.92. The P&A plan for the injection wells was designed to reduce the potential for 
movement of CO2 or brine from the injection interval through the upper composite confining 
zone (UCCZ) and toward underground sources of drinking water (USDWs). 

A detailed P&A plan is discussed in Section 6 – Injection Well Plugging Plan. In alignment with 
the requirements for the P&A plan, the estimated financial assurance coverage value includes 
costs for logs/wireline to be run in the wellbore before cementing occurs, if necessary. CO2-
compatible cement will be used to set the cement plug for the first , 
followed by additional plugs at the base of the lowermost USDW and at the well surface. The 
expenses relating to personnel and equipment have been accounted for in Table 9-3. 

9.5.2 Monitoring Well Plugging 

P&A of the  associated with the 
Project will also meet the requirements of 40 CFR 146.92. As detailed in Section 6 – Injection 
Well Plugging Plan, the P&A of the monitoring wells was designed to protect USDW from 
potential endangerment. The estimated financial assurance coverage value for this GS activity 
includes the costs for logs and wireline to be run in the in-zone monitoring well before 
cementing occurs to the extent necessary. The expenses relating to personnel and equipment 
have been accounted for in Table 9-4. 
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9.6 Post-Injection Site Care and Site Closure Plan 
The PISC and Site Closure Plan has been designed to meet the requirements of 40 CFR 
146.93. The estimated financial assurance coverage value for this GS activity includes the cost 
categories summarized in Table 9-5, while the plan itself is discussed in Section 7 – Post-
Injection Site Care and Site Closure Plan. 

9.6.1 Post-Injection Monitoring 

As discussed in Section 5 – Testing and Monitoring Plan, vertical seismic profile (VSP) and 
pressure and temperature monitoring will be conducted during operation and after the end of 
injection to assess the integrity of the well and to track the migration of the CO2 plume and brine 
pressure front. 

9.6.2 Site Closure Plan 

Site closure will occur when the UIC Program Director has released the owner from PISC duties 
and the demonstration of non-endangerment for USDWs has been approved. The estimated 
financial assurance coverage value for this GS activity is summarized in Table 9-5 and reflects 
the expected amount to decommission and close the site. 
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9.7 Emergency and Remedial Response 
The ERRP is discussed in Section 8 – Emergency and Remedial Response Plan and is 
designed to satisfy the requirements of 40 CFR 146.94, which necessitates an ERRP that 
describes actions ExxonMobil will take to address movement of injection or formation fluids that 
may cause an endangerment to a USDW during construction, operation, and PISC periods. 

The financial assurance coverage value for ERR is estimated to be in 2024 dollars 
and is summarized in Table 9-6. This estimate assumes coverage for the following event-based 
risk activities at the Project: mechanical integrity of injection well casing or cement seal, artif icial 
penetrations of the UCCZ, mechanical integrity of operating equipment, and natural features 
affecting sealing properties of the UCCZ. Details regarding the approach used to develop the 
risk-based scenarios, the levels of severity considered, and the actions to be taken to avoid, 
monitor, respond, and notify the occurrence of risk events are summarized in detail in Section 8. 

Appendix J contains the following documents: 
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10.0 Environment Justice 
This Environmental Justice (EJ) Screening Report (the Report) for the proposed Rose Carbon 
Capture and Storage Project (Project) is an initial desktop assessment of potential EJ-related 
concerns for the area in which the Project will be located and will continue to be refined 
throughout the life of the Project. The Report identif ies community characteristics useful in 
guiding engagement through Project planning, permitting, construction, operation, and 
decommissioning. 

ExxonMobil Low Carbon Solutions Onshore Storage LLC (ExxonMobil) anticipates that activities 
supporting Project development will be supportive of the environmental and socioeconomic 
needs of the communities in which the Project will operate. In addition, ExxonMobil will develop 
a Stakeholder Engagement Plan to facilitate meaningful community engagement with local 
leaders, residents, economic developers, environmental organizations, and others. Consistent 
with ExxonMobil’s socioeconomic management principles,2 a stakeholder grievance process is 
also under development that will allow stakeholders to have access to ExxonMobil throughout 
the Project lifecycle. 

The Report includes the use of an initial “EJ Study Area” to assess the presence of communities 
that may be associated with potential EJ concerns. The EJ Study Area comprises the area 
within a 2-mile radius around the Project Footprint. The Project Footprint is the physical area 
that will be occupied by the Project operations facilities or disturbed by Project construction or 
operations activities.3 A radius of 2 miles was selected for the EJ Study Area because the bulk 
of construction and operation activities for the Project are expected to be concentrated within 
this area. The EJ Study Area includes 14 Census Block Groups (CBGs)4 and these are all 
located in Jefferson County (EPA, 2023a) (Figure 10-1). Although a small portion of  

 falls within a 2-mile radius of the Project Footprint, this CBG was not included 
based on the relatively small amount of the CBG within the 2-mile radius. As the Project is 
defined in further detail and community engagement continues, it is possible that additional 
CBGs may warrant assessment. 

2 https://corporate.exxonmobil.com/news/reporting-and-publications/sustainability-
report/social/socioeconomic-management/community-engagement-and-grievance-
management#Objectives  
3 For the purpose of this Report, the Project Footprint does not include the existing roadways that will be 
used to transport Project construction materials or workers. 
4 A CBG is the smallest geographic unit used by the U.S. Census Bureau to collect data for decennial 
census data. A CBG consists of  Block Groups (BGs) within Census Tracts (CTs). Throughout this EJ 
Report, individual CBGs are referred to by an identif ier in the form “CT XXX BG X.”  
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10.1 Executive Summary 
This Report employs the use of U.S. Census and other data for early identif ication of potential 
Project-related impacts and opportunities associated with potential EJ concerns. The  CBGs 
within the EJ Study Area demonstrate a range of socioeconomic characteristics. Based on an 
analysis of the data provided in this Report, the following are noted: 

10.2 Methodology 
The U.S. Environmental Protection Agency (EPA) defines EJ as the: 

“[F]air treatment and meaningful involvement of all people regardless of 
race, color, national origin, or income, with respect to the development, 
implementation, and enforcement of environmental laws, regulations, 
and policies. This goal will be achieved when everyone enjoys: 

 
5 For each CBG, each environmental indicator has its own EJ Index, which combines the demographic 
index (which averages low-income and people of color populations) with the respective environmental 
indicator percentile value for the CBG. For example, the EJ index for traffic for a given CBG is calculated 
as (traf fic indicator percentile for the CBG) x (average of  low-income population percentage and the 
people of  color population percentage for CBG).  
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• The same degree of protection from environmental and health hazards; and 

• Equal access to the decision-making process to have a healthy environment in which to live, 
learn, and work.” 

The EPA EJ guidance (EPA, 2016; EPA, 2022) does not prescribe a method for assessing 
potential EJ impacts. However, it does recommend that an appropriate methodology be adopted 
and applied. ExxonMobil has a corporate socioeconomic standards-driven process that 
assesses environmental, socioeconomic, and health considerations throughout a Project. As 
ExxonMobil’s understanding of the local environment evolves during the Project lifecycle, the EJ 
assessment may be updated if warranted. 

For this Report, the EPA’s EJScreen Tool Version 2.2 (EPA, 2023a) was used to assess 
demographic and environmental characteristics in areas crossed by or within the EJ Study Area 
(Figure 10-1). Use of the EJScreen Tool is intended to be a starting point in the identif ication of 
communities with potential EJ concerns. As discussed further in Section 10.4, EJ Indexes at or 
above the 80th percentile nationally were used as a starting point for identifying geographic 
areas that potentially warrant further consideration, analysis, or engagement with respect to 
potential EJ concerns. 

10.2.1 Minority Populations 

In accordance with the EPA’s EJ guidance (EPA, 2016; EPA, 2022), this EJ Report uses 
demographic and socioeconomic data to assess levels of minority6 population percentages 
present in the EJ Study Area and the broader  County. The U.S. Council on 
Environmental Quality (CEQ) states that “minority populations should be identified where either: 
(a) the minority population of the affected area exceeds 50% or (b) the minority population 
percentage of the affected area is meaningfully greater [emphasis added] than the minority 
population percentage in the general population or other appropriate unit of geographic 
analysis” (CEQ, 1997). The CEQ recommends using an “appropriate unit of geographic 
analysis” that does not “artif icially dilute or inflate the affected minority population” (CEQ, 1997). 
While “meaningfully greater” is not explicitly defined in the CEQ’s guidance, federal guidelines 
suggest that 10% greater than the reference population is considered a reasonable threshold for 
“meaningfully greater” (EJ IWG and NEPA Committee, 2019). To identify minority populations 
for the CBGs in the EJ Study Area,  County was used as the reference population. 

For this EJ Report, potential minority populations are identif ied as present in a CBG if it meets 
either of the following criteria: 

• The percentage of minorities in the CBG is more than 50%; or 

• The percentage of minorities in the CBG is at least 10% higher than that of  
County. 

 
6 “Minority” was initially defined by the Federal Interagency Working Group on Environmental Justice in an 
appendix to the 1997 CEQ EJ Guidance as “individuals who are members of  the following population 
groups: American Indian or Alaskan Native; Asian or Pacif ic Islander; Black, not of  Hispanic origin; or 
Hispanic” (CEQ, 1997).  
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10.2.2 Low-Income Populations 

In accordance with the EPA’s EJ guidance (EPA, 2016; and EPA, 2022), this EJ Report uses 
socioeconomic data to assess levels of low-income percentages of populations present in the 
EJ Study Area and the broader  County. Guidelines for identifying low-income 
populations vary among federal and state agencies. Low-income populations can be identif ied 
using either (1) the U.S. Census Bureau poverty thresholds, (2) local data sources on poverty, 
or (3) the U.S. Department of Health and Human Services poverty guidelines. Additionally, 
low-income communities can be identif ied by using a “meaningfully greater” analysis, the 
percentage of individuals below the poverty level, the percentage of households below the 
poverty level, and/or the percentage of families with children below the poverty level (EJ IWG 
and NEPA Committee, 2019). The National Environmental Policy Act uses the “meaningfully 
greater” analysis to identify low-income populations. 

For this Report, potential low-income populations are identif ied as present in a CBG if it meets 
the following criterion: 

• The percentage of households below the poverty level in the CBG is greater than that of 
 County. 

10.2.3 Additional Socioeconomic Indicators 

Additional socioeconomic indicators measured by the EJScreen Tool include unemployment 
rate, percentage of population that is limited English speaking, percentage of population with 
less than high school education, percentage of population under age 5, percentage of 
population over age 64, a Demographic Index,7 and a Supplemental Demographic Index.8 
Values for each of these indicators are compared between  County and each of the 
CBGs. 

10.2.4 EPA EJScreen Tool EJ Indexes 

There are 13 EJ Indexes in the EJScreen Tool corresponding to 13 environmental indicators, 
each combined with demographic indicators. An EJ Index can be used to characterize CBGs in 

 
7 The demographic index in EJScreen is a combination of percentage of  low-income and percentage of  
minority, the two socioeconomic factors that were explicitly named in Executive Order 12898 on 
Environmental Justice. For each CBG, these two percentages are averaged together to derive the 
Demographic Index. The formula is as follows: demographic index = (% minority + % low-income) / 2.  
8 The supplemental demographic index in EJScreen is a combination of  f ive socioeconomic factors 
averaged together for each CBG. The supplemental demographic index can provide an additional 
perspective on potential community vulnerability and may be more relevant for use in certain situations. 
The formula is as follows: supplemental demographic index = (% low-income + % unemployed + % less 
than high school education + % limited English speaking + low life expectancy) / 5. For BGs where low 
life expectancy data is missing, the formula will average the other four factors. 
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terms of the combination of their low-income and people of color9 populations and a given 
environmental indicator for the CBG. To calculate a CBG’s EJ Index for a given environmental 
indicator, EJScreen multiplies the CBG’s associated environmental indicator percentile by the 
average percentages of low-income and people of color (i.e., the Demographic Index) in the 
CBG. 

Technical documentation for EJScreen recommends the use of an initial f ilter to promote 
consistency and as a pragmatic first step when interpreting screening results. The EPA has 
identif ied the 80th percentile filter as that initial starting point (i.e., an area with any of the 13 EJ 
Indexes at or above the 80th percentile may warrant further review). 

EJScreen reports present the EJ Index percentiles both nationally and statewide. The national 
percentiles are the focus of this Report based on EPA technical guidance documents (EPA, 
2016; EPA, 2022). National and state percentiles can be found in Appendix K-1, which includes 
the full EJScreen Community Reports for  County and each of the CBGs as of October 
2023. Tables 1 and 2 in Appendix K-2 present individual demographic and environmental 
indicators that have resulted in a particular percentile, as of October 2023. 

10.3 EPA EJScreen EJ Indexes 
Of the 14 CBGs in the EJ Study Area, seven have EJ Indexes at or above the 80th percentile 
nationally. EJ Indexes with one or more CBGs with rankings at or above the 80th percentile 
nationally include PM2.5, Ozone, Diesel PM, Air Toxics Cancer Risk, Air Toxics Respiratory HI, 
Toxic Releases to Air, Superfund Proximity, Risk Management Program Facility Proximity, 
Hazardous Waste Proximity and Wastewater Discharge. The most common EJ Indexes at or 
above the 80th percentile nationally in the EJ Study Area are Air Toxics Cancer Risk and Toxic 
Releases to Air, each present above the 80th percentile nationally in five CBGs. 

Table 10-1 summarizes the EJ Index national percentile rankings for  County and each 
of the CBGs in the EJ Study Area. Values at or above the 80th percentile nationally are shown in 
bold and the cells are shaded dark gray.

 
9 In EJScreen, “low-income” is defined by the EPA as the percentage of  a block group’s population in 
households where the household income is less than or equal to twice the federal “poverty level.” “People 
of  color” are defined by the EPA as the percentage of  individuals in a block group who list their racial 
status as a race other than white alone and/or list their ethnicity as Hispanic or Latino (i.e., all people 
other than non-Hispanic white-alone individuals, where the word “alone” in this case indicates that the 
person is of  a single race, not multiracial) (EPA, 2022; EPA, 2023b). 
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10.5 Critical Service Gaps 
EJScreen includes indicators for critical service gaps such as broadband internet subscription 
gaps, lack of health insurance,10 housing burden, transportation access, and presence of food 
deserts.11 Descriptions of the indicators for these EJScreen layers are as follows: 

• Broadband gaps refer to the percentage of households with a broadband internet 
subscription as reported in the Census Bureau’s American Community Survey (ACS) 
five-year summary estimates (Figure 10-2). 

• Lack of health insurance is the percentage of all persons without health insurance coverage 
as reported in the Census Bureau’s ACS data (Figure 10-3). 

• Housing burden is a percentile related to housing cost, which is the percentage of 
households that are both earning less than 80% of Housing and Urban Development’s Area 
Median Family Income and are spending more than 30% of their income on housing costs 
(Climate and Economic Justice Screening Tool [CEQ, 2023]) (Figure 10-4). 

• Transportation access is an average of four transportation-related indicator percentiles: 
transportation cost burden, national walkability index, percentage of households with no 
vehicle available, and mean commute time to work (Climate and Economic Justice 
Screening Tool) (Figure 10-5). 

• Food desert tracts are those that are both low-income and “low-access,” the latter of which 
is identif ied as tracts that are separated from affordable and nutritious foods by a distance of 
1 mile for urban areas and 10 miles for rural areas, as reported by the U.S. Department of 
Agriculture (Figure 10-6). 

Broadband internet subscription gaps at or above the 80th percentile occur within the portion of 
the EJ Study Area between Interstate 10 (I-10) and West Port Arthur Road. Lack of health 
insurance surpasses the 80th percentile for the entire portion of the Project Footprint from the 
eastern end of the Project Footprint near Central Gardens up until just east of I-10. Housing 
burden does not exceed the 80th percentile in the EJ Study Area. Transportation access 
burdens occur above the 80th percentile in only two of the CBGs:  and  
BG 1. These two CBGs contain , so these rankings are as expected. Food 
desert designation does not appear within the EJ Study Area. 

Figures 10-2 through 10-6 show the graphical data from the EJScreen Tool for each of the 
above critical services gaps. 

 
10 Percentage of all persons without Health Insurance Coverage as reported in the Census Bureau’s ACS 
data. 
11 Food desert tracts are low-income and low-access CTs with limited access to affordable and nutritious 
foods, measured at 1 mile distance for urban areas and 10 miles distance for rural areas, as reported by 
the U.S. Department of  Agriculture.  
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ExxonMobil plans to continue to engage and grow involvement with the local community as the 
Stakeholder Engagement Plan is developed and implemented for the Project. 
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