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Abstract 

 

CO2 Storage Potential in the Late Neogene Interval, Federal Offshore, 

Gulf of Mexico Shelf, USA 

 

Ismail Halim Faruqi, M.S. E.E.R. 

The University of Texas at Austin, 2024 

 

Supervisors:  Alexander P. Bump, Susan D. Hovorka 

 

Carbon Capture and Storage (CCS) is a technology that is aimed at capturing carbon 

dioxide at emission sources and storing it in geologic formation, playing a vital role in 

reducing CO2 emissions and addressing global warming. With the Gulf Coast of the United 

States witnessing a surge in CCS initiatives, this study focuses on evaluating the potential 

for geological carbon storage in the federal offshore, Gulf of Mexico shelf. While offshore 

operations may entail higher costs, they offer attractive advantages such as a single 

landowner, fewer and newer wells, and easily accessible seismic and well data. Petroleum 

production along the region shows a widespread of high-quality reservoirs and seals across 

the shelf essentials for effective geological carbon storage. Three pivotal componentsð

capacity, injectivity, and confinementðunderscore the feasibility of geological storage in 

this area. The shelf offers a substantial capacity of approximately 85 Gigatons of CO2 

(GtCO2) storage, while achieving Million Tons per annum (Mtpa)-scale injectivity is 

feasible due to prevalent injectable sands. However, achieving this may necessitate 

perforating multiple sands based on project-specific areas. Confinement faces risks from 
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legacy wells, growth faults along the shelf, and steep dips near salt piercements. This 

necessitates a strategic focus on prospect areas towards down-dip fetch areas, away from 

existing oil and gas fields. The study also illustrates two contrasting sites selected based on 

trade-offs: proximity to CO2 sources, ample storage capacity, and minimized leakage risks. 

Overall, the research reveals a significant CO2 storage resource and promising business 

opportunities, potentially offsetting decades of CO2 emissions from Texas and Louisiana 

sources. 
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Chapter 1: Introduction  

1.1 RESEARCH CONTEXT  

Carbon Capture and Storage (CCS) is now experiencing rapid growth in the United States. 

This surge is driven by significant government investments and enhanced market 

incentives for sequestering carbon dioxide and, such as the 45Q tax credit and other 

financial mechanisms aimed at reducing greenhouse gas emissions. One of the most active 

regions in the United Statesðand even globallyðis the Gulf Coast of Texas and Louisiana. 

This area is characterized by large point-source emissions, favorable geology, and an 

abundance of subsurface data acquired over decades of hydrocarbon exploration and 

production. The region also benefits from existing infrastructure, a public accustomed to 

subsurface operations, and a business-friendly climate. 

 

At least 45 CCS projects have been announced along the Gulf Coast (Bump and Hovorka, 

2024). Most of these projects are onshore and located close to emission sources. However, 

as the coastal onshore area becomes increasingly crowded, attention is shifting offshore, 

particularly to state waters. Despite potentially higher costs, offshore sites are attractive 

due to several factors: the presence of proven reservoirs and seals, a single landowner, 

fewer and newer legacy wells, and potentially less opposition from local communities.  

 

Most offshore CCS projects now focus on state waters. However, federal waters clearly 

offered a far more geographical advantage. Historically, federal waters have been open for 

coal-fired power plant emissions, but permitting regulations were never promulgated. The 

United Statesô Bipartisan Infrastructure Law (BIL) issued in 2021, which includes 

measures to strengthen carbon management activities, instructed the Bureau of Ocean 

Energy Management (BOEM) to promulgate CCS regulations in federal waters. Those 

regulations are now overdue, but several companies have already acquired hydrocarbon 

leases in federal waters, seemingly for CCS purposes. This raises new questions about the 

potential for CO2 storage in these areas: What does the subsurface look like in this region 
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for CCS? How much storage resource is available? What are the critical risks that must be 

considered when identifying suitable CO2 storage sites? What could the prospect for CCS 

look like in this region? 

 

The purpose of this research is to address these questions by exploring potential CO2 

storage sites in the federal offshore Gulf of Mexico shelf, focusing on the Late Neogene 

section, as this area is likely to be of the most immediate economic interest for large-scale 

deployment of CCS in the United States.  

 

My hypothesis is that there is widespread CO2 storage potential across the shelf that can be 

quantified building on data collected during extensive oil and gas exploration and 

production. My study explores CO2 storage site potential basinward across the Gulf of 

Mexico shelf, shifting from the currently heavily studied onshore-coastal region. It is 

expected that a younger stratigraphic interval within the Late Neogene, particularly the 

Plio-Pleistocene interval, intersects the suitable interval to inject and store CO2 (Snedden 

and Galloway, 2019; Bump et al., 2021). Weimer et al. (2017) identified more than 100 oil 

and gas field discoveries in Pliocene reservoirs with sandy facies of the combined Red, 

Mississippi, and Tennessee delta systems. This suggests a potential reservoir and confining 

system for good CO2 storage sites. 

1.2 PROBLEM STATEMENT  

Building on the research context and the identified knowledge gap discussed in the 

preceding section, this study aims to address the following questions:  

1. How does the subsurface appear in the federal offshore, Gulf of Mexico shelf for 

suitable CCS sites?  

2. What are the estimated CO2 storage resources in the Gulf of Mexico shelf within 

the Texas and Louisiana region? How does this capacity vary across different areas 

of the Gulf of Mexico shelf within the Texas and Louisiana region? 
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3. What are the critical risks that must be considered when identifying suitable CO2 

storage sites on the federal offshore, Gulf of Mexico shelf within the Texas and 

Louisiana region?  

4. What trade-offs should be considered to evaluate resources on a prospect level? 

1.3 RESEARCH OBJECTIVE  

In order to answer the problem statements, the research objectives of this study are as 

follows:  

 

1. To assess the subsurface potential of the Gulf of Mexico shelf, offshore Texas and 

Louisiana. This includes subsurface characterization of the reservoir section 

(reservoir presence and reservoir effectiveness) and confining system capacity to 

seal. The confining system will serve as an impermeable barrier for sequestered 

CO2 to prevent migration into the overlying reservoir interval.  

2. To assess regional prospective CO2 storage capacity resources across the Gulf of 

Mexico shelf.  

3. To identify the potential containment or leakage pathways that may jeopardize the 

CO2 storage sites. The work includes mapping the spatial distribution of legacy 

wells, faults, and salt structures. Piercement salt structures, in particular, would 

pose a threat as it may deform the stratigraphic interval, creating steep dips and 

high closures that could create a buoyancy pressure that would increase the risk for 

leakage. 

4. To select the identified region and compare trade-offs, based on the proximity to 

the CO2 emission sources, storage capacity, and potential for leakage (from salt 

piercing, growth faults, and legacy wells). This evaluation aims to determine the 

prospective level of storage capacity, highlighting insights from a regional basin-

scale analysis. By focusing on these trade-offs, we can gain a better understanding 

of various CO2 project characters in the region. 
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1.4 RESEARCH RELEVANCE  

This assessment will help stakeholders to quantitatively assess acreage potential for CCS 

opportunity in the federal offshore Gulf of Mexico shelf based on its unique subsurface 

characteristics. For the potential operators, it offers a regional understanding across the 

Gulf of Mexico shelf for time, resources, and investment allocations. As for investors, the 

research output will give a clear and comprehended input for business assurance. Then for 

the regulator, the map resulting from this research will give clarity in understanding the 

layout of the land for permit assurance, project spacing strategy, and the value of their 

resources.  

1.5 CHAPTER ORGANIZATION  

The thesis is structured into six distinct chapters to explore the research topic:  

¶ Chapter 2 provides a literature review covering the geological setting of the area of 

research in the context of the Northern Gulf of Mexico Basin and historical efforts 

on screening CO2 storage sites in the federal offshore, Gulf of Mexico shelf.  

¶ Chapter 3 details the research methodology and the data sets employed in this study.  

¶ Chapter 4 presents the research results, including the evaluation of subsurface 

characterization, CO2 storage resource, injectivity, and containment. Additionally, 

this chapter will include a comparative analysis of trade-offs at the prospect level. 

¶ Chapter 5 discusses the results, explores the limitations of the study, and suggests 

opportunities for future research.  

¶ Chapter 6 will get into the conclusions drawn and the primary insights gained from 

this thesis. 
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Chapter 2: Literature Review 

The chapter defines the geological setting of the Gulf of Mexico shelf, within the broader 

context of the Northern Gulf of Mexico basin. This context helps to visualize the subsurface 

configuration that serves as the foundational framework for potential CO2 storage intervals. 

The chapter then explains the historical CO2 storage screening methods employed in the 

Northern Gulf of Mexico basin, with focus on the federal offshore. 

2.1 GEOLOGICAL SETTING : FEDERAL OFFSHORE, GULF OF MEXICO  SHELF 

The area of research is located in the Northern Gulf of Mexico Basin, which is part of the 

greater Gulf of Mexico (GoM) Basin, specifically within the Federal Offshore, Gulf of 

Mexico shelf (Figure 1). Geographically, the research area spans from the southeastern part 

of offshore Texas to the southeastern part of offshore Louisiana. The present-day shelf lies 

at a depth of 15 to 100 meters (m) below mean sea level and the gradient increases as it 

extends southward towards the deep basin. 
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The geological understanding of the basin's evolution has been exhaustively explained in 

meticulous detail. Descriptions in Winker and Buffler (1988), Galloway (1989), Morton 

and Ayers (1992), Galloway (2001), Galloway et al., (2011), Ewing and Galloway (2019), 

and Snedden and Galloway (2019) explain the structural and depositional framework from 

its initial rifting spread phases during early Mesozoic to seven-phases post-rift depositional 

history during middle Mesozoic to Late Cenozoic.  

 

The geological context discussion in this thesis is limited to the geological history of the 

relevant stratigraphic interval suitable for injecting and storing CO2 fluids. This interval 

lies between depths greater than 800 m below mean sea level, where CO2 reaches the 

supercritical phase with high density to maximize the pore space, and the top of the 

Figure 1. Research area in red, located within the greater Gulf of Mexico (GoM) Basin in purple (modified from 

Snedden and Galloway, 2019) 
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overpressure zone, where geopressure reaches 0.7 psi/ft approaching fracture gradient, 

which leaves no room to inject any more fluid into the formation below fracture pressure 

(Bachu, 2003). 

 

The research area is a prograding passive margin basin, fed by river systems draining 

interior North America, extending from Mexico to the Rocky Mountains to the 

Appalachians (Snedden and Galloway, 2019). Unlike the adjacent onshore region, which 

hosts Mesozoic to Early Cenozoic sedimentary deposits, the shallow interval in the area of 

interest is predominantly composed of a thick wedge of fluvio-deltaic to marginal marine 

siliciclastics which were deposited during the Upper Miocene in the up-dip region close to 

the coastal plain of southern Texas and during the Plio-Pleistocene period across most of 

the shelf region as shown by Figure 2 (Morton and Ayers, 1992). 
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Figure 2. Generalized stratigraphic chart of the Northern Gulf of Mexico Basin. The stratigraphic interval of interest 

for the area of research lies from the Upper Miocene to the Plio-Pleistocene interval as shown by the red dash line 

(modified from Ewing and Galloway, 2019) 



29 

 

 

The Upper Miocene in this region is marked by the first occurrence of Textularia stapperi 

(ñTex W Shaleò) and is terminated by regional marine flooding surfaces associated with 

the last occurrence of benthic foraminifera Robulus E (Snedden and Galloway, 2019). 

Figure 3 shows the paleogeographic map of the Upper Miocene deposodes. The dominant 

depocenter for thick sedimentary deposits is located at the mouth of the Mississippi and 

Tennessee Delta. Some of it is also accumulated in the southern part of offshore Texas; 

namely offshore Willacy, Kenedy, and Matagorda counties, mostly dominated by a wave-

dominated deltaic system. The Miocene strata in this region mostly consist of 

retrogradational distal deltaic, outer shelf, and upper slope deposits, predominantly 

composed of mudstones with thin interbedded sands and siltstones (Morton and Ayers, 

1992). The potential reservoir quality in this interval ranges between 18% and 30% for 

porosity and 5 to 300 milli -Darcy (mD) for permeability.  
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Figure 3. Paleogeography of Upper Miocene Deposode (modified from Snedden and Galloway, 2019). The red color 

shows the projected area of research. The various colors shows different depositional systems; light yellow shows the 

shore zone system, light grey shows a muddy shelf, dark green shows a fluvial-dominated delta system, light green 

shows a dominated deltaic system, peach shows a progradational slope apron 

 

In the Pliocene section, the genetic section is divided into 3 units based on the last 

occurrence of paleontology markers associated with flooding surfaces; Lower Pliocene is 

terminated by Buliminella 1 (PB1), Middle Pliocene by Dentoglobigerina altispira (PGa), 

and Upper Pliocene by Lenticulina 1 (PL1) (Morton and Ayers, 1992). PB1 marks the 
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transition from Miocene to Pliocene with abrupt deep marine sedimentary deposition 

across the Mississippi-Tennessee deltaic system all the way to offshore Texas. Meanwhile, 

the PGa and PL1 mark decreasing sedimentary influx and low grain volume, indicating 

lower potential reservoir presence and quality (Snedden and Galloway, 2019). Figure 4 

shows the paleogeographic map of Pliocene deposodes. The map shows the sedimentary 

depocenters act as a locus for sedimentary deposits in this deposode located at the central 

margin of the shelf, spread across almost 500 km (300 miles) in the Red River, Mississippi, 

and Tennessee Delta. The Pliocene interval shows extensive reservoir and potential 

reservoir quality with porosity ranging from 20 ï 35% and 10 ï 1,000 mD (Ehrenberg et 

al., 2008). 
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Figure 4. Paleogeography of Pliocene Deposode (modified from Snedden and Galloway, 2019). The red color shows 

the projected area of research. The various colors show different depositional systems. The detail explained in the 

caption in Figure 3 

 

The Pliocene to Pleistocene interval is marked by the last occurrence of Lenticulina 1 and 

the occurrence of Trimosina A. Basin filling at this time is primarily located near the 

continental margin-shelf edge (Ewing and Galloway, 2019). The reservoir is mostly 

restricted to areas with a gentle dipping gradient near the shelf edge, exhibiting relatively 
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high potential reservoir quality, with porosity values ranging from 25% to 40% and 

permeability ranging from 20 to 3,000 milli-Darcy (mD) (Ehrenberg et al., 2008). 

 

The structural styles in this region are complex due to laterally extensive extensional 

growth faults and the presence of mobile salt which intrudes into shallow sedimentary 

intervals. The map in Figure 5 illustrates the structural domains across the shelf, 

highlighting the Oligo-Miocene detachment, which created significant syn- and post-

depositional structures predominantly located in the offshore Texas region. In contrast, 

areas with dominant salt domes, which cause uplift and steep dipping stratigraphic 

intervals, are more extensively distributed across the southern part of Louisiana offshore 

(Hudec et al., 2013; Snedden and Galloway, 2019). 

 

 

Figure 5. Structural domains in the Gulf of Mexico shelf. The yellow color shows the area of research. The Oligo-

Miocene Detachment in light brown color dominates the western part of the shelf, while the Rohos in light purple and 
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Shelf Minibasin light orange formed by mobile salt dominates the eastern part of the shelf (modified from Ewing and 

Galloway, 2019). The red line shows the location for cross-sections in Figure 6 

  

The geological cross-section in Figure 6 shows that salt intrusion near the shelf edge and 

slope in federal waters may extend up to the Plio-Pleistocene interval. However, complex 

salt structures predominantly penetrate the shallow Plio-Pleistocene interval further in the 

deepwater part of the federal offshore. 

 

 

Figure 6.  Geological cross-sections from onshore Texas near Dallas to Deepwater within the United States ï Mexico 

border. The intrusion of salt mostly dominated the shallow interval at the deeper part of federal waters, not at the shelf 

region (Bump and Hovorka, 2024). Locations of the cross-section are shown in Figure 3 

2.2 PREVIOUS WORK CONDUCTED ON FEDERAL OFFSHORE, GULF OF MEXICO SHELF 

FOR CO2 STORAGE ASSESSMENTS 

Numerous efforts have been made to characterize potential CO2 storage sites across the 

Gulf of Mexico region. These efforts range from early pilot projects, such as the onshore 

Frio Brine Pilot Experiment in the Gulf Coast of Texas in 2004 and the Southeast Regional 

Carbon Sequestration Partnership (SECARB) Cranfield Project in southeastern Mississippi 

in 2009, to the extensive screening effort conducted by the National Energy Technology 

Laboratory (NETL) in their 2018 Carbon Storage Atlas which covered the entire Northern 

Gulf of Mexico Basin region. 

  

Efforts have also been made to screen potential CO2 storage sites in the offshore Gulf of 

Mexico. These include theses by Gulf Coast Carbon Center's (GCCC) previous students 

such as Erin Miller (2012), Harry Hull (2021), John Franey (2021), the 2009ï2014 Texas 
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Offshore Miocene study, the 2015ï2018 TXLA Project, the 2016ï2018 CarbonSAFE 

Phase I initiative, and the most recent endeavor, the 2018ï2026 GoMCARB Partnership 

projects. The Geological CO2 Sequestration Atlas of Miocene Strata, Offshore Texas State 

(Treviño and Meckel, 2017) compiled data from state waters.  

 

Several research authors have examined the potential of the federal offshore Gulf of 

Mexico for CO2 storage. Most of these evaluations utilize publicly available reservoir 

datasets to assess potential in saline aquifers and depleted oil and gas fields (Alonso, 2022; 

Callas et al., 2022; Wendt et al., 2022). They identified top candidates for CO2 storage sites 

by assessing the characteristics of depleted oil and gas reservoirs and ranking them based 

on tiers.  

 

However, these assessments heavily rely on expert opinions, assigning weights based on 

perceived importance in various scenarios, which might expose them to bias and lead to 

extrapolation of discovered oil and gas reservoir properties across the entire federal 

offshore region. Moreover, these investigations did not incorporate geologic assessments 

utilizing datasets merging well logs and seismic data. 

 

Building upon the previous work on the offshore Gulf of Mexico shelf, this research aims 

to evaluate CO2 storage sites in the Gulf of Mexico shelf using more representative 

subsurface properties, including data outside of the hydrocarbon-producing area. 
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Chapter 3: Methodology and Data Sets  

3.1 REVIEW OF SCREENING METHODS FOR REGIONAL CO2 STORAGE 

In terms of CO2 storage site screening methods, diverse approaches have been employed, 

ranging from basin-scale approaches, as demonstrated by Bachu (2003), to smaller, field-

scale evaluations as done by Callas et al. (2022) focusing on depleted hydrocarbon 

reservoirs.   

 

To calculate a storage capacity resource and understand the spatial distribution of potential 

CO2 storage, Goodman et al. (2011) proposed widely adopted static equations to estimate 

CO2 storage resource in mass as follows: 

 

Ὃ ὃὬ• ”Ὁ   

 

Where ὃ is total area, Ὤ is gross thickness,  •  is total porosity, ” is CO2 density, and 

Ὁ  is storage efficiency factor. There is no general number for the storage efficiency 

factor because it will vary depending on the trapping mechanism and how the plume, 

project area, and basin are defined. The storage efficiency factor may vary from less than 

1% to more than 25% (OGCI 2021). Storage efficiency considers several factors: net-to-

total area, net-to-gross (NTG) thickness, effective-to-total porosity, volumetric 

displacement, and microscopic displacement. In general, the key criteria for CO2 storage 

site identification are the subsurface injectivity, capacity, and confining system, which will 

be the main parameters for CO2 storage evaluation. In terms of surface risk, economic 

feasibility and public acceptance would be the main limits to the execution of the CCS 

project. 

 

The application of these methods has been used to screen suitable CO2 storage sites across 

various regions, as demonstrated in several CO2 storage atlases. Notable examples include 



37 

 

the CO2 Storage Atlas of the Norwegian North Sea and Continental Shelf (Riis and 

Halland, 2014), the European CO2 Geological Storage Atlas, the U.K.'s CO2 Stored 

(Bentham et al., 2014), and the United States' NETL CO2 Storage Atlas published in 2018. 

These atlases employ similar methodologies and serve to showcase the potential of CCS 

sites across different regions worldwide. 

 

The approach of static, deterministic calculation for basin-scale CO2 storage screening has 

been a common practice for some time and has served as a reasonable starting point. 

However, recent evaluations have shown that CO2 storage resource assessments have 

evolved beyond the static approach. Various authors have suggested that pressure build-up 

plays a significant role in CO2 storage (Birkholzer et al., 2009; Mathias, 2009; Nicot, 2008). 

Bump and Hovorka (2024) further emphasize that CO2 injection involves complex 

dynamics, necessitating the incorporation of more realistic pressure limits and accounting 

for reservoir heterogeneity, which ultimately impacts the CO2 storage resource. The 

pressure-based storage resource calculation method, which incorporates these dynamic 

elements, offers a more realistic approach to screening potential storage areas. This method 

is employed in this research to provide a more accurate assessment of CO2 storage 

potential. 

 

The methodology that was used in this research includes subsurface characterization, CO2 

storage capacity estimation, injectivity, containment, prospect-scale case study, and 

uncertainty analysis. The summary of the workflow is shown in Figure 7 as follows: 
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Figure 7. The methodology developed for this study for regional evaluation of CO2 storage in federal offshore, Gulf of 

Mexico shelf, United States 

3.2 CO2 STORAGE WINDOW INTERVAL AND MAP 

The CO2 storage window interval and map analysis started by conducting subsurface 

characterization using well-log data. The well-log conditioning was conducted, which 

included tasks such as well-log import, template standardization, and scale adjustment. In 

this research, due to the inconsistent data quality across the region, log normalization was 

conducted. The method used curve normalization method by Shier (2024) and used gamma 

ray normalization Jupyter Notebook by Andy McDonald in python. The paleontology 

marker data was used then tied to the well as a stratigraphic pick, then also tied to seismic 

reflection.  

 

Subsequently, the well-log correlation across wells was conducted to evaluate the 

stratigraphic section within the region. Analysis was also carried out to identify individual 

sand and shale thickness and their distribution within specific well-log intervals. As the 

Gamma-Ray (GR) log is mostly available, it was used to distinguish lithology between 
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sand-prone and mud-prone intervals (Serra, 1986). The mud baseline was established based 

on the median of the GR distribution shown in the histogram. In this research, it was mostly 

encountered to be 55 API. Subsequently, NTG quantification were done by grouping GR 

with API below 55 API as sand-prone interval, while GR above 55 API is mud-prone 

interval. The individual mudstone thickness and frequency of mudstone sets evaluation 

were also carried out to understand the statistical figure of the potential reservoir presence 

and confining zone. The individual mudstone thickness and frequency of mudstone sets 

were carried out using Jupyter Notebook in Python. 

 

Following the correlation of stratigraphic units in the area, a crucial step is the 

establishment of the CO2 storage window, which lies between the depth at the top of the 

supercritical CO2 phase cut-off at 2,625 feet (ft) or 800 m to the depth at the top of the 

overpressure. For regional evaluation purposes, well-published data on the top of 

overpressure across the Northern Gulf of Mexico basin, as published by Burke et al. (2012), 

was utilized. Burke et al. (2012) mapped the top of overpressure from mud-weight 

measurements in vertical wells spanning the shelf region. The overpressure interval was 

established based on the depth at which a geo-pressure gradient of 0.70 psi/ft occurs. 

Subsequently, in this published work, a map contouring algorithm was developed to 

visualize and delineate these boundaries across the region and stored in GIS format (Figure 

8).  
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Figure 8. Top of Geopressure Gradient 0.70 psi/ft across Northern Gulf of Mexico Basin (Burke et al., 2012) 

 

The observation of the sonic log for the purpose of top of overpressure calibration shows 

that there is a consistent, linearly increasing trend in sonic velocity to a depth of about 

9,200 ft, where there is a sharp regression. In some places, that regression is interpreted as 

the top of overpressure and it is about 500 ï 700 ft deeper than the top interpreted by Burke 

et al. (2012). This is also validated by a couple of consistent observations through sonic 

logs at varied location across the shelf as well. 

 

Thus, for calibration purposes, other sources were examined. It was found that Cornelius 

and Emmet (2021) provided a more recent database, updating overpressure and geothermal 

gradient information in the Western and Central Deepwater of the Gulf of Mexico, which 

overlaps with the Area of Research (Figure 9). 
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Figure 9. Cornelius and Emmet (2021) found a deeper top of geopressure gradient of 0.7 psi/ft in the western part of 

the Gulf of Mexico shelf. Notice it increasingly deeper as it approaches the southern part of offshore Texas 

 

Unlike the map from Burke et al. (2012), the digital map version from Cornelius and 

Emmet (2021) is not publicly available. Therefore, the map was digitized using ArcGIS. 

The digitized map was then transformed into line features and converted to raster format. 

Subsequently, values from this raster map were extracted as points. These points replaced 

the top of the overpressure values from Burke et al. (2012). Merging the two datasets 

together, the resulting map is shown in Figure 10. 



42 

 

 

Figure 10. Merge result of the two tops of overpressure from Burke et al. (2012) and Cornelius and Emmet (2021). The 

deeper top of overpressure is shown by a red color, while the shallow depth is shown by a dark blue color 

 

Following the well-log analysis and establishment of the CO2 storage window, the seismic 

interpretation and mapping were carried out to define the spatial distribution of the 

stratigraphic intervals, their depth, and geological structure. There are slight adjustments 

in defining the CO2 storage window boundary under these conditions. Following a specific 

stratigraphic interval, the upper bounding boundary is defined as either the specific interval 

(e.g., top of Pliocene) or 800 m below mean sea level, whichever is deeper. For the lower 

boundary, the bounding boundary is defined as either the specific stratigraphic interval 

(e.g., top of Upper Miocene) or the top of overpressure, whichever is shallower. 

 

This analysis was conducted in Landmark DecisionSpace. However, limitations were 

encountered due to the resolution of 2D seismic data, which restricted the detailed mapping 

of structural distribution across the shelf. This means, the structural depth map might not 

capture the small-scale structural variation which would reflect the potential fetch-trap 
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pairs for prospect-level CO2 storage. Nevertheless, it was possible to extend the basin 

stratigraphic interval and infer seismic facies variations.  

 

Subsequently, the isopach maps of the CO2 storage window were created. These maps yield 

a grid node coverage of 1 km2. In total, the area covered approximately 115,000 km2 with 

approximately 115,000 grid nodes. The isopach map displays the potential CO2 storage 

window. The thicker it gets; the more rock volume is in the CO2 storage window.  

 

After obtaining the CO2 storage window map, the specific reservoir depth was picked based 

on the mid-point depth of the full CO2 storage window. It uses the following equation: 

 

ὤ
ὕὺὴὛὧὅὕς

ς
ίὧὅὕς 

 

Where ὤ is the mid-point reservoir depth in ft or m, ὕὺὴ is the depth at top of the 

overpressure in ft or m, and ίὧὅὕς is the depth at top of supercritical CO2 phase cut-off 

which lies at 2,625 ft or approximately 800 m. 

 

Subsequently, NTG mapping was carried out. The NTG values from each well was used 

as the data point to create the map. The NTG was obtained by distinguishing The challenges 

encountered in the initial NTG mapping through Landmark DecisionSpace, specifically 

related to issues with bulls-eye formations and non-smooth contouring practices, have 

prompted a shift in approach. To address these concerns, a manual contouring method was 

adopted. This alternative methodology aims to enhance precision and smoothness in 

contouring by incorporating a more hands-on, manual approach. Utilizing wells data points 

as control points offer a direct and controlled means of contouring the NTG distribution. 

The NTG map is then multiplied by the isopach map of the CO2 storage window to obtain 

the net-reservoir thickness map. 
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Next, the porosity value at each well was estimated by using the neutron-density log within 

the sand interval. The equation is as follows: 

 

•
”  ”

”  ”
 

 

Where • is porosity in fraction, ”  is matrix density, ” is formation bulk density or log 

value, and ” is the density of fluid saturating the rock surrounding the borehole. The 

lithology used for matrix density is sandstone which has 2.65 g/cc in density. Using the 

porosity value of each well from this equation, a porosity-depth relationship was 

established, deriving the linear/polynomial regression. This regression equation was then 

applied by plugging in the mid-point reservoir depth at each grid node to obtain porosity 

values across the region.  

3.3 CO2 STORAGE PRESSURE-BASED RESOURCE CALCULATION  

This study follows the approach of Bump and Hovorka (2024), who defined a method for 

regional assessment of pressure-limited storage capacity. This method considers both 

limits of pore volume and pressure, that is within a closed boundary reservoir volume at 

basin scale as follows: 

 

ὓ ’ῳὖὧ”  

 

Where ὓ  is mass of CO2 density, ’ is pore volume, ῳὖ is pressure headroom or 

allowable pressure change, ὧ is total compressibility, and ”  is density of CO2 at the 

reservoir level. The entire evaluation of these was carried out using Python in Jupyter 

Notebook. The compressibility equation used followed Mathias et al. (2009) which is the 

sum of brine and rock compressibility. Specifically, for rock compressibility, Zheng and 
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Espinoza (2021) work was referred by using the discrete value of 5.7 x ρπ -0Á. The 

CO2 density calculation was derived based on the pressure and temperature at the mid-

point reservoir depth. This value was obtained using the Peng-Robinson equation of state 

(Robinson and Peng, 1976). For the calculation purpose on Python, the CoolProp and 

phasepy dependencies were required. 

3.4 INJECTIVITY  

The definition of injectivity used in this thesis refers to the ability of fluid to move or flow 

within a subsurface stratigraphic interval. Typically, this calculation relies on injection rate, 

formation pressure, and bottom-hole pressure data. However, it is important to note that 

pressure data is typically unavailable at the regional basin scale. When such data is 

unavailable, net-reservoir thickness and permeability can serve as proxies for injectivity 

calculations due to their linear relationship (Hoffman et al., 2016; Valluri et al., 2021). 

Therefore, the injectivity estimation in this thesis is based on this proxy relationship: 

 

Ὅ Ὧz Ὕ  

 

Where Ὅ is injectivity in milidarcy-meters, Ὧ is permeability in darcy, and Ὕ  is the 

net-sand thickness in meters. The data utilized in this thesis is sourced from the BOEM 

2019 sand database. In the subsequent chapter, the injectivity results will be displayed by 

showing the variation in permeability data to depth, followed by a cross plot illustrating 

the relationship between permeability and net-sand thickness, and finally, presenting a 

histogram showing injectivity distribution. 

3.5 CONTAINMENT  

The definition of containment used in this analysis includes the potential pathways for CO2 

fluid leakage from either subsurface injection zones or to the sea floor. There is substantial 

oil and gas production in this region within Paleogene ï Neogene stratigraphic interval, 
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demonstrating the capacity of local geologic seals. Additionally, even without proven seals, 

this low NTG section, with extensive layering, should function effectively as a composite 

confining system. The major risks to containment are likely not seal failures but rather 

shortcuts across stratigraphy. Consequently, the focus here is on the key risk elements: 

wells, faults, and steep dips. 

 

The first containment analysis was derived by mapping the distribution of the potential 

geological pathways. This includes mapping the regional growth faults and piercement salt 

domes.  

 

For legacy well mapping, two analyses were conducted. The first involved mapping 

individual wells according to their respective Total Depth (TD), these categories include 

wells penetrating shallower than the supercritical CO2 phase cut-off, wells penetrating the 

average CO2 storage window depth, and wells penetrating deeper than the top of the 

overpressure. This analysis aimed to identify areas with legacy wells that penetrate the CO2 

storage window, which could potentially jeopardize the integrity of the containment. For 

this research, the vertical and deviated wells were not distinguished between one another. 

 

For the second evaluation, the density of legacy wells was mapped across the shelf. This 

evaluation aimed to identify blocks with the highest density of legacy wells. Well density 

calculation was conducted using a 3x3 mile grid or a 5x5 km grid in ArcGIS, which also 

aligned with the block lease geometry in the Gulf of Mexico shelf. The calculations 

involved a spatial join where the target feature was the clipped lease block within the area 

of interest. Each well stick at surface location was associated with the corresponding lease 

block using a one-to-one join operation, considering only the number of well sticks for 

each block.  
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3.6 PROSPECT CO2 STORAGE RESOURCE 

The prospect-level case study was conducted to illustrate the trade-offs between different 

areas when screening for potential CO2 storage sites. The first stage of identifying 

prospective areas involves qualitative screening considering trade-offs for factors such as 

proximity to emission sources, storage capacity, and the reduced risk of leakage due to 

stratigraphic displacement or existing wells. Once potential areas are identified, well-log 

analysis and correlation, seismic interpretation, and prospect delineation are conducted 

using available seismic data in these areas.  

 

The prospect capacity calculation was performed using the GCCCôs in-house storage 

capacity analytical tool, EASiTool. EASiTool is a quick-look software designed for 

pressure-based storage capacity analysis. A detailed explanation of how EASiTool works 

can be found in Ganjdanesh and Hosseini (2018). For the purposes of this research, 

EASiTool enabled a rapid evaluation of storage capacity by examining various cases 

involving different numbers of injection wells and the extent of CO2 and pressure plumes. 

This approach facilitates an understanding of whether a potential area can be developed 

based on its unique characteristics. 

 

For this research, I divided my reservoir based on the presence of a very thick sand interval, 

considering the limits of reservoir thickness input in EASiTool and its relevance to the 

stratigraphic interval. 

3.7 UNCERTAINTY AND SENSITIVITY ANALYSIS  

This thesis conducts two uncertainty analysis and sensitivity analysis: one focuses on the 

regional CO2 storage pressure-based capacity and the other on the prospect-level CO2 

storage capacity. 
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Regarding the regional CO2 storage pressure-based capacity, a sensitivity analysis was 

performed by selecting one grid node in a location deemed potential for a CO2 storage site 

and varying the relevant input values using minimum, most likely (ML), and maximum 

cases. The analysis involved generating tornado plots and conducting Monte Carlo 

simulations to identify the parameters most sensitive to capacity changes and to observe 

how CO2 storage resource value distribution changes across various uncertainty 

parameters. The detailed methods for generating both tornado plots and Monte Carlo 

simulations are explained in Bump and Hovorka (2024). 

 

Uncertainty and sensitivity analysis are conducted using EASiTool. The outcome of this 

analysis varies based on the module within EASiTool. In the maximum storage capacity 

module, results include the P90, P50, and P10 values of maximum storage capacity. 

Additionally, a tornado chart illustrates the sensitivity of various reservoir properties to 

CO2 storage capacity. In the user-input module, EASiTool generates a tornado chart that 

evaluates the sensitivity of parameters to average Bottom Hole Pressure (BHP) in injector 

wells, probability estimation of Area of Review (AoR) map, and histogram density of 

average BHP of injectors. 

 

The input for each analysis was derived from observations and published literature on both 

surface and subsurface conditions in the Gulf of Mexico shelf. Parameters such as reservoir 

porosity, reservoir thickness, injection zone depth, NTG ratio, reservoir pore volume 

compressibility, and water depth were selected based on statistical distributions observed 

in the region. The geothermal gradient distribution values and mean annual surface 

temperature followed the distribution shown by Forrest et al. (2007), reservoir brine 

salinity followed Szalkowski and Hanor (2003), most likely and maximum injection 

pressure followed Zhang and Yin (2017), and the minimum fault slip pressure of Shmin at 

80% of the base case sand fracture pressure (Zoback and Healy, 1984) and 100% of shale 
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fracture pressure using the base case of sand fracture pressure. Surface water salinity 

followed Espino and Rojas (2024). 

3.8 DATA SETS 

The database used in this research is shown in Figure 11. The dataset comprises 

approximately 12,700 wells. This dataset primarily covers the Louisiana offshore region, 

with lesser coverage in the western part of the shelf and the southern Texas region. The 

well data is sourced from two main sources; approximately 12,000 wells come from BOEM 

2019 Sand and Paleontology database, shown by small black dots, and 700 wells come 

from other sources such as the OWL7 database from the Bureau of Economic Geology, 

IHS Enerdeq, and Enverus PRISM, shown by the purple circles. 

 

     

Figure 11. Base map for the area of research. The red outline shows the area of research. Black dots show the 

distribution of available wells from BOEM,2019 Sand and Paleontology, purple dots show the distribution of available 

wells from OWL7, IHS Enerdeq, and Enverus PRISM database. Purple line shows the distribution of the 2D seismic 

line from Fairfield. The green line shows the USGS NAMSS database used for prospect-level evaluation. 
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The BOEM 2019 Sand and Paleontology database provided detailed information on the 

hydrocarbon fields located in federal waters, including field names, spud dates, and 

technical information about the wells, such as reservoir type and pressure data. No log data 

available for this database. For the purpose of this research, the BOEM 2019 Sand and 

Paleontology database was used exclusively to evaluate injectivity. The information used 

for this evaluation includes well coordinates, total depth, net-sand thickness, permeability, 

and paleontology data. The paleontology markers used from this database focus on the 

Pliocene interval, which has been given geological age designations: PL represents the 

Lower Pliocene, PU-PL for the Middle Pliocene, and PU for the Upper Pliocene. All of the 

data are already in tabular format and ready for use in comma-separated value (CSV) 

format. 

 

As for the 700 wells sourced from the OWL7, IHS Enerdeq, and Enverus PRISM, the data 

is associated with reports and log information. This data is used for subsurface 

characterization that yields the CO2 storage window interval and map, CO2 storage 

pressure-based resource, containment, and prospect CO2 storage resource results. The 

reports provide a comprehensive range of information, combining well locations, geology, 

and operational data. For the purpose of evaluation, the reports used from these sources 

include the Unique Well Identifier (UWI), well coordinates, total depth, and paleontology 

markers. The paleontology markers from this database are referred as benthic foraminifera 

or geological age. 

 

The well-log datasets were available in two primary formats: raster data and digital data in 

LAS format. A significant portion of the raster datasets primarily comprised Gamma-Ray 

(GR) and Spontaneous Potential (SP) logs. Additionally, some datasets included the 
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common triple combo log (Resistivity, Neutron, and Density) and sonic log. For datasets 

that remained in raster format, digitization was carried out using Neuralog software.  

 

All relevant information from BOEM 2019 Sand and Paleontology, OWL7, IHS Enerdeq, 

and Enverus PRISM database is stored in a CSV format and Geographic Information 

System (GIS) database, which allows the smooth integration between Landmark 

DecisionSpace and ArcGIS. This also serves as an input for data and geostatistical analysis 

using Python in Jupyter Notebook. This process includes mapping, gridding, and 

extrapolation purposes.  

 

25 depth-migrated 2D seismic lines were also available and have been included. The lines 

mostly cover the dip section from onshore to deep water and only one line is available 

crossing the strike sections close to the coastal plain across offshore Louisiana. The spacing 

between lines in dip section is between 25 km each. The 2D seismic lines were provided 

courtesy of ION Geophysical (and subsequently, Fairfield). The well-to-seismic tie 

procedure were not conducted in this thesis it is already done for the project.  

 

In addition to the data used above, the seismic interpretation work done for the prospect-

level study were sourced from the United States Geological Survey National Archive of 

Marine Seismic Surveys (USGS NAMSS) database. The three survey lines that cross the 

area are B-05-82-TX, B-08-83-TX, and B-21-76-TX, as shown by the green line in Figure 

11. 
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Chapter 4: Results  

This chapter presents all the results, including the inputs and outputs in the form of maps 

and geological cross-sections. The findings from these analyses provide insights into the 

subsurface characteristics, storage resource, injectivity, and containment potential of the 

federal offshore Gulf of Mexico shelf for screening potential CO2 storage sites. Uncertainty 

and sensitivity analyses were conducted to measure the possible parameter ranges and their 

impact on storage resources. The chapter concludes with a prospect-scale study to 

understand the trade-offs involved in selecting an area as a potential CO2 storage site in the 

federal offshore Gulf of Mexico shelf. 

4.1 CO2 STORAGE WINDOW MAP AND INTERVAL  

The most substantial CO2 storage regions, as observed from the isopach map, correspond 

to offshore Louisiana and the southeastern part of Texas, particularly near the Corpus 

Christi area (Figure 12). In these regions, the thickest storage window can reach up to 3,500 

m, close to the coastline of Louisiana and near the present-day shelf edge in southeastern 

Texas.  

 

In the middle of the Gulf of Mexico shelf, at the boundary between offshore Texas and 

Louisiana, and along the present-day shelf edge at the western part of the Gulf of Mexico 

shelf, the CO2 storage window is relatively thin, reaching as low as 850 m. This result is 

primarily controlled by the top of the overpressure. Even relatively thin zones are usable 

for storage. 
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Figure 12. Isopach Map of the Full CO2 storage window across the Gulf of Mexico shelf. The dark brown shows a 

relatively thick sedimentary section, while dark green shows a relatively thin sedimentary section. Data was sourced 

from OWL7, IHS Enerdeq, and the Enverus PRISM database. The location of the wells is shown in Figure 11 

 

The mid-point reservoir depth, as established and mapped (Figure 13), mirrors the pattern 

observed in the isopach map. This mid-point reservoir depth ranges from 2,000 m to 2,550 

m in several areas, indicated by light-blue to dark-blue colors. These areas are located 

offshore Louisiana and deepen toward the coastline, as well as in the southeastern part of 

offshore Texas, where the depth increases toward the present-day shelf edge.  

 

Conversely, in the central Gulf of Mexico and parts of the western Gulf of Mexico shelf 

near the present-day shelf edge, as well as the southeastern part of the Louisiana coastline, 

the mid-point reservoir depth is relatively shallow, reaching about 1,225 m, indicated by 

light yellow to light green colors. 
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Figure 13. CO2 storage window isopach map and mid-point reservoir depth map.  In this map, dark blue indicates 

greater thickness, while light yellow signifies a thinner section. Data was sourced from OWL7, IHS Enerdeq, and the 

Enverus PRISM database. The location of the wells is shown in Figure 11 

 

A more detailed seismic interpretation also covers the relevant stratigraphic intervals 

within the CO2 storage window on the Gulf of Mexico shelf: the Miocene, Pliocene, and 

Pleistocene intervals. The seismic interpretation indicates that most of the interval covered 

in the federal offshore Gulf of Mexico falls within the Plio-Pleistocene interval. The Oligo-

Miocene interval which represents a significant CO2 storage window in the Texas-

Louisiana coastal region (e.g., Carr et al. (2016); Bump et al. (2021)) is within the 

overpressure window. This confirms the hypothesis that the Late Neogene interval is the 

main stratigraphic interval for the CO2 storage window in this region. 

 

In the Pliocene strata, several distinctive features are observable across the study area 

(Figure 14). First, a smooth slope is evident in the depth map, exhibiting a structural break 

from northeast to southwest. Additionally, along the continental shelf towards the shelf 
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edge, there are notable occurrences of Pliocene salt diapir feature, as indicated by relatively 

small structural highs.  

 

 

Figure 14. Top Pliocene Depth Map. The red color shows a shallow interval while the transition from yellow, green, to 

blue, shows a deeper sedimentary interval of the Pliocene age. 25 depth-migrated 2D seismic lines from Fairfield were 

used for interpretation and mapping. The data location is in Figure 11 

 

The thickest Pliocene sedimentary interval is identified in the southern part of Offshore 

Louisiana and the southeastern part of offshore Texas (Figure 15). This interpretation and 

mapping results aligned with Snedden and Galloway (2019) that suggest the sedimentary 

axis with thickest sediment accumulation, likely associated with the paleo-Mississippi 

delta system, offshore Louisiana; and shore zone system at several part of southern part of 

offshore Texas.  

 

On the other hand, areas represented by thick blue colors, such as offshore Aransas, exhibit 

relatively thin to nonexistent Pliocene section within the CO2 storage window. This is 
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because in these areas the storage window is primarily composed of Corsair fluvial axis 

depositional systems within the Oligo-Miocene interval, as observed in previous 

evaluations of the Gulf Coast region, and the Pliocene section is relatively too shallow out 

of the storage window. 

 

 

Figure 15. Pliocene CO2 storage window isopach map. The red color shows a thick Pliocene CO2 storage window 

while the dark blue color shows the absence of Pliocene CO2 storage window. The notable region includes a coastal 

region close to Corpus Christi in the western part of the shelf, and a region close to offshore Louisiana. The prior 

occurred due to the dominant presence of the Upper Miocene section within the CO2 storage window while the latter 

was due to it surpassing the suitable CO2 storage window. 25 depth-migrated 2D seismic lines from Fairfield were 

used for interpretation and mapping. The data location is in Figure 11 

 

Besides the 2D seismic interpretation and mapping, well-log analysis and correlation were 

conducted to observe the subsurface characteristics, primarily focusing on lithological 

distribution. Eight well-log cross sections were created across the shelf, with one example 

from offshore Louisiana shown in Figure 16. The color scheme used in these cross sections 

illustrates lithologic composition, with yellow denoting sand-prone intervals and gray 

representing mud-prone intervals. 
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Figure 16. Well-log cross-section, for example from offshore Louisiana. From the coastal region on the left (A) to the 

shelf-edge on the right (B). The log shows GR with a 0 ï 150 API scale from left to right. Scale depth in ft. The 

sandstone, displayed by a yellow color-fill log diminishes towards the shelf edge where the sediment section is 

dominated by mudstones, displayed by a light grey color on the cross-section. Data was sourced from OWL7, IHS 

Enerdeq, and the Enverus PRISM database. The location of the wells is shown in Figure 11 

  

The well-log correlation example from offshore Louisiana illustrates chronostratigraphic 

surfaces, bounded by the supercritical CO2 depth and the top of the overpressure (red 

dashed lines). This example highlights that in the up-dip region, particularly in segments 

of offshore Louisiana, the majority of the interval within the CO2 storage window is 

dominated by the upper Miocene interval, with a subtle transition to the Plio-Pleistocene 

interval as it goes downdip, near the present-day shelf edge. The sand distribution as a 

potential reservoir for the region is extensively distributed up-dip and diminishes as it goes 

towards the present-day shelf-edge.  
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The majority of the NTG values fall within the range of 0.15 to 0.25 within the CO2 storage 

window (Figure 17). This includes the entire stratigraphic interval possible from Upper 

Miocene to Lower Pleistocene, depending on location across the shelf. Specifically, the 

P50 values, representing the median of the distribution, are approximately 0.20 (Figure 

18).  

 

 

Figure 17. NTG distribution across Gulf of Mexico shelf. The NTG interval covers the full CO2 storage window 
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Figure 18. NTG distribution at Gulf of Mexico shelf with log curves penetrating 90% coverage of CO2 storage window. 

The median NTG lies at 0.20. Data was sourced from OWL7, IHS Enerdeq, and the Enverus PRISM database. The 

location of the wells is shown in Figure 11 

 

Out of the 268 wells analyzed, 19 wells exhibit NTG values lower than 10%. Further 

screening of datasets revealed that some wells may have short gamma-ray (GR) logs that 

may not be representative of GR calculation. For example, well UWI 42-709-40334-00 

and UWI 42-709-40381-00 have NTG values of 0.06 and 0.09, respectively, within their 

respective CO2 storage windows. Additionally, UWI 42-709-40036 shows that within a 

3,500 ft CO2 storage window, there are only about 1,000 ft GR logs present.  

 

In summary, from these wells evaluations, scrutiny was done and wells with logging 

problems will be disregarded (wells with erroneous logging interval), resulting in a new 

NTG histogram and analysis from 259 wells.  
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The new NTG values were obtained from a total of 259 wells. The observation shows an 

average NTG value of 0.15 ï 0.25 (Figure 19). This is lower compared to onshore 

Louisiana Miocene section that may reach average values 0.55 (Bump et al., 2023).  

 

 

Figure 19. Histogram of NTG values from 259 wells. It eliminates the data outlier. Median remain in 0.20 with most 

NTG value fall from 0.15 ï 0.25. Data was sourced from OWL7, IHS Enerdeq, and the Enverus PRISM database. The 

location of the wells is shown in Figure 11 

      

Although the NTG value is lower compared to the onshore Louisiana Miocene section 

region, an interesting observation is noted within the intervals outside of the CO2 storage 

window. In several wells exhibiting NTG values between 0.05 and 0.1, thick sets of sand-
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prone stacks were observed above the shallow top of the CO2 supercritical phase cut-off 

(Figure 20). Some of these intervals contain single thick sands measuring hundreds of feet. 

Similarly, below the top of the overpressure, relatively higher NTG values exceeding 0.1 

intervals were observed. 

 

This observation provides insights into the distribution of sand as a potential reservoir 

element in the area. It suggests that although some wells show relatively thin sand layers 

with low NTG within the CO2 storage window, this does not negate the presence of sand 

in the region outside of the CO2 storage window, across various stratigraphic intervals. 

These findings also underscore that NTG representation within the CO2 storage window is 

not necessarily tied to a specific stratigraphic interval. As a result, the next stage of prospect 

maturation level analysis may focus on better de-risking the presence of sand in the 

potential point of the injection area. 

 

 

Figure 20. Potential thick sandy interval outside the CO2 storage window. The thick sand interval lies overlying the 

supposed CO2 storage window. Data was sourced from OWL7, IHS Enerdeq, and the Enverus PRISM database 
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As shown by the cross-sections, it is primarily mud-dominated systems prevalent 

throughout the shelf.  There is a total of about 36,525 individual mudstones (Figure 21). 

The median individual mudstone thickness is approximately 15 ft or ~5 m. Notably, only 

a limited number of intervals exceed 150 ft or ~45 m in thickness, or less than 10% of the 

total individual thickness. Many sets of mudstones could be selected to serve as a confining 

zone for multiple injection intervals. This displays the variability in confinement system 

characteristics. 

 

 

Figure 21. Individual mudstone thickness across the Gulf of Mexico shelf. Median individual mudstone thickness is 15 

ft or ~5 m. Data was sourced from OWL7, IHS Enerdeq, and the Enverus PRISM database. The location of the wells is 

shown in Figure 11 
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The frequency analysis of individual mudstone thickness within the CO2 storage window 

in the Gulf of Mexico shelf was also carried out (Figure 22), revealing that the median 

thickness stands at approximately 5 mudstones per 330 ft or 100 m of section across the 

region, representing a common occurrence within the studied wells. At the 10th percentile 

(P10), the frequency reduces to approximately 1 to 2 mudstones per 330 ft, indicating a 

lower occurrence compared to the median. Conversely, at the 90th percentile (P90), the 

frequency increases to about 9 to 10 mudstones per 330 ft. 

 

 

Figure 22. Frequency of mudstone sets for every 300 ft or 100 m across the Gulf of Mexico shelf within the entire CO2 

storage window. Median shows about 5 mudstone per 300 ft or 100 m. Data was sourced from OWL7, IHS Enerdeq, 

and the Enverus PRISM database. The location of the wells is shown in Figure 11 

 

From both evaluations of individual mudstone thickness and frequency of mudstone per 

330 ft or 100 m, it can be seen that the individual mud layers are thin and may not be 

necessary resembles the classic petroleum seal. However, the thin individual layer is 

compensated by relatively higher frequency number.  This stratigraphic barrier which are 
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a proven hydrocarbon seal across the Gulf of Mexico shelf, may also help to retard vertical 

migration of CO2 (Bump et al., 2023). 

4.2 CO2 STORAGE RESOURCE, INJECTIVITY , AND CONTAINMENT  

4.2.1 Pore Volume  

The pore volume analysis will be derived from the evaluation and mapping of NTG, net-

reservoir thickness, and porosity. 

 

The NTG contouring and mapping results show several notable regions with higher NTG 

values (Figure 23). Areas with high NTG values, particularly along the channel mouth axis 

offshore from Houston and Louisiana, suggest a correlation with sedimentary entry points 

to the Gulf of Mexico shelf. In these regions, NTG values can reach as high as 0.40 to 0.70, 

represented by relatively light-yellow colors. Conversely, other areas where sediment may 

bypass the region exhibit lower NTG values, as low as 0.15, symbolized by dark brown 

colors. 
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Figure 23. Net-to-Gross (fraction) distribution across the shelf. High NTG is shown by light yellow color, while dark 

brown color displays low NTG. Data was sourced from OWL7, IHS Enerdeq, and the Enverus PRISM database. The 

location of the wells is shown in Figure 11 

 

As expected, the net-reservoir thickness map pattern follows the NTG map pattern. The 

map shows areas with high net-reservoir thickness in light orange, reaching about 1,135 m, 

and areas with low net-reservoir thickness in dark orange, as low as 195 m. It is worth 

noting that this interval covers the entire CO2 storage window, which may reach thousands 

of meters in thickness (Figure 24). 
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Figure 24. Net reservoir thickness across the Gulf of Mexico shelf. Light yellow shows high net-reservoir thickness, 

while dark orange shows low net-reservoir thickness. Data was sourced from OWL7, IHS Enerdeq, and the Enverus 

PRISM database. The location of the wells is shown in Figure 11 

 

Following the evaluation of the distribution of reservoir presence, a porosity evaluation 

was conducted. The porosity-depth relationship was established using a fourth-degree 

polynomial relationship: 

 

• πȢυρω πȢπππρπχυὤ πȢπππππππρωςυὤ πȢπππππππππππρυσρὤ

τȢςρρρπ ὤ 

 

where ὤ is the mid-point reservoir depth in feet. The depth-driven porosity values reflect a 

trend where shallower depths correspond to higher porosity, while deeper depths exhibit 

lower porosity (Figure 25). Within the CO2 storage window, the porosity values range from 

0.28 ï 0.31. 
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Figure 25. Porosity-depth values from all formations in all the available wells exclusively within reservoir interval. The 

color scheme used represents different wells. As the penetration goes deeper, porosity is reduced. Data was sourced 

from OWL7, IHS Enerdeq, and the Enverus PRISM database. The location of the wells is shown in Figure 11 

 

The sandstone porosity map shows the distribution across the Gulf of Mexico shelf, which 

is mostly depth-dependent and controlled by the mid-point reservoir depth (Figure 26). The 

green color indicates that porosity may be as low as 0.28, while the highest porosity, 

corresponding with shallower intervals such as in the central Gulf of Mexico shelf and 
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along the shelf edge further south from offshore Louisiana, can reach as high as 0.31, 

displayed by dark blue color. 

 

Figure 26. Calculated average reservoir porosity distribution in the storage window across the Gulf of Mexico shelf. 

based on applying the porosity-depth function to the mid-point reservoir depth map yields a value between 0.28 and 

0.31. Data was sourced from OWL7, IHS Enerdeq, and the Enverus PRISM database. The location of the wells is 

shown in Figure 11 

  

4.2.2 Pressure Limit  

After conducting the pore volume analysis, the next step is calculating the pressure limit 

which limits the overall regional CO2 storage capacity. There are two components that act 

as an input for this calculation; the allowable pressure changes and total compressibility.  

 

The allowable pressure changes or the pressure headroom follow a depth-function and vary 

by mid-point depth (Figure 27). It shows that the variation goes from as low as 5.0 MPa 

shown by blue color to the highest at 9.50 MPa, shown by redcolor.  
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Figure 27. Pressure headroom or allowable pressure increase at the mid-point reservoir depth across the Gulf of 

Mexico shelf. Red color displays high-pressure headroom, reaching 9.5 MPa. Meanwhile, light blue color shows low-

pressure headroom, reaching as low as 5.0. Data was sourced from OWL7, IHS Enerdeq, and the Enverus PRISM 

database. The location of the wells is shown in Figure 11 

 

Meanwhile, the total compressibility also varies based on mid-point reservoir depth, 

reaching from as low as 9.00 x 10-4MPa-1 shown by light orange to as high as 9.50 x 10-4 

MPa-1 as shown by dark orange (Figure 28). The map indicates that the total 

compressibility value decreases with increasing depth. 
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Figure 28. Calculated Total compressibility based on mid-point reservoir depth across the Gulf of Mexico shelf. Purple 

color shows high total compressibility, while light green shows low total compressibility. Data was sourced from 

OWL7, IHS Enerdeq, and the Enverus PRISM database. The location of the wells is shown in Figure 11 

 

4.2.3 CO2 Fluid Density  

One last input for the calculation of CO2 storage capacity is the calculation of CO2 density. 

The depth-dependent application of the Peng-Robinson equation of state (Robinson and 

Peng, 1976) shows a CO2 density range of 740 to 815 kg/m³ across the shelf (Figure 29). 

This follows a depth-dependent pattern, with CO2 density increasing as depth increases, 

indicated by a shift to darker blue colors. 
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Figure 29. CO2 Fluid Density (kg/m3) at mid-point depth across the Gulf of Mexico shelf. Dark blue color reflects high 

CO2 fluid density, while lighter color shows lower CO2 fluid density. Notice the pattern also follows the bathymetry 

across the shelf. Data was sourced from OWL7, IHS Enerdeq, and the Enverus PRISM database. The location of the 

wells is shown in Figure 11 

 

4.2.4 Pressure-Based CO2 Storage Resource and Storage Efficiency  

Considering all the inputs, the pressure-based CO2 storage resource and storage efficiency 

are calculated, assuming closed boundaries. The CO2 storage resource varies considerably 

across the shelf, primarily influenced by reservoir thickness and midpoint reservoir depth. 

This variability, illustrated in Figure 30, indicates capacity densities ranging from as low 

as 0.25 Mt/km², represented in yellow, to high-capacity densities reaching up to 1.75 

Mt/km², shown in red. Several regions emerge as having relatively higher capacity, 

including offshore Houston, Corpus Christi, and offshore Louisiana. 



72 

 

 

Figure 30. Isocapacity map showing CO2 Storage Capacity (Mt/km2) across the Gulf of Mexico shelf. The hot red color 

displays a high CO2 storage capacity per Km2, while the warm yellow color displays a lower CO2 storage capacity per 

Km2. Data was sourced from OWL7, IHS Enerdeq, and the Enverus PRISM database. The location of the wells is 

shown in Figure 11 

 

The calculation also yielded a storage efficiency value ranging from as low as 0.65% to 

1.20%, with an average of 0.88% (Figure 31). This figure is just 15% to 25% of the 

conventional static storage efficiency value of 4.5%, which is often considered in the Gulf 

Coast region (Carr et al., 2016). The discrepancy arises because the 4.5% value is derived 

from static capacity analysis, while the storage efficiency calculated here accounts for 

pressure limits as a determinant of capacity. 
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Figure 31. Storage efficiency applied at the mid-point reservoir depth across the Gulf of Mexico shelf. Darker color 

shows high CO2 storage efficiency, while lighter green color show low CO2 storage efficiency. Average storage 

efficiency is 88%. Data was sourced from OWL7, IHS Enerdeq, and the Enverus PRISM database. The location of the 

wells is shown in Figure 11 

 

4.2.5 Injectivity  

For the first result, the compilation of permeability data from BOEM 2019 Sand and 

Paleontology database with respect to depth is shown in Figure 32 as part of an input 

parameter in calculating injectivity. As observed, the permeability within the majority of 
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CO2 storage window, which is in the Pliocene section, generally lies 100 ï 1,000 mD from 

depth 0 ï 5,000 ft.  

 

 

Figure 32. Depth and Permeability relationship across Pliocene interval and all formations in all available data wells 

(BOEM 2019 Sand Database) 

 

Following the permeability-depth cross plot, permeability and net-sand thickness were 

observed as display in Figure 33. This plot, modified from Hoffman et al. (2016) illustrates 

how the correlation between both net-sand thickness and permeability gives information 

on the potential injectivity in darcy-meters within this interval. 
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Figure 33. Net-sand thickness vs Permeability to identify injectivity. Data comes from the Pliocene interval (BOEM 

2019 Sand Database). Graph is modified from Hoffman et al. (2016) 

 

As observed from Figure 31, more than 2/3 of net-sand thickness-permeability shows that 

the Pliocene interval is the most abundant CO2 storage window across the Gulf of Mexico 

shelf lies above 10,000 mD-m, which makes it possible to inject more than 1 Million ton 

per annum (Mtpa) of CO2. From this data, there is no clear observable trend, and injectivity 

does not appear to be controlled by any particular formation. 

 

Figure 34 presents how the distribution of injectivity across the Pliocene interval is 

observed. It can be seen that the majority of data is consistent between both lower and 

upper Pliocene, and it can be seen that almost half of the data lies in the 100 ï 2,000 mD-

m.  
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Figure 34. Injectivity histogram within Pliocene interval across the Gulf of Mexico shelf (BOEM 2019 Sand Database). 

Blue color shows PL (Upper Pliocene), light orange shows PU (Upper Pliocene), green shows PU-PL (Upper Pliocene 

ï Lower Pliocene) 

 

The results indicate an abundance of sand, with high injectivity potential, particularly in 

the Pliocene interval, which is suitable for large-scale CO2 injection across the shelf. 

4.2.6 Containment  

Containment assurance requires site-specific study. Here I identify features that may be 

risks to containment and would require additional assessment for areas where these features 

are found to be qualified for secure storage.  

 

Figure 35 shows the spatial distribution of growth faults and salt bodies across the Gulf of 

Mexico shelf. In the offshore Texas region, regional growth faults are more prominent 

compared to the presence of salt bodies. These faults are Miocene-age fault zones that have 

been recognized as key trapping mechanisms for hydrocarbon fields in this region. 
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However, changes in pressure may destabilize these faults, potentially creating a pathway 

for CO2 leakage.  

 

Conversely, the offshore Louisiana region features more salt diapirs intersecting shallower 

intervals. The salt diapirs across the shelf within the study area have a diameter of mostly 

less than 10 km, but in some parts of the region such as Eugene Island Block and some 

parts in West Cameron block, the salt diapirs diameter can reach as wide as 10 km. In the 

examination of areas where salt is close to the surface, the potential for salt weld distortion 

arises, leading to variations in dip from a gentle to steep angle.  

 

 

Figure 35. Spatial distribution of potential geological leakage pathway. The pink color small circle shows the salt 

distribution with less than 10 km in diameter, while the bigger circle had more than 10 km. The pink line shows the 

distribution of faults. Data was sourced from OWL7, IHS Enerdeq, and the Enverus PRISM database. The location of 

the wells is shown in Figure 11 
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There are 72,129 wells in the study area, but they are highly unevenly distributed (Figure 

36). The number of wells in an individual lease block ranges from 0 to 798 with an average 

of 12 and median of 1. The highest well density per block is mostly located in the offshore 

Louisiana. 

 

 

Figure 36. Wells penetration across the Gulf of Mexico shelf is depicted with color coding to indicate the depth of 

potential penetration into the CO2 storage window. Green color shows penetration down to 3300 ft, yellow color shows 

penetration down to 6600 ft, red color shows penetration down to 25,000 ft. Data was sourced from OWL7, IHS 

Enerdeq, and the Enverus PRISM database. The location of the wells is shown in Figure 11 

 

In the offshore Texas region close to the coast, well counts mostly range from 5 to 30 per 

block. Conversely, beyond the Corsair Trough fault, the well density decreases 

significantly, ranging from 0 to 3 wells per block. The area with the highest well density is 

located offshore Mississippi, where the wells per block vary between 15 and 50. 

Additionally, some areas exhibit extremely high well density, surpassing 50 wells per 

block. The complete map is shown in Figure 37 as follows: 
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Figure 37. Wells Density calculation from 5x5 km grid. The green color shows an average that it is close to 0 wells 

within the 5x5 km grid. Meanwhile, the red color shows that the well density within the grid in average is more than 50 

per 5x5 km grid. Dense legacy well concentrations are focused in offshore Louisiana. Data was sourced from OWL7, 

IHS Enerdeq, and the Enverus PRISM database. The location of the wells is shown in Figure 11 

 

The complete containment-assessment map combining all the potential geological leakage 

pathways through growth faults and salt diapirs, as well as the legacy wells, is shown in 

Figure 38. From the map, it can be seen Western part of the shelf close to the offshore 

Texas has extensive NE-SW growth faults with salt dome less than 10 km in diameters 

with plenty of open region in the offshore Houston. Meanwhile, offshore Louisiana, it can 

be seen that there are various potential leakage pathways from legacy wells and salt diapirs. 

Opportunity for exploring storage sites remains on smaller areas compared to offshore 

Texas. 
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Figure 38. Complete containment map with legacy wells, faults, and salt diapirs. Some observable regions with less 

need for leakage risk assessment are located in offshore Houston and Corpus Christi region. Some  small potential 

exploration acreage located in offshore Louisiana. Data was sourced from OWL7, IHS Enerdeq, and the Enverus 

PRISM database. The location of the wells is shown in Figure 11 

 

4.3 UNCERTAINTY AND SENSITIVITY ANALYSIS  

4.3.1 Uncertainty Analysis 

All the input parameters for calculating the CO2 storage resource have been considered 

under the most reasonable scenarios. However, many underlying assumptions were made, 

which may introduce uncertainties. 

 

1) The pressure limit used in calculating the CO2 storage resources is set at 90% of the 

fracture gradient. This 90% limit follows the regulations established by UIC Class VI 

(2010). However, the actual achievable pressure may vary, as this is an optimistic scenario 

that does not account for site-specific risks such as induced seismicity or brine leakage due 

to reservoir brine displacement near legacy wells.  



81 

 

 

2) reservoir interval parameters. Uncertainty in this input may come in two forms: net-

reservoir thickness and base of reservoir interval. For the first part, the net reservoir 

thickness in this case is taken at face value. Uncertainties may come from how much 

reservoir you can actually access for injection. As time goes by, it would be possible for 

the pressure to bleed into non-reservoir, thus increasing the net thickness, and adding the 

storage capacity (e.g., Bump and Hovorka, 2024). As for the second part, uncertainty may 

arise from the definition of the top of overpressure as the base of the storage window 

interval. Burke et al. (2012) and Cornelius and Emmet (2021) identified overpressure using 

mudweight, which may underestimate the true overpressure due to the practice of slightly 

overbalanced drilling to avoid fluid loss and fracturing. This could result in a deeper top of 

the overpressure depth, thereby increasing the storage window and CO2 storage resource. 

 

Furthermore, the log intervals may not be representative of the entire storage window, and 

the porosity and permeability data from the BOEM database are biased towards producing 

fields, which may not represent the average sandstone. The depth-dependent 

transformations average a wide range of variables, some of which could be deconvoluted 

in future work. Additionally, this study did not consider sand body continuity, which is 

critical in a mud-prone system and could make or break a project. Sand body continuity is 

likely to be facies-dependent and, therefore, can vary greatly across the region. 

 

Additionally, CO2 dissolution was not formally assessed. Dissolution of CO2 into the water 

phase can potentially increase storage efficiency. However, the rate and extent of CO2 

dissolution can vary based on reservoir conditions, including temperature, pressure, and 

rock properties. 

 

The last but not least uncertainty is the pressure management through water production, 

which can significantly impact CO2 storage capacity. Extracting reservoir brine effectively 
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to create space for CO2 reoccupation removes pressure as the limiting factor for storage 

capacity. However, the challenge shifts to managing the extracted brine, which presents its 

own set of complexities and difficulties. 

4.3.2 Sensitivity Analysis 

Based on the aforementioned considerations, a sensitivity analysis was conducted to 

identify which parameter most significantly impacts the basin-scale CO2 storage resource 

estimation (Figure 39). A grid sample was selected from the map, using an example from 

the offshore Houston area. This grid sample has a CO2 storage resource value of 860,000 

t/km², which will serve as the base case. The specific location is shown on Figure 39. 

 

 

Figure 39. Sensitivity analysis location, located in offshore Houston. Location was picked as it deemed prospective 

CO2 storage site 

 

The varying parameters for the sensitivity analysis input in the grid sample are shown in 

Table 1:  
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Table 1. Input parameters for sensitivity analysis in basin-scale CO2 storage resources 

Parameter Min ML Max 

Reservoir porosity (%) 28 30 32 

Reservoir thickness (m) 850 1300 1900 

Reservoir N:G (fraction) 0.2 0.45 0.7 

Geothermal gradient (degrees C/km) 15 25 35 

Reservoir brine salinity (kg/l) 0.035 0.1 0.2 

Maximum injection pressure (fraction of frac pressure) 0.8 0.9 1 

Injection zone depth (m) 1225 1450 1750 

Reservoir pore volume compressibility (1/MPa) 0.0008 0.000925 0.001050 

Water depth (m) 25 

Surface water salinity (if storage site is offshore; kg/l) 0.035 

Mean annual surface temp (degrees C) 20 

 

The result of the closed basin sensitivity analysis is shown in Figure 40: 
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Figure 40. Tornado chart showing sensitivity analysis across the parameters for CO2 storage capacity calculation. the 

NTG and pressure limit remains as the most sensitive parameters 

 

From this result, it can be observed that the pressure limit plays a pivotal role in controlling 

the storage resource. A 10% reduction in the pressure limit, to 80% of the fracture gradient, 

reduces the CO2 storage capacity by almost 50% to 450,000 t/km². Additionally, key 

parameters such as reservoir NTG and thickness also significantly influence the CO2 

storage resource. Using pre-defined minimum and most likely cases observed in the area, 

the final amount of CO2 storage resource can both decrease and increase by 50%. 

 

The Monte Carlo analysis is as follows as shown from Figure 41: 
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Figure 41. Monte Carlo analysis of total storage resource in thousand tons per kilometer square (kt/km2). The graph 

shows a slight skew from deterministic calculation from 860 kt/km2to 885 kt/km2 

 

The results shows a reality check to the sensitivity analysis. It shows that the P50 and Mean 

results slightly exceed the deterministic value of 860,000 t/km2, which shows 

approximately 886,000 t/km2 and 932,000 t/km2, respectively.  

4.4 PROSPECT SCALE : CASE STUDY  

4.4.1 Selecting Prospective Site based on Trade-Offs Involved 

Based on observations from the regional basin-scale screening analysis, which involves 

considering trade-offs between proximity to emissions, storage resource, injectivity, and 

containment risk, two geological carbon storage sites have been identified: offshore 

Houston and offshore New Orleans. Offshore Houston offers large expanses for exploring 

suitable CO2 storage site with fewer legacy wells, while offshore New Orleans offers 

higher storage capacity amid a dense concentration of legacy wells (Figure 42). 
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Figure 42. An example of potential prospect-scale site: offshore Houston and offshore New Orleans by considering 

trade-offs. Offshore Houston shows a large running room for CO2 storage site exploration, while offshore New Orleans 

offer higher storage capacity 

 

In the offshore Houston region, there are two potential storage site regions identified as 

project areas (Figure 43). The first area (B) is situated near the NE-SW Corsair fault zone 

and remains in proximity to a cluster of legacy wells. The second area (A) is positioned 

outside the Corsair fault zone, closer to trough areas, and lacks fault presence. 
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Figure 43. Potential prospect area in offshore Houston. 2 potential areas; (B) is a smaller region close to the source of 

emission in coastal region, while (A) located further offshore with less leakage risk 

 

The latter region presents more promising prospects due to its minimal legacy wells and 

the potential for a larger reservoir area. Conversely, the zone adjacent to the NE-SW 

Corsair fault zone is potentially constrained by narrow growth faults in the northern and 

southern parts, leading to a reduced reservoir area. 

 

Given these considerations, the second area (A) with a larger potential reservoir area were 

selected for further investigation and evaluation. 

4.4.2 Subsurface Characterization and Prospect Identification 

Subsurface characterization was carried out in Area A using available type log and 2D 

seismic line, which is the NAMSS B-21-76-TX: t-74. Both the uninterpreted and 

interpreted section is shown in Figure 44. These patterns range from high to low amplitude, 
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and from continuous to discontinuous reflections. Additionally, the reflections exhibit 

variations in their orientation, appearing as parallel, subparallel, and chaotic reflections. 

Notably, steep clinoforms with significant dips are also evident in the seismic data. 

 

 

Figure 44. Example from NAMSS B-21-76-TX t-74. Uninterpreted and interpreted dip section. Green horizon 

resembles top prograding set, orange horizon resembles top of maximum flooding surface at Top Upper Pliocene. 
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At the base of the CO2 storage window, delineated by the overpressure gradient and the 

Lower Pliocene interval, several geological features were observed. These include 

prograding stratigraphy characterized by low amplitude, chaotic reflections, high dip 

angles, and an erosional truncation base. These features suggest the presence of a potential 

mass transport complex or a sandy forced regressive Shelf-Margin Delta. This 

interpretation aligns with the observations made by Perov and Bhattacharya (2011) in the 

late Quaternary interval in the Vermillion area, situated in the offshore Gulf of Mexico 

shelf. 

 

Overlying the previously mentioned interval, from the Upper Pliocene extending up to the 

top of the CO2 storage window, there were observations of low- to medium-amplitude 

seismic reflections with gentle dipping characteristics. These reflections appear 

continuous. The well-log patterns corroborate these findings, showing a relatively high 

gamma-ray signature followed by a coarsening-upward, funnel-shaped gamma-ray log. 

This pattern suggests a possible lithology of silt and mud at the base of the interval, 

transitioning to sandier deposits as it ascends (Figure 45). Based on the underlying seismic 

facies and the interpreted depositional system, this interval can be identified as a 

transgressive marine mud belt and highstand deltaic deposits. 

 

 

Figure 45. Well-log pattern within the offshore Houston prospect. Yellow-filled color shows a sand interval, grey-filled 

color shows a mudstone interval. Data was sourced from OWL7, IHS Enerdeq, and the Enverus PRISM database. The 

location of the wells is shown in Figure 11 
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In the strike section analysis of the CO2 storage window, several key observations are noted 

as shown by 2D line NAMSS B-21-76-TX: t-39 in Figure 46. The seismic reflections 

within this interval display a range of characteristics, including chaotic, sub-parallel, and 

parallel patterns that are extensively continuous, stretching up to 72 km without significant 

structural deformation. An interpreted feature, possibly a mass transport complex (MTC) 

or a sandy forced regressive shelf-margin delta, appears to pinch out towards the Southwest 

part of the High Island area. 
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Figure 46. Example from NAMSS B-21-76-TX t-39. Uninterpreted and interpreted strike section in offshore Houston 

prospect. The orange horizon is the Top of MFS1 ï Upper Pliocene (PL1). The green horizon resembles top 

prograding set.  

 

Additionally, a notable facies change is observed in the Upper Pliocene interval, 

transitioning from relatively weak amplitude and continuous, parallel reflections in the 

Southwest to stronger, sub-parallel reflections in the Northeast of the area. This change 










































































