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Abstract 
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This study assesses the suitability of the onshore Wilcox Group for carbon dioxide 

(CO2) sequestration building on previous extensive studies of oil, gas, and water resources 

in this interval. I use a multi-stage methodology to down-select sites, estimate CO2 storage 

capacity, and evaluate the economic feasibility of a Carbon Capture and Sequestration 

(CCS) project. Structural, stratigraphic, and sedimentological analysis combine to define 

structural compartmentalization and sand presence and continuity. The CO2 injection 

window is identified beneath the supercritical depth (800m) and the Underground Source 

of Drinking Water (USDW), and above the overpressure boundary. Reservoir quality 

analysis, based on cores and well logs, defines the reservoir properties. The results indicate 

attractive sandy intervals with good continuity (Delta III, III -2, B, and C), with reservoir 

properties ranging from 0.10 to 0.26 porosity and 5 to 160 mD permeability. The Wilcox 

geologic study confirms the feasibility of carbon storage. CO2 storage capacity for selected 

sites is estimated using EASiTool (GCCC-BEG software), followed by the selection of a 
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case study project area ñsite Aò. The Fayette coal-fired power plant was selected for the 

economic assessment. Site A's storage capacity ranges from 572 million tonnes (MMT) to 

731 MMT, depending on whether closed or open boundary conditions are assumed. 

Sensitivity analysis indicates a potential 50% variation in mean capacity scenarios. The 

cost breakdown includes capture at $77.83/tonne, transportation via pipeline at 

$0.70/tonne, and storage at $5.06/tonne, resulting in a total CCS cost of $82.26/tonne, as 

estimated by Gaffney Clineôs Cost Assessment Tool. With carbon credits priced at 

$85/tonne, the project is near break-even for CCS in the AOI. However, there is room for 

further assessment to explore cost reductions, particularly in industries with lower capture 

costs. The Wilcox formation offers low and attractive storage costs. These findings provide 

valuable insights for decision-making in future CCS projects within the area of interest and 

contribute to a broader understanding of the CO2 storage potential in the Wilcox Group 

onshore in Texas. 
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Chapter I :  Introduction  

Anthropogenic activities, primarily the burning of fossil fuels, have led to an 

increasing level of carbon emissions in the atmosphere, resulting in global warming and 

climate change (Yoro & Daramola, 2020). If this trend continues, global warming is likely 

to reach 1.5°C between 2030 and 2052 (IPCC, 2022). 

Simultaneously, the global population is expected to grow by about 1.5 billion 

people, reaching approximately 9.2 billion by 2040, which will increase global energy 

demand by 30% (Kenny & Gehan, 2023).  

CCS is a crucial part of the portfolio of solutions for emissions mitigation while 

satisfying the increasing energy demand. CCS technology can help reduce CO2 emissions 

by capturing CO2 from industrial processes, power generation, and other sources, and then 

storing it safely underground. As the world is seeking pathways to keep economic growth 

and enhance energy security while reducing CO2 emissions, the development and 

implementation of CCS technology is developing as a key component of any 

comprehensive strategy to address climate change. CCS holds significant potential in 

decarbonizing the power generation sector, which stands as a primary emitter of CO2. 

Additionally, it addresses challenging sectors or ñhard to abateò, such as steel, cement, and 

chemical production, which account for substantial volumes of capture-ready CO2 (NPC, 

2019).  

In the IEA's Net Zero Emissions by 2050 (NZE) Scenario, which charts a course 

for the energy sector in line with the Paris Agreement objective of restraining global 

warming to 1.5 °C, approximately 1 billion tonnes of CO2 per year are projected to be 

captured and stored by 2030 (IEA, 2023). In the Sustainable Development Scenario, CCUS 
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accounts for nearly 15% of the cumulative reduction in emissions by the end of 2070 (IEA, 

2020).  

In the United States, the announced capture and storage capacity has substantially 

increased from 2021 to 2024, reaching around 170 and 230 MMT of CO2 per year, 

respectively, with a significant boost in storage capacity. This increase is primarily due to 

the 2021 Infrastructure Investment and Jobs Act (IIJA), which provides approximately 

USD 12 billion for the CCUS value chain through 2026, and the Inflation Reduction Act 

(IRA), which increased the 45Q tax credit for CCUS projects. The IRA offers $85 per tonne 

of CO2 permanently stored, $60 per tonne of CO2 used in enhanced oil recovery or other 

industrial uses, and up to $180 per tonne of CO2 extracted by direct air capture (DAC) 

projects. This has led to project announcements almost doubling between 2022 and 2023. 

As of September 2023, 121 CCS facilities were under construction or in various stages of 

development.  (Figure 1) (IEA, 2024).  
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Figure 1: Announced capture and storage capacity for 2030 in the United States, 2018-

2024 (IEA, 2024) 

The Gulf Coast is one of the world's premier destinations for carbon capture and storage 

(CCS). Texas and Louisiana lead the U.S. in point-source CO2 emissions, with a significant 

portion concentrated along the coast (A. Bump & Hovorka, 2024). In Texas, announced 

CCS projects are focused in coastal areas such as Corpus Christi, Galveston, Port Arthur, 

as well as the Permian Basin. In Galveston, sectors with announced projects ranging from 

2 to 20 MMTpa in capture capacity include biofuels, heat and power, and chemicals. Petra 

Nova CCS project from a coal power plant is an important example located in Thompsons, 

Texas. In Port Arthur, hydrogen projects with a capacity of around 1.5 MMTpa have been 

announced by companies like 8 Rivers Capital and Air Products. (US Carbon Capture 

Activity and Project Map, 2024) (IEA, 2024) (Figure 2). 
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Figure 2: Texas Carbon Capture Activity and Project map by subsector, capture capacity 

in MMtpa and project status (US Carbon Capture Activity and Project Map, 

2024).  

Despite this positive momentum, acceleration is required to align with the Net Zero 

Emissions (NZE) Scenario and greater ambition to boost CCS is necessary. Alignment 

between geological, financial, and regulation aspects is still a challenge. Case studies with 

geologic characterization of a specific storage site and proper match of CO2 emitters to an 

appropriate sink will accelerate decision-making and investments soon. In this research, I 

assessed the storage potential of an onshore area in Texas and selected a site with sufficient 

capacity to sequester CO2 emissions from a major power plant. This selection was based 

on a comprehensive geological assessment using well logs, core samples, and limited 

seismic data, as well as an economic assessment that estimated the costs of capture, 

transportation, and storage. 

PROBLEM STATEMENT  

The Wilcox Group is a lower Eocene sandstone rich sequence characterized by 

fluvial, deltaic and shallow marine facies. It is a sandstone rich sequence characterized by 

fluvial, deltaic and shallow marine facies deposited during the Paleogene (M. I. Olariu & 

Zeng, 2018; Snedden & Galloway, 2019, p. 1; Sweet & Blum, 2011). It is a thick sequence 

of about 3000 m of mostly terrigenous sediments deposited parallel to the Texas Gulf Coast 

unconformably overlaying the Paleoceneôs Midway formation (Fisher & McGowen, 

1969). The Wilcox is economically important for Texas providing oil, gas, and fresh-water 

reservoirs. The group is the primary oil and gas producer for the lower Paleogene 

assessment interval with more than 1,200 known oil and gas fields, along Texas and 

Louisiana (Warwick, 2017).  
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The Wilcox group has been broadly investigated and described by previous authors 

mostly from the Bureau of Economic Geology (BEG) in Austin, Texas. The regional 

stratigraphy was interpreted from well-log correlation and seismic interpretation from 

regional 2D lines resulting in a well-understood depositional system for the group (Bebout 

et al., 1978; Fisher & McGowen, 1969; Galloway et al., 2000; M. I. Olariu & Zeng, 2018). 

However, most of the previous studies were focused on evaluating and quantifying the oil 

and gas potential of the Wilcox Group. There is a lack of research evaluating the potential 

of the Wilcox Group for the geologic sequestration of CO2. My research evaluates the 

Wilcox system to assess the CO2 storage potential in a Texas region, which includes 

Colorado, Austin, Waller, Montgomery, Washington, Grimes, Walker, and Harris 

counties. The results of this research provide valuable information to support decision-

making in future CCS projects in the area of study, as well as contribute to the wider 

understanding of the potential for CO2 storage in the Wilcox Group onshore Texas. 

RELEVANCE  

Texas is a prime location for CCS due to its dense concentration of industrial 

facilities and power plants that emit substantial amounts of CO2. Texas, responsible for 

about 10% of total US greenhouse gas emissions, is the largest emitters in the country, 

making it an ideal target for CCS efforts (EPA, 2024). The proximity of onshore storage 

sites to major CO2 emitters contributes to source-to-sink matching. Moreover, the geology 

of the Wilcox Group in the onshore region is well-suited for CCS due to several favorable 

characteristics. The Wilcox Group features significant thickness and lateral extent, 

providing substantial pore space for CO2 storage. It has fair to good rock quality, with 

porosity and permeability levels that are adequate for CO2 injection, characteristics proven 

in its use as an oil and gas reservoir. Furthermore, it is found at suitable depths, typically 
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between 5,000 and 10,000 feet (ft), and finally, due to its extensive use in the hydrocarbon 

industry, there is geological data available. Additionally, the regulatory environment in the 

area is supportive of CCS. North America is a world leader in policy enhancements, 

particularly with the US IRA, which raised substantially the 45Q tax credit for geologic 

sequestration of CO2 to $85/tonne, creating momentum for CCS projects (Global CCS 

Institute, 2023). Moreover, Texas submitted a primacy application in December 2022 to be 

authorized to issue Class VI permits under the Underground Injection Control (ñUICò) 

Program. With favorable geological conditions and regulatory support, the Wilcox Group 

presents an opportunity for CO2 geological storage in a geographically feasible location 

near significant CO2 emitters. 

The major CO2 emitters identified in the AOI counties are primarily related to 

power generation and manufacturing activities. Here are some of the largest emitters in this 

area (EPA, 2024) (Figure 3) : 

Å Fayette Power Plant/Sam Seymour (Lower Colorado River Authority 

(LCRA)) ï Fayette County: This is a coal-fired power plant with a capacity of 1,625 

megawatts, making it one of the largest power plants in Texas. It emitted 10.5 MMT of 

CO2 in 2022 

Å Oak Grove Power Plant (Luminant Thermal) ï Robertson County: This is a 

coal power plant with a capacity of 1,796 megawatts. It emitted 12.7 MMT of CO2 in 2022 

Å W. A Parish (NRG Energy) ï Fort Bend County This is a dual-fired power 

plant with a capacity of 3.65 gigawatts. It emitted 12.4 MMT of CO2 in 2022  
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Figure 3: Map with main CO2 emitters around AOI 

Regional evaluation and reservoir characterization are currently conducted by the 

ñSoutheast Regional CO  Utilization and Storage Acceleration Partnershipò (SECARB-

USA) in the southern states of the U.S. The Gulf Coast Carbon Center (GCCC) at the BEG 

is carrying out subtask 2.2: Expanded Regional Characterization for the SECARB-USA 

partnership. This subtask expands and improves the regional characterization effort for 

basins and potential stacked storage complexes, primarily by using legacy data. The 

Wilcox assessment for CO2 storage is part of this regional characterization. The GCCC 

dataset and current research is available to support this thesis research. In addition, different 



 

 25 

teams from the BEG are also working on the larger scope Wilcox characterization project, 

therefore, I have collaborated with them and expanded their current research in the AOI. 

KEY CHALLENGES  

The research builds on and expands the extensive findings of previous regional 

characterization studies and addresses challenges that are relevant to carbon storage 

projects. Some of the challenges related to the AOI are the following:  

i) Sub-regional evaluation of the Carrizo-Upper Wilcox aquifer to define the 

limits of the underground sources of drinking water (USDW). Class VI regulations for CO2 

storage aim to protect the USDW, defined in the Code of Federal Regulations as an aquifer 

or its portion that contains fewer than 10,000 mg/l total dissolved solids (TDS). (40 Code 

of Federal Regulations 144.3, 2023).  

ii)  Reservoir presence and continuity. The Lower Wilcox in the AOI was 

deposited as part of the large Rockdale Delta System whereas the Upper Wilcox was 

primarily deposited by the Rosita Delta system (Olariu & Ambrose, 2016). Stratigraphic 

analysis is needed to identify favorable intervals for CO2 storage, sand presence, and 

continuity. 

iii)  Structural Analysis. The Gulf Coast area has a strongly extensional regime 

resulting in growth faulting and associated thickening of the sedimentary units downdip of 

the faults (Ewing, 1986). The structural mapping completed in this thesis is mainly based 

on well logs and available structure maps and verified with 2D regional seismic lines. 

iv) Source and sink matching. The AOI is about important CO2 emitters related 

to industrial activities such as power generation and oil and gas production. For example, 

the Fayette coal-fired power plant located in Fayette County represents a significant source 

of CO2 with emissions of up to 11 MMT CO2 in 2021 (EPA, 2024). Significant volumes, 
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purity of the CO2 from the emissions source, and distance to the geological sink are critical 

factors to make a CCS project feasible. 
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Chapter II :  Background 

GEOLOGIC BACKGROUND  

Cenozoic Depositional History 

The Cenozoic era in the Gulf of Mexico (GoM) is characterized by a continuous 

record of basin infilling by terrigenous clastic sediment, described in detail by (Snedden & 

Galloway, 2019) and summarized here. Within the first few million years of the Paleogene, 

two sedimentation patterns emerged. In the northern Gulf, large continental rivers supplied 

sediment, initiating a continental margin offlap that persisted throughout the Cenozoic. In 

contrast, the western Gulf received sediment from numerous local drainages, leading to 

margin bypass rather than offlap until the Late Neogene (Snedden & Galloway, 2019). 

The Paleocene Laramide deformation and ongoing plate convergence along 

Mexico's Pacific margin created regional uplifts and basins that influenced the Gulf, 

providing diverse sediment sources and sinks detailed by (Snedden & Galloway, 2019). 

The Cenozoic fill can be divided into three phases: the Paleogene Laramide phase, the 

Middle Cenozoic geothermal phase, and the Neogene Tectono-climatic Phase (Snedden & 

Galloway, 2019).  

 The Cenozoic era and the Laramide tectonostratigraphic phase began with the 

deposition of relatively thin and/or mud-rich strata across the entire northern and western 

Gulf margins. Early Paleocene records feature disconformities and muddy sediments from 

the Midway and Velasco groups. However, by the Middle Paleocene, sand-rich deposits 

became predominant. In the northern gulf, the geological record includes five main 

depositional episodes: the Lower Wilcox, Middle Wilcox, Upper Wilcox, Queen City, and 

Sparta formations (Snedden & Galloway, 2019) (Figure 4). 
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Figure 4: Depositional episodes in chronological order during Laramide Phase (Snedden 

& Galloway, 2019). 

The Wilcox Group 

The Wilcox Group is the first major progradation of terrigenous sediments post-

cretaceous, in the GoM basin. In Texas, the Wilcox Group thickens from 300 meters near 

its surface exposure to over 1,800 meters in the deep subsurface, spanning a distance of 

100 to 160 kilometers (Edwards, 1981). The Wilcox Group is a highly heterogeneous 

wedge dominated by deltaic systems sourced from the Laramide Rocky Mountains and the 

Cordilleran Arc (Xu, 2016). The geological setting of the Wilcox Group has been discussed 

in detail in previous studies (Bebout et al., 1978; Fisher & McGowen, 1969; Galloway et 

al., 2000; C. Olariu & Bhattacharya, 2006; M. I. Olariu, 2023; M. I. Olariu & Ambrose, 

2016; M. I. Olariu & Zeng, 2018; Zhang et al., 2017, 2018, 2019). This research builds on 

the stratigraphic framework previously worked on by other researchers at the BEG. Age 

control has provided the basis for subdividing the Wilcox Group into three major intervals: 

Lower Wilcox (Paleocene), Middle, and Upper Wilcox (Eocene) (Fisher & McGowen, 



 

 29 

1969; Galloway, 2008; M. I. Olariu & Zeng, 2018; Snedden & Galloway, 2019) (Figure 

5). This research focuses on the potential for CO2 storage of the sandier intervals of Upper 

and Lower Wilcox in the AOI.  

 

 

Figure 5: Correlation chart showing lithostratigraphic divisions for the Texas Wilcox 

Group. Gross changes in lithology and depositional environments provide 

the basis for subdividing the Wilcox Group into major regressiveï

transgressive cycles (M. I. Olariu & Ambrose, 2016). 

Lower Wilcox 

Approximately two million years into the Early Paleocene, the northern GoM 

experienced a rapid influx of sediment, marking one of the highest rates recorded in the 

basin's history. This led to rapid progradation across the Cretaceous shelf platform and the 

preserved clinoforms indicate that the Early Paleocene shelf was up to 1,000 ft deep at its 
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marginal rollover. The combination of increased depth, the deposition of a thick continental 

slope sediment prism, and a steep basin ward slope upon reaching the margin initiated the 

formation of the Wilcox fault zone, characterized by numerous belts of extensional growth 

faults (Figure 6). The Lower Wilcox super sequence is typically 4,000 to 6,000 ft thick in 

the fault-expanded interval beyond the margin (Snedden & Galloway, 2019). 

 

Figure 6: Seismic line showing clinoforms formed by progradation over the Cretaceous 

platform and growth faulting (Snedden & Galloway, 2019).  

During the Lower Wilcox period, the northern GoM basin was dominated by two 

principal fluvial-deltaic systems: the Rockdale delta in east Texas and the Holly Springs 

delta in Louisiana. The Rockdale delta, first described and named by (Fisher & McGowen, 

1969), was subsequently mapped and described by (Galloway et al., 2000) and recently, 

other authors such as Olariu and Zhang have provided detailed descriptions of specific 

areas (M. I. Olariu, 2023; M. I. Olariu & Zeng, 2018; Zhang et al., 2019). 

The Rockdale delta had the greatest sediment supply and deposit volume. While 

predominantly influenced by fluvial processes, substantial sand reworking southwestward 

along the shore contributed to the development of a wide, sandy shore zone and shelf 
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systems. These systems accumulated sand-rich facies, primarily reworked by waves and 

storms (Figure 7) (Snedden & Galloway, 2019).  

 

Figure 7: Paleogeographic map of the Paleocene Lower Wilcox deposodes. AOI in pink 

polygon (Snedden & Galloway, 2019).  

The system comprises seven deltas and the Colorado and Brazos deltas are the ones 

influencing my AOI (Figure 8). The Lower Wilcox section is divided into three major 

intervals, referred to as Delta A, Delta B, and Delta C, each representing about one million 

years of deposition (Olariu & Ambrose, 2016; Olariu & Zeng, 2018). The Deltas studied 
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in this research are B and C. In general, the Lower Wilcox is bounded by the Big Shale at 

the top and the Midway Shale at the bottom ( Olariu & Ambrose, 2016; Olariu & Zeng, 

2018). 

 

 

Figure 8: Paleogeographic maps depicting paleo-shoreline positions in the Wilcox Group 

and distribution of principal deltas (modified from (Fisher & McGowen, 

1969; M. I. Olariu & Ambrose, 2016)) 
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Upper Wilcox 

The Upper Wilcox super sequence documents significant changes in sediment 

influx patterns, distribution, and resulting paleogeography of the northern GoM. This 

depositional phase persisted for approximately six million years. Despite its duration, the 

total volume of sediment deposited during the Upper Wilcox is less than that of both 

Paleocene Wilcox super sequences (Lower and Middle Wilcox). The rate of sediment 

supply continued to decline, with the calculated rate being less than half of that during the 

Lower Wilcox period (Snedden & Galloway, 2019). 

The sediment supply primarily came from the sand-rich Carrizo fluvial system, 

which flowed due southward as it entered the depositional coastal plain, suggesting it was 

the redirected terminus of the continental-scale Colorado system. This broad fluvial belt 

fed an equally broad assemblage of deltas, known as the Live Oak-Rosita delta system 

(Figure 9), with predominantly wave-dominated and sandy coastal deltaic facies, except 

for the Colorado delta, which displayed facies influenced by both fluvial and tidal 

processes (Snedden & Galloway, 2019) . 
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Figure 9: Paleogeographic map of the Early Eocene Upper Wilcox deposode (Snedden & 

Galloway, 2019). 

The Carrizo-Wilcox Aquifer  

The Carrizo-Wilcox Aquifer is a significant aquifer that extends from the Louisiana 

border to the Mexico border. It consists of the Wilcox Group and the overlying Carrizo 

Formation of the Claiborne Group. The aquifer is confined in the down-dip region by the 

lower-permeability Reklaw Formation, and the Midway Formation serves as the lower 
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confining boundary of the aquifer. (Bruun et al., 2016) (Figure 10). The Simsboro and 

Carrizo formations are considered the most crucial hydro stratigraphic units (Bruun et al., 

2016; George et al., 2011).  

 

 

Figure 10: Stratigraphy and hydrogeology in the Carrizo-Wilcox Aquifer (modified from 

Marce et al, 2000). (Bruun et al, 2016) 

In my AOI, the Carrizo Formation is hydrologically connected downdip to the 

Wilcox Group and is considered part of the Wilcox. By the time the Carrizo Formation was 

deposited, the main area of sand deposition had moved to the south of the San Marcos 

Arch, contributing to the Rosita Delta System (George et al., 2011). The total sandstone 

thickness in the Carrizo Formation usually ranges between 100 and 200 ft, which is 

generally less than that in the Simsboro Formation. (George et al., 2011). The Carrizo-
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Wilcox deposition has been influenced by the tectonic evolution of GoM. The aquifer is in 

a regional setting where dip and thickness increase basin ward.  The following dip-oriented 

profiles show the geologic structure north of my AOI (Figure 11).  
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Figure 11: Vertical dip-oriented profile of the Carrizo-Wilcox aquifer formations (George 

et al., 2011) 

The Carrizo Wilcox aquifer is an important part for this research as Class VI 

regulations for CO2 storage are designed to protect the USDW as an aquifer that contains 

fewer than 10,000 mg/l TDS. Injection into USDW is forbidden for Class VI. The 

Groundwater Advisory Unit (GAU) in the Railroad Commission (RRC) with the BEG 

provides a map for operators with an estimate of casing depths to assist in obtaining the 

Groundwater Protection Determination Letter, aiming to protect USDW 10,000 mg/l 

(Railroad Commission of Texas, 2011). From this data, a map was generated with the depth 

of the USDW. This map shows that at my AOI, the USDW is shallower than the top of the 

Wilcox and therefore suggests that the USDW is not a limitation (Figure 12).  
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Figure 12: Surface casing estimator map for USDW with TDS of 10,000 mg/l. Colors 

show depth below ground level of uppermost occurrence of 10,000 mg/L 

water. (Railroad Commission of Texas, 2011) 

In addition, a previous study by (George et al., 2011) compiled data from 

hydrologic and petroleum-industry sources and generated a TDS contour map in the 

Carrizo-Wilcox aquifer on the northern portion of my AOI. The map shows how downdip 

of the 500 mg/l TDS, the salinity increases rapidly to the limit of potable water at 3,000 

mg/l and then to 10,000 mg/l and 50,000. In this map, the aquifer in my AOI increases 

from 10,000 mg/l to 50,000 m/l (Dutton et al., 2003) (Figure 13).  
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Figure 13: Total dissolved solids (TDS) content in the Carrizo-Wilcox aquifer in the AOI 

(Dutton et al., 2003).  
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Chapter III :  Methodology 

STUDY AREA 

The AOI covers Colorado, Austin, Waller, Montgomery, Washington, Grimes, 

Walker, and Harris counties. The map highlights the AOI in pink, the Wilcox production 

trend in green, and the Wilcox-Carrizo aquifer in blue, with the Vogelsang-1 core location 

marked in red star (Figure 14).  

 

Figure 14: Area of Interest (AOI) with Wilcox-Carrizo aquifer, Wilcox production trend 

and major CO2 emitters. (EPA, 2022) 
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DATA SET 

Wells  

The dataset accessed for this work includes rasters of wireline log data from more 

than 20,000 wells, however, it was necessary to narrow down the selection to wells that 

penetrated the entire Wilcox section with and to digitize a few key wells. 412 wells with 

digital logs were used for well-log correlation and subsurface mapping in the AOI. The SP 

log was used for well correlations. It is notable that the south and east of the AOI exhibit 

low well density; particularly in the south where the Wilcox top begins to approach depths 

of around 11,000 ft (Figure 15). To manage the selected data effectively, a project was 

created in the IHS Petra software for data management, cross-sections, mapping, and 

reservoir analysis. 

Seismic 

The BEG database includes regional 2D lines (in depth) from ION Geophysical 

Corporation, covering more than 22,000 km. However, only two lines, one of which is 

incomplete, are present in the AOI spanning Colorado and Austin counties. The 

interpretation of these 2D seismic lines was carried out using Landmarkôs Decision Space 

software. (Figure 15) 
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Figure 15: Wells and 2D seismic dataset in the AOI 

Core 

The Vogelsang-1 core located in Colorado County is available at the BEG core 

library collection and it has been described by previous researchers (Zhang et al., 2022). 

The core is 2240 ft long (682.8 m) and is located within the axis of sedimentation of the 

Colorado delta. The core shows multiple transgressive-regressive cycles and offers a view 

of the different types of deposits within the Lower Wilcox that may be present in the AOI, 

including wave or river-dominated regressive delta front deposits, fluvial or fluvial-tidal 

channels deposits, and wave or tide-dominated transgressive deposits (Figure 16) (Zhang 

et al., 2022).  
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Figure 16: Core description of Vogelsang-1 core with interpretations of MFS, 

depositional environments and dominant processes by (Zhang et al., 2022) 
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METHODOLOGY  

A project created in the IHS Petra software was used for effective data 

management, cross-sections, mapping, and reservoir analysis. Well-log correlations were 

conducted across the AOI along both strike and dip directions, building upon previous 

work by Dr. Mariana Olariu (BEG). The geological tops interpreted included Wilcox, 

Clayton Sh (shale), Yoakum Sh, Webb Sh, Big Sh, Dull Sh, Top A, and Midway Sh. The 

interpretation was initiated in Colorado County with Olariu's findings as a reference point 

and was subsequently expanded to encompass other counties within the AOI. This 

interpretation served as a basis for structural and stratigraphic analysis. 

Structural analysis is important in this part of the Gulf Coast area, which has an 

extensional regime that results in growth faulting and associated thickening downdip the 

growth faults. Syn-sedimentary normal faults are subparallel to the depositional strike 

(SW-NE). Structural mapping for the Upper and Lower Wilcox was done based on well-

log interpretation and the faults included in the structural maps were the faults interpreted 

before by (Ewing, 1991). The two interpreted 2D regional seismic lines helped to confirm 

the location of the faults. Five main seismic horizons were followed along the seismic lines: 

Top Wilcox, base Upper Wilcox, Big, Dull and Midway shales. The seismic horizons were 

interpreted by tying the top well-picks interpreted in some wells to the seismic lines. 

Techniques used in horizon picking were auto tracking and manual picking, depending on 

the continuity of the reflector. 

Stratigraphic and facies analysis for sand presence and continuity was done to 

identify favorable facies for CO2 storage. Sandstone and mudstone distributions on a 

broader scale were inferred from the electrical log patterns of the Spontaneous Potential 

(SP) log. The principal log used was Spontaneous Potential (SP) and it was normalized to 

align with a particular SP curve range (-160 to +40 MV). A threshold of -50 MV was used 
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to determine between lithologies (sandstone and mudstone). The standardized curves 

facilitated the correlation of sandy intervals, enhancing the interpretation of the 

stratigraphy.  

The net sand was calculated within each interval with the threshold of -50 MV in 

the SP log. The threshold was defined after normalizing the SP logs and it was validated 

using the Gamma Ray (GR) log and Shale Volume (VSh). Net sandstone maps were 

generated in Petra for each stratigraphic interval, to comprehend the sand thickness 

distribution. Subsequently, previous descriptions and documentation of the Vogelsang-1 

core (Zhang et al., 2022) were used to interpret the facies observed in the well logs and 

extrapolate them to three wells nearby.  

The base of the USDW within the Carrizo-Wilcox aquifer varies along the Wilcox 

transect (Dutton et al., 2003). Then, the identification of local USDWs is a critical objective 

for any potential onshore project. Protecting these USDWs is the primary requirement for 

obtaining a UIC Class VI EPA permit (EPA, 2011). The research conducted at the GCCC, 

specifically by GRA Yushan Li under the guidance of Dr. Shuvajit Bhattacharya (Y. Li, 

personal communication, 2023), utilized a methodology similar to Hamlin and de La Rocha 

(2015) to calculate water salinity from well logs. This work, along with the surface casing 

estimator map by AGU, indicated the absence of the USDW within the Wilcox in my AOI. 

An early stage of CO2 sequestration site evaluation involves a determination of the 

storage window, the sedimentary interval in which fluid pressures are hydrostatic with the 

potential to accept injection (Trevino et al., 2024). The window is constrained by being 

below the USDW, underneath the supercritical depth at approximately 800 meters below 

ground level, and above the overpressure boundary. Supercritical CO2 behaves similarly to 

a liquid, is dense, and allows for storage of higher concentrations of CO2 by volume.  
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Identification of overpressures regions for evaluating the viability of geological 

sequestration and long-term containment of fluids. At a storage site, it is critical to ensure 

geomechanical stability, minimize CO  compression cost, and produced brine management 

(Song et al., 2023). The overpressure is a limiting factor in the CO2 capacity of a site. If 

the pore space is over-pressurized, then the amount of CO2 to inject would be reduced (A. 

P. Bump et al., 2022). In the AOI, the overpressure limit was identified qualitatively by 

analysis of the acoustic response of the sonic log. In normal conditions, the transit time 

(DT) decreases, as rocks normally compact resulting in higher velocities. In overpressure 

conditions, the sonic log shows an increase in transit time - a velocity decrease- (L. Wang 

et al., 2022).  

Incorporating the inputs described above, potential CO2 storage sites within each 

stratigraphic interval were identified in the AOI. These sites were chosen based on criteria 

such as good sand presence, absence of structural or overpressure constraints, avoidance 

of densely penetrated areas, and the potential for reservoir stacking to maximize capacity.  

I then estimated the CO2 storage capacity for each site using the Enhanced 

Analytical Simulation Tool (EASiTool).  EASiTool is an analytical simulation tool from 

the GCCC, which estimates the amount of CO2 that can be injected into the subsurface 

over a specified duration without exceeding pressure limits. EASiTool inputs for the 

project included depth, pressure, temperature, thickness, salinity, porosity, permeability, 

rock compressibility, maximum allowable injection pressure, project area, and reservoir 

area, all tailored to potential storage sites. Petrophysical parameters were defined with 

well-log and core data, with porosity and permeability analyzed by Dr. Shuvajit 

Bhattacharya. Depths and corresponding pressures and temperatures were determined 

using structural correlations and standard gradients. The maximum injection pressure was 

set to 90% of the fracture gradient. Porosity and permeability for both the Lower and Upper 
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Wilcox formations were further refined using core data and petrophysical evaluations. 

Rock compressibility and salinity were kept as default Gulf Coast values. 

EASiTool delivers storage capacity in saline aquifers for both closed- and open-

boundary limits and for multi-well injection systems (Ganjdanesh & Hosseini, 2017, 2018; 

Gulf Coast Carbon Center, 2023; Z. W. Wang & Hosseini, 2024). From this I selected a 

prospective project area. This area featured good sand presence, maximized storage 

capacity by stacking multiple deltas, was away from structural and overpressure 

constraints, and was located near a significant CO2 emitter. 

In the final stage, I selected the Fayette coal-fired power plant as CO2 emissions 

source point to evaluate the economic feasibility of a CCS project in this area. I estimated 

a levelized cost (LC) of carbon capture, transport, and storage ($/tonne) with Gaffney 

Clineôs Cost Assessment Tool from the US National Petroleum Council CCUS Study 

(Gaffney & Cline, 2019). The LC is the total cost of building and operating the CCS project 

per unit of tonne of CO2 over an assumed lifetime. This is an important metric as it 

determines if the project is profitable or break even (CFI, 2024).  

Overall, this methodology provides a structured approach to evaluate the potential 

for CO2 storage in the Wilcox Group in the AOI and to determine the feasibility of a CCS 

project. 
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Chapter IV :  Geologic Characterization 

STRATIGRAPHY AND SEDIMENTOLOGICAL  ANALYSIS  

Well-log correlations, facies analysis, and net sandstone maps were done to 

investigate the presence and lateral continuity of the stratigraphic units (i.e., Delta B, C). 

The Vogelsang-1 core was used to extrapolate the facies interpretation to wells nearby. 

This analysis aimed to identify favorable facies for CO2 storage. 

Wells Analysis 

412 wells with digital logs were correlated across the AOI. Eight well picks were 

correlated (Top Wilcox, Clayton Sh, Yoakum Sh, Webb Sh, Big Sh, Dull Sh, Top A, and 

Midway Sh). These well picks are likely representing maximum flooding surfaces (MFS) 

or Flooding Surfaces (FS). The main log curve used was the spontaneous potential (SP) 

and it was normalized to align with a particular curve range (-160 to +40 MV). A threshold 

of -50 MV was used to determine between lithologies (sandstone and mudstone). The 

standardized curves facilitated the correlation of sandy intervals, helping the interpretation 

of the stratigraphy. The cutoff used to differentiate between sandstone and mudstone was 

-50 MV. The SP cutoff was validated using the Gamma Ray (GR) log and Shale Volume 

(VSh) from another well. This validation confirmed that the selected SP cutoff is well-

aligned with GR values below 55 API and VSh values below 40 %, corresponding to sand 

intervals (Figure 17). 
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Figure 17: Validation of SP sand cutoff compared to GR and Vsh in Upper and Lower 

Wilcox 
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Strike-oriented correlations (Figure 18, Figure 19, Figure 20) reveal significant 

heterogeneity observed from east to west in both the Upper and Lower Wilcox. In the updip 

section (Figure 18), numerous sandstone intervals interbedded with mudstones are 

observed throughout the section, from the Upper to the Lower Wilcox. Downdip, however, 

the Middle Wilcox is primarily shaly, and the sandy intervals in the Upper and Lower 

Wilcox are much more distinct (Figure 19, Figure 20).  

Overall, the Upper Wilcox is a sandstone-rich clastic sequence that varies from 800 

to 1000 ft in thickness, being the thickest at the downdip section (Figure 20). The Middle 

Wilcox is a heterolithic sequence with interbedded mudstones and sandstones, ranging 

from 400 to 700 ft in thickness, getting thicker to the east and downdip. It displays shaly 

lithologies in the east but transitions to sandier lithologies in the west, mainly updip (Figure 

18) Downdip, the Middle Wilcox remains very shaly (Figure 19, Figure 20). The Middle 

Wilcox is a valuable regional marker for interpretation, as shown in the cross-sections. The 

Lower Wilcox is the thickest sandstone-rich interval, with thickness variations between 

2800 and 3000 ft and is the thickest updip in the AOI (Figure 18), Downdip, the Lower 

Wilcox still displays important sand content (Figure 19, Figure 20). In general, the 

sediment volume rate decreased from the Lower to the Upper Wilcox following sediment 

supply changes from Paleocene to Eocene (Figure 4) (Snedden & Galloway, 2019). The 

thick, continuous sandstone units through the Wilcox Group represent promising 

candidates for CO2 storage. 
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Figure 18:  Updip strike-oriented cross-section. Sandstone intervals interbedded with 

mudstones observed throughout the section from the Upper to the Lower 

Wilcox. Middle Wilcox is not well differentiated. 
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Figure 19: Strike-oriented cross-section. Sandy Upper and Lower Wilcox. Shalier and 

thicker Middle Wilcox than updip cross-section. Thickest Lower Wilcox in 

the AOI. 

 

 
  

Figure 20: Downdip strike-oriented cross-section. Sandy Upper and Lower Wilcox with a 

sediment volume decrease to the East. Shalier and thicker Middle Wilcox 

than updip cross-section. Important sediment volume in the Lower Wilcox 

to the west, specially wells 2 and 3 from west to east. 

A traditional component of a CO2 storage site is that the reservoir interval must be 

overlain by impermeable cap rocks similar to top seals on hydrocarbon reservoirs (Kumar 

et al., 2020). However, recent studies have introduced the concept of composite confining 

systems, a multi-layer stratigraphic system of discontinuous barriers that disperse and 

immobilize injected CO2 (A. P. Bump et al., 2023). With Wilcox heterogeneity, numerous 

baffles and barriers within the reservoir favor the retention of CO2 (Wethington et al., 



 

 53 

2022). Vertical heterogeneity can improve storage efficiency as it helps with lateral sweep 

of CO2 when there is no pressure build-up constraint (Goater et al., 2013).  

Net Sandstone Maps  

Net sandstone maps were generated for the following stratigraphic intervals: Delta 

III and Delta III-2 in the Upper Wilcox, and Delta C and Delta B in the Lower Wilcox. The 

Middle Wilcox was excluded due to the lack of sandy facies for CO2 storage, while Delta 

A was omitted due to limited well-log coverage and complete well penetrations (Figure 

21). The net sand was calculated within each interval with the threshold of -50 MV in the 

SP log. Each stratigraphic interval exhibits a thickness ranging from 500 and 800 ft, with 

Delta C and B being notably thicker than Delta III and III-2. In the map module in Petra, 

net sandstone maps were generated for each stratigraphic interval to understand the sand 

thickness distribution and identify sediment depocenters. 
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Figure 21: Well log identifying the stratigraphic intervals Delta III, III-2 in Upper Wilcox 

and Delta B, C in Lower Wilcox considered in the mapping 

Delta III  (Upper Wilcox) 

The strike-oriented well-correlation of Figure 22 shows the sandy intervals selected 

by the SP cutoff of -50 MV, which are highlighted in yellow. The sandy intervals go from 

thick, cleaner and blocky (up to 250 ft thick) in the SW to thinner packages (50 to 100 ft 

thick) intercalated with shales in the NE. The first two wells display the main sand 

depocenter of the interval (and the two wells in the NE show a transgressive trend (Figure 

22).  
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Figure 22: Delta III (Wilcox top to Clayton sh) strike-oriented well correlation. Sandy 

intervals selected by the SP cutoff of -50 MV are highlighted in yellow. 

Blocky and thicker sandy intervals to the SW while thinner intervals to the 

NE. Muddier area in the middle.  

Two main sand fairways in the northeast and southwest can be observed from the 

net sandstone map, being the southwestern the most prominent and thickest. The maximum 

sandstone thickness is between 300 ft and 400 ft and the average in the AOI is around 124 

ft. The depocenters are divided by a shalier zone in the middle (Figure 23). 

 

!Ω 
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Figure 23: Delta III Net sandstone map. Two main sand fairways, with the southwestern 

being the thickest. Maximum thickness is 300-400 ft, average is 124 ft. 

Depocenters are separated by a central shalier zone. 

The western sand fairway originates from the northwest, while the less defined 

eastern fairway may also derive from the north/northeast, possibly reworked along the 

paleo-coastline. However, further mapping is required to confirm this. The western 

depocenter covers an important part of the AOI, while the eastern one's limit is less clear 

due to map extension (Figure 24). The Upper Wilcox has been interpreted as delta front 

deposition with tidal influence. (Ambrose et al., 2020; Edwards, 1981) 
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Figure 24: Delta III gross depositional environments map showing major   depositional 

trends. The western depocenter covers a significant part of the AOI, while 

the eastern depocenter's limit is less defined due to map extension. 

Delta III -2 (Upper Wilcox) 

The strike-oriented well-correlation of Figure 25 shows the sandy intervals selected 

by the cutoff of -50 MV which are highlighted in yellow. The sandstone intervals get 

cleaner and blocky (thickness up to 150 ft thick) towards NE. The SW has thinner packages 

of 75 ft thick or less and are interbedded with shales. The last but one well in the x-section 

is located at the main sediment fairway for this interval (Figure 25). 
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Figure 25: Delta III-2 (Clayton sh to Yoakum sh) strike-oriented well correlation. Sandy 

intervals selected by the SP cutoff of -50 MV are highlighted in yellow. 

Blocky and thicker sandy intervals to the NE while thinner intervals to the 

SW.  

A primary sand fairway is observed in the northeast from the net sandstone map, 

with a possible secondary, smaller fairway in the southwest. The maximum sandstone 

thickness reaches approximately 300 ft, while the average thickness across the AOI is 

around 80 ft. Sand is distributed throughout the AOI but is not concentrated in thick 

packages (Figure 26). 
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Figure 26: Delta III-2 Net sandstone map. One main sand fairway in the northeast. 

Maximum thickness is 300ft, average is 90 ft. Good sand distribution across 

the AOI. 

The major sand fairway geometry is oriented along dip at the NE with smaller 

unclear sand bodies to the SW (Figure 27). The Upper Wilcox has been interpreted as 

fluvial/deltaic deposition and the narrow and elongate geometries could be consistent with 

deltaic tidally-modified systems (Ambrose et al., 2020) 
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Figure 27: Delta III-2 Gross depositional environments map. Elongated sand fairway in 

the dip direction.  

Delta C (Lower Wilcox) 

The strike-oriented well-correlation of Figure 28 shows the sandy intervals selected 

by the cutoff of -50 MV, which are highlighted in yellow. From SW to NE there is a clear 

change in facies being sandier in the SW and shalier to the NE. The sandstone intervals get 

cleaner and blocky, up to 150 ft thick, towards SW. The NE has thinner packages of 20 to 

? 
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30 ft thick or less and are intercalated by considerable shale packages. Sandier wells to the 

SW appear to be positioned within the main sediment fairway in that area (Figure 28).  

 

 

Figure 28: Delta C (Big sh to Dull sh) strike well correlation. Sandy intervals selected by 

the SP cutoff of -50 MV are highlighted in yellow. Considerable sand 

content change. Blocky and thicker sandy intervals to the SW while thinner 

sand and muddier intervals to the NE. 

A primary sand fairway is observed in the north of the net sandstone map that 

merges updip. The maximum sandstone thickness reaches approximately 800 ft, while the 

average thickness is around 300 ft (Figure 29). Towards the south, sand intervals pinch out 

controlled by the growth faults located south of the AOI (Figure 40). Sandstone content is 

!Ω 
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reduced towards NE, pattern observed in the strike correlations, related to a different focus 

of sedimentation (Figure 19, Figure 20)  

 

 

Figure 29: Delta C net sandstone map. Primary sand fairway is better developed to the 

north; Sand content decreases towards the south in NE wells. 

The Delta C is composed of dip-elongated sand fairways that merge updip into a 

broad sand depocenter. This concentrated sediment flux can be related to Brazos Delta 

influence  (M. I. Olariu & Ambrose, 2016) (Figure 30). Downdip bifurcating depocenters 

can possibly be interpreted as a fluvial-dominated delta front deposits  (Zhang et al., 2022) 
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Figure 30: Delta C Gross depositional environments map showing major sand fairways 

oriented along the dip direction and merging updip.  

 

 

Delta B (Lower Wilcox) 

The strike-oriented well correlation of Figure 31 indicates a widespread presence 

of sand throughout the entire interval from the SW to the NE. There are thick sand intervals 
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with varying shapes, including blocky and coarsening upward sand packages, with sand 

intervals reaching up to 250 ft (Figure 31).   

 

Figure 31: Delta B (Dull sh to top A) strike-oriented well correlation. Sandy intervals 

selected by the SP cutoff of -50 MV are highlighted in yellow. Extensive 

sand presence from SW to NE. Thick sand intervals with blocky and fining 

upward shapes. 

Delta B stands out as the most prominent sandy system among those under study.  

The maximum cumulative sandstone thickness in the sandstone map is approximately 1000 

ft, with an average thickness of 700 ft. A significant sand depocenter across the area is 

associated to the paleo Colorado delta to the west and to the paleo Brazos delta to the east 

(M. I. Olariu & Ambrose, 2016) (Figure 32).  

 














































































































































