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ABSTRACT 

The study outlines the sequences adopted for carbon sequestration in sedimentary formations while leveraging on Gabo field 

in the Niger delta for detailed storage capacity and potentials.  Stratigraphic profiling and mapping of the sedimentary layers 

to identify potential storage formations e.g., sandstones, carbonates, reservoir characterization i.e. studying porosity, 

permeability, depth, thickness, and lateral extent, seal, integrity analysis; identifying overlying impermeable formations (e.g., 

shale) that prevent CO₂ escape. Also, fault and fracture mapping to assess chemical reactivity between CO₂, brine, and 

reservoir rocks, stress field analysis etc.  The comprehensive data needed are such that should meet the geological criteria 

namely permeability, porosity, cap rock, reservoir depth, structural stability and salinity. The results obtained from the well 

correction analysis demonstrate the effectiveness of the correction techniques in improving the accuracy and reliability of 

the well log data. By aligning the well data with the expected geological features, the corrected well log data enhances 

correlation with seismic data, aids in reservoir characterization, and improves formation evaluation. The results significantly 

showed the reservoir's geological characteristics, fluid dynamics and potentials for hydrocarbon accumulation, carbon 

storage and retention. Sands A, B, C and D were found to exhibit favourable characteristics for CO2 storage.  It contributes 

to a more comprehensive understanding of the geological and petrophysical characteristics of the studied area. 
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Introduction  

Carbon dioxide capture and storage (CCS) is a technique 

aimed at reducing the emission of greenhouse gases into the 

atmosphere. This technology is designed to reduce the 

negative effects of CO2 emissions from burning fossil fuels, 

which are known to contribute to climate change. The 

atmospheric concentrations of CO2 have increased 

dramatically over the past two centuries. This increase is 

primarily due to human activities, such as the burning of 

fossil fuels and deforestation (Cao et al., 2022). In the late 

18th century, atmospheric CO2 concentrations were 

estimated to be around 280 parts per million (ppm). 

However, in recent years, the concentration levels have 

increased significantly, reaching approximately 380 ppm 

and continuing to rise (Zhang et al., 2013). 
 

Typically, fossil fuel power plants release large amounts of 

CO2 into the atmosphere, but with CCS, this carbon dioxide 

is captured before it is released. The captured CO2 is 

compressed and transported to a storage site, where it is 

injected deep into geological formations such as depleted oil 

and gas reservoirs, saline aquifers, or deep unmineable coal 

seams (Ighalo et al., 2022).  In addition to CO2 capture and 

storage, there are other options available for reducing CO2 

emissions. These options include reducing the use of carbon-

rich fuels and transitioning from coal-based energy to more 

renewable energy sources. Although CO2 capture and 

storage is considered one of the most effective ways to 

reduce atmospheric CO2, its implementation requires a 

significant effort from the world (Ayani and Grana, 2020).  
 

The objective of CCS technology is to equip all coal and gas 

power plants with the ability to capture CO2. If this goal is 

accomplished, emissions from energy production would 

decrease by 20%. There are three main methods for CO2 

capture and storage, including post-combustion capture, pre-

combustion capture, and oxyfuel combustion. The post-

combustion capture method involves using chemical 

solvents to capture and separate CO2 from the waste gas 

produced by the combustion process (Plasynski et al., 2009). 

The process of wet scrubbing is utilized to capture CO2, and 

an aqueous amine solution is used to extract the CO2. The 

solvent is then reheated, cooled, and recycled continuously 

to extract CO2, which is then dried, compressed, and 

transported for deep geological storage.  
 

The third method for CO2 capture is oxyfuel combustion, 

where the fossil fuel is burned in air that has been stripped 

of nitrogen, resulting in the production of only CO2 and 

water. This process creates a flue gas mixture that mainly 

consists of CO2 and water vapor, making the CO2 extraction 

process more straightforward. The oxyfuel method has been 

found to be effective in capturing CO2, with little to no 

impact on the power generated and relatively low costs 

compared to the post-combustion capture method. In 

contrast, the pre-combustion capture method is less efficient 

than post-combustion, as the turbines used in fossil fuel 

combustion require CO2 to generate power, and with the CO2 

already captured before combustion, the turbines operate on 

CO and generate less power (Zhang et al., 2013). 
 

The study outlines the general processes and requirements 

involved in carbon sequestration studies with particular 

emphasis on the Niger Delta. Furthermore, it seeks to 

evaluate reservoir rocks with emphasis on CO2 storage and 

retention in Gabo field. 
 

Geological Criteria Needed for CO2 Sequestration 

In order for CO2 sequestration to be successful carried out, 

several geological criteria must be met. 
 

i. Permeability 

Permeability refers to the ability of a material to allow fluids 

to flow through it. In the context of CO2 sequestration, 

permeability is an important factor because it determines 

how easily the CO2 can be injected into the subsurface and 

how well it can be stored (Ighalo et al., 2022). The 
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underground formation must have sufficient permeability to 

allow the CO2 to flow and be stored in the subsurface.  If the 

formation exhibits low permeability, typically below 1 

millidarcy (mD), it will be challenging to inject the CO2 

effectively, and successful storage may be impractical. 

Conversely, in formations with high permeability, often 

exceeding 1,000 mD, there is a risk that the CO2 may migrate 

too rapidly through the geological structure, hindering 

secure and effective storage. Therefore, it is crucial to 

identify formations with an optimal permeability level, 

typically ranging from 10 to 1,000 mD, to ensure the 

viability of CO2 sequestration.  Permeability is a property of 

the rock itself, but it can also be influenced by other factors 

such as temperature, pressure, and the presence of other 

fluids.  
 

ii. Porosity 

Porosity refers to the number of void spaces within a 

material, expressed as a percentage of the total volume. In 

the context of CO2 sequestration, porosity is an important 

factor because it determines how much CO2 can be stored 

within a given formation. The formation must have enough 

porosity to store the CO2, which is necessary to ensure that 

the CO2 is retained and does not leak back to the surface.  If 

the formation exhibits low porosity, typically below 10%, it 

may not have the capacity to store a sufficient volume of CO2 

to render the sequestration process economically viable. 

Conversely, in formations with high porosity, often 

exceeding 30%, there is an increased risk that the CO2 may 

not be retained effectively, potentially resulting in leakage 

back to the surface (Ighalo et al., 2022). Therefore, it is 

critical to identify formations with an optimal porosity level, 

typically ranging from 10% to 30%, to ensure the feasibility 

and effectiveness of CO2 sequestration. Porosity can be 

influenced by several factors, including the type of rock, the 

depositional environment, and the pressure and temperature 

conditions in the subsurface.  
 

iii. Cap Rock 

A cap rock, also known as a sealing layer, is an important 

component of CO2 sequestration because it helps prevent the 

CO2 from leaking back to the surface. The cap rock must 

have low permeability to ensure that the CO2 remains stored 

underground. This means that the pore spaces within the cap 

rock must be relatively small and not interconnected, making 

it difficult for the CO2 to flow through the cap rock. The role 

of the cap rock is to act as a barrier, keeping the CO2 

confined within the subsurface and preventing it from 

leaking back to the surface. If the cap rock has high 

permeability, the CO2 may be able to flow through it and 

escape, which would compromise the effectiveness of the 

sequestration process (Ighalo et al., 2022). For this reason, it 

is essential to identify a cap rock with low permeability when 

selecting a storage formation for CO2 sequestration. The 

type of rock that is suitable for use as a cap rock will depend 

on several factors, including the type of rock in the storage 

formation, the pressure and temperature conditions in the 

subsurface, and the depth of the storage formation. For 

example, shale or clay-rich rocks are commonly used as cap 

rocks because they have low permeability and are relatively 

impermeable.  
 

iv. Reservoir Depth 

The depth of the storage formation is a critical factor in CO2 

sequestration because it determines the pressure at which the 

CO2 will be stored. The storage formation must typically be 

at a depth of 800 meters (2,600 feet) or more to maintain the 

CO2 under sufficient pressure, ensuring that it remains in a 

supercritical state. CO2 behaves as a gas at lower pressures 

and as a liquid at higher pressures.  A supercritical fluid, 

which CO2 becomes at depths exceeding 800 meters, 

possesses the properties of both a gas and a liquid. At these 

high pressures, CO2 becomes a supercritical fluid, allowing 

it to behave as a dense gas and fill the pore spaces within the 

storage formation (Ighalo et al., 2022). If the storage 

formation is not sufficiently deep to maintain the CO2 under 

pressure, it may not remain in a supercritical state and may 

behave as a gas. This would make it challenging to store the 

CO2 effectively, as it would tend to escape from the storage 

formation. The specific depth required may vary depending 

on factors such as the type of rock in the storage formation, 

the pressure and temperature conditions in the subsurface, 

and the volume of CO2 being stored. It is imperative to 

carefully consider the depth of the storage formation when 

choosing it for CO2 sequestration (Ozotta et al., 2021). 
 

v. Structural Stability 

Structural stability is an important factor in CO2 

sequestration because it determines the integrity of the 

storage formation. The storage formation must be 

structurally stable and not subject to significant tectonic 

activity or deformation to ensure that the CO2 remains 

securely stored and does not escape (Ighalo et al., 2022). 

This means that the formation must not be prone to 

earthquakes, faulting, or other types of geological activity 

that could compromise its stability. Tectonic activity or 

deformation can cause fractures or faults within the storage 

formation, which could allow the CO2 to escape. In addition, 

tectonic activity could also result in changes to the pressure 

and temperature conditions within the storage formation, 

which could affect the behavior of the CO2. The specific 

requirements for structural stability will depend on several 

factors, including the location of the storage formation, the 

type of rock in the formation, and the depth of the formation 

(Ozotta et al., 2021).  
 

vi. Salinity 

Salinity is an important factor in CO2 sequestration because 

it can affect the chemical stability of the CO2 in the 

subsurface. The formation must have an appropriate salinity 

to avoid adverse chemical reactions with the CO2, which 

could result in the release of the CO2 from the storage 

formation. In general, CO2 is reactive with water and can 

form carbonic acid, which can have a corrosive effect on 

some types of rock and minerals. The reaction rate between 

CO2 and the formation is influenced by the salinity of the 

formation. High-salinity formations can have a stabilizing 

effect on the CO2, while low-salinity formations can lead to 

increased reaction rates and the formation of carbonic acid 

(Ozotta et al., 2021). For this reason, it is important to select 

a storage formation with an appropriate salinity that will help 

to ensure that the CO2 remains in a stable and secure state in 

the subsurface. The specific salinity requirements will 
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depend on several factors, including the type of rock in the 

formation and the depth of the formation. 
 

Stratigraphy Component of the Niger Delta 

The stratigraphy of the Niger Delta clastic wedge, which is 

a region of Nigeria that includes parts of Cameroon and 

Equatorial Guinea, has been documented and studied in 

detail, particularly during oil exploration and production 

efforts. However, the specific stratigraphic information is 

mostly proprietary to the major oil companies operating in 

the area. The composite tertiary sequence of the Niger Delta 

is comprised of three formations in ascending order: the 

Akata, Agbada, and Benin formations. These formations are 

composed of an estimated 28,000 feet (8,535 meters) of 

sediment in the central part of the delta, with a decrease in 

age towards the basin, reflecting the overall regression of 

depositional environments within the clastic wedge. 
 

The three formations in the Niger Delta are considered to be 

the stratigraphic equivalent units to similar formations in 

eastern Nigeria, and they reflect a general pattern of 

coarsening upward and progradation within the clastic 

wedge. The Stratigraphic Column showing the three 

Formations of the Niger Delta and detailed geology of the 

Niger Delta are documented in standard literature, Akpabio, 

et al., 2003, 2012 and 2014. 
 

Materials and Methods 

The comprehensive data needed are such that should meet 

the geological criteria for carbon sequestration listed earlier 

as; permeability, porosity, cap rock, reservoir depth, 
structural stability and salinity.  They are: 

A. Permeability: combination of geological, petrophysical, 

geophysical, and engineering data. 

i. Core Data 

ii. Well Logging Data 

• Porosity logs (e.g., Density, Neutron, Sonic logs) 

• Gamma Ray logs (to identify shale/sand zones) 

• Resistivity logs (for fluid saturation analysis) 

• NMR (Nuclear Magnetic Resonance) logs – 

iii. Formation Test Data 

     DST (Drill Stem Test) or Well Testing data (Flow rates) 

iv. Production Data 

Fluid flow rate and pressure over time 

v. Geological and Reservoir Data 

• Lithofacies and depositional environment. 

• Reservoir continuity and heterogeneity 

vi. Seismic Data 

o Mapping continuity of sand bodies 

o Identifying faults, barriers, and flow pathways 

vii. Fluid Properties 

• Viscosity and compressibility of formation fluids. 

• Reservoir temperature and pressure. 

viii. Empirical and Theoretical Models 

• Use of Darcy’s Law to calculate permeability. 
 

B. Porosity:   

i. Core Data (Direct Measurement) 

o Porosity measurements 

o Grain density and bulk density 

ii. Wireline (Well) Logging Data 

• Density Log (RHOB) –  

• Neutron Log –  

• Sonic Log (DT)  

• Neutron-Density or Neutron-Sonic 

• NMR (Nuclear Magnetic Resonance) Logs: 

iii. Formation Test and Production Data 

iv. Geological & Reservoir Data 

• Lithology:  

• Depositional environment:  

• Structural influences:  

• Diagenesis: Cementation, compaction, and 

dissolution affect porosity drastically over time 

v.. Seismic Data 

• AVO (Amplitude Versus Offset)  

vi. Fluid Properties 

o Salinity and type of formation water 

o Gas/oil/water saturation 

o Temperature and pressure 

vii. Empirical Models and Rock Physics 

• Use of Wyllie time-average equation  

• Archie’s equation  

• Shaly sand corrections using models like: 
 

C. Cap rock  

i. Core and Rock Sample Data (Direct Analysis) 

• Core samples or sidewall cores 

o Mineralogy 

o Seal capacity or threshold pressure 

ii. Well Logging Data 

• Gamma Ray (GR) –  

• Resistivity Logs –  

• Density and Neutron Logs –  

• Sonic Logs –  

iii. Geomechanical and Rock Physics Data 

• Young’s Modulus, Poisson’s Ratio, indicate rock 

strength and fracture potential 

• Stress and pressure data – Overburden pressure, 

pore pressure, and fracture gradient 

• Leak-off tests (LOT) – Help determine cap rock 

fracture pressure in situ 

iv Seismic Data 

• 3D Seismic Data for: 

o Mapping regional seal continuity 

o Identifying faults or discontinuities that may 

breach the seal 

• Seismic inversion or AVO analysis  

• Seismic amplitude anomalies – May indicate gas 

escape or seal failure 

v. Petrophysical and Reservoir Modeling Data 

• Seal Efficiency modeling – Based on porosity, 

permeability, and entry pressure 

• Seal Thickness and lateral continuity 

vi. Geological and Stratigraphic Data 

• Stratigraphic correlation – Identify regional and 

local sealing units 

• Depositional environment – Marine or deltaic 

shales are common seals in the Niger Delta 
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• Structural data – Faults and deformation zones can 

impact sealing effectiveness 

vii. Fluid Data 

• Hydrocarbon column height – Used with capillary 

pressure to assess seal capacity 

• Buoyancy pressure – Pressure differential the cap 

rock must withstand to trap hydrocarbons 

• Formation water salinity and composition – 

 

D. Reservoir depth:  

i Seismic Data 

• 2D and 3D seismic reflection data 

o Identifies structural features  

o Maps depth to top reservoir 

• Seismic velocity data 

Used for time-to-depth conversion 

• Checkshot surveys or Vertical Seismic Profiling 

o Provides depth control. 

ii Well Data 

• Well headers with surface elevation and 

coordinates 

• Measured Depth and True Vertical Depth 

o  integrity 

iii. Well Logging Data 

• Sonic log (DT) – derives dynamic elastic properties 

• Density log – calculates overburden stress 

• Caliper log – detects borehole enlargement 

(washouts), which indicate stability issues 

• Resistivity log – correlates with mechanical layer 

variations and pore pressure 

iv. Drilling and Mud Logging Data 

• Mud weights and mud loss zones 

• Wellbore collapse or tight hole indicators 

• Caving, stuck pipe, or kicks during drilling 

• Well deviation and trajectory data 

• Borehole stability indicators during drilling 

v. Core Data 

• Laboratory testing on core plugs: 

o Shear and unconfined compressive strength tests 

• Rock type and texture: 

o Clay content, cementation, and grain 

structure affect strength 

• Fracture density and orientation – relevant to 

structural failure potential 

vi. Geological and Structural Data 

• Stratigraphy and lithology: 

• Depositional environment: 

• Fault maps and fracture networks 

• Slope angle and dip: 

vii. Pressure and Temperature Data 

• Pore pressure profiles: 

o Overpressure zones (e.g., Akata Formation) 

• Formation temperature: 
 

F. Salinity 

i. Formation Water Samples 

o Collected during drill stem tests (DSTs), modular 

formation dynamics tests (MDT), or production tests 

o Analyzed in the lab for: 

▪ Total Dissolved Solids (TDS) – in mg/L or ppm 

▪ Specific ion concentrations:  

▪ pH, conductivity, density, and electrical resistivity 

o Salinity is often expressed in ppm, g/L 

ii. Resistivity Log Data 

o Estimate salinity  

o Resistivity logs (deep and shallow) 

▪ Porosity logs (density, neutron, sonic) 

▪ Temperature logs – because resistivity is 

temperature-dependent 

o Use Archie’s equation or equivalent models  

▪ Formation resistivity (Rt) 

▪ Water saturation (Sw) 

▪ Formation porosity (φ) 

▪ Cementation exponent (m) and saturation 

exponent (n) 

iii. Temperature and Pressure Data 

• Salinity estimates from resistivity logs depend on 

accurate formation temperature 

• Pressure affects fluid density and ionic solubility 

iv. Mud Logging and Drilling Reports 

• May note formation water shows 

• May identify brackish, saline, or fresh water zones 

v. Geological and Stratigraphic Context 

• Helps identify zones more likely to contain: 

o Fresh water (e.g., shallow aquifers) 

o Brackish water (transitional zones) 

o Marine brines (deep marine shales or reservoirs) 

• Depositional environment influences salinity: 

o Marine-dominated sequences (high salinity) 

o Fluvial/deltaic facies (variable salinity) 

vi. Formation Water Resistivity (Rw) 

• Salinity estimation 

o SP log (Spontaneous Potential) 

o Chloride content in water samples 

• Rw values are input into Archie’s equation and 

resistivity-based models 
 

In this study, well logs (Table 1) Seismic and thermal 

gradient data (Akpabio and Ejedawe, 2001) were used to 

evaluate the permeability, porosity and other parameters of 

the formation. Table 1 shows the number of well log data 

and type used. 
Well Gamma Corrected 

Density 
Neutron Sonic Resist-

ivity 
Gabo 14 ✓ ✓ ✓ ✓ ✓ 
Gabo 15 ✓ ✓ ✓ ✓ ✓ 
Gabo 16 ✓ ✓ ✓ ✓ ✓ 
Gabo 17 ✓ ✓ ✓ ✓ ✓ 
Gabo 18 ✓ ✓ ✓ ✓ ✓ 
Gabo 19 ✓ ✓ ✓ ✓ ✓ 

Table1 Wells and types of logs 
 

Reservoir Characterization 

To determine the characteristics of a given reservoir sand in 

the offshore Niger Delta, the following parameters were 

obtained and analysed (Ulasi et al., 2012, Kufre et al, 2017). 
 

Determination of Lithology from Wire Line Logs 

Lithologic interpretation was done across the entire well by 

using Petrel software. Lithologic correlations were made by 
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comparing the gamma ray and resistivity log. These 

correlated logs were matched with the core sample log to 

interpret the sedimentary structures present so as to 

understand the depositional processes that lead to the 

deposition of a given sequence and/or parasequences sets. 

Environment of deposition were derived and compared with 

the interpretation model given by Jacobson et al., (2015). 
 

Estimation of Petrophysical Parameters 

Listings of the various reservoir parameters by depth were 

also generated during the course of the study and parameters 

includes net/gross, shale and clay volume, porosity, 

permeability, net pay and various cross plots of these 

parameters were made to show the relationships of various 

reservoir sands with respect to depositional environment. 
 

Gamma Ray Index and Volume of Shale 

𝐼𝐺𝑅 =
𝐺𝑅𝑙𝑜𝑔−𝐺𝑅𝑚𝑖𝑛

𝐺𝑅𝑚𝑎𝑥−𝐺𝑅𝑚𝑖𝑛
    1 

For the purpose of this project work, Larionov’s (1969) 

volume of shale formula for Tertiary rocks was used. 

𝑉𝑠ℎ = 0.083[23.7 ×𝐼𝐺𝑅 − 1]   2 

Where, 𝐼𝐺𝑅= gamma ray index, 𝐺𝑅𝑙𝑜𝑔= gamma ray reading 

of formation from log, 𝐺𝑅𝑚𝑖𝑛  = minimum gamma ray (clean 

sand), 𝐺𝑅𝑚𝑎𝑥  = maximum gamma ray (shale) and 𝑉𝑠ℎ = 

volume of shale 
 

Net to Gross Ratio 

This refers to the proportion of clean sand to shale within a 

reservoir unit. The gross sand is the whole thickness of the 

reservoir; the non-net sand is the shaly sequences within the 

whole reservoir thickness; the net sand is thus obtained by 

subtracting the non-net sand from the gross sand.  This is the 

ratio between the net reservoir thickness and the gross 

reservoir thickness. However, in terms of hydrocarbon pay, 

it could be calculated as the ratio between the net pay 

thickness and the gross pay thickness. The Net-to-gross ratio 

reflects the quality of the sands as potential reservoirs.  The 

higher the NTG value, the better the quality of the sand.  
 

𝑁𝑒𝑡 𝑡𝑜 𝑔𝑟𝑜𝑠𝑠 =  
𝑁𝑒𝑡 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠

𝐺𝑟𝑜𝑠𝑠 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠
   3 

𝑁𝑒𝑡 𝑠𝑎𝑛𝑑 =  𝑔𝑟𝑜𝑠𝑠 𝑠𝑎𝑛𝑑 − 𝑠ℎ𝑎𝑙𝑦 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙𝑠 4 
 

Porosity  

The computation of porosity was done in stages, the first 

involved the use of the Wyllie equation to estimate the 

density derived porosity (𝜙𝐷), and then the neutron-density 

porosity (𝜙𝑁−𝐷), was estimated using the neutron (𝜙𝑁) 

porosity coupled with the density derived porosity. 
 

The Wyllie equation for density derived porosity is given as: 

𝜙𝐷 =
𝜌𝑚𝑎𝑥−𝜌𝑏

𝜌𝑚𝑎𝑥−𝜌𝑓𝑙𝑢𝑖𝑑
     5 

The Neutron – Density porosity was be calculated according 

to Jacobson (2015) as: 

𝜙𝑁−𝐷 =
𝜙𝑁+𝜙𝐷

2
 for oil and water column  6 

𝜙𝑁−𝐷 =
2(𝜙𝑁+𝜙𝐷)

3
 for gas bearing zones  7 

Where 𝜌𝑚𝑎𝑥  = density of rock matrix (2.65 g/cc for oil and 

1.1 g/cc for water), 𝜌𝑏   = bulk density from log, 𝜌𝑓𝑙𝑢𝑖𝑑  = 

density of fluid occupying pore spaces (0.74g/cc for gas, 

0.9g/cc for oil).   

 

Permeability 

Permeability measure of the ease with which a fluid (gas, oil 

or water) flows through connecting pore spaces of reservoir 

rock (Namdie et al., 2017). It is very important in predicting 

the rate of production from a reservoir.  

𝑘 = 0.136(
4.4

𝑆𝑤𝑖𝑟𝑟
2) (Timur, 1968)   8 

Where 𝑘 = permeability (millidarcy), 𝜙 = porosity, 𝑆𝑤𝑖𝑟𝑟  = 

irreducible water saturation  
 

Formation Factor    

This was achieved using the humble equation 

𝐹 =
𝑎

𝜙𝑚      9 

Where, 𝐹 = Formation Factor, a = tortuosity factor (0.62), 𝜙 

= porosity, m = cementation factor (2.15).             
 

Water and Hydrocarbon Saturation 

The water and hydrocarbon saturation are much related. 

Using the Archie’s equation that related the Formation 

Factor (𝐹) to the resistivity of a formation at 100% water 

saturation (𝑅𝑜) and the resistivity of formation water (𝑅𝑤), 

the resistivity of the formation water was estimated as: 

𝑅𝑤 =
𝑅𝑜

𝐹
      10 

Determination of the water saturation for the uninvaded 

zone was achieved using the Archie (1942) equation given 

bellow: 

𝑆𝑤
2 =

(𝐹×𝑅𝑤)

𝑅𝑡
     11 

𝐹 =
𝑅𝑜

𝑅𝑤
                                12 

Therefore, 𝑆𝑤
2 =

𝑅𝑜

𝑅𝑡
    13 

𝑆𝑤 = √
𝑎×𝑅𝑤

𝑅𝑡×𝜙𝑚

𝑛
     14 

Where, 𝑆𝑤  = water saturation of the uninvaded zone, 𝑅𝑜 = 

resistivity of formation at 100% water saturation, 𝑅𝑡 = 

true formation resistivity, 𝜙 = porosity, m = cementation 

factor (2.15), n = saturation exponent usually taken as 2.0, a 

= tortuosity. Hydrocarbon saturation was obtained directly 

by subtracting the percentage water saturation from 100. 

Therefore,  𝐻𝑠 = 1 − 𝑆𝑤    15 

Were, 𝐻𝑠 =  = hydrocarbon saturation (expressed as a 

fraction or as percentage). 
 

STOIIP Estimation  

Original oil in place (OOIP) and original gas in place 

(OGIP) refer to the total volume of hydrocarbon stored in a 

reservoir prior to production. Recoverable reserves are the 

volume of hydrocarbons that can be profitably extracted 

from a reservoir using existing technology. Estimating 

hydrocarbon reserves is a complex process that involves 

integrating geological and engineering data. Depending on 

the amount and quality of data available, one or more of the 

following methods may be used to estimate reserves: 

Volumetric, (ii) Material balance (iii) Production history, 

(iv) Analogy. 

Volumetric estimates of OOIP and OGIP are based on a 

geological model that geometrically describes the volume of 

hydrocarbons in the reservoir. However, due mainly to gas 

evolving from the oil as pressure and temperature are 

decreased, oil at the surface occupies less space than it does 

https://dx.doi.org/10.4314/wojast.v16i2.256
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in the subsurface. Conversely, gas at the surface occupies 

more space than it does in the subsurface because of 

expansion. This necessitates correcting subsurface volumes 

to standard units of volume measured at surface conditions. 

One basic volumetric equation is: 
 

𝑂𝑂𝐼𝑃 =
7758𝐴ℎ𝜙(1−𝑆𝑤)

𝐵𝑜𝑖
    16 

 

Were, N = OOIP (STB), 7758 = conversion factor from 

acre-ft to bbl, A = area of reservoir (acres) from map data, 

h = height or thickness of pay zone (ft) from log and/or core 

data, 𝜙 = porosity (decimal) from log and/or core data, 𝑆𝑤 = 

connate water saturation (decimal) from log and/or core 

data, 𝐵𝑜𝑖 = formation volume factor for oil at initial 

conditions (reservoir bbl/STB) from lab data; a quick 

estimate is 𝐵𝑜𝑖 = 1.05 + (𝑁 × 0.05) , where N is the 

number of hundreds of ft3 of gas produced per bbl of oil [for 

example, in a well with a GOR of 1000, Boi = 1.05 + (10 × 

0.05)] 
 

Geothermal Gradient  

Thermal resistance is the quotient of a thickness Δ𝑍 of a 

characteristic thermal conductivity 𝑘 given by 

𝑇𝐵 = 𝑇0 + 𝑞0 ∑
Δ𝑍

𝑘

𝐵
𝑧=0     17 

The steps in using this method comprise: 

A set of bottom hole temperature (𝑇𝐵) are compiled and 

corrected if possible. 

The simple gradient method is an alternative approach to 

analyzing temperature data (Akpabio and Ejedawe, 2001; 

Akpabio et al., 2003; Uko et al., 2009). Thermal gradients 

are calculated either as two-point differences using a single 

temperature data and an estimate of the mean annual 

gradient temperature. Related by: 

𝑇𝐵 = 𝑇0 + (
𝑑𝑡

𝑑𝑧
)𝐵     18 

Where 𝑇𝐵 = temperature at depth 𝐵, 𝑇0 = surface 

temperature at 𝑞0 is the surface heat flow and the thermal 

resistance 
Δ𝑍

𝑘
 is summed for all rock units between the 

surface and depth 𝐵. The simple gradient method would be 

employed in this work. The resistivity method for estimating 

temperature in well logging would be used to estimate the 

temperature log in this study. It involves measuring the 

electrical resistivity of the rock formation at different depths 

in the well. The resistivity of the rock is affected by 

temperature, so by measuring resistivity at different depths 

and assuming a linear relationship between resistivity and 

temperature, it is possible to estimate the temperature of the 

rock formation (Akpabio et al., 2014). The general form of 

the equation is: 

𝑇 = 𝑎 + 𝑏𝑅     19 

Where "a" and "b" are constants that are specific to the rock 

formation and the well. They can be determined by 

calibrating the resistivity log with a known temperature 

measurement, such as a bottom hole temperature, 𝑇 = 

Temperature, 𝑅 = Resistivity, (Akpabio and Ejedawe, 2010; 

Akpabio et al., 2012). 
 

ANALYSIS OF RESULTS AND DISCUSSION 

The Agbada Formation in Gabo-Field, located in the 

Northern Depobelt of the Niger Delta Basin in Nigeria, was 

the focus of a CO2 sequestration study that utilized seismic 

and well log data. A multidimensional stratigraphic 

framework was constructed using the data to estimate the 

spatial and lateral continuity of reservoir sands, infer 

petrophysical properties, and interpret gross depositional 

settings and processes. Both Interactive Petrophysics (IP) 

and Schlumberger Petrel software were used to integrate and 

correlate the seismic and well log data, resulting in the 

creation of 3-D geological static models and the calculation 

of the reservoir volume. An uncertainty analysis was 

performed to determine the CO2 storage capacity of the 

constructed models. To improve the seismic trace signal 

obtained from each acoustic interface, a well-to-seismic tie 

and seismic facies analysis were conducted.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Base map showing well log locations in the study. 
 

Figure 1 shows a base map that depicts the geographical 

locations of well logs, specifically Gabo 14, 15, 16, 17, 18, 

and 19, in the Agbada Formation within the Northern 

Depobelt of the Niger Delta Basin in Nigeria. They provide 

valuable information about the physical properties of the 

formation, such as rock type, porosity, permeability, etc. 
 

Results  

Gabo 15 Sand B 

The results for the basic and petrophysical parameters of 

Gabo 15 Sand B are presented in Figure 2 and Table 2. The 

Gabo 15 Sand B has a top depth of 2287.83m and a bottom 

depth of 2298.80m, with a net thickness of 11.13m.  The bulk 

volume of water ranged from 0.089 to 0.11, with a mean of 

0.093. The caliper ranged from 9.859 to 10.59 inches, with a 

mean of 10.027 inches. The density ranged from 2.125 to 

2.25 g/c3, with a mean of 2.156 g/c3. The gamma ray ranged 

from 24.544 to 80.257 gAPI, with a mean of 34.94 gAPI. 

The neutron ranged from 0.232 to 0.303 v/v, with a mean of 

0.253 v/v. The porosity ranged from 0.259 to 0.323, with a 

mean of 0.304. The photoelectric log ranged from 1.515 to 

2.163 B/E, with a mean of 1.629 B/E. The resistivity ranged 

from 8.229 to 12.575 Ohmm, with a mean of 11.484 Ohmm. 

The self-potential ranged from -66.955 to -62.925 mV, with 

a mean of -64.82 mV. The sonic ranged from 102.75 to 

109.313 us/ft, with a mean of 106.07 us/ft. The water 

saturation ranged from 0.286 to 0.426, with a mean of 0.308. 

The TVDSS ranged from 2114.218 to 2123.945 m, with a 

mean of 2119.078 m. The volume of shale ranged from 0.034 

to 0.386, with a mean of 0.1. 
 

https://dx.doi.org/10.4314/wojast.v16i2.256
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Figure 2: Basic and petrophysical parameters of Gab15 Sand 

B.  Source: Compiled by researcher (2023). 

 

Gabo 15 Sand C 

The petrophysical and basic parameters of Gabo 15 Sand C 

were analyzed using Figure 3 and Table 3. The sand has a 

thickness of 9.14 meters, with a top depth of 2446.33m and 

a bottom depth of 2455.33m.  The bit size of the sand was 

consistent at 9.875 inches throughout. The bulk volume of 

water showed a range of 0.093 to 0.101 with a mean of 

0.097. The caliper measurement ranged from 9.766 to 9.943 

inches, with an average of 9.83 inches.  The density values 

ranged from 2.163 to 2.23 g/c3, with an average of 2.195 

g/c3. The gamma-ray values ranged from 33.854 to 51.304 

gAPI, with an average of 41.855 gAPI.  The neutron 

measurement values ranged from 0.202 to 0.256 v/v, with a 

mean of 0.23 v/v. The porosity ranged from 0.26 to 0.303 

with an average of 0.282. The photoelectric log values 

ranged from 1.563 to 1.905 B/E, with a mean of 1.678 B/E. 

The resistivity values ranged from 9.765 to 11.465 ohms, 

with a mean of 10.667 ohms. The self-potential values 

ranged from -83.875 to -80.557 mV, with a mean of -82.644 

mV. The sonic measurements ranged from 94.032 to 

102.125 us/ft, with an average of 98.553 us/ft. The water 

saturation ranged from 0.311 to 0.369 with an average of 

0.344. Finally, the volume of shale showed a range of 0.093 

to 0.203, with an average of 0.143. 

 

Table 2: Sand B of Gabo 15 Reservoir Characteristics 
Gabo 15 Sand B  Top: 2287.83m, 2298.80m, Net: 11.13m 

Curve Units Min Max Mean 

Bit Size inches 9.875 9.875 9.875 

Bulk Volume of Water Dec 0.089 0.11 0.093 

Caliper inches 9.859 10.59 10.027 

Density g/c3 2.125 2.25 2.156 

Gamma Ray gAPI 24.544 80.257 34.94 

Neutron v/v 0.232 0.303 0.253 

Porosity Dec 0.259 0.323 0.304 

Photo Electric Log B/E 1.515 2.163 1.629 

Resistivity Ohmm 8.229 12.575 11.484 

Self-Potential mV -66.955 -62.925 -64.82 

Sonic us/ft 102.75 109.313 106.07 

Water Saturation Dec 0.286 0.426 0.308 

TVDSS m 2114.218 2123.945 2119.078 

Volume Of Shale Dec 0.034 0.386 0.1 

Source: Compiled by researcher (2023) 

 
 

 
 

Figure 3: Basic and petrophysical parameters of Gab15 Sand 

C.  Source: Compiled by researcher (2023) 

 

Gabo 15 Sand D 

The petrophysical characteristics of Gabo 15 Sand D are 

summarized in Figure 4 and Table 4. This sand has a 

thickness of 6.89m, ranging from 2657.09m to 2663.8m. The 

mean values of basic and petrophysical parameters are 

provided in Table 4.8. The bulk volume of water in Sand D 

ranges from 0.162 to 0.186, with a mean of 0.176. The 

porosity of this sand ranges from 0.302 to 0.361, with a mean 

value of 0.334. The density ranges from 2.065 to 2.164 g/c3, 

with a mean of 2.109 g/c3. The resistivity values of this sand 

range from 2.894 to 3.827 Ohmm, with a mean of 3.233 

Ohmm. The Gamma Ray values range from 33.86 to 50.843 

gAPI, with a mean of 43.157 gAPI. The water saturation 

ranges from 0.476 to 0.597, with a mean of 0.529. The 

volume of shale in Sand D ranges from 0.093 to 0.2, with a 

mean of 0.152. 
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Figure 4: Basic and petrophysical parameters of Gab15 Sand 

D. Source: Compiled by researcher (2023) 

 

Table 3: Sand C of Gabo 15 Reservoir Characteristics  
Gabo 15 Sand C  Top: 2446.33m, Bottom: 2455.33m, Net: 9.14m 

Curve Units Min Max Mean 

Bit Size inches 9.875 9.875 9.875 

Bulk Volume of Water Dec 0.093 0.101 0.097 

Caliper inches 9.766 9.943 9.83 

Density g/c3 2.163 2.23 2.195 

Gamma Ray gAPI 33.854 51.304 41.855 

Neutron v/v 0.202 0.256 0.23 

Porosity Dec 0.26 0.303 0.282 

Photo Electric Log B/E 1.563 1.905 1.678 

Resistivity Ohmm 9.765 11.465 10.667 

Self-Potential mV -83.875 -80.557 -82.644 

Sonic us/ft 94.032 102.125 98.553 

Water Saturation Dec 0.311 0.369 0.344 

TVDSS m 2255.072 2263.064 2259.068 

Volume Of Shale Dec 0.093 0.203 0.143 
 

Table 4: Sand D of Gabo 15 Reservoir Characteristics 

 

Source: Compiled by researcher (2023) 

 

Gabo 16 Sand A 

This study analyzed the basic and petrophysical parameters 

of Gabo 16 Sand A. Table 5 provides a summary of the 

reservoir characteristics, including top and bottom depths, 

net thickness, and various petrophysical properties. The sand 

has a thickness of 14.94 ft, with a top depth of 2311.15 ft and 

a bottom depth of 2325.93 ft. The mean bit size was 12.25 

inches, and the bulk volume of water ranged from 0.071 to 

0.093 dec. The caliper values ranged from 12.305 to 13.631 

inches, with a mean of 12.54 inches. The density ranged 

from 2.139 to 2.304 g/c3, with a mean of 2.213 g/c3. The 

gamma ray values ranged from 26.142 to 76.639 gAPI, with 

a mean of 42.194 gAPI.  The neutron values ranged from 

0.179 to 0.299 v/v, with a mean of 0.222 v/v. The porosity 

Gabo 15 Sand D Top: 2657.09m, Bottom: 2663.8m, Net: 6.89m 

Curve Units Min Max Mean 

Bit Size inches 9.875 9.875 9.875 

Bulk Volume of Water Dec 0.162 0.186 0.176 

Caliper inches 9.672 9.766 9.759 

Density g/c3 2.065 2.164 2.109 

Gamma Ray gAPI 33.86 50.843 43.157 

Neutron v/v 0.18 0.258 0.226 

Porosity Dec 0.302 0.361 0.334 

Photo Electric Log B/E 1.668 1.776 1.719 

Resistivity Ohmm 2.894 3.827 3.233 

Self-Potential mV -121.203 -117.235 -119.613 

Sonic us/ft 101.188 109.219 106.318 

Water Saturation Dec 0.476 0.597 0.529 

TVDSS m 2442.416 2448.376 2445.396 

Volume of Shale Dec 0.093 0.2 0.152 
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values ranged from 0.217 to 0.324 dec, with a mean of 0.272 

dec. The photoelectric log values ranged from 1.434 to 1.858 

B/E, with a mean of 1.596 B/E. The resistivity values ranged 

from 11.577 to 19.628 Ohmm, with a mean of 17.017 

Ohmm. The self-potential values ranged from 73.633 to 

81.526 mV, with a mean of 78.815 mV. The sonic values 

ranged from 95.433 to 108.502 usft, with a mean of 100.793 

usft. The water saturation values ranged from 0.243 to 0.371 

dec, with a mean of 0.286 dec. The TVDSS was 2140 m, and 

the volume of shale ranged from 0.091 to 0.485 dec, with a 

mean of 0.216 dec. 

 
Figure 5: Basic and petrophysical parameters of Gab16 Sand 

A. Source: Compiled by researcher (2023) 
 

Table 5: Sand A of Gabo 16 Reservoir Characteristics  
Gabo 16 Sand A 

 

Top: 2311.15, Bottom: 2325.93, 

Net: 14.94 

Curve Units Min Max Mean 

Bit Size inches 12.25 12.25 12.25 

Bulk Volume 

of Water 

Dec 0.071 0.093 0.077 

Caliper inches 12.305 13.631 12.54 

Density g/c3 2.139 2.304 2.213 

Gamma Ray gAPI 26.142 76.639 42.194 

Neutron v/v 0.179 0.299 0.222 

Porosity Dec 0.217 0.324 0.272 

Photo Electric 

Log 

B/E 1.434 1.858 1.596 

Resistivity Ohmm 11.577 19.628 17.017 

Self-Potential mV 73.633 81.526 78.815 

Sonic usft 95.433 108.502 100.793 

Water 

Saturation 

Dec 0.243 0.371 0.286 

TVDSS m 2133.779 2146.222 2140 

Volume of 

Shale 

Dec 0.091 0.485 0.216 

Source: Compiled by researcher (2023) 
 

Gabo 16 Sand B 

The basic and petrophysical parameters of Gabo 16 Sand B 

were analyzed in this study. Table 4.10 summarizes the 

reservoir characteristics, including the top and bottom 

depths, net thickness, and various petrophysical properties. 

The sand has a thickness of 9.29 m, with a top depth of 

2358.39 m and a bottom depth of 2367.53 m. The mean bit 

size was 12.25 inches, and the bulk volume of water ranged 

from 0.068 to 0.077 dec. The caliper values ranged from 

12.281 to 13.054 inches, with a mean of 12.392 inches. The 

density ranged from 2.151 to 2.227 g/c3, with a mean of 

2.184 g/c3. The gamma ray values ranged from 18.53 to 

95.997 gAPI, with a mean of 35.805 gAPI. 
 

The neutron values ranged from 0.196 to 0.291 v/v, with a 

mean of 0.231 v/v. The porosity values ranged from 0.26 to 

0.322 dec, with a mean of 0.288 dec. The photoelectric log 

values ranged from 1.38 to 1.904 B/E, with a mean of 1.548 

B/E. The resistivity values ranged from 16.812 to 21.376 

Ohmm, with a mean of 19.815 Ohmm. The self-potential 

values ranged from 78.276 to 83.348 mV, with a mean of 

81.213 mV. The sonic values ranged from 92.953 to 106.364 

usft, with a mean of 99.543 usft. The water saturation values 

ranged from 0.229 to 0.271 dec, with a mean of 0.248 dec. 

The true vertical depth (TVD) ranged from 2194.062 to 

2201.767 m, with a mean of 2197.915 m. The true vertical 

depth subsea (TVDSS) ranged from 2173.562 to 2181.267 

m, with a mean of 2177.415 m. The volume of shale ranged 

from 0.031 to 0.637 dec, with a mean of 0.166 dec.  
 

These results provide a comprehensive understanding of the 

petrophysical characteristics of Gabo 16 Sand B, which can 

aid in further exploration and development of the reservoir. 

 
Figure 6: Basic and petrophysical parameters of Gab16 Sand 

B.  Source: Compiled by researcher (2023)  
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Table 6: Sand B of Gabo 16 Reservoir Characteristics  
Gabo 16 

Sand B 

 Top: 2358.39m, Bottom: 2367.53, 

Net: 9.29m 

Curve Units Min Max Mean 

Bit Size inches 12.25 12.25 12.25 

Bulk Volume 

of Water 

Dec 0.068 0.077 0.071 

Caliper inches 12.281 13.054 12.392 

Density g/c3 2.151 2.227 2.184 

Gamma Ray gAPI 18.53 95.997 35.805 

Neutron v/v 0.196 0.291 0.231 

Porosity Dec 0.26 0.322 0.288 

Photo Electric 

Log 

B/E 1.38 1.904 1.548 

Resistivity Ohmm 16.812 21.376 19.815 

Self-Potential mV 78.276 83.348 81.213 

Sonic usft 92.953 106.364 99.543 

Water 

Saturation 

Dec 0.229 0.271 0.248 

TVD m 2194.062 2201.767 2197.915 

TVDSS m 2173.562 2181.267 2177.415 

Volume of 

Shale 

Dec 0.031 0.637 0.166 

Source: Compiled by researcher (2023) 
 

Gabo 16 Sand C 

The petrophysical parameters of Gabo 16 Sand C were 

analyzed to evaluate its reservoir characteristics. The sand C 

interval has a net thickness of 19.36m, ranging from a top 

depth of 2402.13m to a bottom depth of 2421.33m. The 

results of the analysis are presented in Table 7 and Figure 7  

The bulk volume of water ranges from 0.077 to 0.091 Dec, 

with a mean value of 0.081 Dec. The density ranges from 

2.134 to 2.255 g/c3, with a mean value of 2.206 g/c3. The 

gamma ray log ranges from 26.511 to 54.041 gAPI, with a 

mean value of 35.319 gAPI. The neutron log ranges from 

0.17 to 0.31 v/v, with a mean value of 0.218 v/v. The 

porosity ranges from 0.245 to 0.322 Dec, with a mean value 

of 0.274 Dec. The photoelectric log ranges from 1.421 to 

1.768 B/E, with a mean value of 1.518 B/E. The resistivity 

ranges from 12.003 to 17.002 Ohmm, with a mean value of 

15.462 Ohmm. The self-potential ranges from 74.267 to 

82.519 mV, with a mean value of 79.445 mV. The sonic log 

ranges from 92.121 to 110.014 us/ft, with a mean value of 

100.436 us/ft. The water saturation ranges from 0.266 to 

0.327 Dec, with a mean value of 0.295 Dec. The TVDSS 

ranges from 2210.433 to 2226.655 m, with a mean value of 

2218.539 m. The volume of shale ranges from 0.094 to 0.309 

Dec, with a mean value of 0.163 Dec. 

 

Gabo 16 Sand D 

The results of the petrophysical analysis of Gabo 16 Sand D 

are presented in Figure 4.16 and Table 4.12. The sand has a 

net thickness of 3.51 meters, ranging from a depth of 

2714.85m to 2718.21m. The basic parameters of the sand 

include a bit size of 12.25 inches, a bulk volume of water 

ranging from 0.053 to 0.108, and a caliper ranging from 

12.559 to 12.902 inches. 

 
Figure 7: Basic and petrophysical parameters of Gab16 Sand 

C.  Source: Compiled by researcher (2023) 
 

Table 7: Sand C of Gabo 16 Reservoir Characteristics  
Gabo 16 Sand C Top: 2402.13m, Bottom: 

2421.33, Net: 19.36m 

Curve Units Min Max Mean 

Bit Size inches 12.25 12.25 12.25 

Bulk Volume 

of Water 

Dec 0.077 0.091 0.081 

Caliper inches 12.375 12.955 12.439 

Density g/c3 2.134 2.255 2.206 

Gamma Ray gAPI 26.511 54.041 35.319 

Neutron v/v 0.17 0.31 0.218 

Porosity Dec 0.245 0.322 0.274 

Photo 

Electric Log 

B/E 1.421 1.768 1.518 

Resistivity Ohmm 12.003 17.002 15.462 

Self-Potential mV 74.267 82.519 79.445 

Sonic Us/ft 92.121 110.014 100.436 

Water 

Saturation 

Dec 0.266 0.327 0.295 

TVDSS m 2210.433 2226.655 2218.539 

Volume of 

Shale 

Dec 0.094 0.309 0.163 

Source: Compiled by researcher (2023) 
 

The density ranges from 2.127 to 2.408 g/c3, while the 

gamma ray ranges from 25.984 to 72.382 gAPI. The neutron 

value ranges from 0.148 to 0.248 v/v, and the porosity ranges 

from 0.155 to 0.32. The photoelectric log ranges from 1.442 

to 2.264 B/E, while the resistivity ranges from 8.64 to 36.139 

ohmm. The self-potential ranges from 57.575 to 60.458 mV, 

and the sonic ranges from 86.134 to 122.748 usft. The water 

saturation ranges from 0.168 to 0.488, and the TVDSS 

ranges from 2479.378 to 2482.282 meters. The volume of 

shale ranges from 0.09 to 0.452. 
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Figure 8: Basic and petrophysical parameters of Gab16 Sand 

D. Source: Compiled by researcher (2023) 
 

Table 8: Sand D of Gabo 16 Reservoir Characteristics  
Gabo 16 

Sand D 

 Top: 2714.85m, Bottom: 

2718.21m, Net: 3.51m 

Curve Units Min Max Mean 

Bit Size inches 12.25 12.25 12.25 

Bulk 

Volume of 

Water 

Dec 0.053 0.108 0.064 

Caliper inches 12.559 12.902 12.638 

Density g/c3 2.127 2.408 2.179 

Gamma Ray gAPI 25.984 72.382 35.811 

Neutron v/v 0.148 0.248 0.2 

Porosity Dec 0.155 0.32 0.291 

Photo 

Electric Log 

B/E 1.442 2.264 1.611 

Resistivity Ohmm 8.64 36.139 27.283 

Self-

Potential 

mV 57.575 60.458 58.559 

Sonic usft 86.134 122.748 104.918 

Water 

Saturation 

Dec 0.168 0.488 0.229 

TVDSS m 2479.378 2482.282 2480.83 

Volume of 

Shale 

Dec 0.09 0.452 0.166 

Source: Compiled by researcher (2023) 

 

Table 9: Pore Pressure, Temperature Gradient, and OOIP for 

Gabo 16 Sand C 
Curve Units Top: 2402.13m, Bottom: 

2421.33m, Net: 19.36m 

Min Max Mean 

Temperature F 124.054 124.544 124.299 

Overburden 

Gradient 

Ib/gal 17.663 17.668 17.666 

Overburden 

Pressure 

psi 6697.258 6748.166 6722.654 

Original Oil in 

Place 

STB 826.267 1167.398 968.198 

Fracture 

Gradient 

Resistivity 

Ibs/gal 266.727 279.22 272.812 

Fracture 

Pressure 

Resistivity 

Psi 100484.4 105962.7 103156.7 

Neutron 

Compact Trend 

Resistivity 

Ohmm 3.163 3.226 3.195 

Pore Pressure 

Resistivity 

psi 13046.83 32313.76 22390.35 

Source: Compiled by researcher (2023) 

 
Figure 9: Assessment of Pore Pressure, Temperature 

Gradient, and Original Oil in Place (OOIP) in Gabo 16 Sand 

C Reservoir. Source: Field Data (2023). 
 

Gabo 16 Sand D Pore Pressure 

Pore pressure is a critical parameter in reservoir analysis as 

it directly affects well stability, drilling operations, and 

reservoir performance. In this study, the Fracture Gradient 

Resistivity curve represents the formation pore pressure 

within the Gabo 16 Sand D reservoir. It has a constant value 

of 269.742 lbs/gal across the studied interval, indicating a 

relatively uniform distribution of pore pressure. The Fracture 

Pressure Resistivity curve represents the predicted pore 

pressure derived from fracture pressure. It has a constant 

value of 114051.1 psi, indicating the accuracy of the 

prediction methodology. The Neutron Compaction Trend 

Resistivity, measured in ohmm units, provides insights into 

the resistivity-based estimation of pore pressure. It has a 

constant value of 2.318 ohmm, further supporting the 

consistency and reliability of the pore pressure estimations. 
 

The temperature gradient, represented by the Overburden 

Gradient curve, is an essential parameter for understanding 

the thermal characteristics of the reservoir. It has a constant 

value of 17.87 lbs/gal, indicating a consistent thermal regime 

within the studied interval. The Overburden Pressure curve 

represents the overburden pressure, which influences 

reservoir compaction and hydrocarbon migration. It has a 

constant value of 7599.433 psi, providing insights into the 

stress distribution within the reservoir. The OOIP curve 

represents the estimated Original Oil In Place, a key 

parameter for evaluating the hydrocarbon potential of a 
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reservoir. It ranges from 397.813 to 1331.695 STB (Stock 

Tank Barrels), with an average value of 1131.506 STB. 

These values indicate the presence of a significant volume 

of hydrocarbons within the studied interval. 
 

Table 10: Pore Pressure, Temperature Gradient, and OOIP 

for Gabo 16 Sand D 
Curve        Units Top: 2714.85m, Bottom: 2718.21m, 

Net: 3.51m 

Min Max Mean 

Temperature F 132.029 132.114 132.072 

Overburden 

Gradient 

Ibs/ga 17.87 17.87 17.87 

Overburden 

Pressure 

Psi 7594.951 7603.906 7599.433 

Original Oil in 

Place 

STB 397.813 1331.695 1131.506 

Fracture 

Gradient 

Resistivity 

Ibs/gal 269.706 269.777 269.742 

Fracture 

Pressure 

Resistivity 

psi 113969.4 114132.7 114051.1 

Neutron 

Compact 

Trend 

Resistivity 

Ohmm 2.314 2.322 2.318 

Pore Pressure 

Resistivity 

psi 3526.508 3530.637 3528.573 

Source: Compiled by researcher (2023) 

 

 
Figure 10: Assessment of Pore Pressure, Temperature 

Gradient, and Original Oil in Place (OOIP) in Gabo 16 Sand 

D Reservoir 

 

CONCLUSION 

The porosity analysis revealed significant variations across 

the reservoir, reflecting different lithologies, depositional 

environments, diagenetic processes, and structural features. 

Understanding porosity distribution is vital for well 

placement, reservoir management, and production 

optimization. It helps identify areas of higher porosity and 

permeability, which serve as preferential flow paths for 

hydrocarbons. Furthermore, the analysis provides insights 

into diagenetic processes and reservoir quality evolution, 

enabling predictions of enhanced porosity and permeability 

areas. 

The water saturation analysis contributes to assessing fluid 

movement potential and the effectiveness of hydrocarbon 

recovery processes. By understanding the distribution of 

water saturation, regions with potential hydrocarbon 

accumulations can be identified, and challenges related to 

water saturation can be addressed in reservoir 

characterization and development planning. Despite these 

challenges, the moderate to high porosity values indicate 

potential for CO2 storage in Gabo 19 Sand B. The presence 

of hydrocarbons, as indicated by low resistivity values, could 

enhance the displacement and storage of CO2 in this 

reservoir. Detailed analysis and modeling studies are 

necessary to assess the reservoir's suitability and optimize 

CO2 injection and storage strategies. Gabo 19 Sand C 

exhibits moderate to low porosity and water saturation 

values, indicating potential challenges for CO2 

sequestration. The variations in lithology and fluid content 

within this sandstone interval suggest heterogeneity that 

could impact CO2 migration and storage. Understanding the 

distribution of these variations is crucial for designing 

effective CO2 injection and storage strategies. Gabo 19 Sand 

D displays moderate porosity and low water saturation, 

making it a favorable reservoir for CO2 storage. The low 

resistivity values and absence of shale barriers indicate good 

potential for CO2 displacement and containment. However, 

it is important to consider the heterogeneity in lithology and 

fluid content within this sandstone interval when designing 

CO2 sequestration operations. In conclusion, the analysis of 

Gabo 19 Sand A, Gabo 19 Sand B, Gabo 19 Sand C, and 

Gabo 19 Sand D provides insights into their lithological and 

petrophysical properties, as well as their potential for CO2 

sequestration in the Agbada Formation of the Gabo Field. 

The variations in porosity, water saturation, and lithology 

within each reservoir interval highlight the importance of 

understanding heterogeneity for effective CO2 injection and 

storage. Further research, including detailed characterization 

and modeling studies, is necessary to fully evaluate the 

suitability of these sandstone intervals for CO2 sequestration 

and to optimize storage strategies in the Niger Delta Basin. 

The analysis of the various sandstone reservoirs in the 

Agbada Formation of the Gabo Field provides valuable 

insights into their potential for CO2 sequestration. The 

identification of suitable reservoir intervals, such as Sand A, 

Sand B, Sand C, Sand D, Gabo 15 Sand A, Gabo 15 Sand B, 

Gabo 15 Sand C, Gabo 15 Sand D, Gabo 17 Sand A, Gabo 

17 Sand B, Gabo 17 Sand C, Gabo 17 Sand D, Gabo 18 Sand 

A, Gabo 18 Sand B, Gabo 18 Sand C, Gabo 18 Sand D, Gabo 

19 Sand A, Gabo 19 Sand B, Gabo 19 Sand C, and Gabo 19 

Sand D, with favorable characteristics for CO2 storage 

highlights the potential of the Agbada Formation for CO2 

sequestration efforts. The integration of well log and seismic 

data enhances the accuracy and reliability of the 

assessments, providing a comprehensive evaluation of the 

reservoir properties, lithology, and potential for CO2 storage 

in the study area. However, it is important to acknowledge 

that further research, including detailed modeling and 

analysis, is necessary to fully evaluate the storage capacity, 

reservoir performance, and long-term viability of CO2 

sequestration in these formations. The findings of this study 

significantly contribute to the understanding of the Agbada 

Formation in the Gabo Field and its potential for CO2 

sequestration. The identified reservoir intervals offer 
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promising opportunities for storing CO2, which can play a 

crucial role in mitigating greenhouse gas emissions and 

combating climate change. However, it is important to 

recognize that successful CO2 sequestration requires careful 

consideration of reservoir heterogeneity, fluid properties, 

and containment mechanisms. Therefore, additional 

research and analysis are necessary to validate these findings 

and develop robust strategies for CO2 injection and storage 

operations in the Agbada Formation of the Niger Delta 

Basin. 
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