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ABSTRACT 

Production parameters of reservoirs such as Porosity (∅), Permeability (K) and 

Water Saturation (Sw) are among the fundamental properties that determine a 

reservoir’s quality, defining its ability to store hydrocarbon and CO2.The 

Petrophysical analysis (production parameters) of the G-Oil Field in the Niger 

Delta basin was aimed at assessing the quality of the reservoirs in supporting 

hydrocarbon exploitation and carbon sequestration. Interactive Petrophysics (IP) 

Software was used to analyse 8 well log data in LAS format. 18 geologic 

reservoirs were delineated using the combination of Basic Logonal, 

Porosity/Water saturation algorithm and the Cut-off & summation algorithm of 

the IP software.  Production Petrophysical parameters such as Effective Porosity 

(∅eff), Permeability (K) and Water Saturation (Sw) were determined using the 

Tixier, Wyllie-Rose and Indonesian equations respectively. Results show that 

∅effis in the range of 14.2% - 27.5% adjudged to be good porosity to very good 

porosity while Sw values in all 18 reservoirs ranged between 13.1% and 45.7%. K 

ranged between 181.01mD and 7942.091mD, placing it within the ‘Very good - 

Excellent’ permeability classification. Mean value of ∅eff, Sw and k for the G – 

Oil field are 22.8%, 31.0% and 1780.941mD respectively. These values as 

reviewed fell in the quality classification of Very good porosity, Very good Water 

Saturation and Excellent Permeability. These imply that the G – Oil field has 

good quality reservoirs which are highly prolific in terms of hydrocarbon 

production and suitable for Carbon Sequestration. 

 

INTRODUCTION 

Geologic reservoirs are subsurface rock formations that 

are porous and permeable enough to accumulate fluids 

within its pores and also allow flow within its matrix 

(Payton et al., 2020). Its systems are fundamental in 

petroleum geology as it constitutes the birth place and 

store structure for hydrocarbons (Nelson, 2004; Payton 

et al., 2020). The best reservoirs are found in 

sedimentary formations, with examples such as 

sandstone, limestone and dolomite also known as 

carbonate reservoirs (Craze, 1950; Burk and Drake, 

1974). Beyond hydrocarbon storage, these reservoirs 

find relevance in carbon sequestration processes of 

Enhanced Oil Recovery and permanent/commercial 

storage of CO2 (SPE 1987; Payton et al., 2020).  

Production parameters of a reservoir are its physical and 

fluid properties essential for understanding the 

reservoir’s behaviour and ability to store hydrocarbon 

and CO2, used predominantly to conduct volumetric 

estimation of hydrocarbon and CO2(Coneybeare, 1967; 

Ojo and Tse, 2016). They define the reservoir’s quality. 

These parameters include Porosity, Permeability, 

Compressibility, water/ Oil saturation, fluid viscosity, 

etc. Reservoirs with highly porous and permeable 

sedimentary formations, containing up to 30% porosity 

are considered productive for hydrocarbon and receptive 
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for CO2 (Payton et al., 2020; Nelson, 2004) having 

other parameters within standard cut-offs. This is why 

most Carbon sequestration projects target sandstone and 

carbonate reservoirs. 

Knowledge of production parameters as major 

determinants guide decision making for effective 

execution of hydrocarbon extraction and carbon 

sequestration processes. Ojo and Tse (2016) noted that 

in-situ determination of petrophysical properties of 

reservoirs used for volumetric estimation of 

hydrocarbon is with the aid of Wireline logs such as 

Gamma Ray, Density, Neutron, Neutron-Density, 

Resistivity, Sonic, Neutron-Sonic, Induction and Self-

Potential. 

In this research, production parameters to be analysed 

include Porosity, Permeability and Water Saturation, 

detailing their effect in hydrocarbon and CO2 reservoirs. 

The aim of this study is to Petrophysically determine the 

production parameters of delineated reservoirs within 

the G-oil field.The parameters shall be used to assess 

the quality of the reservoirs in supporting hydrocarbon 

exploitation and carbon sequestration. 

 

Study Location 

The study area (G-Oil Field) is located in the Greater 

Ughelli depobelt of the Niger Delta Basin between 

latitude 4˚N and 6˚N and longitude 5˚E and 8˚E (Figure 

1). The field covers a landmass of 36.9Km2. A total of 8 

wells within the field were mapped. 

The Niger Delta basin comprises the Benin, Agbada and 

Akata geologic formations (Short and Stauble, 1967). 

These formations are of the early Tertiary to Recent 

(Doust and Omatsola, 1989; Umar et al., 2020) in the 

geological timescale. The basin consists of 5 depobelts 

which defines the depositional sequence namely: 

northern delta, greater Ughelli, Central swamp, Coastal 

swamp and offshore. The geologic make-up of the basin 

defines its hydrocarbon prolificity and capacity to 

support carbon sequestration. 

 

 
Figure 1: Location map of G – Oil Field within the Niger Delta Basin 
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MATERIALS AND METHODS 

Materials used for this research include log data in LAS 

format, Interactive Petrophysics (IP) software for well 

log data analysis, Surfer 13 software for mapping and 

MS-Excel for data analysis. Eight (8) Well log data 

within the G-oil field were collated and analysed. 

Petrophysical parameters of interest were analysed 

using the IP software. 

Data analysed using IP followed a workflow which 

allowed for discrete documentation of processes and 

algorithms implemented based on principles of Physics. 

The workflow progressed from data import to well 

setup/normalization and analysis/correlation. Well logs 

data in (Log ASCII Standard (LAS)) format were 

uploaded into the Interactive Petrophysics (IP) work 

environment.The IP work environment was set-up 

including display columns and other features such as 

selection of curves required for all types of intended 

analysis. Well log analysis and correlation ensured 

reservoirs within each well are delineated using relevant 

logs and combination of logs. 3 approaches were 

deployed to achieve this in the IP software: the basic 

logonal which enable manual delineation, porosity/ 

water saturation algorithm and cut-off/summation 

algorithm. The last 2 approaches are automated. 

Applying these 3 approaches ensured precision in the 

reservoir delineations. The delineations lead to 

identification of hydrocarbon bearing zones, with 

porosity/water saturation and cut-off/summation 

function. Basic logonal provided access to curve 

settings for necessary adjustments and precise 

delineation.Petrophysical properties such as total and 

effective porosities were analyzed using Tixier 

equations (1) and (2) respectively [Tixier et al. (1949), 

Moradiet al. (2016)]. 

Porosity (∅) = 
𝜌𝑚𝑎−𝜌𝑏

𝜌𝑚𝑎−𝜌𝑓𝑙
   (1) 

Effective Porosity (∅eff) = ∅total (1 – Vsh) (2) 

Attoet al., (2025) classified porosity qualitatively into 5 

categories: ∅ < 5% is considered negligible while 

5% < ∅ < 10% is weak porosity. Porosity in the range 

10% < ∅ < 15% is medium porosity while 15% <
∅ < 20% is considered as good porosity. Porosity 

values greater than 20% (∅ > 20% constitutes a very 

good porosity. 

Permeability was executed usingWiley-Rose model in 

equations 3 considering the application of porosity as 

fraction (Craze, 1950), Tixier (1949). 

K = a [
∅𝑏

𝑆𝑤𝑖𝑟𝑟
𝑐]    (3) 

In the works of Storm et al., (2020) and Glover (2000), 

qualitative classification of permeability reads: 1-10mD 

is poor permeability, 10-100mD is fair, 100-1000mD is 

good while permeability greater than 1000mD (𝐾 >
1000𝑚𝐷) is Excellent. 

Water saturation utilized the Indonesian model in 

equation 4(Buckles (1965), Fozaoet al., 2019), 

1

√𝑅𝑡
 = [

𝑉𝑠ℎ
1−

𝑉𝑠ℎ
2

√𝑅𝑠ℎ
 + 

∅𝑒

√𝑅𝑡
]. Sw   (4) 

Values of 𝑆𝑤 ≤ 50%is acceptable as cut-off for water 

saturation in hydrocarbon reservoirs. Above 50% 

implies fewer hydrocarbons for extraction which hence 

reduces the economic viability of the extraction process 

[Buckles, (1965) and Fozao et al., (2019)]. 

 

RESULTS AND DISCUSSION 

WellIOA_13 

Well IOA_13 a depth profile of 1950.11ft to 2748.99ft. 

Four (4) reservoirs were delineated within this well, 

projected to contain hydrocarbon, with capacity to 

contain CO2 (Figure 2) 

 

 
Figure 2: Reservoir Matrix delineation of IOA_13 
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Table 1: Petrophysical Curve Statistics for Well IOA_13 

 
 

Petrophysical parameters of reservoirs 1, 2, 3, and 4 

delineated within the well (Table 1) 

Highest value of effective porosity across all reservoirs 

is 24.5% in Reservoir 3 while lowest value is 15.6% 

found in Reservoir 4 while Water saturation has its 

highest value as 45.7% in Reservoir 1 with lowest value 

as 19.8% in Reservoir 3. Permeabilityvalues across the 

4 reservoirs are between 425.446mD and 2356.494mD. 

 

WELL IOA_14 

Well IOA_14 has a depth profile of 0.00ft to 

2757.22ft.One (1) reservoir was delineated within this 

well, (Figure 3) 
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Figure 3: Reservoir Matrix delineation of IOA_14 

 

Table 2: Petrophysical Curve Statistics for Well IOA_14 

 
 

Petrophysical parameters of reservoir 1 delineated 

within the well (Table 2). 

Higher value of effective porosity is 27.0% while Water 

saturation is 35.2%, with Permeability value 

1206.234mD(Table 2). 

 

WELLIOA_15 

Well IOA_15 has a depth profile of 0.00ft to 

2950.48ft.Two (2) reservoirs were delineated within this 

well, projected to contain hydrocarbon, with same 

capacity to host injected CO2. The delineations are as 

shown in Figure 4.11 and Figure 4.12 below 
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Figure 4: Reservoir Matrix delineation of IOA_15 

 

Table 3: Petrophysical Curve Statistics for IOA_15 

 

 
Petrophysical parameters of reservoirs 1 and 2 

delineated within the well (Table 3). 

Highest value of effective porosity across all reservoirs 

is 27.5% in Reservoir 1 while lowest value is 25.5% 

found in Reservoir 2. Water saturation has its highest 

value as 34.0% in Reservoir 2 with lowest value as 

32.6% in Reservoir 1. Permeability delineated reservoirs 

have permeability values above 100mD (Table 3). 

 

WELL 4 (IOA_16) 

Well IOA_16 has a depth profile of 0.00ft to 2954.73ft. 

Two (2) reservoirs were delineated within this well 

(Figure 5) 
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Figure 5: Reservoir Matrix delineation of IOA_16 

 

Table 4: Petrophysical Curve Statistics for IOA_16 

 
Petrophysical parameters of reservoirs 1 and 2 

delineated within the well (Table 4). 

Effective porosity value of in reservoir 1 is 27.4% while 

it is 23.2% in Reservoir 2 while Water saturation values 

are pegged at 20.0% in Reservoir 1 and 36.0% in 

Reservoir 2. Delineated reservoirs have permeability 

values above 100mD (Table 4). 

WELL 5 (IOA_17) 

Well IOA_17 has a depth profile of 1084.48ft to 

2540.66ft. Three (3) reservoirs were delineated within 

this well (Figure 6). 
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Figure 6: Reservoir Matrix delineation of IOA_17 

 

Table 5: Petrophysical Curve Statistics for IOA_17 
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Petrophysical parameters of reservoirs 1, 2 and 3 

delineated within the well (Table 5). 

Reservoir 1 has the highest effective porosity value of 

27.4% while reservoir 3 is least with 16.8% within the 

well. Reservoir 2 has highest Water saturation value of 

43.9% while the least value of 13.1% is in Reservoir 

3.Delineatedreservoirs have permeability values above 

100mD (Table 5). 

 

WELL 6 (IOA_18) 

Well IOA_18 has a depth profile of 0.00ft to 

2799.99ft.Two (2) reservoirs were delineated within this 

well (Figure 7). 

 

 
Figure 7: Reservoir Matrix delineation of IOA_18 

 

Table 6: Petrophysical Curve Statistics for IOA_18 
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Petrophysical parameters of reservoirs 1 and 2 

delineated within the well (Table 6). 

Reservoir 1 has effective porosity value of 25.1% while 

reservoir 2 is 25.2% within the well. Reservoir 1 has 

highest Water saturation value of 33.9% while the least 

value of 15.6% is in Reservoir 2. Delineated reservoirs 

have permeability values above 1000mD (Table 6). 

WELL IOA_19 

Well IOA_19 has a depth profile of 0.00ft to 

2731.47ft.Two (2) reservoirs were delineated within this 

well(Figure 8). 

 

 
Figure 8: Reservoir Matrix delineation of IOA_19 

 

Table 7: Petrophysical Curve Statistics for IOA_19 
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Petrophysical parameters of reservoirs 1 and 2 

delineated within the well (Table 7) 

Reservoir 1 has effective porosity value of 26.6% while 

reservoir 2 has 25.2% within the well. Water saturation 

is higher in reservoir 2 with a value of 29.7% while the 

least value of 28.9% is in Reservoir 1. Delineated 

reservoirs have permeability values above 

100<K<1000mD (Table 7). 

 

WELLIOA_52 

WELL IOA_52 has a depth profile of 1550.06ft to 

3909.97ft. Two (2) reservoirs were delineated within 

this well (Figure 9). 

 

 
Figure 9: Reservoir Matrix delineation of IOA_52 

 

Table 8: Petrophysical Averages Report 
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Petrophysical parameters of reservoirs 1 and 2 

delineated within the well (Table 8). 

Reservoir 1 has the highest effective porosity value of 

14.9% while reservoir 2 has the least with 14.2% within 

the well. Reservoir 1 has highest Water saturation value 

of 40.1% while the least value of 30.4% is in Reservoir 

2. Meanwhile, delineated reservoirs have permeability 

values within the range of  100<K<1000mD (Table 8).. 

 

Summary of Petrophysical Parameters 

Key production petrophysicalparameters within all 18 

reservoirs (Figure 9) reveal the quality of the reservoirs 

being studied. 

 

Table 9: Petrophysical Parameters across Depobelts 

Well code Reservoir 
Effective Porosity 

(∅eff) 

Water Saturation (Sw) 

(Indonesian) 

Permeability (K) 

(mD) 

IOA_13 Reservoir 1 0.210 0.457 425.446 

Reservoir 2 0.179 0.403 677.581 

Reservoir 3 0.245 0.198 2,356.494 

Reservoir 4 0.156 0.246 831.532 

IOA_14 Reservoir 1 0.270 0.352 1,206.234 

IOA_15 Reservoir 1 0.275 0.326 1,114.875 

Reservoir 2 0.255 0.340 190.287 

IOA_16 Reservoir 1 0.274 0.200 6,497.094 

Reservoir 2 0.232 0.378 311.567 

IOA_17 Reservoir 1 0.274 0.325 967.861 

Reservoir 2 0.255 0.439 181.010 

Reservoir 3 0.168 0.131 7,942.091 

IOA_18 Reservoir 1 0.251 0.339 3,058.104 

Reservoir 2 0.252 0.156 4,459.963 

IOA_19 Reservoir 1 0.266 0.289 848.053 

Reservoir 2 0.252 0.297 513.630 

IOA_52 Reservoir 1 0.149 0.401 259.919 

Reservoir 2 0.142 0.304 215.204 

Mean values 0.228 0.310 1780.941 

 

Results obtained from 18 reservoirs in 8 wells put 

Effective Porosity (∅eff) in the range of 0.142 – 0.275 

(14.2% - 27.5%) adjudged to be good porosity to very 

good porosity according to Atto et al., (2025). Water 

Saturation values in all 18 reservoirs ranged between 

0.131 (13.1%) and 0.457 (45.7%). The works of 

Buckles, (1965) and Fozao et al., (2019) reveal that 

water saturation below the 0.5 (50%) cut-off portends a 

reservoir that has a hydrocarbon potential and CO2 

storage capacity that is economically viable if other 

parameters are okay.Permeability (k) values ranged 

between 181.01mD and 7942.091mD across all 18 

reservoirs studied, These K values fall within the ‘Very 

good - Excellent’ permeability classification according 

to the works of Bachu (2007). 

 

CONCLUSION 

Overall Mean value of Effective porosity, Water 

Saturation and Permeability for the G – Oil field stood 

at 22.8% for ∅eff, 31.0% for Sw and 1780.941mD for k. 

These values as reviewed fell in the quality 

classification of Very good porosity, Very good Water 

Saturation and Excellent Permeability. These imply that 

the G – Oil field has good quality reservoirs which are 

highly prolific in terms of hydrocarbon production and 

suitable for Carbon Sequestration. 
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