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ABSTRACT 
 
A qualitative and quantitative reservoir study of an offshore field (BAK field), was carried out 
using the analysis of the petrophysical properties of the reservoirs in the field. Five well were 
acquired and utilized to carry out this study, from the wells, three reservoir intervals were 
identified through quantitative interpretation. Reservoir correlation was carried out to identify 
lithostratigraphic sand unit within the formations of the wells, with the top and base markers 
distinguishing the reservoirs mapped, the sand bodies of the reservoirs were found to be 
heterogeneous and continuous. The three reservoir intervals identified were named: BAK_1, 
BAK_2, and BAK_3 reservoirs respectively, reservoir sedimentology revealed that the 
reservoirs were predominantly sands with intercalated shale within the formations. The results 
of petrophysical analysis revealed that the Net-to-Gross (NTG) values within the identified 
reservoir were 83%, 86%, and 85% for BAK_1, BAK_2, and BAK_3 reservoirs respectively, 
while the total porosity/effective porosity were found to be 28% / 24% for Bak_1, 27% / 24%, 
for Bak_2 and 28% / 18% for Bak_3 respectively. The permeability values were 2279.558 mD, 
2178.738 mD, and 2760.678 mD while the water saturation was estimated as 45%, 48%, and 
48% for BAK_1, BAK_2, and BAK_3 reservoirs respectively. From the results of petrophysical 
analysis, which reveals a low shale volume, good and effective porosity, high permeability and 
low average water saturation. The field can be classified as a good candidate for optimum 
production of hydrocarbon. 
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1. INTRODUCTION 
 
In subsurface characterization, the understanding of the underlying geological formation helps 
to accurately predict the potentials and to estimate reserves of hydrocarbon in the reservoir of 
the field. Information extracted from interpreted cores, seismic data and well logs help to 
further understand the underlying formation of rocks, and this helps to characterize the 
reservoirs found within these formations. Reservoir is a subsurface rock that has effective 
porosity and permeability which usually contains commercially exploitable quantity of 
hydrocarbon [1]. Reservoir rocks of Eocene to Pliocene in age are often stacked, ranges from 
15 – 45 meters in thickness [2]. Reservoirs in the Niger Delta exhibit a wide range of 
complexities in their sedimentological and petrophysical characteristics due to differences in 
hydrodynamic conditions prevalent during their depositional settings [3]. Petrophysical 
properties analysis is the quantification, integration, and reduction of all acquired geological 
data acquired to determine the capability of the reservoir to store and transmit fluids [4]. 
Petrophysical analysis/evaluation deals with the determination of reservoir 
properties/parameters such as reservoir thickness, volume of shale (Vsh), porosity, either 
effective or total (Φ), permeability (k), water saturation (Sw), hydrocarbon saturation (SH), and 



 

 

net to gross ratio (N/G) [5]. These parameters are very useful and important tools for planning, 
selecting and implementing important decisions regarding the reservoir development which 
serves as an integral component in the reservoir characterization workflow [6]. Petrophysical 
evaluation is also concerned with the rock formation proportion that determines the quality, 
quantity, recoverability of hydrocarbon in a any given reservoir. It is always essential to 
integrate petrophysical and engineering data to accurately predict reservoir quality during and 
after production. Over the last two decades intense petroleum exploration and exploitation 
activities in the Niger Delta region has led to the accumulation of a vast amount of data 
making it possible to establish a historical reconstruction and evolution of the Niger Delta 
basin [7], this study is based on the use of well log data to evaluate the petrophysical 
properties of the reservoir sand body (reservoir study) in an offshore field in Niger Delta Basin. 

 

1.2. LOCATION OF THE STUDY AREA 

The study area is field located within the offshore region of Niger Delta Basin, Nigeria. The 
field will be referred to as BAK Field, and was discovered by a wildcat, which was further 
appraised by three other wells based on 2-D seismic data, with the reservoirs of Zanclean of 
3

rd
 order sequences, the field was penetrated by five wells, BAK field lies between longitude 

7°39'3.17"E and latitude 4°8'19.30"N and is located within the offshore depobelt region of the 
basin (Figure 1).  
 

 

 



 

 

 

Fig. 1: A map showing the location of the BAK Field, Offshore Niger Delta (Source: Google 
Earth 2021) and the Base map for BAK Field showing the distribution of wells within the area 

 

1.3. GEOLOGY OF NIGER DELTA 

Niger Delta is found within the Gulf of Guinea, increases down towards the Niger Delta 
Province and varies from the Eocene age to this present time [8]. The delta has prograded 
southwestward, creating depobelts that constitute the most vital part of the delta at every 
development stage [9]. The basin is bounded in the north by older (Cretaceous) tectonic 
elements among which are the Anambra Basin, Abakaliki uplift and Afikpo syncline. Weber 
[10] suggested that the basin which facilitated and controlled the formation of the present 
Niger delta was developed by lift faulting during the Precambrian. Benin and Calabar Hinge 
lines are the deep-seated faults associated with the rifting-controlled formation of the delta. 
The building of the Niger Delta (Figure 2) over the edge of the African continent began in the 



 

 

middle-late Eocene [11]. Evidence from geological investigation indicates that the Oligocene 
and younger sediments progressive toward the continental shelf and they average 26,000 ft 
(7924 m) [12]. The accumulation of these sediments was rather fast and hence gravitational 
movements within them became pronounced, resulting in contemporaneous faulting with 
deposition (growth faults) [13].  According to Orife and Avbovbo [14], the Tertiary Niger Delta 
extends over an area of approximately 75,000 sq km and consists of a regressive clastic 
sequence, which attains a topmost thickness of 12,000 m. The Niger Delta is regarded as one 
of the most prolific oil and gas provinces in the world [15]. Niger delta basin is known to be 
divided into three large scale lithostratigraphic unit: (1) the basal Paleocene to Recent pro- 
delta facies of the Akata formation, (2) Eocene to recent, paralic facies of the Agbada 
Formation, and (3) Oligocene to recent, fluvial facies of the Benin formation and the formation 
reflect a gross coarsening upward progradational clastic wedge, and deposited in Marine, 
Deltaic and fluvial environments (Figure 3). The Tertiary Niger Delta is characterized by syn-
sedimentary gravitational growth faults developed as a result of a rapid sand deposition and 
differential loading of coarser clastics over fined grained undercompacted marine shale of the 
Akata Formation [2, 16, 17, 18]. These discoveries have onshore on the continental shelf, and 
in deep water. Niger Delta province has a commercial accumulation of oil and gas. The 
production of oil and gas originates from accumulation in the pore spaces of reservoir rocks 
usually sandstone, limestone and dolomite. The formation is characterized by altering 
sandstone and shale units varying in thickness from 100 ft t0 1500 ft [2]. The growth faults are 
contemporaneous and more or less continuously active with deposition such that their throws 
increase with depth. The growth fault may be listric, typically cuspate normal faults, which 
flatten with depth into the thick clastic shaly sequence of the Akata Formation. The continuous 
growth of the faults after their inception, allows for greater sedimentation on the down-thrown 
blocks relative to the up-thrown blocks [2, 9, 17, 18]. 

 
 
Fig. 2: Map of Nigeria showing Niger Delta Basin Area and its Geological formation (Total Nig. Plc) 



 

 

 

Fig. 3: Schematic dip section of the Niger Delta (Modified from Weber and Daukoru, 1975) 

 

Fig. 4: Sectional map of the Niger Delta depobelts and structural limits (Redrawn from Doust 
and Omatsola, 1990) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Regional Stratigraphy of Western Niger Delta (Reijers, 2011). 

https://link.springer.com/article/10.1007/s13202-019-00787-2#ref-CR16


 

 

1.4. NIGER DELTA PETROLUEM SYSTEM 

Petroleum(hydrocarbons) compounds are carbon formed as a result of the breakdown of 
organic matter deposited alongside sediments in a reducing environment, from its original 
state to kerogen and then to hydrocarbon under the right temperature, pressure, and chemical 
conditions. In the northwestern portion of the delta, the oil window (active source rock interval) 
lies in the upper Akata Formation and the lower Agbada Formation. To the southeast, the top 
of the oil window is Stratigraphically lower (up to 4000 below the upper Akata/lower Agbada 
sequence [2]. The attributed the distribution of the top of the oil window is attributed to the 
thickness and sand/shale ratios of the overburden rock (Benin formation and variable 
proportions of the Agbada formation) [9, 19, 20]. The sandy continental sediment (Benin 
formation) has the lowest thermal gradient (1.3 to 1/8°C/100 m); the paralic Agbada Formation 
has an intermediate gradient (2.7°C/100 m); and the marine, overpressured Akata Formation 
has the highest (5.5°C/100 m) [21]. Therefore, within any depobelt, the depth to any 
temperature is dependent on the gross distribution of sand and shale. If sand/shale ratios 
were the only variable, the distal offshore subsurface temperatures would be elevated 
because sand percentages are lower. To the contrary, the depth of the hydrocarbon kitchen is 
expected to be deeper than in the delta proper, because the depth of oil generation is a 
combination of factors: temperature, time, and deformation related to tectonic effects [22]. The 
generation and migration processes occurred sequentially in each depobelts and only after 
the entire belt was structurally deformed, implying that deformation in the Northern Belt would 
have been completed in the Late Eocene [2]. The Akata/Agbada formational boundary in this 
region is currently at a depth of about 4,300 m, with the upper Akata Formation in the wet 
gas/condensation generating zone (vitrinite reflectance value >1.2); [2, 23]. The lowermost 
part of the Agbada Formation here entered the oil window sometime in the Late Oligocene. 
 
 
 

2.0. MATERIAL AND METHODS 
 
2.1. MATERIALS 
This study was carried out using well log data which was acquired from BAK field, shallow 
offshore Niger Delta. Available data in the well log suite includes Gamma ray (GR) log, 
Caliper log, Neutron log, Density log, Sonic log and Resistivity (shallow and deep) logs 
(Table 1) with their well header information and well survey deviation data.  
Software 

Two main softwares were used for the analysis and interpretation namely: 
- Schlumberger PETREL

TM
 (2017 version) Software: Used for loading well log data, 

data appraisal, well correlation, and petrophysical data analysis. 
- Microsoft Excel: This software will be used for analyzing the result estimated for the 
petrophysical properties.  

 
2.2. METHODS  
Research Workflow 
The outlined procedures were utilized for the successful completion of this project; they 
include the following data sourcing, data gathering, and data loading into relevant software, 
data quality assurance and quality control, well logs conditioning (despiking and interpolation), 
well correlation, petrophysical evaluation of reservoirs, visualization and analysis of estimated 
petrophysical properties. 
 



 

 

 

Fig. 6: Schematic of the Workflow for the Reservoir Study of BAK Field. 

 
Table 1: Well data inventory for five wells adopted in this study. 

Well 

Name 

Well logs Well 
Header 

Check 
shot 

Directional 
Survey 

GR Cali. Res. Den. Neutron Sonic 

BAK 01 YES YES YES YES YES YES YES YES YES 

BAK 02 YES YES YES YES YES YES YES YES YES 

BAK 03 YES YES YES YES YES YES YES NO YES 

BAK 04 YES YES YES YES YES YES YES YES YES 

BAK X01 YES YES YES YES YES YES YES YES YES 
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3. RESULTS AND DISCUSSION 
3.1 RESULTS 
 
The results from lithostratigraphic correction revealed that the gamma ray logs depicted two 
lithologies from top to bottom in the five wells (BAK 01, BAK 02, BAK 03, BAK 04 and BAK 
X01). The lithologies identified majorly were sands and shales. A total of three reservoirs units 
(BAK_1, BAK_2 and BAK_3) were identified and correlated across all the wells (Fig. 7). These 
reservoirs were bounded by layers of shale which served as both seals and source rocks. All 
three reservoirs had intercalated shales at various sections, indicating that the reservoir sands 
identified are shaly in nature. Petrophysical properties which include shale volume, water 
saturation, hydrocarbon saturation, permeability, net-to-gross, effective and total porosities 
were estimated for each of the wells as shown in Figures 8-12, with the estimated values 
tabulated in Table 2 and Table 3 respectively. The analysis of the petrophysical properties 
using statistical techniques of correlating their effects during the study, analyses and 
interpretation of the reservoir was employed using the logs and bar charts as shown in 
Figures 14 – 21. A plot of the fluid saturation is shown in Figure 22, while the result of the 
correlation of the STOOIP and permeability is shown in Figure 23. 
 

 
Fig. 7: Lithostratigraphic Correlation of the Five wells in BAK field showing three reservoirs sand units. 



 

 

 
 
Fig. 8: Well BAK 01 showing correlated Petrophysical parameters 
 

 

 
 
Fig. 9: Well BAK 02 showing correlated Petrophysical parameters 

 



 

 

 
Fig. 10: Well BAK 03 showing correlated Petrophysical parameters. 

 

 
Fig. 11: Well BAK 04 showing correlated Petrophysical parameters. 



 

 

 
Fig. 12: Well BAK X01 showing correlated Petrophysical parameters. 

 
Table 2: Results of Petrophysical evaluation of delineated reservoir units in the five wells in BAK Field. 

Well 

Reservoir  

Sand Top (ft) Base (ft) 

Gross  

Thickness 

(ft) 

Shale  

Volume 

(%) 

Shale  

Volume 

(ft) 

Net Sand 

(ft) 

Net-

to-

Gross 

(%) 

Total 

Porosity 

(%) 

Effective 

Porosity 

(%) 

Water  

Saturation 

(%) 

Permeability 

(mD) 

Hydrocarbon 

Saturation 

(%) 

Fluid 

type 

STOIIP  

(stb) 

BAK 
01 

BAK_1 5981.54 6070.82 89.28 17.5 15.62 73.66 83 36 32 31 3489.86 69 
Oil + 
water 76466.8201 

BAK_2 6349.15 7620 1270.85 13 165.21 1105.64 87 31 28 40      3244.50 60 
Oil + 
water 873350.6718 

BAK_3 7924.59 8465.49 540.9 13 70.32 470.58 87 25 22 45 1806.47 55 
Oil + 
water 267724.0804 

                

BAK 
02 

BAK_1 6652.88 6797.38 144.5 16 23.12 121.38 84 28 24 48 2436.85 52 
Oil + 
water 71224.19503 

BAK_2 7144.17 7413.89 269.72 15 40.46 229.26 85 28 24 42 1234.21 58 
Oil + 
water 150050.395 

BAK_3 7490.95 8160.45 669.5 14.24 95.34 574.16 86 25 23 56 1960.24 44 
Oil + 
water 273200.6305 

                

BAK 
03 

BAK_1 6872.12 7001.76 129.64 16.39 21.25 108.39 84 25 21 49 2096.54 51 
Oil + 
water 54582.38993 

BAK_2 7314.68 7506.9 192.22 7.025 13.50 178.72 93 23 21 47 1677.57 53 
Oil + 
water 93524.57758 

BAK_3 7551.6 7784.06 232.46 15.9 36.96 195.50 84 28 28 40 1903.16 60 
Oil + 
water 154425.6159 

                

BAK 
04 

BAK_1 6529.88 6643.2 113.32 19.41 22.00 91.32 81 26 22 59 1758.37 41 
Oil + 
water 38731.12307 

BAK_2 7010.37 7431.93 421.56 19.77 83.34 338.22 80 25 23 58 1611.56 42 
Oil + 
water 153616.9526 

BAK_3 7495.39 7794.57 299.18 13.86 41.47 257.71 86 27 25 44 3246.73 56 
Oil + 
water 169641.1829 

                

BAK 

X01 

BAK_1 6310.02 6427.9 117.88 15.14 17.85 100.03 85 28 25 39 1616.17 61 
Oil + 
water 71726.36623 

BAK_2 6749.38 7585.25 835.87 14.47 120.95 714.92 86 31 29 57 3125.86 43 
Oil + 
water 419169.3266 

BAK_3 7681.7 8737.25 1055.55 13.21 139.44 916.11 87 36 31 56 4886.79 44 

Oil + 

water 587528.1773 



 

 

 
 
Table 3: Estimated average values of the Petrophysical properties of the reservoirs for the five wells. 

 
 
 
 

 
Figure 13: Well correlations showing the distribution of the volume of shale 

 

 

 

 

Reservoirs 

Gross 

Thickness 

(ft) 

Shale 

Volume 

(%) 

Shale 

Volume 

(ft) 

Net 

Sand 

(ft) 

Net to 

Gross 

(%) 

Total 

Porosity 

(%) 

Effective 

Porosity 

(%) 

Water 

Saturation 

(%) 

Permeability 

(mD) 

Hydrocarbon 

Saturation 

(%) 

STOOIP 

(stb) 

BAK_1 118.924 16.888 19.96689 98.95711 83.112 28.636 24.812 45.19 2279.558 54.81 62546.18 

BAK_2 598.044 13.853 84.69295 513.351 86.147 27.808 24.928 48.684 2178.738 51.316 337942.4 

BAK_3 559.518 14.042 76.70389 482.8141 85.958 28.378 25.826 48.1481 2760.678 51.8519 290503.9 



 

 

 
Figure 14: Top and base of reservoir intervals identified and correlated across five wells. 

 

 

 

Figure 15: Average gross thickness, shale volume thickness and net sand thickness for the three 
reservoir intervals 
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Figure 16: Total porosity estimated for the three reservoir intervals across all five wells. 

 

 

Figure 17: Effective porosity estimated for the three reservoir intervals across all five wells. 



 

 

 

 
 
Figure 18: Average and effective porosity, calculated for the three reservoir intervals. 

 

 
Figure 19: Water saturation calculated for the three reservoir intervals and correlated across all five wells. 
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Figure 20: Hydrocarbon saturation calculated for the three reservoir intervals and correlated across all five wells. 

 

 
Figure 21: Fluid saturation plots revealing water and hydrocarbon saturations estimated for the three 
reservoir intervals. 
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Figure 22: Permeability values estimated for the three reservoir intervals and correlated across all five 
wells. 

 

 
 
Figure 23: Correlation plot of average STOIIP against average permeability 
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3.2. DISCUSSION  

In the reservoir study, a petrophysical analysis was performed to evaluate the reservoir 
petrophysical properties for the three reservoirs identified and delineated for the field of study, 
namely BAK_1, BAK_2, BAK_3 reservoirs respectively. On average, the gross thickness of 
reservoir BAK_1 was found to be 118.92 ft, 598.04 ft for reservoir BAK_2 and 559.52 ft for 
reservoir BAK_3 respectively within the five wells used for the study (Figures 8, 9, 10, 11, 12, 
13). The average gross thickness of the reservoirs shows that reservoir BAK_2 has the 
highest thickness while reservoir BAK 01 has the lowest thickness. These results show that 
the reservoir sands are of sufficient thickness to accumulate hydrocarbons in economic 
quantities. The Shale volume thickness determined was 19.97 ft in reservoir BAK_1, 84.69 ft 
in reservoir BAK_2 and 76.70 ft in reservoir BAK_3 (Table 2). This result shows that about 
19.97 ft of the average gross thickness in reservoir BAK_1 is occupied by shale, 84.69 ft of 
the average gross thickness of reservoir BAK_2 is occupied by shale while 76.70 ft of the 
average gross thickness of reservoir BAK_3 is shaly. The average net to gross ratio obtained 
for reservoirs BAK_1, BAK_2 and BAK_3 were 83%, 86%, and 86% respectively (Table 3). 
These results show that on average, over 85% of the entire gross thickness of the field 
reservoirs (BAK_1, BAK_2 and BAK_3) can be produced if they contain hydrocarbons (Figure 
13 and 14). The bar chart analysis shows that field has good thickness for hydrocarbon 
accumulation (Figure 15). The average total and effective porosity for reservoir BAK_1 was 
estimated to be 29% and 25%, while reservoir BAK_2 has 28% and 25% as total and effective 
porosity, the average total and effective porosity for reservoir BAK_3 was found to be 28% 
and 25%  (Figure 16 and 17). According to Rider (1986) classification, porosity measurements 
between 10%-20% are considered as good, porosity values between 20%-30% are classified 
as very good, while values above 30% are classified as excellent. Based on this 
classification scheme, which is globally accepted for porosity classification, the total and 
effective porosities obtained for reservoir BAK_1, BAK_2 and BAK_3 are classified as very 
good reservoirs (Figure 18). The average water and hydrocarbon saturation values for 
reservoir are BAK_1, BAK_2, BAK_3 was 45% and 49% for BAK_1, 48% and 55% for BAK_2, 
51% and  52%  for BAK_3 respectively (Figure 19 and 20). These results show that reservoir 
BAK_1 has the highest hydrocarbon saturation while reservoir BAK_3 has the least 
hydrocarbon saturation measurement (Table 3), the results shows that all the identified 
reservoirs within the field have hydrocarbon saturation above 50%, which means they are 
good hydrocarbon bearing reservoirs (Figure 21). On average, permeability values estimated 
for the reservoir units were 2279.56mD, 2178.74mD and 2760.68mD in reservoirs BAK_1, 
BAK_2 and BAK_3 respectively (Table 3 and Figure 22). Rider (1986) classification of 
reservoir quality based on permeability values are classified as follows; k values below 10mD 
considered as poor to fair, k values between 10-50 mD classified as moderate, k values 
between 50-250 mD are classified as good, k values between 250-1000 mD are classified as 
very good, and k values above 1000 mD are classified as excellent. Based on this 
classification scheme, reservoirs BAK_1, BAK_2 and BAK_3 can be classified within the 
ranges of excellent reservoirs because they have average permeability values above 1000mD 
respectively. These results show that all the reservoirs in the field have excellent permeability 
values which are necessary requirements for hydrocarbon flow and production in economic 
quantities. A correlation of the permeability with the estimated STOOIP of the different 
reservoir units shows the effect of permeability on the productivity ability of the field (Figure 
23). The result shows that the field is economically viable for hydrocarbon exploitation. 

 
 
4. CONCLUSION 
 
The use of well logs evaluation, well log correlation and petrophysical analysis was carried out 
to evaluate petrophysical properties in the field of study. In the reservoir delineation, three 



 

 

lithologic sand reservoirs were identified using gamma ray, resistivity and the cross plot of 
neutron and density logs. Three reservoirs identified and correlated for the five wells (BAK 01, 
BAK 02, BAK 03, BAK 04, and BAK X01) using gamma ray, gives the estimated average 
thickness for the three reservoirs BAK_1, BAK_2, and BAK_3 as 118.92 ft, 598.04 ft and 
559.52 ft respectively The petrophysical analysis helps to estimates the total porosity, 
permeability, water saturation, shale volume, effective porosity and hydrocarbon saturation to 
quantify the extend of producibility of the three reservoirs. The reservoir study evaluated and 
obtained the following petrophysical parameters for the field as follows; the average effective 
porosity as 25%, total porosity estimated to be 28%, the average shale volume of 45%, 
average water saturation of 47%, average hydrocarbon saturation of 53%, average 
permeability of 2406.325mD, and an average reserve estimate of 23 MMstb (STOOIP). From 
the reservoir study of the field using the results of petrophysical analysis which reveals a low 
shale volume, high effective and total porosities (good porosity), low water saturation, and 
excellent permeability, we can conclude that the petrophysical analysis has shown that the 
three reservoirs units identified were of good reservoir quantities as the. Thus, the reservoir 

sand body can be said to be a good reservoir for hydrocarbon exploitation and production. 
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