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ABSTRACT 

The Niger Delta Basin is rich with hydrocarbons but some of these deeper intervals in many 

fields are not fully explored due to limited petrophysical characterization. Despite extensive 

seismic and structural studies across the basin, integrated well log-based evaluation of deeper 

reservoir quality particularly in the Coastal Swamp Depobelt remains sparse, restricting 

informed development decisions for deeper targets.  

In this study, a comprehensive petrophysical study of deeper reservoir sections in the Awen 

Field of the Coastal Swamp Depobelt, Niger Delta Basin was carried out. Wireline logs (caliper, 

gamma ray, resistivity, neutron, and density) from two exploration wells (Awen_1 and 

Awen_2) were used to define reservoir quality and fluid distribution. Eight stratigraphic sand 

packages were identified and correlated across the well. However, detailed evaluation was 

focused on Reservoirs A and B, the deeper productive horizons. The volume of shale was 

estimated based on the nonlinear model of Larionov for Tertiary rocks and the total porosity 

was obtained from the crossplots of density and neutron logs. Pickett plot analyses were used 

to get the formation water resistivity and the cementation exponents, which were used to 

estimate water saturation from Archie's equation. The relatively clean nature of the sands was 

considered in the calculation of permeability using the Timur correlation with irreducible water 

saturation of 0.1. Net-to-gross ratios were computed based on shale volume and porosity          

cut-offs.  

Results indicate shale volume ranges from 0.11 to 0.28, average porosity from 0.25 to 0.27, 

water saturation from 0.30 to 0.41, and permeability from 946 to 1,223 mD, with net-to-gross 

values between 0.64 and 0.97. Reservoir A in Awen_1 is water-bearing, whereas Reservoir B 

contains hydrocarbons; both reservoirs in Awen_2 are oil-bearing. The low shale volume, 

favourable porosity, high permeability, and good net-to-gross ratios collectively indicate viable 

reservoir quality at deeper intervals within the Awen Field. These findings provide a 

petrophysical benchmark for deeper reservoir assessment in analogous Niger Delta fields and 

support future development planning in underexplored Depobelts. 

Keywords: Petrophysical evaluation, volume of shale, porosity, water saturation, permeability, 

Niger Delta, reservoir characterization, wireline log analysis 
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INTRODUCTION 

The Niger Delta Basin is renowned for its vast hydrocarbon reserves and has been the subject 

of numerous petroleum exploration and production-based studies and reports [1-3]. The Awen 

Field has been the focus of significant interest over time for its hydrocarbon potential because 

of its geologically complex and heterogeneous nature and its large hydrocarbon reserves. This 

presents difficulties when it comes to precisely assessing the petrophysical properties of its 

reservoir intervals. Previous studies in the Awen Field have mainly focused on seismic 

interpretation, stratigraphy and structural analysis [4],[5]. The results of these studies have been 

of great value in understanding the regional geology, depositional environments and tectonic 

evolution of the field. There is, however, a very limited type of petrophysical evaluation, which 

combines well log data and geological interpretation. This assessment is critical to comprehend 

the characteristics of the fluid and rock in the reservoir and to make proper estimates of 

hydrocarbon reserve within the field. Lack of understanding of the distribution of porosity, 

permeability and fluid saturation within reservoir intervals creates difficulties in the 

development of reservoir strategies. Thus, the need for a detailed petrophysical analysis to 

address the challenges and maximize hydrocarbon production from the Awen field has been the 

motivation for this study. 

The petrophysical properties of reservoir intervals, however, such as porosity, permeability, 

and hydrocarbon fluid saturation, are important factors for the reservoir productivity and the 

efficiency of hydrocarbon recovery methods. Accurate assessment of these properties is 

essential to a decision on drilling and completion decisions and reservoir management. 

According to Anumah et al [6] and Fagbemigun et al [7], reliable assessment of the 

petrophysical properties of hydrocarbon-bearing reservoirs is key for the estimation of 

hydrocarbon reserves, identification of good production zones, and assessing the need for 

hydro-fracturing jobs. 

The aim of this study is to assess different petrophysical parameters (volume of shale, porosity, 

permeability, water saturation and net to gross) of the wells and their effects on reservoir 

quality. The objectives include: 

(a) Correlation of stratigraphic sand packages across the two wells,  

(b) Estimate the petrophysical parameters across the reservoirs,  

(c) Identify the quality of the reservoirs across the two wells,  

(d) Analyse the fluid saturation profiles to identify potential hydrocarbon zones.  

This communication therefore presents an evaluation of reservoir properties, specifically 

porosity, permeability, volume of shale, and water saturation, derived from wireline logs 

obtained from Awen_1 and Awen_2 within the Awen field. 

The scope of this study work only focuses on the petrophysical studies of the reservoir interval 

within the Awen Field where the deeper reservoir intervals (A and B) is our core focus. Only 

two wells (Awen_1 and Awen_2) are evaluated and use a set of wireline logs: gamma ray, 

caliper, resistivity, neutron, and density logs. Analysis includes estimation of volume of shale, 

total and effective porosity, water saturation from Archie's equation, prediction of permeability 

using the Timur equation, and net-to-gross. The scope is intentionally limited to deeper intervals 

to be able to evaluate their potential as hydrocarbon bearing reservoirs, as shallower reservoirs 

have been explored more in the field. 
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Despite the considerable attention given to seismic interpretation and structural analysis in the 

Awen Field, comprehensive petrophysical evaluation integrating well log data with reservoir 

quality assessment remains limited. Existing studies in the Niger Delta have largely focused on 

either seismic-based structural mapping or generalized petrophysical analyses of multiple fields 

[8], without field-specific, well-to-well correlation of deeper reservoir intervals. Furthermore, 

there is a paucity of published data on the petrophysical properties of deeper reservoirs in the 

Coastal Swamp Depobelt [9], particularly regarding the integration of Pickett plot-derived 

formation water resistivity with Archie-based saturation modeling and Timur permeability 

estimation. This gap restricts the ability of operators to make informed development decisions 

for deeper targets in analogous fields. 

The novelty of this work lies in its integrated approach to petrophysical evaluation of deeper 

reservoir intervals in a relatively underexplored field within the Coastal Swamp Depobelt. 

Specifically, this study:  

(i) presents a detailed well-to-well correlation and petrophysical analysis of Reservoir 

A and B in the Awen Field using a consistent methodology, 

(ii) combines Pickett plot analysis for formation water resistivity and cementation 

exponent and Archie's saturation model and the Timur permeability correlation to 

obtain a robust and internally consistent dataset for reservoir estimation,  

(iii) challenges the assumption that the deeper intervals in the Awen Field are 

predominantly water-bearing as the Awen Field demonstrates favourable reservoir 

quality (porosity 0.25 – 0.27, permeability 946 – 1,223 mD, net-to-gross 0.64–0.97),  

(iv) provides a petrophysical benchmark for the Awen Field which can help guide future 

drilling, completion and reservoir management practices in geologically similar 

Niger Delta fields. 

 

GEOLOGIC SETTING 

The Niger Delta Basin, situated at the apex of the Gulf of Guinea on the west coast of Africa, 

covers an area of approximately 140,000km2. Positioned at the southern terminus of the Benue 

Trough, the basin originated as a failed third arm during the rifting process associated with the 

South Atlantic that commenced in the early Jurassic and ceased in the late Cretaceous [10-12]. 

Following the cessation of rifting, gravity tectonics became the dominant deformational process 

[13]. The Niger Delta Basin has been affected by both pre-sedimentary and syn-sedimentary 

tectonic activities during its evolutionary path [14],[15]. These tectonic events played a vital 

role in shaping the development of the basin. Furthermore, the structural framework exerted 

fundamental control over paleogeographic boundaries, both in the present and in the past, 

during the evolution of the Niger Delta Basin. 

The study area is located within the proximal part of the coastal swamp depo-belt of the Niger 

Delta Basin (Figure 1). This portion of the Niger Delta Province is delineated by the geology 

of southern Nigeria and southwestern Cameroon. The province encompasses the geological 

extent of the Tertiary Niger Delta (Akata-Agbada) Petroleum System. The formation of 

reservoirs in the Awen Field can be attributed to interaction of various geological processes 

[16]. The Basin has undergone many cycles of sedimentation which have been eroded from the 

inland and transported by the rivers (fluvial process) into the deltaic environment. This process 

has resulted in the formation of extensive sequences of sand and shale, serving as principal 
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reservoir, source, and seal rocks respectively. The structural style within the study area 

primarily consists of normal faults that predominantly trend in the northwest-southeast (NW-

SE) direction [17]. 

 

 
Figure 1. Map showing the depobelts of the Niger Delta and the location of the study area [19]. 

 

The reservoir intervals studied in this work is associated with the Agbada Formation which is 

the principal petroleum bearing unit of the Niger Delta Basin. The Agbada Formation is 

composed of over 3700 meters of paralic siliciclastics, which represents the true deltaic section 

of the sequence, that were deposited in delta-front, delta-topset and fluvio-deltaic environments 

[16],[18]. The Awen reservoirs occur in the lower section of the Agbada Formation which is 

made up of shale and sandstone deposits in almost equal proportions. The environment of 

deposition in the lower section of the Agbada formation is delta front to prodelta. This is the 

transition from shallow-marine deltaic sedimentation to deeper subaqueous environment; the 

upper part of the Agbada Formation is a mixture of sand and minor shale interbeds [18]. The 

facies association consists of interbedded sequences of sandstone and shale formed by mouth 

bar processes of the distributaries and turbidity currents in a paralic environment [1]. Sandstone 

units are delta-front mouth bar and distributary channel deposits, with blocky gamma-ray log 

signatures, and moderate to good lateral continuity. Prodelta shale intervals serve as intra-

reservoir baffles and possible flow barriers between these sands. The upper part of the Agbada 

Formation, on the other hand, grades into more fluvio-deltaic continental deposits, consisting 

largely of alluvial sands of the Benin Formation [18]. The depositional environment of the 

lower Agbada then created the primary reservoir structure observed in this study, clean well 

sorted delta front sand and shale interbedding which also serve as a local seal and source rock. 

The Agbada Formation is underlain by the marine Akata Formation, a thick (up to 2000 m) 

shale formation that is the main source rock, and overlain by the continental Benin Formation, 

alluvial and upper coastal plain sand up to 2000 m thick [18],[13]. The presence of faulting and 
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fracturing further adds to its geologic complexity, influencing fluid flow and reservoir 

connectivity. So far, only two wells have been drilled, Awen_1 and Awen_2. Two hydrocarbon-

bearing reservoir levels were identified across both wells. 

 

METHODOLOGY 

The workflow is categorized into 6 parts with each workflow performing its own task using the 

petrophysical software Techlog. The well logs available for this study were caliper logs, gamma 

ray logs, resistivity logs, neutron, and density logs. Estimated petrophysical parameters are 

porosity, volume of shale, permeability, Net to gross and water saturation. Figure 2 shows the 

workflow used for the study.  

 
Figure 2. Study workflow. 

 

Sand intervals were identified and correlated across both wells using gamma ray logs [20],[21]. 

The Volume of shale (VSH) was estimated using Gamma ray which has two empirical 

responses; linear and nonlinear. The Larionov model for Tertiary rocks [22] was used for 

volume of shale estimation (Equation 2). Fluid contacts were identified using a combination of 

resistivity, neutron, and density logs [23]. 

Porosity is a very important petrophysical parameter that gives us the amount of available pore 

spaces within the reservoir. For this study, we estimated porosity using density log (Equation 

3). However, the water saturation within the Awen Field was estimated using the Archie’s 

model given in Equation 4 [24],[25].  

Permeability is one of the key parameters in determining reservoir quality. This explains the 

interconnectivity of the pore spaces within the reservoir. The permeability of the reservoir of 

interest was estimated using the Timur correlation for permeability. Irreducible water saturation 

of 0.1 was used for permeability estimation as the sands were relatively clean [26],[27].  

Linear response (Vsh = IGR): 

                 (1) 

where: 𝐼𝐺𝑅 = linear response to shaliness or clay content, 

GRlog = log reading at the depth of interest, 

Well 
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Fluid contact 
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volume of 
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Estimation of 
total porosity

Estimation of 
resistivity of 

water

Estimation of 
water 
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Estimation of 
Permeability

Estimation of 
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𝑉𝑠ℎ = 𝐼𝐺𝑅 =  
𝐺𝑅𝑙𝑜𝑔 − 𝐺𝑅𝑚𝑎𝑡𝑟𝑖𝑥

𝐺𝑅𝑠ℎ𝑎𝑙𝑒 − 𝐺𝑅𝑚𝑎𝑡𝑟𝑖𝑥
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GRmatrix = Gamma ray value in a nearby clean zone, 

GRshale = Gamma ray value in a nearby shale. 

For Linear Gamma ray, clay volume relationship is given as: Vsh = IGR. And for nonlinear Gamma 

ray, clay volume relationships are given as [31]: 

   (2) 

 

 

where: φ = porosity 

ρma = matrix density (2.65g/cm 3) 

ρb = formation bulk density (log value) 

ρfl = fluid density. 

S
w
 = {

𝑎×𝑅𝑤

𝛷𝑚×𝑅𝑡
}

1
𝑛⁄

                                     (4) 

where: Rt = formation resistivity (containing hydrocarbon and water with a saturation of Sw) 

Rw = formation water resistivity, 

Φ = porosity, 

n = saturation exponent, 

a = numerical coefficient depending on lithology and pore geometry, 

m = cementation factor. 

From water saturation Sw, hydrocarbon saturation (SH) can be estimated as; 

SH = 1 - Sw                                                                                         (5) 

𝑘 = 𝑘𝑤
Φ𝑑

𝑆𝑤𝑖
𝑒                (6) 

where: k= permeability in millidarcy (mD), 

Φ = porosity, 

Swi = irreducible water saturation, 

d = 4.4; e = 2; kw = 3400 for oil; kw = 340 for gas. 

 

RESULTS AND DISCUSSION 

Petrophysical evaluations were carried out from Awen_1, and Awen_2 wells, utilizing a 

comprehensive set of logging data, including gamma ray, neutron-density, and resistivity logs. 

Eight reservoir intervals were identified and correlated across the field. This was delineated 

using the gamma-ray log which measures the amount of radioactive content in the reservoir 

[27]. Moreover, for this study, petrophysical evaluation was restricted to reservoirs A and B 

(Figure 3).  

𝑉𝑠ℎ = 0.083 × (2(3.7×𝐼𝐺𝑅) − 1) 

𝜑𝑇 =
𝜌𝑚𝑎−𝜌𝑏

𝜌𝑚𝑎−𝜌𝑓
        (3) 



 
Romanian Journal of Petroleum & Gas Technology  

Vol. VII (LXXVIII) • No. 2/2026 

 

69 

 
Figure 3. Well correlation/zonation across Awen_1 and Awen_2. 

 

 

Figure 4. Fluid identification (Blue = water, Red = Oil). 
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Table 1. Fluid contact results. 

Wells Reservoir Contact (OWC, mTVDSS) 

Awen_1 A Wet 

Awen_1 B 3017.49 

Awen_2 A 3068.34 

Awen_2 B 3193.68 

 

The volume of shale and lithology were estimated using gamma ray log (Figure 5). This 

accounts for the effect of shale contents within the reservoir intervals in the Awen field [29]. A 

summary of values of the various reservoir parameters is presented in Table 2. Porosity of each 

zone was determined using neutron, and density logs (Figure 6). A general observation from 

the wells indicates a decrease in total porosity values with increasing depth. The average 

estimated porosity for the two wells ranged from 0.25 to 0.27, indicating a favorable porosity 

range for hydrocarbon saturation.  

 

 
Figure 5. Volume of shale computation using Gamma ray log. 
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Figure 6. Total porosity estimation using neutron-density log. 

 

Resistivity of formation water was estimated using Pickett plot. For each reservoir, clean sand 

zones were carefully selected in both wells and utilized in the construction of the Pickett plot. 

Figure 7a and 7b show the Pickett plots of the reservoirs A and B which have corresponding 

values of Rw = 0.115, m = 1.911, and Rw = 0.129, m = 1.676 respectively. 

 

 
Figure 7. Pickett plot for: a) Reservoir A; b) Reservoir B. 

 

Water saturation was estimated using the Archie’s saturation model [30], which suggests the 

sand were of good quality (Figure 8). The estimated water saturation in these reservoirs ranges 

from 0.30 to 0.41, as illustrated in Table 2. The permeability of the reservoir was estimated 

between 946.938 and 1222.93 millidarcy (mD), pointing to a highly favourable permeability 

level. Overall, the low shale volume and corresponding fair to good porosity, favourable 
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permeability (Figure 9) and good net-to-gross (Table 2) is an indication of viable reservoirs at 

deeper intervals within the Awen field. 

 

 
Figure 8. Water saturation (Sw) computed using Archie's model. 

 

 
Figure 9. Permeability estimation. 
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Table 2. Average petrophysical properties. 

Well Reservoir Average 

volume of 

shale (v/v) 

Average 

Porosity (%) 
Average Water 

Saturation (%)  
Average 

Permeability 

(mD) 

Net to 

Gross 

(v/v) 

Awen_1 A 0.168 0.270 Wet 1142.76 0.97 

Awen_1 B 0.166 0.270 0.380 1222.93 0.64 

Awen_2 A 0.155 0.267 0.303 1102.14 0.78 

Awen_2 B 0.280 0.259 0.410 946.938 0.81 

 

Well log correlation shows the same sand facies in both wells, but significant reservoir 

compartmentalization has been identified from the fluid distribution. Awen_1, being at a higher 

structural position (up-dip, about 3,017 m TVDSS), is water-bearing while Awen_2 (down-dip, 

about 3,068 m TVDSS) is oil-bearing. This pattern of inversion of what was expected a down-

dip sequence of water and up-dip sequence of oil suggests a tectonic or stratigraphic barrier 

preventing communication of fluids between the wells. Likewise, the oil-water contacts (OWC) 

are different between Awen_1 (3,017.49 m TVDSS) and Awen_2 (3,193.68 m TVDSS), with 

a variation of 176.19 m between them. The NW-SE trending normal faults mapped in the study 

area [17] probably provide sealing barriers to the faults, forming discrete fault blocks separated 

by fluid columns. This compartmentalization reveals that Reservoirs A and B in Awen_1 and 

Awen_2 are not a single connected reservoir and as such must be assessed separately. 

 

CONCLUSIONS 

Detailed petrophysical evaluation of reservoir intervals within the Awen Field has been 

conducted using wireline logs (gamma ray, neutron/density, and resistivity logs) obtained from 

two drilled wells in the field. Eight stratigraphic sand packages were correlated across the two 

wells. The results obtained from the evaluation (Awen_1 and Awen_2) indicated good reservoir 

qualities, with favourable values observed for volume of shale, porosity, permeability, net-to-

gross, and water saturation. These findings suggest the potential for hydrocarbon accumulation 

and production in the Awen Field. 

It is important to note that the two important reservoirs of this study were carefully selected to 

include their distinctive fluid properties which were obtained from the two wells in the Awen 

field (Awen_1 and Awen_2). This is a good indication that more work needs to be done to 

explore and collect more data to understand the reservoir properties of the entire field. 

Furthermore, the core analysis and geological interpretation would also increase the accuracy 

and reliability of the petrophysical evaluation.  

The research findings from this study provides information that will be used in reservoir 

development and production planning for the Awen Field in the future. Moreover, detailed 

reservoir characterization, such as further petrophysical analysis, reservoir modelling, and 

dynamic simulation, will be essential in optimizing drilling, completion, and reservoir 

production and management strategies. Concerted efforts in petrophysical analysis and further 

data acquisition will contribute to much-improved reservoir characterization and the 

maximization of hydrocarbon recovery from the Awen Field, Niger Delta Basin. 
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    V  s h =   I  G R =       G R  l o g −   G R  m a t r i x    G R  s h a l e −   G R  m a t r i x


    I  G R


    V  s h = 0 . 083 × (  2   ( 3 . 7 ×   I  G R ) − 1 )


    𝜑  T =     𝜌  m a −   𝜌  b    𝜌  m a −   𝜌  f  


     {   a ×   R  w    𝛷  m ×   R  t }   1  n


  k =   k  w (    Φ  d    S  w i  e

