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Abstract 

Porosity and permeability are the main petrophysical properties of a reservoir rock and have a vital impact on the 

evaluation processes at all stages. This project involved the analysis of well logs [Well-1 and Well-2] from a 

field in the eastern part of the Niger Delta by identifying candidate sand formations in each well and then 

calculating petrophysical parameters for these potential reservoirs. As a result of this study, six different units [A 

to F] ware identified in the Formation by using the gamma ray log data. The predicted porosities and 

permeabilities for each unit show poor to moderate quality reservoirs. The average porosity values are moderate 

and approximately the same, but have very low permeability due to the presence of high volume of shale in the 

reservoirs. The thicknesses of the reservoirs are small [averaging between 5.5 and 24.5 m]. Also from the results, 

there are indications that sand D and F may be one continuous sand body. This is because the two sand bodies 

have the same porosity, similar formation thickness and their depth values are also very close. In all, the part of 

the Inda field under study does not have good prospect for exploration and production because of the high level 

of water saturation in the reservoirs and consequently low hydrocarbon saturations. However, reservoirs A and E 

comparatively show promising reserve for hydrocarbon.  
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Introduction 

The first essential element of a petroleum reservoir is a reservoir rock. It is very important to determine and 

understand the petrophysical properties and mechanical properties of reservoir rocks. Accurate estimates on 

porosity and permeability values in certain stratigraphical intervals can be derived from several well log types, 

i.e. the sonic, neutron or bulk density log. As the purpose of this study is to produce petrophysical estimates from 

well logs that generally lack core-measured porosity and permeability values, theoretical methods of calculation 

are preferred over empirical relationships between the well log signal and available porosity and permeability 

measurement data from drilling cores. Theoretically based calculations are less influenced by local conditions 

and therefore more widely applicable. The objectives of the present work are to make detailed use of available 

wireline log data to delineate the reservoir units in the wells in the field, determine the geometric properties 

(porosity and permeability) of the reservoir rocks using petrophysical calculation (Wyllie and Rose, 1950), and 

infer reservoir geometry distribution and reservoir quality trends using the reservoir correlation. Detailed study 

of the petrophysical results of the “Inda field” Niger Delta [Figure 1] will provide an understanding of the 

geometric properties of the reservoirs, lateral variation in thickness and possible hydrocarbon accumulations.       

 

Location & Geology of the Study Area 

The “Inda” field is located around the eastern part of the Niger Delta [figure 1]. The geology of the Tertiary 

section of the Niger Delta is divided into three Formations, representing prograding depositional facies 

distinguished mostly on the basis of sand-shale ratio (Short and Stable, 1965; Doust and Omatsola, 1990; Kulke, 

1995). They are namely Benin Formation, the Paralic Agbada Formation and Prodelta Marine Akata Formation 

[Table 1]. They range in age from Paleocene to Recent. The Benin Formation is a continental latest Eocene to 

Recent deposit of alluvial and upper coastal plain sands. It consists predominantly of freshwater baring massive 

continental sands and gavels deposited in an upper deltaic plain environment. The Agbada Formation consists of 

paralic siliciclastics, which underlies the Benin Formation. It consists of fluviomarine sands, siltstones and 

shales. The sandy parts constitute the main hydrocarbon reservoirs. The grain size of these reservoir ranges from 

very coarse to fine. The Akata Formation is the basal unit of the Tertiary Niger Delta complex. It is of marine 

origin and composed of thick shale sequences (potential source rock), turbidities sand (potential reservoirs in 

deep water and minor amount of clay and silt. Beginning in the Paleocene and through the Recent, the Akata 

Formation formed during low stands, when terrestrial organic matter and clays were transported to deep-sea 

water areas characterized by low energy conditions and oxygen deficiency (Stacher, 1995). It is the major source 

rock in the Niger Delta. 
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Fig.1 Map showing location of Niger Delta 

 

    Table 1: Table of formations in Niger Delta area, Nigeria. Modified from Short and Stauble (1965). 

 
 

Methodology 

1. Reservoir sand candidate formations (i.e. hydrocarbon containing sands) are identified on logs using 

basically the following logs: 

a. Gamma ray log 

b. Spontaneous Potential or Gamma ray log  

c. Resistivity log. 
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d. Neutron density log. 

2. Determination of porosity/permeability of the reservoir sands from the wireline logs using petrophysical 

calculations (Archie, 1942; Asquith and Krygowski, 2004)  

3.  Interpretation of the results   

 

Petrophysical Evaluation of the Reservoirs  
Four major reservoirs (A-D) each were delineated for Well-1, while two reservoirs (E-F) each were also 

delineated for Well-2, using the gamma ray log. 

Well-1 

The reservoirs in this well have average thicknesses from 5.5 ft in reservoir A to 24.5 ft in reservoir C. The 

average shale volume content (Vshale) of the reservoirs in Well-1 is between 0.677 to 0.879v/v decimal [table 3]. 

This suggest that all the reservoirs, A to D with these high Vsh values  are above the limit of 15% that can effect 

the water saturation value (Hilchie,1978).The average neutron-density derived porosity for the reservoirs are 

between 27.5 to 46.3%, which indicates high porosity. The average total resistivity and water saturation (42.3-

65.5%) for the reservoirs suggest that the reservoirs are hydrocarbon bearing, with reservoir A showing about 

53.7% hydrocarbon saturation. Their volume of shale (Vshale) is so high that their presence can hamper the free 

flow of fluids in the reservoir. Their water saturation (Sw) are generally high (42%, 65% 71% and 60%), which 

invariably are indications that the hydrocarbon saturations are lower. 

A plot of formation depth against porosity for well 1 indicates a decrease in porosity with depth [fig. 2]. This is 

due to compaction caused by overburden pressure from overlying rocks. 

Well P-2 

The reservoirs in this well are basically two and they have average thicknesses from 18 ft in reservoir E to 13.5 ft 

in reservoir F [table 4]. The average shale volume content, (Vsh) of the reservoirs is between 0.64v/v decimal in 

reservoir E to 0.87v/v decimal in reservoir F. These Vsh values are above the limits that could affect the value of 

water saturation (Hilchie, 1978) and suggests that the reservoirs are not too clean as well. This is reflected in the 

poor average permeability values that range from 21 md in reservoir E to 07 md in reservoir F. The average 

porosities of the reservoirs are moderate (27-28%) and the two reservoirs show evidence of hydrocarbon 

saturation as the average total resistivity values are greater than the water bearing resistivity values (Hingles, 

1959). The low water saturation in reservoir E & high water saturation in reservoir F (30% and 60% respectively) 

indicates 70% and 40% hydrocarbon saturation respectively 

 

Table 2: Tables showing the data for the various candidate reservoirs and calculated petrophysical parameters 

for the sand bodies. 

 
Sand A 

Key: Blue = Porosity; Yellow = Water resistivity; Green = Water saturation; Purple = Hydrocarbon saturation; 

Red = Permeability; Brown = Volume of shale 
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Sand B 

Key: Blue = Porosity; Yellow = Water resistivity; Green = Water saturation; Purple = Hydrocarbon saturation; 

Red = Permeability; Brown = Volume of shale 

 

 
Sand C 

Key: Blue = Porosity; Yellow = Water resistivity; Green = Water saturation; Purple = Hydrocarbon saturation; 

Red = Permeability; Brown = Volume of shale 

 
Sand D 

Key: Blue = Porosity; Yellow = Water resistivity; Green = Water saturation; Purple = Hydrocarbon saturation; 

Red = Permeability; Brown = Volume of shale 
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Sand E 

Key: Blue = Porosity; Yellow = Water resistivity; 

Red = Permeability; Brown = Volume of shale

Sand F 

Key: Blue = Porosity; Yellow = Water resistivity; 

Red = Permeability; Brown = Volume of shale

 

Figure 2: The graph of depth versus porosity for well 1.

 

Table 3: Average Petrophysical Values for the Well

SAND DEPTH (ft) 

A 5959.5 

B 7465.5 

C 7911 

D 9061.5 
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= Water resistivity; Green = Water saturation; Purple = Hydrocarbon saturation; 

= Volume of shale 

= Water resistivity; Green = Water saturation; Purple = Hydrocarbon saturation; 

= Volume of shale 

The graph of depth versus porosity for well 1. 

Average Petrophysical Values for the Well-1 

POROSITY THICKNESS[m] Sw 

0.463 5.5 0.423

0.359 11.5 0.655

0.346 24.5 0.71

0.275 14 0.601

0 0.1 0.2 0.3 0.4 0.5

POROSITY

Well-1
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= Hydrocarbon saturation; 

 

= Hydrocarbon saturation; 

 

 Vsh 

0.423 0.677 

0.655 0.879 

0.71 0.795 

0.601 0.861 

系列1
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Table 4: Average Petrophysical Values for the Well-2 

SAND DEPTH (ft) POROSITY THICKNESS Sw Vsh 

E 8829 0.2899 18 0.3089 0.64 

F 8894 0.2755 13.5 0.604 0.87 

 

Also, form the tables above there is an indication that sand D and F may be one continuous sand body. This is 

because the two sand bodies have the same porosity, similar formation thickness and their depth values are also 

very close. One possible reason why they are not occurring at the same depth is possibly due to the presence of a 

fault which may be between the two wells or there may be more overburden in the second well.  

 

Discussion and Conclusions 
The quality of the reservoirs in the part of the “Inda field” under study is poor owing to the analysis of the 

petrophysical parameters determined from the two wells. The average porosity values are moderate and 

approximately the same, but have very low permeability due to the presence of high volume of shale in the 

reservoirs. The thicknesses of the reservoirs are also small [averaging between 5.5 and 24.5 m]. The escalator 

regression sedimentation model of the Niger Delta makes it clear that younger sediments are found in the distal 

part of the basin with pronounced thickness greater than that on the proximal part. Compaction initiates early in 

the older rocks of proximal facies and grades down basinward. In all, the part of the Inda field under study does 

not have good prospect for exploration and production because of the high level of water saturation and 

consequently low hydrocarbon saturations. 
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