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Abstract 

Petrophysical 

evaluation carried out 

on CAS field using log 

information for four 

wells, checkshots data 

and seismic volume. 

Reservoir evaluation 

of “CAS” field was 

carried out to identify 

lithological units and 

quantify the 

hydrocarbon within 

the reservoir and 

structural analyses. To 

achieve these the 

geometry of the 

identified reservoir  

characteristics. It was 

deduced that the 

lithological units were 

intercalation and with 

a rhythmic structure. 

The shale to sand ratio 

increase bearing 

reservoirs. The study 

aimed at investigating 
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Introduction  
Reservoir 

characterization is a 

multidisciplinary field 

that attempts to 

describe petroleum 

deposit and the 

nature of rocks that 

contain hydrocarbon. 

The process generally 

has three main steps: 

delineation, 

description and 

monitoring. Reservoir 

delineation is the 

determination of a 

reservoir’s geometry, 

including the faults 

and facies changes 

which can affect 

production. Reservoir 

description defines 

the reservoir’s 

physical properties 

(porosity, 

permeability, water 

saturation etc.). 

Reservoir monitoring 

mainly is associated 

with identifying 

physical property 

changes during the  
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hydrocarbon viability 

using seismic 

attributes for 

structural and 

stratigraphic details in 

combination with log 

data for reservoir 

characterization of the 

study area. Two 

prominent 

hydrocarbon bearing 

reservoirs were 

delineated from well 

logs correlated across 

the fields. 

Petrophysical study 

demonstrates sands 

with average porosity 

of 0.22 and 0.18 for 

reservoir A and B 

respectively. The 

hydrocarbon 

saturation computated 

are 0.73and 0.72 for 

reservoir A and B. The 

true vertical depth 

subsea delineated 

were 3400.78 - 

3478.38 for well 1, 

3380.51-3449.14 for 

well 2, 3404.01-

3494.18 for well 3 and 

3435.99-3400 for well 

4. 

 

roduction of hydrocarbon. Reservoir characterization is the process 

of mapping a reservoir's thickness, net-to-gross ratio, pore fluid, 

porosity, permeability and water saturation. Reservoir 

characterization requires the construction of detailed 3D petrophysical 

property models contained within a geological framework. 

It is easy to delineate reservoirs in clastic environment but the major 

challenges in this region are the risks involved in finding productive 

reservoirs. The lateral and vertical extent of such reservoirs, depth of 

burial and conditions affecting the storage, structures and geologic 

features meant to be present for any reservoir to be ascertained to be 

proven reserve of hydrocarbon must be known. In an attempt to solve the 

above problems, a detailed reservoir description which defines the 

reservoirs’ physical properties like net/gross, porosity, permeability, 

hydrocarbon saturation and stratigraphic interpretation has been carried 

out in this research work. 

The aim of this project is to characterize subsurface reservoirs within the 

zone of interest to determine its productivity. 

Various techniques include using well log data and combining various 

mathematical equations which ranges from the linear, non-linear (Stieber) 

and the Archie’s equations.  

p 
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Well logs interpretation can be used in obtaining vital information and 

required properties, since a complete coring and core analysis of the entire 

pay zone is impractical. 

 

METHODOLOGY 

LOCATION OF THE STUDY AREA 

The study area is located within the Niger Delta Basin in southern Nigeria. 

The Niger Delta is one of the most prolific hydrocarbon provinces in the 

world. The name of the field is CAS field. Well data and seismic volume used 

for the purpose of the project are shown below. 

 
Fig 1: Base Map of the Study Area. 

 

The Niger Delta Basin is situated at the southern end of Nigeria boarding 

the Atlantic Ocean and extends from about Longitude 300 00′E to 90 00′E 

and Latitude 40 3 ′ N to 50 20′ N (Lambert, 1981). 

The Niger Delta is situated in the Gulf of Guinea and extends throughout 

the Niger Delta province (Klett et al., 1997).The Niger Delta province is 

made up of one known petroleum system – the Tertiary Niger Delta 

(Agbada - Akata) petroleum system. The primary source rock is the upper 

Akata Formation, the marine-shale facies of the delta, with possibly 

contribution from interbedded marine shale of the lowermost Agbada 
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Formation. Oil is produced from sandstone facies within the Agbada 

Formation, however, turbidite sand in the upper Akata Formation is a 

potential target in deep water offshore and possibly beneath currently 

producing intervals onshore. 

Virtually all the hydrocarbon accumulations in the Niger Delta occur in the 

sands and sandstones of Agbada formation where they are trapped by 

rollover anticlines related to growth fault development (Ekweozor and 

Dankoru, 1994). 

 

Reservoir Rocks 

Petroleum in the Niger delta is produced from sandstone and 

unconsolidated sands predominantly in the Agbada Formation. 

Characteristics of the reservoirs in the Agbada Formation are controlled by 

the depositional environment and by depth of burial. Known reservoir 

rocks are Eocene to Pliocene in age, and are often stacked, ranging in 

thickness from less than 15 metres to 10% having greater than 45% 

thickness (Evamy et al., 1978). 

Petroleum occurs throughout the Agbada Formation of the Niger Delta, 

however, several directional trends form an “oil-rich belt” having the 

largest field and lowest gas oil ratio (Ejedawe, 1981; Evamy et al, 1978; 

Doust and Omatsola, 1990).  The belt extends from the northwest offshore 

area to the southeast offshore and along a number of north-south trends in 

the area of Port-Harcourt. 

Based on the reservoir geometry and quality, Kulke (1995) describes the 

most important reservoir types as point bars of distributary channels and 

coastal barrier bars intermittently cut by sand-filled channels. Edwards 

and Santogrossi (1990) describe the primary Niger delta reservoirs as 

Miocene paralic sandstones with 40% porosity, 2 Darcies permeability, 

and a thickness of 100 metres. 

For accumulation of petroleum to be viable, a system must be in place such 

as: 

i. Migration Route 

ii. Traps 

iii. Burial of Source rock 

iv. The combination of Source rock, Reservoir and Seal/Cap rock. 
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Materials  

The materials used for the reservoir characterization of CAS* field are 

enumerated below: 

i. 3-D Seismic volume in Seg-Y format 

ii. Suite of well logs in LAS format: These include Gamma-ray (GR), 

Caliper, Resistivity (LLD & RT), Porosity (POR), Density (RHOB), 

and Sonic (DT)) logs. 

iii. Checkshot survey data 

iv. Calculators. 

v. Petrel Software 

vi. Base map 

 

The detailed approach used for this research are as follows: 

In this project work, three logs have been used for the determination of 

porosity. They include the porosity (POR), Sonic (DT), and the Density log. 

The first two mentioned logs had their scales in porosity units, such that 

porosity values were read directly from the logs. However, for the density 

porosity calculation, the formula used is: 

 
       ----    ----   ----     ----- ---    (1) 

Where: 

den = density derived porosity 

ma = matrix density 

b    = formation bulk density 

f    = fluid density  

Effective porosity was calculated using the formulae below: 

ϕE = (1-Vsh)ϕden ----    ----   ----     ----- ---  (2)   

 

An average porosity calculated from the three porosity logs was chosen to 

be the representative porosity for each of the reservoirs. 

The gamma ray index was calculated using; 

-                                                           ---    ----   ----     ----- ---    (3) 

 



 

INTERNATIONAL JOURNAL OF ENGINEERING & RESEARCH TECH. 

(VOL. 13 NO.5) DECEMBER, 2020 EDITIONS 

 
 
 

76 

 

 

The above equation expresses Vsh linear will increase of gamma ray 

reading 

Where: 

IGR= Gamma ray index 

GRlog= Gamma ray reading of formation. 

GRmin= Minimum Gamma ray (Clean Sand or carbonate) 

GRmax=maximum Gamma ray (Shale) 

The volume of shale is also calculated mathematically from the gamma ray 

index (IGR) by the following Dresser Atlas (1979) formulas: 

For Tertiary rocks, unconsolidated; 

--    ----   ----     ----- ---    (4) 

 

Where: 

Vsh= Volume of shale 

IGR= Gamma ray index 

From the above, The non-linear method is usually used in unconsolidated 

rocks since they are known to be more chemically immature and may 

contain radioactive minerals such as Feldspars which can contribute to 

gamma but unrelated to shale volume. 

 

The formation resistivity factor also called the formation factor was 

computed using  

 

       ---    ----   ----     ----- ---    (5) 

 

Where; 

A = constant related to texture, its value is assumed to be 0.62 for 

sandstone 

ϕ = represent the total porosity of the formation 

m = cementation factor  

Perhaps the use of values of m = 2, a = 1 and n= 1. 
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The water saturation (Sw) was determined for each of the reservoirs using 

the Archie equation (1942):   

 

      ---    ----   ----     ----- ---    (6) 

 

 

      ---    ----   ----     ----- ---    (7) 

 

 

This implies that; 

                          ----    ----   ----     ----- ---    (8) 

 

   ---    ----   ----     ----- ---    (10) 

Where: 

 Sw = water saturation of the zone (Archie method) 

Rw = resistivity of formation water at formation temperature 

Rt  = true resistivity of formation (i.e. RIld) 

ϕ    = porosity 

a    = tortuosity factor  

m   = cementation exponent  

n   = saturation exponent which varies from 1.8 to 2.5 but is 

normally equal to 2.0 

The hydrocarbon saturation was calculated for each of the reservoirs using 

the formula: 

       

Within the zone of the reservoir filled with oil, as interpreted from the 

neutron-density cross plot, Permeability, Ke has been calculated using the 

formula: 

Ke = [250 x (Ф3 / Sw irr)]2 oil  ---    ---    ---    ---    (12)     

  Ke = permeability in millidarcies 

Sh = 1 – Sw ---    ---    ---    ---    (11) 
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 While in the gas filled zone, the Permeability has been calculated using the 

relation: 

  Ke = [79 x (Ф3 / Sw irr)]2 gas  ---    ---    ---    ---    (13) 

  Sw irr = irreducible water saturation  

n = saturation exponent which varies from 1.8 to 2.5 but most often equal 

2. 

 
Fig 2: Interpreted Composite Logs Showing Mapped Reservoirs (Top and 

Base of Reservoir A) 

 

 
Fig 3: Interpreted Composite Logs Showing Mapped Reservoirs (Top and 

Base of Reservoir B) 
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Fig 3: Interpreted Composite Logs Showing Mapped Reservoirs (Top and 

Base of Reservoir C) 

 

Table 1: Computed Petrophysical Parameters for Reservoir A 

Wells Top(m) Base(m) Gross(m) Net(m) NTG Φ ΦE SW SH K(md) 

   RESERVOIR  A       

1 3400.78 3427.61 26.08 16.01 0.60 0.26 0.25 19 81 2235.5 

2 3380.51 3406.06 25.06 14.07 0.56      

Zone 
1:gas 

3387.3 3391.53  4.23  0.27 0.25 11 89 706.5 

Zone 2:oil 3395.76 3405.85  8.81  0.24 0.23   1591.5 

3 3404.01 3428.85 24.84 19.73 0.79      

Zone 
1:gas  

3405.39 3413.13  7.8  0.21 0.19   230.9 

Zone 2:oil 3416.72 3428.45  11.73  0.21 0.19 30 70 730.6 

4 3435.99 3445.43 9.68 5.22 0.54 0.24 0.23 50 50 1591.5 

 

Table 2: Computed Petrophysical Parameters for Reservoir B 

Wells Top(m) Base(m) Gross(m) Net(m) NTG Φ ΦE SW SH K(md) 

   RESERVOIR          B       

1 3473.07 3478.38 5.31 4.02 0.76 0.22 0.2 35 65 900.5 

2 3439.1 3449.14 8.05 7.95 0.99      

Zone1:gas  3439.14 3444.1  4.96  0.28 0.25 22 78 707.4 
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Zone 2:oil 3444.1 3447.09  2.99  0.21 0.2   900.5 

3 3476.77 3494.18 10.26 8.58 0.84 0.21 0.19 37 63 730.6 

4 3478.45 3490 17.24 12.17 0.71 0.24 0.23 19 81 1591.5 

 

 
Fig 4: Showing Seismic To Well Tie 

 

 
Figure 5: Combined Bar Chart Showing Variations of Reservoir Properties 

in Well CAS 1-CAS 4 
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RESULTS AND DISCUSSION 

Assessment and recognizing repository zone depends on the capacity of 

the interpreter to utilize accessible information in deciphering different 

boundaries and lithology. Attribute map such as amplitude was also 

extracted from the surface to complement the interpretation.  There is a 

strong relationship between the maps as most structural highs coincided 

with zones of anomalous amplitude (both positive and negative).  

Figure  5 is  a  clustered-column  bar  chart  showing  some  reservoir  

properties  for  the  reservoirs of interest in the four wells. The chart shows 

total porosity, effective porosity, and hydrocarbon saturation.  

Hydrocarbon saturation was  high in  all the reservoir sands, ranging  from 

50% to 89%, with  corresponding  water  saturation  from  50  to  11%.   

Porosities mapped from the correlated wells ranged from 19%-26%, water 

saturation, 11%-50% and hydrocarbon saturation 89%-50%. The 

petrophysical analysis correlation showed a progressively high porosity at 

lower depth decreasing downward and then increasing again, these can be 

ascertained to denote the sedimentation environment from marine shale 

followed by the presence of stream channel later depositing creating the 

more porous sediment and transition to more continental and deposit of 

less porous sediments leading to more compaction rate. This could be 

attributed to deposits during the offlap sequence. 

 

CONCLUSION 

Quantitative parameters obtained from the petrophysical analysis are 

good for hydrocarbon production. Further data collection from more wells 

and core data is needed to better extrapolate the sparse well 

measurements and better understanding of the petrophysical parameters. 
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