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Abstract - Accurate estimation of rock property is essential and needed for efficient 

reservoir characterization. Insufficient permeability measurement makes predictions a difficult 

problem. Till date, it has been a difficult task to measure permeability using wire line logs 

sometimes it becomes capital intensive to employ other methods. In this paper, a correlation was 

developed which enables fast and easy determination of permeability for Niger Delta reservoir. 

Data were obtained from over 250 reservoirs and analyzed. About 247 data points was used for the 

development of the correlation. A general non-linear multiple variable regression analysis was 

performed on the data using DATAFIT 9.0. The statistical parameter returned shows a good match 

of the developed correlation and the field data. An R
2
 value of 0.99 and an absolute average total 

percentage error of 0.009106 were obtained. A permeability cross plot was made to check the 

reliability of the model. Comparison with other available correlations where also made to check 

how closely they match the actual field data. The correlation will predict best within the range of 

porosity and saturation values used. 

 

I. INTRODUCTION 

Permeability, porosity and saturation of a reservoir 

rock have always been considered as some of the most 

important parameters for formation evaluation, 

reservoir description and characterization.  

Permeability is a measure of the ease with which a 

porous medium will transmit fluid. It is a function of: 

grain size, sorting, clay inclusions and post deposition 

processes. Permeability exist in three forms, Absolute, 

relative and effective permeability. Absolute 

Permeability is the measure of the ease of flow of a 

fluid through the reservoir rock. It is a property of rock 

which is independent of the type of fluid (gas, water, 

oil) as long as the fluid occupies 100% of the 

conductive (effective) pore space.  Effective 

permeability is the permeability of one fluid in a multi-

fluid system, i.e. permeability to a fluid when its 

saturation is less than 100%. Relative permeability is 

the ratio of effective permeability to absolute 

permeability. 

Porosity is a measure of the space in a rock not 

occupied by the   solid structure or framework of 

the rock.  Thus, it is a measure of how much fluid a 

formation can store or hold. Total or absolute porosity 

is the volume of pore space, i.e., the space not occupied 

by mineral matter, expressed as fraction or percent of 

bulk or over-all volume of rock, regardless of whether 

or not all of the pores are interconnected. The ratio of 

the volume of interconnected pore space to the total 

bulk volume of the rock is termed the effective porosity. 

The later is what was used in this study. 

Fluid saturation is a measure of the amount of each 

fluid phase in the pore spaces of a rock expressed as a 

percentage. It is important for reserve estimation and 

well planning. It is mostly determined from core 

analysis and well logs. 

 

II. REVIEW OF EXISTING CORRELATIONS 

 Empirical correlations have been developed by 

Morris & Beggs
1
, Timur

2
, and Coates and Dumanoir

3
 to 

calculate the permeability using porosity and irreducible 

water saturation for sandstone reservoir. 

Morris and Biggs
1
 presented the following two 

expressions for estimating the permeability for oil and 

gas reservoirs: 

For an oil reservoir- 

𝑘 = 250  
∅3

𝑆𝑤𝑐
2      1 

 

For gas reservoir- 

𝑘 = 80  
∅3

𝑆𝑤𝑐
 

2

    2 

 

Timur
2
 proposed the following expression for 

estimating the permeability from connate water 

saturation and porosity: 

𝐾 =
0.136 ∅4.4

𝑆𝑤 𝑖
2      3 

Coates-Dumanoir
4
 relationship for the free-fluid model 

introduced a new equation that ensured zero 

permeability at zero porosity and when Swi = 100%. 

They accommodated the two conditions with the 

following relationship:  
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𝐾 =  100∅𝑒 
2  

1−𝑆𝑤𝑖

𝑆𝑤𝑖
  

2
    4 

 

Development of Permeability-porosity-saturation 

correlation 

Two hundred forty-seven (247) porosity and 

saturation data point, gotten from different oil blocks 

were used for the correlation. The absolute permeability 

was obtained for the respective data point by the use of 

Coates and Denoo
3
 relationship. The calculation was 

done with excel and the values were imported into 

DATAFIT 9.0 which perform the regression. The model 

used is of the form: 

 

𝐾 = 𝑎∅𝑒
𝑏𝑆𝑤𝑖

𝑐     5 
 

The values of a, b and c are gotten from nonlinear 

iterations during the process of regression. After the 

regression has been done, the following correlation was 

developed: 

𝐾 = 4347.2759 ∅𝑒
3.9392 𝑆𝑤𝑖

−2.22195     6 
 

This can as well be written in the form of Timur2 

equation as 

𝐾 =
4347.2759 ∅𝑒

3.9392

𝑆𝑤𝑖
2.22195     7 

 

R
2
=0.99, an absolute average total percentage error of 

0.009106%, average residual value of -31.77715 etc. 

 

III. DISCUSSION OF RESULTS 

The developed correlation was compared with other 

available correlations stated above. The result of the 

comparison is shown graphical. Due to the large 

number of data point involved, 11 data points were 

selected for the plot.  

 
Fig 1. Comparative analysis of correlations and actual 

field data 

Both Timur and Morris underpredicted 

permeability. The developed correlation matched 

almost perfectly with the actual field data. 

Below is also a cross plot of the actual field data 

and the developed correlation. 

 
 

Fig 2. Permeability cross plot 

 

Coates-Dumanoir
4 

correlation gave a reasonable 

comparison with the developed correlation but also 

under predicted most of the values. 

 

IV. CONCLUSIONS 

A Permeability-porosity-saturation relationship has 

been established for Niger Delta. Among the correlation 

tested, Coates-Dumanoir
4 

gave a better match. The 

correlation predicts best within the range of values used. 

The correlation can be applied to any field in Niger 

Delta. 
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Nomenclature 

Swi = residual or connate water saturation 

e = effective porosity 

K = Absolute permeability 
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Fig 3 DATA FIT 9.0 input window for data 

 

 
Fig 4  Regression model Input 
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Fig 5 DATAFIT 9.0 result interface 

 

 
Fig 6.0 Excel evaluations 


