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Abstract— The aim of this paper is to study the effect of 

degree of sorting of grain size on formation resistivity factor. 

Formation resistivity factor is usually determined either 

experimentally tests or by using empirical approach. Using 

some core samples from oil fields, many empirical correlation 

was obtained to determine the effect of degree of sorting of 

grain on formation resistivity factor. Using the best fit curve, 

the best correlation coefficients are obtained and compared 

to independent data base to validate the model prediction. 
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I. INTRODUCTION 

HE resistivity of reservoir rocks is a function of salinity of 

formation water, effective porosity and quantity of 

hydrocarbons trapped in the pore space (Pirson, 1963)
1
, as that 

relationships among these quantities indicate that the resistivity 

decreases with increasing petroleum content. In addition to that 

resistivity measurements are also dependent upon pore geometry, 

formation stress, composition of rock, interstitial fluids and 

temperature. Therefore, resistivity is a valuable tool for 

evaluating the production of a formation. Archie defined the 

formation resistivity factor Fr as (Archie, 1942)
2
 

   
       

  
                                (1)  

Where Ro is the resistivity of the formation porous media 

100% saturated with a conductive fluid and  Rw  is the resistivity 

of the conductive fluid. In this if the formation is fully saturated 

with water, then Ro will be greater than unity. 

It was also found that the wettability is played a great role 

in the fluid distribution within the rock space (Keller, 1953)
3
. 

Accordingly, by changing the relative position of the conducting 

fluid with respect to the rock surface, the electric behavior of 

fluid filled sandstone would also change. Then the formation 

resistivity factor is, 

                                     (2) 

This factor formula contains a theoretical derivation in some of 

the early literature and textbooks on well log analysis and 

fundamental analysis. However, most of these published 

derivations begin with the basic definition of the formation 

resistance factor, (Equ.1). 
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In general, all derivations require a simplified model. Using 

the pore geometry to account for the porous media yields a mass 

volume that can be easily described in terms of length and cross-

sectional area for the pore neck, and the conduction of ions 

through the model (Amyx et al ,1960)
4
. 

The definition of resistivity (R) of many material is 

  
      

 
                                         (3)  

 

Where  r  = resistance of the material.  

A = the cross-sectional area perpendicular to ionic flow. 

 L = Length of the ionic flow path. 

 

Using a cube of salt water, the resistance of the cube could be 

defined as 

      
 

     
                                (4)  

 

 Where L and A describe the dimensions of the cube of water. A 

cube of porous media of the same dimension of the cube of water 

would have a lesser volume available for water. The matrix is 

assumed to be an insulator as such the portion of the cube. That 

can conduct ionic flow is only the pore space. 

Therefore, an apparent cross-sectional area (Aa) and apparent 

flow path (La) are used. The resistance of the cube is 

      
  

      
                                (5)  

By definition the resistivity of the cube of core saturated with 

water is: 

      
 

     
                                    (6)  

Substituting the last two equations yields : 

      
        

       
                              (7)  

Using this definition of Ro (Equ.7) in the Fr (Equ.1) result in : 

    
          

           
                                 (8)  

Which is represent the ratio of the apparent flow path to the 

length of the cube compared to the ratio of the apparent cross-

sectional area to the cross-sectional area of the cube. The ratio of 

the lengths is proportional to tortuosity and is given the symbol 

(a), the tortuosity factor. The apparent cross-sectional area is 

assumed to be equal to the product of the actual area and the 

porosity of the porous media (ØA). Using this definition yields 

to: 

    
      

       
                                      (9)  

Porosity has no power as such m can be seen as one. 

II. FORMATION RESISTIVITY FACTOR ( FR ) AND POROSITY  

As clean sedimentary rocks conduct electricity by virtue of the 

salinity of water contained in their pores, it is natural that the 
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porosity is an important factor in controlling the flow of electric 

current. 

As a first approximation, one would expect that the current 

conductance would be no more than that represented by the 

fractional porosity, e.g., a formation with 20% connate water 

saturation and 80% oil saturation would be expected to transmit 

no more than 20% of the current that would be transmitted if the 

entire bulk volume conducted to the same degree as the water 

[Calhoun, 1960]
5
. 

    
      

       
                                     (10)  

• [Shlumberege, 1972]
6
, wells serving corporation stated that 

the relation between porosity and  Fr  is defined as : 

    
         

        
                                 (11)  

 

• [Zaafran Et al., 1975]
7
, found that the formation resistance 

coefficient correlated well with porosity and introduced this 

equation based on better sandstone samples. 

    
         

           
                                (12)  

 

• [Atkins, ER. Et al., 1961]
8
, concluded from results of 

laboratory tests that the value of porosity exponent or shape 

factor in Archie equation is determined by the profile of 

particles in the structure, and affected only by particle shape.  

 

 This factor can be changed by overburden pressure, solution, 

overgrowth and cementation of individual grains. Accordingly, 

the equation was deduced as follows : 

    
      

        
                                     (13)  

 

That can be useful to a given composition, just when values of 

( a ) and ( m ) have been well-known for the particular structure. 
  

Also they reported that monographs may be used to obtained 

porosity when formation resistivity factor is identified. 
  

In addition, it shape of sand, clay content and clay particle 

shape as determined by the clay type are known or can be 

predictable. Therefore, estimation of the correlation between 

formation resistivity factor and porosity in well logging problems 

can be found. 
 

• [Perez Rosales, C. et al.,2001]
9
 reported a new formulation 

of the formation resistance coefficient for fractured porous 

media. They tried to fit an Archie-type equation to the research 

data. They showed that it's impossible to get a good match. 
 

They created a new model based on physical considerations 

and got the following formula 

    
      

              
                       (14)  

• [Hamada.G.M. et al.,2000]
10

, concluded that the water 

saturation exponent has very big effect on water saturation 

calculation by two techniques conventional and 3-D technique, 

and that by supposition fixed values of shape factor and 

tortuosity factor and change the water saturation exponent. 
 

Also saturation exponent is exaggerated by many factors such 

as wettability and clay that encourage oil wet distinctiveness. 
 

Where the water saturation exponent depends on the 

distribution of the conducting phase in the core sample and for 

on wettability. 
 

• [Tabibi and Emadi,2003]
11

, concluded that the cementation 

factor has an effect on the water saturation calculation because of 

its effect on pore space and the amount of water saturation 

(volume of water into pores to the total pore volume). 

 

III. EXPERIMENTAL MEASUREMENTS 

Laboratory measurements methods were applied on core 

samples, which has been selected selected from three different oil 

fields in Sirte Basin located in Libya and these measurements 

were conducted in ( LPI – Libyan Petroleum Institute 

laboratories in Tripoli – Libya). The twelve sandstone core 

samples that has been selected from three fields had porosities 

between (0.19 % - 0.30 %), degree of sorting (100%, 80% , 60% 

, 40%) and formation water salinities (NaCl 0.3% , 1% , 5%). 

IV. RESULTS AND DISCUSSION 

  Effect of degree of sorting of grain size on formation 

resistivity factor results as follows: 

In Fig. 1. illustrates the correlation between the degree of 

sorting of formation grain size on formation resistivity factor for 

different confined pressures and a water salinity of 5% NaCl. 
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For the same compaction pressure as the degree of sorting 

increases the value of the formation resistivity factor decreases. 

In the same time, the formation resistivity factor increases in 

range between 7.7 to 23.1 for the same degree of sorting and 

salinity affected by increases of the confined pressure. 

This is due to the increase of the path of the electric current 

between the more similar grains and respectively more pore sizes 

between the more greater grains which means the decrease of the 

resistivity (Ro) and respectively decreases value of formation 

resistivity (Fr).  

This can be explained as increasing the confined pressure for 

the same grain size, the paths of the electric current decreases 

and the formation resistivity (Ro) increases which is reflected by 

the increasing of the formation resistivity factor. 

This effect is more clarity in case of cores that have small 

degree of sorting (40%) than that of great degree of grain sorting 

(100%). 

This is because the core of great and well sorted grain have the 

great porosities and the great similar number of electric  current 

paths which resulting in a low resistivity (Ro) and a high value of 

formation resistivity factor (Fr) compared with  the cores of 

small degree of grain sorting. 

Fig. 2. and Fig. 3. show the same correlations between the 

formation resistivity factor and the degree of grain sorting at 

different confined pressure for two different values of formation 

water salinities (1% NaCl, 0.3% NaCl) respectively. 

These figures show the same effect as explained for case of 

formation water salinity of 5% NaCl. It is also noticed that the 

effect of each of the compaction pressure and the degree of 

sorting on the formation resistivity factor at the low water 

salinities is less than its effects at high degree of salinities. 

 This is explained by the decreasing of the formation 

conductivity and thus increases the resistivities (Ro) and (Rw) till 

it researches nearly the same values for different degree of 

sorting and that results in low difference in the formation 

resistivity factor ranges between 7.51 to 3.15 with formation 

water salinities 1% NaCl and between 5.76 to 13.16 with 0.3% 

NaCl. 

Figures 4. through 6.  were plotted on  log-log papers to give 

the empirical correlations that correlate the formation resistivity 

factor with each of degree of sorting and confined pressure. 
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Table.1 Effect of Degree of Sorting Grain Size on Formation Resistivity Factor. 
 

Brine Salinity Confined Pressures Correlations 

5% 

NaCl 

3000 psi. 

4000 psi. 

5000 psi 

Fr=717G-1.0496   

Fr=1666G-1.1781       

Fr=2206G-1.2281       

1% 

NaCl 

3000 psi. 

4000 psi. 

5000 psi 

Fr=319.45G-0.8585    

Fr=331.04G-0.861    

Fr=370.27G-0.9044    

0.3% 

NaCl 

3000 psi. 

4000 psi. 

5000 psi 

Fr=66.898G-0.6523    

Fr=100.37G-0.7229    

Fr=97.513G-0.7565    

 

These obtained correlations are listed in table.1 for the 

different values of formation water salinity, compaction pressure 

and degree of sorting. 

The general formula for the formation resistivity factor (Fr) as 

a function of degree of sorting at different compaction pressures 

is given as : 

                           (15)  

 

Where G is degree of sorting, (a) & (b) constants depend on 

the compaction pressure and can be obtained using the following 

two figures. For calculating the formation resistivity factor (Fr) 

as a function of degree of sorting, compaction pressure and water 

salinity we can follow the following procedure: 

- By known the water salinity, compaction pressure and degree 

of sorting, using Fig.7. and Fig.8. calculate constants (a) & (b). 

- Using equation            calculate Fr. 
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V. CONCLUSION 

Observed through the results of the laboratory studies the 

confined pressure increases as a result of the formation resistivity 

factor increases for the same degree of sorting and salinity. So 

there is an inverse proportional between the degree of sorting of 

the grain size and formation resistivity factor for the same 

confined pressure, an empirical formula for the formation 

resistivity factor as the function of degree of sorting was 

predicted as equation          where a and b are constants 

depend on confined pressure and water salinity. 

 

VI. RECOMMENDATIONS 

Invasion of drilling fluid to porous regions that containing of 

crude oil, due to pressures difference, leads to displacing of the 

formation fluids and subsequently will effect on the results of 

determination of productive intervals and what follows. This 

should be taken into consideration during logging of the wells 

and analyzing to detecting the productive intervals. Therefore, 

the results of this research lead us to the necessity of expanding 

the study in order to include well core plugs samples from 

different Sirte basin reservoirs and rocks composition. 
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