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ABSTRACT- The most generally encountered and certainly the most challenging responsibility in reservoir engineering is 

the description of a reservoir, both accurately and efficiently. Most of enhanced oil recovery and secondary recovery 

projects fails due to inadequate and insufficient reservoir characterization and dealing with heterogonous reservoir. An 

accurate description of a reservoir is crucial to the management of production and efficiency of oil recovery. Reservoir 

characterization plays a very important role in descripting the storage and flow capacity of a reservoir and also plays a 

decisive role in reservoir simulation. The main objective of this research is on how to prepare a reservoir simulation input 

file accurately to receive an accurate output, in other to achieve this we most follow the following steps. Firstly by 

identifying the degree heterogeneity by using methods such as Lorenz Coefficient    and Dykstra-Parsons coefficient   , 

secondly by using existing and recognised techniques such as FZI or HFU, permeability group, DRT to estimate the 

different flow units and then classifying reservoir rocks (rock typing) in a petrophysical reliable manner using approaches 

such as RQI, FZI, DRT, winland R35 method and allocating properties to each rock type which will aid in estimating 

permeability for uncored wells. Finally in order to enhance the accuracy, a comprehensive analysis and comparison of all 

techniques is evaluated to predict the most accurate and more reliable method to be applied to any reservoir. 

Index Terms: Flow Zone Indicator (FZI), Reservoir Quality Index (RQI), Hydraulic Flow Unit (HFU), Discrete Rock Typing 
(DRT), Winland (R35). 
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Introduction  

Reservoir characterization plays a vital role in every oil and gas industry, the understanding of the reservoir rock properties 

such as porosity and permeability aids engineers enhance reservoir characterization. Reservoir characterization can be defined 

as the process to describe quantitatively the reservoir characters using the existing data (Aldha, 2009). Heterogeneous reservoirs 

generally present tough challenges to engineers and geologist in accurately describing the hydraulic flow unit, rock typing, 

performance and recovery predictions, because of its tendency of being tight and heterogeneous.  

For several years petroleum engineers and geoscientists have studied and initiated techniques to improve the reservoir 

description as it has been a challenge, reservoir characterization methods are completely appreciated because they deliver a 

much improved and precise characterization of the storage and movement factors of an oil and gas in a reservoir and therefore 

presents a foundation for developing a simulation model. 

In recent studies, porosity-permeability relationship has been used to better the characterization of a reservoir with complex 

geological continuum. In addition to porosity and permeability, more rock property can be combined to improve the perception 

to charactering the flow units through porous media such as pore throat scale. (Mike Spearing, 2001) Pore throat plays a 

significant role in controlling both initial and residual distribution of hydrocarbon. 

Hydraulic flow unit (HFU) defines the division of reservoir channels towards different zones with the same flow and bedding 

characterization, thereby integrating factors like porosity and permeability towards a solo magnitude that defines a formation, 

indicating flow zones and rock typing (Maghsood Abbaszadeh, 1996). 

Rock type is a key concept in improving the reservoir description of straddles multiple scales and bridges multiple disciplines 

(M. Shabaninejad, 2011). Reservoir rock classification (rock typing) has been a fundamental tool for reservoir characterization, 

several techniques introduced by several authors has been used to identify rock types in a formation such as FZI, DRT and 

winland (35), that indicates different flow zones (HFU) for each dissimilar rock type. Parameters involved in these techniques 

are usually obtained from core data analysis, well logs and well tests, thus in this studies the core data analysis is being used. 

However, it is difficult predicting properties for uncored well. 

The key purpose of this research is to describe the core petrophysical factors necessary for predicting the Hydraulic flow unit, 

and the rock types transform from 16 wells of an Egyptian reservoir. And also the application of this classification to prepare a 

reservoir simulation input file accurately to receive an accurate output. 

Background Theory  

Degree of Heterogeneity  

In order to classify the degree of heterogeneity of a reservoir, t the two most widely used descriptors of the heterogeneity of a 

formation used are Lorenz coefficient, L, and Dykstra-Parsons permeability variation,   . Lorenz coefficient introduced by 

(Schmalz, 1950) defines the degree of heterogeneity within a sector of a pay zone and varies from 0 to 1, as 0 to be completely 
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homogenous and 1 to be completely heterogeneous respectively and this can be estimated by plotting a the entire flow capacity 

versus the entire volume and applying the equation below: 

   
                            

                            
 

While Dykstra-Parsons coefficient is one of the worlds most recognized method for measuring the degree of heterogeneity, it is 

a measure precisely established on permeability variation. (Dykstra, 1950) Describe this method as the statistical degree of data 

to compute the degree of heterogeneity. This can be estimated using the equation below:  

          (    )                                  

Where V is Dykstra-Parsons coefficient and L is Lorenz coefficient. The value of V can be categorised as follows to classify the 

degree of heterogeneity: 

 

- (          ), Slightly heterogeneous reservoir  

- (              ), Heterogeneous reservoir  

- (              ), Very heterogeneous reservoir  

- (            ), Extremely heterogeneous reservoir  

- (     ), Perfectly heterogeneous reservoir  

 

Permeability-Porosity Relationship 

This approach is the most basic method as it assumes a direct permeability-porosity relationship; this method accepts the entire 

reservoir as one large hydraulic flow unit with homogeneous properties and singularly unique characteristics (Nelson P. , 1994). 

Due to this reason the results acquired from this method gives an insufficient description of the reservoir rock properties. 

Although this method shows the reliant of porosity on permeability of the entire formation and how dependent they are on each 

other. 

 

 

Hydraulic Flow Unit 

This method describes the quality of an entire reservoir rock in which the geological properties (texture, mineralogy, 

sedimentary structure, bedding) and petrophysical properties (porosity, permeability, capillary pressure) that affect fluid flow 

are surely predictable and certainly dissimilar from properties of different rocks. Each flow unit/zone in the reservoir represents 

a continues lateral, vertical and similar flow and bedding characteristic (Maghsood Abbaszadeh, 1996).  (Amaefule O.jude, 1993) 

In this approach rock types are classified based on the equation below: 
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          √
 

  
 

Where    is effective porosity (fraction), K is permeability (md) and RQI is rock quality index (  ). Additionally core derived 

porosity must convert to normalize one as shown below: 

   
  

    
 

Where    is normalized porosity. Lastly Flow zone indicator can be calculated by the equation below: 

                    

On a log-log plot of RQI versus    will be plotted, core samples with the same pore and grain size characteristics will lie on a 

straight line with a unit slope, while core samples with dissimilar FZI will lie on different parallel lines. To assist in simplifying 

the use of rock type in a recreation model, continued FZI values are transformed to discrete rock type (DRT) by equation using 

the equation below, so as to assist calculate the permeability of each geological model using permeability-porosity relationship 

of each discrete rock type. 

          (   (   )      ) 

Permeability Group 

In this approach, data are been classified based on their permeability classes; this is to evaluate the effect of permeability on permeability 

versus porosity plot as shown in Figure 8. Example of permeability classes are described as: K<1mD, 1<K<5mD, 5<K<50mD and K>50mD, 

a well-defined fit line cannot be acquired for each category using this technique, that could be because of the poor connection between 

porosity and permeability. 

 

Winland Method (R35) 

For several years scientist have made experiments using capillary pressure curve by mercury injection to estimate pore throat sizes. In this 

approach (Kolodzie, 1980), developed an experimental correlation that relates porosity, permeability and pore throat radius from mercury 

intrusion tests. The experimental connection of the maximum numerical relationship was attained at the 35% of the cumulative mercury 

saturation curve, which is donated as (R35). R35 has been considered to estimate the point where the model pore aperture happens, and it is 

referred to as the point where the pore system is connected creating an on-going route through the core sample.  The winland equation is: 

    (   )                ( )         ( ) 

Where K is the permeability,   is the porosity and R35 is the calculated pore throat radius at 35% mercury saturation. 

With this in mind (Katz, 1986) confirmed that this case is only correct if the pore throat size is equivalent to the point of inflexion of the pore 

throat size verse mercury saturation. R35 of a particular rock type will always have the same values. Below are the five-petrophysical flow 

units with distinctive reservoir performance differentiated by the extension of the R35 standard:   
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- Mega-porous units, expressed by R35 greater than 10 microns. 

- Macro-porous units, expressed by R35 between 2.5 and 10 microns 

- Meso-porous units, expressed by R35 between 0.5 and 2.5 microns 

- Micro-porous units, expressed by R35 between 0.2 and 0.5 microns 

- Nano-porous units, expressed by R35 smaller than 0.2 microns 

Data Used 

The following data is extracted from core samples of 16 different wells of an Egyptian field, consisting of porosity and 

permeability with depths of each well. Before conducting the experiments, the quality of all the samples were checked, a few 

samples were broken or unavailable due to miss handling of core samples; therefore, they were not included in our calculations 

to ensure accurate readings only.    

Results and Discussion  

Degree of Heterogeneity – Fig 1 shows a plot of normalized cumulative permeability capacity against normalised porosity 

capacity, which displays a curve that shows the degree of heterogeneity as calculated using Lorenz coefficient the area between 

the curve and the straight line = 0.78, which categorises this field as extremely heterogeneous reservoir. This indicate the 

presence of different lithology and rock types, secondly applying dykstra-parsons permeability variation equation to certify the 

degree of heterogeneity also estimated a value of 0.80 which also indicates the field to be Extremely heterogeneous reservoir. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Lorenz Coefficient 
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While, when dykstra-parsons permeability equation is been applied  

        

Permeability-Porosity relationship – A power relationship between log permeability and porosity is obtained, Fig 2 shows a classic 

permeability and porosity relationship for the entire reservoir. As show in the figure, there is a poor relationship between 

permeability and porosity (          ); this method is not ideal for rock type determination in a reservoir. The obtained 

value neglected the scattering of the data and predicted a smoothed permeability prediction. 

 

 

 

 

 

 

 

 

 

 

 

 

Flow Zone Indicator (FZI) – Fig. 3, Show the plot of RQI and normalised porosity based on FZI value. As illuminated in this 

figure, all data laying in the same colour presents accurate straight-line correlations with unit slope of equal FZI value as shown 

in Table 1. According to the data in this figure, the entire field displays 35 FZI that confirms 35 HFU; this could be because of the 

heterogeneity of the reservoir. It is also due to know that rock type with the highest FZI value has the better quality of fluids 

flow in the pore spaces of the reservoir rock. Fig. 4 illustrates the plot of permeability versus porosity classified based on FZI. 
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Figure 2: Permeability Versus Porosity 
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Figure 3: Reservoir Quality Index Versus Normalised Porosity 

Figure 4: Permeability Versus Porosity Based on Flow Zone Indicator 
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Although Fig 3 and Fig 4 are accurate, the huge amount of flow zone is a problem in the application to reservoir simulator, that 

which will indicate the presents of lots for formation and will consume time. Therefore, Fig 3 and Fig 4 needs to be modified to 

reduce the number of flow unit with a degree of accuracy, so as to easily acquire a more précised and accurate reservoir 

characterisation. Fig 5 shows the plot of a modified RQI versus normalised porosity with a display of 12 FZI that confirms 12 

HFU with a degree of accuracy as shown in Table 2 for each FZI. Fig. 6 also illustrates the modified plot of permeability versus 

porosity classified based on FZI. 

 

 

 

 

 

 

 

 

Figure 5: Modified Plot of Reservoir Quality Index Versus Normalised Porosity 

 

 

 

 

 

 

 

 

Figure 6: Modified Plot of Permeability Versus Porosity Based on Flow Zone Indicator 
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Discrete Rock Types – Fig 7 shows a plot of permeability versus porosity based on DRT values for the entire field, as illustrated in 

this Figure DRT simplifies the flow units in order to make an easier application of rock type in the simulation models for a more 

accurate and less time consuming results. Also, the DRT values have a correlation in each well with similar DRT values that 

indicates the connection of all 16 wells, as shown in Table 3 showing wells with similar DRT values.  

 

 

 

 

 

 

 

 

Figure 7: Permeability Versus Porosity Based on Discrete Rock Type 

 

 

Permeability Group – Fig 8 shows a plot of permeability versus porosity in order of permeability intervals as illustrated this figure 

for the entire field. According to this figure, zones that happen to have the highest permeability values has a better quality of 

fluids flow in the pore spaces of the reservoir. 
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Figure 8: Permeability Versus Porosity Based on Permeability Grouping 

Winland Method - routine core data gathered for each well was calculated using winland equation, winland R35 plot of the entire 

field shown in Figure 9, as illustrated the core data covers two parts of the plot surface that means the existence of separate rock 

types. Following the winland categories, the entire field where classified into two (Marco-porous and Meso-porous) pore scale 

with 4 different value of R35 (1, 2, 3, 4) as shown in this figure, as observed in both FZI and DRT, rock types with the highest 

value of pore throat radii have the better quality index to flow fluids through porous media. In addition to winland, Figure 10 

illustrates the plot of permeability and porosity based on winland R35 category method. 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Rock Type Classification based on Winland R35 
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Figure 10: Permeability Versus Porosity as classified by Winland R35 

 

Additionally, (Nelson P. H., 2005) examined the relationship between permeability, porosity and pore-throat to three different 
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the result, all three correlations displays a good relationship but Fig 13 and Fig 16 show much higher consistency with 

coefficient of determination (  ). 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: Permeability Versus R35 based on Winland R35 method 
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Figure 12: Permeability Versus Porosity*R35 based on Winland R35 method 

 

 

 

 

 

 

 

 

 

 

 

Figure 13: Permeability Versus Porosity*(R35)^2 Based on Winland R35 Method 
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Figure 14: Permeability Versus R35 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15: Permeability Versus Porosity*R35 
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Figure 16: Permeability Versus Porosity*(R35)^2 

Application 

Based on the results acquired from the research, the permeability equations obtained through FZI and DRT can be used to 
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Conclusion  
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characterisation before any start of reservoir simulation which has lead most enhanced oil recovery and secondary recovery 
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investigated in this research for an extremely heterogeneous field and including Flow Zone Indicator, Discrete Rock Type, 

permeability-porosity relationship, permeability grouping and winland R35 method. In accordance to the result permeability-

porosity relationship approaches was incapable of identifying the rock type due to high heterogeneity in this reservoir, winland 

R35 method classified the reservoir into Macro-porous and Meso-porous pore scale media and both FZI and DRT classified the 
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reservoir into 13 and 14 flow unit respectively that which indicates 14 rock types. Nevertheless, the accuracy of all this methods 

relies on the kind of reservoir and may differ with different rock properties Furthermore, reservoir characterisation is very 

important in order to have a good image about our reservoir and to prepare an accurate input files that can be used in any 

reservoir simulation.  
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Table 1: Characterisation of 35 Rock Types 

Based on FZI 

FZI    Equation 

0                         

1                        

2                         

3 0.99147               

4 0.99469                

5 0.99508                

6 0.99619                

7 0.99701                 

8 0.99729                 

9 0.99736                  

10 0.99829                  

11 0.99845                  

12 0.99785                  

13 0.99906                  

14 0.9978                  

15 0.99864                  

16 0.99857                 

17 0.99904                  

18 0.99934                  

19 0.99922                 

20 0.99866                 

21 0.99919                  

22 0.99928                

23 0.99928                 

24 0.99938                

25 0.99922                 

26 0.99979                 

27 0.9995                

29 0.9994                 

30 0.9991                 

32 0.99932                 

36 0.99995                 

38 0.9997                 

42 0.99981                

 

Table 2: Characterisation of 12 Rock Types 

Based on FZI 

FZI    Equation 

0 0.58655                

1 0.83211               

2 0.9793                 

3 0.99147               

4 0.99469                

7 0.97938                

11 0.96913                 

18 0.97593                 

26 0.97907                

37 0.99274                

55 0.96716                

92 0.78027                
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Table 3: Characterization of 14 Rock Types 

Based on DRT 

DRT    Equation 

7 0.47396                  

8 0.86715                  

9 0.89628                  

10 0.94412                  

11 0.97349                  

12 0.97882                 

13 0.98267                 

14 0.97296                  

15 0.97574                   

16 0.9772                   

17 0.98094                 

18 0.99274                  

19 0.96716                  

20 0.78027                  
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