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Abstract — The paper deals with the issues of constructing the 

distribution of pore throats by size for productive strata of 

Western Siberia at a known value of the coefficient of absolute 

permeability. It is shown that for this purpose it is possible to use 

the Brooks- Corey model, which allows approximating the entire 

set of capillary curves obtained in the laboratory conditions for a 

particular productive stratum. It is noted that it is possible to 

estimate parameters of the approximation model with the 

accuracy sufficient for practical purposes, at known value of 

absolute permeability of a layer.  We obtained analytical 

expressions that allow us to move from the parameters of the 

approximation model to the parameters of the distribution of pore 

channels and sizes. The examples of distribution density for 

different values of absolute permeability are presented. 

Keywords — pore throats; absolute permeability; density of pore 

throats distribution; capillarimetric studies; approximation models. 

I.  INTRODUCTION 

It is known that the distribution of the pore throats of the 
reservoir by size can be constructed according to the data of 
capillarimetric studies of core samples from the productive 
stratum.  

The capillarimetric method of studying the structure of the 
hollow space is based on the statement that the water is 
squeezed out of the pores of a certain size when exposed to a 
water-saturated sample of a certain external pressure (e.g. air in 
a capillarimeter or in centrifuge). 

Since the hollow space of rocks is represented by a family 
of capillaries of different sizes, in the beginning, the water is 
squeezed out of the capillaries of the largest cross-section at the 
lowest pressures acting on the sample, and then, as the capillary 
pressure increases, a wider coverage of the capillary family is 
carried out, down to the smallest ones filled with residual water. 
The result of the experiment to study capillary properties of the 

samples is an empirical dependence of water saturation of core 
samples on capillary pressure. 

Based on this dependence, we determine the distribution of 
pores by size and the proportion of pores in the filtering of pores 
of different sizes. 

The information on the density of pore throats distribution 
is particularly important when predicting the relative 
permeability of the reservoir beds, as oil and water flow occurs 
through various filtration throats during waterflooding. In 
hydrophilic formations, for example, oil flows through the 
largest channels, and water flows predominantly through small 
channels. 

II. METHODS AND MATERIALS 

In the given work it is shown that distribution of pore throats 
of reservoirs of Western Siberia is completely defined by 
parameters of the approximation model of the capillary curves 
offered by researchers of Brooks and Corey. 

This paper uses the data of capillarimetric studies of core 
samples from the productive stratum BV6 of Las-Yeganskoye 
field. 

The parameters of the approximation model and moments 
of pore throats size distribution are received by means of 
statistical processing of the data of experimental research of 
capillary pressure curves.  

III. RESULTS 

The size of the pore throats and their distribution is an 
important characteristic of the hollow space of reservoir rocks. 

The function of distribution of pore throats by size  not only 
gives an idea about the size of the throats and their number, but 
also allows to talk about the degree of heterogeneity of the 
hollow space. 
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In practice, to determine the distribution function of pore 
throats, capillarimetric studies of core samples are carried out. 

To describe the structure of the hollow space, the type of 
pore throat function by sizes should be selected in such a way 
as to approximate the capillary pressure curves with sufficient 
accuracy. 

According to foreign researchers, the capillary pressure 
curves obtained in the laboratory on a large collection of 
samples of reservoir rocks have the following features: 

1. The dependence of the logarithm of capillary pressure on 
the logarithm of relative water saturation of the hollow space 
has a linear character. 

It is important to note that the relative water saturation ( wК

) represents the proportion of moving water in the effective 
volume of hollow space: 
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Here Кw is total water saturation of the hollow space; Кrw is  
residual water saturation. 

Relative water saturation varies from one at 100% water 
saturation to zero at maximum saturation of the hollow space at 
non-wetting phase. 

The linear relationship lg  Pк= f (lg wК ) is broken only at 

the values wК , which are close to one. It follows from the 

above that in a wide range of changes in water saturation 

relationship Рк = f( wК ) has a degree character. 

2. The slope angle of the graph Рк = f ( wК )in the 

logarithmic coordinate system characterizes the degree of 
heterogeneity of the hollow space (dispersion of the 
distribution). The smaller the angle between the straight line 
and the pressure axis, the greater the heterogeneity of the rock 
and vice versa.  

At zero dispersion (ideally homogeneous structure) the 

capillary pressure curve is perpendicular to the capillary 

pressure axis. 
 

3. In case of the equal heterogeneity of the hollow space 
structure, the change in the average size of the pore throats 
causes a curve shift in the direction of the capillary pressure 
axis. 

The smaller the average radius, the higher the capillary 
pressure curve and vice versa. 

In addition, the distribution of pores by size is often 
asymmetrical and, it is obviously defined only for positive 
values of pore thoats radii. 

Analysis shows that all of the above conditions correspond 
to the gamma distribution defined by the following formula for 
density distribution  V(p): 
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where α and λ are the distribution parameters, Г(α) is a gamma 
function. 

It is known that this distribution well describes different 
permeability combinations, besides, this function is universal, 
it covers an extremely wide range of heterogeneity values: from 
zero to infinitely large. This distribution has a relatively simple 
form and is convenient for many mathematical operations. 

The average radius (  ) and dispersion (D) of the gamma 

distribution are expressed through its parameters by simple 
formulas 
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Gamma distribution coefficient of variation square 

2W . The parameter α mainly determines the left curve, 

and the parameter λ covers the right curve of the distribution. 

The maximum distribution density corresponds to the radius 
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Figure 1 shows three calculated graphs of gamma 
distribution density corresponding to reservoirs with the same 
average pore throats radius but differing in dispersion, i.e. in the 
degree of heterogeneity.  
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Fig. 1. Gamma distribution differential curves:  – D=50 μm2;  
Rav=10 μm; α=2;  – D=20 μm2; Rav=10 μm; α=5;  –  

D=10 μm2;Rav=10 μm; α=10 
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Comparison of calculated differential gamma distribution 
curves with pore throats distribution curves of real reservoir 
rocks shows that they are almost identical. 

The paper [2] presents the results of visual analysis of 
microphotographs of the pore volume of sandstones. 

According to A.E. Scheidegger, microphotographs give 
very good results when determining porosity and refer to the 
direct optical method of studying porometric characteristics.  

The authors note that any equipotential section of the pore 
space can be considered as a multi-linked area that can be 
divided into many single-linked areas. After single-linked areas 
have been identified in microphotographs, the hydraulic radius 
value is calculated for each area as the ratio of the area of the 
single-linked area to its perimeter. 

 Further, statistical processing was carried out, which 
consisted of determining the average value of the hydraulic 
radius and choosing the probability law of its distribution.  

As the analysis of the results of statistical processing has 
shown, both statistical distributions are well consistent with the 
known theoretical gamma distribution. The compliance 
assessment of the theoretical and experimental distribution with 
A.N. Kolmogorov test has shown that there is an exceptional 
convergence in both cases. The authors come to the similar 
conclusion and note that gamma distribution is the type of 
theoretical distribution that most fully describes the degree and 
specifity of microinhomogeneity of the porous medium. 

As a result, in most cases, the gamma distribution allows us 
to describe the density of the pore throats of real reservoir rocks 
with an accuracy sufficient for practical purposes. 

 

To analyze the structure of the hollow space of the productive 

stratum, it is necessary to have generalized analytical links 

between the reservoir features and the results of capillary core 

research. There is a large number of models approximating the 

entire set of capillary curves [1-5]. However, the Brooks-

Corey model is the most widely used; it allows to get the best 

possible convergence with the experimental data. 
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where Кw is water saturation; Кrw is residual water saturation; 
Рн is original (upstream) capillary pressure; Рк is capillary 
pressure; α is a curve factor (steepness) of capillary curves. 

The formula should be rewritten as follows:  
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If we have two values of current water saturation for the 
corresponding values of capillary pressure within the plateau-
like area, then the values of parameters α и Рн can be calculated 
by formula (6). 

The analysis of the data of capillary research of the BV6 

Las-Yeganskoye field formation has shown that that the values 

of current water saturation of capillary curves at fixed capillary 

pressure values correlate well with logarithm of absolute 

permeability coefficient according to the formula: 
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where m and n are the coefficients that depend only on capillary 
pressure; Кpc is the absolute permeability coefficient. 

Thus, at known value of absolute permeability of rock it is 
possible to estimate current water saturation for fixed values of 
capillary pressure with high accuracy. 

Further, by substituting the current water saturation values 
for specific capillary pressure values in expression (6), one can 
estimate the parameters of the Brooks-Corey model: α and Рc 

From the Brooks-Corey model, we should move on to the 
distribution of pore throats by size. For this purpose, it is 
necessary to replace the ratio of capillary pressures in the 
formula (5) with the corresponding ratio of pore throats radii, 
using the Laplace formula: 
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where r is a capillary radius of the corresponding pressure Рcp; 
rm is a maximum radius, corresponding to the original 
(upstream) capillary pressure Рc. 

Note that formula (6) indicates that 
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where G(r) is an integral function of pore throats size 
distribution of the effective part of the hollow space. 

Thus, we have two competing densities of distribution of 
pore throats of the reservoir rock. Both densities are defined by 
two parameters. Now it is necessary to find out what is the 
difference between these distributions. 

For this purpose, we should compare the central distribution 
moments (mean radius and dispersion).   

We should calculate the central moments of distribution 
obtained on the basis of the Brooks-Corey model and equate to 
them to the corresponding moments of gamma distribution.
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The result is a system of two equations. 
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Then we should square both parts of the first equation and 
divide them into the second equation. 

The result is as follows: 

 )2( кк   (11) 

Thus, according to formula (11) the curvature α of gamma 
distribution clearly correlates with the curvature αк of the 
Brooks-Corey distribution. Then we should devide the first 
equation of the system (10) into the second one.  

The result is as follows: 
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Furher, according to the first equation of the system we have 
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where кr  is an expectancy of the Brooks-Corey distribution. 

If we substitute the expression for m
r

 in the formula (12), 
we will get: 
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On the other hand, according to the formula 

r


 , 

hence we finally get  

 )2( кк     krr  . (15) 

Thus, at the level of moments of the first and second order 
the analyzed distributions are identical, at the same time, their 
mathematical expectations coincide, and the parameters of 
curvature are unambiguously interrelated according to the 
expression (11). 

The table of comparison of curvature coefficients is 
presented below as an example. 

TABLE I.  THE COMPARISON OF CURVATURE COEFFICIENTS 

α к 0.41 0.5 1.0 2.0 3.0 

α 1.0 1.25 3.0 8 15 

 

The analysis shows that the third order moments of the 
considered distributions do not coincide anymore. This is due 
to the fact that the Brooks-Corey distribution abruptly cuts off 
and turns to zero at the maximum radius value, while the right 
curve of the gamma distribution graph comes out to the 
asymptote. The integral distribution curves act the same way. 

It is important to note that the integral distribution curves of 
the pore throats sizes of real reservoir rocks, obtained in 
laboratory conditions at large radius values are also 
asymptotically close to one. 

In this sense, the gamma function describes more accurately 
the pore throats distribution density of real reservoirs.  

However, the gamma distribution integral is not expressed 
in elementary functions. This creates inconveniences and 
serious difficulties in the analysis. 

At the same time, the distribution obtained on the basis of 
the Brooks-Corey model is simple and is therefore preferable 
for analytical calculations. 

We should move on to the density of distribution. For this 
purpose, we transform the formula (6) to the following form: 
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Thus, for the density of pore throats distribution by size g(r), 
we obtain the following formula [6-8]: 
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Fig. 2. Distribution density of pore throats at the absolute permeability value 

of 2 mD 

 
Fig. 3. Distribution density of pore throats at the absolute permeability value 

of 20 mD 
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Fig. 4. Distribution density of pore throats at the absolute permeability value 

of 200 mD 

IV. CONCLUSION 

The absolute permeability of the reservoir bed allows us to 
estimate the parameters of the Brooks-Corey approximation 
model. 

The parameters of the approximation model of capillary 
curves are unambiguously related to the density of distribution 
of pore throats by size. This fact makes it possible to estimate 
the distribution of pore throats by size by the value of the 
absolute permeability. 
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