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 Initial data when creating both geological and hydrodynamic reservoir models can lead to errors in modeling results and a 
subsequent distortion of the economic assessment and prospects of an oil or gas field.  
In order to improve the predictive reliability of reservoir hydrodynamic models, a core material study for the Tula facilities of
four fields at the Babkinskaya anticline was carried out. 
The ratios of porosity (Kp), rock density (ρ) and permeability (Kperm) values for sandstones and aleurolites were analyzed. Using a 
statistical core sampling based on porosity, density and permeability parameters, a separation by sedimentation processes was 
carried out for all considered lithological differences. For aleurolite and sandstone, we can speak about the differentiation of 
characteristics during formation of reservoir properties. 
The values of parameters Kp, ρ and Kperm, determined from laboratory core studies, were combined into a single statistical sample
for the possibility of developing a methodology that would be aimed at describing Kperm using integrated laboratory studies, 
namely by adding rock ρ to the analysis.  
As a result of the statistical analysis, it was found that permeability in intervals with low reservoir properties was controlled with 
the same degree by both porosity and rock density for all lithological differences.   At the same time, the presence of highly 
permeable reservoirs for sandstones and unavailability of them for aleurolite was noted. For all lithological differences,
relationships were established between permeability coefficient not only with porosity, but also with rock density. The 
methodology for constructing statistical models to calculate permeability from the values of porosity and rock density was
implemented separately for the fields of the eastern and western sample parts of the Babkinskaya anticline. 
The described approach to taking into account the influence of rock density on permeability made it possible to determine the
differentiated influence of lithotypes on the filtration characteristics of the reservoir.  
When modeling a reservoir, it is necessary to transfer from linearity to nonlinearity and take into account that the problem of 
permeability distribution in the reservoir being solved is somewhat more complicated: in different areas, sometimes permeability 
is not controlled by porosity in principle, but somewhere only this parameter prevails.  
The methodical approach is recommended for 3D modeling. Revealing the relationships between the parameters was more
important when developing a methodology for the model matching in the interwell space. A reliable permeability evaluation for 
the majority of wells will significantly improve efficiency of hydrodynamic modeling. At the same time, it is necessary to
comprehensively take into account the identified relationships between the petrophysical characteristics of production facilities. 
The use of the approach based on the analysis of petrophysical characteristics allows obtaining a more reliable and less
subjective hydrodynamic model of the reservoir.
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 Исходные данные при создании как геологических, так и гидродинамических моделей пласта могут привести кпогрешности результатов моделирования и последующему искажению экономической оценки и перспектив нефтяного
или газового месторождения.  
С целью повышения прогностической надежности гидродинамических моделей пласта проведено исследование
кернового материала тульского объекта четырех месторождений Бабкинской седловины. 
Проводился анализ соотношения значений пористости (Kп), плотности породы (ρ) и проницаемости (Kпр) для песчаников и алевролитов. С помощью статистической выборки образцов керна на основе показателей пористости, плотности и проницаемости
проведено разделение по процессам осадконакопления для всех рассматриваемых литологических разностей. Для алевролита и 
песчаника можно говорить о дифференциации характеристик в процессе формирования коллекторских свойств.  
Значения параметров Kп, ρ и Kпр, определенные по лабораторным исследованиям керна, объединены в единую
статистическую выборку для возможности разработки методики, которая будет направлена на описание Kпр при помощи комплексного использования лабораторных исследований, а именно добавлением в анализ ρ породы.  
В результате статистического анализа установлено, что проницаемость в интервалах с низкими коллекторскими 
свойствами контролируется с одинаковой степенью значимости как пористостью, так и плотностью пород для всех
литологических разностей. В то же время отмечается наличие высокопроницаемых коллекторов для песчаников и
практически отсутствие их для алевролита. Для всех литологических разностей установлены связи коэффициента
проницаемости не только с пористостью, но и с их плотностью. Разработка методики построения статистических
моделей для вычисления проницаемости по значениям пористости и плотности пород реализована раздельно для 
месторождений выборки восточной и западной частей Бабкинской седловины. 
Описываемый подход учета влияния плотности пород на проницаемость позволил определить дифференцированное
влияние литотипов на фильтрационные характеристики пласта.  
При моделировании коллектора необходимо перейти от линейности к нелинейности и принять во внимание, что
решаемая задача распределения проницаемости в залежи несколько сложнее: на различных участках порой
проницаемость не контролируется пористостью в принципе, а где-то преобладает только этот параметр.  
Методический подход рекомендуется использовать при трехмерном моделировании. Выявление связей между параметрами
наиболее значимо при разработке методики настройки модели в межскважинном пространстве. Разработка достоверной 
оценки проницаемости для подавляющего большинства скважин позволит значительно повысить эффективность
гидродинамического моделирования. При этом необходимо комплексно учитывать выявленные связи между
петрофизическими характеристиками эксплуатационных объектов. Использование подхода по анализу петрофизических
характеристик позволит получить более достоверную и менее субъективную гидродинамическую модель пласта.
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Introduction 
 

The construction of geological and hydrodynamic 
models (HDM) is associated with a high degree of 
uncertainty of initial information, especially when it comes 
to reservoir distribution of parameters in the interwell 
space. A geological model containing a reliable estimation 
of initial reservoir porosity and permeability properties 
(RPP) is a basis of quality hydrodynamic models. 
According to many specialists, the main factor of the 
quality matching of HDM lies in a reliable estimation of 
permeability values (Kperm) [1–3].  

A hydrodynamic model is to accurately describe 
filtration, physical and chemical processes, which are 
characteristic for a real reservoir [4–8]. To get a reliable 
prediction at the design stage and during construction of 
hydrodynamic models of deposits developed at early stages, 
it is necessary to have a deep analysis of the initial data. 

So far, according to the regulations [9], the modeling 
of permeability is up to a model’s author. In real practice, 
Kperm is taken from hydrodynamic studies of wells (HSW) 
or from data about the petrophysical function on porosity 
(Kp): Kperm = f (Kp) [10]. Both methods have negative and 
positive features. The use of HSW allows permeability 
evaluation oriented on the real extraction, however, the 
model itself, in general, turns out to be quite uniform due 
to both insufficiency of number of determined HSW and 
estimation of the extraction interval (perforation) without 
differentiation of Kperm values for sublayers. The main 
problem of using petrophysical dependences Kperm = f (Kp) 
is their weak correlation. In general, if we use both 
approaches, the convergence of comparing the real and 
project indicators of the extraction does not always comply 
with necessary requirements. Many authors in their 
researches write about a need to increase quality of 
determining filtration parameters of facilities [11–14]. 

By considering the aforementioned, we analyzed the 
laboratory core data of the pay zone of the Tula reservoir 
for a number of deposits of one of major tectonic units of 
Perm Kray, i.e. the Babkinskaya anticline (BA). Also, we 
studied the influence of both porosity and rock density (ρ) 
on permeability.  
 

Research and Analysis of Permeability Coefficient 
Based on Petrophysical Parameters of Rocks 

 
The main commercial oil content of the Babkinskaya 

anticline deposits is related to Visean (C1v) terrigenous 
deposits of the Carboniferous system. Visean deposits 
consist of interlaminated sandstones and aleurolites. In the 
section of the terrigenous strata of BA of most oil fields, 
there are two main reservoirs: in the Bobrikovsky horizon 
(Bh) and in the Tula horizon (Th).  

As part of the work performed, four deposits were 
identified within the tectonic block. For the Visean 
terrigenous formation of Th of all four oil fields of the 
Babkinskaya anticline, the analysis of laboratory core data 
was carried out (492 samples, 81 wells), of which 155 
samples are aleurolite and 337 samples are sandstone.  

Taking into account the remoteness of one, the largest of 
the sample fields (west of BA) relative to three others (east 
of BA), the distribution of the parameters Kp and Kperm for 
the studied lithological differences is considered separately.  

For the formations represented by aleurolite  in the 
western part of the field, there are two peaks in the ranges 
of 0.1–0.12 and 0.18–0.2, for the eastern part of the fields 
in the sample, a close to uniform distribution is typical. In 
case of sandstone for the deposit in the west of the BA, a 
uniform distribution of Kp is observed, while the presence 
of two modes in the ranges of 0.1–0.12 and 0.16–0.18 is 
observed in three deposits of the eastern part (Table 1). 

This observation indicates the heterogeneity of 
geological conditions and the complexity of the formation 
process within the lithological differences. Based on the 
results, it can be assumed that there is a difference in the 
formation of the void space between the western and 
eastern parts of the BA reservoirs of the same age. 

Similarly, for the objects under consideration, the 
distribution of Kperm was constructed (Table 2). 

Based on the distribution density of Kperm and Kp for 
sandstones and aleurolites, the ratio of frequencies up to 
10 % (Kp) and 0.110·103·μm2 (Kperm) is insignificant, which 
indicates similar sedimentation processes for all considered 
reservoir rocks in this interval. When considering the 
density distribution Kperm of more than 0.110·103·μm2 for 
aleurolite and sandstone, we can indicate the confirmation 
of differentiation during formation of reservoir properties 
of these deposits.  

The permeability value formation both for lithological 
differences and in general depends on many factors [15–19]; in 
our case, we will consider the Kp and ρ of the rock. In this case, 
the considered connections will be not linear, but complex. 
 

Statistical Estimation 
 

For two lithological differences (aleurolite and 
sandstone), a single interval has been identified according 
to the value of the permeability coefficient (Kperm) 
0.000026–0.500 μm2, where a larger amount of joint data 
(Kperm, Kp and ρ) is presented. Based on the available data, 
a statistical analysis of the values of the geological and 
physical characteristics of the Tula reservoir rocks was 
carried out (Tables 3–4) [20–30]. 

The obtained t-criterion values indicate the presence of 
statistically significant differences between aleurolite and 
sandstone in all parameters for the group of fields in the 
eastern part of the BA and Kperm of the field in the western 
part. In addition, the greatest difference belongs to 
parameter Kperm, then Kp and ρ. The statistically significant 
values of the t-criterion for parameter ρ for aleurolite and 
sandstone allow using ρ as an additional characteristic in 
estimating Kperm of reservoir rocks. 

When assessing permeability through the petrophysical 
relationship Kperm = f (Kp), there are often objective 
problems associated with a not enough relationship 
between these parameters. With an exponential 
dependence, it is not possible to substantiate different 
ratios between Kperm and Kp in different ranges of Kp values. 
When considering the standard set of reservoir properties 
(Kp, Kperm), a detailed account of the structure of the void 
space does not always take place, which depends on the 
mineralogical and lithological composition of deposits, the 
way of packing particles, diagenetic and catagenetic 
conditions (leading to compaction and decompaction of 
rocks). Therefore, to improve the quality of predictive 
models of reservoir properties, it is necessary to use 
additional characteristics that take into account the 
composition and properties of the rock [31–35]. 

For a more detailed study of the permeable part of the 
reservoir rocks, let us add ρ of the rock to the study. The 
need is caused by the previously described differences 
between the parameters of aleurolite and sandstone. 
Features of the described lithological differences in the 
lithological structure lead to different mutual correlations 
between Kp, ρ and Kperm.  
 

Building 3D Models, Analysis  
of Petrophysical Relations 

 
Research and analysis of the joint influence of Kp and ρ 

will allow us to clarify the method for predicting Kperm and 
the distribution of the indicator values in the deposit area. 
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Table 1 
Comparing frequencies of Kp for aleurolite and sandstone 

Interval Kp, fr.unit Frequency (aleurolite), fr.unit Frequency (sandstone), fr.unit
West of BA East of BA West of BA East of BA

0.00–0.02 0 0 0 0
0.02–0.04 0 0.03 0.01 0.02
0.04–0.06 0.03 0.06 0.05 0.01
0.06–0.08 0 0.06 0.02 0.03
0.08–0.10 0.13 0.1 0.09 0.09
0.10–0.12 0.25 0.16 0.09 0.13
0.12–0.14 0.13 0.2 9 0.09
0.14–0.16 0.06 0.15 0.17 0.23
0.16–0.18 0.09 0.15 0.17 0.28
0.18–0.20 0.16 0.08 0.2 0.11
0.20–0.22 0.09 0.02 0.06 0.01
0.22–0.24 0.06 0 0.05 0
0.24–0.26 0 0 0.01 0
0.26–0.28 0 0 0.01 0

 
Table 2 

Comparing frequencies of Kperm for aleurolite and sandstone 
Interval Kp, fr.unit Frequency (aleurolite), fr.unit Frequency (sandstone), fr.unit

West of BA East of BA West of BA East of BA
0.000–0.010 0.59 0.54 0.25 0.22
0.010–0.110 0.38 0.39 0.31 0.32
0.110–0.210 0.03 0.03 0.25 0.16
0.210–0.310 0 0.02 0.13 0.17
0.310–0.410 0 0.01 0.03 0.06
0.410–0.510 0 0 0.04 0.07

 
Table 3 

Comparing mean values according to t-criterion of rocks of reservoir rocks of Th deposit in the west of BA 

Indicator 

Mean values of indicators
Level of importance

t criterion−  Aleurolite 
n = 32 

Sandstone
n = 176

Mean values ± СО
min – max 

Mean values ± СО
min – max

t1–2 
p1–2  

Kp, fr.unit 0.15 ± 0.05 0.16 ± 0.05 0.737887
0.05–0.22 0.03–0.26 0.461423

Bulk density of the rock,       
ρ, g/сm3 

2.29 ± 0.12 2.27 ± 0.15 -0.626928
2.15–2.68 2.03–2.6 0.531878

Kperm, μm2 0.026 ± 0.042 0.116 ± 0.122 3.899526
0.000007–0.193 0.00006–0.495 0.000134

 
Table 4 

Comparing mean values using t-criterion of reservoir rocks of Th in the east of BA 

Indicator 

Mean values of indicators
Level of importance

t criterion−   Aleurolite 
n = 123 

Sandstone
n = 161

Mean values ± СО
min – max 

Mean values ± СО
min – max

t1–2 
p1–2 

Kp, fr.unit 0.12 ± 0.04 0.14 ± 0.04 3.559429
0.03–0.21 0.02–0.21 0.000436

Bulk density of the rock,       
ρ, g/сm3 

2.30 ± 0.13 2.26 ± 0.13 -2.777854
2.02–2.64 1.9–2.91 0.005840

Kperm, μm2 0.031 ± 0.057 0.114 ± 0.137 8.579863
0.000005–0.312 0.0001–0.494 0.000000

 
 

 

Moreover, when using parameter ρ of rocks, when 
predicting Kperm, we take into account additional structural 
features of the void space of rocks of the same age. 

In order to find more significant relationships between 
the petrophysical characteristics of the Th formation, we 
analyzed 388 values (taking into account ρ data of the 
rock) of determining sandstone core samples, with 246 
samples of sandstone and 142 samples of aleurolite.  The 
values of parameters Kp, ρ and Kperm, determined from 
laboratory studies of the core, are combined into a single 
statistical sample.  

Fig. 1–2 show the correlation fields in general for all 
deposits between Kperm and Kp, Kperm and ρ, Kp and ρ. 

The analysis of the correlation fields between the Kperm 
and Kp values for aleurolite and sandstone shows that 
statistically significant linear relationships are present 
between the parameters in both cases, which is further 

used as the main approach in modeling reservoir 
properties for hydrodynamic models [34–39]. 

The interval relationship between sandstone and 
aleurolite is also confirmed in the correlation fields, that 
is, the presence of weak reservoirs in the left zone (or non-
reservoir rocks). It is worth noting the presence of highly 
permeable reservoirs for sandstones and their minority for 
aleurolite. Differentiation of the interval distribution of 
Kperm and Kp parameters for aleurolite and sandstone 
indicates different conditions of their formations.  The 
ratio of Kperm and Kp shows that the influence of Kp on the 
formation of permeability in different intervals is 
accompanied by a difference in geological conditions. 

The influence of Kp on Kperm for aleurolites and 
sandstones is characterized by a high degree of nonlinearity; 
in addition, the form of these nonlinearities differs at 
different ranges of parameter variations.  
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Fig. 1.  The correlation fields between parameters: a) for aleurolite, b) for sandstone 
 

 
 

Fig. 2. The correlation fields of parameters of the regression equation: a) for sandstone, b) for aleurolite 
 
Formation of a relation between Kp and ρ for aleurolite 

and sandstone is represented by two components that 
characterize the process of compaction and decompaction: 
one of them is significant correlationally , the second one 
is from points that fall out of the general relationship. 
When Kp is less than 20–22 %, a decrease in the indicator 
is observed with an increase in density, which is possibly 
associated with the presence of denser minerals in the pore 
space or with the rearrangement of crystal lattices into 
denser ones with a decrease in pore volume. Thus, a close, 
directly proportional relationship is noted, an increase in 
bulk density leads to an increase in Kperm. 

To predict the values of Kperm, multidimensional 
regression equations were constructed, and a step-by-step 
regression analysis was carried out [40, 41]. Fig. 2 shows 
the correlation fields of the parameters of the regression 
equations. 

In the obtained models for predicting the Kperm of 
sandstone and aleurolite, positive coefficients at Kp 
indicate a directly proportional dependence of Kperm on Kp, 
while it is possible to distinguish the multidirectional 
behavior of the permeability values at different intervals, 
which indicates a differentiated influence of Kp parameter 
in these parts. At the same time, for sandstone, the 

threshold value of the dependence is 150 mD, for 
aleurolite it is 100 mD. The correlation dependence on ρ 
for both sandstone and  aleurolite has a linear trend.  This 
indicates that the formation of Kperm value in the 
combination of Kp and ρ is of a differentiated nature, and ρ 
index is able to increase the filtration characteristic of 
rocks. Differences of multidimensional models for 
predicting Kperm for sandstone and aleurolite is associated 
with the nature of their formation processes. 

This is an important factor in the formation of Kperm, as 
it changes the classical (based on the Geological and 
Mining Information System) logarithmic dependence of 
Kperm on Kp. In this case, when distributing Kperm in the 
three-dimensional space of oil and gas deposit, it is 
possible to use a refined interpolation of the indicator. 

The change of the correlation coefficient R for 
sandstone and aleurolite is characterized by a significant 
difference depending on the considered range of Kperm 
change, which indicates a selective influence of the 
parameters on each other over the entire range of values. 

It should be noted that up to permeability value of 
150 mD, the influence as per parameter ρ for sandstone 
and aleurolite is comparable; if it is above 150 mD, the 
dependence is stronger for sandstone than for aleurolite 
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(Fig. 3, a). That is, until a certain point, sandstones and 
aleurolites behave in the same way, then other kinds of 
sedimentation processes begin, and there is a mismatch in 
the degree of influence on the filtration properties. The 
dependence of permeability at the slope of porosity is 
shown in Fig. 3, b. 

For porosity, the influence for aleurolite and sandstone 
at different intervals of permeability has a differentiated 
nature. While the maximum degree of mismatch stays 
within the permeability value of 150 mD. 

The influence of porosity and density of rocks on 
permeability is different and is formed differently at 
different intervals of permeability, given that permeability 
is a function of density and porosity, it is possible to 
determine when they work together, and when separately. 
When it comes to prospects of further modeling of 
permeability, in addition to porosity and density, one 
should also take into account the lithological component 
of the reservoir rock, judging by the graphs, sandstone is 
characterized by a greater dispersion. 

Obviously, the construction of a predictive dependence 
of permeability estimate for the objectives set is not so 
important for low permeability values as there are no oil 
reserves in them. Wells with high permeability (over 
500 mD) are important in estimating reservoir properties 
for describing processes such as premature flooding, water 
breakthroughs, or high values of fluid and oil flow rates in 
single wells [42]. For the studied area, their share in 
porous reservoirs is less than 3 % [43]. 
 

Conclusions 
 

Finding relationships between parameters Kperm, Kp and 
ρ of the rock is of particular importance when developing 
a methodology for model matching in the interwell space. 
It also follows from the study results that taking into 
account the lithological component will allow 
differentiating the distribution of parameters, thereby 
clarifying the reservoir properties for a reservoir. When 
modeling a reservoir, it is necessary to switch from 
linearity to nonlinearity and take into account that the 
problem of permeability distribution in a reservoir being 
solved is more complicated. In different areas, sometimes 

 
a 

 
b 

 
Fig. 3. The relation for sandstones and aleurolite: a) slope ratio 

during bulk density of the rock and Kperm; b) slope ratio with 
porosity and Kperm 

 
permeability is not controlled by porosity, in principle, 
and in some areas only this parameter prevails. A reliable 
estimation taking into account the relationship between 
reservoir properties and the range of the most probable 
changes in Kperm values, will significantly increase 
efficiency of both geological and hydrodynamic modeling. 
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