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SUMMARY

The Yablunivske field is one of the most depleted field of Dnipro-Donetsk Depression, but at
the same time it is the place of implementation of the production program for the
modernization and intensification of the fields. Obtaining an understanding of the
characteristics of the sedimentary rocks allows us to make conclusions about their possibility
to hydrocarbon production. The authors have creating a basis for further modelling and the
analysis of indicators of petrophysical parameters and the selection of the main correlating
dependencies. The purpose of this work is to create a mathematical model of the rocks of the
Bashkir’s and Serpukhiv’s layers of the well 1 of the Yablunivske field based on
petrophysical data. The statistical analysis consisted in the construction of histograms of the
distribution of the values of each of the parameters under different conditions, construction of
the dependences of petrophysical parameters. The authors have achieved the results by
creating the following dependencies, such as: bulk - mineral density before extraction, bulk
density - coefficient of open porosity before extraction, bulk density - coefficient of open
porosity after extraction, coefficient of permeability - coefficient of open porosity before
extarction, coefficient of permeability - coefficient of open porosity after extraction.
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Introduction

In the current period of the time, searching of the oil and gas in the sedimentary deposits of the
Dnipro-Donetsk basin is becoming more necessary than ever. An important stage of the modern
geological exploration work based on the study of petrophysical parameters highlighting the potential
of the reservoir rocks. Understanding of the reservoir properties allows us to obtain a complete
conception of the core material and the analysis of obtained data, which are used in combination with
the well-logging data. The authors have creating a basis for further modeling and the analysis of
indicators of petrophysical parameters and the selection of the main correlating dependencies.

The Serpukhiv’s layer (Cjs), discovered by the well 1 of the Yablunivske field, is composed of the
argillites and siltstones in the lower part, and there are siltstones and sandstones with the thin layers of
the limestone in the upper part. The thickness of the rocks varies from 100 to 250 m. The Bashkir’s
layer (Ca) is composed of the combination of sandstones with argillites and siltstones. The total
thickness of the rocks of the layer ranges from 80 to 360 m.

The purpose of this work is to create a mathematical model of the rocks of the Bashkir’s and
Serpukhiv’s layers of well 1 of the Yablunivske field based on petrophysical data. Different
parameters, such as density, porosity, permeability of rock samples, their carbonate content, in the
depth interval of the Bashkir’s and Serpukhiv’s layers of the well 1 of the Yablunivske field were
investigated. The analysis involved data on 220 core samples of the well 1 of the Yablunivske field in
the depth intervals: 3505-3530, 3540-3580, 3640-3650, 3675-3695, 3740-3750 m.

Theory

The statistical analysis consisted on the construction of histograms of the distribution of the
petrophysical parameters under different conditions. Understanding basic petrophysical properties
may enhance the recovery of residual oil and gas saturation and help in reservoir management. A
similar research methodology can be observed in paper (Nwankwo, 2014, Bezrodna, Hozhyk, 2018).

Examples

The authors have established the volumetric density of sandstone samples before extraction. The
number of the values for the volumetric density is 40 and vary from 2.06 to 2.64-10° kg/m®. The
volumetric density of the samples after extraction was also investigated. It was determined that the
number of values for bulk density is 172 and varies from 2 to 2.59-10° kg/m’. It was established that
the extraction process leads to a decreasing in density, we can also observe a decreasing in the values
of the minimum and maximum values after extraction.

The data on mineral density of sandstone samples before extraction was determined. The number of
mineral density values is 38 and varies from 2.46 to 2.69-10° kg/m’. The data on the mineral density
of the samples after extraction was determined. The number of mineral density values is 17 and varies
from 2.59 to 2.74-10° kg/m’. It was established that the extraction process leads to an increasing in
density. We can observe an increasing in the minimum and maximum values after extraction.

The data on the porosity of sandstone samples before extraction was determined. The number of
porosity values is 37 and varies from 1.3 to 10.5%. The data on the porosity of the samples after
extraction was determined. The number of porosity values is 156 and varies from 1 to 15.9%. It was
established that the extraction process leads to an increasing in the maximum value of the porosity of
the samples, which indicates the release of additional void space as a result of this process.
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The data on the permeability of sandstone samples before extraction was determined. The number of
permeability values is 36 and varies from 0.14 to 81.81-10""° m?. The data on the permeability of the
samples after extraction was determined. The number of permeability values is 156 and varies from
0.08 to 95.74-10-'> m”. It was established that the extraction process leads to an increasing in the
maximum value of permeability.
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Figure 1 Reliable dependences of petrophysical parameters: a) bulk — mineral density before
extraction, b) bulk density — coefficient of open porosity before extraction, c) bulk density — coefficient
of open porosity after extraction, d) coefficient of permeability — coefficient of open porosity before
extraction, e) coefficient of permeability — coefficient of open porosity after extraction
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The data on the carbonation of sandstone samples before extraction was determined. The number of
carbonation values is 31 and varies from 1.2 to 4.7%. The carbonation data of the samples after
extraction was determined. The number of carbonation values is 78 and varies from 1.2 to 5%.

After statistical data processing, the following dependencies with reliable correlation coefficients
were chosen to create a mathematical model:

o bulk - mineral density before extraction,

¢ bulk density - coefficient of open porosity before extraction,

¢ bulk density - coefficient of open porosity after extraction,

o coefficient of permeability - coefficient of open porosity before extraction,
o coefficient of permeability - coefficient of open porosity after extraction.

Analyzing the obtained graph of the dependence of the bulk - mineral density before extraction (Fig.1,
a), we can observe that with a decrease in the total density of the sample, the density of its mineral
component also decreases, which indicates a direct dependence of these characteristics.

Analyzing the obtained graphs of the dependence of the bulk density of rocks on the coefficient of
open porosity before and after extraction (Fig.1, b, ¢), it can be concluded that there is an inverse
dependence of these values. With increasing values of bulk density, the open porosity coefficient
decreases and vice versa, with decreasing values of bulk density, the open porosity coefficient
increases (Tiab, Donaldson, 2004).

Analyzing the obtained graphs of dependences of permeability of rock samples on the coefficient of
open porosity both before and after extraction (Fig.1, d, e), we can observe that this pair is
characterized by a direct dependence. With increasing permeability values, it is normal that the open
porosity coefficient also increases. Only on the graph of the dependence of permeability on the
coefficient of open porosity before extraction (Fig.1, d) we can observe a partial depression in its
lower part, which is interpreted as follows: at first, with increasing permeability open porosity
decreases, but in the remaining 80-85% of the graph the dependence comes to its normal state.

The reason for this behavior of the graph may be the fact that the samples were sampled with another
type of void space filling, which affected the filtration-capacitive properties of sandstones. According
to the authors, the void space can be filled with clay or partially clay material, which can take on
filtrate. This concern is based on the fact that the obtained graph along the axis indicating
permeability enters the zone of negative values. Thus, the filtrate can be spent on clay swelling, for
example.

The equations with the close correlations (according to the above list) were obtained. It is possible to
create a generalized mathematical model for the rocks of the Bashkir’s and Serpukhiv’s deposits of
the Yablunivske field:

1. pouk = -3,363ppii” + 19,1 -ppin - 24,469 with R* = 0,75;

2. prak = -0,0002- Cop? - 0,0402- Cop + 2,6774 with R* = 0,925;
3. poux = -0,0002- Cop” - 0,0265- Cop + 2,6527 with R? = 0,93;
4. Cpr=1,2837-Cop’ — 6,2549- Cop + 14,941 with R’ = 0,78,
5. Cpr=1,2837-¢"3* O with R* = 0,696.

Calculations were also made to find the filtration anisotropy coefficient (Ay). It was based on the
comparison of permeability coefficients along and perpendicular to the well. It was determined that
the values of Ar vary from 0.013 to 2.197 conventional units. The coefficient of filtration anisotropy is

greater than 1 for only one sample. That means that the horizontal permeability is greater than the
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vertical. For all other samples, this coefficient is less than 1 and the vertical permeability is greater
compared to the horizontal (Bezrodna, Antoniuk, Oliinyk, 2019).

Conclusions

In this part of work, the authors have performed a statistical analysis of petrophysical data by
constructing histograms and correlation dependencies. Based on the analysis of histograms, it was
established the result of the sandstone extraction process. The obtained data (minimum and maximum
values) was shifted in the direction of growth. It can be the result of the removal remains from the
samples, which have affected the research results.

In this part of the statistical analysis correlations were established. A close and direct dependence of
the bulk density on changes in the mineral density of the rocks was established. A close (R2 = 0.925
before extraction and R2 = 0.93 after) dependence of bulk density on change in porosity and a close
(R2 = 0.78 before extraction and R2 = 0.696 after) dependence of permeability on change in porosity
were established for sandstones. Special equations were obtained for all these dependencies.

The correlation between vertical and horizontal permeability has been shown. The indicators of the
coefficient of filtration anisotropy for sandstones were determined, which vary from 0.013 to
2.197 %. Only one sample is characterized by a value of this coefficient greater than 1 (2.197 %).
This indicates the advantage of horizontal permeability over vertical permeability.

For further research, it is planned to perform a comparison of the obtained results of the analysis of
petrophysical parameters and well logging data for well 1 of the Yablunivske field.
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