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SUMMARY

On the basis of the developed and substantiated physical and mathematical approaches, an
effective theoretical-empirical technique of predicting the oil and gas saturation of rocks in
well sections based on the data of AK and core studies was created, in particular, a
mathematical apparatus was developed for the theoretical-empirical method of predicting the
oil and gas capacity of well sections based on a combination of a physical-mathematical
model of rocks-collectors as fluid-filled porous nonlinear-elastic geophysical medium,
empirical correlation ratios between elastic and reservoir characteristics of such rocks, as well
as acoustic logging (AL) data, using the key parameter in the calculations of the
compressibility of rocks . The representation of the well section by a thin-layered model,
each layer of which corresponds to the value of the interval time (At) according to AL, is
applied, which ensures the detection of thin layers with cracking in the well sections that are
common in nature and extremely important for effective oil and gas extraction, and the
methods of its application to increase the efficiency of hydrocarbon exploration and
extraction. Variants of predictive technique using gamma logging, electrical logging, and
offset data have also been developed. The technique is implemented as a set of programs in
Fortran, C# and Excel environments. Testing of the technique was carried out on the data of
sections of a number of wells of oil and gas-bearing structures of the Western oil and gas
region (WOGR) with reliable predicting results. The directions for the further development of
the technique include the presented methods of its application for the assessment of fracturing
and the determination of rock types in the layers of well cuts, which are important for
predicting the oil and gas capacity and for further efficient extraction of hydrocarbons. The
results of the application of the technique are shown on the examples of well data and data of
the parametric database of rock-collectors of the Western Ukraine.
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Introduction

In the special conditions of the war in Ukraine, increasing the efficiency of oil and gas exploration
and production is more relevant than ever. The theoretical-empirical technique of predicting the oil
and gas capacity of well sections based on acoustic and other logging and core research data
(Skakalska, 2021; Skakalska et al., 2021 and others) developed by us provides a reliable predict of the
reservoir characteristics of the rocks of the well sections under study, a complex of elastic parameters
and prediction of the presence and type of fluid saturation in rocks of various types and genesis,
which confirm the results of its approbation (using the developed software) for data processing in the
sections of deep wells of various fields and prospective areas of the Western Oil and Gas Region of
Ukraine (WOGR), where shale, limestone and sandstone reservoir rocks are available. According to
the method, we obtain the values of total and fractured porosity, the type of fluid saturation of the
pores and a multi-parameter petrophysical assessment of the rocks of the well section.

Technique

We developed and built our theoretical-empirical technique for predicting the oil and gas capacity of
the well sections (Skakalska, 2021; Skakalska et al., 2021) as a system of theoretical and empirical
relationships generalized into a predictive functional with the involvement of acoustic logging (AL)
data and core studies. A detailed description of the technique is provided in previous publications
(Skakalska, 2021, etc.).

Results

The reliable prediction results were obtained during testing the technique on the wells’ data for a
number of structures of the WOGR and in particular, on the data for wells 18- and 19-Zaluzhans’ka,
1-Lishchyns’ka, 3-Buchachs’ka, 28-Nyklovychs’ka, 2-Zarichnyans’ka, 4- North-Zarichnyans’ka. The
results are in good agreement with the data of independent studies, for example, (Kurovets et al.,
2014), in particular, for the coefficient of porosity, densities, elastic characteristics, type of pore filler
in each rock layer in the sections of the studied wells.

Further development of the predictive technique was carried out in the following directions:
determination of the type of rock based on the density of the solid phase calculated by the technique
and a set of other petrophysical characteristics; assessment of crack opening and permeability and
strength of rocks in the layers of the well section by the Qs coefficient and the shear modulus.
Before this, it should be emphasized that the predictive technique "works" with arbitrarily thin
conventional layers, into which the interval of the well cut is divided, according to the data step by the
depth of the used log, so we get very detailed studies along the well cut. Thanks to this, according to
the peaks of the Vi/V, parameter, calculated by the technique, the distribution of pores and cracks in
the layers of the section, which is reflected by a high porosity coefficient and high compressibility.

We also use the predicted values of elastic wave velocities or Poisson's ratio v to calculate the
coefficient of lateral expansion (sd, which determines the degree of transformation of vertical
pressure into lateral pressure and is very important for assessing the permeability of the rocks of the
cut, evaluating the filtration characteristics available on specific horizons and in the layers of the well
cut collectors and tires.

When we were working with the technique, we carried out a detailed analysis of the dependence of
the compressibility parameter of rocks on their porosity and working pressure for various types and
subtypes of reservoir rocks. For the general parametric base of the WOGR and data for a number of
specific types of rocks typical for the region, refined empirical relationships between the specified
parameters were constructed.
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At the same time, taking into account the pronounced nonlinear interdependence between these
parameters, the generalized form of the dependence between compressibility, porosity and pressure
was recorded with the corresponding multiplicative component. On the basis of these refined
empirical ratios for the compressibility of rocks, a method of identifying the type of rock is proposed
according to the calculated means of the technique, the compressibility of its solid phase in each layer
of the well and its other petrophysical characteristics according to the known data of previous
laboratory studies without mining and studies of the core of a specific well.

Examples

Below are the results of the application of the predictive technique for calculating the above-described
rock characteristics for the selected intervals of the 1-Lishchyns’ka, 2-Zarichnians’ka and 28-
Nyklovyts’ka well sections (Fig. 1).

Good results were obtained for the section of the 1-Lishchyns'ka well (2020,0-3540,0 m. Average
values of the velocities along the section: V,=4396,54 m/c; V=2550,81 m/c; Vi/V;=0,58;
p°=2423,59 kg/m?, Q«i4e=0,32, which corresponds to the data for sandstones or argillites.

Table 1 Multiparametric estimation of rocks of the well section of 1-Lishchyns’ka well (2020,0-
3540,0 m)

0, % Veom/s | Vom/s | VJV, | pokg/m® | prkg/m® | QOsice v | u, GPa
Min 0,09 2830,19 | 1748,35 0,57 1581,70 2669,51 0,19 0,16 0,07
Max 40,75 | 674157 | 3826,18 | 0.64 | 2678.60 | 2699,12 | 036 | 026 | 039
Middle | 957 | 4396,54 | 2550.81 | 0.58 | 242359 | 2679.95 | 032 | 024 | 0,16

According to the calculated density of the solid phase of rocks (2669,51 kg/m*-2699,12 kg/m?),
according to the value of porosity, shear modulus, crack opening coefficient of the layers along the
entire interval of the section, siltstone sandstones, possibly limestone, are predicted. Such rocks are
indicated by the velocities of P- and S-waves, the values of the Vi/V, parameter. The total porosity, on
average, is about 10,13 %; almost impermeable layers are also predicted; coefficient of the lateral
expansion 0,13 < Qsige ~0,18<0,31.

The forecast according to the technique is in good agreement with the data of other studies. In
particular, for the interval 2443-2518 m, the solid phase density of 2679,42 kg/m® was obtained,
which is only 3 % less than that obtained by Bezrodna I. (Bezrodna, 2013), the average value of
porosity obtained for this interval is 11,54 %, it differs from the obtained by Bezrodna I. (Bezrodna,
2013; Prodayvoda et al., 2011), 11,43 %, by only 0,11 %.

Table 2 Multiparametric estimation of rocks of the well section of 2-Zarichnyans ’ka well (3-862 m)

0, % Ve, m/s | V,,m/s Vil Vp p%kg/m® | pr,kg/m® | Oside % u, GPa
Min 17,57 2706,26 | 891,96 0,33 1929,00 2791,80 0,20 | 0,17 0,014
Max 41,92 3538,01 | 1925,38 0,63 2422.,30 3320,56 0,87 | 0,47 0,09
Middle 29,75 2809,16 | 1357,86 0,48 2138,40 2889,56 0,49 | 0,31 0,05

Much higher porosities in the section of the 2-Zarichnyans’ka well cause a significant difference in
bulk and solid phase densities, as well as lower volume wave velocities. Along with this, the crack
opening index and Poisson's ratio, characteristic of brittle rocks, are much larger; the shear modulus,
which characterizes the strength of rocks, is smaller than for limestones of the 1-Lishchyns'ka well’s
section.
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Figure 1 Petrophysical characteristics of rocks along the sections of the wells 1-Lis

hchyns ’ka (a), 2-

Zarichnyans ’ka (b) and 28-Nyclovychs’ka (c), calculated by means of predictive theoretical-empirical

technique. Horizontal scale shows layer number

The following results were obtained for the section of the 28-Nyklovyts’ka well (1051,2-1097,0 m).
For it, the average value of porosity for all layers was obtained by the predictive method — 26,6 % and
differs from the experimental one by only 0,8 %. The average values of the velocities along the

section:  V,=3191,98 m/c; V=1407,2 m/c; Vi/V,=0,44; p°=2271,53 kg/m?,

p1=3096,10 kg/m?,

0siae=0,60, which corresponds to the data for clay siltstone. The results of predict of oil and gas
capacity according to the method is consistent with the data of the combined logging of OJSC

"Carpathian GWD".
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Table 3 Multiparametric estimation of rocks of the well section of 28-Nyklovyts’ka well (1051,2-
1097,0 m)

», % Vo, m/s | Vi, m/s Vi Vy p° kg/m® | pr,kgm’ | Osge | v u, GPa
Min 15,45 | 2806,58 | 1127,00 0,38 1306,00 2780,67 0,19 | 0,17 0,017
Max 53,48 | 3532,66 | 1928,44 0,63 2484,30 3377,31 0,71 | 0,42 0,09
Middle | 26,60 | 3191,98 | 1407,20 0,44 2271,53 3096,10 0,60 | 0,37 0,046

We also made estimates of the values of the QOsi¢c parameter for the rocks of the parametric base of the
WOGR, for the rocks of the deep wells of Precarpathia, for the characteristic types and subtypes of
the reservoir rocks of the Western Ukraine. In particular, for the rocks of the parametric base of the
WOGR, the following was obtained: at p=5 MPa Qsidemax=0,65 for the sample with ¢= 5,4 %; at
p=0,1 MPa QOsigemax=0,28 for the sample with = 9 % and up to Osidemax=0,6 for the sample with
»=15,4 %. For higher pressures, Qsidemax decreases, which means crack closure with depth in the
section.

Conclusions

So, by means of the developed theoretical-empirical technique, based on the data of the logs carried
out for the well sections, we obtain a reliable multiparameter forecast of the elastic and reservoir
characteristics of the rocks of these sections, the type of their fluid saturation; the ability to estimate
the degree of opening of vertical cracks, and therefore, the permeability of the rocks of the well
section by the crack opening coefficient Osi¢e. Based on the change in the degree of opening of vertical
cracks, we predict the possibility of recovery of hydrocarbon reserves, which was discovered during
the last decades in a number of exhausted deposits; the possibility to determine their types based on
the calculated densities of the solid phase of rocks layer by layer in the sections of the studied wells.
At the same time, agreement with the available core data was obtained in all cases.

Such results are valuable information for increasing the efficiency of oil and gas extraction from
existing wells, in seismic exploration — for specifying the seismic-optical characteristics of the
section, in hydrogeological and hydrogeoecological studies, in particular, for specifying the
hydrogeological regime of horizons, for predicting the possible activation of various dangerous
hydrogeological (pollution of underground water, flooding) and geological (subsidence of the earth's
surface, indicated seismicity) processes during oil and gas production and for assessments of possible
geoecological risks during such works. This especially applies to the development of shale
hydrocarbon deposits by the method of hydraulic fracturing.
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