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SUMMARY

The general characteristics of the theoretical-empirical technique for predicting rocks’ oil-
and-gas bearing in wells’ sections developed by us and the methods of its application for
increase the efficiency of hydrocarbon exploration and extraction are presented. The
technique is built as a system of theoretical and empirical relationships with the involvement
of acoustic logging and core research data. Variants of predictive technique have been
developed using gamma logging, electric logging and offset data. The program-algorithmic
complex for a computer realization of the developed technique is created in the Fortran, C#
and Excel software environments. Testing of the technique was carried out on the data of
sections of a number of wells for the Lishchyns’ka, Buchachs’ka, Ludyns’ka, Zaluzhans’ka,
Zarichnyans’ka, Nyklovyts’ka structures of the Western oil and gas region (WOGR) of
Ukraine and reliable predicting results were obtained. Among the directions of the further
development of the technique, methods of its application are presented for the assessment of
fracturing and the determination of rock types in the layers of wells’ sections, which are
important for predicting the oil and gas capacity and for further effective extraction of
hydrocarbons. The results of the application of the technique are illustrated on the examples
of data for 3- Buchats’ka, 28- Nyklovyts’ka wells and data from the parametric database for
rock-collectors of the Western Ukraine.
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Introduction

Ensuring Ukraine's energy independence requires, in particular, increasing the efficiency of oil and
gas exploration and production. Methods for predicting the oil and gas capacity of well sections,
including the predictive theoretical-empirical technique developed by us (Skakalska, 2021; Skakalska
et al., 2018; 2021), make an important contribution to solving this problem. It provides a reliable
definition of the elastic and reservoir characteristics of rocks in sections of investigated wells and type
of their fluid saturation (water, oil, gas) based on the data of acoustic and other logs and core studies.
The technique was tested on the wells’ data of a number of different structures of the Western oil and
gas region of Ukraine (WORG) and showed good results regarding the detection of oil and gas
horizons in their sections. A wide set of petrophysical characteristics of rocks of the well sections,
obtained by the technique, allows to optimize mining hydrocarbon raw materials.

The technique

The theoretical-empirical technique for predicting the oil and gas potential of well sections
(Skakalska, 2021; Skakalska et al., 2018; 2021) developed by us is built as a system of theoretical and
empirical relationships with the involvement of acoustic logging (AL) data and core studies. The
technique is based on relationships between the elastic parameters of rocks, taking into account the
influence of the effective pressure (depth), porosity, the type of fluid — filler of the rocks’ pores. The
type of pore filler in each studied layer of the rock is predicted by comparing the results of velocity
calculations in accordance with theoretical and empirical dependences and actual data of AL, by the
calculated density of the pore filler or by the compressibility of the rock. For the cases of AL data
absence for the investigated wells or separate intervals of their sections, and also for the increase of
reliability of predicting the oil and gas bearing of these sections, additional variants of the technique
on the basis of correlation dependences and data of other logging techniques — gamma logging (GL),
electric logging (EL/PS), seismic logging (SL) and offset method were developed. To implement the
technique, we built the corresponding predictive functional, includes following ways for the
refinement and distinction between oil and water in the pores of the reservoir rock: by velocities, by
compressibility parameter and by the fluid density. The predictive technique is implemented in the
form of a set of programs, for this purpose, appropriate general calculation algorithms and work
algorithms of individual software modules have been built, and appropriate software has been
developed in Fortran, C#, and Excel environments (Skakalska et al., 2017).

The technique was tested on the wells’ data for a number of structures of the Western oil and gas
region of Ukraine (Lishchyns’ka, Buchachs’ka, Zaluzhans’ka, Nyklovyts’ka) and reliable prediction
results were obtained. In particular, the data for wells 18- and 19-Zaluzhans’ka, 1-Lishchyns’ka, 3-
Buchachs’ka, 28-Nyklovychs’ka and others were processed in details, good agreement was obtained
(within deviations of no more than 4,5 % from the specific values of the relevant parameters) with the
data of independent of studies on the porosity coefficient and elastic waves velocities, the type of pore
filler in each layer of rocks in the sections of the tested wells coincided with the data of geophysical
investigations (Kurovets et al., 2014), including received after our predicting.

Now we will present some new directions in more details, in which we are developing the presented
technique.

Evaluation of rocks’ cracking of the well section. An important positive feature of our predictive
methodic is very detailed research along the well section, since for calculations, such a section is
divided into a large number of conditional layers, according to the data step of the used logging by
depth. In particular, for AL, such a step is 0,1-0,2 m. Due to this, the technique "feels" the network of
pores and cracks in the reservoir rocks, which is, in general, a filtration system, at the peaks of the
V,/V, parameter. The network of pores and cracks is also reflected by a high coefficient of porosity in
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thin rock layers and by a high compressibility. We also use the predicted values of elastic wave
velocities Vi, V;, or Poisson's ratio v to calculate the lateral expansion coefficient Qsi¢e. This parameter
determines the degree of vertical pressure transformation into lateral pressure and it is very important
for assessing the permeability of the section rocks, evaluating the filtration characteristics available on
certain horizons and in the layers of the well section of collectors and covers.

The value of the coefficient of lateral expansion Qs is found by the calculated means of the
predicting technique by the values of Poisson's ratio or the parameter Vs/V,, involving the results of
research by Timurziev A.L or the formula of Dynnyk A. N. (Popov and others, 2002; Timurziev,

1991):
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These calculations make it possible to determine variations of fracture permeability, interlayer
pressure drop, the presence of fluid-resistance tires and fractured layers in the well section, and their
productivity based on the values of the Qsiqe, Vs/V)p or Poisson's ratio parameters. Such data are very
important for further efficient extraction of hydrocarbons.

Determination of the type of layer rock. In the process of improving the created predictive technique,
we conducted a detailed analysis of the dependence of the rock compressibility parameter on their
porosity and operating 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. At the same time,
taking into account the pronounced non-linear 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 based on its solid phase compressibility in each layer of the well, based on the known
data of previous laboratory studies without mining and studies of the core of a specific well, is
proposed. This identification is possible, because the parameter of compressibility of the solid phase
of the rock is already purified from the effect of porosity, type of fluid - pore filler. Some residual
effect of depth (acting pressure) on the layer rock is taken into account based on the results of its
influence on the behavior of compressibility and other petrophysical parameters in this and
neighboring layers.

Examples

An example of the results of the predictive technique application (including the results of research in
the above-mentioned new directions) will be illustrated with relevant data from the section of the 3-
Buchachs’ka well (4,4-2250,8 m, see fig.). Briefly analyzing the given results, we note the following.
According to all parameters, rock’ horizons of different ages and different types/subtypes are quite
clearly distinguished. This differentiation is most clearly manifested in the velocities of P- and S-
waves and in the shear modulus.

Along the entire section, the rocks are sufficiently consolidated. Their porosity is on average 7,5 %,
almost impermeable layers are also predicted, the rock skeleton holds geostatic pressure good, the
coefficient of lateral expansion is 0,28 on average (it varies from 0,04 to 0,62). The total density of
the rocks and the density of their solid phase vary slightly along the section, since the porosity of the
rocks is small. There is a noticeable tendency for the values of these characteristics to converge with
depth, which is caused by the decrease (on average) of porosity under the action of lithostatic
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pressure. We observe an increase in the difference between these parameters in layers with increased
porosity.

Also, the characteristics of various rocks present in the section of the 3-Buchachs’ka well were
studied in more details. In particular, according to geophysical data, argillaceous limestone is present
in 13 intervals, at depths from 113,6 m (D1) to 1332,2 m (S) (Kurovets et al., 2014). It was
established that the depth difference of almost 1220 m did not lead to significant differences in the
average values of the elastic characteristics for them, in particular, in the values of the volume wave
velocities. At the same time, the values of the V/V, parameter, which characterizes the anisotropic
properties of clayey limestones of the section and the crack opening coefficient Qge, are
distinguished:

- for rocks of Devonian intervals (D1) with water and gas in pores Vy/V, =0,50, Qsiac=0,50; siltstones
with limestones, sandstones are presented;

- for the upper two intervals of the Silurian (S) (870,2-884,4 m and 912,8-923,6 m) V¢V, =0,56,
Qsige=0,37; compacted sandstones are prevail;

- starting from a depth of 963,4 m V/V,, =0,66, Qsi¢=0,13.
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Figure 1 Petrophysical characteristics of rocks along the section of the 3-Buchachs’ka well,
calculated by means of predictive theoretical-empirical technique. Horizontal scale shows layer
number

A more detailed analysis of the petrophysical characteristics of the section of this well in comparison
with other data from the geophysical and geological studies of wells will be the subject of further
research.

Similar quality results were obtained for the section of the 28-Nyklovyts’ka well (0-1515 m). The
average value of porosity for all layers obtained for it by the predictive technique, with correction for
clay content, is 12,11 % and differs from the experimental one by only 0,8 %. Average values of
velocities along the section: V,=3219,9 m/s; V=1457.9 m/s; Vy/V,=0,45; p=2257,08 kg/m’,
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Qsiae=0,81, which corresponds to the data for clay siltstone according to the researches of
Volarovych M. P. and Bezrodna 1. M. The forecast of oil and gas capacity according to the methodics
is consistent with the data of the combined logging of OJSC "Carpathian MGW".

Conclusions

Summarizing, we note that the predictive theoretical-empirical technique developed by us provides a
reliable forecast of the elastic and reservoir characteristics of rocks of the sections of the studied wells
and the type of their fluid saturation (water, oil, gas) based on the data of acoustic and other logging
and core studies.

By means of predictive technique (according to the Poisson's ratio v, the Vs/V,, parameter or the crack
opening factor Qsige), We get the opportunity to estimate the opening of vertical cracks, and therefore,
the permeability of the rocks of the well section. Based on the change of this value, we evaluate the
possibility of hydrocarbons coming from the depths, that is, we confirm the discovery of cases of
restoration of reserves in a number of spent deposits over the past two decades, the hypothesis of
continuous "gas breathing of the Earth" (Lepigov et al., 2012). Also, based on these data, it is possible
to assess the possibilities of hydrocarbon flow between productive horizons, the danger of flooding of
productive horizons, etc., which is important for increasing the efficiency of oil and gas extraction.

By summing the values of the porosity of layers and interlayers with the predicted pore fluid in
combination with seismic data, we get an estimate of the productivity of the studied structures. Based
on the calculated densities of the solid phase of the rocks, their types were determined layer by layer
along the sections of the investigated wells. At the same time, agreement with the available core data
was obtained in all cases.

References

Kurovets, .M., Senkovskyi, .M., Mykhaylov, V.A., Drygant, D.M., Krupskyi, Y.Z.,
Gladun, V.V., Chepil, P.M., Gulii, V.M., Kurovets, S.S., Shlapins’ky, V.S., Shlapins’ky, Yu.V.,
Koltun, Yu.V., Chepil, V.P., Bodlak, V.P. (2014).Unconventional hydrocarbon sources of Ukraine:
Monograph. : In eight volumes. Book II. Western oil and gas region. 400.

Lepigov, H., Gulii, V., Loktev, A., Manyuk, M., Goptaryova, G. (2012). Oil of the
Precarpathia. Geologist of Ukraine, 3, 66—77.

Popov, A.N., Golovkina, N.N., Ismakov, R.A., Popov, M.A. (2002). Patent of the RF No.
2184232. The method of determining the statistical characteristics of the coefficient of lateral
expansion of a layer of porous rock, 18.

Skakalska, L., Nazarevych, A., Kosarchyn, V. (2021). The theoretical-empirical technique of
hydrocarbons prediction in wells sections. New aspects. Geophysical Journal. Kyiv, 43, 1, 160-180.

Skakalska, L.V., Nazarevych, A.V., Kosarchyn, V.I. (2018). Complex theoretical-empirical
technique for predicting of oil, gas and water content in well sections with the use of radiation and
electric logging data. Mineral resources of Ukraine, 4, 18-25.

Skakalska, L.V., Nazarevych, A.V., Struk, Ye.S. (2017). Algorithms and programs for logging
data processing in oil and gas predicting of rocks. Visnyk of NU “Lviv polytechnics” “Computer
science and information technology”, 864, 210-221.

Skakalska, L.V. (2021). Prediction of the elastic properties and oil-gas-water-saturation of
rocks in wells sections according to data of acoustic logging and core’ researches. — Manuscript. The
thesis for candidate degree of physical and mathematical sciences, specialty 04.00.22 — Geophysics.
S.I. Subbotin Institute of Geophysics of the National Academy of Sciences of Ukraine. 21.

Timurziev, A.L. (1991). The method of evaluating the shielding properties of rocks. AS USSR
No. 1676359. Class G 01V1/40.

XVI International Scientific Conference “Monitoring of Geological Processes
and Ecological Condition of the Environment”

15-18 November 2022, Kyiv, Ukraine




