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DISTRIBUTION OF FORMATION PRESSURES
AND COLLECTOR PROPERTIES OF MOUNTAIN ROCKS
AT GREAT DEPTHS IN OIL AND GAS BASINS OF UKRAINE

The study of geodynamic processes, the distribution of reservoir pressures and the properties of deep rocks in
Ukraine’s oil and gas basins, is crucial for enhancing geological exploration, predicting hydrocarbon
accumulation, and assessing production methods. This is an important and timely issue in the field today.
Analysis of geological and geophysical studies, deep drilling, laboratory studies of core and sludge, as well as
experiments to examine the physical properties of reservoir rocks, form the optimal approach to address this
issue. The research compared results in different regions of Ukraine, particularly the Dnipro-Donetsk Depression
and the Precarpathian Foredeep. The main prospects for discovering oil and gas deposits at great depths in
Ukraine are associated with the Precarpathian Foredeep and the Dnipro-Donetsk Depression. The prospects for
oil and gas resources in deep-seated horizons are closely linked to studying the region’s geodynamic features,
rock reservoir properties, and the distribution of reservoir pressures and temperatures within sedimentary basins.
Many works, ranging from articles and dissertations to comprehensive monographs, have been devoted to the
problem of the distribution of reservoir pressures and temperatures, as well as the reservoir properties of these
rocks. The study found that with depth, the porosity and permeability of rocks gradually decrease. Still, in some
horizons, anomalously high values of these characteristics are observed, which opens up new opportunities for
the industrial development of deep hydrocarbon deposits. In particular, sandstones with an open porosity of up to
5.58 % were discovered at a record depth of over 6.5 km for the Dnipro-Donets Depression, indicating the
possibility of effective reservoirs even at such significant depths. It was determined that at depths of up to 10—
12 km under anomalously high reservoir pressures, the reservoir properties of rocks are preserved, which is
critically important for predicting new deposits. It was confirmed that a sharp increase in reservoir pressure is
observed in closed deposits, which gradually reach geostatic values, creating favorable conditions for forming oil
and gas clusters. These studies also demonstrate the influence of secondary changes in rocks on their filtration
and capacity properties and substantiate the role of thermobaric factors in forming anomalous reservoir
pressures. Based on the results obtained, models and formulas were proposed to calculate the depths of
preservation of reservoir rocks in various geological conditions. This significantly expands the idea of the
prospects of deep-seated horizons for hydrocarbon production. The following can be highlighted as a scientific
novelty. For the first time, the study conducted a detailed analysis of the relationship between reservoir pressure,
geostatic conditions, and secondary changes in reservoir rocks at great depths; formulas were proposed for
estimating reservoir rocks’ maximum depths of existence. The study’s results help predict hydrocarbon
accumulations and choose optimal extraction methods at great depths, increasing the efficiency of geological
exploration and reducing risks in exploiting oil and gas deposits.

Key words: core studies, porosity and permeability, reservoir rocks, deep-seated horizons, hydrocarbon
deposits, oil and gas fields, thermobaric conditions, Dnipro-Donetsk Depression, Precarpathian Foredeep.

Introduction The depletion of resources at shallow and medium

Today, the prospects for discovering new hydro-  depths in many regions of the country poses the task of
carbon deposits in Ukraine are largely associated with ~ Scientists to study deep horizons, which are charac-
deep-seated, complex-structured, and low-porosity  terized by variable geodynamics, complex geological
horizons in the Western Ukrainian and Eastern  conditions, high reservoir pressures, and temperature
Ukrainian oil and gas-bearing regions (Fig. 1). regimes.
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Fig. 1. Scheme of oil and gas geological zoning of Ukraine:

1 - boundaries of oil and gas provinces; 2 — oil and gas provinces and regions; 3 — boundaries of geostructural
elements; 4 — Precarpathian Foredeep; | — Carpathian oil and gas province (Western Ukrainian oil and gas
region); Il — Dnipro-Donetsk oil and gas province (Eastern Ukrainian oil and gas region); 111 — Black Sea-

Crimean oil and gas province (Southern Ukrainian oil and gas region); 1V — Volyn-Podilsk oil and gas region

(Western Ukrainian oil and gas region).

These factors significantly complicate the pro-
cesses of drilling, geophysical research, and hyd-
rocarbon production. In such conditions, it becomes
especially important to systematize the geodynamic
features of the region. This includes analyzing the
results of geological and geophysical research,
conducting laboratory tests on core samples and
sludge, and conducting experimental studies of the
physical properties of reservoir rocks. Additionally, it
is crucial to know how these properties change under
the influence of reservoir pressures and temperatures.

Understanding geodynamics, compaction processes,
cementation, and transformation of rocks at great depths
is the basis for predicting the prospects of oil and gas-
bearing capacity. This allows for a more reasonable
assessment of rocks’ filtration and capacity properties to
improve geophysical research quality and determine the
optimal methods for revealing productive horizons. The
study of deep-seated deposits is a scientific and practical
necessity, given the growing demand for hydrocarbons
and the rapid development of production technologies.

The geodynamic development of both the Car-
pathian folded structure and the Dnipro-Donetsk
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Depression (DDZ) contributed to the processes of oil
and gas formation and, accordingly, the formation of
their deposits and the peculiarities of their location
[Tretyak, Maksymchuk & Kutas, 2015; Pymonenko,
Skopychenko & Vergelska, 2020; Sheremeta, Naza-
revych A. & Nazarevych L., 2023; etc.]. The main
hydrocarbon supply structures were deep faults,
especially the zones of their intersection with other
disjunctive disturbances. Accordingly, significant oil
and gas potential prospects are associated with deep-
lying horizons, where reservoir temperatures and
pressures are high.

Of course, a significant number of works, from
articles and dissertations to comprehensive mono-
graphs, have been devoted to the problem of the
distribution of reservoir pressures and temperatures
along the section of sedimentary basins and the
reservoir properties of rocks in Ukraine [Glushko et
al., 1977; Glushko & Kruglov, 1977; Zolotov et al.,
1984; Orlov, 1980; Krayushkin, 1988; Pluzhnikova &
Tarakanova, 1988; Lodzhevskaya, 1990; Maevsky et
al., 2012; Maevsky et al., 2013; Khomyn et al., 2019;
Dubei, 2019; Lazaruk, 2023; Fedoryshyn et al., 2024;
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etc.]. Therefore, we believe there is no need to
conduct even a brief review of them; instead, we will
focus only on the following main conclusions and
results. The study found that with depth, the porosity
and permeability of rocks gradually decrease. Still, in
some horizons, anomalously high values of these
characteristics are observed, which opens up new
opportunities for the industrial development of deep
hydrocarbon deposits.

Authors [Dobrynin, 1968; Distrianov, 1974; Gabinet,
1982; Trushkevych & Shvai, 1998; Yemets & Bezrodna,
2023; etc.] indicate that at great depths, based on the
patterns of geodynamic compaction of rocks, one should
not expect reservoir rocks with high filtration-capacitive
properties. Reservoir rocks at great depths are cha-
racterized by a very high degree of compaction, which
leads to a decrease in granular porosity to minimum
limits and, thus, extremely low reservoir indicators. The
density values of such rocks are 2.580-2.650 kg/m?;
open porosity does not exceed 5 %. Thus, on the one
hand, sandy-silty rocks from depths of more than
5.000 m are mostly low-porous. On the other hand, the
world experience in the development of oil and gas
fields indicates that at great depths, rocks can have high
reservoir properties [Bonter & Trice, 2019; Krézsek et
al., 2023; Wang et al., 2024; Nakajigo et al., 2024; Wu et
al., 2024; etc.], but the nature of this phenomenon
remains insufficiently studied today.

This article is devoted to analyzing the distribution
of reservoir pressures and reservoir properties of deep
rocks in Ukraine’s oil and gas basins. It summarizes
the results of previous studies and offers new
approaches to understanding geodynamic and deep
geological processes, which opens up prospects for
further development of complex horizons.

Objective
The study is aimed at examining the distribution
of reservoir pressures and properties of deep rocks in
Ukraine’s oil and gas basins. The main goal is to
optimize geological exploration processes, improve

the quality of forecasting hydrocarbon accumulations
in deep-seated horizons, and provide a scientifically
sound assessment of rocks’ filtration and capacity
properties. This will allow the development of effect-
tive methods of drilling, reservoir development, and
production under high pressures and temperatures.

Geological Background

Industrial gas, gas condensate, and oil have been
found in phase-heterogeneous deposits at more than
4.000 m depths across more than 70 oil and gas basins
worldwide. Additionally, industrial oil and gas poten-
tial at depths of more than 6.000 m has been proven in
28 NGBs, where almost 100 hydrocarbon deposits
have been discovered [Mayevsky et al., 2013]. In
Ukraine, the main prospects for discovering oil and
gas deposits at great depths today are associated with
the Precarpathian trough and the Dnipro-Donetsk
depression.

Oil and gas productive horizons in the Precar-
pathian trough (Fig. 2) are mainly concentrated in the
deposits of the Paleogene and, in some cases, of the
Upper Cretaceous and Miocene. Most deposits here
are multi-layered and confined to narrow folds pushed
on each other, forming multi-tiered structures cha-
racteristic of the area. On the territory of the Western
Ukrainian oil and gas region, the search for deep-
immersed hydrocarbon deposits began with the
drilling of wells 1-Luga (depth 6.266 m) and
1-Shevchenkovo (7.522 m). During the drilling of the
latter in the interval of fractured sandstones (7.014—
7.022 m, reservoir pressure about 120 MPa, tem-
perature — 170 °C) of the Lower Cretaceous, intense
oil and gas manifestations occurred. In the grinds of
rocks from this interval, pore and fissure-cavernous-
pore collectors are observed in the cracks and caverns
of which there was oil or bitumen.
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Fig. 2. Regional geological profile along the Vyshkovo-Shevchenkovo-Obolonia line in the Western
Ukrainian oil and gas region (compiled by Monchak L. S. & Khomyn V. R., 2012).
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Particular attention should be paid to the horizons
of fractured sandstones in the intervals 7.420-7.380,
7.360-7.320, 7.070-6.945, 5.960-5.900, and 5.630-
5.550 m, the open porosity of which varied from 5-7 %
to 11-13 %, oil saturation — about 60 % [Mayevsky et
al., 2013]. Oil inflows at depths of more than 5.000 m
were obtained in wells 2-Novovostochnytsia (5.476—
5.984 m, reservoir pressure 68.1 MPa, temperature —
134°C), 1-Severnaya Zavoda (5.704-5.797 m,
88.5 MPa, 130°C), 17-Semiginov (5.200-5.245 m,
67.5 MPa, 128 °C) and others. A significant inflow of oil
(up to 500 tons / day) was obtained in the interval of
6.200-6.500 m from the Zhivet limestones of the pre-
Alpine basement of the Romanian Precarpathian region
on the territory of the old field of Gergias. However,
most discovered commercial oil deposits in the
Precarpathian region are located at depths less than
5.000 m, where reservoir temperatures are below 120 °C
and pressures below 80 MPa [Mayevsky et al., 2013].

Also, the Dnipro-Donetsk depression is one of the
objects of study of the prospects for the oil and gas
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potential of deep-immersed horizons in Ukraine (Fig. 3).
Here, almost all explored resources and reserves of
hydrocarbons and prospects for oil and gas potential are
associated with Paleozoic formations. Most discovered
deposits are contained in brachyanticlines of various
sizes, complicated to one degree or another by
halokinesis. Single- and multi-layered deposits are
disturbed by discharges with one- and two-kilometer
floors of continuous productivity. In the northwest, oil
accumulations are mainly known, while in the southeast,
gas is predominant. Between them, there are
hydrocarbon deposits from different phase states. The
regularities of their placement in multilayered deposits
have not yet been established. In general, the prospects
for oil and gas potential of the Dnipro-Donetsk
depression are associated, as a rule, with unconventional
traps and depths of 5.000-7.000 m or more. The proven
depth of industrial gas content in the Perevozivska area
reaches 6.300 m, and the oil content in the Sukhivska
area is 5.050 m [lvanyuta et al., 1998].

Chuteve-Rezpashna Kyshia Murafa

Fig. 3. Regional geological profile along the Gupalivka-Guty line
in the Dnipro-Donetsk depression [Ivanyuta et al., 1998].

Methodology

The study was based on a comprehensive approach,
which included the analysis of the results of geological
and geophysical studies, deep drilling data, laboratory
experiments, and modeling of the physical properties of
rocks. To determine the relationships between reservoir
pressures, temperature, and properties of reservoir rocks,
methods of comparison and systematization of data ob-
tained in various oil and gas-bearing regions of Ukraine
were used, in particular in the Dnipro-Donets Depression
and the Precarpathian Foredeep.

Geological and geophysical studies emphasized the
distribution of reservoir pressures, temperature regimes,
and the structure of reservoir rocks in sections. For this
purpose, standard methods of industrial geophysics were
used, such as reservoir pressure measurements, geo-
thermal gradient analysis, as well as petrophysical study
of core and sludge samples.
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Laboratory studies included determining rock fil-
tration and capacity properties on core samples. Their
porosity, permeability, density, and chemical compo-
sition were analyzed using modern equipment for
measuring parameters in artificially created thermos-
baric conditions. Special attention was paid to mode-
ling compaction processes, secondary cementation,
and chemical changes in reservoir rocks. The litho-
logical-facies studies of Ukraine’s main oil-and-gas-
prospective complexes of sedimentary basins were
analyzed using about 1.300 lithophysical data from
laboratory core studies and 160 rock grinding.

Mathematical modeling was carried out to calculate
the depths of preservation of porous reservoirs, using the
proposed formulas. These formulas considered such
parameters as the density of the solid and liquid phases,
the initial porosity of terrigenous rocks, the porosity limits
of industrial reservoirs, and the coefficient of anomaly of
reservoir pressures.
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The results obtained were compared with data from
other researchers published in the scientific literature.
This allowed us to clarify the regional features of the
distribution of reservoir pressures and temperatures in
the bowels of Ukraine, as well as to establish new re-
lationships between the depth of occurrence, pressure,
and reservoir properties of rocks.

Results

For conducting oil and gas exploration and ex-
ploitation works, it is important to know and predict the
behavior of reservoir pressures at depths exceeding
4.000-5.000 m since pressure and temperature dictate
the degree of compaction, cementation, rock transfor-
mation, the state and mobility of fluids, and their
transformation.

It is known that the temperature and pressure in the
Earth's interior increase with depth. The temperature
increase is due to the heat flow from warmer deep zones
to the surface. The magnitude of this flow, expressed
through the geothermal gradient, is 2.4-4.6 °C/100 m for
various oil and gas basins. Such a temperature gradient is
characteristic of depths of 6.500-8.700 m [Monchak &
Omelchenko, 2015]. Each basin or its parts is cha-
racterized by its temperature gradient, which depends on
the territory’s geotectonic position and the rock’s
thermal conductivity. It is known from the results of
direct measurements in wells.

The situation with the behavior of reservoir pressures
is somewhat more complicated. Reservoir pressure
largely depends on the geological structure, especially on
blocking. Up to depths of 3.000-4.000 m, it is quite easy

to predict the magnitude of reservoir pressure in aquifers
in most cases since it is a direct function of the depth of
the rocks. It is mainly called normal hydrostatic pressure.
Up to the specified depths, there is mainly a direct or
indirect connection with the Earth’s surface, which
ensures a normal pressure increase per the law of hyd-
rostatics. A temperature increase and the amount of
dissolved gas compensate the water density increase due
to its mineralization. Therefore, the density of water in
reservoir conditions rarely exceeds 1.025 kg/mé, and is
about 1.000 kg/m?.

Reservoir pressures have been studied for a long
time. The most famous works on these issues were
published by B. A. Tkhostov (1966), K. A. Anikiev
(1971), R. M. Novosiletskyi (1969), O. O. Orlov (1980),
I. . Chebanenko et al. (1986), etc., as well as reflected in
textbooks for higher education institutions [Monchak &
Omelchenko, 2015].

The deviation from normal hydrostatic reservoir
pressure observed in deposits with a significant height is
associated with the lower density of oil, especially gas,
compared to water. This difference creates excess
pressure in oil and gas deposits while still adhering to the
principles of hydrostatics, as demonstrated in [Monchak
& Omelchenko, 2015; Khomyn et al., 2019]. Predicting
reservoir pressures becomes challenging at depths
exceeding 3.000-5.000 m (Tables 1 and 2), where ultra-
high (anomalous) reservoir pressures begin to prevail.
Consequently, it becomes practically impossible to cal-
culate the absolute position of the water-oil and gas-
water contacts without knowing the pressure in the
aquifer part of the reservoir.

Table 1

Selected data on the distribution of reservoir pressures
of deep-seated productive horizons of deposits
in the Eastern Ukrainian oil and gas region

Deposit, horizon Reserv?\l/lrpr;ressure, MZZEETWGM Anomaly coefficient
Bairatske, S-9 77.09 4.675 1.65
Vasylivske, T-1 62.60 4.800 1.30
Ryaskivske, T-4 86.97 5.120 1.70
Sakhalinske, B-22 96.60 5.220 1.85
Gogolivske, B-18b 82.74 5.255 1.57
Krasnokutske, B-14 99.80 5.416 1.84
Magurske, T-4 107.30 5.555 1.93
Rudkivsko-Chervogozavodske, T-3 82.30 5.683 1.46
Zahednokoshavyske, B-22 85.31 5.800 1.47
Semyrenkivske, B-19 58.71 5.505 1.07
Semyrenkivske, well No. 17 107.9 6.571 1.64
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Table 2

Selected data on the distribution of reservoir pressures
of deep-seated productive horizons of deposits
in the Western Ukrainian oil and gas region

Well Reservoir pressure, MPa Measurement depth, m Anomaly coefficient
1-Pasichna 52.4 3.855 1.36
17-Semygyniv 67.0 4.100 1.63
5-Rozhnyativ 98.5 4.627 212
1-Nyzhnya Zavoda 63.9 4.773 1.34
103-Yankivska 74.6 5.183 144
103-Yankivska 98.0 5.200 1.88
419-Novoselytsia 89.5 5.610 1.60
1-Pivnichna Zavoda 91.9 5.750 1.60
4-Novoshkhidnytsia 97.8 6.050 1.55
1-Luhy 98.5 6.230 1.55
1-Shevchenkovo 129.0 7.225 1.73
1-Pidberezka 88.5 5.660 1.56
1-Sokolovetska 91.8 5.740 1.60
2-Smolyanska 72.5 5.126 141
5-Novoshkhidnytsia 77.3 5.200 1.49

With increasing depth, the porosity and per-
meability of rocks decrease, their density increases,
and the closure of deposits increases. In closed
(isolated) deposits, the pressure becomes greater than
hydrostatic and gradually approaches geostatic.

E. B. Chekalyuk (1967) indicates that the transition
from hydrostatic to geostatic pressure occurs within
approximately 3.000 to 15.000 m, depending on the
deposit’s degree of closure (isolation).

It is important to understand that deposits’ closure
(isolation) occurs due to various factors. The first and
most obvious is the increase in geostatic pressure,
which is directly reflected in the reduced porosity of
the rocks, and the displaced pore water from the rocks
with increasing temperature leads to an increase in the
processes of secondary cementation, the precipitation
of cement in the pores and catagenetic changes in the
mineralogical composition of the rocks themselves,
and the healing of cracks by mineral formations.

It is known [Monchak & Omelchenko, 2015] that
the processes of secondary cementation occur more
intensively in the water-bearing parts of the deposits,
i. e., outside the deposits. As a result, the rock along
the oil-bearing contour loses its permeability, and the
deposit becomes completely isolated from all sides.
Accordingly, liquids and gases take on most of the
geostatic pressure until the formation and geostatic
pressures are equalized.

It is also known that under the influence of pressure,
the rocks are compacted. Compaction is a pressure-con-
trolled phenomenon in which the centers of the grains
that make up the rock approach each other, mainly in the
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vertical direction relative to the layering of the deposits.
Compaction is largely irreversible, and removing pres-
sure leads only to elastic recovery (with some excep-
tions). An increase in the depth of occurrence leads to
compaction and deformation of the rocks, secondary
cementation, and decreased porosity. However, the re-
sults of deep drilling showed that against the general
background of deterioration of the capacitive properties
of reservoirs with depth, intervals are observed in which
rocks are characterized by increased porosity and per-
meability values.

Clays are most compacted with depth due to
gravitational compaction, which causes particle reo-
rientation and denser packing [Engelhardt, 1964].
Clays of different compositions are compacted with
depth differently, but starting from a depth of appro-
ximately 5,000 m, the difference in the compaction
rate practically disappears, and the open porosity of
clays approaches zero.

Based on the gravitational compaction model, in
which there is a free outflow of fluids (compression
with drainage) [Vasylechko et al., 1998], we proposed
a formula for calculating the reservoir conservation
depth:

H= 200-(m0—m1)’ 1)

'm='s
where rm i I, are averaged over the section densities of
the solid and liquid phases, respectively, kg/m?;
mp is the maximum initial porosity of terrigenous rocks, %;
m; is the lower limit of the porosity of the industrial
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reservoir for the lithological-stratigraphic complex under
consideration, %. The numerical coefficient 200 is taken
from the data of studies by E. I. Stetyukha (1964) for the
conditions of the Ciscaucasia’s sandy rocks; in clays, this
coefficient will be 80-120.

From a geostatistical perspective, preserving po-
rosity at depths exceeding the limit value can be
explained by the appearance of the sedimentary layer
of the compression phenomenon without drainage.
This situation occurs when the displacement or out-
flow of water slows down or becomes impossible,
leading to a porosity reduction. Porosity is preserved
in the massif itself.

The main factor that controls the occurrence of
such a state in the massif of sedimentary rocks is the
presence of a water-resistant complex in the section.

Under the water-resistant layer, sedimentary rocks
are less compacted due to the perception of part of the
pressure from the mass of the overlying rocks by the
fluid. That is, anomalous reservoir pressure arises
here (which is reflected by the anomaly coefficient
Ka). The pressure on the rock skeleton under the
water-resistant layer decreases, and accordingly, the
rocks can retain a higher porosity.

Then the formula (1) for determining the maxi-
mum depth of existence of granular reservoir rocks
will be as follows:

__200-(mg—my)
o= @

Thus, formula (2) becomes suitable for undrained
and drained conditions (Ka=1) and is universal for the
compaction processes of sandy and clayey rocks, only
with different statistical coefficients. Where reservoir
rocks disappear, the reservoir pressure increases sharply.
It gradually reaches the geostatic value (Fig. 4), and
sharp changes (step jumps) of the reservoir pressure
occur in fluid-bearing horizons under high-quality
COovers.

It should also be noted that the formation of
reservoirs with anomalously high values of their porosity
and permeability primarily occurs due to the post-sedi-
mentation transformation of the components of silty-
sandy reservoir rocks (micas, clay components of
mudstones, siltstones, sandstones, carbonate rock resi-
dues, etc.) under the influence of carbon dioxide
[Sakhibgareev, 1989; Lebedev, 1992]. Carbon dioxide or
deep carbon hydrothermal vents entering the reservoir
through faults contributed to a sharp increase in the
acidity of pore solutions and, as a result, are the cause of
a significant decrease in pH.
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Fig. 4. Formation pressure increase with depth.

When the acidity of pore solutions changes,
quartz, and siliceous fragments are formed, and
porous kaolinite is synthesized. In addition, acidic,
aggressive solutions intensively dissolve unstable
minerals, including carbonates and aluminosilyca-
tes, when pH decreases. This process also removes
Ca, Mg, Fe, Na, Al [Sakhibgareev, 1989]. At the
same time, in local areas, due to the influx of
alkaline and alkaline-earth elements, the alkalinity
of pore waters sharply increases [Mayevsky et al.,
2012]. As a result, some minerals are replaced by
others, resulting in the formation of sericites and
kaolinites, as well as an increase in the porosity of
rocks. With the supersaturation of solutions with
cations, the precipitation of elements in the form of
new mineral phases begins. In an acidic
environment (pH<4), silicon, which is contained in
pore solutions, becomes immobile and precipitates
in quartz. Mass regeneration of quartz fragments in
sandstones is observed in fracture zones. As alrea-
dy noted, with a decrease in acidity and an increase
in alkalinity of solutions (to pH = 4-8), the
mobility of aluminum, which precipitates in the
form of kaolinite, decreases significantly. It is
precisely due to the widespread development of
porous kaolinite and the uniform distribution of
inter-package pores in it that pore space is provided
in sandstones.
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All of the above explains the rather extraordinary
and interesting geological situation that developed
during the drilling, testing, and operation of wells of
the Semyrenkivske deposit in the Eastern oil and gas
region of Ukraine.

At the Semyrenkivske gas condensate field, the
roof of the B-17 horizon (B-17a in the balance) lies at
5.155-5.275 m depths. Sandstones, siltstones, and
mudstones represent the horizon. The sandstones are
compacted and cracked in places, and their porosity
varies within 5-30 %. During testing in well No. 2, a
gas inflow with a free flow rate of 35.4 thousand m3/day
was obtained. The roof of the B-18 horizon (B-17b in
the balance) lies at depths of 5.230-5.350 m.
According to the results of GDS and core studies, the
horizon contains layers of fine-grained sandstones with a
porosity of 3.0-9.7 %, permeability of 0.17-
8.60 10 m?, and gas saturation of 80 %. When
testing well No. 2, a gas inflow of 101.6 thousand
mé/day was obtained at an 8 mm diaphragm.

The roof of the B-19 horizon (B-17v in the
balance) lies in well No. 2 at a depth of 5.325 m. It
comprises sandstones and siltstones with a porosity of
5.5-11.5 %, the permeability of 0.13-94.40-107% m?,
and a gas saturation of 73-91 %. It was tested with
the B-20 horizon in well No.2. A 166.1 thousand
mS/day gas inflow was obtained at a 7 mm diaphragm.
The roof of the B-20 horizon (B-17v in the balance)
in well No. 2 lies at a depth of 5.385 m. No inflow
was obtained during the horizon testing in well No. 2
in the interval 5391-5413 m from the sandstone layer
with a porosity of 8 %. The reservoir properties of all
productive layers in the field are low. The open
porosity is 8-10 %, the permeability varies in the B-
18 horizon within  114-0.04-10%® m?, in
B-19, 94.40-0.06-107'* m?, and in the B-21 horizon, it
is 11.26-107%° m2 The average permeability in the
horizons is 10-12-107* m?. The low permeability of
productive horizons is evidenced by the high
depression on the formation obtained during the
testing of well No. 2. A similar situation was observed
when testing promising horizons in well No. 17. The
porosity of the rocks is porous-fractured. An
improvement in the reservoir properties of productive
horizons is noted in the apical part of the structure,
and their deterioration is significant within the
periclinal areas and wings. This is associated with
post-sedimentation changes in rocks under high
temperatures and pressures and is an example of how
hydrocarbons preserve pores and cracks in the rock
catagenetic compaction process. It is on the core
samples (Fig. 5), which were lifted from well 17-
Semyrenkivska (interval 6.531.6-6.533.7 m), that we
can observe caverns of considerable size, which were
formed due to the mechanism mentioned above.

32

The core (see Fig. 5) is represented by gray
mesomicte sandstone (graywacke-arkose-quartz), fi-
ne-grained with caverns and cracks of different ages,
as well as with injections of dark-colored pelito-
morphic polymineral substance (TPPR) with ano-
malies of mineral composition and geochemistry (tra-
ces of the inflow of high-pressure high-enthalpy deep
anhydrous fluids based on super compressed hydro-
carbon gas).

Fig. 5. Photo of the core with cavities and cracks
from well 17-Semyrenkivska.

Similar facts are observed in other areas and de-
posits in the Eastern Ukrainian (Fig. 6, 7) and
Western Ukrainian oil and gas regions (Fig. 8, 9).

Fig. 6. Photo of oil-saturated sandstone core from
well 1-Kampanska (interval 4.640-4.657 m).
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Fig. 7. Photo of a core of fractured-secondary
porous sandstone from well 5-Skorobogatkivska
(interval 5.130-5.140 m).

Fig. 8. Photo of a core of cavernous limestone
(Jurassic, Nyzhniv Formation, Precarpathian
Depression) from well 47-Korshiv
(photo by O. O. Orlov, 1980).

Fig. 9. Photo of a section with an open crack
confined to a silty mudstone layer. The rock
generally comprises layers of silty fine-grained
sandstones and silty mudstones. Well 810-
Pasichna, depth 4.638 m x140, Nikoll parallel.

The core (see Fig. 6) is represented by a cavernous-
secondary porous oil-saturated sandstone (Kp according
to GDS - 0.11-0.13; Kp according to petrographic data —
0.12-0.18), which was taken on the Kampanskaya area
from well No. 1 from the interval 4.640-4.657 m
(horizon B-21).

The core (see Fig. 7) is represented by a fractured-
secondary porous sand reservoir (Kp according to GDS —
0.105; Kp according to petrophysical data — 0.07-0.09),
which was taken on the Skorobogatkivske deposit from
well 5 from the interval 5.130-5.140 m. Fracture cracks
with intensive clogging and stylolithization with
supporting open cracks (water inflow was obtained from
the reservoir during testing).

Practical significance

The study’s results help predicts hydrocarbon ac-
cumulations and choose optimal extraction methods at
great depths, increasing the efficiency of geological
exploration and reducing risks in the exploitation of
deposits.

Conclusions

Therefore, studying great depths requires a signi-
ficant increase in local and zonal forecasting probability.
Additionally, research into the potential for detecting
large and medium-sized industrial hydrocarbon accumu-
lations in the lower horizons of the sedimentary cover is
particularly important. It is also necessary to conduct
detailed economic assessments of the forecasted and pro-
spective hydrocarbon resources at great depths based on
specific costs associated with reserve preparation. In the
oil-and-gas-saturated parts of the deposits, the per-
meability of the reservoir rocks is preserved, which
allows for the extraction of oil or gas. However, we must
understand that many pores are isolated and contain
high-pressure liquids or gases. When the pressure in a
reservoir decreases due to gas or oil extraction, it can
cause cracking and damage to the reservoir rock. This
damage can complicate the extraction process or even
render it impossible. Additionally, these processes may
affect the connections between different layers in the
rock. If these connections are near aquifers, they could
flood the productive layers.

Where the reservoir rocks disappear, the reservoir
pressure increases sharply. It gradually reaches the
geostatic value, and sharp (jump-like) changes in the re-
servoir pressure along the section occur in fluid-bearing
horizons under high-quality caps and in them them-
selves.

The presence of sandstone with an open porosity
of 558 % at a record depth of 6.531.6-6.533.7 m
(core in Fig. 5) is a significant indicator of the
potential for effectively porous reservoirs, not only in
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the DDZ but also in many oil and gas basins
worldwide. This finding is particularly noteworthy
given that more than 100 industrial gas condensate
and gas deposits have been discovered in the DDZ at
depths exceeding 5.000 meters, demonstrating that
such reservoirs can exist even at great depths. The
lack of a clear dependence on porosity and physical
and mechanical properties of sandstones-metasomati-
zed at depths ranging from 3.500 to 6.000 m can be
attributed to two main factors. Firstly, it reflects the
peculiarities of the thermobaric characteristics of the
Paleozoic sediments found in the central part of the
DDZ at these significant depths. Secondly, it indicates
the uneven spatiotemporal nature of oil-metasomatic
transformations, which are relatively young in geo-
logical age. Additionally, these transformations oc-
curred alongside the existing catagenetic zoning and
incompleteness.

Under ultra-high anomalous reservoir pressures
(anomaly coefficient of more than 2.0) within oil and
gas deposits (excluding aquifers), reservoir rocks can
remain intact in individual reservoirs at depths of
10.000-12.000 m. Still, additional evidence is needed
to support this finding. In oil and gas basins, including
Ukraine, at depths of more than 10.000 m, reservoir
pressures will approach geostatic values.
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PO3IIOAUT INTACTOBUX TUCKIB TA KOJIEKTOPCBKI BJIACTUBOCTI I'lPCBKHX TTOPIJT HA
BEJIMKUX TJIMBUHAX Y HA®TOI' A3OHOCHHX BACEMHAX YKPATHU

BuBueHHS reoquHAMIYHHUX MPOIIECIB, a TAKOX PO3MOIUTY TIACTOBUX THUCKIB 1 KOJIEKTOPCHKUX BIACTHBOCTEH
MOpiJ Ha BEJMKUX IIMOMHAX y Ha(TOra3oHOCHHX OaceiiHax VYKpaiHM 3 METOI0 YJOCKOHAJICHHS TI€0JIo-
TOPO3BiIYyBaBHUX POOIT, IPOTHO3YBAaHHSI HAKOMMYCHHS BYTIICBOJHIB Ta OIiHIOBAaHHS METOJIB BHIOOYBaHHS €
HA/3BUYANHO BaXKIMBOIO Ta aKTYyaJbHOO MPOOJEMOI0 CHOTOJACHHS. AHAI3 re0soro-reohizuaHuX M0CHTiIKCHb,
rmOoke OypiHHS, TaOOpaTOpHI JOCHIKECHHS KEpHY Ta IDIaMy, a TaKOX EKCICPUMCHTANbHE BHUBYCHHSA (i-
3WYHHUX BIIACTHBOCTEH MOPIA-KOJNEKTOPIB — ONTUMAIBHHUA KOMIUICKC MOCIHIIKEHb ISl BUPIMICHHS Ii€i mpoo-
nemu. BuxopucTaHO MOpIBHAHHS Pe3yibTaTiB y Pi3HUX perioHax YKpaiHu, 30kpema JlHinmpoBchko-/loHeIbKol
3amaguHu Ta [lepeaxapnarcekoro mporuHy. B YkpaiHi OCHOBHI IepCIIeKTUBU BiJKPHUTTS MOKIAAiB HadTH i razy
Ha BeNHMKHUX TTUOWHaX moB’s3adi i3 [lepenkapmaTcbkuM mporwHOM i JIHIMPOBCHKO-/IOHEIBKOIO 3amaIuHOIO.
Binomo, mo oOrpyHTYBaHHS INEpCHEKTHB HA(TOra30HOCHOCTI TOPU3O0HTIB, SIKi IMIMOOKO 3aJIAraloTh, 3aBXKAU
HEpPO3PUBHO IOB’A3aHO i3 BUBYCHHSAM T'€OJMHAMIYHHX OCOONHMBOCTEH pErioHy, KOJIEKTOPCHKHX BIACTHBOCTEH
TOPiJI, BCTAHOBIICHHSM PO3IOJLTY IUIACTOBUX THCKIB 1 TEMIIEpaTyp MO po3pi3y ocamoBux OaceitHiB. [Ipobmemy
pO3MOIiNy IMIACTOBHX THCKIB 1 TeMIlepaTyp MO PO3pi3y OCAJOBHX OaceiHIB 1 KONEKTOPCHKUX BIACTUBOCTEH
TipCBKUX MOPiA PO3MISHYTO y YHMCIEHHUX poOoTax — Bif craTed 1 aucepTaliifi 10 y3aralbHIOBaIbHHUX MOHO-
rpadiii. JlocmimKeHHs TOKa3aid, 10 3 TIHOMHOIO MMOPUCTICTh 1 MPOHUKHICTH MOPiJ MOCTYIIOBO 3MEHIIYIOTHCS,
aJle B OKPEMHUX TOPH30HTaX CIIOCTEPIraloThCsl aHOMaJIbHO BHUCOKI 3HAYECHHS LUX XapaKTEPUCTHUK, IO BiIKPHUBAE
HOBI MOJJIMBOCTI JUII MPOMMCIIOBOTO OCBOEHHS TJIMOOKO3aHYpPEHHMX TMOKJIAJiB BYTJIEBOAHIB. 30Kpema, Ha
pexopanii s AHinpoBchko-JloHebKO1 3anauHy ruOuHI moHaa 6,5 KM BHUSBICHO MICKOBHKH i3 BIAKPUTOO
MOpHCTICTIO 10 5,58 %, MmO CBIYUTH MPO MOXKJIMBICTH iICHYBaHHS €(EKTHBHHUX KOJICKTOPIB HaBiTh Ha TaKHX
3HaYHHUX TTHOWHAX. BeTaHOBICHO, 110 Ha rinOuHax 10 10-12 kM B yMOBax aHOMAJIbHO BHCOKHX IUIACTOBHX
TUCKIB 30epiraroTbCcsi KOJEKTOPCHKI BIACTHUBOCTI MOPiA, IO KPUTHYHO BAKIMBO JUIA MPOTHO3YBaHHS HOBHUX
ponosum. IlinTBep/keHO, MO B 3aKPUTHX IIOKJIAJAX CIIOCTEPITA€THCS Pi3Ke MiABUINEHHS IIACTOBOTO THCKY,
SKAH TIOCTYIIOBO JOCSATA€ T'€OCTAaTHYHHWX 3HAYEHb, CTBOPIOIOYM CIPHUATIMBI YMOBU 1 (opMyBaHHS Hag-
TOTa30BHX CKYI4eHb. Lli JOCTIIKEHHS TaKOX JEMOHCTPYIOTh BIUIMB BTOPMHHMX 3MIH Yy IOpOAax Ha iXHI
(hiTpTpamiiHO-€MHICHI BIACTHBOCTI Ta OOIPYHTOBYIOTH POJb TepMOOapuIHUX (akTopiB y (hopMyBaHHI aHO-
MaJbHUX IUIACTOBUX THUCKiB. Ha OCHOBI OTpHMMaHMX pe3yJbTaTiB 3alPOIIOHOBAHO MOAENI Ta (GOPMYIH JUIA
PO3paxyHKy INIHOMH 30epeKeHHS IMOPiA-KOJIEKTOPIB y Pi3HUX TeoJOTiYHHUX YMOBax, IO iCTOTHO PO3IIHUPIOE
VSBJIEGHHS TPO MEPCHEKTHBHICTh TIMOOKO3aHYPEHHMX TOPHU30HTIB I BHAOOYBaHHS ByrjieBoiHiB. Haykosa
HOBHU3HA JIOCTI/DKEHHS. BIIEpIIE BHUKOHAHO ACTAJNBHUI aHai3 3B 53Ky IUIACTOBOTO THCKY 3 T'€OCTATHUYHHMH
YMOBaMHU Ta BTOPHHHUMH 3MiHAMH IOPiI-KOJEKTOPIB Ha BEIMKHUX TTIMOMHAX; 3aIPOIIOHOBAHO (OPMYIH IS
OILIIHIOBaHHS MAaKCHMalbHUX IJIMOWH 3aATaHHA MOpPiA-KOJIEKTOpiB. Pe3ynbpTraTé MOCTiIKEHHS IONOMAararoTh
MPOTHO3yBAaTH HAKOITMYECHHS BYTJIEBO/IHIB 1 BHOMPATH ONTHMAaJIbHI METOIM BUJOOYBaHHS Ha BEJMKUX TIIMOWHAX,
MiABUITYIOYN €(PEKTHBHICTH T'€OJOTOPO3BiAyBaJbHUX POOIT Ta 3MCHIIYIOYM PH3WKH IiJ Yac eKCIUTyartarii
HaTOBUX 1 ra30BUX POJIOBHILI.

Kniouosi cnosa: pocnimxeHHs KEpHY, NMOPUCTICTh 1 MPOHHUKHICTH, TMOPOAU-KOJIEKTOPH, IHOOKO3aIArardi
TOPHU30HTH, MOKJIATN BYTJICBOAHIB, POAOBHUINA HAadTH i Ta3zy, TepMoOapuuHi ymMoBH, JHIIpoBCHKO-JloHEUbKa
3ananuna, [lepeakapnaTchbKuil MporuH.
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