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ABSTRACT

Introduction. Water-dissolved gases in exploratory oil and gas hydrogeology are the fundamental criteria of oil and gas poten-
tial. Their quantitative and qualitative characteristics allow to study the conditions of formation and preservation of the hydrocarbon
deposits and to identify the perspective searching areas.

The purpose of article was to determine the vertical and lateral gas-hydrogeochemical zonation of the Bilche-Volytsia oil and
gas zone, to assess the role of water-dissolved gases in the formation of gas fields with the prospect of predicting new hydrocarbon
deposits.

The research methods base on the calculation and interpretation of the following parameters: gas saturation of water, satura-
tion pressure, gas saturation coefficient. Graphs of dependences based on experimental studies from published scientific publications
were used to determine the solubility of methane.

The results of research. Nitrogen-methane composition of water-dissolved gases of the Upper Jurassic and Upper Cretaceous
aquifers in combination with specific geochemical characteristics of groundwater of the north-western and central parts of the Bilche-
Volytsia OGBA indicate the open hydrodynamic conditions, which, in general, are unfavourable for the formation and preservation of
hydrocarbon deposits. In deep-submerged reservoirs of the south-eastern part of this area, water-dissolved gases of the Upper Jurassic
and Upper Cretaceous aquifers are characterized by high contents of methane homologues.

In the Upper Badenian aquifer the lateral distribution of water-dissolved methane is presented in the growth of its portions from
the West and East European platforms in the direction of the sub-submerge of the Carpathians, which is due to an increase in the
degree of hydrogeological closure of structures. Increased methane contents also spatially tend to transverse tectonic faults, which
determines their role in the vertical migration of water-hydrocarbon mixtures.

Water-dissolved gases of the highly productive Lower Sarmatian aquifer are mainly methane, occasionally nitrogen-methane.
The gas saturation of the waters directly correlates with the proximity to gas deposits. Laterally, the portion of water-dissolved me-
thane is directly correlated with TDS of water, the high values of which accordingly reflect the structures of a high degree of hydro-
geological stagnation.

Conclusions. The portions of water-dissolved methane increase from the West and East European platforms in the direction of
the sub-submerge of the Carpathians, which is effect of higher degree of hydrogeological closure of structures. It has been established
that water-dissolved methane, nitrogen and carbon dioxide have different sources of origin and different spatiotemporal mechanisms
of water saturation. The hydrodynamically closed structures (favourable for the formation and preservation of hydrocarbon deposits)
characterized by high relative and absolute contents of dissolved methane. Increased methane contents also spatially tend to trans-
verse tectonic faults, which determines their role in the vertical transportation of water-hydrocarbon mixtures. Deep hydrodynamical-
ly closed aquifers of the Bilche-Volytsia OGBA often are marked by high nitrogen contents of non-air origin. Its source can be rock
organic matter, bound rock nitrogen released during metamorphism, nitrogen of deep genesis.
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Introduction. Water-dissolved gases in explor-
atory oil and gas hydrogeology are the fundamental
criteria of oil and gas potential. Their quantitative
and qualitative characteristics allow to study the
conditions of formation and preservation of the hy-
drocarbon deposits and to identify the perspective
searching areas. The amount and composition of

water-dissolved gases depend mainly on the pres-
ence of hydrocarbon deposits, organic matter in
rocks, tectonic, lithological and hydrogeological
conditions of the region [1, 2, 3]. The area of gas
scattering of hydrocarbon deposits, which can be
located in both adjacent and upper aquifers, plays
the main role. The gas scattered aureole occurs due
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to the destruction of hydro-carbon deposits and dif-
fusion-filtration movement of components from de-
posits into formation waters [4]. According to
Kartsev A. [5], the most favourable for the satura-
tion of groundwater with hydrocarbon gases are the
reducing conditions on the exfiltration stages of the
hydrogeological history of the artesian basin.

Studies of natural dissolved gases and their im-
pact on the formation of gas fields performed in the
Republic of China found that Weiyuan gas field in
the Sichuan River basin was formed by degassing
and accumulation of dissolved gases due to the de-
crease of formation pressures and temperatures in
aquifers during the rise of tectonic structures of the
Himalayas [6]. The following conclusions were ex-
pressed on the results of studying of geochemical
and isotopic features of formation waters, and also
isotopic characteristics of carbon of free and water-
dissolved gases.

Also, the results of carbon isotopes studies of
free and water-dissolved gases of the Central,
South-Western and Southern gas-bearing areas of
Sichuan confirmed the mechanism of formation of
deposits due to degassing of hydrocarbons from
formation waters [7].

The mechanism of gas fields formation in
Western Siberia (Russia) is seen in the release of
dissolved gas from the Cretaceous aquifer complex
due to lower formation pressures and temperatures
during its geodynamic rise in the Quaternary period
[8]. Such conclusions were made by researchers in
the analysis of petrophysical, hydrodynamic, hydro-
chemical characteristics of aquifers and isotopic
studies of hydrocarbon components of free and wa-
ter- dissolved gases.

In Ukraine, based on the study of hydrogeo-
chemical characteristics, qualitative and quantitative
characteristics of dissolved gases, the criteria of gas
potential of the Black Sea artesian basin were clari-
fied [9, 10].

For the Carpathian Oil and Gas-Bearing Prov-
ince, it was found that the high gas saturation of wa-
ters and high Pg/Pf (gas pressure/formation pres-
sure) ratio indicate the prospects of Sarmatian sedi-
ments of the Outer Zone of the Carpathian Foredeep
in terms of gas potential. The sediments of the Up-
per Badenian of the central part of the Outer Zone
are characterized by unfavourable conditions for the
preservation of hydrocarbon deposits, due to the
significant content of water-dissolved nitrogen.
Based on the qualitative and quantitative character-
istics of the water-dissolved gases, reservoir thick-
nesses and their porosity parameters, the resources
of water-dissolved gases of the Outer Zone were
quantified. For the Neogene complex, they are 100,
for the Cretaceous - 6, for the Jurassic - 28 billion
m? [11].

According to isotope studies of methane carbon
and carbon dioxide carbon [12], the methane gene-
ra-tion temperatures of the Outer Zone of the Carpa-
thian Foredeep are 40-135 °C. This allowed the re-
searchers to predict the generation of methane at
depths of 2.3-4.3 km. For the Inner Zone of the Car-
pathian Foredeep, the calculated generation temper-
atures are 170-355 °C, which corresponds to depths
of 8-17 km.

The values of 3*C in methane of free gases of
the Carpathian region vary in the range of -70 - -18
%o [13]. The distribution is displayed in the growth
of 83C with depth increasing, and laterally — from
the Outer Zone through the Inner Zone and Folded
Carpathians to Transcarpathia. According to this
researcher, methane and carbon dioxide gases have
thermocatagenetic and thermometamorphic origins,
and their sites do not correspond to the sites of for-
mation.

Pavliukh [14] sees the formation of Bilche-
Volytsia OGBA gas deposits in “the presence of
supplying deep faults, the characteristic of their con-
tact with permeable layers through which gas mi-
grated into the raised structures; the presence of the
formations with good reservoir properties, covered
by aquitards, and the presence of the traps with fa-
vorable conditions for the accumulation of hydro-
carbons and their long-term storage”.

Maievskii and Kurovets [15] consider the
mechanism of formation of hydrocarbon deposits
both in the Carpathian Foredeep and other oil and
gas regions, as pulsation-sequential subvertical (ver-
tical) migration of fluid hydrocarbon systems of
deep genesis by zones of intersection of tectonic
faults.

Despite a certain number of researches on wa-
ter-dissolved gases of Bilche-Volytsia OGBA, the
role of these gases in the mechanism of formation of
hydrocarbon deposits and their oil-gas-bearing crite-
ria are still not fully clarified.

The study aim was to determine the vertical
and lateral gas-hydrogeochemical zonation of the
Bilche-\olytsia oil and gas zone, to assess the role
of water-dissolved gases in the formation of gas
fields with the prospect of predicting new hydrocar-
bon deposits.

Geological structure and oil-gas-bearing-
ness. Bilche-Volytsia OGBA is confined to the Out-
er Zone of the Carpathian Foredeep (Fig. 1). The
Outer Zone from the north-east is separated from the
old East European platform and the young West Eu-
ropean platform by a system of regional tectonic
faults. From the south-west, the formations of the
Inner Zone of the Carpathian Foredeep cover the
Outer Zone. The north-western part of the Outer
Zone is formed by Badenian and Sarmatian sandy-
clay deposits up to 4000-4500 m thick. Most of the

-38 -



ISSN 2410-7360 BicHuk XapKiecbK020 HauioHa/ibHO20 yYHieepcumemy imeHi B.H. KapasiHa

gas fields of Bilche-Volytsia OGBA are connected
with this part of these formations.

Neogene, Cretaceous and Jurassic rock com-
plexes are regionally oil-gas-bearing here. The gas

deposits are associated with Miocene sandstone
reservoirs, oil deposits — with Upper Cretaceous
sandstone reservoirs and Upper Jurassic limestones.
The porosity of sandstones is 18-23 %. The depth of
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Fig. 1. Scheme of oil-gas-geological zoning of western Ukraine [16]

gas deposits varies from 500 to 1500 m, their thick-
ness - from several tens of meters up to 200 m. The
absolute free gas flow rate currently reaches 7 mil-
lion m%/day [17]. In the Bilche-Volytsia OGBA 72
hydrocarbon fields were explored, most of which
are gas fields and only 7 - gas condensate, oil and
oil-gas fields.

Data and research methods. Data on hydro-
geochemical, geothermal, hydrodynamic parameters
of the aquifers, qualitative and quantitative charac-
teristics of water-dissolved and free gases of Bilche-
Volytsia OGBA were obtained from the data funds
of SE "Lvivgazvydobuvannia” and SE "Zakhidukr-
geolo-giia", which were determined during testing
of the boreholes (sampling of formation waters,
measurements of formation pressures and tempera-
tures, degassing of samplers). The total number of
analyzed samples of water-dissolved gases used in
this work is 255.

In this work, the following groundwater param-

eters are calculated and used:

Gas saturation of water — the volume of gas,
dissolved in a unit of water volume under normal
conditions (P = 760 mm Hg, T = 20°C). Gas satura-
tion is the sum of all water-dissolved gases. The sol-
ubility of gases in water depends on the composition
of the gas, the pressure of gas and water, tempera-
ture and TDS (total dissolved solids) in water. At
pressures up to 5 MPa, the solubility of gases is cal-
culating according to Henry's law. In oil and gas
hydrogeology, this method is not used due to much
higher pressures.

Saturation pressure — the pressure at which all
the gas is in a dissolved state. If the formation water
pressure is greater than the saturation pressure, the
water is able to dissolve an additional amount of
gas. If the water pressure is less than the saturation
pressure, then part of the gas is released into the free
phase and under favourable conditions can form
deposits.
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Gas saturation coefficient — is equal to the vol-
ume of water-dissolved gas divided by its solubility
value under appropriate conditions (temperature,
pressure, TDS in water) [18].

To determine the solubility of methane (the
maximum possible content under certain PT condi-
tions) were used graphs of its solubility, based on
expe-rimental studies [19]. First, the solubility of
methane in distilled water (Sqw) was determined at
the appropriate formation pressure and temperature,
then the correction coefficient («) for TDS in water
was determined. The general formula is as follows:

S = Suua, (1)

This method makes it possible to determine the
solubility of methane basing on the same pressure of
water and gas. The results of the calculations per-
formed according to this method generally coincide
with the methane solubility data calculated [20]
based on the equation of state and Pitzer's theory
[21].

The diagrams and tables [1] calculated on the
basis of experimental data [22, 23] were also used to
estimate the solubility of methane in formation wa-
ters at different methane pressures, TDS and water
temperatures. To present the chemical composition
of natural gases, which are the mixtures of several
components, the classification by their prevalent
components [13] was used.

Results and discussion. Water-dissolved gases
of the Upper Jurassic aquifer (Js) were disclosed
by the boreholes in the north-western, central and
south-eastern parts of the Bilche-Volytsia OGBA
and taken in the number of 20 samples.

In the north-western and central parts, water-
dissolved gases were found in the depth interval of
1131-3307 m (the Kokhanivka, Nyklovychi, Rudky,
Hrushiv, Medenychi, Letnia, and Bohorodchany
fields). They had mostly nitrogen-methane composi-
tion. The parts of methane were 76-95 % vol. (% of
volume), nitrogen — 1-11 % vol., homologues of
methane — 0-3 % vol., carbon dioxide — 0.1-3 % vol.
There is a regularity of reducing the portions of me-
thane by increasing the amount of nitrogen at a dis-
tance from gas deposits and deconsolidated areas of
tectonic faults.

In the well intervals far from gas deposits
(boreholes  Nyklovychi-27, Letnia-41), water-
dissolved gases with methane content of 20 and 24
% vol. accordingly, nitrogen — 41 and 51 % vol.,
carbon dioxide — 37 and 24% vol., homologues — up
to 3.16% vol. were discovered.

In the south-eastern part of the Bilche-\olytsia
OGBA, water-dissolved gases were sampled in the
depth interval of 1595-5421 m at the Krasnoilsk gas
field and Lopushna oil field. In the deep reservoirs
of the Lopushnya field, the contents of methane are

65-94 % vol., nitrogen — 1-33 % vol., carbon diox-
ide — 0.3-3.6 % vol., homologues — 0.4-27 % vol. In
the borehole Krasnoilsk-1 (the interval of 1570-
1620 m, 400 m deeper than the existing gas deposit)
water-dissolved gases with a methane content of 52
% vol., nitrogen — 46% vol., carbon dioxide - 1%
vol., homologues — 1% vol. were found.

The gas saturation of the waters of the Upper
Jurassic aquifer in the borehole Lopushna-8 within
the productive horizon was 0.31 m3/m?. In the Kras-
noilsk gas field, the gas saturation of the unproduc-
tive Upper Jurassic horizon was 0.29 m3/m?,

Water-dissolved gases of the Upper Cretaceous
aquifer (K;) were discovered by boreholes in the
north-western and south-eastern parts of the Bilche-
\Wolytsia OGBA and tested in the amount of 8
samples.

In the north-western part, water-dissolved gases
were disclosed in the depth interval of 1129-2500 m
by boreholes of Opary and Uhersko gas fields. They
had nitrogen-methane composition. The content of
methane was 90-93 % vol., nitrogen — 3.8-9.5%
vol., carbon dioxide — 0-2.4% vol., homologues — 0-
0.1% vol.

In the south-eastern part, water-dissolved gases
were discovered by the boreholes of Kovalivka,
Serhii, Lopushna, and Petrivetska areas at depths of
2290-5430 m. The gases had homologues-nitrogen-
methane composition. In Kovalivka field (the inter-
val of borehole perforation 2290-2300 m, which is
deeper than 400 m from the gas deposit), the content
of methane was 70 % vol., nitrogen — 27 % vol.,
carbon dioxide — 1.6 % vol., homologues were ab-
sent. In fact, such composition of water-dissolved
gas, probably, can be considered as a background
for such depths of the Upper Cretaceous aquifer.

In the deep structures of the Carpathian Fore-
deep in the boreholes that did not disclose hydrocar-
bon deposits (Sergii, Petrivetska areas, depths 5047-
5410 m), the contents of water-dissolved methane
were 80-81 % vol., nitrogen — 14-18 % vol., carbon
dioxide — 0.4-2% vol., homologues — 0.9-2 % vol.

In the boreholes of Lopushna oil field (oil de-
posits with a gas cap, depth of perforation 4254-
5430 m) the contents of methane (depending on the
proximity to the deposit) were 80-94% vol., nitro-
gen — 1-4 % vol., carbon dioxide — 0.2-0.6% vol.,
homologues — 0.3-18 % vol.

Data on gas saturation of the Upper Cretaceous
aquifer are absent.

The Lower Badenian aquifer (N1b,) is sporad-
ically distributed in north-western and south-eastern
parts) of the Bilche-Volytsia OGBA. It was studied
for the content of water-dissolved gases in the north-
western parts by boreholes of the areas of Novo-
silky, Rudky, and Pivdennograbynska. The methane
content was 86-98 % vol., nitrogen — 2-9.8% vol.,
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carbon dioxide — 0.2-4.3% vol., methane homo-
logues — 0-4.2 % vol. There is a clear pattern of me-
thane increasing in the approach to gas deposits.
Data on gas saturation of this aquifer are absent.

The Upper Badenian aquifer (Nib2) is wide-
spread in the central and south-eastern parts of the
Bilche-\olytsia OGBA. In the central part, the aqui-
fer for the content of water-dissolved gases was
tested in the interval of depths of 677-1823 m in the
areas of Gai, Kadobno, Hrynivka in the amount of
11 samples. The gases had mainly methane compo-
sition: methane — 89-99% vol., nitrogen — 0.6-10 %
vol., carbon dioxide — 0.16-0.93 % vol., homologues
—0.11-5.29 % vol.

In the south-eastern part, water-dissolved gases
were taken in the amount of 50 samples in the areas
of Pylypiv, Debeslavtsi, Kovalivka, Krasnoilsk in
the depth interval of 189-2040 m. The gases had
also methane, occasionally nitrogen-methane com-
position. The relative content of methane was 62-99
% vol., nitrogen — 0.4-34 % vol., carbon dioxide —
0.03-2.2 % vol., homologues of methane — 0.06-
0.69 % vol. It is also confirmed a clear regularity of
methane content increasing in the approach to a gas
deposit, as well as an increase in the relative con-
tents of methane homologues with depth.

The lateral distribution of water-dissolved me-
thane in the Upper Badenian aquifer is reflected in
the increasing of its relative portion from the East
European platform in the direction of the Carpathian
deep structures (Fig. 2) with the deepening of the
aquifers and increasing of hydrogeological isolation
es. The increase of methane portion is due to the
decrease of nitrogen and carbon dioxide portions.
The high methane contents are also spatially corre-
lated with transverse tectonic faults, which may de-
tect them as ways of vertical migration of water-
hydrocarbon mixtures.

The gas saturation of the waters varies in the
range of 0.2-1.3 m*m3, in some cases reaching 6
m3/m3 (Krasnoilsk gas field).

The Lower Sarmatian aquifer (N1s:) is distrib-
uted in the north-western and central parts of the
Bilche-\olytsia OGBA.

This aquifer was tested for the content of water-
dissolved gases in the areas of Dashava, Uhersko,
Grudiv, Letnia Medenychi, Grushiv, Dovhiv, Tyniv,
Susoliv, Mainychi, Gorodok, Novosilky, Zaluzhany,
Pyniany, Sadkovychi, Khidnovychi, Wyshnia,
WWzhomlia, Kokhanivka, Svydnytsia, Bohorodchany
in the amount of 141 samples in the interval of
depths 310-2445 m.

The gases had mainly methane, occasionally ni-
trogen-methane composition. The portion content of
methane was 69-99 % vol., nitrogen — 0.2-28 %
vol., carbon dioxide — 0.1-4 % vol., homologues —
0.03-60 % vol. The gas saturation of waters of the

Wyzhomlia field was 0.20-0.34 m*/m3, the gas satu-
ration was increasing from 0.5 to 2 m*m? in the
Khidnovychi field with depth and approaching to
the deposit.

In the lateral plan of the north-western part of
Bilche-\olytsia OGBA, the content of water-
dissolved methane spatially clearly correlates with
TDS in water (Fig. 3, Fig. 4), the high values of
which shows the structures of high hydrogeological
isolation. More open hydrogeological structures are
characterized by smaller amounts of methane due to
increased nitrogen content (Fig. 5).

The statistical analysis of the gas-hydrogeo-
chemical system of the set of aquifers of Bilche-
\Wolytsia OGBA (Table 1) did not reveal the correla-
tions of methane, nitrogen and carbon dioxide either
with the depth of the aquifer or with the geochemi-
cal characteristics of formation waters. High inverse
correlations exist between methane and nitrogen and
carbon dioxide. This situation indicates different
nature of gases and different ways of gas saturation.
Obviously, the spatial-temporal mechanisms of pen-
etration of these gases into water also are different.

The contents of methane homologues are di-
rectly correlated with the depth of the aquifer, TDS
in water, the contents of Na*, Ca?*, Cl-, Br-ions. The
highest amounts of water-dissolved methane homo-
logues are typical for the Jurassic and Cretaceous
aquifers of the submerged south-eastern part of the
Outer zone of Carpathian Foredeep. In fact, these
aquifers are characterized by high values of TDS in
water (up to 300 g/dm?®) due to high concentrations
of Na*, Ca?*, ClI-, SO,> and other ions [25].

These aquifers lie here at depths of 4000-5500
m. The contents of methane homologues in the for-
mation waters which contact with oil or gas deposits
(Lopushna oil field) are 6-27% vol. and directly cor-
relate with proximity to the deposit. With the dis-
tance from the deposit, and in boreholes that have
not opened hydrocarbon deposits, the proportion of
methane does not exceed 80 % vol., homologues —
2% vol. However, the nitrogen content here reaches
30 % vol., carbon dioxide — 2 % vol. [26].

According to research [27], the correlation of
water-dissolved methane homologues contents with
depth in comparison both between individual fields
of Bilche-Volytsia OGBA and between deposits
within one field is a consequence of vertical gas
mixtures migration and their gravitational differenti-
ation on the ways of traps filling.

Statistical pairwise relationships between the
components of water-dissolved gas and the depth of
the aquifer in the Bilche-Volytsia OGBA also con-
firm the correlation of depth only with the contents
of methane homologues. The linear dependence of
the contents of methane homologues with the values
of formation pressures and temperatures, which are
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Table 1

Correlation matrix of parameters of the gas-hydrogeochemical system
of the set of aquifers of Bilche-Volytsia OGBA (R threshold value = 0.22, N = 177)

D* | CHa | N2 | COz | H** | TDS | Na+K

Ca Mg | NHs | ClI SO

rNa/

HCOs | Br J Cl

D* 100 | -0,13 | 0,03 | 0,10 | 0,58 | 0,71 0,71

0,73 | 027 | 032 | 0,71 | 0,04 0,17 0,33 | 0,04 | -0,01

CH4 -0,43 | 1,00 | -0,95 | -0,72 | -0,11 | -0,16 -0,15

-0,16 | -0,15 | -0,08 | -0,16 | -0,06 0,11 -0,15 | -0,02 | 0,12

N2 0,03 | -095 | 100 | 0553 | -0,02 | 0,10 0,09

012 | 0,14 | 005 | 0,11 | 0,06 -0,13 0,08 | 004 | -0,12

CO2 010 | -0,72 | 053 | 1,00 | 0,08 | 0,04 0,04

0,00 | 0,09 | 0,12 | 0,04 | 0,08 -0,05 0,03 | -0,04 | -0,06

H** 058 | -0,11 | -0,02 | 0,08 | 1,00 0,56 0,57

055 | 0,12 | 0,14 | 056 | -0,01 -0,03 0,26 | -0,04 | -0,11

TDS 0,71 | -0,16 | 0,10 | 0,04 | 056 | 1,00 0,99

092 | 063 | 051 | 1,00 | 0,16 -0,25 0,63 | 022 | -0,47

Na+K | 0,71 | -0,15 | 0,09 | 0,04 | 0,57 0,99 1,00

088 | 0558 | 048 | 0,99 | 0,12 -0,25 0,65 | 0,26 | -0,46

Ca 0,73 | -016 | 0,12 | 0,00 | 055 | 0,92 0,88

1,00 | 05 | 049 | 0,93 | 0,03 -0,22 044 | 006 | -0,45

Mg 027 | -015 | 0,14 | 009 | 0,12 | 0,63 0,58

055 | 1,00 | 056 | 0,62 | 0,70 -0,27 049 | 014 | -0,48

NH4 032 | -008 | 005 | 0,12 | 0,14 | 051 0,48

049 | 056 | 1,00 | 051 | 0,24 -0,18 0,30 | -0,05 | -0,43

Cl 0,71 | -016 | 0,11 | 0,04 | 056 | 1,00 0,99

093 | 062 | 051 | 1,00 | 0,13 -0,27 0,63 | 022 | -0,49

SO 0,04 | -0,06 | 0,06 | 0,08 | -0,01 | 0,16 0,12

003 | 0,70 | 0,24 | 0,13 | 1,00 -0,08 0,13 | -0,01 | -0,05

HCOs | 017 | 011 | -0,13 | -0,05 | -0,03 | -0,25 -0,25

-0,22 | -0,27 | -0,18 | -0,27 | -0,08 1,00 -0,23 | -0,14 | 0,65

Br 033 | -015 | 0,08 | 0,03 | 0,26 | 0,63 0,65

044 | 0,49 | 030 | 0,63 | 0,13 -0,23 1,00 | 0,58 | -0,39

J 0,04 | -0,02 | 0,04 | -0,04 | -0,04 | 0,22 0,26

0,06 | 014 | -0,05 | 0,22 | -0,01 -0,14 058 | 1,00 | -0,09

rNa/

-0,01 | 0,12 | -0,12 | -0,06 | -0,11 | -0,47 -0,46
rCl

-0,45 | -0,48 | -0,43 | -0,49 | -0,05 0,65 -0,39 | -0,09 | 1,00

*D - depth; **H - methane homologues

generally functions of the depth of the aquifer, has
been recognized. There are no clear dependences of
gas saturation on the depth, pressure and tempera-
ture of aquifers.

The growing of gas saturation of deep ground-
waters in the Bilche-Volytsia OGBA is primarily
due to the increase of the methane content, which is
confirmed by a clear linear relationship between
these parameters. At the same time, clear inverse
linear dependences of water gas saturation with
rNa/rCl values and sulfate contents in waters aredis-
played. It is known that reduced values of rNa/rCl
and sulfates in water indicate a closed hydrodynam-
ic system, which is most favourable for the preser-
vation of hydrocarbon accumulations [5].

The distribution of free gas contents with the
depth of the gas deposits in the Bilche-Volytsia
OGBA reflects the predominance of methane, the
amount of which is 90-99% vol. in the range of
depths of 300-2000 m. In the interval of depths of
4000-5000 m its contents decrease to 65-90% vol.
by increasing the contents of its homologues to 30%
vol. The contents of nitrogen and carbon dioxide do
not change significantly with depth increasing.

The coefficient Ar-100/N>, proposed Savchenko
[28] to determine the portion of "non-air" nitrogen,
in most samples of water-dissolved gases is less
than or close to 2.68 (for fresh water in surface con-
ditions it is 2.68). Moreover, the distribution of this

coefficient values does not correlate with the depth
of gas-saturated aquifers. At the same time, the val-
ues of Ar-100/N, are quite closely inversely corre-
lated with the values of rNa/rCl, the reduced values
of which reflect long-term ion exchange processes
between waters and water-bearing rocks in condi-
tions of stagnant hydrodynamic regime.

Taking into account that the main amount of
argon in gases of air origin, we can talk about the
enrichment of the deep groundwaters of the Bilche-
\Wolytsia OGBA with nitrogen of non-air origin. The
source of nitrogen in water of the stagnant hydrody-
namic regime areas is considered to be organic mat-
ter of rocks, bound nitrogen of rocks released during
metamorphism, nitrogen of deep genesis [29,30].

Conclusions. 1. Nitrogen-methane composition
of water-dissolved gases of the Upper Jurassic and
Upper Cretaceous aquifers in combination with spe-
cific geochemical characteristics of groundwater of
the north-western and central parts of the Bilche-
\Volytsia OGBA indicate the open hydrodynamic
conditions, which, in general, are unfavourable for
the formation and preservation of hydrocarbon de-
posits. Only within certain local closed structures
there is a possibility to preserve the deposits.

2. In deep-submerged reservoirs of the south-
eastern part of this area, water-dissolved gases of the
Upper Jurassic and Upper Cretaceous aquifers are
characterized by high contents of methane homo-
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logues, the portions of which increase with ap-
proaching to oil deposits (Lopushna field). Also,
when approaching the deposits, the gas saturation of
the waters increases.

Unproductive aquifers are characterized by low
gas saturation and high nitrogen content.

3. In the Upper Badenian aquifer, water-
dissolved gases are mainly methane, occasionally
nitrogen-methane. A clear regularity in the growth
of methane contents as it approaches the gas depos-
it, as well as an increase in the relative contents of
methane homologues with depth.

The lateral distribution of water-dissolved me-
thane is presented in the growth of its portions from
the West and East European platforms in the direc-
tion of the sub-submerge of the Carpathians, which
is due to an increase in the degree of hydrogeologi-
cal closure of structures. Increased methane contents
also spatially tend to transverse tectonic faults,
which determines their role in the vertical migration

4. Water-dissolved gases of the highly produc-
tive Lower Sarmatian aquifer are mainly methane,
occasionally nitrogen-methane. The gas saturation
of the waters directly correlates with the proximity
to gas deposits.

Laterally, the portion of water-dissolved metha-
ne is directly correlated with TDS of water, the high
values of which accordingly reflect the structures of
a high degree of hydrogeological stagnation.

5. Statistical analysis of the system of dissolved
gases of the Bilche-Volytsia OGBA revealed high
inverse correlations between methane and nitrogen,
methane and carbon dioxide, which indicates their
different sources of origin and spatio-temporal
mechanisms of water saturation with these gases.

6. Deep hydrodynamically closed aquifers of
the Bilche-Volytsia OGBA often are marked by high
nitrogen contents of non-air origin. Its source can be
rock organic matter, bound rock nitrogen released
during metamorphism, nitrogen of deep genesis.

of water-hydrocarbon mixtures.
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I'azo-ruaporeoxumuyeckue ycjaosusi buibue-Boauukoro
HedTerazoHocHoro paiiona (Ilpexkapnarckuii npornd, YkpauHa)

Bacunuii FOpvesuu Iapacumuyx?,

K. T€OJL. H., CT. HayK. COTp. JJaAOOpaTOpUH MPOoOIEM Te03KOIOTHH,

'MHCTUTYT Teonoruy ¥ reoXUMHUH FOPIOYUX HOJIE3HbIX HckonaeMbix HAH YikpauHsl,
yn. Hayunas, 3a, . JIeBoB, 79060, Ykpauna;

Tanuna Bozoanoena Medsuow',

K. T€OJI. H., PYK. Ja0OpaTOpuu MpoOJIeM Ir'e0dKOJIOTHH;

Tamwsana Bacunveena Conoseii?,

1. TeoTp. H., Ipodeccop,

[TonbcKuii reonoOrudecKuii HHCTUTYT — HallMOHAJBHBIN HAayYHO-HMCCIe[0BATEIbCKUM HHCTUTYT,
yin. PakoBerkas, 4, 00-975 Bapmasa, [Tonbma

Bunsae-Bonnuknii HedrerazonocHsiit parion (HI'P) sBnsercs kpymHeidmuM 1o 3amacaM yrieBopoponos B Kap-
MaTCKOHM He(Tera3oHOCHOM NMPOBUHLMK YKpanHbI. 31€Ch OTKPBITO 72 MECTOPOXKICHHUS Ta3a U ra30BOro KOHJEHcaTa U 3
MecTopoXkJeHusl HedTu. PacTBOpeHHbIE B BOze ras3bl B pa3Be/IbIBATENbHON HE(PTEra3oBON I'MIPOIE€OJIOTHHU SBISIOTCS
OCHOBHBIMHU KpHUTEpHUsIMH HedTerazoBoro noreHnuana. Vix KonmuecTBeHHbIE U KaueCTBEHHbIE XapaKTEPUCTHKH MO3BO-
JISIFOT U3YYHTh YCJIOBHsI 00pa3oBaHMS M COXPAHEHHs MECTOPOXKICHHUH YINICBOIOPOAOB M OIPENEIUTh NEPCIEKTHBHBIE
paifonsl noucka. llenbio uccnenoBaHus OBUIO YCTAaHOBUTH BEPTHKAIBHYIO U JATEPaIbHYIO ra30-THAPOrE€OXUMHUYECKYIO
30HanbpHOCTh bunpue-Bonmnnkoro HI'P, oneHnTs poib pacTBOpEHHBIX B BOZAE I'a30B B (hOPMHUPOBAHHH Ta30BBIX MECTO-
POXICHUH C TIEPCHEKTUBON MTPOTHOZNPOBAHMS HOBBIX 3aJIeKeH yIIIeBOIOPONOB. MeToabl MCCIeI0BaHUs 0a3upOBaINCh
Ha MHTEpIpEeTalui KOMIIOHEHTHOTO COCTaBa BOAOPACTBOPEHHBIX I'a30B, pacUeTa U MHTEPIPETALUYU Ia3HACHIILEHUS BO-
b, TaBJICHHS HACBHIMCHNMS, KO3 QUImeHTa HACHIIEHN BOABI Ia3oM. [l onpeneneHust pacCTBOPIMOCTH MEeTaHa ObLIH
UCTIONb30BaHbl Tpa(MKM Ha OCHOBE SKCIIEPUMEHTAIBHBIX MCCIIEA0BAHMHA M PACUETOB C HAYYHBIX ITyOnmukanuil. Mcxon-
HBIE JaHHBIE MO THAPOr€OXMMUYECKHUX, T€OTEPMUYECKHX, THAPOINHAMUYECKHUX MTapaMeTPax BOJOHOCHBIX TOPH30HTOB,
KaueCTBEHHBIX U KOIWYECTBEHHBIX XapaKTepUCTHK, PACTBOPEHHBIX B BOJIE U CBOOOIHBIX ra3oB bunsue-Bomuikoro HI'P
OBUTH OmpeesieHbl IIPU UCIIBITAHUN CKBKUH. Pe3ynbTaThl MCCIEAOBAHUI TMOKa3alH, YTO YAaCTHUIBI PACTBOPEHHOTO B
BOJIC METaHa yBEJIMYHMBAIOTCS CO CTOPOHBI 3araaHo- ¥ BocrouHoeBponelickoii miaTtgopM B HaNpaBiIeHUH TOTPYKEHUS
Kapmar, uto sBiseTcs cnencTBUeM 0oiee BBICOKOH CTETIEHN THAPOre0NIOrHIeCKO 3aKpBITOCTH CTPYKTYpP. YCTaHOBIICHO,
YTO PACTBOPEHHBIN B BOAE METaH, a30T M YIJIEKUCIBIHM ra3 UMEIOT pa3IMyHble HCTOYHUKH MIPOUCXOXKICHUS U pa3INYHbIe
MIPOCTPaHCTBEHHO-BPEMEHHbBIE MEXaHW3Mbl HACBIIIEHHS BOJbI. | MAPOAMHAMUYECKH 3aKpPbIThIE CTPYKTYpHI (Oiaronpu-
SITHBIE JUI 00pa30BaHUs M COXPAHEHHS MECTOPOXICHUH YITIEBOAOPOJIOB) XapaKTEPU3YIOTCS BHICOKUM OTHOCHTEIBHBIM
1 abCONIOTHBIM COJIEpP’KaHWEM PACTBOPEHHOTO MeTaHa. [1OBBIIIEHHOE copep)KaHWe MeTaHa TakKe MPOCTPAHCTBEHHO
TATOTEET K 30HAM IONEPEUHBIX TEKTOHHMYECKUX PAa3JIOMOB, YTO YKa3bIBAET HA UX POJIb B BEPTUKAIBHOM TPAHCIIOPTUPO-
BaHHH BOJHO-YITIEBOJOPOIHBIX CMECEH.

Knrouesvie cnosa: bunvue-Boruykuil neghmeza3oHOCHbIL patioH, 8000pACMBOPEHHbLE 2A3bl, 2A30HACHIUEHHOCHDb
8000l
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ByJ1. PakoBerpka, 4, 00-975 Baprmrasa, [Tonbina

Binsue-Bomumpkuii HadTorazonocHuii paiton (HI'P) e maiibinpmnm 3a 3amacamu BynieBogHIB y Kapmarcekiii Had-
TOra3oHOCHIH npoBiHWil Ykpainu. TyT BigkpuTo 72 pomoBHINa rasy Ta ra3oBOr0O KOHAEHCATy Ta 3 poJOBHIIAa Ha(TH.
PozunHeHi y Bozi ra3u B po3BigyBalibHIN HadTOra3oBiil rigporeosorii € OCHOBHUMH KpUTepisiMu HadTOra3oBOro motre-
Huiany. X KinbKicHi Ta sIKiCHi XapaKTepUCTMKH J03BOJIAIOTh BUBYMTH YMOBH YTBOPEHHS Ta 30epesKeHHs POJIOBMIIL BYT-
JIEBOJHIB Ta BU3HAYMTH IEPCIIEKTHBHI paioHM MOIIyKy. MeToro nociipkeHHs Oylo BHSBUTH BEPTHKAIBHY Ta JlaTrepa-
JIbHY Ta30-TiAPOreoXiMiuHy 30HaNbHICTH binpue-Bomuubskoro HI'P, omiHuTH ponb po3uMHEHHUX y BOI ra3iB y (opmy-
BaHHI Ta30BUX POJOBHII 3 IEPCIIEKTUBOIO MMPOTHO3YBAaHH HOBUX ITOKJIQAIB BYIJICBOAHIB. MeTOIU TOCIiIKEHHS Oa3yBa-
JIUCSl HAa THTepIpeTamii KOMIOHEHTHOTO CKJIaay BOJAOPO3YMHEHHX Ta3iB, PO3paxyHKy Ta iHTEpHpeTallii ra30HaCHICHHS
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BOJIM, TUCKY HaCHUYCHHs, koe(illieHTa HaCHYEeHHsI BOAY ra3oM. [ BUSHaUCHHSI PO3UMHHOCTI MeTaHy OyJIM BUKOPHCTaHi
rpadiku Ha OCHOBI EKCIIEPUMEHTAILHHUX JIOCIIJUKEHb Ta PO3PaxyHKiB 3 HayKoBHX IyOmikanii. ITouarkoBi naHi mono
TiJIpOreoXiMIiuHUX, TEOTEPMIYHUX, TIAPOANHAMIYHUX MapaMeTpiB BOJOHOCHHMX TOPU3OHTIB, SKICHHX Ta KUIBKICHUX Xa-
PaKTEepUCTHUK PO3UYMHEHUX y BOJI Ta BUIbHMX rasiB binsue-Bommubskoro HI'P Oynu Bu3HaveHi mij vac BUNpoOyBaHHS
CBEpAJIOBHH. Pe3ynbraTu NOCIHiIKEHb MOKA3al, 1[0 YacTKW PO3UYMHEHOTO Y BOJI MeTaHy 30UIBIIYIOTHCS 31 CTOPOHH
3axigHo- Ta CXiTHOEBpONEHCHKOI TIaTGopM y HANpsAMKY 3aHypeHHs Kapmat, mo € Hacmi koM OiLTbII BUCOKOTO CTYTICHS
TiIpOTeoIoTivHOl 3aKPHUTOCTI CTPYKTYp. BecTaHOBICHO, 1110 pO3UYMHEHNH YV BOJI METaH, a30T Ta BYIJICKUCINH ra3 MaloTh
Pi3HI IKepena MOXOMKEeHHS Ta Pi3Hi MPOCTOPOBO-YacOBI MEXaHi3MH HACHYCHHS BOAU. [iIpoIMHAMIYHO 3aMKHYTI CTPY-
KTypH (CTIPHATINBI TSI YTBOPEHHS Ta 30€PEKEHHS POJOBHUII BYIJIEBOJHIB) XapaKTEPU3YIOThCS BUCOKHM BiJHOCHHM Ta
aOCOIIOTHAM BMICTOM PO3YHHEHOTO MeTaHy. [1inBHIIeHnT BMICT MEeTaHy TaKoX IMPOCTOPOBO TSDKIE IO 30H MOIIEPEYHUX
TEKTOHIYHHX PO3JIOMIB, 1110 BKa3ye Ha iX pojib y BEPTHKAILHOMY TPaHCIIOPTYBAaHHI BOIHO-BYIVIEBOIHEBUX CyMiIIeH.
Kniouosi cnoga: binvue-Bonuyvkuii nagpmoza3oHocHuli paiiot, 6000pO3UUHeHi 2a3u, 2A30HACUYEHICIb 800U.

BHecoK aBTOpIiB: BCi aBTOpM 3p06V|J1M piBHVIf/'I BHECOK Y Uto p060Ty Hagiiwna 16 cepnHa 2021 p.
MpuitHaTa 2 BepecHa 2021 p.
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