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PROSPECTS FOR THE GAS AND CONDENSATE PRODUCTION
FROM THE SOUTH HRABYNE ZONE
OF THE PRECARPATHIAN FOREDEEP

The main problems of prospecting and exploration of gas and gas condensate fields in the lithological and
stratigraphic strata of the southwestern and central parts of the Bilche-Volytsia zone are due to the complex
tectonic and lithological and stratigraphic conditions for the hydrocarbon deposits formation. The objective
factors include the complex geological structure of reservoir rocks due to tectonic disturbances in the process of
trap formation, the presence of various types of voids and clay material, as well as flooding of productive
formations at the final stage of development. In addition, it is necessary to note the decrease in the information
content and efficiency of both ground and borehole electrical exploration. At the same time, lithotypes with a
complex petrographic and petrophysical thin layer structure of the rock matrix are observed in the Neogene
deposits. Thus, in order to increase the information content of the results of geophysical well surveys (GWS) and
the efficiency of hydrocarbon prospecting, it is necessary to form an optimal set of the latest geophysical
methods, in particular: high-frequency induction logging with isoparametric sounding (HFILIS), nuclear
magnetic logging (NML), as well as acoustic and radioactive studies. The introduction of this type of innovation
will increase the information content of geological and geophysical studies. The main basis of this approach is
the petrographic and petrophysical base for specific territories and prospecting areas. In view of the foregoing,
we identified gas-saturated reservoir rocks, established the structure of their seal rocks, as well as determined the
effective thicknesses of rocks and developed correlation schemes for their distribution within the Sarmatian,
Badenian, and Helvetian deposits.

Key words: gas-saturated reservoir rocks, petrophysical parameters, water saturation and flooding of rocks,
fracturing, cavernosity, a complex of geophysical studies, tectonic disturbances.

Introduction petrophysical models of deposits, taking into account
production drilling data, as well as the results of
reinterpretation of seismic survey materials and
geophysical well surveys using modern technologies.

Increasing the information content of the geological
and geophysical work results in the process of studying
complex lithological and stratigraphic sections, as
well as the structure of the rocks performing them will
help identify new objects of gas and condensate
accumulation, and will also significantly increase the
volume of hydrocarbon reserves by increasing the gas
recovery factor. Taking into account the peculiarities
of the geological structure of the Neogene lithological
and stratigraphic strata, it becomes necessary to justify

The main part of hydrocarbons not withdrawn
during the development of oil and gas fields is due to
the complex structure of the reservoir rocks matrix of
the lithological and stratigraphic strata of the Bilche-
Volytsia zone of the Precarpathian foredeep (Fig. 1).
A common problem is to establish reliable results of
geophysical well surveys (GWS) obtained in prospecting
and exploration wells that uncovered the Neogene
stratum, due to their thin-layer structure with a
rhythmic change in the physical, mechanical and
petrophysical parameters of rocks.

According to the results of geological survey work
at the South Hrabyne, gas and condensate deposits are

formed in rocks with a complex matrix structure. As a
result, they have different types of porosity (fractured,
cavernous, and granular), which greatly complicates
the identification of reservoir rocks and obtaining
unambiguous conclusions about their productivity. In
this case, the identification of this type of reservoir
rocks occurs due to the construction of new information

© D. Fedoryshyn, A. Trubenko, S. Fedoryshyn, I. Mykhailovskyi

the information content of complex methods of
geological and geophysical studies. Optimization of
the complex of geological and geophysical studies
will make it possible to unambiguously identify
reservoir rocks, assess the nature of their saturation,
and establish the limiting values of the porosity and
petroleum saturation coefficients.
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Fig. 1. Overview map of the Bilche-Volytsia zone of the Precarpathian foredeep
[Krupskyi, 2001]

State-of the-art

Taking into account that the production of
hydrocarbons from prospecting and exploration wells
in the fields within the territories of the Bilche-
Volytsia zone of the Precarpathian foredeep requires
the availability of reliable geological and geophysical
information, many geologists and geophysicists
devoted their scientific works to the study of the
geological, tectonic and physical conditions for the
formation of productive reservoir rocks in the process
of sedimentation and storage of hydrocarbons
[Honarpour, Nagarajan and Sampath, 2006; Tissot and
Welte, 1984; Larsen and Fabricius, 2004; Catuneanu,
2006; Miall, 2000, 2006]. A significant role in the
study and research of the geological structure of the
lithological and stratigraphic strata of the Cenozoic
and Mesozoic erathems was played, e.g.:
Yu. M. Senkovskyi, 2018; O.S. Stupka, 2010;
M. I. Pavliuk and 1. M. Naumko, 2009; V. V. Kolodii,
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2010; Yu. Z. Krupskyi, 2001; Kh. B. Zaiats, 2013;
V. Yu. Maksymchuk, V. O. Fedyshyn, 2005;
D. D. Fedoryshyn, 1999; Ya. H. Lazaruk, 2013;
H. Yu. Boiko, 1989; et al.

In particular, in work Yu. Z. Krupskyi [Krupskyi,
2001] substantiated and established the gas-and-oil
presence and prospects of the Mesozoic and Cenozoic
strata. He determined and established the patterns and
conditions for the hydrocarbon deposits formation in
tectonic and geomorphological conditions. In their
works, Kh. B. Zaiats [Zaiats and Havrylko, 2007,
Zaiats, 2013] and [Ya. H. Lazaruk, 2013] justified
the formation of tectonic faults and the creation of
structural objects potentially rich in hydrocarbons
[Lazaruk, et al., 2013]. In their works, D. D. Fedoryshyn
[Fedoryshyn, 1999] and V. O. Fedyshyn [Fedyshyn,
2005] identified productive reservoir rocks, substantiated
their petrophysical parameters, and built graphical
petrophysical dependencies.
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In addition, they highlighted and substantiated new
methodological approaches to the assessment and
study of the tectonic and stratigraphic structure of the
Bilche-Volytsia and Boryslav-Pokuttia zones, and also
established the prospects for reservoir rocks within the
Mesozoic and Cenozoic erathems. Based on the core
experimental studies results, the condensed values, in
particular, the coefficients of porosity, permeability,
water saturation, and residual water saturation for
complex reservoir rocks were established.

Depending on the peculiarities of the geological
structure of the Neogene lithological and stratigraphic
strata, it becomes necessary to substantiate complex
methods of geological and geophysical studies. As a
result of this approach, there will be an unambiguous
identification of reservoir rocks, as well as an
assessment of their saturation nature and the establishment
of limit values for the calculation parameters.

Uninvestigated Parts
of General Matters Defining

To solve these problems, it is necessary to identify
and classify reservoir rocks, evaluate their effective
thickness, establish the matrix structure, as well as set
limit values for petroleum saturation coefficients with
justification of the conditions for hydrocarbon extraction.

Statement of Basic Materials

Analysis of the results of prospecting and
exploration works results within the Bilche-Volytsia
zone of the Precarpathian foredeep [Pavliukh, 2009]
made it possible to establish the structural features of
the reservoir rocks of the Neogene deposits and
determine the distribution directions of the Sarmatian,
Badenian, and Helvetian deposits. In order to perform
laboratory petrophysical studies, an information
collection of core material and thin sections was
formed to establish the limit values of the calculated
parameters of productive horizons reservoir rocks.
Experimental studies of the structure and texture of
the selected core material of lithological and
stratigraphic thin sections of the Sarmatian and
Helvetian stages were carried out in the laboratories of
the territorial subdivision of the Zakhidukrheolohiia
State Geological Enterprise, lvano-Frankivsk National
Technical University of Oil and Gas and the Lviv
branch of the Ukrainian State Geological Prospecting
Institute.

According to results, it was found that in most
rocks of the Neogene are sandstones of greenish-grey
and brownish-grey colour, which is due to the content
of glauconite, as well as the presence of uneven-
grained (from fine- to medium-grained) dense, calcareous,
calcareous lithotypes in some cases with lenticular
inclusions of silicon [Prokopiv and Fedoryshyn, 2003].

Siltstones of the Sarmatian sediments are dark grey
with a slight greenish tint, limestone, hard, slightly
micaceous.

The Helvetian sediments include sandstones and
siltstones, as well as marls (Baraniv suite), from which
a collection of 47 samples was formed for experimental
research. According to the studies of lithological and
stratigraphic Neogene horizons , fine-grained, quartz
sandstones with porous, carbonate cement were found.
In some cases, rocks with semi-rolled quartz grains of
a sustained size (from 0.15 to 0.3 mm) are distinguished.
They make up the main part of the clastic mass, while
individual well-rolled grains of size (0.5-0.9) mm are
no more than 1-2 %. The cement of the Sarmatian
stage rocks is represented by recrystallized fine-
grained calcite (Fedoryshyn, et al., 2016).

The rocks of the Helvetian Stage are underlain by
organogenic and detrital as well as fine and detrital
limestones of the Turonian stage. The cryptocrystalline
rock groundmass is saturated with small skeletal
fragments, most of which cannot be identified.
Fragments of single crystals of echinoderm inclusions’
skeletons, as well as particles of spicules and
incomplete shells of foraminifera, are confidently
references .

The Baraniv suite marls serve as the seal for the
Helvetian stage. According to their structure, marls are
clayey, limestone, and organogenic with the content of
foraminifers. In addition, they may contain sandy and
silty inclusions. The main carbonate and argillaceous
pelitomorphic mass contains inclusions of numerous
organic remains, i.e. foraminifera (globigerine,
globorothalia, glombelins and more massive shells).
Individual inclusions References of foraminifera
are sometimes filled with significant amounts of
glauconite or pyrite. In individual sections of silty and
sandy rocks, small fragments of shells, brachiopods,
ostracods, and phosphate residues are observed. This
mass of remains contains angular grains of quartz of
0.02-0.25 mm in size, as well as liquid grains of
glauconite from a mixture of dark brown organic
matter, bitumen, and nests (caverns) filled with
kaolinite. A characteristic feature is the shells filled
with pure limestone material.

The porosity coefficient of reservoir rocks, which
are considered when calculating reserves, varies
within 14.0-17.5 %; with a permeability of (0.18—
52.9) x 10" um?. The carbonate content of the studied
samples fluctuates in the range of 0.7-32.2 %.

The coefficient of seal rocks porosity is 1-2.9 %;
carbonate content is 41.2-57.2 % with permeability of
(< 0.01-0.03) x 10 um?.

The core material, which was taken from the
rocks of the Lower Sarmatian sediments from the
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horizons of the lower Dashava subsuite (ND-10,
ND-11, ND-13), is represented by interbedding of
grey sandstones, grey and dark grey brittle
siltstones, limestone mudstones with interlayers of
tuffs and tuffites that are insignificant in thickness.
The reservoir rocks of this type of geological
section are terrigenous sandy and siltstone

interlayers represented by fragile and weakly
cemented siltstone fragments.

From the horizons of the lower Dashava subsuite
the ND-10 horizon, a core was taken from wells No. 6
and No. 9-SH (Fig. 2) for laboratory analysis in order
to establish petrophysical and physical parameters and
substantiate their limiting values.

/
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/'\ gypsum-anhydrite horizon | - geological section

Fig. 2. Structural map of the reflecting gypsum and anhydrite horizon based on drilling data.
[Lazaruk, 2009]

It should be noted that during the core sampling,
mainly the densest varieties of rocks, the capacitive
and filtration characteristics of which do not determine
the porosity and permeability of the reservoir rocks as
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a whole along the section of the Neogene sediments,
were recovered.

The Sarmatian and Helvetian sediments composed
of rocks that, according to the conditions of accumulation,
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are classified as sedimentary, were also discovered
at the South Hrabyne gas field. The reservoir rocks
in this field are sandy and silty varieties, which in
their composition belong to the terrigenous type,
with an intergranular structural structure of the
pore space.

The rocks of the Dashava suite are widespread
in the Bilche-Volytsia zone of the Precarpathian
foredeep. According to its shape and lithological
composition, the Dashava suite is divided into two
subsuites: upper and lower [Krupskyi, 2001].

One of the characteristic features of the Sarmatian
sediments is the rhythm of their structure. At the
bottom of the rhythm there are thin layers of clayey
rocks which are gradually replaced by sandstones and
siltstones towards the top. The rhythm roof in the
Sarmatian stage is almost completely filled with
sandstone and siltstone lithotypes. The rhythm end is
marked by a sharp replacement of sandy and silty
rocks by clays. At the bottom of these clays, layers of
tuffs and tuffites, which are insignificant in thickness,
are often found. These rocks often contain inclusions
of carbonate particles, pyrite, magnesite, potassium,
and ilmenite. The increased presence of iron minerals
inclusions affects the electrical characteristics of the
rocks, which, according to the results of electrical
methods, is marked by a sharp decrease in the
apparent resistivity and infrequent positive anomalies
in the SP diagrams. All these features are widely used
to construct correlation schemes in the Lower
Sarmatian sections.

Based on the results of the interpretation of
GWS materials in the lower Dashava horizons
(ND-5 - ND-13), it was established that the gas
deposits are confined to the sediments of the lower
Dashava suite of the ND-9 horizon, which was
confirmed by the results of its testing. These
horizons sediments are characterized by a thin
layer filled with a huge number of often
interchangeable layers of sandstones, siltstones,
mudstones, and clays. In this case, their ratio
fluctuates over a wide range, where clay
interlayers usually dominate. Then the geophysical
characteristic of this section type takes the form of
curves in the clay section, which in general creates
a heterogeneous reservoir system, the study of
which by industrial and geophysical methods is a
difficult task.

The Helvetian sediments are also represented by
sandstones with low clay and carbonate content, which is
reflected in the GWS curves, commensurate with the
Sarmatian sediments. The lithologic and stratigraphic
strata of the Helvetian are characterized by a

particularly clear geophysical characteristic against the
background of the gypsum and anhydrite of the Tiras
suite. They occur higher in the section, as well as
sediments of the Baraniv layers and carbonate lithotypes
of the Mesozoic. A characteristic distinguishing
feature of the Helvetian sediments is, in many cases,
anomalously low apparent resistivity and increased
values of natural gamma activity in comparison with
sandstones of the Mesozoic complex.

As a result of petrophysical and X-ray studies
of core samples of Helvetian sediments taken from
wells in nearby areas, it was found in the laboratories
of Ivano-Frankivsk National Technical University
of Qil and Gas and Ukrainian State Geological
Prospecting Institute that they differ from each
other both in mineral composition and in the
cement type [Prokopiv and Fedoryshyn, 2003].
Anomalous lithotypes include reservoir rocks with
cement composition, which includes clay material
of hydromicaceous and montmorillonite types,
which significantly reduces electrical resistivity,
even if they are saturated with gas. Their
distribution patterns are not well understood.
Increased values of gamma ray logging (GRL)
impressions are due to both the influence of clay
formations and the presence of radioactive
elements of the uranthorium series in clay cement
[Trubenko, et al., 2021; Khomyn, et al., 2019].

In the case of the presence of a carbonate
component in the cement of the Helvetian sediments
rocks, the electrical resistivity increases, the natural
radioactivity decreases, and the formations with this
characteristic can be conditionally classified as
monomictic.

Thus, the results of a comprehensive study of
the lithological and stratigraphic structure of the
rocks of the of the South Hrabyne gas field allow
us to confidently carry out lithological subdivision
and correlation of the distribution of productive
rocks within the exploration areas of the Bilche-
Volytsia zone of the Precarpathian foredeep
(Fig. 3, 4).

On the example of the Sarmatian stage
deposits, the substantiation of the prospects for the
production of gas and condensate from the rocks
of the ND-12 and ND-13 horizons of the lower
Dashava subsuite of the Neogene was also carried
out by comparing the geological and petrophysical
parameters established for similar rocks in the
wells No. 7-Bystrytsia, No. 7 North Medenychi,
No. 10-South Hrabyne, No. 6-South Hrabyne and
No. 1-South Hrabyne.
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In the well No. 7-North Medenychi, during
stationary testing of Helvet and Baden reservoir
formations (intervals 1338.0-1335.0 m, 1335.0-
1332.0 m, 1331.0-1323.0 m), an insignificant gas
inflow with traces of condensate was obtained
[Lazaruk, 2009]. When testing the layers of the
ND-9 horizon of the lower Dashava subsuite
(1080.0-1017.0 m), an inflow of a gas and water
mixture was

Taking into account the results of reinterpretation
of GWS methods and operational data obtained in the
course of complex geophysical surveys carried out by
the lvano-Frankivsk Expedition of Geophysical Well
Surveys, a correlation scheme of horizons ND-10 —
ND-14 was built along the line of wells No. 7-
Bystrytsia, No. 7 North Medenychi, No. 10,6-South
Hrabyne, No. 1-Hrabyne (Fig. 5).

The productive horizons have the following
characteristics:

- horizon ND-10 — represented by siltstones with
petrophysical parameters: p,=5-6.50mm; K,=10-
16 %; Kr =60 % (in the wells No. 7-Bystrytsia and
1-Hrabyne — productive);

- horizon ND-11 - represented by siltstones and
compacted siltstones, with p, =4.3-6.3 Omm; K,=10-
15 %; K,=10-15% (in the well No. 1-Hrabyne — gas-
saturated);

- horizon ND-12 - represented by siltstones with
petrophysical parameters: p, = 3.6-5.0 Omm; K= 8-
15 %; Kr=52-60% (in the wells No. 7-Bystrytsia
and No. 7-North Medenychi — gas-saturated);

- horizon ND-13 - represented by siltstones with
petrophysical parameters: p, = 3.6-4.7 Omm; K, = 6—
14 %; Kr=51-53% (in the well 1-Hrabyne — gas-
saturated);

- horizon ND-14 — represented by siltstones
with petrophysical parameters: p, = 3.0-3.5 Omm;
K,=6-10 % (in the well No. 6-South Hrabyne —
water-saturated),

Conclusion

The horizons of the lower Dashava subsuite of the
Sarmatian stage of the Neogene ND-12-ND-13 overlie
the surface of the Kosiv suite. They are represented by
thick strata of micaceous, sandy, limestone clays of
grey and dark grey colour. These strata are separated
by interlayers of sandstones and siltstones; the
thickness of these formations ranges from a few
centimetresto 1 1-2 m.

The optimal GWS set carried out in the wells the
South Hrabyne field, as well as the quality of the

146

obtained materials, made it possible to identify reservoirs,
determine their porosity and permeability characteristics
and effective thicknesses, and evaluate the gas
saturation coefficient of reservoir rocks within the
ND-12, ND-13 horizons.

The porosity of the reservoir formations was
assessed based on the results of the electrical
resistance method interpretation, the acoustic logging
method, the methods of self-driving polarization and
natural radioactivity. The petrophysical basis for
determining the porosity coefficients of reservoirs
based on the GWS results was the correlation
dependencies of the “core-core”, “core-geophysics”
type between open porosity K, and geophysical
characteristics: Py, o, AJ, Aln, AT, etc., which are
established both for the rocks of the Sarmatian stage
of this deposit and for similar deposits in neighbouring
deposits.

Determination of the productive formations gas
saturation was carried out through the interpretation
by the method of electrical resistance, which is typical
for this section reservoirs.

The effective gas-saturated thicknesses of reservoir
rocks of the Dashava suite of the Sarmatian stage
were determined by qualitative and quantitative
criteria, taking into account the limiting values of
porosity coefficients, gas saturation, and other
parameters determined in similar sections of
neighbouring deposits.

Considering the above, we can draw the following
conclusions:

- reservoirs of horizons ND-10-ND-14 of the
lower Dashava subsuite of the Sarmatian stage of the
Neogene in wells No. 7-Bystrytsia, No. 7 North
Medenychi, No. 10, 6-South Hrabyne, No. 1-Hrabyne
are filled with the same type and similar lithological
and stratigraphic sediments;

- they are identical
geophysical characteristics;

- lie at approximately the same depth and are
sustained over the entire area with a change in total
thickness with a slight lithological replacement by
impermeable interlayers or interlayers with degraded
porosity and permeability characteristics.

Accordingly, reservoirs of horizons ND-12, ND-13,
discovered in wells No. 7-Bystrytsia, No. 6-South
Hrabyne, and in the South Hrabyne deposit as a
whole, are promising for the production of gas and gas
condensate.

in their geological and
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[EPCIIEKTUBU BUJIOBYTKY I'A3Y TA KOHAEHCATY INIBAEHHO-I'PABMHCBKOI'O POJOBUIIIA
INEPEJIKAPITATCBKOI'O ITPOTUHY

OcHOBHI TpoONeMH TONIYKiB Ta PO3BIJKM Ta30BHX 1 Ta30KOHACHCATHUX POJIOBHII B JITOJIOTO-CTpa-
TUrpagigHUX TOBIIAX MiBICHHO-3aXi/HOI Ta EHTPAIbHOI YacTHHU binbue-Bonuipkoi 300U 3yMOBIIEH] CKIaHU-
MH TEKTOHIYHHMH Ta JIITOJIOr0-CTpaTurpadivHUMKU yMOBaMH (popMyBaHHs OKJIaiB ByTieBoaHIB. [lo 00’ €eKTUB-
HUX YAHHUKIB MOXHA BIIHECTH CKJIAJHY T€OJIOTIYHY OyIOBY MOPiI-KOJICKTOPIB, IO 3yMOBJICHA TEKTOHITHHUMH
MNOPYIIEHHSMH y Tporieci (popMyBaHHS ITaCTKM, HASBHICTH PI3HOTO THIy IMYCTOT Ta TNIMHUCTOTO MaTepiaiy, a
TaKOXX OOBOJHEHHSAM MPOAYKTHBHUX IUIACTIB Ha 3aBeplIanbHif craaii po3pobku. OkpiM IOro, HE0OXiTHO
BiJI3HAYUTH 3HIDKCHHS iHQOPMATHBHOCTI Ta €()ESKTHBHOCTI CIEKTPOPO3BIAKH SIK HA3€MHOI, TaK i CBEPAJIOBUHHOI.
Pazom 3 1iM, y HEOTCHOBHUX BiKJIAJaX BiMIYAIOTHCS JITOTHITH 31 CKIATHOIO METPOrpadiyHoro Ta meTpodizud-
HOIO0 TOHKOIIAPYBaTOIO OyIOBOIO MATpHIll MOPOaW. TakuM YHMHOM, 3 METOI0 MiJBHIINEHHS iH()OPMATHUBHOCTI
pe3ynbTatiB MeToiB reodizuunux gocmimkers cBepanoBuH (IJIC) Ta eheKTHBHOCTI MOIIYKiB BYTJICBOIHIB,
HEOOXiTHO c(OpMYBaTH ONTUMAIFHUN KOMIUICKC HOBITHIX TeO0(]i3HYHHMX METOIIB, 30KpeMa: BHCOKOTOYHOTO
IHIYKIIHOTO KapoTaXHOTO i3omapamerpuunoro 3oumyBanus (BIKI3), smepro-marniTHOro kaporaxy (SIMK)
pa3oM 3 aKyCTHYHHMHM Ta PaJiOaKTUBHUMH BHMIpPIOBaHHSIMH. BIpOBa/KeHHS TAaKOro THUITy iHHOBAIii TacTb
3MOTY MiJIBHIIATH iH)OPMATHBHICTh T'€OJIOTO-TeOQI3HIHUX AOCTIKeHb. OCHOBHOIO 023010 TAKOTO MiIXOAy €
nerporpagdiyHa Ta meTpodizuyHa OCHOBAa IJISI KOHKPETHHX TEPUTOPIH 1 MOIIYKOBHX IUIONI. 3 BpaxyBaHHIM
HaBeJICHOT'O BUINE HAMU BUAIJICHO B HEOTEHOBUX BiJIKJIaJaX ra30HACHYCHI TOHKOIIAPYBATI MOPOAU-KOJIEKTOPH,
BCTaHOBJICHA OyJ0Ba TXHIX MOPIiI-TIOKPHIIOK, a TAKOXK BU3HAYCHI iXHI €()eKTHBHI TOBIIMHHU 1 TOOYIOBaHI KOpe-
JSIIiHHI cXeMH IXHBOT'O PO3IMOBCIOKECHHS 10 JlaTepalli y MeKax capMaTChKoro, 0aJieHCHKOTO Ta I'eJbBETCHKOTO
SAPYCIiB.

Kniouosi cnoea: razoHacHdeHi MOPOAN-KOJIEKTOPH, METpoQi3UyHI IMapaMeTpH, BOJOHACHYEHHS Ta OOBOA-
HEHHS TIOPiJI, TPIMIUHYBATICTh, KABEPHO3HICTh, KOMILICKC Te0(i3MIHIX TOCIiIKEHb, TCKTOHIYHI TOPYIICHHS.
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