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The paper aims to show the efficiency of a novel estimation technique for oil and gas
in reservoirs in complicate-constructed (non-anticline) traps. In contrast to traditional
techniques, which require tracing two horizons to estimate a complicated trap, this one
uses only one horizon that crosses the reservoir.

The new technique is based on investigating seismic waves' absorption. Absorption
was found to be very sensitive to changes in the percentage of gas in the pore reservoir.
As aresult, the seismic spectrum is depleted of high frequencies. Therefore, absorption is
an important characteristic of rocks, complementing information about their velocity and
reflective properties and increasing the efficiency of geological interpretation of seismic
data. For numerical characterization of a medium's absorption properties, the coefficient
of absorption, logarithmic absorption decrement, and quality of medium Q (the quality
factor Q or simply Q) are utilized. Recently, the concept of O-quality been increasingly
used in foreign literature.

Quality factor can be expressed through the maximum value of elastic energy £,
stored in the sample during a period of load and energy losses AE during the same period.
For large values of O, which are usually observed in practice, Q is inversely proportional
to the absorption coefficient, taking into account the proportionality coefficient.

As stated above, the new method uses the phenomenon of seismic waves absorbing
when they cross reservoirs with hydrocarbons.

The algorithm is close to the expression structure obtained by Hauge in 1981 for explora-
tion of well materials provided that there is no interference in the medium of investigation.
It allows to measure Q from surface seismic reflection data. We adapted it to continuous
measurements along the trace. It also compensates for the reflectivity's corrupting impact.

The second one is presented in a good a seismo-paleo-geo-morphological (SPGM)
technique. The second technique confirms that sand bodies within the Late Serpukhovian
substage are the reason of anomalies appearing as a result of the seismic waves absorp-
tion research.

To prove this, two structural maps were built at the base of paleo-tectonic and paleo-geo-
morphological reconstructions (the SPGM technique). Their interpretation and comparison
with the map derived from seismic waves' absorption data show that the new technique
can be applied while prospecting for hydrocarbon traps. It is planned to continue its ap-
probation within other areas.
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Introduction. Choosing a technique to
search for nonstructural traps with hydrocar-
bons is still a problem. Structural construc-
tions are powerless for lithological, strati-
graphic, facial, and other trap types as such
methods of mapping depositional interfaces'
surfaces do not allow to fix the boundaries
of the lithological replacement of reservoir
rock onto host rock mass [Babadagly et al.,
1988; Karpenko, 2000]. Also, it is necessary
to note that non-anticline (weak) traps within
deep horizons have better conditions for the
preservation of hydrocarbon pools compared
with typical anticline ones [Karpenko, 2000].
One of the conditions of trap existence is its
filling, sealing, and existence in such form till
disbandment.

In general, an environmental trap can oc-
cur within a «pure» monocline in a frame of
some modern structural plane along the roof
of the productive layer and even within nega-
tive noses. Areas with a great gradient of thick-
ness of the geologic complex, which include
productive layers, are the most promising as
concerns zones of reservoir rocks pinch-out.
Bay-shaped forms of such areas are promis-
ing for conditions for hydrocarbon trapping.
Just these areas of «heavy gradients» of con-
solidated origin are characterized by spatially
conservative sedimentation. This makes them
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promising within some productive horizons
simultaneously or at least within one of them
[Babadagly et al., 1988; Karpenko, 2000].

Therefore, a new technique for search-
ing for nonstructural hydrocarbon traps was
elaborated some years ago. It is based on the
phenomenon of absorption of seismic waves'
energy during propagation through a porous
environment filled with gas or oil. As a result,
the seismic spectrum loses high frequencies.
This effect and stages of the method's creation
have been described in detail [Tyapkin, Sha-
dura, 2009; 2010a—c, 2011, 201%; Tyapkin, et
al., 2011; Shadura, 2011; Shadura, Tyapkin,
2011, 2019].

The new method was used to delineate the
gas pool within the Late-Serpukhovian sedi-
ments at the Bogatoika area, located within
the eastern segment of the Dnieper-Donetsk
Depression (DDD) edge zone (the eastern part
of Ukraine). The results are compared with
findings based on elements of the seismic-pa-
leo-geo-morphologic (SPGM) method for the
same area [Babadagly et al., 1988; Karpenko,
2000; Nedosekova, 2002].

In addition, the thickness analysis of the
Late-Serpukhovian sediments with the point
of view of such tectonitians as Khain V.E. and
Mikhailov O.E. has been executed in the pa-
per also [Khain, Mikhailov, 19895].
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Fig. 1. Map of medium Q changing along horizon C-1 within the Bogatoika area: I — changes of parameter Q,
2 — contour line of roof of productive horizon C-1, 3— contour line of gas-water surface, 4 — line of lithological
replacement of a reservoir, 5 — boundary line of horizon washout, 6 — contour line of equal values of porosity,
7 — producing well, 8§ — barren well.
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Geological characteristics of the Boga-
toika area. The Bogatoika gas condensate
field is located within the eastern segment
of the DDD edge zone — the eastern part of
Ukraine. Administratively, it is mostly located
within the Dnipropetrovsk region.

Geologically, the Bogatoika area is located
within the southern near-edge part of DDD
over the Orelsk protrusion nose of the base-
ment, which has a block structure. The main
tectonic element here is the southern edge
fault. The Bogatoika structure strikes to the
south from the dislocation (Fig. 1).

The Bogatoika gas-condensate field is a
complex fluid-conducting and fluid-accu-
mulating system. It was constructed help to
buried inverted structures of Late Devonian
(the Frasnian fault, the Late Famenian flysch-
terrigenous deposits) with the assistance of
block tectonics of the basement, volcanic, and
reef-carbonate structures and block displace-
ments.

It was opened in 1955 by seismic works
by the land seismic party 6/55. During these
works, the South-Pereshchepino salt stock
and the Bogatoika structural nose were iden-
tified at the base of the apparent horizon and
the reflecting one in Carboniferous period
sediments [Ivaniuta, 1999].

According to the deposit atlas, drilling of
parametric well 403 started in 1973. During its
testing in 1975, an influx of gas was received
on a scale of 96 000 m3/day through the dia-
phragm of 8 mm from carbonate rocks of the
Tournaisian stage (productive horizon T—21,
interval 4520—4567 m). The pool was accept-
ed on the State balance sheet the same year.

A number of geophysical investigations
were conducted here from 1973 to 1999. They
discovered the brachy-anticline structure of
the north strike of 2.7—1.7 km? with an am-
plitude of 50 m along the eroded surface of
Devonian. Its amplitude diminishes to 25 m in
the Tournaisian section, and only a structural
nose is recorded in the Lower Visean deposits.
The anticline is complicated by tectonic dis-
locations up to 40—60 m in the Tournaisian
and Devonian rocks, which are not traced at
all within the Early Visean section [Ivaniuta,
1999].
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In the end, a number of gas condensate
deposits (b-13, C-1, C-2, B-21— B-24, B-25,
B-26, T-2!, T-2% T-3, A-1) were revealed by
prospecting within the Bashkirian, Serpuk-
hovian, Visean, Tournaisian, and Devonian
sediments. A deposit of the Bashkirian sedi-
ments of Middle Carboniferous period (B-13)
is located within the Ekaterininska area (the
eastern part of Bogatoika field). The accumu-
lations of lithological traps in sandstones of
the Visean stage have also been taken on state
balance. The rock reservoir of the Tournai-
sian stage represents a carbonate formation
with porous-fracture-cavern holding capacity.
Reservoirs of other productive horizons are
composed of sandstones with a porous type
of trap.

The Pereshchepino Depression occurs
southwest of the Bogatoika structural nose
among the largest structural forms. The
South-Pereshchepino salt stock is located to
the southwest of it. Here, the Devonian salt
almost comes out to the surface. It occurs at a
depth of 600 m and is overlapped only by the
Paleogene-Anthropogen sediments.

Features of the structure of the hydrocar-
bon trap in the Serpukhovian deposits. Sand-
stone sediments of the Serpukhovian stage of
the Early Carboniferous period are potential
gas reservoirs, taking into account pay zones
C-1 and C-2.

As reported by the Ukrainian State Geo-
logical Prospecting Institute at the State Geo-
logical Institution «Poltavaneftegazgeologi-
ia», productive horizon C-1 has a thickness of
30—50 m and is related to the roof of Serpuk-
hovian section. Itis located 5—10 m below the
surface of the stratigraphic unconformity on
the slope of Pereshchepino structure where
the layer-reservoir is washout partly, and it is
almost completely washed-out in the vicinity
of well 6.

Productive horizon C-2 of common thick-
ness 40—50 m underlays the productive ho-
rizon C-1 by 40—60 m.

The cap rock for horizon C-1 is a terrigenous
clay dense rock mass with a thickness of up to
20 m that overlays the Serpukhovian section.
The rock mass interbedding between horizons
C-1 and C-2 is clay-aleurolite dense rocks.
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Early investigations within this zone con-
ducted by the Complex thematic group (of-
fice crew) of the «Poltava-neftegazrazvedka»
Trust report that «layers of sand beds are
inconsistent in thickness and homogeneity
and their porosity and permeability change
abruptly along short distances». Additionally,
taking into account the breakdown of mode
while operating wells during geophysical in-
vestigations, they concluded that the reser-
voirs within the Bogatoika area could be asso-
ciated with lithological traps. This prediction
makes this area promising for hydrocarbon
exploration.

Features of the seismic waves' absorp-
tion study within the area of investigations.
Reservoir forecasting based on seismic waves
absorption was done for 3D data. The area of
investigation was 224 km? The signal accu-
mulation multiplicity at each common depth
point (CDP) was 24. The step between the
CDP points along the x axis was 20 m, and
along the y axis — 40 m.

3D data have several advantages over data
from a rare system of CDP profiles.

Observations along in-lines and cross-lines
(grid) make it possible to suppress surface in-
terference waves along both axes. The same
applies to multiple and diffracted waves. It
also becomes possible to get rid of all kinds
of noise by area filtering. The last ones arise
in the process of mathematical operations.

Provided that wells with vertical seismic
profiling locates within the study area, it is
possible to build a cube of seismic waves' ve-
locities varying within these spatial frames.
This yields more accurate spatial models
compared to CDP-based models.

As was already mentioned, the contour-
ing of a reservoir is based on seismic waves'
absorption during their passage through a
porous trap with hydrocarbon. Some part of
elastic vibration seismic energy transforms
irreversibly into thermal and other kinds of
energy. The media in which elastic energy is
lost are called inelastic or absorbing [Nomo-
konov et al., 1990].

Absorption turned out to be very sensitive
to changesin the percentage of gas in the pore
reservoir [Winkler, Nur, 1982].Therefore, it is
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an important parameter that complements the
data on rocks' velocity and reflective proper-
ties and makes the geological interpretation
of seismic records more efficient [Averbukh,
1982].

For numerical characterization of a me-
dium's absorption properties, the coefficient
of absorption, logarithmic absorption dec-
rement, and medium quality Q (the quality
factor or simply Q) are used. The concept of
medium quality has been increasingly used
in foreign literature [Cerveny, P§endik 2008;
Raji, Rietbrock, 2013].

The coefficient of absorption a character-
izes the relative decrease in oscillation ampli-
tude while increasing path length [Nomoko-
nov et al., 1990]:

o= —(l/u(x))(du(x)/dx) ,

where a is the absorption coefficient, Uy — is
the oscillation amplitude at the point x; du(x)/
dx is the change of vibration amplitude per
unit length at point x.

While fulfilling amplitude measurements
in two arbitrary points x;and x;,, (xl- X ) [No-
mokonov, et al., 1990]:

U(XHI)

The logarithm of amplitude ratio on a dis-
tance equal to one wave period length A is
called the logarithmic decrement of absorp-
tion 9(w) [Gurvich, 1981]:

A(x)
9(0)) In A(x N X) a(m)k(m)

where A(x) is the amplitude of the wave at
point x, A(x+\) — the amplitude of the wave
at a point removed from the point x to a dis-
tance equal to the wavelength A, and o is the
frequency:.

The quality factor of the environment can
be expressed via the maximum value of elas-
tic energy E . stored in the sample during a
period of load and losses of energy during the
same period AE [Aki, Richards, 2002].

As to new technique algorithm, it is based
on the normalized moments of the signal
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spectrum [Tyapkin et al., 2011]. It has advan-
tages over algorithms using spectrum rela-
tion. Beyond other innovations, these integral
characteristics make the estimation of absorp-
tion more robust to the impact of the influ-
ence of various noises (except for the case of
interference with ghosts).

The algorithm uses the first and second
normalized moments of the power spectrum
of some part of a seismic record. The first
normalized moment of the power spectrum
means the average frequency (signal frequen-
cy at the peak of its spectrum). The second
normalized moment of the power spectrum
means the spectrum'’s variance (width) (dis-
tance between spectrum end points at the lev-
el equals to half of its maximum amplitude).
Both parameters are sensitive to the depletion
of high frequencies because of absorption.

The basic formula contains a ratio of the
spectrum's width to the derivative of the aver-
age frequency of the desired signal in absence
of noise. In other words, the behavior of this
ratio with depth is:

Q(t)sz(t)/ d[a()]

dt

where Q(f) — medium quality; dm(f) — the
second central normalized moment of the
power spectrum over some of the seismic
trace (spectrum width);

2

Sw=6" -
where

Tmz |S(w)|2 dw

—2 . .
() is the second initial nor-

T|S(m)|2 do

malized power spectrum,;
° 2
I co|S (m)| dw
o= OOO is the first initial normal-
[|S(o)|de
0
ized power spectrum;
where S(®) is the complex Fourier spectrum,;

A® =Ty —®, where @y is the first initial
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normalized moment of the power spectrum
of the same part of the synthetic trace, simu-
lated in the zone without absorption; @ — the
first initial normalized moment of the power
spectrum of the interference interval of the
real trace.

To find @y , a site was selected within
the well's area with no deposit along the C-1
horizon. Thus, we can state that the result-
ing wavefield contains the absorption effect
caused only by thin layering.

The resulting difference curve Aw = @y, —
—®@ looks rather rough. To smooth it and the
dw(?) curve, a weighting function of the form
Tc(T + t)

2T
the resultant curves for frequency and spec-
trum width remained insufficiently smooth
even after this treatment, making differenti-
ating difficult.

Therefore, the next step was to approxi-
mate both curves with a polynomial of degree

w(r)=sin was used (Fig. 2). However,

N

Nof theform: f(¢)= Zati before differentia-
i=0

tion. Here, a, ...a, are the coefficients of the

polynomial. However, even this approxima-
tion does not prevent from negative values of
the difference frequency due to the presence
of thin layering, which is meaningless from
the physical point of view. Therefore, restric-
tions on derivatives have been introduced
while obtaining the approximated curves.
Thus, for the difference frequency curve,
a condition was introduced that the resulting
curve should only be positive. It takes place
because the probing signal is depleted due to

0.5

N 0.41 7;j
T 1 ~
2 0.31 /'fZ
g g
% 0.21 g
2 0.1<%\

0

0 20 40 60 80

Time, ms

Fig. 2. Estimations of A®(¢) obtained with (1) and with-
out (2) introducing weighting function w(¢).
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high frequencies when propagating into the
lower half-space, and so the difference curve
can only be positive (Fig. 3).
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Fig. 3. Unconstrained (/) and constrained (2) polynomi-
als approximating A®(?) (3).

The second condition was that the differ-
ence curve was within the range inherent to
the study area. These framework values were
of the form: 6m(7)/Q,, .« and dw(?)/Q,;,» where
Omax and Q. . are, respectively, the maximum
and minimum acceptable values of Q in the
study area.

In the case of the spectrum width, a re-
striction was introduced so that the derivative
had to be only negative. This is dictated by
the fact that when a signal propagates deep
into the Earth, its spectrum becomes depleted
due to the loss of high frequencies and gets
narrower.

Since the method come to analysis of a sig-
nal's average frequency changes during its
propagation in the medium, it is called the
frequency shift method.

To getknowledge of stage of new technique
elaboration, the reader can look through pa-
pers [Tyapkin, Shadura, 2009, 2010a—c, 2011,
2017, Tyapkin et al., 2011; Shadura, 2011; Sha-
dura, Tyapkin, 2011, 2019]. Results obtained
with this technique are demonstrated below.

The results obtained in a study of seismic
wave absorption. Obtained on using based
on the seismic wave absorption investigations
new technology, the resulting map was con-
structed while tracing a seismic event in the
roof of Late Serpukhovian sediments which
stratigraphically allocates to productive ho-
rizon C-1.The anomalous zone on this map
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gravitates towards the apical part of structural
nose in the vicinity of productive along hori-
zon C-1 wells 12 and 403 as expected. Here,
the anomalous zone touches wells 3 and 10
only by its southern edge. We can also see the
trend of its spreading in the west direction.
This coincides with the earlier predicted di-
rection of reservoir expansion. Also, it is more
typical for sandstone C-2.

We can see in Fig. 1 another anomaly to
the west from the conditional line well 6 —
well 11 and a group of anomalies to the west
of them. In this way, clastic materials of the
structure nose, after subsequent washout and
transportation, become apparent in the ab-
sorption field within the trough between the
South-Pereshchepino fold and the Bogatoika
anticlinal bend. The authors of previous stud-
ies have also been inclined to this assumption.

The anomaly to the east from well 5 is lo-
cated within a separate block within the Ekat-
erininska area.

Well 14, productive within horizon C-1
according to well logging data, is located
outside the anomaly contour, although it is
productive along horizon C-2. At the same
time, we can see a small-scale anomaly just
under well 14 in Fig. 1.

The initial assumption regarding this
strange behavior of the anomaly in the area
of well 14 was that well 14 is located within a
paleo-estuary that branched off from the main
sand body.

The Serpukhovian stage can be related
to a group of shallow-water (marsh) facies.
The presence of mudstone, together with
inclusions of coal material and imprints of
the remains of sea grasses and limestones
with the remains of animals, are reasons for
such a conclusion. Thus, it is possible to state
that these facies' areas of spreading may not
have an isometric form [Busch, Link, 1985].
It is also indicated by the braided (complex,
interlacing) pattern of anomalies based on
seismic exploration with utilization absorp-
tion of seismic waves by porous medium with
hydrocarbons along horizon C-1 (see Fig. 1).
Evidently, the anomaly to the north of well 9
is a consequence of the under-compensation
of the interference wave.
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Itis typical that all productive wells 12 and
403 are located within the main anomaly zone
with lower Q values, and all non-productive
wells are within zones with high Q (see Fig. 1).
As the coefficient of absorption is in fact in-
versely proportional to the Q factor, all pro-
ductive wells (12 and 403) are in the zone of
high absorption (see Fig. 1).

It should be noted that the maximum flow
rate of wells 12 and 403 is 40 and 64 thousand
cubic meters per day, respectively. A Q value
of 98 arbitrary units corresponds to well 12,
and a Q value of 50 corresponds to well 403.
Note that both values were read from the
map in Fig. 1 with a small step between lines
of equal Q values, which was equal to 1 Q.
Hence, conventional coefficient of absorp-
tion of 0.01 corresponds to well 12, and 0.02
one corresponds to well 403 (Fig. 4). Aplot of
these data emphasizes the obvious fact: hy-
drocarbons are accumulated in the rocks with
high porosity (and permeability) and so with
high absorption. The higher the absorption in
the vicinity of a well, the more hydrocarbons
within this site and, accordingly, the higher
the efficiency of the well.

All this allows us to suppose that as lacus-
trine-marsh facies spread within the Boga-
toika structure just in the Late Serpukhovian
period of sedimentation, the anomaly zone
is due to the presence of a sandstone body.

To conclude, the distribution of the quality
factor Q within horizon C-1 is in good agree-
ment with the results of layer C-1 uncover-
ing and does not contradict results of early
investigations.
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Fig. 4. Plot of relation between well production and
conventional coefficient of absorption. Axis Y — gas
production volume, thousands m*®/day, axis X — absorp-
tion, conventional units, well 12, well 403 (well 12 at the
beginning of the figure).
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Results of hydrocarbon trap forecasting
based on elements of the SPGM technique.
The close connection between a sediment
body's morphostructure and internal forma-
tion composition is the basis of the SPGM
technique [Babadagly et al., 1988]. The con-
cept of morphostructure includes in itself
the thickness of the sedimentary complex
together with the configuration of its external
surfaces. The internal structure includes the
lithological composition and sheeting (strati-
fied) structure. Comparative analysis of thick-
nesses of sedimentary rock masses of various
ranks is its main methodological technique.

Establishing the paleotectonic and pa-
leogeomorphological mechanisms of the for-
mation of sedimentary complexes provides
the very basis for the SPGM technique.

As a whole, the SPGM-technique is des-
tined for revealing and mapping depositional
and stratigraphic hydrocarbon traps which
are controlled by angular unconformity sur-
faces inside of the sedimentary complex [Kar-
penko, 2003].

The technique consists of the following
stages:

—tectonic-sedimentation seismic stratifica-

tion of the sedimentary section;

—quasi-synchronous inter-well correlation

of polyfacies horizons;

— mapping seismic geological horizons;

— paleotectonic reconstructions;

—paleogeomorphological reconstructions;

— methods for delineating hydrocarbon

traps.

Tectonic-sedimentation seismostratifica-
tion of the Bogatoika field's sedimentary sec-
tion. In this part we divide the sedimentary
section into sedimentary complexes that cor-
respond to tectonic epochs and phases. We
also mark paleoplanation and unconformity
surfaces.

The Serpukhovian deposits were formed
during the Rudnogorsk tectonic orogenic-
phase. It began at the boundary between the
Visean and Serpukhovian stages and ended
at the boundary between the Serpukhovian
and Bashkirian stages during the Hercynian
tectonic cycle. Deposits of the Middle and
Upper Carboniferous are associated with the
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syneclise-platform regime of lithosphere de-
velopment in this area.

The mode (regime) of development of the
Earth's crust — tectogenesis — is an inalien-
able component of the evolution of the planet.
As V.I. Korinnyi writes, tectogenesis is «an as-
sembling of geological phenomena in the pro-
gressive development of the tectonosphere
which is characterized by the natural evolu-
tion of the mobile region from the initial stage
of the geosyncline to its completion within
the fold and fold-block processes and associ-
ated orogenesis» [Korinnyi, 2017].

Each tectonic phase is composed of two
regimes. Large-scale transgressions of seas
due to syncline bowing of the crust, as well
as warping in adjacent areas of the platforms,
are typical for the first regime (the so-called
thalassocratic regime). Thick strata of sili-
ceous-volcanogenic, slate, carbonate, and
other formations are accumulated this way.
The second (geocratic) regime is the period of
geosyncline transition to the orogenic stage
of development, characterized by great tec-
tonic activity. Massive uplift of the Earth's
crust and regression of the seas, rock de-
formation, formation of mountainous relief
instead of a geosyncline, violent magmatic
activity, seismicity, metamorphism took place
during this period [Korinnyi, 2017].

According to [Karpenko, 2000], during
the Rudnogorsk tectonic orogenic phase in
the DDD, the Early Serpukhovian sedimen-
tary complex was formed against the back-
ground of an intensification of the process of
the paleo-relief bottom of the sedimentary
basin parting, regression of sea, as well as
prevalence of continental-facies conditions
over marine ones. Therefore, hydrocarbon
deposits should be expected in the sediments
of the Early Serpukhovian stage, which are
connected mainly with deposits of channel-
alluvial land systems and coastal-deltaic
straight clinoform formations under the in-
ternal-Serpukhovian surface of unconformity.

Meanwhile, the Late Serpukhovian sedi-
mentary subcomplex was formed against the
background of topography shoaling of the
sedimentation basin bottom, as well as sea
regression. For instance, the lower part of the
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sub-complex in the volume of sediments with-
in the interval of horizons C-9-C-6 has mainly
areverse clinoform structure. Gulf-shaped pa-
leo-lowlands within monoclines were covered
by sediments of this subcomplex. The upper
sediments of the Late Serpukhovian subcom-
plex were formed during significant planation
of the paleo-relief. They mostly have a cover
structure and form hydrocarbon traps mainly
with participation of considimental paleo-up-
lifts (traps of deformed paleo-uplifts). Within
the Bogatoika field, the Serpukhovian sedi-
ments are represented by sandstone horizons
C-1 and C-2.

In general, it is believed that macrocycles
beginning with transgressive and ending with
regressive stages of development are more
common. This took place in the DDD during
deposition of the Late Visean, Late Serpukho-
vian and Late Bashkirian substages.

As to their thickness, according to the Pol-
tava stratigraphic allocation, the thickness
of the Lower Serpukhovian substage ranges
from 665 m (well 8) to 713 m (well 11), the up-
per one: from 522 m (wells 6, 8) to 600 m (wells
2, 10). Overall, it ranges from 1180 m (well
8) — 1290 m (well 2). The thickness of the
Early Serpukhovian is 830 m, of the Late one
— 505 m; total thickness is 1335 m in the Ma-
zharovska well 493 and 717, 563, and 1280 m
in the Katerininska well 623, respectively.

Deposits of Early Carboniferous belong to
the syneclise regime of development from the
point of view of tectonic-sedimentary stratifi-
cation [Korinnyi, 2017]. According to Korin-
nyi, «..by syneclise regime, we mean rates
of subsidence that lead to the formation of
mainly plicated dislocations with a small am-
plitude (a few — the first tens of meters) faults
and extended monoclinal slopes».

As seismic reflector due to unconfor-
mity boundary between the Serpukhovian
and Bashkirian stages is used in this study,
it should be mentioned that the Bashkirian
deposits were formed in platform conditions.
The platform regime of the basin's develop-
ment is characterized by minor differences in
the rates of warping of neighboring sections
of the basin, during which there was no for-
mation of either disjunctive or plicate struc-
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tural forms [Korinnyi, 2017]. The covering
sedimentary associations were formed mainly
during the platform regime in shallow-shelf
conditions.

Confirming the presence of sand forma-
tions as a whole within the Upper Serpukho-
vian substage by the SPGM technique is a
problem has been put in the paper. Therefore,
we will not deal with the issue of breaking up
the Serpukhovian strata into separate beds.
We will make a stratigraphic allocation only
for thereflecting target horizons at the base of
the Serpukhovian deposits, within the bound-
ary separating the lower and upper substages,
and reflecting the seismic boundary between
the Serpukhovian and Bashkirian stages. For
these purposes, we will resort to a fragment
of a paleontological allocation (breaking up),
which is representative of the entire DDD and

was mentioned by Karpenko I.V. during re-
search investigations, as shown in Table.

This breakdown is based on the idea that
exogenous changes in the Earth's biosphere
and exogenous tectonic changesin the Earth's
lithosphere are practically synchronous. Only
aslight lag between the tectonic changes and
the start of biological transformations is pos-
sible since tectonic transformations namely
are a trigger for the latter in the biosphere.
It is also believed that such a paleontologi-
cal layer as a stage is determined only by the
exogenous tectonic regime.

Therefore, according to Table, our target

horizons are the next ones: V63‘H, VB , VB .
As we are dealing with the rock mass of
the Late Serpukhovian as a whole, we omit
the chapter «quasi-synchronous inter-well
correlation of poly-facies horizons».

Kinderscotian clayish
carbonate
g
.: oy
= s Lowering
<= )
v =
) @l
Kin ! Sudetian "753'1-[
Alportian carl?onate- v . 2
clayish sand (322.8) N 1flma!
shallowing
Alp| C-3,C-2,C-1 N 55 . 5!
= Chokierian | clayish |[] .“
= g sandstone initial
= 5 @ shallowing
3 P Cho| C5C6 || 2
< .
5 Arnsbergian | carbonate v ]
= clayish final
@ lowering
Am | C-9,C-8,C-7 A 5
(4-6) xz21
Pendlian | coal-bearing || v
e initial
5]
2 C-23...C-16 lowering
~ Pnd (B-12...B-6) | iy
- : - Rudnegerian 22
Brigantian clayish- ‘l’
= - carbonate
g 2 deposits (332.9) stability
e
Bri| B-16...B-14

Notes: The table is adopted from the report under contract No. 396 «To develop methodological techniques for
detection and mapping of non-structural traps with hydrocarbons and for forecasting the characteristics of
reservoirs with carboniferous deposits within the DDD» under the leadership of Yu.K. Tyapkin, I.V. Karpenko,

V.M. Lakhniuk, Kyiv, 1994.

The work was carried out within the framework of the Ukrainian State Geological Research Institute as part

of the State Geology Committee of Ukraine.

J — compression, T — extension, B-24—B-14 — numbering of regional horizons, @— duration of stage in
time in millions of years (third column); (5.5) — duration of other complexes.
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Mapping seismic geological horizons. In
this case a high accuracy of structural map-
ping is needed because paleotectonic and
paleogeomorphological reconstructions op-
erate with thicknesses of formations and their
derivatives [Karpenko, 2003]. This is caused
by the fact, that in the process of subtraction
of one surface from another mistakes in the
position of the contour lines on resultant sur-
face becomes greater two or more times.

The surface of the unconformity at the top
of the Upper Serpukhovian deposits was used
in our paleogeomorphological reconstruc-
tions to determine paleorelief at the begin-
ning of the Bashkirian deposits formation.

Interpretative complex «OpendTect» was
utilized for mapping reflecting surfaces and
3D survey data processing within the Bogatoi-
ka field. As a result, the next three maps were
built: the seismic reflecting surface at the bot-
tom of Serpukhovian stage (Fig. 5), seismic
reflecting surface at the boundary between
the Early and Late Serpukhovian substages
(Fig. 6), seismic reflecting surface at the bot-
tom of Bashkirian sediments (coincides with
the roof of Late Serpukhovian substages sedi-
ments) (Fig. 7).

As we can see from Fig. 5, seismic reflec-
tion time from the bottqm of the Serpukho-
vian stage (horizon V®?) is 2.135—2.518 s,
for the boundary between the Early and Late
Serpukhovian substages it (time) is varying
within 1.801—2.255 s (see Fig. 6), for the sub-
surface of the stratum of Bashkirian stage it
is varying within 1.513—2.026 s (see Fig. 7).

As was noticed early, these reflecting sur-
faces were used for forecasting hydrocarbon
traps at the Bogatoika area within the Serpuk-
hovian stage at the base of the SPGM tech-
nique. In accordance with special features of
the SPGM technique, these maps were later
transformed to *.grd format.

Paleo-reconstruction on the example of
Late Serpukhovian deposits of the Boga-
toika area. Paleotectonic reconstructions.
«Outer boundary surfaces of paleo-levelling
of sedimentary complexes of different ranks
for determining the average rates of subsid-
ence of the basin bottom ...» is utilized in that
technique [Karpenko, 2003].
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At the time of the Serpukhovian sediments'
formation within the Bogatoika area, there
were formed three scoured surfaces which are
considered as surfaces of paleo-levelling: at
the bottom of Serpukhovian stage, along the
boundary between the Early and Late Ser-
pukhovian substages, and at the bottom of
Bashkirian sediments.

The Upper Serpukhovian deposits were
formed during the next three eras: Alportian,
Chokierian, and Arnsbergian. The Lower Ser-
pukhovian deposits were formed during the
Pendleian era.

200
In-line 150\ "

30

Fig. 5. Seismic reflector in the bottom of the Early Ser-
pukhovian substage (by OpendTect).
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In-line 150\ ~———_ =

30

1.80081 1.91437 2

Fig. 6. Seismic reflector in the bottom of the Late Ser-
pukhovian substage (by OpendTect).

200

In-line 150 1

Fig. 7. Seismic reflector in the bottom of the Bashkirian
substage (by OpendTect).

ISSN 0203-3100. I'eogpizuunuti xypraa. 2025. T. 47. Ne |



EXPLORATION OF HYDROCARBON TRAPS USING TWO METHODS WITHIN THE BOGATOIKA ...

As was written above, the upper depos-
its of the Upper Serpukhovian subcomplex
were formed with significant planation of the
paleo-relief. It has mainly cover structure and
forms hydrocarbon traps mainly in the form
of the consedimental paleo-uplifts (traps of
deformed paleo-uplifts).

Bogatoika deposits have a limited area.
Thus, it can be studied within the smallest of
T-phase cycles of the sedimentary strata such
as a horizon, a sub-horizon, a family of layers.
They can be identified by seismic exploration
[Karpenko, 2003].

The rate of subsidence of the basin bottom
can be characterized via the thickness of the
sediments then formed due to such a phe-

nomenon as an equilibrium profile in shallow
water conditions.

The thickness map of Late Serpukhovian
deposits was developed and analyzed (Fig. 8).

Here, maximum values of thickness can
be seen along the conventional line connect-
ing well 3 and well 14. They are productive
wells within the perspective sandstone C-2.
Assumed traces of thalwegs are passing in
the direction of maximum values of thick-
ness in the vicinity of productive wells 3 and
14 (Fig. 9). One of the thalwegs is crossing
productive well 2 according to the predicted
sandstone C-2. Lines of thalwegs have a ten-
dency towards intersection in the vicinity of
well 3 and to the south from it as well. This
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Fig. 8. Thickness map of the Late Serpukhovian substage: I — producing well within horizon C-1; 2— barren well
within horizon C-1; 3 — lines of thickness equal meanings of the Late Serpukhovian substage. Axes Y and X —
conventional geographic coordinates. Structural complications in the lower left corner are caused by presence of

the South Pereshchepino salt stock.

Isopachs
620

600
580
560
540

520

T

1 1
620000 625000 630000

\ - |1\-4o3 |2\ .3 |3| 10 ‘4‘—»‘5’—|6

Fig. 9. Thickness map of the Late Serpukhovian substage: 1 — iso-pachous line of Late Serpukhovian substage
sediments; 2 — producing wells within horizon C-1; 3 — producing wells within horizon C-2; 4 — barren wells
within Late Serpukhovian; 5 — line of thalwegs; 6 — line of interstream areas. Axes Y and X — conventional geo-
graphic coordinates. Structural complications in the lower left corner are caused by the presence of the South

Pereshchepino stock.
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phenomenon is prospecting character on hy-
drocarbons.

Perspective wells 12 and 403 along gas-
bearing sandstone C-1 are situated up-dip as
to the zone of maximum values of thickness of
the Late Serpukhovian. In this case, one needs
to remember that the Late Serpukhovian sedi-
ments contain two sandstones within this area:
C-1and C-2. Thus, we can observe their sum-
mary effect on the map of thickness. There-
fore, wells 12 and 403 are outside the zone
of maximum thickness because sandstones
C-1 and C-2 are not collinear in the space.

As to the productive well 14, initially it was
assumed to be within an estuary. However,
looking at the thickness map with traces of
supposed thalwegs, one gets the impression
that it is located separately. By the way, this
is also indicated by the anomaly in the vicin-
ity of well 14, shown on the map in Fig. 1. It
should be noted that in this case, the absorp-
tion study took place along the reflecting ho-
rizon allocated in the vicinity of the produc-
tive sandstone C-1.

Paleogeomorphological reconstructions.
Paleorelief of surface of unconformity is used
in the process of paleogeomorphological re-
constructions.

Within the Upper Serpukhovian strata in
the Bogatoika field, sand bodies were pre-
dicted based on the concept of coefficient of

paleogemorphological conditions (tectonic-
sedimentation equation in the SPGM tech-
nique). The coefficient of paleogemorpho-
logical conditions can be expressed via the
ratio of the average rate of sedimentation of
the subcomplex Ai(C) to the average rate of
subsidence during the accumulation of sedi-
ments of the entire sedimentary complex AH
between two paleo-levelling surfaces (V). In
that case, the following three variants are pos-
sible: compensated sedimentation of deposits
of the subcomplex Ak (when C~V'), under-
compensated (C <V'), or over-compensated
sedimentation — the formation of an accumu-
lative body (C > V") [Karpenko, 2003]. There-
fore, a map of the ratio of the thickness of the
Upper Serpukhovian sediments to the thick-
ness of the sediments of the entire Serpukho-
vian was constructed for forecasting purposes
(Fig. 10). This section should be classified as
under-compensated one (C <V ) according to
the thickness ratio values.

At the same time, an anomalous zone with
increased ratio values is notable in the cen-
tral part of the map. This zone is due to the
presence of sand bodies in the section, which
are less susceptible to compression than clays
ones. Wells 12 and 403 are at the edge of the
anomalous zone. This is explained by the ef-
fect of non-collinearity in the section of two
productive sandstones: C-1 and C-2.
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| | | A1I7 | [ ]
= ——0.542
—— =
—, == e —
6090000*}/%} < =& 1 {0516
=—od Nl -—10.49
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Fig. 10. Ratio map of thicknesses of the Late Serpukhovian substage to all Serpukhovian: I — ratio line of thick-
nesses of the Late Serpukhovian substage to the whole Serpukhovian; 2 — producing wells within horizon C-1; 3
— producing wells within horizon C-2; 4 — barren wells within Late Serpukhovian; 5 — line of thalwegs; 6 — line
of interstream areas. Structural complications in the lower left corner of the map are caused by the presence of

the South Pereshchepino stock.
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The anomalous zone in the western part of
the map is due to the presence of the South
Pereshchepino stock in the absence of explo-
ration wells. This is why making stratigraphi-
cal location (reference) of seismic horizon was
impossible.

From the structural maps for reflecting ho-
rizons VI (Dsfm), Vb, (C;t), and other based
on the «Report under agreement No. 18-GF-
00 for carrying out 3D seismic surveys within
the Bogatoika area of the near-edge zone of
DDD» of 2004, it follows that the body under
investigation is located within a monoclinal
slope in the area of the structural nose. The
SPGM technique aims to contour exactly this
kind of sand formation under such geological
conditions.

Thus, one can conclude that just the pres-
ence of the sand body is the reason for an
anomaly formation on the map of the distri-
bution of absorption of seismic energy within
horizon C-1 (see Fig. 1).

Analysis of the Late Serpukhovian sedi-
ment thickness with point of view of tecton-
ics. Accumulation of sediments is a conse-
quence of deposition basin bottom lowering.
This process took place within the Bogatoika
field during a period of formation of Late
Serpukhovian sediments in shallow-water
conditions as was stressed earlier. As famous
tectonicians V.E. Khain and A.E. Mikhailov
pointed out in [Khain, Mikhailov, 1985],
«analysis of thicknesses in certain condi-
tions allows obtaining not only qualitative
but also quantitative assessment of vertical
movements. The thickness of sediments is
in accordance with the size of the tectonic
settling of basins' bottoms within shallow
epicontinental seas and on the shelves of the
underwater margins of continents. This is ex-
plained by wave activity, which prevents the
accumulation of sediments over some level
referred to as «the equilibrium profile». If the
surface of sediments reaches the equilibrium
profile, their further accumulation is impos-
sible without basin bottom subsidence creat-
ing space for possible sedimentation. Due to
this, the tectonic settling becomes the regu-
lator and measure of thickness of sediments.
Just such sinking makes it possible to accu-
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mulate such thick strata of purely shallow-
water sediments...» In particular, they claim
that «such conditions are typical for platform
regions where sea bottom depth is rarely more
than 50 m, characteristic for outer zones of
geosyncline which corresponds to the shelf
of the continental margins». As the Serpuk-
hovian deposits were formed in shallow-water
conditions, therefore the thickness analysis
from the position of [Khain, Mikhailov, 1985]
is quite acceptable for the Bogatoika gas con-
densate field.

Additionally, the Serpukhovian sediments
were affected by deuteric alterations, leading
to their thickness deformations. In the con-
ditions of the Bogatoika field, such changes
may include the following: 1) consolidation of
sediments under the influence of the overly-
ing layers and 2) subsequent washout of sedi-
ments. The above-mentioned authors empha-
size further that «compaction affects mainly
pellite and aleurolite sediments. It proceeds
at a rapid pace immediately after sedimenta-
tion until the process of sediment accumula-
tion of that stratigraphic interval stops. And
thus, subsidence is compensated there and
then by further sedimentation. However, com-
paction continues, especially for clays. A de-
tailed analysis of thickness should consider
this phenomenon as, in some cases, the differ-
ence between the initial and finite thickness
can reach 35—50 %».

Let us look at the map in Fig. 8 (the thick-
ness map of the Late Serpukhovian sedi-
ments). The maximum thickness values are
in the central part of the map (depocenter).
Thickness decreases in the eastern and es-
pecially western parts of the map. Rimming
of high values of thicknesses is observed in
the northern and especially southern parts of
the map. Such a phenomenon is connected
with the secondary compaction of sediments
along the perimeter of the sand body because
of the high percentage of clay and aleurolite
content here [Khain, Mikhailov, 1985]. The
location of productive and forecast wells in
this area indicates this reason indirectly. Thus,
productive wells 12 and 403 and perspective
on well logging data 2, 10, and 14 ones within
efficient horizon C-1 are just within the zone
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of large thickness. The same can be said about
productive wells 2, 3, 14, and perspective ac-
cording to well logging the well 12 along
sandstone layer C-2. Well 14 is somewhat
isolated.

Considering the poor sorting of sand de-
posits of the Early and especially Late Serpuk-
hovian substages and their dark coloration, it
is possible to suppose, according to [Khain,
Mikhailov, 1985], that the land submerged
fast. Coal detrital matter indicates the pres-
ence of drift waters. At the same time, as
Khain and Mikhailov point out: «in very shal-
low basins with an abundant supply of clastic
material, the arches of growing anticlines are
characterized by increased sand content».

All this indicates the presence of sand
formations exactly at the anomaly's location
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POBBiAKa BYTA€BOAHEBUX ITdCTOK ABOMd METOAAMM B ME€KdX
boraToinchKoi NAoIi AHINMPOBCBEKO-AOHENBKOI 3aTaANHN —
MOPIBHSIHHSI T€OAOTIYHUX Pe3yAbTaTiB
O.M. Illapypa, 2025
YKpalHCBKUN AeP’KaBHUU TeOAOTOPO3BIAYBAABHUM IHCTUTYT, K1iB, YKpaiHna

Mera cTaTTi — ITOKa3aTh e(PeKTUBHICTb HOBOI PO3POOAEHOI METOAUKY AAS OLIIHIOBAHHS
3anaciB HadTH i ra3y B IacTKax CKAAAHOI KOHCTPYKIIIT (HeaHTUKAIHaABHMX). Ha BiaMiny

BIA TPAAUIIMHUX METOAMK, 3TIAHO 3 SKUMU AAS OLIHIOBAHHS CKAQAHOIIOOYAOBAHOI TACTKU
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HeOOXIAHO IIPOCTEXKUTU ABa TOPU30HTH, ¥ 3aIIPOIIOHOBAHOMY METOAI BUKOPUCTOBYETHCS
TIABKU OAMH F'OPU30HT, 110 IEPETUHAE ITOKAAA,

[Nepira MeTOAMKA € HOBOIO, pPO3POOAEHOIO Ha MIACTaBi AOCAIAKEeHHS TIOTAMHAHHS Cel-
CMIiUYHUX XBHUAB. ByAao BHABAEHO, 110 abCOPOLig Ay’Ke YyTAWBA AO 3MiHM BIACOTKOBOTO
BMICTY ra3y B IIOPUCTOMY pe3epByapi. SIK HaCAIAOK, CEMCMIYHUUN CIIEKTP 30iAHIOETHCS
Ha BUCOKI 4acTOTH. TOMY IIOTAMHAHHS € Ba’)KAMBOIO XapaKTEePUCTUKOIO FiPChKUX IIOPiA,
1110 AOIIOBHIOE iH(popMallito Ipo IX NIBUAKICHI Ta peAEKTiBHI BAQCTUBOCTI Ta ITIABUIITYE
e(PeKTUBHICTh I'eOAOTIYHOI iHTepIpeTallil CeUCMiYHNX AQHUX. AAS YUCEABHOI XapakTe-
PUCTHUKHU IIOTAMHAABHUX BAAQCTUBOCTEN CEPEAOBHINA 3aCTOCOBYIOTH KOeilieHT IOTAU-
HaHHS, AeKpPEeMEeHT AOTapUu(MIiUHOIO MIOTAUHAHHY Ta SAKiCTh (AOOPOTHICTE) CEpeAOBUINA
O (O-dakTop abo npocto Q). OcTaHHIM YacoM y 3apyOi>KHUX HayKOBHUX ITyOAiKaIligx Bce
YacTille BUKOPUCTOBYIOTh NOHATTSA OJ-9KOCTI CepepOBUIIA.

KoedinieHT AOOPOTHOCTI MO>KHA BUPA3UTH dyepe3 MaKCUMaAbHe 3HaUYeHHS NIPY’KHOI
eHeprii £, 110 30epiracTbCs y 3pa3Ky NPOTSArOM IIePiOAY HAaBaHTaKeHHs, 1 BTpAT eHeprii
IIPOTATOM TOTO caMoro nepiopy E. AAS BeAMKHX 3HaueHb (), fKi 3a3BUYall CIlOoCTepira-
IOTBhCS Ha IIpaKTuUlli, napamMerp Q o0epHeHO NPONOPLiMHUN KOedillieHTy TOTANHAHHA 3
ypaxyBaHHIM KoedilieHTa IPOIOPIiHOCTI.

3aCTOCOBAHUM aATOPUTM € OAU3BKHUM AO CTPYKTYPU BHUPa’KeHHS, OTPMMAHOI B IIy-
Oaikarii [Hauge, 1981], AAT AOCAIAKEHHSI CBEPAAOBUHHUX MaTepiaAiB 3 IPUNYIeHHIM
BIACYTHOCTI iHTepdepeHIiii.

3alpOIIOHOBAHNU METOA AQ€ MOSKAUBICTH BUKOHYBATHU BUMipIOBAHHS AOOPOTHOCTI Ha
MACTaBi BIAOUTTIB 3a A@HUMHU ITOBEPXHEBOT CEMCMOPO3BiAKN. BiH apaniToBaHUM 3 METOIO
3po0OUTH BUMipIOBaHHS Oe3llepepBHUMMU B Yaci B3A0BXK Tpacu. PO3poOAEHO TaKOK METOA,
AASI BBEAEHHS KOMITEHCAllil 3a CHOTBOPIOBAABHUM BIIAUB KPATHUX BiAOUTHUX XBUAbD.

Apyra MeTopMKa — AOOpe 3apeKoMeHAOBaHa ceticmonareoreomopdoaoriuta (CITT'M)
TEXHOAOTI4. 3a il AOIIOMOTOIO MIATBEPAJKEHO, 1110 3TIAHO 3 AQHUMHU AOCAIAKEHB IIOTAMHAHHSA
CeMCMIUYHNX XBUAB IIPUUYNHOIO BUHUKHEHHS aHOMaAIH € IIilaHi Tira B MesKax IIi3HbOoCep-
IIYXOBCBKOTO MiA ' IPYCY.

AAs TIATBEPASKEHHS ITHOTO Ha MiACTaBi MaA€OTEKTOHIYHOI Ta ITaAeoTreoMOPEOAOTIUHOL
pexoHcTpyKILik (CITI'M-TexHOAOrIS) TOOYAOBAHO ABi CTPYKTYPHI KapTu. Y pe3yAbTaTi
iHTepIpeTallil Ta HOPiBHIHHS 3 KapTOl0, HOOYAOBAHOIO 38 AQHUMU AOCAIAKEHHS [IOTAU-
HaHHS CEeMCMIYHUX XBHUAB, 3pOOAEHO BUCHOBOK IIIOAO MOXKAWBOCTI 3aCTOCYBaHHS HOBOI
PO3pOOAEHOT METOAUKU IIiA Yac MOITYKY BYTA€BOAHEBUX IIaCTOK.

KAI040Bi cAOBa: TIOTAMHAHHS CEMCMIYHUX XBUAB, MTAACOTEKTOHIUHI Ta ITaAe0TeoMOP-
donoriuni pekoHCTpyKLil, SPGM-TexHOAOrid, BoraToiicbke poAOBHIIE, BIAKAGAU ITi3HBO-
CepIIyXOBCBHKOTO IIip'IpyCy.
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